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S 1 - 0 1  I N T E R F E R E N C E  O F  I O D I D B  F O R  T H E  U S U A L  t-1ERCURY DETERl1INATION 
B Y  A T O M I C  A B S O R P T I O N  S P E C T R O M E T R Y  

1 )  2 )  3 )  T a k a s h i  K O R E N A G A ' ' ,  E t s u  YAMADA~', H a y a o  SAKAt10TO~', T e t s u h a r u  CHOHJI, 
4 )  5 )  1 )  T h i e  N A K A G A H A , , ,  Y u m i k o  HARA~', H i s a y o s h i  II<ATSU, M i y o k o  IZA¥・IA''and 

M a s a s h i  G O T O  6 )  
1 )  O k a y a m a  U n i v . ( T s u s h i m a - n a k a ,  O kョy a m a 700)'', K y o t o  Instit. o f  Tech. (Matsuga-

2 )  3 )  4 )  saki, S a k y o - k u ,  K y o t o  606)'', K a g o s h i m a  Univ.~', K a n a z a w a  Univ..,, N a g a s a k i  
5 )  6 )  U n i v . J ' a n d  N a g o y a  Univ.-', J a p a n  

T h e  m o s t  w i d e l y  u s e d  m e t h o d  f o r  t h e  d e t e r m i n a t i o n  o f  m e r c u r y  is t h e  
c o l d - v a p o r  a t o m i c  a b s o r p t i o n  a n a l y s i s  a f t e r  t h e  r e d u c t i o n  o f  m e r c u r y  w i t h  
tin(II) c h l o r i d e  i n  a c i d i c  s o l u t i o n  ( M e t h o d  1), c i t e d  a s  a  J a p a n  I n d u s t r i a l  
S t a n d a r d ( J I S ) .  However, it w a s  f o u n d  t h a t  i o d i d e  in t h e  s a m p l e  s o l u t i o n  i n-
t e r f e r e d  w i t h  t h e  d e t e r m i n a t i o n  o f  m e r c u r y  b y  t h i s  m e t h o d  e v e n  a f t e r  d i g e s -
tion. R e c e n t l y ,  w a s t e  w a t e r s  d i s c h a r g e d  f r o m  u n i v e r s i t y  a n d  i n d u s t r y  o f t e n  
c o n t a i n  a  l a r g e  a m o u n t s  o f  iodide, s o  a  n e w  a n a l y t i c a l  m e t h o d  o f  m e r c u r y  
w i t h o u t  t h e  i n t e r f e r e n c e  o f  i o d i d e  is n e c e s s a r y .  In t h e  p r e s e n t  study, the  
i n t e r f e r n c c  o f  i o d i d e  w a s  d i s c u s s e d  f r o m  t h e  s t a n d p o i n t  o f  r e d o x  r e a c t i o n  a n d  
a t o m i c  a b s o r p t i o n  d e t e r m i n a t i o n  o f  m e r c u r y  i n  s a m p l e s  c o n t a i n i n g  i o d i d e  b y  a  
c o m b i n e d  c o p p e r ( I I ) -tin(II) c h l o r i d e  r e d u c t i o n  r e a g e n t  i n  a l k a l i n e  s o l u t i o n  
(M,;,thod 2) a n d  t h a t  b y  a  c o m b i n e d  i r o n ( I I I ) - s o d i u m  b o r o h y d r i d e ( N a B H . )  r c d uc -4  
t i o n  r e a g e n t  i n  a c i d i c  s o l u t i o n  (Method 3) w e r e  p r e s e n t e d .  T h e s e  m e t ho d s  
w e r e  a p p l i e d  t o  t h e  d e t e r m i n a t i o n  o f  m e r c u r y  i n , . , a s t e  w a t e r  s a m p l e s  c o n t a i n -
i n g  i o d i d e  w i t h  s a t i s f a c t o r y  results. 

1. I N T E R F E R E N C E  O F  I O D I D E  F O R  T H E  M E R C U R Y  D E T E R M I N A T I O N  B Y  M E T H O D  1  
T h e  e f f e c t  o f  p o t a s s i u m  i o d i d e  a n d  p o t a s s i u m  i o d a te  o n  the d e t e r m i n a t i o n  

o f  m e r c u r y  b y  rlethod 1  w a s  examined. 
T a b l e  1. 

T h e s e  re s u l t s  o b t a i n e d  a r e  s h o w n  i n  

T a b l e  1. I n f l u e n c e  o f  i o d i d e  a d d i t i o n s  t o  m e r c u r y  s t a n d a r c  
s o l u t i o n s  b e f o r e  d i g e s t i o n  (Hg; 0 .5μg/100ml) 

I  a d d e d  (mg) /.1ercur:i recover:i (も）
K I  K I O  3  

0. 1  100 98 
0 . 5  9 9  9 8  
1. 0  9 6  94 
5 .0 8 9  31 
10 61 ， 
50 ， 
100 5  

(12) 海洋化学研究 1, 2  (1986) 



E v e n  a f t e r  d i g e s t i o n  w ith a c i d i c  p e r m a n g a n a t e ,  t h e  p r e s e n c e  o f  i o d i d e  m o r e  
t h a n  1 . 0 m g / 1 0 0 m l  i n t e r f e r e d  w i t h  r e d u c t io n  o f  m e r c u r y .  I n  t h e  w e t  d i g e s t i o n  
w i t h  a c i d i c  p e r m a n g a n a t e  a t  95°C, t h e  i o d i d e  is o x i d i z e d  t o  i o d i n e ( I 2 ) ,  w h i c h  
is e a s i l y  r e l e a s e d  f r o m  s a m p l e  solution, b u t  i o d i n e  is f u r t h e r  o x i d i z e d  t o  
i o d a t e  o r  a n  i o n  pair, I  3  is f o r m e d  a t  h i g h  c o n c e n t r a t i o n  o f  iodide. Hence, 
l'.lercury c o m p l e x e s  w i t h  i o d i d e  s u c h  a s  H g r 4 2 - w o u l d  b e  f o r m e d  b e c a u s e  i o d i d e  
ュn s a m p l e  s o l u t i o n  c o u l d  n o t  b e  r e l e a s e d  c o m p l e t e l y  i n  t h e  d i g e s t i o n .  S i n c e  

2-t h e  s t a d a r d  r e d u c t i o n  p o t e n t i a l  for H g I 4 L - s y s t e m  is - 0 . 0 3 8  V  vs. N H E  a n d  
t h e  s t a n d a r d  p o t e n t i a l  f o r  tin(II) c h l o r i d e  is 0.15 V i n  a c i d i c  s o l u t i o n ,  t h e  
f o r m a t i o n  o f  m e r c u r y  c o m ple x e s  w i t h  i o d i de  w o u l d  m a k e  r e d u c t i o n  t o  e l e m e n t a l  
m e r c u r y  w i t h  tin(II) c h l o r i d e  i n  a c i d i c  s o l u t i o n  impossible. F r o m  t h e s e  r e -
s u l t s ,  it b e c a m e  a p p a r e n t  t h a t  t h e  r e d u c i n g  r e a g e n t  m o r e  p o w e r f u l  t h a n  
t i n (II) c h l o r i d e  i n  a c i d i c  s o l u t i o n  is n e c e s s a r y  for t h e  m e r c u r y  d e t e r m i n a -
t i o n  in t h e  s a m p l e  c o n t a i n i n g  i o d i d e .  

2 .  D E T E R M I N A T I O N  O F  ilERCURY I N  T H 2  S A M P L E  S O L U T I O N  C O N T A I N I N G  I O D I D E  
¥le i n v e s t i g a t e d  v a r i o u s  r e d u c i n g  reagents. A s  a  result, i t  w a s  f o u n d  

t h a t  a  c o m b i n e d  c o p p e r (II)-tin(II) c h l o r i d e  r e d u c t i o n  r e a g e n t  i n  a l k a l i ne  
1 )  solu~i~~ ・' o r  a  c o m b i n e d  i r o n  (III)-N a B H 4  r e d u c t i o n  r e a g e n t  in a c i d i c  s o l u -

2, 3) tion~,~, m a y  b e  a v a i l a b l e  a s  a  r e d u c i n g  r e a g e n t  for t h e  m e r c u r y  d e t e r m i n a t i o n  
i n  t h e  s a m p l e  c o n t a i n i n g  iodide. 

T h e  r e d u c i n g  p o w e r  o f  tin(II) i n  a l k a l i n e  s o l u t i o n  is s t ro n g e r  t h a n  t h a t  
i n  a c i d i c  s o l u t i o n  b e c a u s e  t h e  s t a n d a r d  p o t e n t i a l  f o r  tin(II) i s  - 0 . 9 3 V  vs. 
N H E  a t  p H  14. B y  M e t h o d  2, i o d i d e  u p  t o  5 0 0 m g  d i d  n o t  i n t e r f e r e  w i t h  t h e  
d e t e r m i n a t i o n  o f  mercury. However, i n  t h e  s a m p l e s  o f  c o e x i s t i n g  s i l v e r  w i t h  
iodide, s i l v e r  m o r e  t h a n  0 . 5 m g  i n t e r f e r e d  w i t h  t h e  d e t e r m i n a t i o n  o f  m e r c u r y .  
¥le f o u n d  t h a t  p o t a s s i u m  z i n c  cyanide(I(2Zn(CN)4) is a v a i l a b l e  a s  a  m a s k i n g  
r e a g e n t  for silver. T h e  d e t e r m i n a t i o n  p r o c e d u r e s  a r e  a s  follows: A n  a l i q u o t  
(100ml) o f  s a m p l e  s olu t i o n  w a s  t a k e n  i n t o  a  r e a c t i o n  v e s s e l  a f t e r  d i g e s t i o n  
w i t h  p o t a s s i u m  p e r o x o d i s u l f a t e  i n  a  s u l f u r i c  a c i d  s ol u t i o n  h e a t e d  a t  9 5°C  for 
2hr. T o  t h e  s o l u t i o n  10ml o f  S N  s o d i u m  h y d r o x i de ,  1ml o f  2ml 2  4' 
o f  1  O O O p p m  C u  (II) a n d  2 ml  o f  1  0も t i n ( I I,) c h l or i d e  w e r e  added, a n d  t h e  e v ol ve d  
m e r c ur y  w a s  m e a s u r e d  w i t h  a n  a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t e r .  F u r t h e r -
more, s o d i u m  b o r o h y d r i d e  is k n o w n  t o  b e  m o r e  p o w e r f u l  r e d u c i n g  r e a g e n t  t h a n  
t i n (II) chloride. I o d i d e  u p  t o  1 0 0 m g  d i d  n o t  i n t e r f e r e  w i t h  t h e  d e t e r m i n a -
t i o n  o f  m e r c u r y  b y  llethod 3. T h e s e  methods,-,ere a p plie d  t o  t h e  d e t e r m i n a t i o n  
o f  m e r c u r y  in w a s t e  w a t e r  s a m p l e s  c o n t a ining  i o d i d e  w i t h  s a t i s f a c t o r y  
results. 

Ref. 1) Y. Umezaki, K. Iwamoto, B u n s e k i  Kagaku,.?_Q_, 174 (1971) 
2 )  T. M i t s u h a s h i ,  H. rto r i t a ,  S. S h i m o m u r a ,  i b i d .,'ll_, 6 6 6  (1 9 7 8 )  
3) If .  tHzunurna, H. t1orita ,  H. S a k u r a i ,  s. S h i m o m u r a ,  (1979) 
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S 1 - 0 2  
IO N - EX C H AN GE R  A B S O R P T I O MET R Y  --- A P P LI C AT I ON  T O  F LOW  
AN A LY SI S  O F  T R A C E S  O F  C H RO MIUM(VI) IN R I VER  WAT E R  

K a z u h i s a  Y O S H I M U R A  
K y u s h u  University, Fukuoka, 812 J a p a n  

I o n - e x c h a n g e r  c o l o r i m e t r y  is b a s e d  o n  the d i r e c t  m ea s u r e m e n t  o f  t h e  
d e g r e e  o f  l i g h t - a b s o r p t i o n  b y  a n  ion-ex c h a n g e  r e s i n  p h as e  w h i c h  h a s  s orbed a  
s a m p l e  component. D i r e c t  a p p l i c a t i o n  o f  t h e  m e t h o d  m a ke s  it poss ible t o  
d e t e r m i n e  t r a c e  e l e m e n t s  i n  n a t u r a l  w a te r  s a m p l es  w i t h o u t  
preconcentration.'' 1, 2) 

T h e  p u r p o s e  o f  t h i s  s t u d y  i s  t o  s h o w  h o w  t h i s  m e t h o d  u s e d  f o r  
3 )  c h r o m i u m ( V I ) - ' ' c a n  b e  e x t e n d e d  t o  f l o w  analysis. 

P R O C E D U R E  T h e  r e a c t i o n  p r o d u c t  o f  chrornium(VI) w i t h  1,5-
3) diphenylcarbazide--'1 is introduced i n t o  a  sulfuric a c i d - a c e t o n e  solution 

s t r e a m  (Fig. 1). T h e  f l o w - t h r o u g h  cell w a s  supplied b y  N i p p o n  Quartz Glass 
Co; i t  w a s  b l a c k - s i d e d  a n d  h a d  a  1  0-rnrn p a t h  l e n g t h  a n d  a  1.5-mrn d i a m e t e r .  
T h e  c e l l  w a s  f i l l e d  w i t h  5  - 10 rnrn3 o f  a  cation-exchange resin: B i o - R a d  A G  
5 0 W - X 2  (100-200 mesh) .  T h e  increase i n  the a t t e n u a n c e  b y  t h e  colored c o m p l e x  
s o r b e d  i n  t h e  r e s i n  p h a s e  w a s  m o n i t o r e d  a t  550 n m  w i t h  a  d o u b l e - b e a m  N i p p o n  
B u n k o  spectrophotometer, M o d e l  UVIDEC-320. T h e  c o l o r e d  s p e c i e s  i n  t h e  resin 
p h a s e  w a s  e a s i l y  d e s o r b e d  w i t h  a  n i t r i c  a c i d  solution. 

R E S U L T S  A N D  D I S C U S S I O N  T o  c o m p a r e  t h e  p r e s e n t  m e t h o d  sensitivity a n d  the 
c o r r e s p o n d i n g  s o l u t i o n  a b s o r p t i o m e t r y  sensitivity t h e  r a t i o  o f  t h e  t w o  
a b s o r b a n c e s  f o r  s a m p l e  solutions o f  t h e  s a m e  c h r o m i u m  c o n c e n t r a t i o n  c a n  b e  
measured. If a l l  t h e  c o l o r e d  species injected is r e t a i n e d  i n  t h e  r e s i n  p h a s e  
i n  t h e  f l o w - t h r o u g h  cell, t h e  sensitivity r a t i o  (SR) is c l o s e l y  r e l a t e d  to: 

S R  =  (£ V) /  (E S  1) (1) 
3  w h e r e  E i s  t h e  m o l a r  absorptivity, V  t h e  s a m p l e  v o l u m e  injected i n  cm-', S  t h e  

2  d i a m e t e r  o f  t h e  f l o w - t h r o u g h  cell i n  cm', a n d  1  t h e  light p a t h  length in 
4) cm.~'The b a r  o v e r  t h e  E  r e f e r s  t o  t h e  ion-exchanger phase. In t h e  c a s e  o f  

t h e  chromium(VI)-1,5-diphenylcarbazide system, t h e  d i s t r i b u t i o n  ratio o f  the 
c o l o r e d  s p e c i e s  is s u f f i c i e n t l y  h i g h  (D =  1.2 x  10 4  c m  3  /  g), a n d  E . c  E. T h e  

3  2  p r e s e n t  s y s t e m  (V =  4.41 cm-', S  =  0.0177 cm') is e x p e c t e d  t o  y i e l d  a  
s e n s i t i v i t y  a b o u t  2 5 0  t i m e s  g r e a t e r  t h a n  t h a t  o f  t h e  s o l u t i o n  m e t h o d  (1 =  1  
cm), w h i c h  is i n  f a i r l y  g o o d  a g r e e m e n t  w i t h  t h e  r e s u l t s  obtained. Equation 
(1) i m p l i e s  t h a t  t h e  c r o s s  s e c t i o n  o f  a  f l o w - t h r o u g h  cell a n d  t h e  s a m p l e  
v o l u m e  i n j e c t e d  a r e  v e r y  i m p o r t a n t  factors for o b t a i n i n g  h i g h  sensitivity, 

( l.t )  湘；＿1 1じ学研究 I.  2  (1986)  



p r o v i d e d  that the photo-cell o f  t h e  i n s t r u m e n t  is i n  proportional d e t e c t i o n  
t o  t h e  l i g h t  i n t e n s i t y  i n  s p i t e  o f  t h e  t r e m e n d o u s  l i g h t  l o s s  d u e  t o  
s c a t t e r i n g  a n d / o r  absorption. A n  inside m i r r o r  q u a r t z  t u b e  w a s  p l a c e d  
b e t w e e n  t h e  cell h o l d e r  a n d  the light-detector w i n d o w  t o  r e c o v e r  p a r t l y  the 
light s c a t t e r e d  f r o m  t h e  cell. This r e d u c e d  t h e  a t t e n u a n c e  b y  1. 

A f t e r  t h e  s a m p l e  injection, t h e  a t t e n u a n c e  in t h e  r a n g e  o f  2.5 t o  2.8 
increased, b e c a u s e  t h e  c o l o r e d  species s o r b e d  in t h e  c a t i o n - e x c h a n g e  r e s i n  
phase. It w a s  n o t  n e c e s s a r y  t o  d e s o r b  t h e  c o l o r e d  s p e c i e s  a f t e r  e a c h  
i n j e c t i o n  (Fig. 2). T h e  c h a n g e  o f  f l o w  r a t e  f r o m  0.66 t o  2.12 c m 3  / m i n  
d e c r e a s e d  t h e  sensitivity b y  75 も， b u t t h e r e  w a s  a  s t r i c t l y  linear 
r e l a t i o n s h i p  b e t w e e n  m e a s u r e d  a b s o r b a n c e  a n d  c h r o m i u m  c o n c e n t r a t i o n  a t  a  
c o n s t a n t  f l o w  rate. A  v a r i a t i o n  i n  t h e  s a m p l e  v o l u m e  ranging f r o m  0.2 t o  8.7 
3  c m J  r e s u l t e d  in a  proportional increase i n  absorbance. M u c h  h i g h e r  

s e n s i t i v i t i e s  c a n  b e  o b t a i n e d  b y  e m p l o y i n g  l a r g e r  a m o u n t s  o f  sample solution. 
T h e  p r e s e n t  m e t h o d  w a s  a p p l i e d  t o  t h e  a n a l y s i s  o f  fresh w a t e r  samples. 

T H e  r e s u l t s  o b t a i n e d  f o r  r i v e r  a n d  u n d e r g r o u n d  w a t e r  w e r e  i n  t h e  range o f  0.1 
3  t o  1  u g  Cr(VI)/dmJ. 

R E F E R E N C E S  
1) Yoshimura, K., H. W a k i  a n d s .  Ohashi, Talanta, 2 3 , 4 4 9  (1976). 
2) Yoshimura, K .  a n d  H. Waki, ibid., 32, 345 (1985). 
3) Yoshimura, K .  a n d s .  Ohashi, ibid., 25, 103 (1978). 
4) Yoshimura, K., p resented a t  t h e  35th A n n u a l  M e e t i n g  o f  J S A C  (1986) a n d  
s u b m i t t e d  t o  Analytical Letters. 

↑ p u m p  sample inj e ction 

Fig. l. Schematic flow a n a ly sis d i a g r a m .  

Fig. 2 .  C o l o r-developi n g  p r o f i l e  for 
c h r o m i u m  b y  the flow s y s t e m  o f  ion-
e x c h a n g e r  absorptiometry. 
Sample vo lume: 4.41 c m 3  
Resin: A G  5 0 W- X2  (100-200 mesh) 
Flow - t h r o u g h  cell: 1.5 m m  in d i a m e t e r  
C a r r i e r  solution: 0 .06 mol/ctm3 均 S 04

(2 名 acetone)
F l o w  rate: 1.17 cm3/min 
Wavelength: 550 n m  
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DETERMINATION O F  TRACE VANADIUM IN AIR SAMPLES ¥'/ITH 
AZO-DYE REAGENTS BY REVERSED-PHASE I-IPLC  

Jun'ichiro MIURA, Hito shi HOSHINO, Takao YOTSUYANAGI 

Department o f  Applied Chemistry ,  Facult y  o f  Engineering, 
Tohoku Universi ty ,  Aramaki ,  Aoba, Sendai 980 Japan 

A  hi g hly  sensit ive  method for the determinat ion of trc1 ce vanadium (80 ppt )  
wa s  developed, 

Vanadium is one o f  the most important e lements in environmental chemistry  
because it m a y  be an indicator for an estimat e  of air pollution from fos s il e-
fuel and petroleum products, especia lly fuel oil, coal fly a sh, and asphalt. 

3  Vanadiu m  in air is u suall y  present at very  low concentration ,  2 -10 ng/mJ in 
the presence・ of various e lement s  su c h  as iron and aluminum. So sensitive and 
se lec tive  m e thod for vanadium is desired. 

Recently, hi g h  performance liquid chromatography (HPLC)-photometric 
detection sys tem has been accepted as a  powerful alternative  to conventional 
co lor im e try  for trace  metal analysis. In this work, m eta l  ion s  are determined  
by the pre-column derivatization method, in which metal ions are converted into 
co lred metal chelate s  in off-line sys tem and the  chelates are separated an d  
se lectively decomposed on a  column by using eluent containing n o  chelating 
agen t. Highly sensitive reagent s  for vanadium, some azo dye compound s  have  
been investigated in this HPLC sys tem. Among these reagents, 2-(8-quinolyl-
azo) -5- N ,N -diethylaminophenol(QADAP) has been chosen because of its excellent 
se lectivit y .  With QADAP, only vanadium(V) ion gave a  we ll-re so lved peak on a  
propylcyano bonded pha se column u sing an aqueous acetonitrile mobile phase, 
among 16 kinds o f  metal ions o f  Al, Ba, Ca, Cr(III), Cu(II), Fe(III), Ga, M g ,  
Hg(II),Mn(II), N i, Pb(II), V(V), Cd, Co(II), and Zn .  The proposed method has 
been succe ss full y  applied to the  detremination of vanadium in airborn 
p articulates and in rain water, 

EXPER IMENTAL 
Apparatu s  and reagents: The HPLC system consisted of a  conventiona l  

pumprng sys tem and spectrophotometric d e tector (Shimazu LC-SA ,  and Shmazu S PD-
2幻 an d a  u-Bondapack-CN (3 .9mm x  300 m m ,  Water s  Assoc .  Inc .) or ZORBAX CN(4 .6  
m m  x  150 m m ,  Du  Pont) column. QADAP(0.0 1 2 忍） wa s prepared  by  di sso lv ing  in 
0 .02 M  HCl and 4 厖 PONPE -20 aqueous soluti on .  The  surfactant, PONPE- 20 ,  1va s  
u sed for so lub il ization of QADAP and its metal chelatc s .  A  mobi le  pha se was 

-3 3 2 忍 acetonitrile-1,ater solu ti on containing SxlO Jmolal sodium acetat e  and 
-4 10 ' m o lal EDTA. 
Proce<lur e :  To a  samp le solution containing  less than 342 ng of vanadium ,  
3  S  cmJ o f  QADAP so lution and acetate buffer so luti on (pi t  S .  4) i,ere added. 
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-¥  m a sking  ag ent ,  if required, was add ed  p ri o r  to  addition o f  QA D AP  solution. 
T h e  m i x t u re  w as he a ted  on a  water hath at 85 - 9 0°C  for 60 m i n  and th en  was 

3  m ad e  u p  to 25 cm ~ w ith water  aft e r  cooling .  A n  a li quot o f  the  so lution w a s  
3  injec ted with a  100  mm ~ loop inj ector .  T h e  d e teco r  se tt ings o f  0.0 0 5  o r  

0 .00 1  a h so rhance unit full -sca le (AU FS )  range a t  S40 n m  w ere  u sed  for 1  m v  o r  
3  10 m v  rec o rde r  out -put. Flow  rate  o f  th e  eluen t  w a s  1.0 cm~/mi n . 

RES U L  T S  A N D  D I  SC USS ION 
Vanadium(V) quantitatively reac t s  w ith  Q A D A P  over the  pl! renge o f  4  - 8  

to form colored che late w hic h  has ab sorption maxim u m  at  544 n m  in PONPE-2 0  
solution and at 54 0  n m  in the e luent so lution, resp ec- tively, Figure  show s  a  
typical c h lomatogra m  o f  Q A D A P  system  in the  p rese nc e  o f  varoiu s  cations. 
O nl y  Vanadium(V) g ave a  peak o n  th e  ch romatog ram. Man y  m e tal ion s  in 10 0  fold 
(.wt /wt )  exce s s  d id not interfere, ho1,ever, iron (III )  in m o r e  than  60  fold d id 
int e r fe re  wi th the  d P te rminat ion. Tron (Ill) could be mas ked  with cyclohexan e -
d ia m ine te traace t ic  acid (CDT /¥) .  Th e  pea k  height ca libration curve  w a s  linear 

3  o ver th e  rang e  O  - 342 ng/ 25 cm~ o f  vanadium. 
T he  re la tiv e  stande rd devia t ion a t  22 8  n g/25 
3  cm ~ o f  vanadium w a s  3 .0 も． T he detection 

limit(twic e  peak-t o -pea k  noi se )  for vanadium 
a t  0 .005 AU FS w a s  dOl,n  to 80 p pt. 

T h e  QADAP method was applied for  the  
d e termination o f  ultra trace amoints o f  
vanadium in air sample s .  3  A  10 cm- o f  rain 
w a t e r  was directry anal yzed. /¥ irhorn 
particulat es have  been col lect ed o n  a  quartz 
fiber filt e r(Dy lec 2500 -Q/¥ST, 47 mm) attached  

3  to low -volume air sampler(ZO dmJ/min) in 30 
d a y s .  T he  sample tog e the r  with the  fi lter 
i..as trea ted  with nitri c  acid and hydrogen  
peroxide. The so luti o n  obtained was m ade u p  

3  3  to 20 c m- .  From thi s  solution, O.Sc mJ  o f  
samp le  was tak en  an d  vanadium w a s  determined 
b y  the  recommended procedure. T h e  re sult s  are 
li sted in T ab le. ¥vith a tomic absorption 
method, n o  vanadium  detected in the se 
sample s .  
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5 1 - 0 4  S I M P L E  A N D  R A P I D  S E.'!IQUA N T I T A T I VE  D ET E R MIN A T I ON  O F  M E T A L  
S P E C I E S  O N  P O L Y M E R  R E A GE N T  M AT R I X .  

K o j i  N A K A N O ,  N a o t o s h i  N A K A S H I M A ,  M a ko t o  T A K AG I ,  a n d  K e 1 h e i  U E N O  

＊ 

D e p a r t m e n t  o f  O r g a n i c  S y n t h e s i s ,  F ac u l t y  o f  E n g i ne e ring, K yu s hu  U n i ve r s i t y .  
H i g a s h i - k u ,  F u k u o k a  8 1 2  J a p a n  
D e p a r t m e n t  o f  I n d u s t r i a l  C h e m i s t r y ,  K u m a m o t o  I n s t i t u t e  o f  T e c h no l o g y .  
I k e d a ,  K u m a m o t o  8 6 0  J a p a n  

A B S T R A C T  
P o l y m e r i c  ( o r  r e s i n - i m m o b i l i z e d )  r e a g e n t s  w e r e  s y n t h e s i z e d  f o r  u s e  a s  

h y d r o g e n - i o n  c o n c e n t r a t i o n  b u f f e r  a g e n t .  T h e  a c i d  d i s s o c i a t io n  p r o p e r t ie s  
w e r e  s t u d i e d  b y  p o t e n t i o m e t r i c  m e t h o d .  S e m i q u a n t i t a t i v e  s o l i d - p h a s e  

1 )  colorimetry~'for m e t a l  i o n s  w a s  a t t e m p t e d  b y  u s e i n g  t h e s e  p o l y m e r i c  p H - b u f f e r s .  

I N T R O D U C T I O N  
T h e  u s e  o f  p H  b u f f e r  r e a g e n t s  a r e  u s u a l l y  l i mi te d  t o  a  h o m o g e n eo u s  

s y s t e m .  H o w e v e r ,  i f  s o l i d  p o l y m e r s  a r e  e n d o w e d  w i t h  a  p H-b u f f e r i n g  f u n c t i o n  
s u c h  p o l y m e r s  m a y  b e  u s e d  t o  c o n s t r u c t  a  s o l i d - p h a s e  c h e m i c a l  d e t ec t i n g  s y s t e m  
w i t h  a  b u i l t - i n  p H  a d j u s t m e n t  c a p a b i l i t y .  S i n c e  a  s e n s i n g  r e a g e n t  c a n  a l s o  b e  
i m m o b i l i z e d  o n t o  a  s o l i d  p o l y m e r  m a t r i x ,  t h e  c o m b i n a t i o n s  o f  p o l y m e r i c  
p H - b u f f e r s  a n d  s e n s i n g  r e a g e n t s  a r e  e x p e c t e d  t o  g i v e  a  n e w  g e n e r a t i o n  o f  s o l i d  
p h a s e  c h e m i c a l  d e t e c t i n g  d e v i c e s .  F r o m  t h i s  p o i n t  o f  v i e w ,  w e  s y n t h e s i z e d  s o m e  
p o l y m e r i c  p H - b u f f e r  r e a g e n t s  a n d  s t u d i e d  t h e i r  a c i d  d i s so c i a t i o n  p r o p e r t ies. 
T h e  p o l y m e r s  w e r e  u s e d  t o  m a k e  p M  d e t e c t i n g  f i l m  o r  p a d .  

1. S y n t h e s i s  o f  p o l y m e r i c  r e a g e n t s .  
P o l y m e r i c  p H  b u f f e r  r e a g e n t s !  - 7_ w e r e  s y n t h e s i z e d .  O n l y  i n  c a s e  o f  

c o m p o u n d !  a n d み t h e p o l y m e r i z a t i o n  o f  t h e  c o r r e s p o n d i n g  m o n o m e r i c  r e a g e n t  
( p - s u b s t i t u t e d  s t y r e n e s )  w a s  p e r f o r m e d .  T h e  p r e p a r a t i o n  o f  o t h e r  r e a y e n t s  
i n v o l v e d  t h e  r e a c t i o n  o f  a p p r o p r i a t e  p r o t o n - d i s s o c i a t i n g  r e a g e n t s  w i t h  
p o l y m er s ;  p o l y ( 4 - v i n y l p y r i d i n e )  a n d  c h l o r o m e t h y l a c e d  s r y r e n e - d i v i n y l b e n z e n e  
c o p o l y m e r  ( m a c r o r e t i c u l a r  t y p e  r e s i n )  w e r e  u s e d  f o r  t h e  s y n t h e s i s  o f  l a n d  
i  - 7_ r e s p e c t i v e l y .  P r o t o n - d i s s o c i a t i n g  g r o u p s  w e r e  s e l e c t e d  a s  s u c h  t h a t  
o n l y  s m a l l  c o m p l e x i n g  i n t e r a c t i o n s  w e r e  e x p e c t e d  b e t w e e n  t h e  c o n j u g a t e  b a s e s  
a n d  m e t a l  i o n s  i n  g e n e r a l .  

2. A c i d  d i s s o c i a t i o n  p r o p e r t i e s  o f  p o l y m e r i c  p H  b u f f e r  r e a g e n t s .  
A c i d  d i s s o c i a t i o n  p r o p e r t y  w a s  s t u d i e d  p o t e n t i o m e t r i c c a l l y  b y  t i t r a t i n g  

t h e  c o n j u g a t e  a c i d s  w i t h  s t a n d a r d  o o t a s s i u m  h y d r o x i d e  s o l u t i o n. ln  c a s e  o f  
c o m p o u n d  l:_ t o  2, p H  t i t r a t i o n  w a s  c a r r i e d  o u t  i n  a  u s u a l  w a y .  T he  t i t r a t i on  
c u r v e s  a r e  a n a l y z e d  a c c o r d i n g  t o  t h e  m o d i f i e d  H e n d er s on - H as s e l b l ac n 's  e q u a t i o n  

2 )  p r o p o s e d  b y  K e r n . - ・ T i t r a t i o n  g r a p h s  a r e  i n d i c a t e d  i n  F i g .  l . ( a )  t o g e t h e r  w i t h  

( 18 )  if化学研究 1 ,  2  (1986 )  



t h e  a c i d  d 1 s s oc i a t i o n  c o n s t an t s  o b t a i n e d .  It c a n  b e  s e en  i n  F i g .  1. (a ),  t h a t  
c om pound.?_ s h o w s  c on si d e r a b le  d e v i a t i on  f r o m  t he  c a l c u l a t e d  c u r v e .  It m a y  b e  
p o i n t e d  o ut  that while~ a n d  2  h av e  f i xe d  (perm a n e n t) c h ar ge s  w h i c h  a re  
ind e pe n de nt o f  o rd in ar y  p H  v ar i a t i on , .?_ d o e s  not h a ve  s u c h  a  s t r u c t u r a l  f e a t u r e 響

F o r  re s in - i m mo b il i z ed  r e a g e n t s, p H  t i t r a t i o n  w a s  c a r r i e d  o ut a s  d e s c r ib e d  b y  
3 )  H e l f f e r ic h . J ' T h e  t it r a t i o n  g r a p h s  a r e  ind i ca t e d  in  F ig. l . ( b )  a n d  (c). A s  is 

e v i de n t  f r o m  t h e  f i g u r e ,  it is p o s s ibl e  t o  c ov e r  a  w i d e  r a n g e  o f  p H - b u f f e r  r e g i o n s  
(pH 2  - 9 )  b y  p r o p e r l y  s e l e c t i n g  t h e  s t r u ct u r e  o f  t h e  p r o t o n - d i s s o c 1 a tょn g g r ou p s .  

3 .  A p p l i c a t i o n  a s  p H  t e s t i n g  p o l y m e r  f i l m  
A  r e s i n - t y p e  r e a g e n t  w h i c h  c ar r ie s  b o t h  p H - b u f f e r i n g  a n d  m e t a l  d e t e c t ing  

f u n c t i o n s  w a s  s y n t h e s i z e d  a c c o r d i n g  t o  S c h e m e  1. T h e  l o a d i n g  o f  t n e  m e t a l -
i n d i c a t o r  r e a g e n t  a m o u n t e d  t o  o n l y  1 %  o f  t h e  t o t a l  c h l o r o m e t h y l  g r o u p  c o n t e n t ,  
t h e  r e s t  b e i n g  r e a c t e d  w i t h  a  l a r g e  e x c e s s  o f  m o r p h o l i n e .  T h e  c o m p o u n d  i n  a  f r e e  
b a s e  f o r m  w a s  b l e n d e d  w i t h  a n  e q u i v a l e n t  a m o u n t  o f  p o l y a c r y l i c  a c i d  t o  g i v e  a  

5 )  f i l m  w i t h  a  " s e l f  b u f f e r "  a c t i o n . - ' T h e  f i l m  o b t a i n e d  w a s  u n f o r t u n a t e l y  
r e l a t i v e l y  h y d r o p h o b i c  a n d  d i d  n o t  s o r b  a q u e o u s  s o l u t i o n s  r e a d i l y .  It t o o k  
30 m i n  at r o o m  t e m p e r a t u r e  t o  o b t a i n  a  f u l l y - d e v e l o p e d  c o l o r  w h e n  a n  a q u e o u s  
s o l u t i o n  c o n t a i n i n g  C u ( I I) w a s  s p o t t e d  o n  t h e  film. T h e r e f o r e ,  it i s  n o t  
c o n v e n i e n t  f o r  t h e  p u r p o s e  o f  q u i c k  p M  t e s t i n g .  

A  d i f f e r e n t  v e r s i o n  o f  p M  t e s t i n g  p a p e r ,  i.e., a  d r y  r e a g e n t  p a d  w i t h  r e s i n -
i m m o b i l i z e d  p H  b u f f e r ,  m e t a l  i n d i c a t o r ,  a n d  r e l a t e d  r e a g e n t s  i s  n o w  b e i n g  s t u d i e d .  
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A P P L I C A T I O N  O F  O R G A N I C  S O L V E N T - S O L U B L E  M E M B R A N E  F I L T E R S  T O  
T H E  P R E C O N C E N T R A T I O N  A N D  S P E C T R O P H O T O M E R I C  D E T E R M I N A T I O N  

O F  T R A C E S  O F  P H O S P H O R U S  IN W A T E R  

Shigeru T A G U C H I ,  Noriko H A T A ,  lssei K A S A H A R A  and K a tsu m i  G O T O  

Faculty of Science, T o y a m a  University, Gofuku 3190, T o y a ma  930 
Japan 

I N T R O D U C T I O N  
T h e  determination of traces of phosphorus in water is very i m po rtant,  because  it  1s  

generally believed that a  P  concentration between 0.01 and 0.1 m g / L  is  sufficient to  promote  
accelerated eutrophication in lakes, ponds and estuanes. 

T h e  most c o m m o n l y  employed m e t h o d  for the determination  of traces of  phosphorus  in 
water is solvent extraction of the phosphomolybdenum blue, followed by m easur e ment of the 
absorbance. However, extraction is very tedious and t1me-consum1ng.  

In the present paper, a  simple and rapid preconc entration-spectrophotometric  method 1s 
proposed. This method is based o n  forming phosphomolybdeoum blue, c ollecting the  blue c omplex 
on an organic solvent-soluble m e m b r a n e  in the presence of cationic surfactant, and dissolving 
the m e m b r a n e  in a  small volume of water-miscible organic solvent, and measuring the absor-
bance of the solution. A  f e w  micrograms per L  levels of phospho rus in water can be  det er-
mined with sufficient precision by the proposed  method. 

E X P E R I M E N T  A L  
Reagents 

A m m o n i u m  molybdate solution: Dissolve 6  g  of a m m o n i u m  heptamolybdate tetrahydrate  and 
0.24 g  of potassium antimony! tartrate hemihydrate in 500 m L  of 3  N  sulfuric acid. 

L-Ascorbic acid solution: Dissolve 7.2 g  of し ascorbic ac id in JOO m L  of water. 
Mixed reagent: Mix 50 m L  of the a m m o n i u m  molybdate  solution and 10 m L  of the  L-

ascorbic acid solutton. 
Standard phosphorus solution: Prepare by dissolving an appropriate amount of potassium 

dihydrogen phosphate in water. 
n-Dodecyltrimethylammonium bromide(C 1  r T M A B )  solution: Dissolve 0.08 g  of C  1  r T M A B  m  

I  00 m L  of water. If necessary, remove any phosphate in this solution by c opre cipitation with 
aluminium hydroxide in the following manner: add 0.5 m L  of 10りi, aluminium sulphate solution to  
100 m L  of C 1 r T M A B  solution, adjust the p H  to 8.5 with aqueous ammonia, and  filter off the  
aluminium hydroxide formed. 

Reducing agent for As(V): M i x  20 m L  of 1.75 N  sulfuric acid, 40 m L  of 1 4 %  sodium 
metabisulphite solution and 4 0  m L  of 1.4% sodium thiosulphate  solution. Prepare  fresh daily.  

M e m b r a n e  filters: Most of the data presented in this paper w e re  obtained  with T o y o  T M - 2  
membranes(25 m m  in diameter, 0.45 }'m pore  size, nitrocellulose), but other m e mbranes can be  
used equally satisfactorily as long as they  are m a d e  of nitrocellulose  or acetylcellulose. 
Procedure 

T a k e  100 m L  of sample solution, containing less than 7  μg  of phosphorus, add 8  ml. of the  
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mixed reagent, set aside for at least 15 m i n  in a  water-bath controlled at 20-40 °C, then add I  
m l  of C  1 2 - T M A B  solution. Filter off the phosphomolybdenum blue on the m e m b r a n e  filter, and 
wash the m e m b r a n e  with about 20 m l  of water. Dissolve the filter in 5  m l  of D M S O ,  and 
measure the absorbance of the D M S O  solution at 710 n m  against a  reagent blank. 

RF.SUL T S  A N D  DISCUs.5ION 

O p t i m u m  conditions for color development 
T h e  conditions for the formation of the phosphomolybdenum blue are similar to those 

reported by earlier workers. T h e  volume of reagent added are varied in proportion to the 

sample volume. 
Cationic surfactant 

Hiiro et al. collected phosphorus on a  m e m b r a n e  filter as phosphomolybdenum blue, and 
determined phosphorus from the  refle ctance of the colored membrane. This m e t h o d  is very rapid 
and sensitive .  H o wever,  collection is never quantitative and efficiency of collection varies 
depending on the manufacturer and the pore size of the m e m b r a n e s  used. In preliminary 
experiments, w e  found that the addition of a  cationic surfactant greatly enhances the adsorption 
of phosphomolybdenum blue on membranes. Several cationic surfactants of different molecular 
weight were tested. O f  these surfactants, C  12―T M A B  gave the  most satisfactory results. T h e  ab-
sorbance of the D M S O  solution increases with increasing a m o u n t  of C I  r  T M A B  added and 
reaches a  constant value with at least 0.5 m l  of 0 . 0 8 %  solution per 100 m l  of sample. 
M e m b r a n e  filter for collection 

Several filters of different sorts and pore-sizes w e r e  examined for usefulness for collecting 
phosphomolybdenum blue. Nitrocellulose and acetylcellulose m e mbrane filters are suitable because 
they readily dissolve in D M S O.  A n y  nitrocellulose and acetylcellulose m e m b r a n e  filter with pore-
size between 0.2 and 0.45 μm  can be used. 
Solvent for dissolving the m e m b r a n e  filter 

Several water-miscible organic solvents w e r e  tested as solvents for the wet membranes. 
D M S O ,  D M F  and acetone readily dissolve the nitrocellulose and acetylcellulose membranes, but 
acetone is  not r e c o m m e n d e d,  because of its high volatility. T h e  color intensity decreased with 
time in D M F ,  but only very slowly in D M S O .  If the m e m b r a n e  is washed with water before 
being dissolved in D M S O  the color intensity is stable for at least  3  hr. 
Sensitivity and precision 

Microgram quantities of phosphorus in 50-500 m l  of sample can be determined with satts-
factory precision. B eer's law is obeyed for 0.5-7 JJg of phosphorus in 5  m l  of D M S O  at 710 n m .  
Effect of foreign substances 

Moderate concentrations of silicate and anionic and nonionic  surfactants, and high concentra-
tions of sodium chloride, d o  not inte rfere  with the  determination. Interference from As(V) can 
be eliminated by addition of I  m l  of the reducing agent before color development. 
Application to river water a n d  seawater 

-「he phosphorus in river water and seawater samples w e r e  determined with satisfactory 
prec1s1on. T he  phosphorus in spiked samples w e re  recovered quantitatively. 

C O N C L U S I O N  
T h e  preconcentration technique proposed in the present paper is simple and very rapid and 

can be used in place of the conventional solvent extraction. This technique m a y  find m a n y  
other applications  for the determination of trace elements in water samples. 
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S 1 - 0 6  E L E C T R O C H E M I C A L  S T R I P P I N G  A N A L Y S IS  O F  V IT AM IN S  
E M P L O Y I N G  A D S O R P T I O N  P R E C O N C E N T R A TI O N  

H i r o m i t i  S A W A M O T O  

F a c u l t y  o f  Education, K o c h i  University, Kochi, 7 8 0  
J a p a n  

I N T R O D U C T I O N  
A n o d i c  s t r i p p i n g  a n a l y s i s  e m p l o y i n g  a m a l g a m  f o r m a t i o n  i n  the 

p r e c o n c e n t r a t i o n  s t e p  i s  a  v e r y  s e n s i t i v e  m e t h o d  a n d  u s e d  w i d e l y  i n  the 
trace a n a l y s i s  o f  h e a v y  m e t a l s  i n  t h e  e n v i r o n m e n t  (1). 

I n  o r d e r  to e x t e n d  t h e  a p p l i c a t i o n  o f  the s t r i p p i n g  a n a l y s i s  a t t e m p t s  
h a v e  b e e n  r e p o r t e d  w h i c h  e m p l o y  f i l m  f o r m a t i o n  r e a c t i o n s  o n  the e l e c t r o d e  
(2) o r  a d s o r p t i o n  o n  t h e  e l e c t r o d e  (3) i n  the p r e c o n c e n t r a t i o n  step i n s t e a d  
o f  a m a l g a m  formation. F i l m  f o r m a t i o n  o r  a d s o r p t i o n  p r e c o n c e n t r a t i o n  m a d e  
it p o s s i b l e  to d e t e r m i n e  o r g a n i c  c o m p o u n d s  w h i c h  c a n n o t  b e  d e t e r m i n e d  b y  
a m a l g a m  f o r m a t i o n  p r e c o n c e n t r a t i o n .  It i s  c o n s i d e r e d  that a d s o r p t i o n  
p r e c o n c e n t r a t i o n  i s  e s p e c i a l l y  i m p o r t a n t  i n  the d e t e r m i n a t i o n  o f  o r g a n i c  
c o m p o u n d s  b e c a u s e  f i l m  f o r m a t i o n  p r e c o n c e n t r a t i o n  is c o n s i d e r e d  to b e  
a p p l i e d  to t h e  1  imi t e d  g r o u p s  o f  o r g a n i c  compounds. T h e  p u r p o s e  o f  this 
w o r k  is t o  e s t a b l i s h  the m e t h o d  t o  d e t e r m i n e  trace a m o u n t  o f  vitamins. 
V i t a m i n s  i n v e s t i g a t e d  w e r e  riboflavin, v i t a m i n  B,,.,and thioctic a c id. 12 

E X P E R I M E N T A L  
D C  a n d  d i f f e r e n t i a l  p u l s e  p o l a r o g r a m s  w e r e  m e a s u r e d  b y  a  P r i n c e t o n  

A p p l i e d  R e s e a r c h  M o d e l  174A. S q u a r e  w a v e  p o l a r o g r a m s  w e r e  m e a s u r e d  b y  F u s o  
M o d e l s  311 a n d  333. D i f f e r e n t i a l  c a p a c i t y  w a s  m e a s u r e d  b y  a  p h a s e - s e l e c t i v e  
ac p o l a r o g r a p h  (Fuso M o d e l s  312 a n d  332). T h e  h a n g i n g  m e r c u r y  d r o p  

2  e l e c t r o d e  u s e d  w a s  a  M e  t r o h m  E A  290, the a r e a  o f  w h i c h  w a s  1. 4 9  mm ~. In the 
s t r i p p i n g  a n a l y s i s  w i t h  a d s o r p t i o n  preconcentration, a t  f i r s t  the e l e c t r o d e  
p o t e n t i a l  w a s  k e p t  a t  t h e  p o t e n t i a l  w h e r e  the v i t a m i n  o r  its r e d u c e d  f o r m  is 
a d s o r b e d  w h i l e  s t i r r i n g  t h e  solution. A f t e r  1  m i n  rest p e r i o d  t he  p o t e n t i a l  
w a s  s c a n n e d  to the n e g a t i v e  (cathodic s t r i p p i ng) o r  p o s i t i v e  (anodic 
s t r i p p i ng) a n d  the r e s u l t i n g  c u r r e n t  w a s  measured. 

R E S U L T S  
F r o m  the d e p r e s s i o n  o f  the d i f f e r e n t i a l  c a p a c i t y  - p o t e n t i a l  c u r v e s  it 

is c l e a r  that b o t h  r i b o f l a v i n  a n d  i t s  r e d u c e d  f o r m  (l e u c o f l a v i n )  a r e  
a d s o r b e d  o n  m e r c u r y  electrodes. C y c  1  ic vol t a m mo grams o f  r i bo f l a v i n  s h o w  
c a t h o d i c  p e a k s  a n d  a n o d i c  p e a k s  a t  a r o u n d  - 0 . 5 5  V. T h e r e fo re it 1s 
e x p e c t e d  that t w o  e l e c t r o c h em ical s t r i p p i n g  m e t h o d s  o f  a n a l y s i s  o f  
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riboflavin a r e  possible i n  w h i c h  p r e c o n c e n t r a t i o n  is a c h i e v e d  b y  the 
adsorption o f  r i b o f l a v i n  (cathodic stripping) o r  leucoflavin (anodic 
stripping) (4). Experimental conditions, such a s  p r e c o n c e n t r a t i o n  time, 
p r e c o n c e n t r a t i o n  potential, potential s c a n  rate a n d  temperature, w e r e  
s t u d i e d  b y  a  dc p o l a r o g r a p h  i n  0.1 M  a m m o n i u m  acetate. W i t h  the o p t i m u m  
c o n d i t i o n s  t h e  d e t e c t i o n  limits w e r e  1 0  n M  (cathodic) a n d  5  n M  (anodic). 
T h e  c a l i b r a t i o n  c u r v e s  w e r e  l i n e a r  u p  t o  1 0 0  nM. T o  improve the 
sensitivity o f  this m e t h o d  0 . 1  M  s o d i u m  acetate w a s  u s e d  a s  t h e  s u p p o r t i n g  
electrolyte a n d  a  square w a v e  p o l a r o g r a p h  w a s  u s e d  i n  the s t r i p p i n g  step. 
Experimental conditions i n c l u d i n g  square w a v e  polarographic m e a s u r e m e n t s  
w e r e  studied. W i t h  t h e  o p t i m u m  c o n d i t i o n s  t h e  d e t e c t i o n  limit w a s  0 . 5  n M  
a n d  the c a l i b r a t i o n  c u r v e  w a s  l i n e a r  u p  t o  1 0 0  nM. T h e  relative s t a n d a r d  
deviation w a s  5 . 5  %  w i t h  5 0  n M  riboflavin. 1  μM  dodecyl lauryl sulfate, 2  
μM  Cd(II), 1  μM  Pb(II), 0 . 1  μM  Zn(II), 2 0  μM  Co(II), 0 . 0 1  μM  Ni(II) a n d  0 . 0 1  
μM  Cu(II) d i d  n o t  interfere w i t h  t h e  determination o f  0 . 0 5  μM  riboflavin. 

Vitamin B,~ i s  a d s o r b e d  o n  a  m e r c u r y  electrode i n  t h e  potential r e g i o n  12 
b e t w e e n  O  a n d  - 1 . 5  V  a n d  y i e l d s  a  polarographic catalytic wave a t  ca. - 1 . 6  
V. Cathodic stripping a n a l y s i s  w i t h  adsorption p r e c o n c e n t r a t i o n  i s  
p o s s i b l e  (5). A  c o n c e n t r a t i o n  o f  0 . 3  M  a m m o n i u m  acetate w a s  u s e d  a s  the 
supporting electrolyte a n d  a  d c  p o l a r o g r a p h  w a s  u s e d  i n  the s t r i p p i n g  step. 
T h e  c a l i b r a t i o n  curve w a s  l i n e a r  u p  t o  1 0 0  n M  a n d  the d e t e c t i o n  limit w a s  2  
nM. T o  improve the s e n s i t i v i t y  o f  this m e t h o d  0 . 0 1  M  d i s o d i u m  
hydrogenphosphate w i t h  0 . 0 1  M  s o d i u m  dihydrogenphosphate w a s  u s e d  a s  t h e  
supporting electrolyte a n d  a  differential p u l s e  p o l a r o g r a p h  w a s  u s e d  i n  t h e  
stripping step. W i t h  t h e  o p t i m u m  experimental conditions the d e t e c t i o n  
limit w a s  0 . 5  nM. T h e  relative s t a n d a r d  d e v i a t i o n  w a s  5 . 8  %  w i t h  5 0  n M  
v i t a m i n  B, ~· Effect o f  interfering substances o n  the d e t e r m i n a t i o n  w a s  a l s o  12・ 
studied. 

Thioctic a c i d  also c a n  b e  d e t e r m i n e d  b y  the stripping a n a l y s i s  w i t h  
adsorption preconcentration. A  c o n c e n t r a t i o n  o f  0 . 1  M  a m m o n i u m  a c e t a t e  w a s  
u s e d  a s  the supporting e l e c t r o l y t e  a n d  a  d c  p o l a r o g r a p h  w a s  u s e d  i n  t h e  
stripping step. A f t e r  s t u d y i n g  experimental conditions, the d e t e c t i o n  l i m i t  
w a s  0 . 1  μM  a n d  c a l i b r a t i o n  curve w a s  l i n e a r  u p  t o  1.6 μM. T h e  r e l a t i v e  
s t a n d a r d  deviation w a s  7. 7  %  w i t h  1  μM  thioctic acid. E f f e c t  o f  i n t e r f e r i n g  
substances o n  the d e t e r m i n a t i o n  w a s  a l s o  studied. 
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S 1 - 0 7  CHEMILUMINESCENT TECHNIQUE FOR TH E  ENVIRONMENTAL 
ANALYSIS 

A. T. PILIPENKO and A. V. TERLE'l‘SKAYA 

A.V.Dumans切 Institute of Colloid and Water Chemistry of the 
Ukrainian Academy of Sciences, Kiev 
USSR 

A  great interest to practical application of chemiluminescent (CL) 
reactions has recently arisen, it has largely originated from the great ne-
ed for determining of pollutants in environmental samples. Chemiluminescent 
methods attract attention of analytical chemists by its potentiality to ana-
lyse a  lot of inorganic and organic substances with high sensitivity with-
out requiring expensive instrumentation, These methods are notable for ra-
pidness in analysis and may be applied in field. 

THE DEVELOPMENT OF C L  ANALYSIS IN THE UKRAINE 
Chemiluminescent reactions in liquid phase have been studied for analy-

tical purpose at A.V.Dumansky Institute of Colloid and Water Chemistry of 
the Ukrainian Academy of Sciences for many years. Investigation of luminol 
reactions as well as C L  reactions of its derivatives, lucigenin, lophine, 
some non-cyclic hydrazides have shown their great potentiality for determi-
nation of variety of inorganic and organic substances on fi g/1 and ng/1 le-
vel. Highly selective methods for copper, cobalt, iron, manganese, platinum 
metals, silver, gold and others have been developed. Chemiluminescence re-
sulting from luminol oxidation by heteropolyacids has been used for phospho-
rus, silicon, aェ‘senic, germanium determination, detection limit is 0,01-
0.001 ng/ml. C L  methods for different classes of organic compounds have been 
developed, detection limit is 10-5 - 10-10 mol/1. The methods are based upon 
inhibition of C L  reactions, catalyst activation in L-H,.,0,.,-Mn(II) and L-H,.,0,.,-2  2  2  2  
Ag(I) systems or vanadium (V) reduction with subsequent V  (IV) determination 
via its reaction with luminol and oxygen. There is an opinion that lack of 
selectivity is a  major limitation of C L  based determination. But it has been 
shown in our papers that the choice of suitable C L  system, optimal conditi-
ons for analysis, application of masking reagents permit to achieve the  high 
selectivity of C L  methods. The examples of CL methods free from interferen-
ces are given. 

<::l,_Ji!E_'l'_ROl)S F O R  Fe, Mn, Co, Si, Ag DETERMINATION IN NATURAL WATERS  
C L  technique has not found a  wide application in environmental analysis 

despite of a  wide range of analytical possibilities. There are only a  f e w  
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examples. C hemiluminescent reactions in solut ion  are used for determination 
of H,,O,,, 02, adenosine triphosphate, chromium, cobalt, chlorine in w aters. 2  2 ’3 '  
CL-analysers based on gas-phase reactions reveal  more wide practical appli-
cation, especially for so2, H2s, N02, NO  detection in air and N-nitrosoami-
nes in waters. 

In  this report the examples of iron, cobalt, manganese, silver, sili-
con C L  determination in river, ground and potable water are presented (1-4]. 
For iron and manganese determination the reaction of luminol oxidation with 
hydrogen peroxide has been used, triethanolamine (for iron) and phenanthro-
1  ine-c i  tr ate mixture (for manganese) have been used as activators; detec ti-
on limit is 0,5-1.0 fg/1. Cobalt is determined via reaction of luminol with 
dissolved ox;tgen, detection limit is 1  fg/1, the method is remarkable for 
high selectivity. For silicon determination the reaction of luminol with 
silicomolybdate acid has been used, detection limit is 0.01 mg/1. Effect of 
micro- and macrocomponents of natural waters on determination of the above-
mentioned elements has been studied, the w武ぼ of elimination of interference 
action of dissolved organic substances and haヱdness salts have been discuss-
ed. Analysis of river and ground waters has been done by chemiluminescent 
method, the results are in good agreement with the data of standard analyti-
cal methods. Advantages of chemiluminescent methods in environmental analy-
sis are discussed. 
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S  1- 0 8  
TRACE MULTIELEMENT ANALYSIS IN ENVIRONMENTAL 
SAMPLES B Y  CAPILLARY GAS CHROMATOGRAPHY 

Shun-rong WANG, Gui-bin JIANG, Xiu-lan JIN and Jun-he CHANG 

Institute o f  Environmental Chemistry, Academia Sinica, Beijing 

China 

Numerous researches on gas chromatographic separation and determina-
tion o f  metal chelates of p-diketones have been reported since Lederer 
first suggested the possibility o f  the separation o f  lanthanide as acetyl-
acetone complexes b y  gas chromatography (1,2). Most o f  these works 
utilized packed columns and only a  single element was determined. Recently 
developed silica capillary columns offer the advantages of enhanced 
efficiency and increased inertness, which might reinforce and extent the 
application o f  inorp;anic analysis. 

The authors have studied the capillary column chromatographic behaviour 
o f  several p-diketone metal chelates. The results o f  the investigation 
showed that these chelates can b e  separated on capillary columns with quite 
p.;ood resolution and multielement analysis is possible (3). In the present 
work, the separation o f  Be, Cr, Al, Ga and In chelates of p-diktones on 
several capillary columns have been investigated. O n  the basis of optimum 
chromatographic conditions a  method for the determination of Be, Al and C r  
in natural waters has been developed b y  capillary gas chromatography. 

RESULTS A N.D  DISCUSSION 

SEPARATIONS 
The Be, Al and C r  chelates o f  trifluoroacetylacetone (TFA) have been 

studied with fused silica WCOT OV-101, SE-30, SE-54 columns, and glass 
WCOT OV-17 column. These chelates can b e  well separated at the column 
temperatures of 140 or 160°c. ThP. peak shapes are very sharp and symme-
trical and the resolution is much better than that obtained with packed 
columns. 

The group IIIA metals Al, G a  and In as TFA, trifluoroacetylpivaloyl-
methane (TPM) and dipivaloylmethane (DPM) chelates have been separated 
with fused silica WCOT OV-101 and SE-54 columns, the peak shapes of these 
chelates obtained were broader and unsymmetrical. However, Al and Ga 
chelates can b e  eluted from a  short silica WCOT SE-30 column, at a  column 
temperature of 140°C, giving sharp and symmetrical peaks. Indium can be 
eluted at a  column temperature of 180°C and the peak shape is better than 
all other columns. It seems that short SE-30 column is most suitable for 
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the separa tion of Al, Ga  and In che lat es .  

DETERMINATION 
According to the results of the separation mentioned above, a  method 

of simultaneous determination o f  Be, Al and C r  as TFA chelates b y  capillary 
gas chromatography has been established. 

1. General procedure 
A  10 ml solution containing 0.01 - O.lμg each of Be, Al and C r  was 

placed in an extract ion flask. Add 0. 5  ml o f  p H  5.fo NaAc-HAc buffer solu-
tion and 5  drops of 1  M  sodium sulfite solution. Then add 2  m l  o f  0.15 M  

゜TFA-benzene solution. Place the flask in a  water bath of 7o~c and heat 
for 15 min. Shake for one minute. Let stand until the organic layer 
remains clear. Discard the aqueous phase and wash the organic phase with 
4  ml of 0.1 M  NaOH solution. Discard the washing solution. Pipette 2  p l  
o f  organic layer with a  microsyringe and inject into the chromatographic 
column, detect the signal b y  electron capture detector. Measure the peak 
height for quantitative analysis. 

2 .  Conditions for 1tas chromato1trauhic analvsis 
Column: Fused silica WCOT OV-101, 2 5  m  x  0.2 m m  
Column temperature :  140°C 
Detector and injector temperature :  200°c 
Carrier gas :  nitrogen, flow rate: 50 ml/min 
Split ratio :  1  :  8, Sample size :  2  pl, Detector: ECD 
ぅ． Applicat io n to real samples 
The method was applied to the determination of Be, Al and C r  at 

sub-ppb levels in natural waters, such as mineral water, snow water, 
esturine water and sea water collected from different depths. The results 
for the determination of samples are listed in table I. The method is 
sensitive and rapid. The detection limits o f  Be, Al, C r  are 5  x  10 1ぅg, 
1  X  10-12g, 1. 6  X  10―12  g  respectively .  

Table I  

Samples Concentration 6 r  the e1ement (μダ1)
Be Al C r  

Esturine water R-1 
R-3 
R - 7  

Sea water C-2-A 
C -2 - B  
C -2 -C 
C-2-D 

Mineral water 
Snow water( 6000m) 

6
5
0
5
5
5
6
5
5
 

0
0
1
0
0
0
0
0
0
 

．．．．．．．．． 

0
0
0
0
0
0
0
0
0
 

く
く
く
く
く

2
7
0
5
0
0
1
 

••••••• 1
1
2
1
7
1
2
0
6
 

1
1
1
1
1
7
<
1
5
 

7
0
5
4
2
6
5
5
4
 

2
2
5
4
3
0
0
0
8
 

••••••••• 0
0
0
0
0
0
0
0
0
 

く
く
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S 1 - 0 9  
T R A C E  A N A L Y S I S  F O R  M E T A L  H Y D R I D E - A s H 3 , P H 3 , 8 2 H 6 - B Y  M E A N S  
O F  F L A M E  P H O T O M E T R I C  M E T H O D  A N D  C H E M I L U M U N E S C E N T  M E T H O D  

T o m o h a r u  N A S H I M A ,  M a s a m i  N U K A D A  

S E I T E T S U  K A G A K U  CO., LTD. 
T h e  S u m i t o m o  B l d g .  N o . 2  22, 5 - C h o m e ,  K i t a h a m a ,  H i g a s h i - k u , O s a k a ,  5 4 1  
J A P A N  

D u e  t o  t h e  r a p i d  p r o d u c t i o n  i n c r e a s e  o f  s e m i c o n d u c t o r ,  t h e  t r e a t i n g  
a m o u n t s  o f  a r s i n e ( A s H 3 ) ,  p h o s p h i n e ( P H 3 )  a n d  d i b o r a n e ( B 2 H 6 )  etc. h a s  i n c r e a -
sed. A s  t h e s e  g a s e s  h a v e  h i g h  t o x i c i t y ,  h i g h  s e n s i t i v e  a n d  h i g h  r e l i a b l e  
a n a l y z e r  f o r  l o w  c o n c e n t r a t i o n  r a n g e  h a s  b e e n  a n d  w i l l  aJ:so、・be-,n e e d e d  
i n s u r e  a  s a f e  o p e r a t i o n  o f  s e m i c i n d u c t o r  m a n u f a c t u r i n g  p r o c e s s .  

A u t h o r s  d e v e l o p e d  t h e  u t i l i t y  a l a r m  s y s t e m s  w i t h  t h e  f u n c t i o n  o f  s a f e t y  
m o n i t o r i n g ,  w h i c h  a p p l i e s  a  f l a m e  p h o t o m e t r i c  m e t h o d  (FPO) f o r  l o w  c o n c e n t -
r a t i o n  r a n g e  a n d  a  c h e m i l u m i n e s c e n t  m e t h o d ( C L D )  f o r  c o m p a c t  type. 

T h e  f u n c t i o n  o f  e a c h  u t i l i t y  a l a r m  s y s t e m  is e x p l a i n e d .  

1. U T I L I T Y  A L A R M  S Y S T E M  W I T H  A  F L A M E  P H O T O M E T R I C  M E T H O D  
(1) P r i n c i p l e  

I n  c a s e  o f  p o p u l a r  FPO, a s  s a m p l e  g a s  i s  i n t r o d u c e d  i n t o  t h e  f u e l  g a s  
l i n e、t h e s e n s i t i v i t y  i s  n o t  s u f f i c i e n t  t o  d e t e c t  a t  t h e  t h r e s h o l d  l i m i t  
v a l u e  (TLV). In c a s e  o f  t h i s  s y s t e m、t h e s a m p l e  g a s  is i n t r o d u c e d  i n t o  t h e  
a i r  l i ne ,  t h e r e f o r e ,  it i s  f o u n d  t h a t  t h i s  s y s t e m  is a b o u t  1 0 0  t i m e s  a s  
s e n s i t i v e  a s  t h e  f o r m e r  FPO. 

It i s  c o n c l u d e d  t h a t  t h e  s a m p l e  g a s  is b u r n e d  in o x i d i z i n g  f l a m e  a n d  
i n t e n s i t y  o f  e m i s s i o n  d u e  t o  c o m b u s t i o n  i s  l a r g e  i n  c o m p a r i s i o n  w i t h  t h o s e  
i n  r e d u c i n g  flame. 
(2) P e r f o r m a n c e  o b t a i n e d  
a) H i g h  s e n s i t i v i t y  

T h i s  s y s t e m  h a v e  a  m i n i m u m  d e t e c t a b l e  c o n c e n t r a t i o n  o f  0 .004 p p m  f o r  
A s H J ,  0 . 0 0 2  p p m  f o r  P H J  a n d  0 . 0 2 4  p p m  f o r  B 2 H 6  w h i c h  is b e lo w  e a c h  TLV. 
b) R a p i d  r e s p o n s e  t i m e  

R e s p o n s e  t i m e  (90 %  r e s p o n s e )  is w i t h i n  3  s e c o n d s  t y p i c a lly. T h i s  is  
i m p o r t a n t  i n  o r d e r  t o  m o n i t o r  q u i c k l y  g a s  l e a k a g e  in t h e  w o r k s ho p .  
c) S e l e c t i v i t y  

I n f l u e n c e  b y  o t h e r  g a s  c o n t a i n e d  i n  n o r m a l  w o r ksh o p  m u s t  b e  m i n i mi z e d ,  
a n d  v e r y  s m a l l .  H o w e v e r ,  i n  c a s e  o f  l e a k a g e  o f  h i g h  co n c e n t r a t io n  o f  
o r g a n i c  s o l v e n t ,  t h i s  s y s t e m  h a v e  n o t  a  s u f f i c i e n t  s i g n a l  t o  g i ve  w a r n i n g .  
In o r d e r  t o  e l i mi n a t e  t h i s  p r o b l e m ,  t h e  c o m p le x  d e t e c t o r  w i t h  f lam e  i o n i za -
t i o n  d e t e c t o r  is e q u i p p e d  w i t h  this s y s t e m ,  a n d  t he n  the  s ig n a l  o n  F'PD  b y  
o r g a n i c  s o l v e n t  is c a n c e l l e d  e l e c t r i c a l l y .  
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d) S t a b i l i t y  
S t a bュl i t y o f  z e r o  p o i n t  is m a i n t a i n e d  w i t h i n  :  1%/FS/day. Furthermore, 

a s  the a u t o  z e r o  c a l i b r a t o r  is p r e p a r e d ,  the s t a b i l i t y  is k e p t  w i t h i n :  2%/ 
G S / m o n t h .  
e) O t h e r s  

T w o  a l a r m  p o i n t s  a r e  set e v e r y  m e a s u r i n g  p o i n t  a t  will, a n d  t h e  a l a r m  
is d o n e  b y  w a r n i n g  l a m p  a n d  sound. In a d d i t i o n  m u l t i - s a m p l i n g  u n i t  is a l s o  
a v a i l a b l e  a n d  m e a s u r i n g  p o i n t s  a r e  u p  t o  sixteen. 

2. U T I L I T Y  A L A R M  S Y S T E M  W I T H  A  C H E M I L U M I N E S C E N T  M E T H O D  
(1) P r i n c i p l e  

A t m o s p h e r i c  p r e s s u r e  type c h e m i l u m i n e s c e n t  m e t h o d  is a d o p t e d  t o  this 
system. S a m p l e  g a s  is p a s s e d  t h r o u g h  d e f u m i d i f i e r ,  a n d  then is d e v i d e d  
i n t o  t w o  streams. O n e  s t r e a m  is i n t r o d u c e d  r e a c t i o n  c h a m b e r  a t  a d e q u a t e  
f l o w  r a t e、a n d o t h e r  is i n t r o d u c e d  i n t o  r e a c t i o n  c h a m b e r  a f t e r  t h r o u g h  the 
o z o n i z e r .  C h e m i l u m i n e s c e n c e  e m i s s i o n  c a u s e d  b y  t h e  r e a c t i o n  b e t w e e n  m e t a l  
h y d r i d e  a n d  o z o n e  is d e t e c t e d  a n d  a m p l i p h i e d  b y  p h o t o m u l t i p l i e r .  S o  a s  t o  
i n c r e a s e  t h e  c h e m i l u m i n e s c e n c e  e m i s s i o n ,  t h e  r e a c t i o n  c h a m b e r  is w o r m e d .  
(2) P e r f o r m a n c e  o b t a i n e d  
a) H i g h  s e n s i t i v i t y  

T h e  l i m i t  d e t e c t a b l e  c o n c e n t r a t i o n  a r e  a s  follows; 
A s H 3  :  0. 004 ppm, P H 3  :  0. 02 ppm, B 2 H 6  :  0. 0 6  p p m  

b) R e s p o n s e  t i m e  
R e s p o n s e  t i m e ( 9 0 %  r e s p o n s e )  is w i t h i n  2 0  s e c o n d s  typically, therefore, 

this s y s t e m  s h a l l  a p p l y  t o  c o n t i n u o u s  m o n i t o r i n g .  
c) S e l e c t i v i t y  

I n f l u e n c e  b y  o t h e r  g a s e s  e x c e p t  m e t a l  h y d rュd e is v e r y  small. E s p e c i a -
lly, in c a s e  o f  h i g h  c o n c e n t r a t i o n  o f  o r g a n i c  s o l ve nt is c o e x i s t e d  in the 
s a m p l e  gas, it c a u s e s  a c t u a l l y  n o  signal. 
d) S t a b i l i t y  

S t a b i l i t y  o f  ze r o  p o i n t  f o r  this s y s t e m  is m aュn t a i n e d w i t h i n  3 % / F S / W .  
e) O t h e r s  

T w o  a l a r m  p o i n t s  (low.high) a re  set a t  will, a n d  the a l a r m  is d o n e  b y  
w a r n i n g  l a m p  a n d  sound. 
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S 1 - 1 0  HI G H - P E F O R M A N C E  L I Q U I D  C H R O M A T O G R A P H Y  W I T H  E L E C T R O C H E M I C A L  
A N D  S P E C T R O P H O T O M E T R I C  D E T E C T I O N  F O R  D E T E R M I N A T I O N  O F  
C O P P E R  A N D  I R O N  I N  E N V I R O N M E N T A L  S A M P L E S  

Y u k i o  N A G A O S A  

F a c u l t y  o f  Engineering, F u k u i  U n i v e r s i t y  
3 - 9 - 1  B u n k y o、Fukui, 910, J a p a n  

I n  r e c e n t  years, c o n s i d e r a b l e  a t t e n t i o n  h a s  b e e n  focused o n  t h e  
u s e  o f  h i g h - p e r f o r m a n c e  l i q u i d  chromatography(HPLC) f o r  t h e  s e p a r a t i o n  a n d  
s i m u l t a n e o u s  d e t e r m i n a t i o n  o f  m e t a l s  a s  c h e l a t e d  c o m p l e x e s  o n  a n a l y t i c a l  
c o l u m n s  [1,2) .  Particularly, t h e  d i t h i o c a r b a m a t e  i o n  i s  a n  e x t e n s i v e l y  u s e d  
l i g a n d  i n  r e v e r s e d - p h a s e  H P L C  b e c a u s e  i t  r e a c t s  r a p i d l y  w i t h  m a n y  h e a v y  m e t a l s  
w h i c h  a r e  t h e n  e x t r a c t a b l e  i n t o  o r g a n i c  s o l v e n t s  [3,4). I n  a  r e c e n t  a r t i c l e  
[5), t h e  p r e s e n t  a u t h o r s  n o t e d  t h a t  copper(II) a n d  i r o n ( I D )  c o m p l e x e s  o f  
8 - q u i n o l i n o l  w e r e  s e p a r a t a b l e  u n d e r  t h e  c o n d i t i o n s  o f  r e v e r s e d - p h a s e  H P L C  a n d  
c o u l d  b e  d e t e r m i n e d  s i m u l t a n e o u s l y  b y  electrochemical(amperometric) d e t e c t i o n  
m o n i t o r i n g  t h e  r e d u c t i o n  o f  t h e  c o m p l e x e s  w i t h  g l a s s y  c a r b o n  electrode. I t  i s  
t h e  a i m  o f  t h i s  w o r k  t o  e x p l o r e  t h e  p o s s i b i l i t y  o f  s e p a r a t i n g  copper(lI) a n d  
i r o n  ( m )  a s  c u p f e r r o n a t e s  u s i n g  r e v e r s e d - p h a s e  H P L C  a n d  d e t e r m i n i n g  s i m u l  t a -
n e o u s l y  t h e  m e t a l  i o n s  a t  t h e  n g / m L  l e v e l s  u s i n g  e l e c t r o c h e m i c a l  a n d / o r  
s p e c t r o p h o t o m e t r i c  detection. 

E X P E R I M E N T A L  
L i q u i d  c h r o m a t o g r a p h y  w a s  p e r f o r m e d  u s i n g  a  T o y o  S o d a  C C P D  p u m p  c o n n e c t e d  

t o  a  s h o r t e r  c o l u m n  (4. 6 m m  i. d. x  150mm, 5pm) p a c k e d  w i t h  T S K G E L  O D S - 8 0  T M  a n d  
f i t t e d  w i t h  a  ru-.eodyne 7125 v a l v e  i n j e c t o r  w i t h  a  10 }lL loop. T h e  c o m p l e x  
f o r m a t i o n  o f  m e t a l  i o n s  w i t h  c u p f e r r o n  w a s  carried  o u t  b e f o r e  inj e c t i o n  a s  
follows: procedure(A) l . O m L  o f  a q u e o u s  s a m p l e  s o l u t i o n  w a s  m i x e d  w i t h  l .O m L  
o f  0 . 0 2 M  a c e t a t e  b u f f e r ( p H  3.5) a n d  2.0rnL o f  0 . 0 2 M  c u p f e r r o n  s o l u t i o n  i n  
acetonitrile; p r o c e d u re (B) 4 0 m L  o f  a q u e o u s  s a m p l e  s o l u t i o n  w a s  t r a n s f e r r e d  t o  
a  l O O m L  g l a s s  s e p a r a t o r y  f u n n e l  f o l l o w e d  b y  a d d i t i o n  o f  5 . 0 m L  o f  0 . 0 2 M  a c e t a t e  
b u f f e r ( p H  3.5), 5 . 0 m L  o f  O . l O M  c u p f e r r o n  s o l u t i o n  i n  w a t e r  a n d  6 . 0 m L  o f  e t h y l -
acetate. A f t e r  s h a k i n g  t h e  c o n t e n t s  f o r  3min, a  10-JIL o f  t h e  p r e t r e a t e d  
s a m p l e s  w a s  i n j e c t e d  i n t o  t h e  O D S  column. C h r o m a t o g r a p h i c  separations w e r e  

- 3  m a d e  w i t h  (A) 7 : 3  a c e t o n i t r i l e / w a t e r  s o l v e n t  c o n t a i n i n g  10 ~M cupferron, 0 . 2 M  
p o t a s s i u m  n i t r a t e  a n d  0 . 0 2 M  a c e t a t e  b u f f e r ( p H  3.5) ;  (B)45:20:5:30 acetonitrile/ 
m e t h a n o l / e t h y l a c e t a t e / w a t e r  solvent. T h e  m o b l e  p h a s e  r e s e r v i o r  w a s  c o o l e d  i n  
a n  i c e  b a t h  a n d  d e g a s s e d  w i t h  n i t r o g e n  d u r i n g  t h e  runs. T h e  c o l u m n  t e m p e r a -
t u r e  w a s  k e p t  a t  (20 士 0 .1) °C,a n d  t h e  f l o w  r a t e  w a s  l.OmL/min. T h e  e l u a t e s  
w e r e  d e t e c t e d  u s i n g  a  T o y o  S o d a  U V - 8 0 0 0  s p e c t r o p h o t o m e t r i c  d e t e c t o r  a n d  a  P A R  
1 7 4 A  p o l a r o g r a p h i c  a n a l y z e r  w i t h  a  B A S  T L - 5  t h i n  layer f l o w  c e l l ( g l a s s y  carbon¥. 
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R E S U L T S  A N D  D I S C U S S I O N  
T h e  c h r o m a t o g r a p h i c  b e h a v i o u r  o f  

Cu(lI) a n d  Fe(ill) c u p f e r r o n a t e s  w a s  i n v e s t i -
g a t e d  b y  c h a n g i n g  t he  c o m p o s i t i o n  o f  m o b i l e  
phase. I t  w a s  f o u n d  t h a t  t h e  procedure(A) 
g ave  goo d  s e p a r a t i o n  a n d  s i m u l t a n e o u s  d e -
t e r m i n a t i o n  o f  t h e  t w o  metals. T h e  e l u a t e s  
w e re  m o n i t o r e d  b y  e l e c t r o c h e m i c a l  d e t e c t i o n  
a t  - 0 . 4 0 V  vs. A g / A g C l  a n d  b y  s p e c t r o p h o t o -
m e t r i c  d e t e c t i o n  a t  375nm. T h e  limits o f  
d e t e c t i o n  w e r e  O. 2 n g  C u  (II) a n d  1. O n g  F e  (III) 
b y  b o t h  d e t e c t i o n  methods. A b o v e  sub-Jlg/mL 
C u  (II) a n d  F e  (III) c a n  b e  d e t e r m i n e d  a f t e r  
d i r e c t  i n j e c t i o n  o f  t h e  c u p f e r r o n  c o m p l e x e s  
p r e - f o r m e d  a c c o r d i n g  t o  t h e  procedure(A) 
o n t o  t h e  column. T h i s  m e t h o d  w a s  a p p l i e d  t o  
t h e  H P L C  d e t e r m i n a t i o n  o f  t h e  t w o  m e t a l s  i n  
B o v i n e  liver(NBS 1577) a n d  O y s t e r  t i s s u e ( N B S  
1566) [see Fig.1]. I n  o r d e r  t o  i n c r e a s e  t h e  
s e n s i t i v i t y  o f  d e t e r m i n a t i o n ,  w e  a t t e m p t e d  
t h e  p r e c o n c e n t r a t i o n  o f  t h e  m e t a l s  b y  e x t -
r a c t i o n  o f  t h e  c u p f e r r o n  c o m p l e x e s  w i t h  
e t h y l a c e t a t e  a s  a  s u i t a b l e  s o l v e n t  f o l l o w e d  
b y  H P L C  de t e r m i n a t i o n ( p r o c e d u r e  13). D a t a  
i n d i c a t e d  t h a t  this t e c h n i q u e  c o u l d  o f f e r  
g o o d  p o t e n t i a l  f o r  t h e  d e t e r m i n a t i o n  o f  C u  

(al 

Fe 

Cu 

I  0.02 瓜

Fe 

゜ 10 
Retention time/ min 

15 

a n d  F e  i n  d r i n k i n g  w a t e r ,  r i v e r  a n d  w a s t e  Fig. l  
w a t e r [ s e e  T a b l e  1]. 

HPLC determination  of Cu and Fe in 
oyster tissue(a) and bovine liver(b) 
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[2] G.Nickless, J . C h r o m a t o g r a p h y ,  
早， 129 (1985). 

[3] E .B . E d w a r d - I n a t i m i , J . C h r o m a t o -
graphy, 旱， 2 5 3 (1983). 

[4] M.Yamazaki, S .Ichinoki a n d  R. 
Igarashi, B u n s e k i  Kagaku, 翌 9

40 (1981). 
[5] A . M .B o n d  a n d  Y . N a g a o s a ,  

Anal. Chim. Acta, 197 (1985) .  

Table l  
Determination of  Cu and Fe In environmental SClllllles 

So叩 le AnaJytJcal result RelTl'.lrk 
E,  C, S. P. 

a。trIsssteue r  CFe u  19629 .8 !!66.,6 5  CFe u16935 .0  ±:!-33り,5  

Bovine FCe u  218769±±146 .0 CFue }2698 3  t  t  l8 o  1  Iver 
---------- --- ---------- ----------------
b  Drinking F  Cu 712 0  t  t  7I、,り5  170 ±15 FCe u  20101 (, P!(hAAn rreS) thodl water e  I  

Kruivzeur ryu F  Cu • Cu 2.0(AAS) e  8.7 士0．り 6,5 士o.り

Arsivuwea r  CF u ・e  157 tl.8 165 t  7. 9  

Waste Cu 65 .0 士0.6water Fe 19 と15 Fe 2h 16 !38 
(p n  method) 

•: Non detectable、a:,IJg/g 、 b: ng/ml 
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5 1 - 1 1  
L I Q U I D  C H R O M A T O G R A P H I C  D E T E R M I N A T I O N  O F  

T R A C E S  O F  P H E N O L S  I N  A I R  

K a z u h i r o  K U W A T A  a n d  S e i j i  T A N A K A  
E n v i r o n m e n t a l  P o l l u t i o n  C o n t r o l  Center, 1 - 3 - 6 2  Nakamichi, Higashinari-ku 

O s a k a  C i t y  5 3 7  

J a p a n  

S e v e r a l  c o n v e n i e n t  m e t h o d s  [1 - 4 )  have been so far developed for d e t e r m -

i n a t i o n  o f  a l d e h y d e s ,  a m i n e s  a n d  a l k y l t h i o l s  u s i n g  S e p - P A K  c 1 8  (SP-18) 
s a m p l i n g  c a r t r i d g e s  i n  t h e  c o u r s e  o f  o u r  a n a l y t i c a l  s t u d y  o n  r e a c t i v e  

c o m p o u n d s  in field research. In this report, a  convenient m e t h o d  is presented 

t o  s a m p l e  t r a c e s  o f  p h e n o l s  i n  a m b i e n t  a i r  b y  t h e  u s e  o f  a  S P - 1 8  c a r t r i d g e  

i m p r e g n a t e d  w i t h  s o d i u m  h y d r o x i d e  a n d  t o  d e t e r m i n e  t h e m  b y  l i q u i d  

c h r o m a t o g r a p h y  (LC) v i a  d e r i v a t i z a t i o n  w i t h  p _ - n i t r o b e n z e n e d i a z o n i u m  

tetrafluoroborate (NBDTFB). 

E X P E R I M E N T A L  

A n a l y t i c a l  P r o c e d u r e .  A  2 - 1 0 0 - 1  v o l u m e  of a i r  s a m p l e  w a s  s a m p l e d  a t  0.2-1.0 

1 / m i n  t h r o u g h  a  S P - 1 8  c a r t r i d g e  i m p r e g n a t e d  w i t h  1.0-1.2 m g  o f  NaOH. T h e  

a d s o r b e d  substances w e r e  eluted w i t h  J  m L  o f  methanol. The eluate w a s  adjusted 

t o  p H  11.5 w i t h  a  N a 2 c o 3 / N a H C O J  b u f f e r ,  m i x e d  w i t h  0.5 m L  o f  0 .1  %  N B D T F B  

solution a n d  a l l o w e d  to stand f o r  J O  min. The s a m p l e  w a s  m i x e d  w i t h  0.5 m L  of 

1  %  N a O H  s o l u t i o n ,  a n d  t h e  v o l u m e  w a s  a d j u s t e d  t o  5  mL. A  2 - 1 0  p L  a l i q u o t  o f  

t h e  s a m p l e  w a s  a n a l y z e d  b y  L C  w i t h  a  15 c m  X  4  m m  i.d. c o l u m n  p a c k e d  w i t h  

Develosil ODS-J a n d  a  m o b i l e  phase o f  85/15 m e t h a n o l / w a t e r  a t  1.0 m L / m i n .  

R E S U L T S  A N D  D I S C U S S I O N  

Phenols reacts w i t h  N B D T F B  to f o r m  the red ni trobenzeneazo (NBA) de riv-

a t i v e s  i n  a  w e a k  a l k a l i n e  s o l u t i o n  (5) .  T h e  r e a c t i o n  p r o c e e d e d  m u c h  m o r e  

r a p i d l y  i n  t h e  m e t h a n o l - r i c h  s o l u t i o n  t h a n  i n  t h e  a q u e o u s  s o l u t i o n .  T h e  

reaction w a s  c o m p l e t e d  w i t h i n  15 min. F i g u r e  1  s h o w s  a  liquid c h r o m a t o g r a m  
w h e r e  the N B A  derivatives w e r e  excellently separated. The detection l i m i t s  

w e r e  0.05, 0.1, 0.1 a n d  0.5 n g  f o r  p h e n o l , 皿-cresol,.2_-cresol a n d  _E-cresol, 
r e s p e c t i v e l y .  T o  i n v e s t i g a t e  c o l l e c t i o n  e f f i c i e n c y  a n d  analytical accuracy 

f o r  p h e n o l  v a p o r s ,  1  0 0  L  o f  a n  a i r  s a m p l e  c o n t a i n i n g  2 - 5 0  p g  o f  t h e  p h e n o l s  

w a s  s a m p l e d  w i t h  t w o  c o a t e d  S P - 1 8  c a r t r i d g e s  i n  s e r i e s .  T h e  p h e n o l s  a r e  

(32 )  海洋化学研究 I, 2  (1986 )  



d e t e c t e d  o n  the first cartridge o n l y  a n d  n o  phenols w e r e  f o u n d  o n  the second. 

T a b l e  indicates t h e  r e c o v e r y  o f  the phenol vapors trapped o n  t h e  f i r s t  c a r t r -

idge. T h e  r e c o v e r y  w a s  6 5 . 5 - 1 0 2 %  w i t h  1.2-4. 7 %  s t a n d a r d  d e v i a t i o n .  T h e  

e s t i m a t e d  d e t e c t i o n  l i m i t s  o f  the p h e n o l  vapors w e r e  0.02-0.03 p p b  f o r  100 L  

o f  a i r  s a m p l e .  P h e n o l s  p l a c e d  o n  t h e  c a r t r i d g e  w e r e  r e c o v e r e d  w i t h o u t  l o s s  

a f t e r  t h e  c a r t r i d g e  w a s  s t o r e d  f o r  m o r e  t h a n  1 0  d a y s  i n  t h e  c o o l  p l a c e  U - 5  

0c) i n  the dark. T h e  N B A  d e r i v a t i v e s  w e r e  stable a t  l e a s t  f o r  2  w e e k s  i n  the 

s a m p l e  s o l u t i o n .  T h e  m e t h o d  w a s  a p p l i e d  t o  d e t e r m i n a t i o n  o f  p h e n o l  i n  

i n d u s t r i a l  e m i s s i o n  a n d  i n  a m b i e n t  a i r  a r o u n d  e m i s s i o n  s o u r c e s .  F i g u r e  2  

s h o w s  typical c h r o m a t o g r a m s  o f  phenol in e n v i r o n m e n t a l  samples. L o w  p a r t s -

p e r - b i l l i o n  l e v e l s  o f  p h e n o l  w e r e  e a s i l y  d e t e r m i n e d  w i t h o u t  a n y  e f f e c t s  o f  

co e x i s t e n t  substances. 

T h e  p r o p o s e d  m e t h o d  m a y  b e  u s e f u l  f o r  d e t e r m i n a t i o n  o f  t r a c e  l e v e l s  o f  

the phenols in a m b i e n t  a i r  e s p e c i a l l y  i n  t h e  a r e a  o f  f i e l d  research. 

1  02N◎ N = N《ONa

X  
U V  absorbance 
365 n m  1: phenol 

2: 皿一cresol
3:.9.-cresol 

4:.J?.-Cresol 

10  
Time, m i n  

F i g u r e  1. N B D  D e r i v a t i v e s  o f  Phenols. 

T a b l e  R e c o v e r y  o f  t h e  P h e n o l  Vapors. 

phe n o l , e c ove,y, ave, •• ± SD,••• 7. 
vapor,'ug 

phenol o-cre,.  m-cre,. p-cre, 
2  9J.9士2.5 102 士1.7 102 士1.J 89.4士J.7
1  0  85 8士1.J 97.7士1.4 96.1士1.8 65.1土2.2
50 71.J士1.2 88.4士J.7 91.J士J.5 69.5;;:4.J  

m
 
p
 
p
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Q
.
 

，
 

industrial 

e m 1 s s 1 o n  

。
III  I  I  

a m b i e n t  a i r  

T゚ime, m i n  

． Phenaf ena,s wece vapanzed at 150 ° C  ;  ,n a  n;t,ogen stceom 
and intrnduced ;nto 1.0 L/ ml of o;,,tceom. •• Average 
in 6  cun,.  ••• Stando,d  dev;ot;on 

F i g u r e  2. P h e n o l  i n  E n v i r o n m e n t a l  

Samples. 

(1) K. K u w a t a ,  M. U e b o r i ,  e t  al., Anal. C h e m .  2..2., 2 0 1 3  (180). (2) K. K u w a t a ,  
E. A k i y a m a ,  e t  al., l_Q_込:!..,__ 2..2., 2 1 9 9  ('83), (3) Y. N i s h i k a w a ,  K. K u w a t a ,  l_Q_込五
廷， 1 7 9 0  ('84), (4) Y. N i s h i k a w a ,  K. K u w a t a ,  l_邑旦上ュ， 1 8 6 4  ('85). (5) K. 

K u w a t a ,  M. U e b o r i ,  e t  al., ~.22, 8 5 7  (180); _i_bid. 53, 1531 ('81). 
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S 1 - 1 2  III USE OF GRErn TEA AS  AN ADSORBENT OF Au ... ,  Mo  VI  ,  AND V  V  

IONS IN AN AQUEOUS ACID SOLUTI ON  

M a s a r u  K I M U R A  a n d  J u n ko  KOM ADA  

D e p a r t m e n t  o f  C h e m i stry, F a c u l ty  o f  Sc ience, N a r a  W o men' s  

University, N a r a  6 3 0  Jap a n  

A  f e a t u r e  o f  t e a  is t o  co n t a i n  a  re latively  large a m o u n t  o f  t a n n i n  com-
p o n e n t s  w h i c h  a r e  c o m p o s i n g  o f  p o l y p h e no ls. S u ch  phenolic-aromatic c om po u n ds  
c a n  a c t  a s  a n  i d e a l  a d s o r b e n t  n o t  o n l y  f o r  t h e  a r o m a t i c  com po u n ds ,  b u t  a l s o  
for t h e  m e t a l  ions. O u r  p r e v i o u s  s t u d y  h a s  s h o w n  that t h e  t e a  t r e a t e d  witJ1 for-
m a l i n  c a n  q u a n t i t a t i v e l  +  2+ 2+ 2+ 2+ y  a c c u m u l a t e  a n d  r e m o v e  A g  ・, C d  - ・, co-・, cu~・, Mri .2+ ,  N l . ,  2 +  _. 2 + ,  _  2 +  Pb-・, Zn-・, a n d  F e ~ ' i n  a n  a q u e o u s  s o l u t i o n  [Ref. l] • 

III VI V  In t h e  p r e s e n t  s t u d y  w e  e x a m i n e d  t h e  u p t a k e  o f  A u  ___, Mo・-, a n d  V  ・ io ns  
f r o m  a n  a q u e o u s  a c i d i c  s o l u t i o n  u s i n g  the J a p a n e s e  g r e e n  t e a  as a n  adsorbent. 
T h e  t e a  p o w d e r  w a s  t r e a t e d  w i t h  formalin i n  a  d i l u t e  s u l f u r i c  acid. A  100 m l  

I  I  I  V I  V .  sample c o n t a i n i n g  Au---, Mo・-, a n d  v・ ions w a s  m i x e d  w i t h  0 . 1  - O . S g  o f  t he  
t r e a t e d  t e a  u n d e r  s t i r r i n g  f o r  30 m i n  a t  r o o m  temperature. T h e  s u s p e n s i o n  w a s  
t h e n  c e n t r i f u g e d  a n d  concentrations o f  the m e t a l  ions i n  t h e  supernatant liquid 
w e r e  d e t e r m i n e d  b y  u s i n g  t h e  graphite-furnace A A S  w i t h  Zee m a n - b a c k g r o u n d  co r r -

III V I  V  ection. T h e  Au---, Mo・-, a n d  v ・ ions o f  0.04 - 1.2 p p m  

H
 

玉゚賛
研

HOHーOH̀
:CHO 

ー
•I 

Flg.l. scnematlc sketch for 
metal Ion (M0+l adsorbed on 
the formalin-treated tea. 

i n  t o t a l  concentrations w e r e  u p t a k e n  b y  the tea over 90 %  
f r o m  solutions a t  p H  3  - 6(see T a b l e  1). 

T R E A T E D  T E A  

Table l. Effect of pH on adsorptiona) 

T o  p r e v e n t  t h e  dissolution o f  s o m e  c o m p o n e n t s  i n  t h e  
tea, a n d  t o  improve t h e  a d s o r p t i o n  a b i l i t y  (see Fir;.1) 
a n d  t h e  p h y s i c a l  characteristics, t h e  g r e e n  t e a  w a s  
t r e a t e d  w i t h  formalin. S o me  t a n n i n  compounds c o u l d  b e  
p o l y m e r i z e d  a n d  insolubilized b y  this t re a t ment: 7  g  o f  
t h e  t e a  p o w d e r  w a s  t r e a t e d  w i t h  35 m l  o f  40% formalin 

- 3  a n d  140 m l  o f  0.1 m o l  d m  - H~SO. f o r  2  h r  a t  2  4  
60 °C. T h e  m i x t u r e  w a s  c e n t r i f u g e d  a n d  w a s h e d  
w i t h  d i s t i l l e d  w a t e r  a n d  w i t h  0.02 m o l  d m  - 3  

N a O H  solution until the p H  w a s  6  - 7 .  T h e  
residue w a s  d r i e d  a t  110 °C f o r  6  - 8  hr. T he  
t r e a t e d  t e a  w a s  the n  s c r e e n e d  t o  g e t  80 m e s h  
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a) The pH was adjusted to the desired 
values by adding NaOH, HCl, and/or 
CH3COONa. 

particles. 

E F F E C T  O F  p H  O N  A D S O R P T I O N  
T a b l e  1  shows t h e  e f f e c t  o f  p H  o n  the a d -

sorption %  o f  three ions. T h e  initial p H  w a s  
m e a s u r e d  immediately a f t e r  m i x i n g  a d s o r b e n t  
w i t h  solution, a n d  t h e  final p H  a f t e r  removal 
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A D S O R P T I O N  I S O T H E R M  
T h e  a d s o r p t i o n  i s o t h e r m  f o r  t h e  m o l y b d a t e  

a d s o r p t i o n  o n t o  t h e  t r e a t e d  t e a  i s  s h o w n  i n  
Fig.2. F o r  su c h  a  s y s t e m  t h e  L a n g m u i r  equa"" 
t o n  c a n  b e  w r i t t e n  a s  follows. 

50 l  l .  1 ,  ~ .  ― = ― + L a n g m u i r  equation] q  b  b k c  [  

Fig.2. Adsorption isotherm. 0.1 g  tea ;  w h e r e  q  r e p r e s e n t s  t h e  m o l e s  o f  a d s o r b e d  
pH 3.5 - 3.9; room temp. s o l u t e  p e r  g r a m  o f  adsorbent; b  j  i s  a  m a xュm u m

n u m b e r  o f  m o l e s  a d s o r b a bl e  p e r  g r a m  o f  a d -
sorbent; K  i s  e q u il i b r i u m  c o n s t a n t  b e t w e e n  
s o l u t e  a d s o r b e d  a n d  s o l u t e  i n  solution; c  i s  
t h e  m o l a r  c o n c e n t r a t i o n  o f  s o l u t e  a t  e q u il i -
b r i u m  i n  solution. W h e n  t h e  a d s o r b e d  s p e c i e s  
i s  a s s u m e d  a s  [Mo~O~,) 6 - V I  

7  2  4  i n  t h e  c a s e  o f  M o  
- 5 .  - 1  ion, t h e  b a n d  K  v a l u e s  a r e  2  x  1 0  - m o l  g  

5  3  - 1  a n d  2  x  10- am- m o l  ~, respectively. I n  t h e  
p o s t e r  session, t h e  b  a n d  K  v a l u e s  f o r  Au---, I I I  
V I  V  Mo・-, a n d  v・ w i l l  b e  p r e s e n t e d  t o  c o m p a r e  

-10 
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9  o n e  another. 
pH 

Fig.3. Zeta potentials of the treated 
tea ( 0 )  and the Mo(VI)-adsorbed 
tea (●） at various pH values. 

Z E T A  P O T E N T I A L  O F  A D S O R B E N T  
F o r  t h e  p u r p o s e  o f  g e t t i n g  s o m e  inforrna-

t i o n s  c o n c e r n i n g  t h e  s u r f a c e  c h a r g e s  o f  t h e  
a d s o r b e n t  particles, t h e  zeta p o t e n t i a l s  1; 

o f  t h e  t r e a t e d  t e a  a n d  t h e  m o l y b d a t e ( V I ) - a d s o r b e d  t e a  w e r e  m e a s u r e d  f o r  aqueous 
s u s p e n s i o n  o f  t h e i r  p a r t i c l e s  o f  0.1 g ・d m  3  - 3  i n  0.001 m o l  d m  ~  K C l  (Fig.3). 
T h e  z e t a  p o t e n t i a l  o f  t h e  m o l y b d a t e ( V I ) - a d s o r b e d  t e a  i s  m o r e  n e g a t i v e  a t  p H  3  
- 7  t h a n  that o f  t h e  t e a  alone, a n d  b e c o m e s  a l m o s t  e q u a l  a t  p H  7  - 9  
(see Fig.3). Therefore, s o m e  molybdate(VI) i o n s  m a y  b e  a d s o r b e d  a s  n e g a t i v e  

］ 6 -s p e cies s u c h  a s  [Mo.,o.,,) V  o r  [H_Mo.,o.,, l  (6-n)-7  24 n  7  24 ,  a n d  t h e  m o l y b d a t e  a d s o r p t i o n  
m a y .n o t  o c c u r  a t  p H  o v e r  7  (refer t o  T a b l e  1, c o m p a r i n g  results i n  Fig.3). I t  
is  t o  b e  n o t e d  t h a t  t h e  molybdate(VI) a n i o n  i n  w e a k  a c i d  s o l u t i o n  forms d i f -

2  - 2  -ferent  species, e .g. [ M o o , ) - ,  [Mo.,O.,] 6  - 4  -4 1 - ,  [ M o 2 o 7 1 - ,  [Mo7 2゚41 V ' [ M O B 2゚6]" etc., d e p e n d -
i n g  o n  t h e  p H  v a l u e s  i n  s olution, a n d  t h a t  t h e  [Mo.,0.,,]6- m a y  d o m i n a t e  i n  7  2  4  
s o l u t i o n s  a t  p H ' s  less t h a n  6. 

E F F E C T  O F  C O M P L E X  F O R M I N G  A G E N T S  
A d d i t i o n  o f  e t h y l e n e d i a m i n e t e t r a a c e t a t e  o r  o x a l a t e  i o n  l e a d e d  t o  t h e  l e s s  

a d s o r p t i o n  o f  a n y  m e t a l  ions, w h e r e a s  t h a t  o f  8-quinolinol o r  1 , 1 0 - p h e n a n t h r o -
I I I  V I  V  l i n e  l e a d e d  t o  t h e  b e t t e r  a d s o r p t i o n  o v e r  90% fo r  Au~~~, Mo·~, a n d  v・. Thus, 

i t  is a s s u m e d  t h a t  t h e  m e t a l  c h e l a t e  c o m p l e x e s  w i t h  8-quinolinol a n d  1 , 1 0 -
p h e n a n t h r o l i n e  a r e  a t t r a c t e d  b y  rr- e l e c t r o n  i n te r a c t i o n s  a t  t h e  a r o m a t i c  s i t e s  

o f  tea. 
(1) M . K i m u r a  a n d  J .  Komada, B u n s e k i  Kagaku, i色 400 - 405 (1986). 
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5 1 - 1 3  D E T E R M I N A T I O N  O F  CHROMIUM(III), T I T A N I U M  A N D  
V A N A D I U M  B Y  I N D U C T I V E L Y  C O U P L E D  P L A S M A - A T O M I C  
E M I S S I O N  S P E C T R O M E T R Y  W I T H  A N  O N - L I N E  
P R E C O N C E N T R A T I N G  I O N - E X C H A N G E  C O L U M N  

＊ S h i z u k o  H I R A T A ,  Y o s h i m i  U M E Z A K I  a n d  M a s a h i k o  IKEDA** 

*  C h i e f  R e s e a r c h e r ,  G o v e r n m e n t  Industrial R ese a r c h  Institute, Chugoku, 
Kure, 737-01 J a p a n  

* *  H o r i b a  Co., Ltd., Kyoto, 601 J a p a n  

A  m e t h o d  u t i l i z i n g  a  m i n i a t u r e  i o n - e x c h a n g e  c o l u m n  o f  M u r o m a c  A-1 
(Muromachi C h e m i c a l s ,  Tokyo) h a s  b e e n  d e v e l o p e d  t o  i n c r e a s e  t h e  s e n s i t i v i t y  
f o r  c h r o m i u m ( I I I ) ,  t i t a n i u m  a n d  v a n a d i u m  m e a s u r e m e n t s  b y  i n d u c t i v e l y  
c o u p l e d  p l a s m a - a t o m i c  e m i s s i o n  s p e c t r o m e t r y  (ICP). T h i s  m e t h o d  g a v e  
s i g n a l  e n h a n c e m e n t s  w h i c h  w e r e  66-113 times b e t t e r  t h a n  f o r  a  c o n v e n t i o n a l  
c o n t i n u o u s l y  a s p i r a t e d  s y s t e m  f o r  t h e  m e t a l s  s t u d i e d  here. A  p r e c i s i o n  o f  
t h e  t e c h n i q u e  i s  b e t t e r  t h a n  5 %  R S D  a t  t h e  10 μg L―1  level f o r  a q u e o u s  
standards, a n d  t h e  s a m p l i n g  r a t e  i s  17 samples h-'. -1 

1. I n d u c t i v e l y  c o u p l e d  p l a s m a - a t o m i c  e m i s s i o n  spectrometry(ICP) is w i d e l y  
u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  t r a c e  m e t a l s  i n  e n v i r o n m e n t a l  samples. 
A l t h o u g h  i t  i s  v e r y  sensitive, w e  s o m e t i m e s  s u f f e r  f r o m  t h e  l a c k  o f  sensi-
t i v i t y  f o r  t h e  d e t e r m i n a t i o n  o f  t r a c e  metals. R e c e n t l y  o n e - l i n e  i o n  
e x c h a n g e  p r e c o n c e n t r a t i n g  m e t h o d s  f o r  f l a m e  a t o m i c  a b s o r p t i o n  s p ec t r o m e t r y  
(AAS)(1-3) o r  ICP(4-5) h a v e  b e e n  r e p o r t e d  a n d  t h o s e  a r e  capable  o f  
i m p r o v i n g  t h e  d e t e c t i o n  limit b y  o n e  o r  t w o  o r de r s  o f  m a g n i t u de ,  w i t h  
a d d i t i o n a l  a d v a n t a g e  o f  b e i n g  r a p i d  a n d  s e p a r a t i n g  t h e  a n a l y t e  f r o m  a n  
i n t e r f e r i n g  matrix. 

I n  t h i s  paper, w e  i n v e s t i g a t e d  s e n s i t i v i t y  e n h a n c e m e n t s  o f  the 
t h e  e l e m e n t s  w h i c h  f o r m  h y d r o x i d e s  e a s i l y  i n  t h e  a l k a l i n e  p H  region, e.g., 
c h r o m i u m  (III), t i t a n i u m  a n d  v a n a d i u m  f o r  I C P  w i t h  a n  o n - l i n e  p r e c o n c e n -
t r a t i n g  i o n - e x c h a n g e  column. 

2. E X P E R I M E N T A L  S E C T I O N  Table I. 如 at匹〇liens for ICP 匹 FIA

A p p a r a t u s .  S i m a d z u  M o d e l  ICPQ- ICP systan 
100 i n d u c t i v e l y  c o u p l e d  p l a s m a - a t o m i c  
e m i s s i o n  s p e c t r o m e t e r  a n d  a  J a p a n  
S p e c t r o s c o p i c  Co., M o d e l  R P - 4 F  p l u n g e r  
p u m p  w e r e  e m p l o y e d .  O p e r a t i n g  c o n d i -
t i o n s  o f  I C P  a n d  f l o w  i n j e c t i o n  a n a l -
y s i s ( F I A )  a r e  s h o w n  i n  T a b l e  I. 

R e a g e n t s .  M u r o m a c  A-1 (100-200 
mesh) is a  c h e l a t i n g  r e s i n  a n d  a  

匹 lant argon fl O J  rate 
匹 sma argon flOJ rate 
ca=ier argon fl O J  rate 
rf incident p:,wer 
rf reflected,x,wer 
m吐叫izer
observat江n height alェ""" l匹 = i l

FIA systan 
san-ple flo,, rate 6.0  m L  min-1  

10.5 L  min― 
1.5 L  min― 
1.0 L m i n― 
1. 3-9.4 k W  
<90 W  

a 遍,centric
16 n m  

， ， 
1  

匹 fer flo,, rate 1. S  m L  min―’0.出叩匹細4-HCl(四 .Bl
eluant flo,, rate 3.0 m L  min-1 あ匹3 la.bout 160 μLI 

s t y r e n e  d i v i n y l b e n z e n e  c o p o l y m e r  c o n t a i n i n g  i m i n o d i a c e t i c  groups. 
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P r o c e d u r e .  S a m p l e  l o a d i n g  t i m e s  r a n g e d  f r o m  30 t o  180s d e p e n d i n g  
u p o n  t h e  s e n s i t i v i t y  e n h a n c e m e n t s  r e q u i r e d  f o r  a n  a n a l y s i s .  A f t e r  m e r g i n g  
w i t h  b u f f e r  stream, s a m p l e s  w e r e  l o a d e d  o n t o  a  column. L o a d e d  s a m p l e s  
w e r e  e l u t e d  f o r  2 0  o r  2 5 s  w i t h  a b o u t  160 J.lL o f  2 M  n i t r i c  acid. 

3. R E S U L T S  A N D  D I S C U S S I O N  
A  m a n i f o l d  o f  F I A - I C P  s y s t e m  

s t u d i e d  h e r e  is s h o w n  i n  Fig. 1. 
T h e  m a j o r i t y  o f  e l e m e n t s  s t u d i e d  
s h o w e d  i n c r e a s e d  s e n s i t i v i t i e s  i n  
t h e  p H  r a n g e s  f r o m  2.5 t o  5. 
T h e r e f o r e ,  t h e  p H  o f  t h e  s a m p l e  
a n d  b u f f e r  s o l u t i o n  w a s  c h o s e n  t o  

~H 3 -·~· ~he concent~at~on e f f i c i e n c y  lei~• nI (2心 0 )l  f o r  t h e  e l e m e n t s  s t u d i e d  a r e  s h o w n  
i n  T a b l e  H a n d  Fig. 2. T h e  r e l a t i v e  
s t a n d a r d  d e v i a t i o n s  (もRSD) for five 

- 1  r e p l i c a t e s  o f  1  0  μg L  ・ s t a n d a r d  o f  
c h r o m i u m ( I I I ) ,  t i t a n i u m  a n d  v a n a d i u m  
w e r e  2 . 3 - 4 . 0も a n d s i g n a l  e n h a n c e m e n t s  
w e r e  6 6 - 1 1 3  t i m e s  b e t t e r  t h a n  for a  
c o n v e n t i o n a l  c o n t i n u o u s l y  a s p i r a t e d  
m e t h o d .  

I n  t h e  F I A - I C P  system, e f f e c t  o f  
c o - e x i s t i n g  f o r e i g n  ions is a  r e s u l t  o f  
s u m m a t i o n  o f  c o m p e t i t i v e  r e e a c t i o n  b e t w e e n  
a n a l y te  a n d  f o r e i g n  ions a n d  s p e c t r o i n t e r -
f e r e n c e  b y  f o r e i g n  ions a t  t h e  a n a l y t i c a l  
w a v e l e n g t h  o f  t h e  element. A  p o r t i o n  
o f  m a g n e s i u m  is c h e l a t e d  t h e  r e s i n  a n d  
e l u t e d  m a g n e s i u m  i n t e r f e r e d  w i t h  t h e  
m e a s u r e m e n t  a t  t h e  2 6 7 . 7 2  n m  chrol'.lium 

2  +  2  +  2  +  line. A m o n g  m e t a l s  (MnL+, FeL.,., CoL+, 
2  +  2+ 2  +  Ni~', Cu ~' , Z n  2+ 3+ ,  P b ,  A l  a n d  

Fe3•), m a n g a n e s e  s h o w e d  p o s i t i v e  i n t e r -
ference. A n i o n i c  ions (N03 ―, N 0 2 ―, C 0 3互
s o  2 -42 - a n d  Po43 - )  d i d  n o t  i n t e r e f e r e  w i t h  
t h e  d e te rm i n a t i o n  o f  c h r o m i u m ( I I I ) .  

WI'99・
w
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Table I  I. Precision ard Signal Ehl如 ¥C91'ent  for the 
on-Line Preconcentrating FIA-ICP 

ー →

signal enhanc亨 nent
0な、 ¥RSD (fold increase) 

- - - - ― 内 L-1 竺?i peak hei,ht 
Crl!IIJ 10 4.0 -~ 

Ti 10 2 .3  68 
V  10 3.4  66 

el.....,nt 
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S 1 - 1 5  SPECTROPHOTOMETRIC DETERMINATION O F  T RA CE  PHOSPHAT E  AN D  
ARSENATE WITH THE PRECONCENTRATION O F  MOLY BDOPHOSPHATE - AND 
MOLYBDOARSENATE-MALACHITE GREEN AGGREGATES  USING MEMBRANE 
FILTER 

Chiyo MATSUBARA 
A s s o c i a t e  professor o f  Tokyo College o f  pharmacy ,  Tokyo, 192-03, Japan 
Kiyoko TAKAMURA 
Professor o f  Tokyo College of Pharmacy, Tokyo, 192-03, Japan 

Because o f  toxicity and possible carcinogenicity o f  arsenate, and b10-
logical pollution o f  environmental water enriched with phosphate, the level s  
o f  phosphate and arsenate in environmental monitoring were widly measured. 
Most o f  the procedures for the spectrophotometric determination of ortphos-
phate are based on the formation o f  12-molybdophosphate. In general, 12-mo-
lybdophosphate formed is determined after reduction to a  heteropolyblue  spe-
cies, or after extraction into an organic solvent as  an aggregate with a  
bulky cationic dye. However, when the phosphate concentration in th e  sample  
solution is too low, the methods are troublesome in routine work because  of 
the necessity of solvent extraction for preconc entra t1on. 

In this work, a  simple and rapid m ethod for the d etermination of  trac e  
amount s  of phosphate and arsenate in water sampl e  was proposed. Molybdopho s -
phate- and molybdoarsenate-Malachite Green aggregat es w ere collected on Q  
membrane filter and dissolved in a  small volume of methylcellosolve together 
with the membrane filter. The absorbance at 627 n m  w as  proportional to both 
the concentrations  of phosphate and arsenate with the  molar absorptivity  of 

5.. -1 -1 2. 7xlO"M " c m . .  The p  resent method made it p o ssibl e  to determine phosphate 
and arsenate in amount ranging from 0.3 to 30 ppb as phosporu s  and arsenic. 

1. EXPERIMENTAL SECTION 
The Mo-MG reagent was prepared by mixing 300 ml of 0.68 M  

ammonium molybdate, 250 ml o f  2  m M  malachite green(oxalate) and 47 ml of con-
centrated sulfuric acid. About 30 m i n  after mixing, the solution was fil-
tered through a  0.45 μm  pore size mmbrane filter. The filtrat e  used as the 
Mo-MG reagent. 

Fi rs t, 1  m  1  of 7. 5  M  s  u  1  fur i  c  a  c  id 
and 3  m l  o f  the Mo-MG reagent were added to 20 ml of water sample containing 
phosphate and arsenate ranging to 2  n M  from 20 p M  in total concentration .  
T h e  solution was filtered through a  3  μm  pore size membrane filt er(made of 
nitro cellulose-acetyl cellulose or nitrocellulose) to collect the aggregates 
o f  12-molybdophosphate, and arsenate with malachite green on the filter. The 
membrane filter including the aggregates was dis solved  in 4  ml methylcell(l-
solve. The absorbance, A(P+As), was measured at 62 7  n m  using a  reagent blank 
as a  reference. The s ignal thus obtained correspond s  to the su m  of the con-
centrations of both phosphate and arsenate in the  sampl e .  Second, O. 勁 1 o f  

(38 )  湘洋化学研究 1, 2  (1986 )  



20 m M  sodium thiosulfate, as a  reducing agent for arsenate to arsenite,was 
added to 20 ml of the sample, and the solution was allowed to stand for 5  min 
at roomtemperature. The absorbance, A(P), o f  the solution was measured in 
the same way as described above. T h e  signal obtained corresponds to that of 
phosphate alone, because arsenite forms no aggregate with malachite green. 
Then the difference in A(P+As) and A(P) corresponds to the arsenate concen-
tration in the sample. When the concentration o f  phosphorus a n d  arsenic in 
water sample was below 3ppb, 200 m l  of sample water was needed. 

2. RESULTS A N D  DISCUSSION 
The absorbance at 627 n m  was proportional to the concentration of both 

phosphate and arsenate aggregates in methylcellosolve with the molar absorp-
5.. -1 -1 tivi ty; 2. 7xlO"M- icm― . A  constant absorbance was obtained in the range from 

0.25 to 0.75 M  sulfuric acid in the final solution, so that the final concen-
tration was adjusted to about 0.45 M  sulfuric acid. As being obtained the 
constant and highest absorbance, the final concentrations of molybdate and 
malachite green in solution before filtration was fixed at levels o f  40 m M  
and O. 1  ~f, respectively. As the aggregates were collected quantitatively on 
the membrane filters of pore size in the wide range from 0.3 to 8  μm, 3  p m  
pore size was usually used. O n  the basis o f  the experimental results, the 
conditions for determination were decided as described above. 

The absorbance determined with the standard phosphate and arsenate solu-
tions w e re plotted against to give a  linear relation in the concentration 
ranging from 2  n M  to 20 μM  ( P 0 . 9 9 9 ) .  The coefficient o f  variation was less 
than 2.0 %  at 0.2 .2 μM i n  concentration. 

The following experiments were 
performed to apply for the determi-
nation of phosphate and arsenate in 
water samples. The results obtained 
are shown in Table I. 

Arsenic species can now be de-
termined at low levels in water sam-
p l e  with flameless atomic absorption 
spectrophotometry coupled with ana-
lytical separations, however, the 
procedure is time-comsuming and 
equipment required is expensive. In 
the present paper, a  simple and rapid 
method without pretreatment was pro-
vided for the determination o f  trace 
amounts of phosphate and arsenate in 
water sample. 

湘洋化学研究 1, 2  ( 19~G) (39 )  

Table I  Detemination o f  Phosphate 
and Arsenate 

Sample p  As 
(ppb) (ppb) 

Natural water A  7. 2  10.7 
B  18.1 7.6 
C  81. S  1.5 
D  44.3 9.1 
E  19.3 9.3 

Tap water A  11. 8  2.0 
B  6.5 3.4 

River water 
Hayato river 9.7 6.2 
Mizusawa river 13. 2  3.6 

Hot well water A  52.1 74.0 
B  40.9 36.1 
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S 1 - 1 6  
G A S  CHROMA'l'OGRAPHIC ANALYSIS O F  POLYCYCLIC AROMATIC CO!-',POUND S  
CONCENTRA'l'ED ON W A T E R  S O L¥JBL E  METAL P il'l'riALOCYANINES  

Koueuke KUS¥JDA and Ryuichi ISHitiARA 
Research Institute f o r  Atomic Energy, O s a k a  City Un iv ersity 
4 5 9  Sugimoto-cho, Sumiyoshi-ku, O s a k a  S58, JAPAN 

M an y  lcind o f  carcinogenic polycyclic aromati c  compounds h av e  been found  
in the environment o r  in foods. There h av e  been developed several methods to  

1) analyze these compounds in the e n v i r o n m e n t .・' I t  is quite difficult to 
analyze trace amount o f  the compounds directly, so, they must b e  con centrated  
before detection o r  structural characterization. Solvent extractione and ad-

2) eorption o n  special adsorbente are o f t e d  used, ~ ' P o l y c y c l i c  aromati c  co:npound11 
have been known to be adeorbed specifically o n  copper phthalocy an inee. Thi s  
finding is technically conden11ed o n  the blue cotton method for a  screan ln g  

3) te11t o f  mutagenic compounde,--''This m e t h o d  ie excellent in convenience and 
in time saving. E ut, structural characterization o f  the compound s  adsorbed 
o n  the blue cotton is difficult bec a use o f  their low concentration .  

To  overcome this difficulty, w e  h a v e  investigated a  method o f  concentra-
tion and gas chromatographic analyeis o f  polycyclic aromatic compounde based 
o n  adeorption o n  w a t e r  soluble copper 2 ,9,16,23-tetrasulfophthalocyanine( 
CuPc(SO~Hl1.:I), copper mono11ulfophthalocyanine(CuPcSO~H:II) and copper 3  4  3  
? ,  9, 16 ,23-tetracarboxyphthalocy anine ( C u P c  (COOR) I↓ : I I I )  (F'ig. 1) and deposi-
tion as a  metal ealt. 

`;~<`
1ロドロ脱

I  R  = R  = R  = R  =S O  H  1-"2  "J-" /i --~vJ 
II R.=SO,H R -=R.=R, =H 1  -~v3u "?-"3-"4 
III R. =R~ =R, =R, =COOH  1 つ 3 /i 

．
 
g
 

.l r 

F o r  the present purpose, compound I  is better in  so 1  ubil i  ty in  water and  in 
the rate o f  precipitation as a  balium salt. Therefore, most experimen ts were 
carried out with compound I. Typical experiment is as follows. 

To a  sample solution(ca.50ml) was added a  water solution o f  I(;::>mg) and 
bali 匹 nitrate(58mg) solution, the blue sol ution was kept for a  wh ile to com-
p l e t e  precipitation. Th e  precipitate was separated ,  w ashed  with  purified 
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water, and collected finally in a  glass tube(ca.1 Sm m  dia.!μnm) b y  centrifuge-
tion, then water was removed with pipet and cotton rod as possible as can. The 
precipitate could b e  extracted with ammonia alkaline methanol o r  was directly 
introduced into a  modified injection port o f  a  gas chromatograph instrument( 
Hitachi Model 263-30: FID) (Fig.2). Conditione o f  gas chromatography: 只啜
S ilicon O Vー101; Glass column 4r四 X2m; Column temp.:180-330: programing rate: 
7 .':,°C/min; Carrier gas :N2. B y  direct method, 1.!山 X 1 0 - 7 g o f  benz(a)pyrene in 
a  SOml o f  aqueous solution wa11 quanti-
tativly adsorbed and detected easily( 
GC  sensitivity:10X !↓;Peak height:3.9 

2  cm, Peak area:0.98cmL ). Active carbon, 
instead o f  compound I, gave only 10% 
o f  the p e a k area. 

Fig. ? :  Modified 
Injection Port 

A[> A: Eyton Stopper 
B: Hole 
C: Aluminum Insert 
D: Heater 
E: Sample 
F': Glass Stopper 

Fig. 3  !!hows a  direct method gas chromatogram obtained from a  water 
solution that absorbed smoke from a  cigarett. F o r  comparison, a  water solu-
tion from a  cigarett was treated with active carbon powder(2mg}, which was 
examined b y  gas chromatography under the same conditions. But, only three 
small peaks werP. detected, It is not clear whether the failure o f  the peaks 
wi t h  active carbon is due to the adsorption process o r  desorption process. 

Ti m o /o 1 n  90 1S 25 

Fig. 3  Direct Method Gas Chromatogram o f  CuPc(so3l:;Ba)4 precipitated from a  
water solution that absorbed smoke from a  cigarett. 

A11signment o r  each peak will be the subject o r  future study. 
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S 1 - 1 7  
S P E C T R O P H O T O M E T R I C  D E T E R M I N A T I O N  O F  P HO S P HA T E  

IN W A T E R  W I T H  M O L Y B D A T E  A N D  M A L A C H I T E  G R E E N  

S h o j i  M O T O M I Z U ,  M i t s u k o  O S H I M A  a n d  K y o j i  T O E I  

D e p a r t m e n t  o f  C h e m i s t r y ,  F a c u l t y  o f  S c i e n c e ,  O k a y a m a  U n i v e r s i t y ,  

T s u s h i m a n a k a ,  O k a y a m a - s h i ,  7 0 0  J A P A N  

I N T R O DU CT I O N  

D e t e r m i n a t i o n  o f  p h o s p h o r u s  is o f  i m p o r t a nce, p a r t i c u l a r l y  i n  th e  

f i e l d s  o f  e n v i r o n m e n t a l  s c i e n c e ,  a g r i c u l t u r e  a n d  b i oc h e m i s t ry. M o s t  

s p e c t r o p h o t o m e t r i c  m e t h o d s  f o r  p h o s p h o r u s  a r e  b a s e d  o n  t h e  fo r・mation o f  

h e t r o p o l y a c i d s  w i t h  m o l y b d a t e .  M o l a r  a b s o r p t i v i t i e s  o f  h e t e ro p o l ya c i d s  

a n d  t h e i r  r e d uc ed  p r o d u c t s  ( m o l y b d e n u m  b l u e s )  a r e  a b o u t  2 x 1 0 4  1  m o l - 1  

c m - o r  le ss. N o w ,  m o re  s e n s i t i v e  m e t h o d s  f o r  d e t e r m i n a t io n  o f  p h o s p h o r u s  

a r e  r e q u i r e d  i n  e n v i r o n m e n t a l  s c i e n c e .  I n  t h i s  w o r k ,  w e  re p o r・ t  v e r y  s e n s 1 -

t i v e  m e t h o d s  f o r  p h o s p h o r u s  b a s e d  o n  t h e  f o r m a t i o n  o f  i o n  a s s o c iate, a n d  

al s o  w e  r e p o r t  t h e  m e t h o d s  o f  t h e  f l o w  i n j e c ti o n  a n a l y s i s  (F IA) fo r  p h o s -

pli u  r・u s. 

E X P E R I M E N T A L  

虹 p a r a tリ旦 A b s o r p t io n  m e a s u r e m e n t s  "-'ere  m a d e  o n  a  H i t ac h i  Pe r k i n - E l m e r  

M o d e l  1 3 9  s p e c t r o p h o t o me t e r  a n d  a  H i t a c h i  E P S - 3 T  r e c o r d i n g  s p e c t r o p h o t o -

m e t e r  i n  a  g l a s s  e e l  ls o f  10 m m  a n d  2 0  m m  p a t h  l e n g t h .  T h e  FT ,¥  s y s l e m  1ゞ u s

u s s e m b l e d  f r o m  a  d o u b l e  p l u n ge r  m i c r o  p u m p  ( S a n u k i  D M - 2 M - 1 0 2 4  I, a  6 - 1、,a y

inj e c t i o n  v a l v e ,  a  S h i m a d z u  U V - 1 4 0 - 0 2  d o u b l e  b e a m  s p ec t r o p h o t o m e t e r・ i;ilh a  

10 m m  m i c r o  f l o w  c e l l  (18)-11), a  T o a  D e m p a  F B R - 2 5 1 A  r ec o r d e r ,  D a i f l o n  

c o n n e c t o r s  a n d  T e f l o n  t u b i n g .  

A l l  C h e m i c a l s  u s e d  w e r e  o f  a n a l y t i c a l  re ag e n t  g r a d e .  

R E S U L T S  A N D  D I S C U S S I O N  

s  e c t r o  h o t o m e t r i c  d e t e r m i n a t i o n  o f  h o s  h a t e」吐JJ1_但旦虹心d a i旦一旦I L i }lala -
c h i t e  G r e e n  

I n  a n  a c i d i c  m e d i u m ,  m o l y b d o p h o s p h a t e  r e a c t s  1<ith M a l ac h i t e  G r e e n  

( y e l l o w  p r o t o n a t e d  t y p e : H M G 2 + )  t o  f o r m  a  g r e e n  i o n - a s s oc i a t e  a s  f o l l o ws ,  

恥 P M 0 1 2 0 4 0 +  H M G 2 +  - ( M G + ) ( H 2 P M 0 1 2凶 0 ―)
A n  a p p a r e n t  m o l a r  a b s o r p t i v i t y  w a s  8 x J 0 4  1  m o 1 - l  c m - 1  a t  6 5 0  n m .  

T h e  a b s o r b a n c e  o f  t h e  r e a g e n t  b l a n k  w a s  a b o u t  0 . 0 2  (20 m m  c e ll) .  T h e  

r e c o m m e n d e d  c o n c e n t r a t i o n  r a n g e  o f  p h o s p h o r u s  w a s  0 . 1  - 5  }Jg a n d  t h e  l i m i t  

(42 )  湘洋化学研究 1, 2  (1986 )  



o f  d e t e c t  i o n  w a s  O .0 1 )Jg  o f  p h o s ph o r u s .  

s o  l  v e n t  e x  t  r a c ti o n - s p e c  t ro p h o t o m e t r  le  d e  t e rm  l  n a  t  i  o n  o f  p h o s p h u l e  w i  

m o l y b d a t e  a n d  M a l a c h  i  te  G r e e n  

M o l y bd o p h o s p h a te ,  f o r me d  i n  s u l f u r i c  a c i d  s o lut.ion, w a s  e x t r a c t e d  i n t o  

a  m i x t u r e  o f  t o l ue n e  a n d  4 - me t h y l p e n t a n e - 2 - on e  11: 3  v / v )  w i  l h  M a l a c h i t e  

G r e e n  a s  c o u n t e r  io n. A  sing.l e  e x t r ac t i on  w i t h  e q u a l  p h a s e  ¥'Olumes g 1 v e s  

a n  a p p a re n t  m o l a r  a b s o r p t i v it y  fo r  p h o s p h a t e  o f  2 . 3 x !05 1  m u [-1 c m - 1  
a l  6 3 0  nn, .  T he  !ibs o rbanc-e o f  t h e ,・,,a g e n t  b l a n k  1,,,•as a b o u t  0 . 0 3 .  W i th  u11 
u r・guni c  l.o a q u e o u s  phuse-l' o l u m e  rati o  o f  1 :10, t h e  m o l a r  absorpt.il' it y  IJUS 

5  1  1  2 .  5  x  1  0  V  I  1110  l  - ' ,. m― , B y  t h e  p r o p os ed  m e t ho d, n g / m l  l e v e l s  o f  

p h o s p h o r u s  c a n  b e  d e t e r m i n e d ,  a n d  th e  d e t e c t i o n  l i m i t  is  u b o ul 0. 1  ng/1111. 

込．L e r m i r_l_'!.t i o n  o f  p h o s ph a t e  b y  fl o w 上ーn .ie c t i o n a n a l y s  l  s  
T h e  c o lo r a t i o n  f o r m e d  w i t h  m o l y b d a t e  a n d  M a l a ch i t e  G re e n  1 n  a q u eo u s  

s o l u t i o n  w a s  a p p l i ed  t o  F I A  f o r  p h o s ph o r u s  d e te rm i na t io n .  P h o s ph ol'us (a s  

in o r g a n i c  p h o s p h a t e )  c an  b e  d e t e r m i ne d  a t  l h e  le v e l  o f  sev<e r a l  n g / m l  i n  

w a te r. A n a l y s e s  c an  b e  d o n e  a t  a  r a t e  o f  u p  t o  4 0  p e r  h o u r .  

也 c rmi n a t l o n- o f  p h o s ph a t e  b y  s o l v e n t  e x t r a c t i o n _  flg y  ln,l e c t i o n  a n a l y S  l  S  

S o l v en t  e x しr a c t i o n - s p e c t r o p h o t o m e t r y f o r  p h o s p h a t e  "'ith m o l y b d a t e  a n d  

M a l ac h i t e  G r e e n  w a s  a p p l i e d  t o  solvent. e x t ra c t i on - F I A .  T h e  e x t ra c t i n g  

` 9,  1  ¥  （・ n1 w a s  n  mi xt11r’" ,,f b e n z e n e  a n d  4 -m e l  h~•l p e nt:an «-2-o n e 11: 2  v / v ) ,  

,＼C 9J  l  y  dじ，， ig n e d p h a s e  s e p a r a t o r  w a s  u s e d  l u  s e p u r a l.e Lh e  urga111L μh as e .  
Tl11・,・u Ii h1・u t  io 『I r  u  [＇V  e  s  w e  r e  l  i  n  e  a  r  b e  l  t)1J 3  (） nビ／ In l ，ヽf l)11 9) pヽl1 9) 『＇11 s an,l'"、1, 91d  

I)Jg / ml u f  μhosp!い） r・us b) inj e c t i n g  3 0 0  μl  a n d  JO);J u f  s am p l e s ,  1・espect11・,e-

ly. T h e  d e t e c t i o n  l i m i t  w a s  0 . 1  n g / m l  o f  p h o s p h u l'l1s. A n a l y s e s  call b e  d o n e  

R t  a  ra t e  o f  u p  lo  4 0  p e r  h o ur. 

巳凶C LU S I Qせ
S e n s i t i v e  s pe c t r o p h o t o m e t r i c  m e t h o d s  f o r  d e t e r m i n a t  iu11 u 「 pl)9) s pl1 9) r u s  

w P r P  d e v e l o p e d ,  a n d  t h e  m e t h o d s  w e re  a p p l i e d  l o  F I A .  T h e  p r o p o s e d  F I A  

m e t h o d s  w e re  v e ry  s e n s i t i v e ,  s i m p l e  a n d  r a p i d  p r oc-edur・es f o r  J e l e n11 in a l 1 u n  

o f  p h o s ph o r u s .  

p  
F i g .  F l o w  d i a g r a m s  f o r  p h o s p h o r u s  d e t e r m i n a t i o n  
C :c a r r i e r  s o l u t i o n ( d i l u t e  tt2so4); R 1 a n d  R 2 : r e a g e n t  s o l u t i o n , R 1 : m o l y b d a t e  
+ M a l a c h i t e  G r e e n + H 2 s o 4 + e t h a n o l , R 2 : w i t h o u t  e t h a n o l ;  O :o r g a n i c  s o l v e n t ;  
S : s a m p l e : R C : r e a c t i o n  c o i l ( O . S m m x S m ) ;  E C :e x t r a c t i o n  c o i l ( O . S m m x 4 m ) ;  P S :  
p ha s e  s e p ar a t o r ;  SP: s p ec t r o p h o t o m e t e r; R : r e c o r de r; W : w a s t e .  

il,ti-'( 1じ‘こ/:li)f‘分： 1 , 2  (1986 )  (43 )  85 
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SPEC'IROPHOTOMETRIC D E T E邸 ! N A T I O N O F  T R A C E  A M O U N T S  O F  C A T I O N I C  
S U R FたC T A N T S I N  W A S T E  W A T E R  B Y  T E R N A R Y  I O N  P A I R  F O R M A T I O N  

'ladao SAKAI, S a t o s h i  OJHIA, E i j i  S A E K I  a n d  M a s a y a  T A N A K A  
D e p a r t m e n t  o f  Chemistry, A s a h i  University, 1851 Hozumi, Hozumi-cho, 
G i f u  501-02, Jar:an 

M o s t  o f  t h e  p r o c e d u r e s  p r o p o s e d  f o r  t h e  e x t r a c t i o n - s p e c t r o p h o t o -
m e t r i c  d e t e r m i n a t i o n  o f  o n i u m  c o m p o u n d s  d e p e n d  o n  t h e  f o r m a t i o n  o f  ion 
a s s o c i a t e s  b e t w e e n  a n  o n i u m  c a t i o n  a n d  a  d y e  anion. W i t h  m o n o p r o t i c  a c i d  
d y e s  s u c h  a s  t e t r a b r o m o p h e n o l p h t h a l e i n  e t h y l  ester(TBPE) anci p o t a s s i u m  
;-,icrate, t h e  o p t i m u m  p H  r a n g e  f o r  t h e  e x t r a c t i o n  w a s  found t o  b e  w i d e . ' T E P E  
i s  a n  e x c e l l e n t  r e a g e n t  for t h e  d e t e r m i n a t i o n  o f  trace a m o u n t s  o f  t e r t i a r y  
amines, a l k a l o i d s  a n d  c;uaternary a m m o n i u m  salts, b u t  i t  i s  n o t  s e l e c t i v e  
e n o u g h  f o r  t h e  d e t e r m i n a t i o n  o f  o n i u m  c o m p o u n d s  i n  t h e  c o m p l i c a t e d  samples 
b e c a u s e  t h e  a b s o r p t i o n  s p e c t r a  o f  t h o s e  a s s o c i a t e s  a n d  t h e  o p t i m u m  p H  r a n g e  
overlap. O n  t h e  o t h e r  hand, w i t h  m u l t i - p r o t i c  a c i d  d y e s  s u c h  a s  b r o m o p h e n o l  
blue(BPB) a n d  b r o m o c r e s o l  green(BCG), t h e  e x t r a c t i o n  b e h a i v i o u r  is v e r y  
c o m叫 i c a t e d b e c a u s e  t h e  i o n  a s s o c i a t e s  f o r m e d  b e t w e e n  o n i u m  c a t i o n s  a n d  d y e  
a n i o n s  d e p e n d i n g  o n  t h e  p H  level i n  t h e  a q u e o u s  solutions. 

f・o r  example, B P B  r e a c t s  ;,・i t h  b o t h  b u l k y  a m i n e s  a n d  q u a  t e r n a r y  a m m o n i u m  
c o mμou n d s  i n  a  pli 3.8 m e d i u m  a n d  f o r m s  y e l l o w  c o l o r e d  salts. T h e  a s s o c i a t e s  
[ H B P B . H R , N ' ,  H B P B . R , N ' ]  a r e  r e a d i l y  e x t r a c t e d  f r o m  a c i d i c  ac,ueous s o l u t i o ns  3  4  
w i t h  o r g a n i c  solvents. I n  a l k a l i n e  m e d i a  o n l y  q u a t e r n a r y  a m m o n i u m  c o m p o u n d s  

2 -f o r m  b l u e  c o l o r e d  s a l t s  w i t h  B P B  a n d  t h e  a s s o c i a t e  [ ( B P B - )  (R,N')~l c a n  b e  4  2  
e x t r a c t e d  i n to o r g a n i c  solvents. I n  t h e  f o r m e r  associates, t h e  e x t r a c t a b i l i t y  
i s  good, b u t  t h e  s e l e c t i v i t y  i s  n o t  satisfactory. I n  t h e  c a s e  o f  t h e  latter, 
t h e  s e l e c t i v i t y  f o r  a m i n e s  i s  sufficient, b u t  t h e  e x t r a c t a b i l i t y  o f  t h e  
a s s o c i a t e s  anci t h e  l i n e a r i t y  o f  t h e  c a l i b r a t i o n  c u r v e s  a r e  po or. 

I n  t h e  p r e s e n t  investigation, w e  found t h a t  a  q u a te r n a r y  a m m o n i u m  s a l t  
2  - 2  -w a s  s u c c e s s f u l l y  c o - e x t r a c t e d  w i t h  d i p r o t i c  a c i d  d y e s  s u c h  a s  B P B - ,  B C G - a nd  

2-B C P B - (bromochlorophenol blue) a n i o n s  into o r g a n i c  solvents i n  a  neutral 
medium, b u t  o n l y  i n  t h e  p r e s e n c e  o f  q u i n i n e ( t e r t i a r y  amine, p K 1  :  4.1, p K 2  :  
8.0). E x t r a c t i o n  o f  q u a t e r n a r y  a m m o n i u m  s a l t s  w a s  n o t  p o s s i b l e  i n  th e  a b s e nc e  
o f  q u i n i n e  a n d  a l s o  a m i n e s  d i d  n o t  f o r m  t h e  i o n  p a i r  i n  t h e  media. T h e r e f o re ,  
a  t r a c e  a m o u n t  o f  q u a t e r n a r y  a m m o n i u m  c o m p o u n d  c a n  b e  d e t e r m i n e d  s p e c t r o p h o t o -
m e t r i c a l l y  w i t h o u t  i n t e r f e r e n c e  o f  s o m e  q u a t e r n a r y  a m m o n i u m  c o m p o u n d s  an d  
v a r i o u s  amines. 

1. E.XTRACTION M E C H A N I S M  O F  I O N  A S S O C I A T E S  W I T H  B R O MO PH E NO L  B L U E  

(44 )  海洋化サ研 究 I, 2  (1986 )  



'Ihe c o n t i n u o u s  v a r i a t i o n  p l o t s  a s  s h o w n  i n  
Fig. 1  s e e m  t o  i n d i c a t e  t h a t  t h e  e x t r a c t i o n  
m e c h a n i s m  o f  i o n  a s s o c i a t e s  w i t h  B P B  i n  t h e  
d i f f e r e n t  m e d i a  c a n  b e  r e p r e s e n t e d  a s  follows. 

p H <  3.8 
.  2 +  2 H B P B  +  H~Qui - - - . .  2 +  

2  u i n i n e ー→ ( H B P B ) (H~Qui u i n i n e - ・)  ヽ
＋ 

2  2  
H B P B - +  R: N +  ; =  (HBPB―) （R,N+) 4  4  

3 .8  < p H <  4 . 1  
—+ ＋ H B P B  +  HQuinine —• (HBPB) (HQuinine') ヽ＋ ＋ H B P B - +  R , N T  (HBPB―) （R  N )  4  4  

4.1 < p H <  8 . 0  
B P B  2 - ＋ +  2 E Q u i n i n e ー→ 2 - +  

• ( B P B - )  (HQuinine') 
2 - ＋ 2  

B P B - +  2 R . N  4  ...... n o t  e x t r a c t a b l e  

2 0  

1  S  

゜ー
•,u
•q,osq" 

0  5  

o.s  1.0  
IOuinineitlquininel +  IBPBI 

I'ig. 1  C o n t i n u o u s  v a r i a t i o n  
p l o t s  

l  :  p H  6 .  7  2  :  p H  3. 8  
3  :  p H  2.8 
2 - . ,  -・ - . .  +  A t  t h e  f o l l o w i n g  p H  media, 4 . 1  <  p H  <  8 .  0, ( B P B - )  (HQuinine ・),, a s s o c i a t e  

2 - ＋ 
2  

w a s  e x t r a c t e d  i n t o  o r g a n i c  solvents, b u t  ( B P B - )  (R,N'),, a s s o c i a t e  v.0a s  n o t  4・・'2 
e x t r a c t a b l e  i n  t h e  a b o v e  m e d i a .  However, i n  t h e  p r e s e n c e  o f  a n  a d e q u a t e  
a m o u n t  o f  quinine, s e v e r a l  k i n d s  o f  q u a t e r n a r y  a m m o n i u m  c o m p o u n d s  c o u l d  b e  
e x t r a c t e d  i n t o  o r g a n i c  s o l v e n t s  s u c h  a s  nitrobenzene, 1 , 2 - d i c h l o r o e t h a n e  
a n d  chloroform. Fig. 2  s h o w s  t h e  e x t r a c t i o n  s c h e m e  b y  t e r n a r y  i o n  p a i r  
forrr.a tion. T h e  e x t r a c t a b i l  i  t y  o f  a  qu a  t e r n a r y  a m m o n i u m  c o m p o u n d  c a n  b e  
e n h a n c e d  bv  t h e  f o rm a t i o n  o f  b u l k y  i o n  associates. 

C H , o ` 0 C H = C H '摯こ羞：＇一 8もな，
↓H  H  so2 050i o S O j  

h Q u i n i n e  c a t i o n  l  Q  H  l  *  Q  H’ 

Fig. 2  ：rとと Br O  Br 下 Brー． なな
osoi•H•Q 

pH, 3.1 

( A  
ffl●w  ー、 18 m`） 

pH, 6. 7  

( A  ni●x  - 590 nm) 
pH, 6. 7  

I• 園』 X ー・ 1 0 n m )  

+HO :  Ouinin• c•tion. R  N  ＋ 、: Q u● ternary ammoni匹 cation

2. R E C O V E R Y  O F  ('UA'IERNARY 因心lONIUll S U R F A C T A N T S  I N  W A S T E  W A T E R  
W a s t e  w a t e r  c o n t a i n i n g  k n o w n  a m o u n t s  o f  trimethylstearylammonium(TMSA) 

w a s  d e t e r m i n e d  b y  t h e  r e c o m m e n d e d  method. T h e  r e s u l t  i s  s h o w n  i n  T a b l e  l. 

T a b l e  1  A n a l y s i s  o f  c a t i o n i c  s u r f a c t a n t  i n  w a s t e  w a t e r  

M e t h o d s  

S a m p l e  

WJ.th B P B  w i t h  B C G  
Found(mg) Recovery(%) Found(mg) Recovery(%) 
33.8 96 33.6 96 T M S A : 3 5  m g / l O O m l  
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S  1- 1  9  FLUOROMETRY O F  N A N O G R A M  A M O U N T S  O F  SELENIUM 
lN BIOLOGICAL SAMPLES 

1  2  3  Y u z o  TAMARI,L S a y o k o  OHMORI,- a n d  K e i z o  HIRAKI 
1oepartment o f  Chemistry, F a c u l t y  o f  Science, Konan Univ., Kobe 658, J a p a n  
2osaka Prefectural Institute o f  Public Health, O s a k a  537, J a p a n  
3oepartment o f  Chemistry, F a c u l t y  o f  Science a n d  Technology, Kinki University, 
Higashiosaka 577, J a p a n  

INTRODUCTION 
Selenium h a s  b e e n  recognized a s  a n  essential trace element for humans a n d  

animals, a n d  the m e t a b o l i s m  a n d  function o f  selenium s u c h  a s  i n  glutathion p e r -
o x i d a s e  h a v e  b e e n  reported. F o r  biological a n d  clinical research o n  selenium, 
a n  accurate a n d  sensitive m e t h o d  is needed for routine assay o f  selenium i n  
biological materials. Fluorometry o f  m i c r o g r a m  o r  smaller amounts o f  selenium 
i n  blood, liver, a n d  food h a v e  b e e n  reported. Because the selenium content o f  
these samples is g e n e r a l l y  l o w  {e.g.,ppm), a  f e w  grams o f  sample m u s t  b e  u s e d  
for the fluorometric assay. Co-existing m a t e r i a l s  s u c h  a s  large amounts o f  
iron a n d  trace a m o u n t s  o f  o r g a n i c  compounds remaining a f t e r  the wet-ashing 
decomposition o f  t h e  biological samples m a y  interfer, producing considerable 
negative a n d  p o s i t i v e  error, respectively, i n  the fluorometric measurement o f  
selenium. Accordingly, o n e  tries t o  a s s a y  o n l y  small amounts o f  t h e  sample t o  
m i n i m i z e  the interferences. Therefore, a  highly sensitive, accurate, a n d  
p r e c i s e  fluorometric a s s a y  f o r  n a n o g r a m  amounts o f  selenium is needed. 

I n  this paper, t h e  p r o c e d u r e  f o r  fluorometry o f  selenium i n  biological 
m a t e r i a l s  h a s  b e e n  m a d e  m o r e  n e a r l y  accurate b y  o u r  detailed considerations o f  
m e t h o d s  for removing t h e s e  sources o f  interference. O u r  m e t h o d  is highly sen-
sitive {detection limit for selenium: 0.05 ng, 5  ng/L), accurate {as judged b y  
comparison w i t h  analytical results b y  non-destructive neutron activation analy-
sis), precise [e.g., 47.1 (SD 0.72, C V  1.5%) n g  o f  S e  p e r  g r a m  o f  animal bone], 
convenient, a n d  suitable for u s e  i n  routine analyses {about 2  h  required for 
analyses o f  10 samples). 

M E T H O D S  
F o r  fluorometry o f  s e l e n i u m  i n  biological materials (hair:0.05 g; l i v e r  

a n d  animal bone:0.5 g; blood: 0.5 g), w e  w e t - a s h e d  t h e  samples w i t h  convention-
a l  nitric a n d  perchloric acids, a n d  then extracted piazselenol (complex o f  S e  
a n d  2,3-diaminonaphthalene) incyclohexane. Selenium w a s  back-extracted 
from t h e  cyclohexane i n t o  nitric a c i d  t o  remove the fluorometric interferences 
o f  trace amounts o f  o r g a n i c  compounds. A f t e r  removing the nitrate ions, the 
s e l e n i u m  w a s  re-extracted w i t h  t h e  diaminonaphthalene into cyclohexane. Then, 
w e  m e a s u r e  the relative fluorescence intensity o f  piazselenol i n  the sample 

(46 )  洵詳化学研究 I. 2  (1986 )  



a n d  i n  t h e  s t a n d a r d  a t  t h e  5 2 0  run, w h i c h  i s  t h e  p e a k  f o r  p i a z s e l e n o l  f l u o r e s -
cence. 

R E S U L T S  A N D  D I S C U S S I O N  
1. E F F E C T  O F  T R A C E  O R G A N I C  C O M P O U N D S  O N  T H E  F L U O R O M E T R Y  O F  S E L E N I U M  

F i g u r e  1  s h o w s  t h e  e f f e c t  o f  v a r i o u s  a c i d  t r e a t m e n t s  o n  t h e  d e c o m p o s i t i o n  
o f  o r g a n i c  c o m p o u n d s  i n  a  1 - m L  p l a s m a  sample. T h e  2 , 3 - d i a m i n o n a p h t h a l e n e  (DAN) 
r e a g e n t  r e a c t e d  n o t  o n l y  w i t h  s e l e n i u m  b u t  a l s o  w i t h  t r a c e  o r g a n i c  compounds, 
i f  a  b i o l o g i c a l  s a m p l e  w a s  n o t  c o m p l e t e l y  d e s t r o y e d  i n  t h e  w e t - a s h i n g  step. 
2. E F F E C T  O F  V A R Y I N G  T H E  V O L U M E  R A T I O  O F  O R G A N I C  T O  A Q U E O U S  P H A S E  I N  T H E  B A C K -
E X T R A C T I O N  O F  S E L E N I U M  
T a b l e  1  s h o w s  t h e  r e s u l t  o f  t h i s  examination. W e  u s e d  a  v o l u m e  r a t i o  2/1. 

3. E F F E C T  O F  N I T R A T E  A N D  I R O N  I O N S  O N  T H E  F L U O R O M E T R Y  O F  SELENIUM, 
W e  r e m o v e d  n i t r a t e  f r o m  s e l e n i u m  b y  h e a t i n g  t h e m  w i t h  p e r c h l o r i c  acid, a n d  

w e  m a s k e d  i r o n  i n t e r f e r e n c e  b y  a d d i n g  EDTA-NaF. 
4, A N A L Y T I C A L  R E C O V E R Y  

T h e  r e c o v e r y  o f  s e l e n i u m  w a s  87.3 (SD 1.6)% f o r  t h r e e  s t a n d a r d  s o l u t i o n s  
c o n t a i n i n g  1 0  n g  o f  selenium. T h i s  r e c o v e r y  p e r c e n t a g e  i s  n o t  high, b u t  i s  
s u f f i c i e n t  f o r  o u r  purpose; 100% r e c o v e r y  i s  n o t  r e q u i r e d  f o r  n a n o g r a m  q u a n t i -
fication, if t h e  a n a l y t i c a l  p r e c i s i o n  i s  g o o d  (as s h o w n  b y  t h e  S D  o f  1.6%). 
5. A N A L Y T I C A L  R E S U L T S  A N D  C O M P A R I S O N  O F  R E S U L T S  

T a b l e  2  lists t h e  a n a l y t i c a l  v a l u e s  f o r  s e l e n i u m  a s  d e t e r m i n e d  b y  t h e  
p r e s e n t  m e t h o d  f o r  s t a n d a r d  r e f e r e n c e  m a t e r i a l s  S R M - 1 5 7 7  b o v i n e  l i v e r  a n d  S R M -
1 5 7 1  o r c h a r d  l e a v e s  f r o m  T h e  U.S. N a t i o n a l  B u r e a u  o f  Standards, W a s h i n g t o n ,  DC, 
a n d  a n i m a l  b o n e  f r o m  t h e  I n t e r n a t i o n a l  A t o m i c  A n e r g y  Agency, V i e n n a ,  A u s t r i a ,  
F a i r l y  g o o d  a g r e e m e n t  w a s  o b t a i n e d  f o r  s e l e n i u m  content. 
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Fig.l. F l u o r e s c e n c e  s p e c t r a  
A,B,C: S e  d e t e r m i n e d  w i t h o u t  
b a c k - e x t r a c t i o n  
C: W i t h  b a c k - e x t r a c t i o n  
E: :,i  t h o u t  w e t - a s h i n g  
F: S t a n d a r d  S e  (100 n g  Se} 
G: R e a g e n t  b l a n k  

T a b l e  1. P e r c e n t a g e  o f  s e l e n i u m  o b t a i n e d  i n  
b a c k - e x t r a c t i o n  

O r g a n i c /  A q u e o u s  
a q u e o u s  o r g a n i c 晶
v o l  r a t i o  vol, m L  m L  n g も e x t r a c t e d
2 0  2 0  1  1 4 . 6  7 3 . 2  
1 0  2 0  2  1 8 . 0  9 0 . 1  
4  2 0  5  18.8 93.8 
2  2 0  1 0  18.8 9 4 . 1  
1  2 0  2 0  1 9 . 1  9 5 . 5  

T a b l e  2. A n a l y t i c a l  v a l u e s  o f  s e l e n i u m  
§_E!_content, u g / g  

T h i s  m e t h o d  N砧 rnethod
N B S  S R M - 1 5 7 7  1.18 0.9-1.3 
N B S  S R M - 1 5 7 1  0.0646 0 . 0 5 - 0 . 0 9  

I A E A  a n i m a l  
b o n e  (n=4) 
H u m a n  p l a s m a  
1 0  m e n  
1 0  w o m e n  

0 . 0 4 7 1  0 . 0 5 - 0 . 0 6  
(SD O. 00072) 

1 2 0  (SD 16. 7) 
1 1 2 ( 5 D  23.0) 

N B S百a t a
l.l(SDO.l) 
0 . 0 8 ( S D  
o. 01) 
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S  1-20 
DETERMINAT I ON  O F  TRACE AMOUNTS O F  IRON BY  M EASURING COLOR 
INTENSITY O F  ION-EXCHANGER COLUMN 

Takas hi TANAKA ,  Akinor i  KAWAHARA ,  Shin-ichi WAK IDA ,  Masataka YAMANE a nd 
Ka zuo H II RO  
Gover nment Industrial Research Institute ,  Osaka ,  Ikeda ,  56 3  
Japan 

INTRODUCTION  
For th e  purpose o f  the establishment o f  forecast technique o f  occ urrenc e  

o f  red tide in natural waters ,  automatic monitoring technique o f  eutrophic 
1) substances ,  such as phosphorus and nitrogen compounds ,  w ere  being  stud ied"' .  

The prese nt paper describes the determinat ion o f  trace amoun ts o f  ir on ,  wh ich 
is seemed as one o f  the substances caused the red tide in na tural waters .  
T o  determin e  soluble iron in nat ural water ,  a n  appropriat e  preconce,itration  
is  necessary .  T r ace amounts o f  iron in natural wa ter was determine d  by 
direct measurement o f  light absorption o f  io n-exchanger res in phase colored 
by sorption o f  red 1 ,10 -phenanthroline - iron(II) comple x  in sample solution  2) 

Ion -exc h anger c olo rimet ry ~') . 3 )  ) .  In  this study ,  the co lo rimetry  was applied 
to  the d er.ermination o f  trace amounts o f  iron by us ing  the ion -exchanger 
column .  T he  intens ity o f  the colored band o n  the  ion-e xchang er column was 
m easured .  The colored  band o n  the column was produced by passing  the  purple  
TPT Z(2 , ~ , 6 - tris( 2 - pyridyl) - s - tr iazi ne) - iron(II) complex  solut io n ,  w hich 
formed by the  addition o f  TPTZ to  sample wat er  con tained ferrous iron .  

PROCEDURE 
TPT ~ and  sodium acetate buffer  ( p H ) .4  

-5 ,8 )  so lutions w ere added to sample 
sol ution after  the  reduction o f  iron( III) 
to iron(II) with h y d ro xylamine .  The  
colored solution contained T PTZ -iron(II )  
was passed th rough the  cation-exc h ange r  
colum n  (3mmx5mmx70mm) .  The color intensi ty  
o f  the band on the colum n  w as  measured 
(light path ;  3mm) by th e  spectrophotometer 
moved along the column (Fig .1) .  The iron 
concent r2t ion in  sample solution w as 
determi ned from the peak height or  the area 
o f  intensity o f  colored band o n  the co lumn .  
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Fig .  1  Sc hem atic d iagram o f  
color m easu reme nt system 
o f  column 
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RC:SU L'「苫 i¥fii) DIScusこiON 
The cationic T PT'i. - iron(Il) complex was 

sorbed effectively o n  the cation-e xchanger 
res in .  The particle  size o f  the resin in 
the column affect ed on the sorption o f  the  
colored complex .  W hen  20 to 50mesh of 
the resin w as used, the complex was 
insufficiently sorbed  o n  the  column ,  and 
the color intensity o f  the resin phase 
(without the treatment by the sample 
solution )  was not こonstant (Fie; .  2) .  

＋ ¥-/eae:ly acidic cation-exchanger resin (Na 
fo r m ,  5い lOOm e st1) was suitable for t he  
m ethod ,  and w as  usable repeatedly with 
regenera t ion using  lM hydrochloric acid 
and 2M  sodium chlo ride  so lutions .  

When 10ml o f  the colored sample 
solution conta ined lμr; o f  iron,1as passed 
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Fig. 2  Color intensity o f  columns 
before and after color i ng  

through し"e column at, a  rate o f  2 .5m1/min ,  the colored  c o mplex 1vas  sorbed o n  
_ ,2  to 0 .3cc o f しhe resin (the lengt!"l o f  the colored band ;  in 1- 2cm ) .  Then 
t:1e enriこhment ratio o f  the c o mplex 1vas 30 to 40  times. Up to  1-29g o f  iron 
w as  det e rm ined by thi s  method ,  a nd ten ppb o f  iron w as  detectab le in 10m l  o f  
the sample solution .  Low  concentration o f  iron 1-1as able to determine  by 
taking large amounts o f  sample w a t e r .  Detection  limit and precision o f  the  
met h od  w as affect ed by the  iron concentration o f  the  reagent  blank .  
Muximum erro r  o f  the method was :!:1 5% for 5  samples contained  1μg o f  iron in 
10m l  o f  sample solution .  

Sulfate ,  p hosphate ,  nitrate and nitrite o f  100ppm ,  and chloride o f  1 ,000 
p p m  did not  interfere the determination .  

RC:!"ERENCES 
1 )  Hiiro .  K  .,  T anaka ,  T ., K aw aha r a ,  A. ,  Wakida, S ., 'I'he  1984 International 

Chemical Congress o f  Pacific Basin Societ ies ,  Symposium o n  Accurate 
Measurements o f  Environmental Pollut ants ,  0 1A1 6 ,  December 16- 2 1 ,  1984. 

2 )  N i go ,  S ., Yoshimura ,  K. ,  Tarutani ,  T ., TaJ.ant a , 翌，669 (1981) .  
万） Yoshimura , K. ,  l.luns cki ,  34 1  (1986) .  

湘洋化学研究 I ,  2  (1986 )  (49 )  91 



92 

5 1 - 2 1  
R A D I O - A C T I V A T I O N  I O N  CHRO~ATOt:;RAPHY O N  
T R A C E  A M O U N T  O F  M N  H J  C H A L Y B E A T E  W A T E R  

T a d a h a r u  TAMAI, S a t a r o  NISHIKAWA, Y o s h i k o  TANAV.A, a n d  S h i r o  IWATA 

R e s e a r c h  R e a c t o r  Institute, K y o t o  U n i v e r s i t y  
Kumatori-cho, Sennan-gun, O s a k a  590-04, J a p a n  

A n  i o n  c h r o m a t o g r a p h  w i t h  a  c o n d u c t i v i t y  d e t e c t o r  w a s  invented 
a s  a  d u a l  c o l u m n  s y s t e m  f o r  t h e  r a p i d  s e p a r a t i o n  a n d  d e t e r m i n a t i o n  o f  inor-
g a n i c  a n i o n s  b y  S m a l l  et al. 1  l  G j e r d e  et a1.2) d e v e l o p e d  a  s i n g l e  c olumn 
m e t h o d  f o r  a  q u a n t i t a t i v e  s e p a r a t i o n  o f  several c o m m o n  a n i o n s  a n d  cations. 
B o t h  a p p a r a t u s  h a v e  a  s e p a r a t i n g  c o l u m n  filled w i t h  a n  i o n  e x c h a n g e  r e s i n  
o f  l o w  e x c h a n g e  c a p a c i t y  a n d  e m p l o y e d  w i t h  v e r y  d i l u t e  solutions. A l t h o u g h  
m a n y  c o n d u c t i v i t y  d e t e c t o r s  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  a m o u n t  o f  ions 
i n  a  s o l u t i o n  h a v e  b e e n  c;reatly improved i n  recent years, t h e s e  c o n d u c t i v i t y  
d e t e c t o r s  c o u l d  n o t  b e  u s e d  f o r  t h e  d e t e c t i o n  o f  t h e  ions h a v i n g  t h e  n e a r l y  
s a m e  e l u t i o n  t i m e  s u c h  a s  Mn(II) a n d  Fe(II). 

Fly c o m b i n i n g  a  r a d i a t i o n  d e t e c t o r  w i t h  t h e  usual c o n d u c t ivity detector, 
w e  h a v e  b e e n  a b l e  t o  d e v e l o p  a  successful s y s t e m  f o r  t h e  s e p a r a t i o n  a n d  
d e t e c t i o n  o f  v e r y  l o w  c o n c e n t r a t i o n  o f  r a d i o a c t i v e  ions. T h e  s e p a r a t e d  
r a d i o a c t i v e  i o n s  a r e  e a s i l y  d e t e c t e d  b y  t h e  r a d i a t i o n  d e t e c t o r  p l a c e d  imme-
d i a t e l y  a f t e r  t h e  c o n d u c t i v i t y  detector. T h e  a i m  o f  t h e  p r e s e n t  study is 
t o  d e v e l o p  a  n e w  i o n  c h r o m a t o g r a p h i c  s y s t e m  that u s e s  a  N a !  (Tl) d e t e c t o r  
a n d  t o  a p p l y  i t  t o  t h e  d e t e r m i n a t i o n  o f  t h e  a m o u n t  o f  Mn(II) i o n  in chalybe-
a t e  w a t e r  b y  m e a n s  o f  t h e  n e u t r o n  i r r a d i a t i o n .  

T h e  b a s i c  l i q u i d  c h r o m a t o g r a p h i c  s y s t e m  (HLC-847) w a s  c o n n e c t e d  t o  
a  r a d i o - a c t i v a t i o n  i o n  c h r o m a t o g r a p h  w i t h  a  s i n g l e  s e p a r a t i o n  c o l u m n  con-
t a i n i n g  a  g e l  t y p e  r e s i n  a n d  w a s  u s e d  f o r  t h e  s e p a r a t i o n  o f  d i v a le n t  m e t a l -
l i c  ions in t h e  a q u e o u s  solution. T h e  r a d i a t i o n  d e t e c t o r  consistect o f  "  
2"x2" NaI(Tl) d e t e c t o r  w i t h  a  p o l y e t h y l e n e  l o o p  o f  200 ¥Jl f o r  t he  d e t e c t i o n  
o f  r a d i o a c t i v e  nuclides. F o r  t h e  injection o f  s a m p l e  solution, a  s a m p l e  
l o o p  o f  200 μ 1  w a s  used. 

T h e  c o l u m n  w a s  p a c k 2 d  w i t h  a  g e l  type c a t i o n  e x c h a n g e  r e s i n  o f  p a r t i c l e  
s i z e  5μ m. T h e  d i m e n s i o n s  o f  t h e  c o l u m n  w e r e  50 r.im in len')th b y  4.6 m m  
in diameter. T h e  r e s i n  w a s  s u l f o n a t e d  t o  g i v e  a  l o w  e x c h an g e  c a p a c i t y  o f  
t h e  o r d e r  o f  0 . 3  m i l l i - e q u i v a l e n t s  p e r  gram. 

T h e  e l u e n t  w a s  p r e p a r e d  w i t h  d o u b l y  d i s t i l l e d  d e i o n i z e d  1-1ater a n d  pass -
e d  t h r o u g h  a  d e g a s s i n g  a p p a r a t u s  just b e f o r e  pump. T he  p u m p  serves t o  force 
t h e  e l u e n t  f r o m  a  e l u e n t  t a n k  t o  2  fraction c o l l e c t o r  t h r o u g h  t h e  sample 
loop, column, a n d  ctetector a t  a.  f l o w  rate o f  1. 2  r,l /min. 

F o r  a  typical experiment, a  sr,all a m o u n t  (0.3 r.il) o f  t h e  sar'lple solu -

(50 )  湘洋化学i/1・先 1, 2  (1986 )  



t 1 o n  w a s  
1  3  i r r a d i a t e d  w i t h  a  t h e r m a l  n e u t r o n  flux  o f  2 .7 5 x 1 0  

-2 ..  1  n ,  c m .  sec. 
f o r  10 m i n u t e s  a t  d r y - i c e  t e m p e r a t u r e  in t h e  p n e u m a t i c  t u b e  f a c i l i t y  o f  
t h e  K y o t o  U n i v e r s i t y  R e a c t o r  (KUR). 

T h e  s e p a r a t i o n  o f  s e v e r a l  d i v a l e n t  c a t i o n s  in a q u e o u s  s o l u t i o n  w a s  
a c h i e v e d  v e r y  e a s i l y  w i t h i n  20 m i n u t e s  w i t h  t h e  e l u e n t  o f  2  m M  e th y l e n e -
d i a m i n e  in  10 m M  c i t r i c  a c i d  c o n t a i n ing 10 %  a c e t o n i t r i l e  solution, a n d  
t h e  s h a r p n e s s  o f  t h e  e l u t e d  p e a k s  i s  e xcellent. 

T h e  s e p a r a t i o n  p a t t e r n  o b t a i n e d  b y  t h e  c o n d u c t i v i t y  d e t e c t o r  s h o w e d  
t h e  to tal a m o u n t  o f  F e (II) a n d  M n ( I I )  i o n s  i n  t h e  s a m p l e  solution. O n  t h e  
o t h e r  hand, t h e  p a t t e r n  o b t a i n e d  b y  N a  I  (Tl) r a d i a t i o n  d e t e c t o r  i n d i c a t e d  
o n l y  t he  a m o u n t  o f  t h e  r a d i o a c t i v e  n u c l i d e s  f o r m e d  b y  t h e  i r r a d i a t i o n  o f  
r e a c t o r  neutrons. T h i s  p a t t e r n  w a s  i n d e p e n d e n t  o f  t h e  e l u e n t  t e m p e r a t u r e  
a n d  t h e  p r e s s u r e  o f  t h e  p u m p  f l o w i n g  t h e  eluent, a n d  t h e  p a t t e r n  w a s  a l s o  
n o t  a f f e c t e d  b y  t h e  w a t e r  d i p  t h a t  a p p e a r s  in t h e  u s u a l  p a t t e r n  o b s e r v e d  
w i t h  t h e  c o n d u c t i v i t y  d e t e c t o r .  T h e  e l u t i o n  t i m e  o f  Fe(II) i o n  w a s  16 m i n -
u t e s  a f t e r  t h e  s t a r t i n g  t i m e  o f  t h e  s e p a r a t i o n  u s i n g  t h e  e l u e n t  m e n t i o n e d  
a b o v e .  T h e  e l u t i o n  t i m e  o f  M n ( I I )  w a s  t h e  n e a r l y  s a m e  e l u t i o n  t i m e  a s  F e  
(II) ion. 

I t  is d i f f i c u l t  t o  d e t e r m i n e  t h e  a m o u n t  o f  M n ( I I )  i o n  i n  t h e  s a m p l e  
s o l u t i o n  c o n t a i n i n g  l a r g e  a m o u n t  o f  F e ( I I )  i o n  b y  u s i n g  t h e  c o n d u c t i v i t y  
d e t e c t o r .  However, it is q u i t e  e x p e c t e d  t h a t  t h e  d e t e c t i o n  l i m i t  o f  M n ( I I )  

6  i o n  i n c r e a s e s  b y  a  f a c t o r  o f  10~ t h a n  t h a t  o f  F e ( I I )  i o n  b y  u s i n g  t h e  r a d i o -
a c t i v a t i o n  ior  chrcmatogr~.phy. B e c a u s e  t h e  c a l c u l a t e d  radio::,ctivity ;,er 

56 g r a m  o f  t h e  e l e m e n t  f r o m  t h e  r a d i o a c t i v e  - - M n  f o r m e d  b y  t h e  n e u t r o n  a c t i v a -
6  t i o n  r e a c t i o n  is 1  o~ t i m e s  a s  m u c h  a s  t h a t  f r o m  t h e  r a d i o a c t i v e  n u c l i d e s  

o f  F e  i r r a d i a t e d  w i t h  t h e  s a m e  c o n d i t i o n  a s  Mn. 
It b e c a m e  c l e a r  t h a t  t h e  t r a c e  c o n c e n t r a t i o n  o f  M n ( I I )  i o n  in t h e  c h a -

l y b e a t e  w a t e r  c o u l d  b e  d e t e r m i n e d  v e r y  e a s i l y  b y  t h e  r a d i o - a c t i v a t i o n  i o n  
c h r o m a t o g r a p h y .  T h i s  t e c h n i q u e  m i g h t  a l s o  p r o vュd e a  r a p i d  a n d  h i g h l y  s e l e c -
t i v e  m e t h o d  f o r  s e p a r a t i n g  a n d  d e t e r m i n i n g  t h e  c h e m i c a l  s p e c i e s  o f  c a r r i e r -
f r e e  r a d i o a c t i v e  r e c o i l  a t o m  f o r m e d  in t h e  n u c l e a r  reaction. 
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5 2 - 0 1  R A P I D  A N D  S E N S I T I V E  S P E C T R O P H O T O M E T R I C  D E T E R M I N A T I O N  O F  
P P B  L E V E L  P H O S P H A T E  B Y  A  N O V E L  M E T H O D  U S I N G  A  S T O P P E D -
F L O W  A P P A R A T U S  

＊ K e n - i c h i r o  K A N A Y A  a n d  K e i t a r o  H I R O M I  

J a p a n  F o o d  R e s e a r c h  L a b o r a t o r i e s ,  O s a k a  Branch, Suita, O s a k a  564 a n d  
* o e p a r t m e n t  o f  F o o d  S c i e n c e  a n d  T e c h n o l o g y ,  F a c u l t y  o f  A g r i c u l t u r e ,  
K y o t o  U n i v e r s i t y ,  K y o t o  606, J a p a n  

A l t h o u g h  a b s o r p t i o m e t r i c  m e t h o d s  a r e  i n  g e n e r a l  a p p r e c i a b l y  less 
s e n s i t i v e  c o m p a r e d  w i t h  e m i s s i o n  ( f l u o r e s c e n c e  a n d  c h e m i l u m i n e s c e n c e ,  etc.) 
m e t h o d s ,  t h e  f o r m e r  i s  g e n e r a l l y  m u c h  less s u s c e p t i b l e  t o  i n t e r f e r i n g  f a c t o r s  
t h a n  t h e  latter. It is significant, t h e r e f o r e ,  t o  e n h a n c e  t h e  s e n s i t i v i t y  o f  
a b s o r p t i o m e t r i c  m e t h o d s .  

S t o p p e d - f l o w  m e t h o d  is a  w i d e l y  u s e d  f a s t  r e a c t i o n  technique. W e  h a v e  
b e e n  s u c c e s s f u l  t o  u t i l i z e  t h i s  t e c h n i q u e  f o r  f a s t  a n d  h i g h l y  s e n s i t i v e  
a b s o r p t i o m e t r i c  d e t e r m i n a t i o n s  o f  v a r i o u s  s u b s t a n c e s  (about 100 t i m e s  a s  
s e n s i t i v e  a s  t h o s e  b y  t h e  c o n v e n t i o n a l  a b s o r p t i o m e t r y ) .  T h e  t e r m  "stopped-
f l o w  t i m e  d i f f e r e n c e  a n a l y s i s "  ( a b b r e v i a t e d  t o  SFTDA) i s  u s e d  f o r  t h i s  n o v e l  
m e t h o d  f o r  t h e  q u a n t i t a t i v e  a n a l y s i s ,  b a s e d  o n  t h e  m a g n i t u d e  o f  t h e  a b s o r b a n c e  
c h a n g e （△ Al o b t a i n a b l e  f r o m  t h e  s t o p p e d - f l o w  t r a c e  f o r  t h e  t i m e  c o u r s e  o f  t h e  
r e a c t i o n  i n v o l v i n g  a  s u b s t a n c e  t o  b e  d e t e r m i n e d  [1 ]. T h e  r e a s o n s  f o r  t h e  h i g h  
s e n s i t i v i t y  o f  t h i s  t e c h n i q u e  a r e  a s  follows: (a) S i n c e  t h e  c e l l  a n d  t h e  
s o l u t i o n  a r e  b o t h  i m m o b i l e  d u r i n g  t h e  m e a s u r e m e n t ,  a n y  p o s s i b l e  e r r o r  f r o m  t he  
r e p l a c e m e n t  a n d / o r  t h e  m o v e m e n t  o f  t h e  s o l u t i o n  c a n  c o m p l e t e l y  b e  eliminated. 
(b) A  s m a l l  a b s o r b a n c e  change, e v e n  o n  a  l a r g e  b a c k g r o u n d ,  (e.g. ，△ A  o f  0 . 0 0 2  
O.D. o n  1 . 5  O.D. b a c k g r o u n d )  c a n  e a s i l y  b e  m e a s u r e d  i n  a  g o o d  precision. O n e  
o f  o t h e r  a d v a n t a g e s  o f  t h i s  t e c h n i q u e  i s  t h a t  s l o w e r  a n d / o r  f a s t e r  i n t e r f e r i n g  
s i d e  r e a c t i o n s  c a n  r e a d i l y  b e  e x c l u d e d  t o  o b s e r v e  m a i n  reaction(s) t o  b e  
e x a m i n e d .  

H I G H L Y  S E N S I T I V E  ABSOl<PTIOMETRIC M E T H O D S  F O R  P H O S P H A T E  D E T E R M I N A T I O N  B Y  
U S I N G  " S T O P P E D - F L O W  T I M E  D I F F E R E N C E  A N A L Y S I S "  (SFTDA) T E C H N I Q U E  

F o r  t h e  r a p i d  a n d  s e n s i t i v e  a b s o r p t i o m e t r i c  d e t e r m i n a t i o n  o f  p p b / s u b - p p b  
l e v e l  p h o s p h a t e ,  t h e  S F T D A  t e c h n i q u e  w a s  s u c c e s s f u l l y  u s e d  i n  t h e  f o l l o w i n g  
t w o  w a y s :  o n e  (Method 1) is b a s e d  o n  t h e  c o n v e n t i o n a l  m e t h o d  u s i n g  t h e  c o l o r e d  
c o m p l e x  f o r m a t i o n  o f  1 2 M P A  ( 1 2 - m o l y b d o p h o s p h o r i c  acid) w i t h  M a l a c h i t e  G r e e n  
( a b b r e v i a t e d  t o  " M G  m e t h o d " )  [  2], a n d  t h e  o t h e r  (Method 2) m a k e s  u s e  o f  the 
c o m b i n a t i o n  o f  t h e  c o n v e n t i o n a l  " m o l y b d e n u m  b l u e  m e t h o d "  (using s t a n n o u s  
c h l o r i d e  a s  t h e  r e d u c i n g  reagent) w i t h  b u t a n o l - e x t r a c t i o n  [3]. T h e  p r o c e d u r e s  
a n d  c h a r a c t e r i s t i c s  o f  t h e  t w o  m e t h o d s  a r e  a s  follows: 

(52 )  海洋化学研究 1, 2  (1986)  



(A) M e t h o d  1: T o  three v o l u m e s  o f  p h o s p h a t e  s o l u t i o n  t o  b e  d e t e r m i n e d ,  o n e  
v o l u m e  o f  0 . 2  m o l  L  a m m o n i u m  m o l y b d a t e  i n  4  m o l  L ― H2so4 is a d d e d  t o  f o r m  
12MPA. A f t e r  15 min, this s o l u t i o n  is m i x e d  w i t h  a n  equal v o l u m e  o f  M a l a c h i t e  
G r e e n  s o l u t i o n  (1.25 x , o - 4  m o l  L-1 i n  1  m o l  L ―1  H2so4) i n  a  s t o p p e d - f l o w  
apparatus. T h e  r e a c t i o n  c u r v e s  a r e  r e c o r d e d  a t  650 n m  f o r  a b o u t  50 s. F r o m  
t h e  d i f f e r e n c e  i n  a b s o r b a n c e  c h a n g e s  (△A  - tiA。) （A A。i s t h e  a b s o r b a n c e  c h a n g e  
d u e  t o  t h e  r e a g e n t  blank) a t  a  f i x e d  t i m e  (30 - 50 s  a f t e r  t h e  m i x i n g ) ,  
o b t a i n e d  f r o m  t h e  p r o g r e s s  curves, p h o s p h a t e  c o n c e n t r a t i o n s  o f  p p b  level c a n  
r e a d i l y  b e  d e t e r m i n e d .  T h e  c a l i b r a t i o n  c u r v e  (tiA - tiA。vs. p h o s p h a t e  c o n c e n -
tration) is l i n e a r  f r o m  O t o  1000 ppb. T h e  d e t e c t i o n  limit i s  a s  l o w  a s  
2  ppb. O n e  o f  o t h e r  a d v a n t a g e s  o f  t h i s  m e t h o d  i s  that t h e  r e a c t i o n s  o f  s o m e  
a n i o n s  i n t e r f e r i n g  w i t h  t h e  c o n v e n t i o n a l  " M G  m e t h o d "  (such a s  A s o 4 3― etc.), 
c a n  e a s i l y  b e  d i f f e r e n t i a t e d  f r o m  t h e  m a i n  r e a c t i o n  o f  phosphate, s i n c e  t h e  
r e a c t i o n s  o f  t h e s e  a n i o n s  a r e  m u c h  s l o w e r  t h a n  that o f  phosphate. 
(B) M e t h o d  2: T o  500 m l  o f  p h o s p h a t e  solution, 6 0  m l  o f  0 . 0 1 2  m o l  L ―1  a m m o n i u m  
m o l y b d a t e  i n  3.25 m o l  L―1 児 s o 4 i s  added. A f t e r  15 min, t h e  1 2 M P A  t h u s  
p r o d u c e d  is e x t r a c t e d  w i t h  2 0  m l  o f  n-butanol. T o  5  m l  o f  t h i s  b u t a n o l -
extract, 0 . 2  m l  o f  9 0 も(v/v) e t h a n o l  s o l u t i o n  o f  1  m o l  L―1  H C l  i s  added. T h i s  
s o l u t i o n  is t h e n  m i x e d  w i t h  a n  e q u a l  v o l u m e  o f  stannous c h l o r i d e  s o l u t i o n  

-2  - 1  (1.8 x  10-L m o l  L - ' i n  n-butanol) in a  s t o p p e d - f l o w  apparatus. T h e  r e a c t i o n  
c u r v e s  a r e  r e c o r d e d  a t  730 n m  f o r  0 . 5  s, a s  s h o w n  i n  Fig. 1, f r o m  w h i c h  (△A  -
△A。) i s obtained. T h e  r e l a t i v e  s t a n d a r d  d e v i a t i o n s  i n  t h e  d e t e r m i n a t i o n s  o f  
0.5, 1.0 a n d  2.0 p p b  p h o s p h a t e  a r e  7, 4  a n d  3 も， respectively. Thus, 
M e t h o d  2  is a b o u t  t e n  t i m e s  m o r e  s e n s i t i v e  t h a n  M e t h o d  1. T h e  c a l i b r a t i o n  

c u r v e  1 s  linear f r o m  O t o  2 5  p p b  
2.0 ppb o f  p h o s p h a t e  c o n c e n t r a t i o n .  I n  

this case, t h e  p r o t e c t i o n  w i t h  N  2  
g a s  is necessary, s i n c e  s t a n n o u s  
c h l o r i d e  is m u c h  m o r e  u n s t a b l e  
a g a i n s t  o x i d a t i o n  i n  b u t a n o l  t h a n  

AA ll I  ヽルいW ~…d-~`C-VV•V マ・・- . . - i n  water. 

420 ms - - - - J  
Fig. l  Typical examples of progress 

curves in Method 2. 
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S 2 - 0 2  
ANALYTICAL SOLUTION CHEMILUMINESCENCE  IN(.,RGANIZED  
SURl"ACTANT MEDIA 

1) 2) 2) Mikita ISHII'' ,  Masaaki YAMADA~', Shi区etaka SUZUKI 

1) Kyorin University School of Health Sciences ,  476 Miyashita, Hachioji, 
Tokyo, Japan .  

2) Faculty o f  Technology, Tokyo Metropolitan University ,  2ー1- 1 Fukazawa, 
Setagaya ,  Tokyo ,  Japan. 

Solution chemiluminescence(Cl) in organizerl surfactant media has been 
1) 2) actively investigated i n  relation to the analytical use''L'. The CL technique 

offers substantial advantages for sensitivity, linearity, instrumentation ,  and 
speed o f  analysis, but it is n o t  yet utilizerl wirlely in practice in comparison 
with other spectral method ,  This is mainly rlue to the lack o f  selectivity anc1 
the pausity o f  Cl reaction usable in analysis .  In orrler to cope with those 
shortcomings and then extenrl C L  analysis ,  our intens:Lve efforts have been mane 
to search new C L  system. I n  the course o f  the investigations, w e  founrl that 
high selectivity and sensitivity were often yielrlec1 when C l  reaction proceeds 
in the presence o f  surfactant molecular aggregates like micelles or bilayer 
vesicles which surfactant(amphiphile) molecules form spontaneously in aqueous 
solution .  Such orienterl surfactant molecular assembl ie s  exhibit unique proper-
ties, e .g ., solubilization, concentration and compartmentalization o f  reactants 
and/or analytes, alterations o f  microenviroment, chemical anrl photophysical 

3) pathways and rates, etc ,'' ,  These properties are very attractive in the analy-
tical use o f  C L  because there is much possibility of enhancing quantium effi-
ciency o r  energy transfer efficiency ,  because they permit the use o f  CI, rea-
gents and sensitizers insoluble in water, and because they serve to improve 
selectivity .  

I n  this paper ,  w e  describect about determinations o f  ultratraces o f  free 
cyanide anrl copper(II) b y  flow injection methoct with analytical solution CLs 
in organizecl surfactant media, 

I. DETERMINATION O F  COPPER (II) A T  SUB-PICOGRAM LEVEL B Y  F恥 vi INJ ECTICN METHCう
USING MICELLAR ENHANCE:11 し']!EMILUMINESCENCE O F  1 ,  10 -PHENANTHROLIN印
Micellar enhanced CL  is userl to rletermine copper(II) a t  suh-picogram level 

b y  using the 1 ,1 0 -phenanthroline-hyrlrogen peroxirle-sorlium hyrlroxirle-hexarlecyl -
ethylrlimethylammonium bromine micelle system. The r;L mechanism is haserl o n  the 
following chemical reactions; the superoxirle radical anion which is producerl 
thro ugh the catalytic rlecomposition o f  hyrlrogen pcroxirle by the copper (lI)-
1, 1しーphenanthroline complex ,  reacts Vlith 1 ,1 C -phenanthroline to form the ex-
cited 3,3'-diformyl -2,2' -dipyriclyl v i a  a  1,2-dioxetane derivative intermediate .  
The sys tern is composecl of three fl o w  lines, in which o ptimum conrl i  tio ns are 
specified .  
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'!'h i s  11e thc;d  permits th e  -determination o f  copper(II) much more  selectivel y  th an  
．ー1 4  any :, ther .. :J.  me thor. with  a  1  imi t  o f  rle termination o f  8 .C x1し g (?O p l  sample 

、一13  inj ec tion) or  1 .fix1 C - '.,M (co ntinuous sample flow  at the sampl e  feerl speed 5 .(, 
rnl /m.l.n ).  Th e  linear dynamic  range is  4  orders o f  rr.agn.l.tune ,  the  s ampl in只 rate
is  18じ／h , and the reprorlucibil ity is less th a n  1 .7  %  in terms o f  coefficient 

ー13o f  variation for  5x10 - '-'g copper (II) injection(n= 10 ).  Lead (II ), the stron只est
en hancer after co pper (II ), provides signal 0 .0 3  %  o f  that for copper (II ). 
花 e method is succes sfully applied to the determination o f  co p per (II) i n  the 
tap water  and rabit lens .  

II .  DF?『L:｛MIl!A?IOlÌ C  l,' ULTRAfFRA CES O  F  F R砂i9 CYANI T) ]•: BY  PLOVi INJ lりり'l'I(;N Ml91‘l1CD  
WITii 3UREACTAドT IlILAY1'R VESICLE-CATALYZED ANil URANINE-SENSITIZED  
CH E MILUMINESCENCE 
Flow injection analysis ,  with a  new  CL  r e action ,  is used to determin e  

trace amounts o f  free cyanide (CN-) b y  means o f  the  uranine-sodium hyrlroxide-
d irl odecylr!imethylammonium bromid e (surfactant )  system. The e mission induced b y  
c町 is effic iently sensitizerl b y  uranine in  organizeri surfactant a即gregate
solution .  Th e  method permits selective determination o f  CN― w ith a  rle tectio n  
l imi t  o f  1  pg  for 20 p l  sample injection. The lin ear  range is 2 .5  orders o f  
m a gniturl e ,  the sampling  rate is 360/h ,  and the relative stanrlarrl deviation is 
2 .o 6  for ( ．1  ng  CN― (n= 10 ). Sulfide ,  the strongest enhancer  after CN-, 
provides a  signal 0 .1 ¥¥ o f  that for CN―. The present method is applicable to  
th e  rletermination o f  CN― in r i ver  w ater anri bony fl uids (bloori ,  urine anrl sweat) .  
'『h e じL emi ssio n  is p rorluced by superoxide radical  anion from rlissolved oxygen 
and sensiti zed b y  uranine .  
1)  r-¥.  Y am aria ,  S .  Suzuki :  Anal. J e tt. ,~. 25 1( 1984) anrl subseq uent papers .  
2 ) 「I; . Ish ii ,  M .  Yamada ,  S .  3uzuki :  Anal. L ett., 19 (A1 6 ), (198 6 ), (in press ). 
う）L . J .  Cl i ne  love ,  J . C .  l!abarta , .J.  G .  D or sey :  /¥nal. 1133A (1984) .  

ml/min M
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ml/min  

ー

Flow system for  I  
-5  

1  L.: 6,0x10- -'M  1,1 0 -phenanthroline, 
0,12M sodium hydroxide, 0 .0 2 5 M  
hexadecylethylrtimethylammonium 

-9 b romid e  &  2 .8x1 0 --'M  tetrae th ylene-

Flow  system for  II 

L: 1x1 0  -4 M  ur a nine &  7. 'ix 10 -4 M  
did ode cyldimethylammonium bromide, 
S :  20 μl  sample injector( CN―/5x 
-3  10 - JM sorlium  hyrlroxid e  solution ), 

pentarnine; 12: 6.0'.16 hydrogen per- n :  De tec tor. 
oxide;•L.._ : Sample o r  water. 3  
M: Mixing coi l ( 1  m m  i.d., 2  m  long ), 
S: 2 0  μl  sample injector, D :  D etector. 
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S 2 - 0 3  SPECIぷi'IO;、FOR THACES O F  LE,¥D ,  COPPC:R ,  ZINC AND 
Cf..Di-iIUi・i  H. INDICATOR F E RN  PLANTS ,  ATHYHIUI、i Y O K O S C EN認

Takaharu HONjO, A kio HA'l'TA and Kiyoshi TANIGUCHI 

D e p a r t m e n t  o f  Chemistry, Faculty o f  S c ience, Kanaz awa University ,  1-1 ,  
M arunouchi, K an a z awa, Ishikawa 9 20 ,  Japan 

Athyrium yokoscense (Fr. et S av.) Christ is well known as a  
wi dely d i s tributed fern e;row i ng  o n  everywhere  i n  Japan aside from alp ine 
and subalpine forest zone. T he  dense population o f  the species is a n  
a n o m alo u s  v ege tation alw ays found  in the vicinity o f  a  metal m in e .  In 
anci ent ℃imes, specula-cors utilized th i s  speci es as a n  indicator plant  in 
or d e r  to discover a  m e t a  mine, a s  w a s  the case w i t h  famous Ikuno Si lver 
iヽline in Hyogo P refecture. 

D u r i n g  the course o f  the investigations of  indicator plants 
correlating w i t h  heavy metals pollution (1-6), the authors have pointed 
o u t  that the v ege tation o f  the gregarious fern, A thyrium yokoscense ,  
es pecially appears i n  the pollution areas o f  heavy metals like l ead ,  
copper, zinc and cadmium. 

T h e s e  pure communities o f  the f e r n  were found in the areas of  heavy 
m e t a l s  pollution r e s u l t i n g  from lead tiles o f  th e  ruins o f  Kanazawa 
Castle, n o w  o n  the campus o f  Kanazawa University (1-6) and from m i n e  
drainage o f  the Kakehashi River from the O go y a  Copper Mine in Ishikawa 
Prefecture (2-5), a n d  from smoke and waste w a t e r  o f  the M i k k a  Ichi Zinc 
Smel tery from the Nippon Kogyo Co., Ltd. i n  Toyama Prefecture (3-5). 

In  the present investigation, the accumulation o f  heavy metals and 
tolerance o f  gr eg arious fern, Athyrium yokoscense, i n  the polluted areas 
ha v e  be e n  examined b y  u s i n g  histochemical techniques, especially b y  laying  
gr e a t  emphasis o n  the distribution state o f  the ingredients in the tissues. 
EXPER I M EN T A L  

A  simultaneous analysis by x-ray fluorescence method w a s  m a d e  o f  
principal elements (K, Cl, Si, Ca, P, S, etc.) and traces o f  elements (Fe, 
Mn, Zn, Cu, Cd, Pb, Sr, etc.) i n  b o t h  nutritious organs o f  this fern 
species a n d  its associated growine; so ils. A  quantitative analysis by 
atomic absorption m e t h o d  w a s  also m a d e  f o r  heavy metals in both plants and 
soils. T h e  r oot o f  Athyrium yokoscense i n  which  heavy metals a r e  
accumulated in h i g h  concentrations w a s  also c u t  with a  microtome, and the 
small sections w e r e  stained w i t h  sodium rozizonate f o r  lead, w i t h  rubeanic 
aci d  f o r  copper, w i t h  dithizone f o r  zinc, and w i t h  ferrous dipyridyl iodide 
f o r  c a d m i u m  i n  order to ascertain the distribution o f  heavy metals i n  the 
tissues by m e a n s  o f  microscopy. The concentrations o f  heavy metals o n  the 
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surface o f  the transverse section were determined semi-quantitatively by 
bringing it into contact w i t h  ion test papers o f  Merckoquant Test Strips 
u s i n g  specific color reactions .  The distribution state o f  heavy metals 1n 
the root cell o f  the fern w a s  also investigated by means o f  scanning-
electron microscope combined w i t h  energy-dispersive x-ray analysis system, 
Amino acids i n  w a t e r  extracts from the fern roots w e r e  also measured by 
u s i n g  automatic amino-acid analysis, 

RESULTS 
1) A  qualitative analysis b y  x-ray fluorescense method revealed that the 
ingredients like Si ,  P ,  s, Cl, K ,  Ca, Ti, Mn, Fe, Cu, 公n, Pb, Cd, R b  and 
S r  were detected i n  plants and soils. I n  general, the underground parts 
(root and rhizome) contain lead, copper and zinc in h i g h  concentrations, 
while the above parts(petiol a n d  leaf blade) contain cadmium i n  h i g h  
concentrations, Lead, copper a n d  zinc present i n  higher concentrations 
i n  the f e rn tissues were capable o f  b e i n g  demonstrated histochemically. 

It  w a s  found that the roots o f  Athyrium yokoscense accumulated a  
large amount o f  lead and copper over the superficial cell walls, w h i l e  
those o f  the species accumulated a  large amount o f  zinc all o v e r  the cell 
including superficial a n d  stele parts o f  the r o o t  cells. I n  the case o f  
petiol and leaf blade o f  t h e  fern, heavy metals were almost distributed 
o v e r  vascular bundle. Cadmium in the tissues could n o t  b e  satisfactorily 
demonstrated by histochemical methods. The content o f  heavy m e t a l s  i n  the 
section o f  the fern roots w a s  detected more than 1 0 0  p p m  f o r  lead, 1 0  p p m  
f o r  copper, and 1 0 0  p p m  f o r  zinc, respectively. 
2) T h e  accumulation o f  lead and its tolerance have some correlation w i t h  
the concentration o f  sulfur in th e  plants and soils, while that o f  copper 
and zinc ,  and their tolerance have n o t  such tendency. ・when Athyrium 
yokoscense grows, the concentrations o f  lead and sulfur i n  the root 
increase, while those o f  phosphorus, potassium, calcium, manganese and 
iron decrease. Asparagin e  a n d  glutamic acid a r e  present in m u c h  higher 
concentrations i n  copper accumulating fern-roots than in lead-
accumulating fern-roots, while cystine i n  both fern roots w a s  almost the 
same amounts .  The distribution o f  lead and sulfur w a s  almost the same 
pattern over the superficial cell walls. O n  the basis o f  these results, 
m a i n  chemical forms o f  heavy metals in the tissues were considered to b e  
lead sulfate for lead, and to b e  metal complexes w i t h  some amino acid, 
pectic acid and cellulose f o r  copper, zinc and cadmium, 
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D E T E R M I N A T I O N  O F  T R A C E  C O N S T I T U E N T S  A S  G A S E O U S  M E T A L  
C O M P O U N D S  I N  T H E  A T O M O S P H E R E  

K e i z o  H I R A K I ,  M i c h i t a k a  M O R I T A ,  Y u z u r u  N A K A G U C H I ,  T o s h i h u m i  MIYAURA, a n d  
T u n e n o b u  S H I G E M A T S U  

D e p a r t m e n t  o f  C h e m i s t r y ,  F a c u l t y  o f  S c i e n c e  a n d  T e c h n o l o g y ,  K i n k i  U n i v e r s i t y ,  
3 - 4 - 1 ,  K o w a k a e ,  H i g a s h i o s a k a ,  577 J a p a n  

A i r  p o l l u t e d  m a t e r i a l s  a r e  i n t r o d u c e d  i n t o  t h e  a t o m o s p h e r e  b y  t h e  
b u r i n g  o f  f o s s i l  fuels. T h e s e  m a t e r i a l s  a r e  f o r m e d  g a s e o u s  state, s o l i d  
s t a t e ( d u s t )  a n d  l i q u i d  s t a t e  (mist a n d  steam). T h u s  p o l l u t a n t  s p e c i e s  a r e  
a s  follows; n i t r o g e n  o x i d e s ,  s u l f u r  oxides, s o m e  o r g a n i c  c o m p o u n d s  a n d  
p o i s o n o u s  m e t a l  c o m p o u n d s  in d u s t  a n d / o r  a d s o r b e d  o n  s u r f a c e  o d  d u s t  
p a r t i c l e s .  T h e  m e t a l  e l e m e n t s  i n  t h e  a t o m o s p h e r e  h a s  b e e n  i n v e s t i g a t e d  for 
m i s t ,  d u s t ,  r a i n  w a t e r  a n d  s n o w  a s  s o l i d  a n d  l i q u i d  s t a t e  substance. S t u d i e s  
o f  g a s e o u s  m e t a l  e l e m e n t s  i n  t h e  a t o m o s p h e r e  h a v e  a p p a r e n t l y  n o t  b e e n  
p u b l i s h e d  t o  d a t e  e x c e p t  a b o u t  s e l e n i u m  a n d  a r s e n i c  e t  cetra. S e l e n i u m  a n d  
a r s e n i c  a r e  e x i s t a n c e  i n  t h e  a t o m o s p h e r e  w i t h  g a s e o u s  s u b s t a n c e s  s u c h  a s  
m e t h y l  o r  e t h y l  c o m p o u n d s .  T h e  a u t h o r s  p o i n t e d  o u t  t h e  fact that m o l y b d e n u m  
w a s  a l s o  e x i s t a n c e  i n  t h e  air, f r o m  t h e  r e s u l s  o f  the e x p e r i m e n t  o n  the 
p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  m o l y b d e n u m  i n  s e a  w a t e r  a n d  lake w a t e r  w i t h  
u l t r a f i l t r a t i o n  m e t h o d .  T h e  f i l t r a t e  w a s  a l w a y s  c o n t a m i n a t e d  f r o m  n i t r o g e n  
gas. Lead, copper, c o b a l t , c a d m i u m ,  m a n g a n e s e  a n d  v a n a d i u m  w e r e  a l s o  f o u n d  
i n  t h e  a i r  s a m p l e s  a s  a  r a w  m a t e r i a l  o f  n i t r o g e n  gas. T h e  a i r  s a m p l e s  w e r e  
c o l l e c t e d  w i t h  t h e  a p p a r a t u s  a s  s h o w n  i n  Fig.1. D u s t s  i n  t h e  a i r  s a m p l e s  
w e r e  e l i m i n a t e d  b y  s h i f t i n g  w i t h  m e m b r a n e  
f i l t e r  (average p o r e  size: 0 . 3  μm). A n d  t h e n  
m i s t  s u b s t a n c e s  i n  t h e  s a m p l e  w e r e  c o l l e c t e d  
t o  a  c o n i c a l  f l a s k  i n  a  ice c o o l i n g  N a C l  
s o l u t i o n .  D u s t l e s s  a n d  d r y i n g  a i r  s a m p l e  w a s  
l i q u e f i e d  a t  s o a k  t h e  t e s t  t u b e  i n  a  l i q u i d  
n i t r o g e n  a n d  c o o l i n g .  M e t a l  e l e m e n t s  i n  t h e  
l i q u e f i e d  a i r  s a m p l e  w e r e  d e t e r m i n e d  a s  
follows. T h e  m e t a l  compouru::ls w e r e  a d s o r b e d  t o  
c o n c e n t r a t e d  n i t r i c  a c i d  s o l u t i o n  ( T h e  s a m p l e  
v o l u m e  w h i c h  p a s s  t h r o u g h  t h e  n i t r i c  a c i d  
s o l u t i o n  w a s  m e a s u r e d ) ,  a n d  c o n c e n t r a t e d  t o  5  
m l  w i t h  h e a t i n g .  T h e  m e t a l  ions w e r e  m e a s u r e d  
w i t h  g r a p h i t e  f u r n a c e  a t o m i c  a b s o r p t i o n  m e t h o d .  
T h e  s a m p l e  c o n t a m i n a t i o n  w i t h  m e t a l  ions f r o m  
t e s t  t u b e  w h i c h  w a s  u s e d  t o  t h e  a d s o r p t i o n  

(58 )  
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＼ H• ● I  lnsul ● I  In, m~, ., i  ●I  
Fig. 1  T r a p p i n g  d e v i c e  
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p r o c e s s  w e r e  i n v e s t i g a t e d .  T he  r e s u l t s  a r e  s h ow n  i n  T a b l e  1 .  C o n c e n t r a t i o n  
o f  m e t a l  i o n  i n  a  s a m p l e  w a s  o b t a i n e d  f r o m  s u b s t r a c t i o n  t h e  b l a n k  v a l u e  f r o m  
e x p e r i m e n t a l  v a l u e  o f  t h e  s a m p l e .  T h e  e x pe r i m e n t a l  r e s u l t s  w h i c h  w e r e  
o b t a i n e d  i n  t h e  w a y  d e s c r i b e d  a b o v e  a r e  s h o w n  i n  T a b l e  2 .  

T a b l e  1  L e a c h i n g  c o n t e n t s  o f  m e t a l  i o n s  f r om  t e s t  t u b e  w i t h  n i t r i c  a c i d  

T e s t  t u be  V  M o  C o  C u  P d  C d  C r  M n  

G r a s s  N . D .  N . D .  N . D .  2 2 .5 N . D .  N . D .  N . D .  N . D .  

1 4 .  7  0 . 2  
Q u a r t z  N . D .  N . D .  N .D .  3 0 . 7  N . D .  N . D .  8 . 7  N .D ,  

5 . 3  1 . ,  

9 . 5  
P o l y p r o p y l e n e  N . D .  N .D. N . D .  1 1 .  2  N . D .  N . D .  N . D .  N .D .  

2 2 . 3  

{ u n i t :  n g / S m l )  

Tab le  12, G u  stH• oC v•n•d i um , 1.. d, copper ,  cobalt ,  molybd●num, chromium ●nd co t● 1  carbon 
content in th● • tmo • ph•r• 

van●d lum L●●d  

TOYO m•mbrane tilter N. O .  N .O .  0 .00 N .D .  
T~-J (N.D .)  (N .O .)  (0 .001 (N.O .)  

IC●-Sodlum c h l o d d e  

Liquid n it rogen 11 J  

Liquid n it roq●n  (2 I  

Liquid nltroqen (JI 

Liquid n itroq●n  

L lquld nitrogen 151 

Liqu id  nltroqen 161 

0 .00 
(0 .00 I  

N .O. 
(N .O.) 

0 .00 
IO. 00 I  

0. 00 
IO.00 l  

0.00 
IO. 00 l  

10 .77 
(0. 21) 

N .0 .  
(N.O.) 

) 5 1 .  65 
I  1 .  70 J  

489 .)5 
(2 .  J  6  l  

)99 .  88 
I  1. 9J J  `  9  8 .  9  8  
(2. 1  6) 

9  7  5 .  7  9  
(l .  JO I  

455 .  06 
I  2. 20 I  

2  2  7. ̀， (1 .1 0) 

Copper Cobalt Molybdenum Chromium 

670 .  46 
I  1  0. 56 I  

1020 .  2 6  
I  16 .  07 I  

583. 0ヽ
I  9 .  38 I  

670 ,  46 
I  1  o.  56 I  
5  7)．2  6  
I  9 .  OJ I  

767.66 
I  1  l. 09 I  

22). 46 
{）． S  2  1  

T C  

57 .  68 
IO .  98 I  

6 2 . 4 4  
I  1 .  96 I  

15 .99 
IO .  271 

26 .  OJ 
I  0 .  I  

J9 .OS 
(0 .  66 I  

19 .  2 )  
IO .  ll I  

19 .  2 )  
10 .  JJ I  

N .  D .  
(N.D. I  

JS .  22 
IO .  37 I  

75. 52  
(0 .  79 I  

JJ. 96 
(O .  J  5) 

7. 5  J  
IO .08 I  

2  ̀． 1  8  (0. 25 I  

6  J .  4  J  
10 .  66 I  

N.O .  
(N .O .  I  

N .O .  
(N .O .)  

N .D .  
(N .  0 .  l  1  4. 0  7  1  

776 .84 2)7.60 
(1 9. 9  ≪)  （1  9 .  7  8  1  

N .D .  87 .8 8  
IN .D .)  (7 .l2 1  

N .O .  61.8S 
(N .  D. I  IS. 1  SI 

1ll.9l 94 .42 
12, S81 (7.861 

N .D .  97 .6 6  
(N .D. I  (8 .  1  l  1  

N .O .  ll.02 
IN .o. I  I  1 .08) 

S●mplinq d●te: rry. 10 Hay 1985 
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VISUAL DETERMINATION O F  PHOSPHORUS IN E NVrnONM El'1TAL ¥JA'l`じRS

Hiroshi i-L¥SHITAiH, M i n o r u  OKUMU邸 an d Yoshihiro TAKASE 
Faculty of Science, Shi_rnane University, l、Iatsue, 690, Japan 

\~e have been developing simple methods for analysis of natura l  and 
environmental waters w h i c h  can be w idely used without any ins trum ent. A n  
effective and siinple,nethod for preconcentration of fluoride [l, 2] and 
phosphorus [3) and a  portable device for the preconcentration [4] have been 
developed u p  to now. 

In this work, 1ve propose a  direct visual method for determ ination o f・
10 to 2 5 0  p p b  o f  p h o s ph a t e - p h o s p h o r u s  w h i c h  c a n  be d o n e  o n l y  b y  a d d i t i o n  o f  
1  utl of a  reagent solution in a  test-tube. 

1. SPECTROPHOTOMETRIC STUDIES A N D  ESTABLISHED REFERENCE M E四 O D
T h e  conventional spectrophotometric m e t h o d  as molybdenum blue is not 

sensitive enough to apply for the visual determination o f  μhosμhorus in 
environmental waters relating to eutrophication. Recently, M o t o m i z u  et al 
[5] proposed a  sensitive sμectrophotou1etric method for  phos phorus (molar 
a b s o r p t i v i t y ;  7.8 x  104) w h i c h  is based o n  the formation o f  a  blue neutral 
color o f  m alachite green (HG+) b y  the ion association of l1G2+ and μhospho-
molybdate, Hz[P04(Mo叩］― in acid medium. However, this method w a s  found 
th a t  the c o l o r・ w a s  n o t  f u l l y  d e v e l o p e d  b e c a u s e  o f  t h e  s h o r t a g e  o f  t h e  
au10unt o f  malachite green. B y  increasing the amount o f  M G  three times, a  
constant and m a xi m u m  absorbance w a s  obtained in 0.3  to O.GM HzS04. The 
m o l a r  absorptivity o f  the improved method w a s  1.12 x  10叉 and the method 
have a  remarkable advantage over the original method [5] in large  μermissi.-
ble amounts o f  foreign substances, as seen in Table 1. 

Table 1. Effect of foreign ions 

Ion m g  
N a  ＋ K +  lig 2 +  C a  2+ Cl ― s o  2-4  Si(IV) 

Proposed method 300六 4 0  so 20" 450六 100 0.25 
(3xl0-4M MG, 4.0 p sP) 

0.5 ＊ 0.5 ＊ 1  ＊ 0.015 ＊ Motomizu's method 1  
(lxl0-4M MG, 3. 7)-18P) 

,・, T o  1  erance 1  imi t. Others are the largest quantities tested. 

、fhe established spectrophotometric m e thod w hich  have a  role as 
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reference method to the field visual method, is as follows. 
T o  a  w a t e r  s a m p l e  less t h a n  2 0  m l  (10 to 2 5 0  ppb) i n  a  v o l u m e t r i c  

flask, add 1  m l  o f  7.5M H2so4, 3  m l  o f  molybdate-MG solution1'1 and 0.5 m l  
o f  1  D i l u t e  e x a c t l y  to 2 5  m l  w i t h  w a t e r ,  a n d  m e a s u r e  t h e  a b s o r b a n c e  
at 650 n m  within 2  hours. 
''l M i x  5 0  m l  o f  M G  s o l u t i o n  (2.78 g /1), 6 0  m l  o f  a m m o n i u m  m o l y b d a t e  

tetrahydrate solution (120 g/1) and 9.4 m l  of HzSOl,• After allowing 
to stand for one night, filter the solution w i t h  m e m b r a n e  filter 
(0.45um). 

2. VISUI¥L i'IETHOD ESTABLISHED 
A d d  1  m l  o f  a  r e a g e n t  solution'''2 t o  4  m l  o f  w a t e r  s a m p l e  (10 t o  2 5 0  

μpb) in a  test-tube. C o m p a r e  t h e  b l u e  c o l o r  i m m e d i a t e l y  w i t h  t h a t  o f  a  
*  3  standard series of phosphorus.. J .  

,',2 M i x  56 m l  o f  M G  s o l u t i o n  (0.41 g/1), 3 0  m l  o f  a m m o n i u m  m o l y b d a t e  
tetrahydrate solution (120 ;;/1) and 13 m l  of H2so4. Filter as 
described in,・,1 

-1,3 In preparation of the standard series, 0.1 m l  o f  1  %  PVA is added. 
The colored solution can be used at least 2  days. 

3. ANALYTICAL RESULTS 
300 Down stream 

Table 2. Comparison of the 
analytical results 

q
d
d
 

ppb P  
Sarnple Visual Reference 

method method 
Ohashi river 60 62.6 
Spring, Mt. 20 18  
Daisen 
T a p  water・ 
Matsue city n.d. n .  d. 
Shimane Univ. 200 194 
Mt. Daisen 80  76.4 

d
J
'
O
d
 

-
2 伽 uppc,r, V Iヽ 9

town 
18 20 22 0  2  4  6  8  10 12 14 16 

O'clock 

Fig. 1  Change o f  phosphorus con-
centration i n  Tamayu river 
( J u n e  5  t o  6, 1 9 8 6 ).  
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VISUAL DETERMINATION O F  AMMONIA-NITROGEN A N D  FLUORIDE IN 
ENVIRONMENTAL WATERS 

Hiroshi HASHITANI, H i n o r u  OKUMURA a n d  Hiroshi TANIGUCHI 
Faculty o f  Science, Shimane University, Matsue, 690, Japan 

A  visual m e t h o d  for determination o f  l~H4 +  _N in w a t e r  samples has been 
developed, following the establishment of a  highly sensitive visual method 
for determination o f  phosphate, relating to eutrophication. It is said 
that phenomena such as w a t e r  b l o o m  and/or red tide w o u l d  appear  in lake if 
concentrations o f  nitrogen a n d  phosphorus exceed 200 p p b  and 2 0  ppb respec-
tively. T h e  spectrophotometric m e t h o d  for NH4+-N using thymol [l] w a s  not 
sensitive enough to determine less than 100 ppb o f  i~H4 +  -N visually. Then, 
the extraction o f  the colored compound into a n  organic solvent w a s  
attempted to concentrate. 

A  visual m e t h o d  for determination of 0.1 to 0.5 p p m  of fluoride has 
been developed b y  modification o f  the spectrophotometric m e t h o d  using 
lanthanum-alizalin complexone chelate (La•ALC) [2]. This method has been 
u s e d  t o  e s t i m a t e  t h e  m i x i n g  r a t e  o f  s e a  w a t e r  c o n t a i n i n g  1.3 p p m  o f  f l u o -
ride, in the analysis o f  brackish water of Lake Shinji. 

1. SPECTROPHOTOMETRIC STUDIES 
1) O n  deten11ination of a血 nonia-nitrogen

The o r igina l  spec trophotometric method includes formation o f  
monochloramine a t  p d  10土0.3 and reac tion of the monochlora m ine 1v ith thyrnol 
d  t  p/i 11. 7土0.2. T h e  addition o f  tliymol must be done within 30 sec because 
of the instability o f  m on o c h l o r a m i n e . ' f h e  blue color co111plex (入 Yl'1ax =  
S 7 0  n m )  w a s  f o u n d  to b e  e:~tracted i n t o  x y l e n e  c h a n g i n g  t h e  c o l o r  to r e d  
（入 ..,,,ax =  520 nm). For this reason, the increasing of the absorbance 
o b t a i n e d  1v a s  o n l y  tw o  ti rnes ,  i n  s p i t e  o f  r e d u c i n g  the v o l u m e  to o n e  fifth. 
The extraction o f  the c o m p l e x  into iso-am y l  alcohol ::;ave blue color 
（入 m 心 ＝ 670 m,1) in t h e  presence o f  dispersed 1vc1 ter, but 1vas clianged to  
red color ( 入 m a x =  520 nm) if the dispersed water w a s  rernoved. 'fhe 
turbid o lue color so lution, h o w ever, c a n  be used for the visual de ter111ina-
tion. 

R e c o m m e n d e d  spectrophotometric method for nitrog e n  (NU4 +  -N >  50 ppb) 
is as follows. 

T o  a  w a t e r  s a m p l e  less t h a n  2 5  m l  in a  s e p a r a t o r y  funnel, a d d  2  m l  o f  
buffer solution'0'1, 0.2 m l  of 0.3% sodiu,n hypochlorite solution and 2.5 叫

of thymol solution'''2. After a llowing to stand for 1  hour, shake the 
solution w ith 10.0 m l  of xylene. Measure the absorbance a t  520 m n.  

6  2  海洋化学研究 1 ,  2  (門86 )



1,i M i x  60 m l  o f  l M  N a H c o 3  a n d  50 m l  o f  N a 2 C 0 3  a n d  d i l u t e  t o  1  1  w i t h  
water. 

1,2 [.!ix 50 m l  o f  5 %  t h y m o l  in a c e t o n e  a n d  50 m l  o f  0.91..I  N a O H  i n  ice 
bath. 

2) O n  determination of fluoride 
The simple method using La•ALC in w h i c h  the fluoride complex is formed 

in aqueous solution [3], c a n  not be be used for visual deteni1ination 
because of the presence of excess La,ALC (red color). For this reason, 
the b l u e  La•ALC·F c o m p l e x  m u s t  be s e p a r a t e d  f r o m  La,ALC. T h e  La•ALC•F 
complex formed in a n  aqueous solution is not extracted in organic solvents 
because of the interruption of the combined water. The extraction of the 
complex is performed w i t h  the addition of N,N-diethylaniline [2]. 

Recommended spectrophotometric method for fluoride (0.03 to 1.2 p p m  F) 
is as follows: 

T o  a  w a t e r  s a m p l e  in a  v o l u m e t r i c  flask, a d d  5.0 m l  o f  La•ALC s o l u t i o n  
(5.0 g  of "Dotite alfusone" in 100 ml water) and 10 ml of acetone. Uilute 
e x a c t l y  to 50 m l  w i t h  water. A f t e r  a l l o w i n g  to s t a n d  f o r  1  hour, m e a s u r e  
the absorbance at 620 nm. 

2. VISUAL METHOD ESTABLISHED 
1) For determination of ammonia-nitrogen (NH4+-N >  20 ppb) 

*  3  T o  3.0 m l  o f  w a t e r  s a m p l e  i n  a  test-tube, a d d  1  m l  o f  r e a g e n t  A " J  a n d  
*4 1  ml of reagent B"4 successively. After standing for 1  hour, shake the 

solution w i t h  1.0 m l  of iso-amyl alcohol. Compare the blue color w i t h  that 
of a  standard series of l~H4+-l~. 
;',3 T o  a  solution containing 1.00 g  of NaHC03 and 1.59 g  of Na2C03, add 

20 1111 of O. 3;/。NaClO solution and dilute to 1  1  with water. 
i,4 l-lix thyrnol solution (1.25 g  in 50 ml of acetone) and 50 ml o f  NaOH 

(9 3/1). 
2) For determination of fluoride (0.05 to 0.5pprn F―; 3  to water) 

T o  5.0 til l  o f  w a t e r  s a m p l e  in a  test-tube, a d d  3  m l  o f  r e a g e n t  Ci,5 a n d  
1  m l  of reagent D;''6. After standins for 15 minutes, shake the solution. 
C o m p a r e  the b l u e  c o l o r  o f  the u p p e r  l a y e r  w i t h  that o f  a  s t a n d a r d  s e r i e s  o f  
fluoride. 
* 5 ふli:c 160 m l  o f  acetone, 10 m l  o f  N, i~-diethylaniline a n d  190 m l  o f  

1s0-A1110H. 
;',6 M i x  30 ml of 5匁"Dotite-alfusone", 30 m l  of succinic acid solution 

(59 g/1) a n d  10 m l  o f  i<aOH s o l u t i o n  (40 g /1). 
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S U R F A C E  I O N I Z A T I O N  D E T E C T O R  F O R  G A S  C H R O M A T O G R A P H Y :  A N D  
ITS A P P L I C A T I O N  T O  T R A C E  A N A L Y S I S  O F  T E R T I A R Y  A M I N E S  

Hiromi A R I M O T O 亭
Analytical Application Department, Shimadzu Corporation, Nishinokyo,  Nakagyo-ku. Kyoto 604, Japan 

Tosh如 ro FUJII 
National Institute for Environmental Studies,  Division of Chemistry and Ph ysics.  Tsukuba, lbaraki 305, Japan 

A  n e w  selective detector for gas Chromatography [  1,  2  I  is  discussed which uses an electrically 
heated Pt filament as an emitter surface. T h e  operating mechanism o f  this  detector is the positive surface 1oniza-
tion process in which the key parameters arc the work function of the Pt e mitter surface, the te mperature  of the 
Pt emitter surface、the ionization potential of the emitting chemical species, and composition  of the gas  environ-
mcnt in the immediate vicinity of the emitter surface. With the Pt emitter in  an air environment. chis  detector 
provides extremely sensitive and specific response tu organice compounds, which form their dissociative  species 

at the low ionization potential 
The specific and sensitive detection for tertiary amines by the surface io nization detector (SID)  was also presented 

1. S O M E  C O N S l D E R A T I O N S  O F  T H E  D E T E C T I O N  M E C H A N I S M  

Surface ionization is interpreted convetionally by use of the Saha-Langmuir equation I  31. which is based 
upon the assumption that thermal and cha,ge c~uilibria are established between the species on the surface material 
and the surface material itself. This equation is expressed by 

中ー IPn+/n。=g+/g。exp (  K T  (!)  

where n+/n。is the ratio of positive ions to neutral species, <I> is the work function of the surface at which  1onizat1on 
occurs at temperature T, K  is the Boltzmann constant, and 1P is the ionization potential of the emitting chemical 
species, g+ /g0 is the ratio of the statistical weights of the ions and the neutral species 

According to the rule established, in most cases the organics decompose into radicals on the hot surface, 
which have lower ionization potentials than the molecules and are ionized efficiently. For a  given type of secondary 
species, S, formed on the surface, the resulting positive themionic emission い1rrents (i)  and their dependence on surface 
temperature (T )  arc described by  the ionization efficiency, /3, (T ),  and by Y, (T ),  the yield of chemical reactions  on the 

surface, such that i,  (T )  =  n  y, (T )凡(T ) ¥2)  

when a  stationary beam of organic molecules, n,  impinges from the gas phase on the surface. /3, (T )  is  expressed as 
follows using the Saha-Langmuir equation, eq 1, such that 

/3, (T J  =  
¥  ＋坐． exp (  IP - 中g+ K  T  

(3 )  

,f the equilibrium thermal ionization can be assumed. The combination o f  cq 2  and 3  tells  us that the emitter surface 
rnust have good pyrolytic properties (Y , (T )  should be high)  and the work function of the emitter, <I>,  rnust be high 
Also this cqu、1tion indicates that the surface ionization process iヽ specific、since it is strongly dependent on the  IP of 
thc spCCICS 
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2. R E S U L T S  
2. 1  Sensitivity and Sclcct1vtty 

A s  already mentio ned, sensitivity of the detector is  stro ngly  dependent o n  the IP o f  the species as well as  
o n  the yield of the species generated through the  chemical reaction  on  the  surface.  Presumably the relative scnsiti-
vity for different organics. which is easily determined by a  comparison of the  signal current, varies in a  wide range 
from s、1mple to sample. For a  given organic compounds, the sensitivity  of  the detector can be  also varied, depending 
on  the operatmg conditions such as the  emitter temperature. T h e  sensitivity increases  with the  higher noise level 
and therefore the o ptimum has  to  be found for the  detection limit.  T he  sensitivity  of the detector can be expressed 
as coulo m b  (C) per gram of sample. Under the o ptimum conditions for the detection  limit,  sensitivity  was 1.58 C/g 
for  tri・n-butyl amine (T B A )  an d  2.98 X  10—•C/g for n-dodecane. Consequently selectivity o f  this detector, 

which is defined as the ratio of sensitivity, was 5.3 X  101 

2.2 Reproducibility 
T h e  reproduc心 lity o f  the  detector was determined from replicate  analysis (20 times) of the standard 

sample  at 260 pg  of T BA  w hen the  coefficient of variance w as  1. 9"/o 
2.3 Ltncamy 

T he  m easurement  o f  the linear range has been made with T B A  as a  test sample, showing that the straight 
portton o f  the  calibratio n  curve covers nealy 4  orders o f  magnitude for the T B A.  

2.4 Performance c o m parison of the SID with thermo nic ionization detector (T I O)  
T he  chromatograms in Figure 1  correspond to such  a  test  sample comprised of n-butylamine, di-n-butyl 

amine,  tri-n-butylaminc  an d  11-dodccanc in a  solvent of acetone. T h e  data illustrate clcaly the substantial  differences 
,n response betw een S I D  and TIO. and the very high specificity o f  SID for sensing the tertiary amines. This result 

demonstrates that the SID provides c．ヽtremely high sensitivity, compared with well-established TIO. T he  ionization 
s,gnal of如 tertiary amine in  SID chromatogram is  very large.  
indicating dctcctivity in pg and sub-pg range I  4  

3. C O N C L U S I O N  

T h e  principle o f  the  detector described 1s consistent 
w n h  a  process of positive surface  ionization on the  ho t  surface 
It is in teresting contrast to  the  T I O  whose mechanism is  

negative su rface io nization  on  lo w  work function surface I  4, 51 
This  w o rk reveals that the  excellent performance for amine 

com pounds. together with easy  fabrication and o peration,  makes 
this  detector promising for all areas  of applications in gas chro-
matography  

4. R E F E R E N C E S  
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lnJ 
r・ ―T―--- T― 
0  8  16 nun 
a)  SID 

1, n-butylaminc l.6ng 
2, di-n-butylaminc 160pg 
3, t『i-n-butylaminc 16pg 
4, n-dodcc,nc  I  I.8μg 

I  I  IJ 
戸 ―-T―― 丁―
0  8  16 tntn 

bJ  TIO 
I,  n-butylaminc 25n~ 
2,  di-n-butylaminc 2.Sng 
J,  1<i-n-bu1ylarninc 250pg 
4  :  91・dodccanc 185µ~ 

Figure I  Gas chroJJJatograJJJ o f  butylaminc and 
n-dodccanc by  S I D  and T I O  
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I n s t i t u t e  f o r  C h e m i c a l  Research, K y o t o  University, U j i  K y o t o  6 1 1 , J a p a n  
＊ U n i v e r s i t y  o f  Arizona, T u c s o n  A r i z o n a  85721, U.S.A. 

I N T R O D U C T I O N  I n  t h e  l i q u i d - l i q u i d  e x t r a c t i o n  o f  8-diketonates, it is w e l l  
k n o w n  t h a t  t h e  p r e s e n c e  o f  a  L e w i s  b a s e  s u c h  a s  t r i o c t y l p h o s p h i n e  o x i d e  (TOPO) 
e n h a n c e s  t h e  e x t r a c t i o n  o w i n g  t o  t h e  a d d u c t  f o r m a t i o n  b e t w e e n  t h e  m e t a l  
c h e l a t e  a n d  t h e  L e w i s  base. T h e  s y n e r g i s t i c  e f f e c t s  o n  t h e  e x t r a c t i o n  w i t h  a  
m o n o d e n t a t e  n e u t r a l  l i g a n d  h a v e  b e e n  w i d e l y  i n v e s t i g a t e d .  T h e  s y n e r g i s t i c  
e x t r a c t i o n  w i t h  a  b i d e n t a t e  l i g a n d  s h o u l d  b e  o f  i n t e r e s t ,  f o r  i t  w o u l d  b e  
e x p e c t e d  t h a t  p e c u l i a r  a d d u c t  f o r m a t i o n  b e t w e e n  t h e  b i d e n t a t e  neutral ligand 
a n d  t h e  m e t a l  8 - d i k e t o n a t e  m i g h t  r e s u l t  i n  m o r e  e n h a n c e d  e x t r a c t i o n  a n d / o r  
i m p r o v e d  separation. A m o n g  t h e  v a r i o u s  k i n d s  o f  n e u t r a l  ligands, s u b s t i t u t e d  
p h o s p h i n e  o x i d e  i s  o n e  o f  t h e  m o s t  p o w e r f u l  a n d  v e r s a t i l e  r e a g e n t s .  A n  
a t t e m p t  h a s  b e e n  m a d e  t o  s y n t h e s i z e  t h e  b i d e n t a t e  p h o s p h i n e  o x i d e  d e r i v a t i v e  
a n d  t o  a p p l y  t h i s  r e a g e n t  t o  t h e  s y n e r g i s t i c  e x t r a c t i o n  o f  a l k a l i n e  e a r t h ,  
r a r e  e a r t h  a n d  s o m e  d i v a l e n t  t r a n s i t i o n  m e t a l s .  T h e  r e s u l t s  h a v e  b e e n  
c o m p a r e d  w i t h  t h o s e  in t h e  T O P O  system. 
E X P E R I M E N T A L  

B i s ( d i p h e n y l p h o s p h i n o ) a l k a n e  w a s  s y n t h e s i z e d  
a c c o r d i n g  t o  t h e  literature. 1) B i s ( d i p h e n y l -
p h o s p h i n y l ) a l k a n e  ( F i g . )  w a s  s y n t h e s i z e d  b y  t h e  
o x i d a t i o n  o f  b i s ( d i p h e n y l p h o s p h i n o ) a l k a n e  w i t h  
h y d r o g e n  peroxide. 4 - A c y l - 5 - p y r a z o l o n e s  e m p l o y e d  
i n  t h e  p r e s e n t  w o r k  a r e  1  - p h e n y l - 3 - m e t h y l - 4 -
b e n z o y l - 5 - p y r a z o l o n e  ( H P M B P )  a n d  l  - p h e n y l - 3 -
m e  t h y  1 - 4 - t r  if l u o r o a c e t y  1-5-pyra z o l o n e  (HPMTFP). 

Ph2~(CH2)nPPh2 I  -.. Ii 
0  0  

n=l B D P P M  
n = 2  B D P P E  

Fig. B i s ( d i p h e n y l -
p h o s p h i n y l ) a l k a n e s  

I n  t h e  s y n e r g i s t i c  e x t r a c t i o n  o f  m e t a l  i o n s  (Mn+) w i t h  a  c h e l a t i n g  
r e a g e n t  (HA) a n d  a  n e u t r a l  l i g a n d  (L), t h e  e x t r a c t i o n  c o n s t a n t s ,  K e x  a n d  
K  ex, S '  a n d  t h e  s t a b i l i t y  c o n s t a n t  f o r  t h e  a d d u c t  f o r m a t i o n  reaction, 8  d  a r e  S '  
d e f i n e d  a s  follows: K e x ;  [  M A n ]。［町］町砂］ー l [  HA)訊

Kex,s ;  [ M A叶s I。[H+]n[Mn+J-1 [HA]らn[LJ;s, 8 s ;  [ M A叶 s I。[MAnlら1 [  L]謬
E X T R A C T I O N  O F  A L K A L I N E  E A R T H  M E T A L S  

T h e  r e s u l t s  f o r  t h e  e x t r a c t i o n  o f  a l k a l i n e  e a r t h s  a r e  s u m m a r i z e d  i n  the  
table. I n  t h e  B D P P M  system, w h i l e  t h e  e x t r a c t i o n  o f  s t r o n t i u m  a n d  b a r i u m  a r e  
m u c h  e n h a n c e d  a s  c o m p a r e d  w i t h  t h e  T O P O  system, t h e  e n h a n c e m e n t  f o r  m a g n e s i um  
a n d  c a l c i u m  i s  n o t  s o  l a r g e .  A l t h o u g h  B D P P E  i s  a l s o  a  b i d e n t a t e  n e u t r a l  
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l i g a n d ,  i t s  s y n e r g i s t i c  e f f e c t s  i n  t h e  e x t r ac t i on  o f  a l k a l i n e  e a r t h s  a r e  v e r y  
s i m i l a r  t o  t h o s e  o f  T O P O .  T h e  n u m b e r  o f  t h e  b i d e n t a t e  p h o s p h i n e  o x i d e  c o m p ou n d  
w h i c h  a t t a c h e s  t o  t h e  m e t a l  c h e l a t e  i s  f o u n d  t o  b e  o n e  f o r  m a g n e s i u m  a n d  t w o  
f o r  c a l c i u m ,  s t r o n t i u m  a n d  b a r i u m .  T h e  r e v e r s e  i n  t h e  e x t r a c t i o n  o r d e r  f o r  
m a g n e s i u m  a n d  c a l c i u m  i n  t h e  B D P P M / H P M T F P  s y s t e m  c o u l d  b e  a t t r i b u t e d  t o  t h i s  
d i f f e r e n c e  i n  t h e  n u m b e r  o f  B D P P M  m o l e c u l e  i n  t h e  e x t r a c t e d  s p e c i e s .  
E X T R A C T I O N  O F  R A R E  E A R T H  M E T A L S  

T h e  s y n e r g i s t i c  e x t r a c t i o n  o f  r a r e  e a r t h  m e t a l s  s u c h  a s  L a ,  P r ,  E u ,  H o  
a n d  Y b  i n t o  c h l o r o f o r m  h a s  b e e n  m a d e  w i t h  H P M T F P  a n d  B D P P M .  T h e  e x t r a c t e d  
s p e c i e s  a r e  M A 3 L  i n  t h e  a b s e n c e  o f  s o d i u m  p e r c h l o r a t e  a n d  M A 2 L 2  +(ClO;j) i n  t h e  
p r e s e n c e  o f  s o d i u m  p e r c h l o r a t e .  T h e  e x t r a c t i o n  c o n s t a n t s  o f  t h e s e  s y s t e m s  d o  
n o t  i n c r e a s e  m o n o to n i c a l l y  w i t h  a t o m i c  n u m b e r  b u t  h a v e  a  m a x i m u m  a t  E u  o r  H o .  
E X T R A C T I O N  O F  S O M E  D I V A L E N T  M E T A L S  

T h e  p h o p h i n e  o x i d e  c o m p o u n d s ,  B D P P M ,  B D P P E ,  a n d  T O P O ,  h a v e  b e e n  a l s o  
a p p l i e d  t o  t h e  s y n e r g i s t i c  e x t r a c t i o n  o f  s o m e  d i v a l e n t  m e t a l s  s u c h  a s  C o ,  N i ,  
乙n a n d  C d  i n t o  b e n z e n e  w i t h  H P M B P .  T h e  e x t r a c t e d  s p e c i e s  a r e  M A 2 ( T O P 0 ) 2  
( M = C o ,  N i  a n d  C d ) ,  M A 2 ( T O P O )  ( M = Z n )  a n d  M A 2 L  ( L = B D P P M ,  B D P P E ) .  T h e  8 1  v a l u e s  
f o r  B D P P M  a r e  m u c h  l a r g e r  t h a n  t h a t  f o r  B D P P E  a n d  s i m i l a r  t o  8 2  f o r  T O P O .  

T a b l e  E x t r a c t i o n  p a r a m e t e r s  f o r  MA.,L 2  S  

M 9  C a  S r  B a  
B D P P M  S y s t e m  

p H l  / 2  
H P M B P  l o g  K  e x , s  

s  

p H 1  / 2  
H P M T F P  l o g  K  e x , s  

s  
B D P P E  s y s t e m  

p H 1  / 2  
H P M B P  l o g  K  e x , s  

s  

p H 1  / 2  
H P M T F P  l o g  K  e x , s  

s  
T O P O  s y s t e m  

p H 1  / 2  
H P M B P  l o g  K  e x , s  

s  

p H 1  / 2  
H P M T F P  l o g  K  e x , s  

s  
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p H 1  / 2  :  ［ H P M B P  ]。= ［ H P M T r P ] 。＝5x1 0 - 2  M ,  I  B D P P M  ]。＝［ T O P O ]。＝ l x l o - 2 M ,  
[ B D P P E ] 。＝ 5 x 1 0 ― M i n b e n z e n e .  

N a C l 0 4 :  n o n e  ( L = B D P P M  o r  B D P P E ) ,  0.1 M  ( L = T O P O ) .  

1) J .  C h a t t  a n d  F. A .  H a r t ,  J .  Chern. S o c . ,  1 3 7 8  ( 1 9 6 0 ) .  
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5 2 - 0 9  F L O W  INJECTION A N A L Y S I S  F O R  T H E  EN V I R O N M E N T A L  
M E A S U R E M E N T  A N D  M O N I T O R I N G  

＊ ＊ 
T a k a s h i  KORENAGA, T o s i o  M O R I W A K E ,  a n d  T e r u o  TAKAHASHI 

C e n t e r  for Environmental S c i e n c e  a n d  Technology, O k a y a m a  University, 
3-1-1, Tsushima-naka, Okayama-shi, Okayama, 700 J a p a n  
＊ S c h o o l  o f  Engineering, O k a y a m a  University, 3-1-1, Tsushima-naka, Okayama-shi, 
Okayama, 7 0 0  J a p a n  

T h e  m o v e m e n t  o f  a n  a q u e o u s  sample zone injected in a  flowing 
reagent s t r e a m  t h r u u g h  a  cylindrical tubing under laminar flow conditions 
m a k e s  a  m e t h o d  o f  f l o w  injection a n a l y s i s  (FIA), w h i c h  is w i d e l y  sp read  a s  a  
newly.:';eveloped p r o c e d u r e  in analytical automation. Figure 1  shows severa l  
f l o w  a n a l y s i s  processes using two pumps. A m o n g  those processes, the  F I A  is 
o p c i m u m  for b o t h  the environmental 
m e a s u r e m e n t  a n d  monitoring system. 
T h e  p r e s e n t  paper d e s c r i b e s  the 
h i g h - p r e s s u r e  a n d  high-temperature S  
F I A  s y s t e m  w i t h  H P L C  micro-pumps 
for the e n v i r o n m e n t a l  water analyses 

R
 

a n d  their applications t o  c o n t i n u o u s  
R  m o n i t o r i n g  systems. 

1. C H E M I C A L  O X Y G E N  D E M A N D  c
 T o  reduce t:he water p o l l u t i o n  

d u e  to o r g a n i c  substances, total 
loads o f  c h e m i c a l  o x y g e n  d e m a n d  (COD) 

C  a r e  r e g u l a t e d  from 1981 in the 

S
R
-

J a p a n e s e  water areas of c l o s e d  
character. Hence, the b a c t h  C O D  
a n a l y z e r s  have been d e v e l o p e d  a n d  
a v a i l a b l e  in Japan. T h e  a u t h o r s  h a v e  R  

- I  r e c e n t l y  p r o p o s e d  the F I A  s y s t e m  C  
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W i t h  d i c h r o m a t e  a s  oxidant, samples a r e  injected into a  water c a r r i e r  s t r e a m  
w h i c h  m e r g e s  w i t h  a n  acidic d i c h r o m a t e  oxidizing-reagent solution. After 
reaction in a  P T F E  reaction c o i l  a t  1 2 0  °c  under a t  least 5  a t m  (by adding a  
bach-pressure c o i l  just after a  flow cell), a b s o r b a n c e s  a r e  c o n t i n u o u s l y  
m e a s u r e d  a t  445 nm. D-Glucose is satisfactory a s  a  standard substance for COD. 
A  sampling rate o f  15 s a m p l e s  per hour c a n  b e  achieved, a n d  the d e t e c t i o n  
limit a n d  p r e c i s i o n  a r e  5  m g / 1  a s  C O D  a n d  0.4 %, respectively. T h e  F I A  system 
should be o p e r a t e d  according t o  the following oxidation-reduction potentials. 

Mn(VII)/Mn(II) system 

M n O  ＋ 4  - +  8  H+ +  5  e- =  Mn2+ +  4 脱 0
E＝゚ 1. 51 V  
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Ce 4+ +  e  Ce 3+ Eo z  l. 61 V  

E  =  1.61 +  0.058 log ((Ce4+]/(ce3+]) 

I  1) 

(5) 

(6) 

2. T O T A L  P H O S P H O R U S  A N D  T O T A L  N I T R O G E N  
T o t a l  p h o s p h o r u s  a n d  

total nitrogen a r e  a l s o  
important in w a t e r  q u a l i t y  
analysis. A s  shown in Fig. 
samples a r e  injected into 
a n  o x i d a n t  s t r e a m  o f  
p o t a s s i u m  p e r o x o d i s u l f a t e  
solution, a n d  d i g e s t e d  in 
the c o i l - 1  b y  heating to 
120 °c  under a b o u t  8  atm. 
T h e  s a m p l e  is then m e r g e d  
with the r e a g e n t  s t r e a m  

w  

o f  acidic m o l y b d a t e  solution 
a n d  h e a t e d  a t  75 °c  to pr o d u c e  molybdophosphate blue. T h e  absorbance o f  the 
blue c o m p l e x  is m e a s u r e d  a t  8 8 0  nm. T h e  m e t h o d  c a n  b e  a p p l i e d  to c o n t i n u o u s  
monitoring o f  total p h o s p h o r u s  in environmental water samples. T o t a l  nitrogen 
is a l s o  m e a s u r e d  w i t h  the F I A  system having four s t r e a m  1  ines automatically. 

Fig. 2  Schematic d i a g r a m  o f  the F I A  a p p a r a t u s  for 
total phosphorus d e t e r m i n a t i o n  

3. M U L T I - E L E M E N T S  A N A L Y S I S  
F o r  C O D  a n d  total phosphorus, o x i d a t i o n  o f  r o g a n i c  substances is c a r r i e d  

o u t  w i t h  a c i d i c  cerium(IV) s u l f a t e  in the first coil, a n d  after C O D  m e a s u r e -
m e n t  m o l y b d a t e  r e a g e n t  is a d d e d  into the s t r e a m  o f  Fig. 2. T h e  F I A  systems 
a r e  therefore j o i n e d  to m u l t i - e l e m e n t s  a n a l y s i s  w i t h  s a t i s f a c t o r y  results. 
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S 2 - 1 0  Simultaneous Extraction - A tomic A oso1ption :;pect10-

metric Determination of  M g2+  a nd  :On 2-+:cd2+ j  ュn Lュthium
Sal ts or Lithium Metal 

Shen Zhentian and Chen Yi 

Qinghai Institute of Saline Lake, Academia Sinica ,  Xining 

CHINA 

It is well known that (5- Diketone is very widely usect 1・or the 

solvent extraction of m a n y  metals. 

Altogether Zn I,/lg_  Cct can be extracted quantitatively by O.I M  dibenzoly-

methane solution (DBM) i n  benzene i n  the P H  range of II. Extractability 

of Zn.  M g  and_  Cd  W B . S  

not extractect at all. Thus very low concentration or trace elements is 

Ioo_98,4 and 96,81/o respectively, While lithium is 

separated rrom the matrix be!'ore measured by a.a.s. ‘,ti t h  DJj/'1 solution 

the extraction a nd  back-extraction equiliorium is usually reached within 

two minutes. 

I  p.p.m. of  Zn _Mg _Ca ions c a n oe  detennined i n  the  presence of  0 .5g of 

lithium metal a nd  after dissolution is lithium chloride. 

The relative standard deviation (n=2o) is I.5加 by the recommended  met h od .  

The m e an  recovery ot' Zn 、M g_C d  was 9 ':J -1051~ . This  method w as  also applied  

to the d etermination 01'trace quantities of Zn訊g_ Cd in NaCL 邸 L、LiじL I¥ bCL  

じsじL.

L t .  

Gl  N o  .  3  so4 ions do  not interfere and this method gives g ood resu-

Purthermore, I n  this course, l•'urther puri!"y analytical reag ent LiCL, 

Fig. I. Extraction o!'Zn .Mg. Cd  by O .I m 叫 M/benzene vs the l'I! value 

or the aqueous phase 
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Table I. Standard addition and recovery in the lithium salt Aample 

M m p l e  weir,ht result found recov％ ery result found recoveri result found recov g  Zn冷 Zn p g  Zn 印が Mg p g  m 各 じd% c~ μp; ery 
LiCl 1.0 0.0009 19.o 95 0,0012 Io.5 105 o.oooI ?o. 5  Jo;>.5 
LiUl I.。 o.ooII I9. 7  りA.5 0.0009 10.5 Io5 0.0001 2o.5 IO2. 5  
LlCl 1.。 0.0004 19.2 96 0.0005 9.8 98 0.0007 2o.5 Io2.5 
Li o.125 0.00・19 20.tl Io4 0.0244 9.9 99 o. ooo I  ?o. 9  Iol.5 metal 
L!NOぅ o.4  0.0002 I9.4 97 0,0005 Io,5 I05 0.000 r  2o.5 ro?. 3  
Lゆ04 I.。 0.0002 20. I  loo. 5  o.oooI Io.5 Io5 o.oool 2o.7 Io 3, 5  
LiOH I.。 0.0009 19.0 95 0.0006 Io.5 Io5 O. ooo I  2o.4 lo3 
NaCl 4.。 o.oooI I  9. 1  98., 0.0002 Io.、Io4 o.oooT ?o.4 lo? 
KCL 4.。 0.000! I9. 4  97 o.oool 9.8 98 o.oooI :?o.5 Io2,5 
CeCL o.5 o.ooIう 2o,I IOO. 2  0.00!8 Io.5 Io5 o.oool ?o.fi roぅ
RbCL o.5 o.ooI6 2o.3 IoI.5 0.0005 9.8 98 0.000I r  9. 9  9  9. 5  

R e f e r e n c e s  

r. J I R I  S T A R Y  A n a l .  C h i m ,  A c t a .  vol, 2 8 . N o ,  3  M a r c h  2 2 7 ,  I 9 6 J .  

2. S h e n  Z h e n t i a n  S p e c t r o s c o p y  a n d  S p e c t r a l  a n a l y s i s ,  

V o l .  4 . N o . I .  4 6  A p r i l  1 9 8 4 ,  

3, S h e n  Z h e n t i a n  a n d じh e n Y i  F叫 I !-IUAXUE VolI2, N o ,  5  M a y  4 4 1 ( 1 9 8 4 )  

4, S h e n  Z h e n t i a n  a n d じh e n Y i  FE.NXI HUA.x:諏 v o l . I 4 . N o , I J a n .  5 5  ( 1 9 8 6 ) .  

ぅ． S h e n Z h e n t i a n  a n d  C h e n  Y i  P h y s i c a l  t e s t i n g  a n d じh e m i c a l A n a l y s i s  

v o l .  2 2  N o . 2  hlar. 7 6  ( I 9 8 6 )． 
6, S h e n  Z h e n t i a n  a n d  L u  F u  r吐 n et. 吐． C h i n a - J a p a n  J3i l a t e r a l  c o n f e r e n c e  

o n  ,¥n a l  y  t  i  c  a l  c  h e m i  s  t  r y  • じ］・叫 G C  !-IU.N (; H I  .N A  S  e  p  ,  I  4  - I7 ,  (1 9  8  3  )  ,  

7 ,  S h e n  Z h e n t i a n  鸞二回日中分析化学合同討詑会 末京
B I 8  P. 7 .  I 9 8 5 .  ll. 

海洋化学研究 1, 2  (1986 )  (71)  113 



114 

S 2 - 1 1  C O N T I N U O U S  D E T E R M I N A T I O N  O F  A M M O N I A  I N  W A T E R  B Y  A  N E W  
M E M B R A N E  P R E C O N C E N T R A T I O N  A N D  C O N D U C T IV I T Y  E L E C T R O D E  
S Y S T E M  

T a k a s h i  KIMOTO, H i r o s h i  H I R A T A  
K i m o t o  E l e c t r i c  Co., Ltd., Osaka, 543 J a p a n  

T a k a s h i  T A N A K A  a n d  K a z u o  H I I R O  
G o v e r n m e n t  I n d u s t r i a l  R e s e a r c h  Institute, Osaka, Ikeda, 563 J a p a n  

I N T R O D U C T I O N  
A m m o n i a  i n  t h e  e n v i r o n m e n t  h a s  s t r o n g l y  r e l a t i o n  w i t h  its b i o l o g i c a l  

system. I t  i s  o n e  o f  t h e  m a j o r  e u t r o p h i c  s u b s t a n c e s  i n  t h e  hydrosphere. 
M a j o r  q u a n t i t i e s  o f  a m m o n i a  a r e  g e n e r a t e d  p r i n c i p a l l y  b y  b a c t e r i a l  b r e a k d o w n  
o f  a m i n o - a c i d  i n  o r g a n i c  m a t e r i a l s .  Therefore, t h e  c o n c e n t r a t i o n  o f  a m m o n i a  
i n  w a t e r  c h a n g e s  f r e q u e n t l y  b y  t h e  e f f e c t  o f  t h e  b i o l o g i c a l  activities. 

In t h e  c o n n e c t i o n  w i t h  s u c h  a  p r o p e r t y  o f  a m m o n i a  m e n t i o n e d  above, i t  is  
r e q u i r e d  t o  m e a s u r e  t h e  c o n c e n t r a t i o n  o f  a m m o n i a  continuously. T h i s  p a p e r  
p r e s e n t s  a  n e w  t e c h n i q u e s  f o r  c o n t i n u o u s  m o n i t o r i n g  o f  a m m o n i a  i n  w a t e r  b y  
u s i n g  a  n e w  m e m b r a n e  p r e c o n c e n t r a t i o n  a n d  c o n d u c t i v i t y  e l e c t r o d e  system. 

E X P E R I M E N T A L  
T h e  c o n t i n u o u s  a m m o n i a  d e t e r m i n a t i o n  s y s t e m  i s  s h o w n  i n  t h e  f l o w  c h a r t  

i n  F i g u r e  1. T h e  s a m p l e  s o l u t i o n  is pumped b y  t h e  pe r i s t a l t i c  p u m p  (P2) a t  
8  mL/min. a n d  is c o n t i n u o u s l y  a d d e d  t h e  s o d i u m  h y d r o x i d e  r e a g e n t  b y  peri-
staltic p u m p  (P3) a t  t h e  s a m p l e  a n d  r e a g e n t  v o l u m e  r a t i o  o f  8:1. W e l l  m i x e d  
a l k a l i n e  s a m p l e  i s  s e n d  t o  o u t e r  s i d e  o f  d o u b l e  t u b e  s y s t e m  f o r  sep a r a t i o n  
a n d  p r e c o n c e n t r a t i o n  o f  a m m o n i a  (Membrane C o n d e n se  Separator). T h e  inner 
t u b e  o f  t h e  m e m b r a n e  c o n d e n s e  s e p a r a t o r  c o n s i s t s  o f  m i c r o - p o r u s  P T F E  t u b i ng  
(2mm i.d., 2 . 8 m m  o.d., 2 0 0 m m  length, m a x i m u m  p o r e  s i z e  2pm). T h i s  inner tube 
is c o n n e c t e d  t o  t h r e e  v a l v e s  (V3, V4, VS) f o r  c h a n g i n g  t h e  f l o w  l i n e  a n d  t he  
p e r i s t a l t i c  p u m p  (PS) f o r  s e n d i n g  t h e  d i l u t e d  s u l p h e r i c  a c i d  r e a g e n t  (carrier 
solution). A s  f i g u r e  2  shows, m o l e c u l a r  a m m o n i a  i s  l i b e r a t e d  b y  m i x i n g  t h e  
s a m p l e  w i t h  a l k a l i n e  s o l u t i o n  i n  t h e  o u t e r  f l o w  l i n e  o f  t h e  d o u b l e  tube 
system, a n d  i t  p e r m u a t e  t h r o u g h  t h e  i n n e r  m i c r o - p o r u s  m e m b r a n e  i n t o  a c i d i c  
c a r r i e r  solution. I n  t h i s  process, a s  f i g u r e  3  shows, w h e n  t h e  c a r r i e r  
s o l u t i o n  i n  t h e  m i c r o - p o r u s  m e m b r a n e  i s  r e t a i n e d  b y  c h a n g i n g  t h e  f l o w  line, 
p e r m u a t e d  m o l e c u l a r  a m m o n i a  i s  c o n d e n s e d  a t  t h e  r e t a i n e d  c a r r i e r  s o l u t i o n  i n  
t h e  m i c r o - p o r u s  m e m b r a n e  t u b e  (condensation m o d e  i n  figure 2). Therefore, 
t h e  c o n d u c  ti v i  t y  d e c r e a s e s  i n  p r o p o r t i o n  t o  i t s  c o n d e n s e d  time. 

A f t e r  e n o u g h  p r e c o n c e n t r a t i o n  i n  c a r r i e r  solution, t h e  c a r r i e r  solution 
i n  t h e  m e m b r a n e  c o n d e n s e  s e p a r a t o r  i s  introduced to t h e  c o n d u c t i v i t y  c e l l  b y  
c h a n g i n g  t h e  f l o w  l i n e  (injection m o d e  i n  f i g u r e  2). T h e n  t h e  c o n d u c t i v i t y  
c e l l  m e a s uェe s t h e  s a m p l e  w h i c h  i s  n e u t r a l i z e d  b y  ammonia. 

(72 )  海洋化学研究 1, 2  (1986 )  



T h e  p e a k  h e i g h t  i s  i n  p r o p o r t i o n  t o  t h e  a m m o n i a  c o n c e n t r a t i o n .  F i g u r e  4  
s h o w s  t h e  e x a m p l e  o f  t h e  signal f o r  v a r i o u s  c o n c e n t r a t i o n s  o f  a m m o n i a  o f  t h e  
s i g n a l  f o r  v a r i o u s  c o n c e n t r a t i o n s  o f  a m m o n i a  a t  t h e  c o n d e n s e  time o f  300 sec. 
T h i s  m e t h o d  h a s  h i g h  s e n s i t i v i t y  c o m p a r e d  w i t h  o t h e r  m e t h o d s  s u c h  a s  t h e  
c o l o r i m e t r y  o r  t h e  i o n  s e l e c t i v e  electrode. 

Membrane Condensation Analysis 
VI 

HE91 • ”‘N• CONOENS● 9EP̂ R̂ TOR 
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Fig. 1  F l o w  c h a r t  o f  t h e  c o n t i n u o u s  

a m m o n i a  a n a l y s e r  
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・
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~ample <  
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• Membrane condense separator 
Fig. 2  P r i n c i p l e  o f  t h e  

p r e c o n c e n  t r a  t i o n  s y s  tern 
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Fig. 3  T h e  m e c h a n i s m  o f  t h e  p r e c o n c e n t r a t i o n  o f  a m m o n i a  
i n  t h e  m e m b r a n e  c o n d e n s e  s e p a r a t o r  

Time 

□□ 2  x  1 0 - 8 M  
- 8  3  X  1 0  ~ M  ↑。 .2pS/cmv  

- 8  4  x  10 M  
- 8  5  x  10 V M  C o n d e n s e  time: 300 sec. 

Fig• 4  R e c o r d i n g  c h a r t  o f  t h e  m e a s u r e m e n t  f o r  a m m o n i a  
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5 2 - 1 2  AC-1 M O D E L  S L I D E  R U L E  F O R  A N A L Y T I C A L  C H E M I S T R Y  
A N D  E N V I S A G E M E N T  O F  D E S I G N I N G  

J e n g  W a n y u a n  

T h e  P a n j i n  C h e m i c a l  Plant, L i a o  N ing, C h i n a  

AC-1 m o d e l  p l a t e  s l i d e  r u l e  f o r  a n a l y t i c a l  c h e m i s t r y  25 c m  i n  length 
i s  a  n e w  a d v a n c e d  s p e c i a l - p u r p o s e  c a l c u l a t i o n  stool t o  r e s o l v e  g e n e r a l  
c a l c u l a t i o n  p r o b l e m  i n  a n a l y t i c a l  c h e m i s t r y  a n d  i t  w o n  t h e  t h i r d  prize f o r  
g r e a t  s c i e n c e - t e c h n o l o g e  a c h i e v e m e n t  o f  L i a o  N i n g  Province. 

P r a c t i c e  i n d i c a t e d  that, i t  h a s  g o o d  q u a l i t y  i n  h i g h  precision, m a n y  
functions, a n d  e a s i l y  o p e r a t i n g  a n d  h a s  w i d e  u s e  value. 

T h i s  s l i d e  r u l e  h a s  t e n  t i m e s  a s  p r e c i s i o n  a s  g e ner a l  slide  rules, h a s  
f o u r  s i g n i f i c a n t  figures. 

I t  h a s  b e e n  d e s i g n e d  a c c o r d i n g  t o  t h e  princip l e  o f  log a r i t h m  a n d  
a c h i e v e d  t h e  g o a l  o f  i m p r o v i n g  procision, c o n v e n ie n t l y  s e t t i n g  u p  o t h e r  
s p e c i a l  g r a d u a t i o n  o f  rule, a n d  s i m p l i f y i n g  c a l c u l a t i o n  o p e r a t i o n  b y  
e x t e n d i n g  t h e  C.D. r u l e s  t o  1250 cm, t h e n  f o l d i n g  i n t o  f i v e  s e c t i o n s  i n  
order, a n d  c o n s i s t i n g  o f  C - s e t  a n d  D-set. 

T h i s  r u l e  c a n  b e  u s e d  n o t  o n l y  i n  o p e r a t i o n  o f  multiplication, 
d i v i s i o n ,  reciprocal, logarithm, i n v o l u t i o n  a n d  e v o l u t i o n  etc, a s  g e n eごa l
s l i d e  rule, b u t  a l s o  i n  o p e r a t i o n  a s  following: 
1) C a l c u l a t i o n  atom, m o l e c u l a r  w e i g h t  a n d  r e r l a t i v e  problem. 
2) C a l c u l a t i o n  t h e  c o r r e c t  w o r t h  o f  g a s  volume. 
3) C a l c u l a t i o n  t h e  v a p o r  p r e s s u r e  o f  w a t e r  i n  a q u e o u s  solution. 
4) E x c h a n g i n g  t h e  i n d i c a t r i x  o f  c o n c e n t r a t i o n  o f  s i x  g e n e r a l  a c i d s  a n d  

b a s e s  s u c h  a s  NaOH, H C l  etc. (D舟， N, Aも） a n d c a l c u l a t i o n  (M, Cs) 
5) C a l c u l a t i o n  t h e  p H  w o r t h  o f  solution. 
6) G e n e r a l  c h e m i c a l  constants. 
7) G e n e r a l  e q u i v a l e n t  o f  a c i d s  a n d  b a s e s  etc, 

A s  t h i s  r u l e  h a s  some a d v a n t a g e s  s u c h  a s  t h e  d iv e r s i f i c a t i o n  o f  
r e s u l t s  calculated, r a t i o n a l  d i s t r i b u t i o n  o f  t h e  r u l e  g r a d e  a n d  c o m p a c t  
structure, t h e  c a l c u l a t i o n  o p e r a t i o n s  a r e  simplified. 

S o m e  c a l c u l a t i o n  e x a m p l e s  s h o w e d  t h a t  its s p e e d  o f  o p e r a t i o n  is a s  
f a s t  a s  p o c k e t - s i z e  computer. Thus, b y  m o v i n g  t he  v e r n i e r  o n e  time, t h e  
results, D舟＝1.222, A = 3 0 . 3 も， o f 7 . 5 5 0  N  H2so4 s o l u t i o n  c a n  b e  given. 

(74 )  湘洋化学研究 1 ,  2  (1986 )  
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5 3 - 0 1  
EFF E C T S  O F  H E A V Y  M E T A L S  P O L L U T I O N  O N  
E L E M E N T A L  C O N C E N T R A T I O N  I N  H U M AN  H A I R  

*  - --- -- - * *  - ------------*** T . T A K E U C H I ,  Y.NAKANO, A.AOKr・; S.OHMORr・;・・ T.TS U K A T A N I  

R e s e a r c h  R e a c t o r  I n s t i t u t e  o f  K y o t o  University, Sennan, O s a k a  590-04. 
*  K y o t o  P r e f e c t u r a l  University, K y o t o  606. 
* *  O s a k a  P r e f e c t u r a l  I n s t i t u t e  o f  P u b l i c  Health, O s a k a  537. 
*** I n s t i t u t e  o f  E c o n o m i c  Research, K y o t o  University, K y o t o  606. 

D u r i n g  t h e  p a s t  t w o  d e c a d e s  i n  Japan, some e n v i r o n m e n t s  h a v e  b e e n  conta-
m 1 n a t e d  w i t h  t h e  t o x i n s  s o  f a r  a s  t o  c a u s e  t h e  h a r m f u l  somatic e f f e c t s  s u c h  a s  
m e r c u r y  p o i s o n i n g ( M i n a m a t a  Disease), a r s e n i c  poisoni,ng(Toroku Kogai) a n d  cad-
m i u m  p o i s o n i n g ( I t a i - i t a i  Disease). T h e r e  still r e m a i n s  m o r e  than 2 ,000 offi -
c i a l l y  d e s i g n a t e d  t r a g i c  victims, a n d  it i s  important t o  e v a l u a t e  p r e c i s e l y  
t h e  p r e s e n t  s i t u a t u i n s  o f  t h o s e  living i n  t h e s e  areas, a s  w e l l  a s  t o  s t u d y  t h e  
e f f e c t s  o f  these e l e m e n t s  t o  o t h e r  e l e m e n t s  o n  t h e  m e t a b o l i s m  i n  h u m a n  body. 
W e  p a i d  a t t e n t i o n  t o  t h e  h a i r  a n a l y s i s  b e c a u s e  t h e  h a i r  is a  r e l i a b l e  index o f  
t h e  living b o d y  a n d  t h e  h a i r  s a m p l e  is e a s y  t o  c o l l e c t  a n d  preserve. 

M A T E R I A L S  A N D  M E T H O D  
H a i r  s a m p l e s  w e r e  c o l l e c t e d  f r o m  t h o s e  w h o  l i ve  in M i n a m a t a ( 1 9  m a l e s  a n d  

2 5  females), T o r o k u ( 1 9 & 3 7 )  a n d  T o y a m a ( 2 4 & 7 1 : I t a i - i t a i  Disease) a r e a s  w h e r e  it 
h a s  b e e n  d e s i g n a t e d  a s  t h e  p o l l u t e d  areas. 342 samples w e re  a l s o  c o l l e c t e d  
f r o m  e v e r y  c o r n e r  o f  Japan. T h e  l a t t e r  s a m p l e  c o n s t i t u t e  t h e  normal sample. 

N e u t r o n  a c t i v a t i o n  t e c h n i q u e  w a s  a p p l i e d  t o  d e t e c t  t h e  elemental concen-
t r a t i o n  o f  t h e  hair. R e s e a r c h  R e a c t o r  o f  SM¥'/ thermal p o w e r  w a s  used. Log-
n o r m a l  d i s t r i b u t i o n  m o d e l  w a s  a p p l i e d  t o  e s t i m a t e  the s t a t i s t i c s  f o r  e a c h  
t h r e e  subgroups: males, females w i t h  p e r m a n e n t  c o l d  waving(pcw) a n d  females 
w i t h o u t  pcw. T h o s e  w h o  a r e  o l d e r  t h a n  o r  e q u a l  t o  20 y e a r s  o l d  w e r e  obser-
v e d .  C o r r e l a t i o n  c o e f f i c i e n t s  w e r e  e s t i m a t e d  f o r  the s a m p l e  g r o u p s  i n  w h i c h  
t h e  m a i n  12 e l e m e n t s ( C l , B r , K , A l , N a , H g , M n , S , C u , Z n , M g , C a )  w e r e  a l l  detected. 
F a c t o r  c o n t r i b u t i o n  a n d  f a c t o r  l o a d i n g  o f  t h e  e l e m e n t s  w e r e  a lso  e s t i m a t e d  f o r  
e a c h  factor b y  m a k i n g  u s e  o f  t h e  p r i n c i p a l  c o m p o n e n t  analysis. 

R E S U L T S  A N D  D I S C U S S I O N  
W e  first c o n d u c t e d  t h e  p r i n c i p a l  c o m p o n e n t  a n a l y s i s  f o r  t h e  normal J a p a -

( 1 )  n e s e  w h o s e  d e t a i l s  a r e  s h o w n  e l s e w h e r e ! ' ' I t s  m a i n  c o n c l u s i o n s  are: 
(a) T h e  loadings o f  t h e  1st f a c t o r  f o r  Ca, Mg, Z n  a n d  C u  a r e  large, a n d  those 
o f  C l  a n d  B r  a r e  l a r g e  b u t  i n  t h e  o p p o s i t e  sign. T h i s  fact is c o n s i s t e n t  
w i t h  t h e  r e s u l t  o f  a n i m a l  e x p e r i m e n t  t h a t  t h e  c o n c e n t r a t i o n s  o f  a l k a l i n e  e a r t h  
s u c h  a s  C a  o r  M g  a r e  h i g h e r  b u t  t h o s e  o f  h a l o g e n s  o f  C l  o r  B r  a r e  lower i n  
h a i r  o f  r a t s  f e d  l o w  C a  c o n c e n t r a t i o n  d i e t s  than in h a i r  o f  o r d i n a r y  fed rats. 
(b)The loadings o f  t h e  2 n d  f a c t o r  f o r  K o r  N a  a re  large. T h i s  fact is a l s o  
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c o n s i s t e n t  w i t h  t h e  e x p e r i m e n t a l  r e s u l t s  b y  H O U T M A N  e t  al. (2) t h a t  K  is i n t r o -
d u c e d  f r o m  t h e  b l o o d  in s o m e w h a t  l a t e r  s t a g e  o f  h a i r  formation. 

W e  t h e n  a d d e d  t h e  r e s u l t s  f r o m  t h e  p o l l u t e d  a r e a s  t o  t h e  n o r m a l  group. 
F a c t o r  l o a d i n g s  f o r  13 e l e m e n t s ( m a i n  12 e l e m e n t s  p l u s  Cd) i n  m o r m a l  a n d  i n  
(Normal+Toyama) g r o u p  a r e  s h o w n  i n  Fig.1 f o r  t h e  1st a n d  2 n d  factors. F a c t o r  
l o a d i n g  o f  C d  in n o r m a l  g r o u p  is l a r g e  for t h e  2 n d  f a c t o r  b u t  s m a l l  f o r  t h e  1st 
f a c t o r , w h i l e  i n  (Normal+Toyama) g r o u p  t h e  1st f a c t o r  c h a n g e s  t o  b e  large. 
It is c o n c l u d e d  t h a t  w h i l e  C d  is r e l a t e d  t o  t h e  2nd f a c t o r  i n  n o r m a l  group, it 
t e n d s  t o  r e l a t e  t o  t h e  1st f a c t o r  s i g n i f i c a n t l y  b y  t h e  e x c e s s  i n t a k e  o f  Cd. 
It is a l s o  s h o w n  f r o m  Fig.1 that, i n  (Normal+Toyama) group, s u c h  e l e m e n t s  a s  
Br. M n  a n d  Z n  w h i c h  h a v e  p o s i t i v e  c o r r e l a t i o n  t o  Cd, m o v e  i n  t h e  s a m e  d i r e c -
t i o n  a s  C d  m o v e s ,  w h e r e a s  Cu, w h i c h  d o e s  n o t  c o r r e l a t e  s i g n i f i c a n t l y  t o  Cd, 
m o v e s  t o  t h e  o p p o s i t e  d i r e c t i o n  o f  Cd. Br, w h i c h  h a s  l a r g e  n e g a t i v e  l o a d i n g  
f a c t o r  for t h e  1st f a c t o r  i n  n o r m a l  group, b e c o me s  t o  h a v e  l a r g e  p o s i t i v e  o n e  
in  (Normal+Toyama) group. 

F a c t o r  s c o r e s  o f  e a c h  s a m p l e  for t h e  m a i n  12 e l e m e n t s  i n  ( N o r m a l + M 1 n a m a -
t a + T o r o k u + T o y a m a )  g r o u p  a r e  s h o w n  in F i g . 2  in w h ic h  t h e  f e m a l e s  w i t h  p e w  a re  
e x c l u d e d .  M a n y  s a m p l e s  in T o y a m a  g r o u p  h a v e  a b n o r m a l  s c o r e s  f o r  t h e  1st s c o re .  
S a m p l e s  i n  T o r o k u  s h o w  a  te n d e n c y  t o  h a v e  a b n o r m a l  s c o r e s  f o r  t h e  2 n d  factor. 
F e w  s a m p l e s  i n  M i n a m a t a  h a v e  a b n o r m a l  s c o r e s  for b o t h  1st a n d  2 n d  factors. 
It is c o n c l u d e d  f r o m  t h e  a b o v e  t h a t  t h e  a b n o r m a l  s c o r e s  f o r  t h e  1st in T o y a m a  
g ro u p  a r e  b r o u g h t  o n  b y  t h e  e f f e c t s  o f  t h e  C d  c o n t a m i n a t i o n .  T h e  a b n o r m a l  
s c ores fo r  t h e  2nd f a c t o r  in t o r o k u  g r o u p  s e e m  t o  b e  b r o u g h t  o n  b y  t he ir food 
h a b i t s  r a t h e r  t h a n  b y  t he  A s  c o n t a m i n a t i o n ,  b e c a u se  A s  i1as a  large  l o a d i n g  for 
t h e  1st f a c t o r  b u t  a  s m a l l  l o a d i n g  for t h e  2 n d  fa ctor. 
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S 3 - 0 2  C E皿 L U匹 SCENT 瓦ETHODS FOR DETER四 A.TION
O F  HYPOBROJ4ITE, BROJ4IDE, IODIDE, CY.ANIDE A.ND 
THIOCY.ANA.TE IONS I N  ENVIRONMENTAL OBJECTS 

o.v.zur 
Institute of Colloid and Water Chemistカ・
Ukrainian !.cademy o f  Sciences, 
Kiev, USSR 

Higbly sensitive methods are necessary for environmental analysis, 
One o f  the most sensitive is chemiluminescent (CL) method. W e  have used 
C L  reactiom o f  luminol oxydation to determine a  number o f  anions. 

C L  oxidation o f  luminol (L) b y  hypobromite (bromine) in alkaline 
aqueous solutions and i n  the medium o f  organic solvents has been examined. 
Methods have been developed for determining hypobromite (bromine) with 
1  • 10-3 mg/dm3 and 0.02 mg/dm3 detection limits i n  aqueous solutions and 
i n  benzene-ethanol mixture respectively. The latter m a y  be applied for 
determination o f  bromine i n  air, Solvent extraction-chemiluminescent met-
h o d  has been suggested to determine bromides in waters, baaed on their 
preliminary oxidation to bromine a n d  determination of the latter i n  ext-

3  ract; detection limit for Br- is 0.17 mg/dm-'. 
The action o f  cyanide and thiocyanate ions i n  C L  reactions L-OBr万

L-OCl―; L - O I - has been examined. Methods have been worked out for deter-
mining C N― and S⑳ - i o n s  from inhibition action i n  the reaction L-OBr― 

3  with detection limits 5  • 10-4 and 3  • 10-4 mg/dmJ respectively, The meth-
ods were applied for the analysis o f  electroplating plant sewage and air 
o f  production area, Properties o f  cyanogen halides (ClCN, BrCN and ICN) 
i n  C L  reactions were investigated. It has been discovered that ClCN and 
B心 d o not oxidize luminol with ligbt emission 吐 ile ICN readily under-
goes C L  reaction with luminol. This is the basis for determination of 
microquantities of iodide: I - is oxidized to r2 b y  bromine, excess of 
bromine is linked b y  cyanide into non-active BrCN and formed here ICN is 
determined b y  means of the reaction with luminol. 

Detection limit for r- is J  • 10-3 mg/dm3. Iodide has been determi-
n e d  i n  river and some ground 盲aters b y  means of developed chemiluminescent 
method and for comparison with the help of catalytic cerium-arsenite one. 
Satisfactory agreement o f  results has been obtained, Indirect C L  methods 
have been suggested for nitrites and chromates based on luminol oxidation 
with iodine, Developed methods are higbly sensitive, quick, simple in per-
fo:rmance aュd easily can be automatized. 
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S 3 - 0 3  
A  N E W  A N A L Y T I C A L  M E T H O D  F O R  THE CHEMICAL SPECIATION 
O F  S E L E N IUM A N D  T E L L U R I U M  IN S E A  W A T E R  

Y o s h imi SUZUKI a n d  Y u k i o  S U G I M U R A  

Meteorological Research Institute, Nagamine 1-1, Yatabe, 
Tsukuba, lbaraki 305,.Japan 

Results o f  o u r  recent studies o n  the chemical spec iation o f  
selenium in sea w a t e r  clearly indicate that selenium is present in four 
different chemical forms, i.e., d i s s o l v e d  inorganic forms(IV a n d  VI), dis-
solved o r g a n i c  form a n d  particulate form, The coexistence o f  different chem1 -
cal species in the ocean is a  consequence o f  a  dynamical equilibrium between 
organic production a n d  oxidative decomposition[l,2]. The tellurium in the 
ocean is e x p e c t e d  to b e h a v e  similar with selenium. But, little is  known on 
the distribution o f  tellurium, because o f  it s  low concentration a n d  lack o f  
appropriate p r o c e d u r e s  for sea w a t e r  analysis. A  n e w  analytical method w a s  
developed for the separation o f  each chemical form(Inorg.IV, lnorg.Vl and 
O rg. )  o f  se lenium a n d  tellurium in sea 1,ater b y  using XAll-2 resin and act1-
vated carbon, re spectivel y .  

1 .  A N A L Y T I C A L  M E T H O D  
Immediately after collection o f  sea w a t e r  sample, it was filtered 

through the  membrane filter(HA, 0.4Sum) with m i n i m u m  e x posure to laboratory 
air a n d  subjected to the analysis. Speciation procedures are as follows. 
「otal: Dissolved total Se and T e  (Org. +  Inorg.) were collected o n  activated 

carbon (Sg) in the presence o f  reducing agent(hydrazine sulfate: 4g) i n  
a c i d  hot solution(HC1 :4 N). T h e  elution o f  Se a n d  Te adsorbed from 
activated c a r b o n  w a s  done with hot nitric acid(4N). 

Organic: Dissolved organic form w a s  collected on the XAD-2 resin(30g) with a  
-1  flow rate o f  S  ml m i n  • at the pll o f  natural sea water. The effluent 

w a s  s u b j e c t e d  to the analysis o f  inorganic forms. Organic form was 
e  1  u  t  e  d  w i t h  M e  O H  (2 0  0  ml) .  

IV: Tetra-valent inorganic ion was separated on XAD-2 resin as l.lOTC complex 
in the p r e s e n c e  o f  EDTA(lO厖： 20ml) at pH4 to S  a n d  was e luted with a  
m i x e d  solution o f  HN03 a n d  IICI04(10:1)(200 ml). 

¥'I: llexa-va lent inorganic ion from the sample , ＼、,hich was pass ed  through 
the XAJJ-2 resin column for tetra-valent ion, was separated b y  the same 
procedure as those o f  total. 
S e l e n i u m  in e a c h  fraction was determined by fluorometric method, after 

extraction D A N  c o m p l e x  o f  s e l e n i u m  in cyclohexane. Tellurium was determined 
by graphite-furnace atomic absorption spec trometry coupled with 112Te  gener-

(8 0 )  池洋化学研究 I ,  2  (1986)  



at ion. 

2. SOME EXAMINATIONS O N  T H E  ANALYTICAL PROCEDURES 
rotal: 1. Activated carbon was heated at about 400°C with a  electric furnace 

before use. At this condition, it is found that the blank values 
are the lowest less than Zng for Se and 20pg for Te, and the 
recoveries are the highest as 95% for Se and 94% for Te. 

2. The standard deviation o f  the results is within t3%. Recoveries 
o f  inorganic species (S to lOOng o f  Se and 40 to 200pg o f  Te) are 
94 to 95% on an average through the whole procedures. Recoveries 
for organic form was examined b y  using organic species spiked sea 
water; natural organic concentrate on XAD-2 resin, albumine and 
selenomethionine. The average recovery was 97% except seleno -
methionine(less than 20%). 

Org. :  3. Organic Se compounds with  small molecular size(dimethylselenide 
and selenomethionine) were not adsorbed on XAD-2 resin. The 
detailed explanations o f  analytical procedures were described in 
another paper[3). 

Inorg. :4. The adsorption o f  tetra-valent ion-lJDTC complex on XAD-2 resin 
was done at p H  4  to S. Under this condition, the formation o f  
hexavalent ion-lJIJTC complex was not observed. 

S. The concentration o f  both tetra- and hexa-valent ion was not 
changed 1dthin 1S hours at pll 4.S. 

ti. The stan<lar<l deviation o f  the results is within 士 3%, an average 
recovery o f  tetra-valent ions(Se: 10 to SOng, Te: SO to lOOpg) was 
96%. 

3. RESULTS O F  SELENIUM A N D  TELLURIUM DETERMINED IN TIIE WESTERN N O R T H  PACIFIC 
.'¥n example o f  vertical distributions o f  selenium and tellurium in the 
North Pacific is shown in Fig.l. The total concentration dissolved 

o f  both selenium an<l tellurium showed fairly uniform values from the surface 
-l  -1  to the Jeep layer with about 140 ng 1  • for Se and 800 p g  1  • for Te. The 

concentrations o f  organic form o f  both elements are high in the surface an<l 
low in intermediate and deep waters. Tellurium dissolved in sea w a t e r  is 
also pre;;ent in three different chemical forms(IV,VI an<l Org.J like selenium. 

“, 

>
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'"" Fig. I: The vertical distribution o f  Se 
and Te in the western North 
Pacific waters 
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C H A R A C T E R I Z A T I O N  O F  E N V I R O N M E N T A L  S A M P L E S  
B Y  X - R A Y  P H O T O E L E C T R O N  S P E C T R O S C O P Y  

M i t s u y u k i  SOMA, H a r u h i k o  S E Y A M A  a n d  K e n ' i c h i  S A T A K E  

N a t i o n a l  I n s t i t u t e  f o r  E n v i r o n m e n t a l  Studies, Ibaraki, 3 0 5  
J a p a n  

I n  t h e  e n v i r o n m e n t ,  s o l i d  components, e s p e c i a l l y  p a r t i c u l a te  m a t t e r s  
p a r t i c i p a t e  t h e  c h e m i c a l  p r o c e s s e s  s u c h  a s  a d s o r p t i o n/d e s o r p t i o n .  c.i s s o l u t i o n  
a n d  c h e m i c a l  t r a n s f o n n a t i o n ,  m o s t l y  v i a  t h e i r  surfaces. W i t h  i t s  c a p a b i l i t y  
o f  a n a l y z i n g  s u r f a c e  c h e m i c a l  c o m p o s i t i o n  o f  s o l i d s  a n d  o f  c h a r a c t e r i z i n g  t he  
c h e m i c a l  b o n d i n g  s t a t e  o f  e l e m e n t s、X - r a y p h o t o e l e c t r o n  s p e c t r o s c o p y  (XPS) 
s e e m s  t o  b e  a n  a t t r a c t i v e  t o o l  f o r  a n a l y z i n g  e n v i r o n m e n t a l  s o l i d  
samples. H o w e v e r ,  i t s  a p p l i c a t i o n  t o  e n v i r o n m e n t a l  s a m p le s  h a s  b e e n  m o s t l y  
c o n f i n e d  t o  t h e  s t u d y  o f  t h e  s u r f a c e  c h e m i c a l  c o m p o s i t i o n  o f  ae r o s o l  a n d  f l y  
a s h  particles. W e  w i l l  d e s c r i b e  s o m e  e x a m p l e s  s h o w i ng  h o w  X P S  c a n  characterize 
t h e  s u r f a c e  e l e m e n t a l  c o m p o s i t i o n  a n d  b o n d i ng  state o f  e lem e n t s  i n  t he  e n v i r o n -
m en t a l  a n d  r e l a t e d  samples. 

1. P O L L U T E D  S E D I M E N T  
P o l l u t a n t s  i n t r o d u c e d  i n t o  soil o r  s e d i m e n t  m a y  b e  a c c u m u l a ted  on  t he  

s u r f a c e  o f  s o i l  o r  s e d i m e n t  particles. R i v e r  s e d i m e n t  p o l l u t e d  b y  C r  (NBS S R M  
1645) w a s  a n a l y z e d  b y  XPS. T h e  s u r f a c e  c o n c e n t r a t i o n  o f  C r  d e te r m i n e d  b y  X P S  
w a s  a b o u t  four t i m e s  a s  large a s  i t s  b u l k  v a l u e  g i v e n  b y  total a n a l y s i s  i n  t h e  
w e i g h t  b a s i s  a n d  i t s  r a t i o  t o  S i  i n  t h e  s u r f a c e  layers w as  50 t i m e s  a s  large 
a s  t h e  b u l k  r a t i o  {Fig. 1 ) .  I t  c a n  b e  d e d u c e d  that t h e  C r  r i c h  surface layers 
c o v e r  t h e  S i  r i c h  p a r t i c l e  core. T h e  b i n d i n g  
e n e r g y  o f  C r  2 p  p h o t o e l e c t r o n  s h o w s  t h a t  C r  s, 
e x i s t s  a s  Cr{III) a n d  n o t  a s  C r { V I ) ,  p r o b a b l y  
a s  h y d r o u s  o x i d e  o r  a d s o r b e d  o n  minerals. I t  
c o u l d  b e  a l s o  s h o w n  t h a t  S i - c o n t a i n i n g  mineral 
i n  t h e  s u r f a c e  l a y e r s  w a s  d i f f e r e n t  f r o m  t h a t  
i n  t h e  bulk. A  s y s t e m a t i c  s t u d y  o n  t h e  r e l a -
t i o n  b e t w e e n  t h e  s t r u c t u r e  o f  s i l i c a t e  m i n e -
r a l s  a n d  p h o t o e l e c t r o n  b i n d i n g  e n e r g y  o f  S i  
w a s  n e c e s s a r y  t o  r e a c h  s u c h  a  conclusion. 

2. R O C K  P O W D E R S  
T h e  a b o v e  r e s u l t  h a s  p r o m p t e d  u s  t o  

s t u d y  h o w  t h e  s u r f a c e  c o m p o s i t i o n  o f  t h e  
w e a t h e r e d  p a r t i c l e s  f r o m  r o c k s  or, m o r e  

(82 )  

c, 

Fig. 1. E l e m e n t a l  c o m p o s i t i o n  
o f  t h e  R i v e r  Sediment・ (NBS s邸
1645) .  T h e  i n n e r  a n d  o u t e r  
circles r e p r e s e n t  t h e  b u l k  a n d  
s u r f a c e  (determined b y  XPS) 
compositions, resrectively. 
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simply, o f  p o w d e r e d  r o c k s  c a n  b e  d i f f e r e n t  f r o m  t he  b u l k  composition. W e  h a v e  
studied p o w d e r e d  r o c k  r e f e r e n c e  m a t e r i a l s  i s s u e d  f r o m  J a p a n  G e o l o g i c a l  S u r v e y  
b y  XPS. M o s t  o f  s a m p l e s  s h o w e d  c h a r a c t e r i s t i c  surface c o m p o s i t i o n s  d i f f e r e n t  
from t h e  b u l k  ones, w h i l e  a  g l a s s y  r o c k  (obsidian) s h o w e d  m i n i m u m  d i f f e r e n c e  o f  
t h e  X P S  a n d  total a n a l y s i s  a s  expected. T w o  samples o f  b a s a l t i c  l a v a s  f r o m  
J a p a n e s e  v o l c a n o s  (Mt. M i h a r a  a n d  Mt. Fuji) h a v e  e x t r a o r d i n a r i l y  h i g h  s u r f  a c e  
c o n c e n t r a t i o n  o f  Cu, m o r e  t h a n  50 t i m e s  a s  h i g h  a s  t h e  b u l k  c o n c e n t r a t i o n  (ca. 
200ppm). A p p a r e n t l y、C u i s  e x c l u d e d  f r o m  t h e  s i l i c a t e  m a t r i c e s  t o  t h e  b o u n d -
a r i e s  o f  g r a i n s  c o n s t i t u t i n g  t h e  r o c k  masses. 

3. I N C I N E R A T I O N  A S H  
A s h  p r o d u c e d  b y  i n c i n e r a t i o n  o r  c o n b u s t i o n  a t  h i g h  t e m p e r a t u r e  m a y  h a v e  

v e r y  inhomogeneous d i s t r i b u t i o n  o f  elements. V o l a t i l e  m e t a l s  h a v e  b e e n  r e p o r t -
e d  t o  b e  c o n c e n t r a t e d  o n  t h e  s u r f a c e  o f  c o a l  f l y  a s h  particles. T h i s  i s  c o n -
s i s t e n t  w i t h  t h e i r  h i g h e r  a v e r a g e  c o n c e n t r a t i o n s  i n  t h e  f r a c t i o n  o f  s m a l l e r  
particles. W e  e x a m i n e d  f l y  a s h  a n d  b o t t o m  a s h  f r o m  a  w a s t e  i n c i n e r a t o r  b y  XPS. 
H i g h  s u r f a c e  c o n c e n t r a t i o n s  o f  c e r t a i n  m e t a l  e l e m e n t s  w e r e  found. L e a c h i n g  o f  
t o x i c  e l e m e n t s  f r o m  t h o s e  p a r t i c l e s  i s  i m p o r t a n t  in c o n n e c t i o n  w i t h  t h e  d i s -
p o s a l  o f  t h e  ash. T h e  r e l a t i o n  b e t w e e n  c h a n g e s  i n  t h e  s u r f a c e  c o m p o s i t i o n  b y  
leaching a n d  t h e  a m o u n t s  o f  e l e m e n t s  l e a c h e d  w i l l  b e  discussed. 

4. C H A R A C T E R I Z A T I O N  O F  H E A V Y  M E T A L S  A C C U M U L A T E D  I N  M O S S  
C e r t a i n  m o s s e s  w e r e  found t o  a c c u m u l a t e  

h e a v y  m e t a l s  s i g n i f i c a n t l y  f r o m  water. L i v e r - , ,  
rm a n n i a  v u l c a n i c o l a  c o l l e c t e d  f r o m  t h e  

u p s t r e a m  o f  Kashiranashigawa, J a p a n  c o n t a i n e d  
H g  a s  h i g h  a s  1% i n  d r y  weight. X P S  r e v e a l e d  
t h a t  H g  w a s  b o u n d  t o  S  w h i c h  c o u l d  b e  d i s t i n -
g u i s h e d  f r o m  o t h e r  S - s p e c i e s  (sulfate a n d  
o r g a n i c  sulfide, s e e  Fig. 2). F o r  t h e  liver-
w o r t  c o l l e c t e d  from t h e  d o w n s t r e a m  w h i c h  c o n -
t a i n e d  n e g l i g i b l e  a m o u n t  o f  Hg, s u l f a t e - S  p r e -
v a i l e d  o v e r  sulfide-S. A n  a t t e m p t  h a s  a l s o  
b e e n  m a d e  t o  c h a r a c t e r i z e  P b  i n  t h e  m o s s e s  o f  
d i f f e r e n t  origins. 

洵祥化学研究 1, 2  (1986 )  (8 3 )  
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Fig. 2. s  2 p  s p e c t r a  o f  t h e  
liverwort J. v u l c a n i c o・la c o n -
t a i n i n g  H g  (a) a n d  negll.→g i b l e  
H g  (b). T h e  p e a k s  (1), (2) 
a n d  (3) c o r r e s p o n d  t o  S  b o u n d  
t o  Hg, o r g a n i c  s u l f i d e  a n d  
sulfate respectively. 
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S I M U L T A N E O U S  D E T E R M I N A T I O N  O F  T U N G S T E N  A N D  M O L Y B D E N U M  
I N  S E A W A T E R  

Y o s h i k i  SOHRIN, K e n j i  ISSHIKI, T o o r u  K U W A M O T O  a n d  E i i c h i r o  N A K A Y A M A  

D e p a r t m e n t  o f  C h e m i s t r y ,  F a c u l t y  o f  Science, K y o t o  University, K y o t o  606, 
J a p a n  
* R e s e a r c h  C e n t e r  f o r  I n s t r u m e n t a l  Analysis, F a c u l t y  o f  Science, K y o t o  
University, K y o t o  606, J a p a n  

I N T R O D U C T I O N  
T h e  c o n c e n t r a t i o n s  o f  t u n g s t e n  i n  c o a s t a l  w a t e r s  h a v e  b e e n  r e p o r t e d  t o  

b e  220 - 650 prnol 1―1  (ref. 1-4). However, t h e  c o n c e n t r a t i o n s  o f  t u n g s t e n  a n d  
its d i s t r i b u t i o n  i n  t h e  o p e n  o c e a n  h a v e  n o t  b e e n  r e p o r t e d  on. T h i s  is d u e  t o  
lack o f  a n  a d e q u a t e  p r o c e d u r e  f o r  d e t e r m i n i n g  t u n g s t e n  i n  seawater; that is, 
i n  a d d i t i o n  t o  t h e  f a c t  t h a t  t h e  c o n c e n t r a t i o n  o f  t u n g s t e n  i n  s e a w a t e r  is 
e x t r e m e l y  low, b y  c o l o r i m e t r y  m o l y b d e n u m  i n t e r f e r e s  w i t h  t h e  d e t e r m i n a t i o n  o f  
t u n g s t e n  a n d  b y  e l e c t r o t h e r m a l  a t o m i c  a b s o r p t i o n  s p e c t r o m e t r y  t h e  
n o n v o l a t i l i t y  o f  t u n g s t e n  m a k e s  i t s  d e t e r m i n a t i o n  impossible. Here, w e  
r e p o r t  a  n e w  m e t h o d  t o  d e t e r m i n e  t u n g s t e n  i n  s e a w a t e r  a n d  t h e  a n a l y t i c a l  
r e s u l t s  o f  t u n g s t e n  i n  t h e  n o r t h - w e s t  P a c i f i c  Ocean. 

M E T H O D  
I n  t h i s  study, a n  i m p r o v e d  c a t a l y t i c  c u r r e n t  p o l a r o g r a p h y  is u s e d  for 

t h e  s i m u l t a n e o u s  d e t e r m i n a t i o n  o f  t u n g s t e n  a n d  m o l y b d e n u m  a f t e r  a  c o l u m n  
c o n c e n t r a t i o n .  T h e  p o l a r o g r a m  is m e a s u r e d  i n  a  p o t a s s i u m  c h l o r a t e  solution 
c o n t a i n i n g  b e n z i l i c  a c i d  (2,2-diphenil-2-hydroxy a c e t i c  acid) a n d  2-methyl-8-
q u i n o l i n o l .  Fig.1 s h o w s  p o l a r o g r a m s  o f  1  p p m  (10.4 u m o l  1-1) o f  m o l y b d e n u m  
a n d  10 p p b  (54.4 n m o l  l―1) o f  tungsten. I n  t h e  D C  p o l a r o g r a p h  mode, t h e  
p e a k s  o f  m o l y b d e n u m  a n d  t u n g s t e n  a p p e a r  a t  -0.25 V  a n d  -0.85 V, r e s p e c t i v e l y  
(vs. Ag/AgCl). T h i s  c a t a l y t i c  c u r r e n t  p o l a r o g r a p h y  i s  h i g h l y  sensitive, a n d  
t h e  d e t e c t i o n  l i m i t s  (S/N=2) f o r  t u n g s t e n  a n d  m o l y b d e n u m  a r e  250 pmol l―1  a n d  
10 n m o l  l―1, r e s p e c t i v e l y .  T h e  e x a c t  m e c h a n i s m  o f  this e l e c t r o d e  r e a c t i o n  
h a s  u p  t o  n o w  u n k n o w n .  However, t h e  c a t a l y t i c  c u r r e n t  i s  p r o b a b l y  p r o d u c e d  
b y  r e p e a t i n g  t h e  e l e c t r o c h e m i c a l  r e d u c t i o n  o f  m e t a l s  f r o m  h e x a v a l e n t  t o  
p e n t a v a l e n t  a n d  t h e  c h e m i c a l  o x i d a t i o n  o f  t h e m  f r o m  p e n t a v a l e n t  t o  h e x a v a l e n t  

5  w i t h  c h l o r a t e  a l t e r n a t e l y  o n  t h e  d r o p p i n g  m e r c u r y  electrode"'. 
T u n g s t e n  a n d  m o l y b d e n u m  w e r e  c o n c e n t r a t e d  u s i n g  t h e  K e l e x - 1 0 0  c o l u m n  i n  

w h i c h  X A D - 4  r e s i n  l o a d e d  w i t h  K e l e x - 1 0 0  (7-(1-vinyl-3,3,5,5-
t e t r a m e t h y l h e x y l ) - 8 - q u i n o l i n o l )  w a s  packed. A  500 m l  s e a w a t e r  sample 
a d j u s t e d  t o  p H  5  w i t h  a c e t i c  a c i d - s o d i u m  a c e t a t e  s o l u t i o n  w a s  p u m p e d  through 
t h e  K e l e x - 1 0 0  column. T h e n  b o t h  e l e m e n t s  w e r e  e l u t e d  w i t h  2 M  NH40H. T h e  
e l u a t e  w a s  e v a p o r a t e d  t o  dryness, a n d  o r g a n i c  m a t t e r  w h i c h  m i g h t  g e t  m i x e d  
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i n t o  t h e  e l u a t e  w e r e  d e c o m p o s e d  w i t h  H N 0 3  a n d  H佼 2. T h e  r e s i d u e  w a s  
d i s s o l v e d  w i t h  10 m l  o f  t h e  s u p p o r t i n g  e l e c t r o l y t e  s o l u t i o n  a n d  t h e  
p o l a r o g r a m  w a s  t h e n  r e c o r d e d .  

R e c o v e r i e s  f r o m  a r t i f i c i a l  s e a w a t e r  c o n t a i n i n g  10 p p b  (104 n m o l  1―1) o f  
m o l y b d e n u m  a n d  10 p p t  (54.4 p m o l  1―1) o f  t u n g s t e n  w e r e  97も f o r m o l y b d e n u m  a n d  
101 も f o r tungsten. R e l a t i v e  s t a n d a r d  d e v i a t i o n s  f o r  s e v e n  r e p l i c a t e  
m e a s u r e m e n t s  w e r e  a b o u t  2も f o r b o t h  e l e m e n t s .  T y p i c a l  b l a n k s  w e r e  l e s s  t h a n  
t h e  d e t e c t i o n  l i m i t s  f o r  b o t h  e l e m e n t s .  

A N A L Y T I C A L  R E S U L T S  
T h i s  m e t h o d  w a s  a p p l i e d  t o  t h e  s e a w a t e r  s a m p l e s  c o l l e c t e d  i n  A u g u s t  1 9 8 5  

1 n  t h e  n o r t h → w e s t  P a c i f i c  O c e a n .  A l t h o u g h  t h e  d i s s o l v e d  c o n c e n t r a t i o n s  o f  
t u n g s t e n  s h o w  l a r g e r  v a r i a t i o n s  t h a n  t h o s e  o f  m o l y b d e n u m ,  t h e  d i s s o l v e d  
c o n c e n t r a t i o n s  o f  t u n g s t e n  a r e  a l s o  a l m o s t  u n i f o r m  f r o m  t h e  s u r f a c e  t o  t h e  
b o t t o m  a s  w e l l  a s  t h o s e  o f  m o l y b d e n u m .  T h e  a v e r a g e  c o n c e n t r a t i o n s  o f  
t u n g s t e n  t h r o u g h  t h e  w a t e r  c o l u m n  a r e  53 - 60 pmol 1 - 1 ( n o r m a l i z e d  t o  a  
s a l i n i t y  o f  35も）， a n d t h e  W : M o  r a t i o s  a r e  a b o u t  1:1800. 

R E F E R E N C E S  
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Flg.1  Polarograms of I  ppm Mo and 10 ppb W  
In 0.5 M  KCIO, - 0.03 M  H.S0. - -4 

3  2  4  3  x  10 ・ M  benzllic acid. 
Broken line; without 2-methyl-8-qulnolinol. 

-4 Solid line; with 2  x  10, M  2-methyl-8-quinolinol. 
皐； The current range Is changed over. 
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S 3 - 0 6  
D E T E R M I N A T I O N  O f  M I C R O  A M O U N T S  O f  M E R C U R Y  I N  S O I L  
A N D  B O T T O M  S U B S T A N C E  B Y  H E A T  D E C O M P OS IT l O N  Ml-:THO D  

T o m o k o  S A K A G U CH I  a n d  Y o s h i h i k o  O H Y A G I  

P h o t o e l e c t r i c  A n a l y s i s  R e s e a r c h  I n s t i t u t e ,  T o k y o  p ho t o e l e c t r ic C o . ,  L t d ,  
T o k y o ,  1  O S ,  J a p a n  

f l a m e l e s s  a t o m i c  a b s o r p t i on  c,;p e c t r o m e try is e r r e c t 1 ve  n.e t h od  fo r  
t h e  d e t e r m i n a t i o n  o f  m i c ro 細 ou n t s o f  merc1Jry. At• imi zat i 0n a n d  d e te r・m 1 n a t ¥ o n  
o f  m e r c u r y  in a q u e o u s  s o l u t i o n  a n d  in a t mo s p h e rP  1s  c a r r i e d  o u t  e a s ily .  W r,e n  
s o l i d  s a m p l e s  a r e  a n a l y z e d ,  m e r c u r y  h a s  b e e n  t a k e n  o u t  f r o m  s a m p le s  b y  wet 
d e c o m p o s i t i o n  m e t h o d .  B u t  t h e s e  p ru c e d u r s  a r e  ted 1ou s  an<! a r e  n e ed,,d to  IJE:  
s k i l l f u l .  A s  m e r c u r y  g a s  is p r o d u c e d  from s o lid s a m p l e  b y  h e a t  de cor•1pcs1t1 c r, 

m e t h o d  a n d  is c o l l e c t e d  o n  s i l v e r  t ips a s  a m a l g a m ,  deterrcination  o r  m i c ro  
a m ou n t s  o f  m e r c u r y  c a n  b e  c a rri e d ,,u t  e a；； ii y ・

E X P E R I M E N T A L  S Y S T E M  
S c h e m a t i c  f i g u r e  o f  m e rc u r y  d e t e r m i n a t i 0 n  s y s t e m  i s  s how r,  in f" 1gu rP  

1. A  c e r a m i c  b o a t  o n  w h i c h  s o l i d  s R m p le w a s  p u t  w a s  i n s e r t e d  in t o  
d e c o m p o s i t i o n  h e a r t h .  M e r c u r y  w h i ch  h a d  b e e n  e r u p t e d  a n d  a t o m i z e d  b y  h e a t i n g  
w a s  c o l le c t e d  o n  s i l v e r  t i p s  a s  a m a l g a m .  T h e  c o l l e c t e d  m e rc u r y  w a s  h e a t e d  
a g a i n  a n d  w a s  d r i v e n  t o  a b s o r p t i o n  cell a n d  absorb;,nc e  w a s  m e a s u r e d  t h e re .  

E X P E R I M E NT A L  R E S U R T  A N D  D I S C U S S I O N  
C o m p o s i t i o n  o f  soil i s  v e r y  d i f f e r e n t  o n  e a c h  sa m p l e  ;  they a re  

m i x t u r e  o f  i n o r g a n i c  c o m p o u n d  c o n t a i n i n g  s i l i c a t e  m a i n l y  a n d  se v e r a l  o r ga n i c  
c om p o u n d .  W h e n  t h e  m e r c u r y  s t a n d a r d  s a m p l e  w a s  p r e p a r e d  u s ing  silic;a p ow d e r  
a s  d i l u e n t ,  t h e  m e a s u r e d  r e s u l t s  w e r e  a f f e c t e d  l a r g e l y  b y  t e m p e r a t u r e  a n d  
f l u c t u a t i o n  o f  v a l u e  o c c u r r e d  d u e  to a b s o r p t i o n  o f  m e rc u r y  t o  s ili c a  p o w d e r .  
N o w  c a l c i u m  f l u o r i d e  a s  f u s i n g  i no r g a n i c  a g e n t  a n d  s u c ro s e  a s  o rgani c  c om po u n d  
a r e  m i x e d ,  m e r c u r y ( II )  c h l o r i d e  s o l u t i o n  i s  a d d e d  t o  it a n d  th,,n  m i x e d  e n ou g h  
in a g a t e  m o r t a r .  W h e n  t o t a l  w e i g h t  o f  m i x t u r e  i s  f i x e d  a s  3 0 0 m g ,  m ixi n g  rati o  
o f  s u c r o s e  a n d  c a l c i u m  f l u o r i d e  w a s  c h a n ge d  a t  2 :  l  to  1  :4 t o  w h i c h  m e r c u r y  w as  
i n c l u d e d  1 0 0 n g /3 0 0 m g .  In the  rati o  a t  1: 2  g o o d  r e p r o d u c i b i l i t y  o f  m e a s u r P m e n t  
w a s  o b t a i n e d  a t  a n d  a b o v e  6 0 0  °C. W h e n  s u c r o s e  w a s  m i x e d  in e x c e s s ,  c a r bo n  
a d h e r e d  o n  to e v e r y  s u b s t a n c e  in p as s a g e  t h o u g h  a t  h i g h e r  tem pe r a t u re s. 

W o r k i n g  c u r v e  f o r  m e r c u r y  d e t e r m i n a t i o n  in sol id s t a n d a rd s a m p  Le s  
m i x t u r e  o f  c al c i u m  f l u o r i d e  a n d  su c ro s e  a t  rati o  2 :  1  is sh o w n  in f igu r・e  2 .  
B r o k e n  line s h o w s  w o r k i n g  c u r v e  w h e n  m e r c u r y  in a q u e ou s  s o luti o n  w a s  rrclu c e d  
a n d  a t o m i ze d  b y  su l f u r ic ac id  - t 1 n (II )  chl o r ide s o lu t ion  a nr! w a s  rnい 1su r‘せd t,y  
t h e  s am e  c on d i t i o n  a s  s o l id sample. W he n  the •auantity o f  cne r c u r,• .,, a s 1  e s s  t h a n  
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3 0 n g ,  the  m e a s u r e d  v a l u e s  a f t e r  h ea t  d ec om po siti o n  m e t h o d  a n d  a f t e r  
reduc ti o n  m e t hod  h a d  g o o d  a g r e e m e n t  a n d  the d e s pe r sion o f  m e a s u re d  v a l u e s  
w as  small .  B u t  fo r  the  s ampl e  c o n t a i n i n g  m e r c u r y  m o re  than 3 0 ng  th e  h e a t  
dec om p o s it ion v a l ue  w a s  s m a l l e r  than the reducti o n  value. It is  tho u g h t  that 
fo rmati o n  o f  a m a l g a m  w a s  c arri e d  o u t  q u a n t i t a t i v e l y  i n  d i l u t e d  m e r c u r y  v a p o r  
b u t  i n t e r ac tion b e tw ee n  m e r c u r y  m o l e c ul e s  w a s  o c c u r e d  i n  c.oncentrated v a p o r  
s o  that f o r m a t i o n  o f  a m alg a m  w a s n ' t  c ar r i e d  o u t  quantitatively. 

W h e n  the d e t e r m i n a t i o n  o f  s o l i d  s a m p l e ,  a s  the sample is m a d e  i n t o  
" d i l u t e d  solution" b y  a p p r o p r i a t e  d i l u e n t  su c h  a s  this m i x t u r e  o f  c a l c i u m  
f l uo r i de  a n d  s u c ro se  in  the same m a n n e r  a s  a q u eo u s  s o luti o n ,  d e t e r m i n a t i o n  
o f  m e r c u r y  is e x pe c ted to b e  c ar r i e d  o u t  q u an t i ta t i v e l y  c o i n c i d i n g  e a c h  o t h e r  
i n  d e f fer・en t  m e t ho d  e .g .  h e at  d ec om posi tion m e t h o d  a n d  w e t  o n e .  

Sample Mg(CIO山
(in c e r a m i c  boat) 

F l l t e r  

U  I  2  2  

→
 

D e h u m i d i f i c a t i o n  A b s o r p t i o n  
tube T r a p p i n g  cell 

tube 

F i g .l S c h e m a t i c  figure s h o w i n g  m e r c u r y  m e a s u r i n g  s y s tem. ▼
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Q uan t i t y  o f  H g  / n g  
Fig. 2  W o r k i n g  c u r v e s  f o r  m e r c u r y  in s o l i d  standar・d s a m p l e  ( - )  a n d  

in a qu f'o u s  s o lu t io n  (-- -) .  
Fl ow i n g  r・at e  O . &  1/min. H e a t i n g  te m pe rature 6 0 0  "t:.  

,  hi  {  ff t  •:i: (, 1. ど ，19  8I})  [
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S 3 - 0 7  
ION C H R O M A T O G R A P H Y  O F  A N I O N S  O F  W E A K  A C I DS  

W I T H  C O N D U C T O M E T R I C  D ET E CT I O N  

＊ ＊＊ T e t s u o  O K A D A  a n d  T o o r u  KUWA.'10TO 

*  F a c u l t y  o f  Liberal Arts, S h i z u o k a  University, S h i z u o k a  422, J a p a n  
** D e p a r t m e n t  o f  Chemistry, F a c u l t y  o f  Science, K y o t o  University, 
K y o t o  606, J a p a n  

I o n  c h r o m a t o g r a p h y  (IC) w i t h  c()nductometric d e t e c t i o n  is  a  v e r y  useful 
t o o l  f o r  a n a l y s i s  o f  a n i o n s  w h i c h  a r e  d i f f i c u l t  t o  b e  m e a s u r e d  b y  
c o n v e n t i o n a l  m e t h o d s [ 1 , 2 ) .  H o w e v e r ,  t h e r e  r e m a i n  s o m e  p r o b l e m s  to  b e  
s o l v e d ,  f o r  e x a m p l e  t h e  d e t e r m i n a t i o n  o f  w e a k  a c ids, i m p r o v e m e n t  o f  
s e n s i t i v i t y  in n o n s u p p r e s s e d  I C  etc. W e  h a v e  i n v e s t i g a t e d  these p r o b l e m s  in 
r e c e n t  five y e a r s  a n d  found it p o s s i b l e  t o  d e te r m i ne  a n i o n s  o f  wieak a c ids, 
s u c h  a s  silicate, cyanide, sulfide, b o r i c  acid, a n d  g e r m a n i c  ac id  etc. (3-6) 
w e  d e m o n s t r a t e  t h e  c o n d u c t o m e t r i c  d e t e r m i n a t i o n  o f  these c o m p o u n d s  a f t e r  t h e  
i o n - e x c h a n g e  o r  i o n - e x c l u s i o n  c h r o m a t o g r a p h i c  separation. 

1. I O N - E X C H A N G E  C H R O M A T O G R A P H Y  
A t  t h e  b e g i n n i n g ,  I C  w a s  c o m p o s e d  o f  a  c o l u m n  p a c k e d  w i t h  a  l o w  

c a p a c i t y  a n i o n - e x c h a n g e  r e s i n ,  a  c o n d u c t i v i t y  d e t e c t o r  a n d  a  s u p p r e s s o r  
c o l u m n  p a c k e d  w i t h  H + - f o r m  s t r o n g l y  a c i d i c  c a t i o n - e x c h a n g e  resin. However, 
w i t h  a d v a n c e s  o f  a  l o w - c a p a c i t y  a n i o n - e x c h a n g e  r e s i n  a n d  a  s e n s i t i v e  
c o n d u c t i v i t y  detector, n o n s u p p r e s s e d  IC, w h i c h  d i d  not include a  suppressor 
c o l u m n ,  w a s  m a d e  p o s s i b l e  b y  G j e r d e  a n d  F r i t z  e t  al. W e  n o t i c e d  t h i s  
t e c h n i q u e  f o r  m e a s u r e m e n t  o f  a n i o n s  o f  w e a k  a c i d s ,  a n d  t r i e d  t o  u s e  
p o t a s s i u m  h y d r o x i d e  a s  a n  e l e u n t  f o r  this p u r p o s e  a n d  for t h e  improvement o f  
s e n s i t i v i t y  o f  n o n s u p p r e s s e d  IC. 

T h i s  m e t h o d  p e r m i t t e d  t o  d e t e r m i n e  b o t h  a n i o n s  o f  s t r o n g  a c i d s  a n d  w e a k  
a c i d s  w i t h  h i g h  s e n s i t i v i t y ;  t y p i c a l  d e t e c t i o n  liJnits r a n g e d  f r o m  1 0 p p b  t o  
s u b p p m  level. F i g u r e  1  s h o w s  a n  i o n  c h r o m a t o g r a m  o f  four w e a k  acid, i.e. 
si 1  i  c i c  acid, a r s e n i  te, cyanide, a n d  sulfide, w h i c h  w e r e  n o t  d e t e c t e d  b y  a  
c o n v e n t i o n a l  c o n d u c t o m e t r i c  detection. S i n c e  p o t a s s i u m  h y d r o x i d e  is a  w e a k  
eluent, it is d i f f i c u l t  t o  r a p i d l y  e l u t e  p o l y v a l e n t  anions. However, m a n y  
m o n o v a l e n t  anions i n c l u d i n g  i n o r g a n i c  a n d  o r g a n i c  a c i d s  c a n  b e  determined. 

2. I O N - E X C L U S I O N  C H R O M A T O G R A P H Y  
S o m e  w e a k  a c i d s  w e r e  d e t e c t a b l e  b y  u s e  o f  a  p o t a s s i u m  h y d r o x i d e  

s o l u t i o n  a s  a n  e l u e n t ,  b u t  s o m e  w e r e  n o t  i n  t h i s  w a y  b y  a  c o n d u c t i v i t y  
detector. B o r i c  a n d  g e r m a n i c  a c i d s  a r e  typical e x a m p l e s  o f  compounds, w h i c h  
a r e  d i f f i c u l t  t o  b e  detected, b e c a u s e  t h e i r  a n i o n s  a r e  w e a k l y  r e t a i n e d  b y  a n  

(88 )  湘；＇（化 学研究 1 ,  2  (1986 )  



a n i o n - e x c h a n g e  r e s i n .  T h e r e f o r e ,  f o l l o w i n g  m e t h o d  w a s  c o n s i d e r e d  f o r  
d e t e r m i n i n g  t h e s e  c o m p o u n d s .  B or i c  a n d  g e r m a n i c  a c i d s  f o r m  c o m p l e x e s  
w i t h  p o l y o l s  s i m i l a r  t o  m ol y b d ic  o r  p h o s p h o ric  a cid, a n d  in c o n s e q u e n c e  o f  
t h e i r  c o m p l e x a t i o n ,  t h e i r  a c i d i t y  increases. T h e  r e a c t i v i t y  o f  p o l y o l s  w i t h  
b o r i c  a n d  g e r m a n i c  a c i d s  d e p e n d s  o n  c on f i gu r a t i o n  o f  t h e  h y d r o x y l  g r o u p s  in 
t h e  polyols. P o lyols w i t h  a d j a c e n t  h y d r o x y l  g r o u p s  i n  t h e  c i s  c o n f i gu r a t i o n  
f o r m  s t r o n g l y  a c i d i c  c o m p l e x e s  a n d  t h o s e  w i t h  ad j a c e n t  h y d r o x y l  g r o u p s  i n  
t h e  t r a n s  c o n f i g u r a t i o n  f o rm  w e a k l y  a c i d i c  complexes. Fructose, m a n n i t o l ,  
a n d  s o r b i t o l  a r e  t h e  e x a m p l e s  o f  p o l y o l s  r e s u l t i n g  i n  s t r o n g l y  a c i d i c  b o r a t e  
c o m p l e x e s .  T h e s e  p o l y o l s  w e r e  t h e r e f o r e  e m p l o y e d  i n  t h e  e l u e n t s  u s e d  f o r  
t h e  d e t e r m i n a t i o n  o f  b o r i c  a n d  g e r m a n i c  a c i d s  w h i c h  w e r e  d e t e c t e d  b y  a  
c o n du c t iv i t y  d e t e c to r  a f t e r  i o n - e x c l u s i o n  c h r o m a t o g r a p h i c  separation. 

A s  a  r e s u l t  of t h e  investigation, 0.1 M  f r u c t o s e  s o l u t i o n  w a s  f o u n d  
to  b e  t h e  b e s t  eluent. F i g u r e  2  s h o w s  a  typical c h r o m a t o g r a m .  P e a k  A  1 s  
d u e  t o  i m p u r i t i e s  s u c h  a s  chloride, a n d  t h e  p e a k  D  is c a u s e d  b y  carbonate. 
I n  t h i s  m e t h o d ,  t he  d e t e c t i o n  l i m i t s  for B  a n d  G e  w e r e  0.Sppb a n d  1.Sppb. 

CO N C L U S I O N  
W e  h a v e  invest i g a t ed  p r o b l e m s  o f  a n i o n  c h r o m a t o g r a p h y  a n d  s o l v e d  s o m e  

o f  t h e s e  problems. A b o v e  all, t h e  d e t e r m i n a t i o n  o f  w e a k  a cュd s i s  i m p o r t a n t  
b e c a u s e  s i m u l t a n e o u s  d e t e c t i o n  o f  m a n y  c om p o u n d s  is o n e  o f  t h e  m o s t  v a l u a b l e  
a s p e c t s  o f  c o n d u c t o m e t r i c  detection. T h e s e  m e t h o d s  a r e  ex;-,ected t o  b e  u s e f u l  
in !'1any fields o f  researches. 
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5 3 - 0 8  
DISTRI!3UTIOU O F  i、!AGNESIUll IN MARrnE SHELLS 

Hiroshi HASHITAUI, Minoru OlCUMURA and Yoshiyuki SAKAI  
Faculty of Science, S h im an e  University, Matsue, 690 ,  Japan 

1. INTRODUCTIOi~ 
A  n u m b e r  o f  studies o n  trace elements in marine she ll s  have been 

reported under the idea  that these contents m a y  indicate tile physical and 
chemical environm ents in w h i c h  the shell g r e w  up. The trace el e m ents h as  
been thought to be supplied throug h  their body fluids an d  re la ted 
indirectly to those concentration in sea water. Accidenta ll y  w e  found that 
m ag n e s i u m  content in a  turban shell w a s  not uniform .  Then, ¥-le h ave inves -
tigated the distribution o f  m a g n e s i u m  and strontium in a  coup le  of she ll s  
by use of n e w l y  developed method for surface analysis of shel l.'l'he method  
is simple, a n d  is based o n  measuring the ratio o f  trace  element to ca lc iu:n 
af ter dissolving thin layers of the surface in dilute  ac id .  

2.  ANALYTICAL M E T H O D  O F  MARINE SHELL 
Various matters adhering to the outer surface  o f  m a rine shells are  

scraped off. Square plates (ca. 15 x  20 m m )  are cut off from  the she ll s  
and w a s h e d  w i t h  a  ultrasonic w a v e  washer. Then, the surface is coated w ith 
paraffin reservin.:; a  certain area (10 x  10 i1lm) a fter dryint:. じach plate  is  
successively immersed in separate 3N HN03 for a  desired period (som e  
seconds to so me minutes) to dissolve stepwise thin layers of paraffin-
uncoated shell surface f r o m  the outer surface d o w n  to the inner surface. 
These solutions are treated w i t h  perchloric acid to decom p ose o rこa n ic
matters. C a l c i u m  is determined by ED'fA titration and m a3nesiurn a nd  
strontium witi1 A,¥S. A  distance from  outer surface t o ward inner side  1s  
estin1ated f r o m  the amount o f  calcium dissolved, using the density, 2.5, o f  
ca lc i u m  carbonate. Tl1e crystal form o f  calcium carbonate in 1i1arine shells 
is identified w i t h  X -ray diffractio n  method. 

3. RESULTS A N D  DI SCUSS ION 
T h e  distributions o f  magnesium and strontium in a  cross sec tion  from  

t he  o u t e r , ; u r f a c e  do1vn to th e  inne r  s u rf a c e  o f  a  t u r b;i n,;h e ll a r e  si101J n  in 
Fig.  1. A  turban shell has a  prismatic layer (calcite) in the o u ter s id e  
an<l a  nacreous layer (a ra gonite) in tile  inner s ide. T ile inte rface be t1-1een  
t w o  layers, 11hich is observed  visuall y  in the process o f  disso lution ,  
e;:i sts  a t  J. 3 , n m  depth from  the out er  surface .  Magnes iu..,  cont しnL is  ln g n e r  
in the outer surface  laye r  an<l decreas es gradually to a  c ons tant in the  

i. (）u  ;  11/i ;  l  -1ヒ'/:!:/ff: l .  2  11986 1  



p r i s m a tic  layer. The conte nt furthe r  dec rease t o  a  c onstan t  in  the 
nac reous layer. St ro n tium  c on tent is a lso h ic¥h  in the o u ter  surfac e  la ye r ,  
a n d  is h i g h e r  in  t h e  n a c r e o u s  la y e r  th a n  i n  t he  p ri s m a t ic l a y e r  i n  c o n t r a s t  
to th e ,n戸 nes iu1,1 dis tri bu tion .  

F igure 2  indica tes  the dis tr ibution o f  m a gn e s i u m  n e a r  t he  ou t e r  
su rfac e  (prisma tic la ye r)  o f  a  turban  s he ll .  Since a  tur ban she l  1  ;:;roぃs
f r o m  it s  a p e x  t o w a r d  its a p e r t u re, t h e  p o i n t  C  n e a re s t  t o  t h e  a p e x  w a s  m o s t  
ea rl y  f o r m ed  in the  three points tested . 'fhe c on ten t  o f  m a gn e s i u m  w h i c h  
are  enrich e d  in the  o u ter surface laye r  decreases (C >  B  >  A). This 
S Uふgests that the o u te r  surface laye r  w h ic h  is c10re e arl y  fon11ed  cont ains 
niaz nesium  at h igher level. H ow e v e r ,  m a gnes i u m  c ontent s  in these three  
μo i n ts  a re a lm o s t  e勺u a l a t  l o w  le v e l  a t  O.L, 1,1 111 d e p t h  f ro m  t h e  o u te r  
s  ... rrface s. 

O ys ter she ll  for: ,1~ng on l y  fro m  a  pri s matic layer (ca lc ite ),  a lso  
c ont a in s  ・,1ig h  in  h ie  o uter surfa ce la ye r  a nd  the content decreases to a  
cons tan t  toHarJ the inne r  s ide. 

T he  f indinr:s ti1at m a gnesiu m  c ont ent is h igh e r  in  a  pri sm a tic lay e r  
(calr'.it e )  than  in  a  nac re ous la yer (aragon ite) a ncl ti1e trend o f  st rontium  
content 1s  o p pos ite to  tha t  o f  m a gnes iu m  content a gree w i t h  the  re s u lt on  
the inco rp o ra tio n s  o f  ~ a ~nesium an d  s tront i u m  into c a lciu m  ca rbona te pre-
c ip ica ted  ino rganica ll y .  T h is  suggests tha t  the crystal form  o f  c a l c i u m  
c a ro0nat e  ~ca lci t e a n d  a ra:;onite) in ntarine she lls influences  the incorpo-
ration  o f  thes e  m e ta ls  into the  crystal e v e n  through biomineralizations. 
M agnesiur.1 and stro ntiu,11 w hic h  a re enric h e d  in a  oute r  sur fac e  laye r  m a y  i.>e 
incorp ora ted in o rr;anical ly  from  sea w a ter, through inorganic mineraliza-
t.ion s  o [  c a lcium  carbona te o n  tile outer  she ll su r face .  
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S 3 - 0 9  M O R P H O L O G Y  A N D  E L E C T R O N  P R O B E  X - R A Y  M I C R O A N A L Y S I S  
O F  S U B M I C R O N  P A R T I C L E S  IN F R E S H  W A T E R S  

T s u t o m u  N O M I Z U  a n d  A t s u s h i  M I Z U I K E  
F a c u l t y  o f  Engineering, N a g o y a  University, N a g o y a  464 
J a p a n  

I n  e n v i r o n m e n t a l  sciences, i_t  h a s  i n c r e a s i ng ly  b een  recognize d  
t h a t  subrnicron p a r t i c l e s  p l a y  a n  i m p o r t a n t  r o l e  i n  f r e s h  w a te rs. 
S i g n i f i c a n t  t r a c e s  o f  h e a v y  m e t a l s  a r e  p h y s i c a l l y  o r  c h e mically  a d s o r bed  o n  
t h e s e  p a r t i c l e s  i n  water, t h e i r  b e h a v i o r  i n  t h e  e n v i r o n m e n t  a n d  b i olo g i c a l  
e f f e c t s  d i f f e r i n g  f r o m  t h o s e  o f  t h e  d i s s o l v e d  species. E l e c t r o n  m i c r o s c op y  
i s  a  p o w e r f u l  t o o l  t o  m o r p h o l o g i c a l l y  c h a r a c t e r i z e  s u b m i c r o n  particles. 
F u r t h e r m o r e ,  i t  h a s  b e c o m e  p o s s s i b l e  t o  a n a l y z e  individual s u b m i c r o n  
p a r t i c l e s  f o r  m a j o r  e l e m e n t s  b y  t h e  a n a l y t i c a l  e l e c t r o n  m i c r o s c o p e  (AEM), a  
h i g h  r e s o l u t i o n  e l e c t r o n  m i c r o s c o p e  e q u i p p e d  w i t h  a n  e n e r g y  d i s p e r s iv e  X - r a y  
analyzer. Nevertheless, t h e  r e s u l t s  o f  e l e c t r o n  m i c r o s c o p ica l  investigatio n  
a n d  t h e i r  i n t e r p r e t a t i o n  d e p e n d  g r e a t l y  o n  p r e p a r a t i o n  o f  specimens .  T h e  
a u t h o r s  d e v e l o p e d  t h e  c e n t r i f u g a t i o n  t e c h n i q ue  u s i n g  a  special s p e c i m e n - g r i d  
h o l d e r  i n s e r t e d  i n t o  a  c e n t r i f u g e  t u b e  f o r  d i r e c t l y  d e p o s i t i n g  p a r t i c l e s  o n  
a  c a r b o n  f i l m  m o u n t e d  o n  a  s p e c i m e n  g r i d  f o r  t h e  AEM. T h i s  technique  w a s  
f o u n d  t o  b e  s u p e r i o r  t o  o t h e r  s p e c i m e n  p r e p a r a t i o n  techniques for e l e c t r o n  
m i c r o s c o p y  o f  s u b m i c r o n  p a r t i c l e s  i n  f r e s h  waters. 

E X P E R I M E N T A L  
A  s a m p l e  o f  p o n d  w a t e r  w a s  f i l t e r e d  

t h r o u g h  a  1-)lm p o r e  N u c l e p o r e  f i l t e r  
b e f o r e h a n d  t o  r e m o v e  larger s u s p e n d e d  
particles. 

F i g u r e  l  s h o w s  t h e  s p e c i me n- g r i d  h o l d e r  
i n s e r t e d  i n t o  a  7-ml c e n t r i f u g e  tube. A  
1 0 - 2 0  n m  c a r b o n  f i l m  o n  a  g o l d  o r  c o p p er  
s p e c i m e n  g r i d ' w a s  t r e a t e d  b y  g l o w  d i s c h a r g e  
t o  r e n d e r  hydrophilic. T h e  g r i d  w a s  m o u n t e d  
o n  t h e  s p e c i m e n - g r i d  h o l d e r  a n d  f i x e d  b y  a  
T e f l o n  frame. T h e  h o l d e r  w a s  p l a c e d  a t  t h e  
b o t t o m  o f  t h e  c e n t r i f u g e  tube, into w h i c h  5  
m l  o f  w a t e r  s a m p l e  w a s  c a r e f u l l y  pipetted. 

ーニ響

Polypropylon● 
cont 『itugo tub● 

Specimen grid 

Teflon frame 

Polycarbonate 
specimen-g 『id
holder 

O  10mm 
I  l  

C e n t r i f u g a t i o n  w a s  c a r r i e d  o u t  1.n a  
s w i n g - b u c k e t  r o t o r  a t  1 0 0 0 0  r.p.m. f o r  18 m i n  F i g .l Sp e c i m e n - g r i d  h o l d e r  
f o r  q u a n t i t a t i v e  s e d i m e n t a t i o n  o f  p a r t i c l e s  i n  a  centr i f ug e  tube 
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- 3  h a v i n g  d i a m e t e r s  larger t h a n  0 . 1  p m  a n d  a  d e n s i t y  o f  1 . 8  g  c m  J .  A f t e r  
centrifugation, t h e  w a t e r  w a s  s l o w l y  r e m o v e d  a n d  t h e  g r i d  h o l d e r  w a s  d r a w n  
u p  b y  tweezers. T h e  s p e c i m e n  g r i d  w a s  t a k e n  o u t  a n d  air-dried. 

o t h e r  s p e c i m e n  p r e p a r a t i o n  t e c h n i q u e s  e v a l u a t e d  w e r e  f i l t r a t i o n  
(collecting p a r t i c l e s  o n  a  0 , 1 - p m  p o r e  N u c l e p o r e  filter), d i r e c t  d r y i n g  
(freeze-drying a  ca. 3 - m m  d i a m e t e r  d r o p l e t  o f  w a t e r  o n  a  s p e c i m e n  grid) a n d  
s p r a y  d r y i n g  (air-drying ca. 1 0 - u m  d i a m e t e r  d r o p l e t s  o f  w a t e r  sprayed). I n  
t h e  latter t w o  techniques, p a r t i c l e s  w e r e  p r e c o n c e n t r a t e d  b y  f i l t r a t i o n  t o  
o b t a i n  e n o u g h  p o p u l a t i o n  f o r  o b s e r v a t i o n  w i t h  t h e  e l e c t r o n  m i c r o s c o p e .  

A  s c a n n i n g  e l e c t r o n  m i c r o s c o p e  (SEM) (operated a t  15 kV) a n d  a n  A E M  
(operated a t  100 kV) e q u i p p e d  w i t h  a n  e n e r g y  d i s p e r s i v e  X - r a y  m i c r o a n a l y z e r  
w e r e  used. 

R E S U L T S  A N D  D I S C U S S I O N  
F o u r  s p e c i m e n  p r e p a r a t i o n  t e c h n i q u e s  w e r e  e v a l u a t e d  b y  u s i n g  s u b m i c r o n  

p a r t i c l e s  i n  a  p o n d  w a t e r  a s  a n  example. T h e  r e s u l t s  a r e  s u m m a r i z e d  i n  
T a b l e  1. Items 1  - 4  c l e a r l y  s h o w  t h a t  f i l t r a t i o n  a n d  c e n t r i f u g a t i o n  a r e  
.  s u p e r i o r  t o  t h e  o t h e r  t w o  t e c h n i q u e s  f o r  p r e p a r i n g  s p e c i m e n s  f o r  t h e  SEM. 
T h e  s p e c i m e n  p r e p a r e d  for t h e  S E M  b y  c e n t r i f u g a t i o n  g a v e  s l i g h t l y  c l e a r e r  
i m a g e s  t h a n  t h a t  b y  filtration. Furthermore, i t  w a s  s u i t a b l e  for t h e  
t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p e  (TEM) a n d  AEM. T h e  T E M  i m a g e  o f  s u b m i c r o n  
p ar t i c l e s  i n  t h e  p o n d  w a t e r  g a v e  m u c h  m o r e  i n f o r m a t i o n  t h a n  t h e  S E M  i m a g e  
b e c a u s e  inner s t r u c t u r e s  w e r e  c l e a r l y  v i s i b l e  w i t h  h i g h  resolutions. X - r a y  
m i c r o a n a l y s i s  o f  s u b m i c r o n  p a r t i c l e s  i n  t h e  p o n d  w a t e r  suggested, f o r  
example, t h e  e x i s t e n c e  o f  c l a y  p a r t i c l e s  a s s o c i a t e d  w i t h  a  small, v a r y i n g  
a m o u n t  o f  h y d r a t e d  iron(III) oxide. 

T_il___bj e  1. comparl  son  of speC lmen preparat lon  technlques 

centrifugation filtration direct drying* spray drying* 
(freeze-drying) 

1.simplicity of operation 
2.less contamination and loss 
).reproducibility 
4.less agglomeration 
5. size fractionation 
6.applicability to TEM or AEM 

- disadvantageous 
• after preconcentration by filtration 
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S 3 - 1 0  
APPLICATION O F  A  COMP血 X OF PHYSICO-CIIBMICAL 皿 THODS
T O  STUDY THE FORMS O F  HEAVY METAL OCCURENCE IN 
NATURAL WATERS 

V.A.KIMSTACH, I.A.LAPDr, E.G.TCHUDヰ OV and G.V.VARVA1江NA

Hydrochemical Institute, Rostov-on-Don, 344090 
USSR 

Problems in speciation of heavy metals (HM) i n  natural waters are 
connected w i t h  both methodical aspecta (absense of the comprehensive method 
allowing to conduct isolation, identification and quantitative determination 
different forms o f 暉 directly in a  water sample simultaneously) and specic 
features of natural waters (diversity of  chemical composition, low level of  
concentrations of 暉， readily varying equilibrium among the forms of H M  co-
existing i n  a  solution). Due t o  this fact a  combination of methods of reso-
lution, isolation and concentration of different 暉 speciations with methods 
of quantitative determination of trace amounts of H M  widely used. This ap-
proach w a s  realized in the schemes of analysis suggested by Florence and 
Batley 1 ,  Nurnberg 3 ,  Lapin and Krasiukov 2 .  

While choosing the methods of investigation of 田4 speciationa in such 
complex heterogenious systems as  natural waters it is desirable to fulfil 
the following requirements: 

- methods of resolution and isolation applied in IiM speciations should 
迪 ve a  minimal influence on the distribution of H M  among the forms of its 
occurence; 

- multielement methods of high sensitivity and reproducibility should 
be used for the determination of H M  concentrations; 

- methods of analysis of H M  speciations i n  natural waters should be 
combined w i t h  the methods providing information on their biological assimi-
lability (conditional stability constants of complexation, molecular mass 
distribution etc.). 

In this wo r k  the problem of combination of the methods of resolution 
and isolation (different types of liquid chro四 tography, dialysis, ultra-
filtration) with  the methods of H M  detection (voltammetry, atomic emission 
a n d  absorption spectroscopy and activation analysis) is discussed, In con-
sideration of the specific feature.a of the above methods the scheme of the 
analysis of the H M  speciations in natural waters, developed on the basis of 
complex application of membrane filtration (MF), ion-exc迪 nge liquid chroma-
tography (ILC), exculusion chromatography (EC) and induction-coupled plas皿
atomic-emission spectrometry (ICP AES) is suggested as optimal. 

四 method is used for resolution of the basic physico-chemical specia-
tio四 o f HM. ILC method using cellulose sorbents allow to separate indivi-
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dual speciations of 暉 from water i n  relatively mild conditions without se-
rious disturbance of the balance between co-existing forms with simultaneous 

2  concentration (1 - 5  • 10'") of the fractions of 10 individual speciations 
of 暉 at the stage isolation. E C  at 匹 cropore glasses (MPS - GC) is effi-
cient in resolution of the fraction to molecular mass and determination of 
conditional stability constants of complexation in them. Application of 
ICP AES method provides sensitivity necessary to measure H M  concentrations 
in fractions and owing to multielemental character of determination to in-
crease the number of H M  and other elements studied. 

The proposed scheme was applied to the analysis of river waters o f  the 
European part of the USSR. The information obtained proves that such metals 
as 血， Zn and Pb migrate preferably (60-80 劣） as inorganic complexes; 
30-40 %  of Fe are present as complexes with dissolved organic matter i n  wa-
ter and 60-70 劣 migrate as different types of colloids. 60-90 劣 of 暉， pos-
sesing distinct complex formation ability (Cu, Ni, M o  and Co) are bound 
with organic ligands with dominanting portion of humic substances. 
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S  3- 11 
E S T I M A T I O N  O F  T H O R I U M  S P E C I E S  I N  S E A W A TE R  B Y  U S I N G  
L I G A N D  E X C H A N G E  R E A C T I O N  

Katsurni H I R O S E  a n d  Y u k i o  S U G I M U R A  

G e o c h e m i c a l  Laboratory, M e t e o r o l o g i c a l  R e s e a r c h  Institute, T s u k u b a  305, J a pan  

T h o r i u m  i s o t o p e s  h a v e  b een  st u d i e d  in t he  la st d e c a d e  t o  c l a r i f y  
t h e  g e o c h e m i c a l  c y c l e  o f  r e a c t i v e  t r a ce  m e t a l s  in seawater. B e c a u s e  o f  t he  

2 3 2  e x t r e m e l y  l o w  c o n c e n t r a t i o n ,  - - - T h  concentration, w h i c h  i s  a  d o m i n a n t  s p e c ie s  
血 o n g t h e  t h o r i u m  iSl'.i允opes, h a s  y e t  b e e n  e s t a b l i s hed  f o r  o p e n  o c e a n  water. T h e  

232 p r e v i o u s  o b s e r v e d  a n d  e s t i m a t e d  - - - T h  c o n c e n t r a t i o n  in t h e  o p e n  o c e a n  w a t e r  
- 1 1 . .  -3,. ~ ・. .  -・.  232 is less t h a n  1 0  ~ ~ m o l  d m  -11,2]. H o we v e r ,  this - - - T h  c o n c e n t r a ti on  is s t il l  

h i g h e r  t h a n  t h e  c o m p u t e d  s o l u b i l i t y  o f  tho r i a n ite(Th( OH) ,)in n a t u r a l  pH ,  w h ich  4  
s u g g e s t s  t h e  e x i s t e n c e  o f  c o m p l e xe s  in  ad d i t i o n  to  t h o s e  fo r m e d  w i t h  h y d rox y l  
[3]. T h e n  i t  i s  i m p o r t a n t  t o  c l ar i f y  t h e  c hem ic al s p e c i e s  o f  t h o r i u m  in t he  
o p e n  o c e a n  water. Unfortunately, i t  w i l l  b e  h a r d l y  p o s s i b l e  d i r e c t l y  t o  car ry  
o u t  t h e  s p e c i a t i o n  o f  t h o r i u m  in  th e  s e a w a ter. W e  d e v e l o p e d  a  n e w  m e t h o d  to  
e s t i m a t e  t h e  s p e c i e s  o f  t h o r i um  in t he  s e a w a t e r  by  u s i n g  t h e  c o m p l e x  formatio n  
reaction b e t w e e n  s p i k e d  t h o r i u m  a n d  t h e  o r g a n i c  r e a g e n t  u n d e r  t h e  c o n d i t i o ns  
o f  seawater. 

Method: 
T h e  c o m p l e x  f o r m a t i o n  r e a c t i o n  b e t w e e n  t h o r i u m  a n d  X y l e n o l  O r e n g e  (XO, 

H,L) w a s  c a r r i e d  o u t  u n d e r  t h e  c o n d i t i o n s  o f  seawater. T h e  T h  s t a n d a r d  s o -6  
lution w a s  a d d e d  t o  s e v e r a l  T e f l o n  b o t t l e s  c o n t a i n i n g  500 m l  s e a w a t e r  c o n -
t r o l l e d  b y  a c e t a t e  b u f f e r  a n d  dil. H C l  solution. A f t e r  t h e  a d d i t i o n  o f  k n o w n  
a m o u n t s  o f  XO, t h e  s o l u t i o n  w a s  m i x e d  well, a n d  w a s  k e p t  a t  r o o m  t e m p e r a t u r e  
o f  25:tl •c f o r  t h e  p e r i o d s  o f  a b o u t  1  hr. R e a c t i o n  e q u i l i b r i u m  w a s  r e a c h e d  1  
hr. A f t e r  t h e  e q u i l i b r i u m ,  s e p a r a t i o n  o f  t h e  T h - X O  c o m p l e x e s  f r o m  t h e  r e a c t i o n  
s y s t e m  w a s  c a r r i e d  o u t  a d s o r p t i o n  o n  X A D - 2  r e s i n  column. U n d e r  t h e  e x p e r i -
m e n t a l  c o n d i t i o n s ,  X O  c o m p l e x e s  w e r e  c o m p l e t e l y  a d s o r b e d  o n  t h e  r e s i n  w h e r e a s  
i n o r g a n i c  T h  s p e c i e s  r e m a i n e d  i n  t h e  effluent. T h e  T h - X O  c o m p l e x e s  a d s o r b e d  o n  
t h e  r e s i n  w e r e  d i g e s t e d  w i t h  conc. HNO, o n  a  h o t  plate. A f t e r  t h e  removal o f  3  
t h e  r e s i n  b y  t h e  filtration, t h e  f i l t r a t e  w a s  e v a p o r a t e d  t o  dryness. T h e  res1. — 

- 3  d u e  w a s  d i s s o l v e d  in 8  m o l  d m  ~HNO, solution, a n d  T h  w a s  s e p a r a t e d  from o t h e r s  3  
b y  m e a n s  o f  a n  a n i o n  e x c h a n g e  resin. T h e  T h  f r a c t i o n  e l u t e d  b y  9  H C l  m o l  d m  -3 

-3 w a s  e v a p o r a t e d  dryness, a n d  w a s  d i s s o l v e d  i n  2  m o l  d m  ~  H C l  s o l u t i o n  a n d  
e t h y l  alcohol. T h e  T h  f r a c t i o n  w a s  e l e c t r o p l a t e d  o n  a  s i l b e r  disk. T h e  r a d i o -
a c t i v i t y  o f  T h  w a s  m e a s u r e d  b y  a n  a l p h a - r a y  spectrometer. 
R e s u l t s  a n d  d i s c u s s i o n :  
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W h e n  t h e  T h - X O  complex, M,A0, is formed u n der  the c o n d i t io n s  o f  seawater, 
1  J  

t h e  following e q u i l ib r i u m  e q u a t i o n  i s  given; 
- 1  

iM' 
- j  +  jA, ← M. A .  ； k  =  ［M. A. ］ ［M' ］ ［A' ］ ． (1) 

1  J  ・ a p p  - 1  J  
w h e r e  M a n d  L  s h o w  t h o r i u m  a n d  XO, respectively, a n d  K~~~is t h e  a p p a r e n t  c o n -a p p  
d i t i o n a l  s t a b i l i t y  c o n s t a n t  o f  M,A0. T h e  total T h  c o n c e n t r a t i o n  i s  g i v e n  a s  

1  J  
follows; 

C  =  ［M' ］ +  i > L[M.A. ］ （2) M ,  T  1 )  
W h e n  o n l y  t h e  s p e c i e s  o f  M A 0  i s  prese n t  u n d e r  t h e  e x p e r i m e n t a l  conditions, t h e  

J  
f o l l o w i n g  e q u a t i o n  i s  d e r i v e d  f r o m  e q n s  (1) a n d  (2). 

l o g  (R/ (1-R)) =  l o g  K a p p  +  jl o g  C L  ;  R  =  C M , 0 / C M , T  (3) 
w h e r e  c.. _  a n d  CT s h o w  t h e  T h←X O  c o m p l e x  a n d  t o t a l  l i g a n d  c o n c e n t r a t i o n s ,  r e -M , O  L  
spectively. F r o m  e qn  (3), t h e  c o m p o s i t i o n  o f  t h e  T h - X O  c o m p l e x  a n d  i t s  a p -
p a r e n t  c o n d i t i o n a l  s t a b i l i t y  c o n s t a n t  c a n  b e  d e t e r m i n e d  f r o m  a  l i n e a r  r e l a t i o n -
s h i p  o f  l og (R/(1-R)) vs. l o g  C L .  

A s  s h o w n  i n  F ig .  l, t h e  linear r e l a t i o n s h i p  w i t h  a  s l o p e  o f  2  b e t w e e n  
lo g( R/ (1-R) )  and  l o g  C T wa s  o b t a i n e d  u n d e r  t h e  e x p e r i m e n t a l  conditions. T h e  L  
r e su l t  indica t e s  t h e  f o r m a t i o n  o f  t h e  T h - X O  c o m p l e x  w i t h  t h e  c o m p o s i t i o n  o f  
1 ;2, w hich  h a s  b e e n  f o u n d  b y  p h o t o m e t r i c  investigation[4]. T h e  c o n d i t i o na l  
s tab i l i t y  c o n s t a n t  o f  T h  (H,,L),,, K~ C  2  2' is g i v e n  a s  follows; 

K  C  = K  Cl.. Cl 2  
a pp - M  - H 2 L ( H )  (4) 

w h e r e  Cl __ a n d  a  ____, __, s h o w  t h e  side r e c a t i o n  c o e f f i c i e n t s  o f  T h  a n d  H _ L  M  H 2 L  (H) 2  
un der  t h e  c o n d i t i o n s  o f  t h e  c o n t r o l l e d  seawater, r e s p e c t i ve ly. I n  seawater, 
th o r i u m  fo r m s  k n o w n  a nd  u n k n o w n  c o m p l e x e s  w i t h  n a u r a l  i n o r g a n i c  a n d  o r g a n i c  
ligands. Then, t h e  s i d e  r e a c t i o n  c o e f f i c i e n t  o f  T h  is g i v e n  a s  follows; 

a’ M  =  1  +  KmL~" [QH] +  ・ ・ ・ +  K  T h O H  T h s o  [so. l  +  ・ ・ ・ +  K  IX] +・・・+ K  (Y] +. .. 
4  4  T h x  T h Y  

X :  ha l i de ,  Y :  u n k n o w n  l i g a n d  
I f  t h e  c o n t r i b u t i o n  o f  t he  T h  c o m p l e x e s  w i t h  u n k n o w n  l i g a n d s  i s  negligible, 
t h e  s i d e  re a c t i o n  c o e f f i c i e n t s  c a n  b e  c a l c u l a t e d  a s  s u m m a r i z e d  in T a b l e  1. T h e  
l o g a r i t h m i c  c o n d i t i o n a l  s t a b i l i t y  c o n s t a n t  o f  Th(H,,L),, i s  c a l c u l a t e d  t o  b e  2  2  
20.2:0.5 w h i c h  i s  in a g r e e m e n t  w i t h  t h e  v a l u e ( l 9 .31) d e t e r m i n e d  b y  p h o t o m e t r i c  
method[4]. T h i s  r e s u l t  s u g g e s t s  t h a t  t h e  d o m i n a n t  species o f  T h  i n  t h e  s e a -
w a ter  a r e  h y d r o x o  c o m p l e x e s  a n d  n o  s i g n i f i c a n t  c o m p l e x a t i o n  w i t h  u n k n o w n  
natural ligands is p r e s e n t  u n d e r  the c o n d i t i o n s  o f  seawater. 

Fig. 1  J  f  ヽ T a b l e  1. 
p H  l o g  Kapploga~2L(H) l o g a M  l o g  K  C  
2 .20 9.80 11.10 0.12 2 0 .78 
2.60 11. 34 8 .97 0.13 20.44 
3.05 12.40 7.19 0.15 19.74 
3. 40 1 9 .94 6 .  7 2  0.22 19.89 

a v e r a g e  20.2 
b  ＼ 

- i.  -,5  log -．C6 l  -， 7  

距 ferences: (1} Miyake, Y. et al., Pap. 西 t. G e oかys.，竺．， 75 (1977). (2)知 re, W. S., Earth 
Planet, Sci. Lett.，竺．， 419 (1981). (3}Langmuir, D., H虹匹m , ..J、lD.'.:;i.!四 i m. Cosrrochim. Acta, 
雙．， 1753(1980). (4}Booesinsky, B. w., Svec, J., Anal. Chim.  Acta, g ,  465(1972). 
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5 3 - 1 2  
D E T E R M I N A T I O N  O F  C A D M I U M  A N D  C O P P E R - S P E C I ES  

I N  P L A N T  T I S S U E  

W o l f g a n g  H e n z e  a n d  F r i t z  U m l a n d  

I n s t i t u t e  o f  I n o r g a n i c  C h e m i s t r y  
U n i v e r s i t y  o f  M u n s t e r ,  F R G  

T h e  a n a l y s i s  o f  c a d m i u m ,  c o p p e r  a n d  o t h e r  t r a c e  e l e m e n t s  i n  f o o d ,  i n c l u d i n g  
p l a n t s ,  h a s  b e e n  e l u c i d a t e d  o v e r  t h e  p a s t  2 5  y e a r s .  C o n c e r n i n g  t h e  b i o -
a v a i l a b i l i t y ,  h o w e v e r ,  n o t  o n l y  t h e  t o t a l  c o n t e n t ,  b u t  a l s o  t h e  s p e c i e s  o f  
a  c e r t a i n  t r a c e  e l e m e n t  i s  o f  s p e c i a l  i n t e r e s t  / 1 , 2 / .  T h e  u p t a k e  o f  t r a c e  
e l e m e n t s  i n  t h e  f o o d - c h a i n  i s  d e p e n d a n t  o n  s e v e r a l  c o n d i t i o n s ,  s u c h  a s  
o x i d a t i o n  s t a t e  a n d  c o m p l e x  f o r m .  S p e c i a t i o n  i s  t h e r e f o r e  r e q u i r e d  f o r  b o t h ,  
t o x i c  a n d  e s s e n t i a l  e l e m e n t s ,  

I n  t h i s  p a p e r  a  s e p a r a t i o n  p r o c e d u r e  i s  i n t r o d u c e d  t h a t  a l l o w s  q u a l i t a t i v e  
a n d  q u a n t i t a t i v e  d e t e r m i n a t i o n s  o f  c a d m i u m  a n d  c o p p e r - s p e c i e s  i n  n a t i v e  
p l a n t s .  T h e  p r o c e d u r e  t h a t  w a s  d e v e l o p e d  f o r  t h e  d e t e r m i n a t i o n  o f  c a d m i u m  a n d  
c o p p e r - s p e c i e s  i n  l e t t u c e ,  L a c t u c a  s a t i v a  / 3 / ,  i s  a  c o m b i n a t i o n  o f  U l t r a  
T u r r a x  h o m o g e n i s a t i o n  i n  T r i s - b u f f e r  a n d  f o l l o w i n g  u l t r a c e n t r i f u g a t i o n  a n d  
g e l f i l t r a t i o n  o f  t h e  c y t o s o l .  T h e  m e t a l s  w e r e  a n a l y s e d  b y  o f f - l i n e  E T - A A S .  
T h e  s o l i d  f r a g m e n t s  o f  t h e  c e l l ,  c o n t a i n i n g  5 0  %  o f  t h e  t o t a l  c a d m i u m  a n d  
2 0  %  o f  t h e  t o t a l  c o p p e r  r e s p e c t i v e l y  w e r e  n o t  f u r t h e r  s p e c i f i c a t e d .  

F r o m  t h e  c y t o p l a s m a ,  a  h i g h  m o l u c u l a r  w e i g h t  m e t a l  b i n d i n g - p r o t e i n  ( >  7 5 0 0 0  
d a l t o n )  c o n t a i n i n g  5 5  %  o f  t h e  c y t o p l a s m i c  c a d m i u m  a n d  2 0  %  o f  t h e  c y t o -
p l a s m i c  c o p p e r  a n d  a  l o w  m o l e c u l a r  w e i g h t  m e t a l  b i n d i n g - p r o t e i n  ( 3 2 0 0  d a l t o n )  
c o n t a i n i n g  4 5  %  o f  t h e  c y t o p l a s m i c  c a d m i u m  a n d  7 0 忽 o f t h e  c y t o p l a s m i c  c o p p e r  
w e r e  i s o l a t e d .  B e s i d e s ,  t h e r e  a r e  t w o  c o p p e r  b i n d i n g - p r o t e i n s  o f  a b o u t  5 7 0 0 0  
a n d  2 5 0 0 0  d a l t o n ,  c o n t a i n i n g  o n l y  f e w  c o p p e r .  T h e r e  i s  a  b r o a d  v a r i a t i o n  i n  
t h e  m e t a l  h a l a n c e  f r o m  p l a n t  t o  p l a n t .  

l o n  e x c h a n g e  c h r o m a t o g r a p h y  o f  t h e  l o w  m o l e c u l a r  w e i g h t  p r o t e in  f r a c t i o n  
y i e l d e d  o n e  s i n g l e  m e t a l  b i n d i n g - p r o t e i n ,  c o n t a i n i n g  b o t h  c a d m i u m  a n d  c o p p e r .  
T h i s  s t r o n g  a n i o n i c  p r o t e i n  i s  r a t h e r  h e a t s t a b l e .  T h e  l o w  U V  a b s o r p t i o n  a t  
2 8 0  n m  i n d i c a t e s  a  l o w  c o n t e n t  o f  a r o m a t i c  a m i n o  a c i d s ,  w h i l e  t h e  h i g h  U V  
a b s o r p ti o n  a t  2 5 4  n m  i n d i c a t e s  a  h i g h  c y s t e i n  c o n t e n t .  T h e r e f o r e ,  i t  i s  
p r o p o s e d  t h a t  t h e  c a d m i u m  a n d  c o p p e r  b i n d i n g - p r o t e i n  b e l o n g s  t o  t h e  m e t a l l o -
t h i o n e i n  c l a s s .  

(98 )  洵洋化学研究 1. 2  (1986 )  



U s i n g  t h e  p r o c e d u r e  m e n t i o n e d  a b o v e ,  q u a n t i t a t i v e  a s s e r t i o n s  a b o u t  t h e  
d i s t r i b u t i o n  o f  t h e  m e t a l  s p e c i e s  i n  o n e  p l a n t ,  a s  w e l l  a s  c o m p a r i s o n s  o f  
m e t a l  s p e c i e s  i n  d i f f e r e n t  p l a n t s  a r e  p o s s i b l e .  

/1/ F a t h i ,  M .  
F r e s e n i u s  Z. A n a l .  C h e m .  ( 1 9 8 3 ) ,  ユ上§_, 5 8 9  

/ 2 /  L o r e n z ,  H. 
E c o  t o x i c o l o g y  a n d  E n v i r o n m e n t a l  S a f e t y  ( 1 9 7 9 ) .  ]_, 4 7  

/3 /  H e n z e, W .  
S p e c i a t i o n  o f  c a d m i u m  a n d  c o p p e r  i n  n a t i v e  l e t t u c e  ( L a c t u c a  s a t i v a )  
T h e s i s ,  M u n s t e r  1 9 8 6  
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S 3 - 1 3  DE T E R M I N A T I O N  O F  S E L E N I U M  A N D  T E L L U R I U M  IN 
E N V I R O N M E N T A L  SA~iPLES 

'!'oshiki ISHIKAWA, K i y o t a k a  WATANABE, I n - H w a  W O O  a n d  
Y o s h i k azu  H A S H I M O T O  
F a c u l t y  o f  S c i e n c e  a n d  T e c h n o l o g y ,  K e i o  University, Yokohama, 
223 J a p a n  

A  m e t h o d  h a s  b e e n  d e v e l o p e d  t o  d e t e r m i n e  total S e  a n d  T e  i n  coal 
w i t h  g r a p h i t e  f u r n a c e  ato,nic a b s o r p t i o n  spectrometry(GFAAS), i n  w h i c h  3  
c o p r e c i p i t a t i o n  t e c h n i q u e  w i t h  As(III) a s  a  c a r r i e r  w a s  u s e d  t o  separate  
S e  a n d  T e  f r o m  m a t r i x  a f t e r  m i n e r a l i z a t i o n  o f  t h e  sample. A p p l y i n g  this 
m e t h o d  t o  e n v i r o n m e n t a l  s a m p l e s  s u c h  a s  coal, coal f l y  ash, v e h i c l e  e x -
h a u s t  a n d  p o n d  sediment, w e  o b t a i n e d  some r e s u l t s  f o r  S e  a n d  T e  in them. 
O n  t h e  o t h e r  hand, S a n d  A l  o f  t h e  s a m e  samples w e r e  d e t e r m i n e d  b y  X-ray 
f l u o r e s c e n c e  s p e c t r o m e t r y  t o  m a k e  c l e a r  t h e i r  d i s t r i b u t i o n s  a n d  b e h a v i o r  
in t h e  e n v i r o n m e n t .  

I N T R O D U C T I O N  
M a n y  r e s e a r c h e r s  h a v e  i n v e s t i g a t e d  t h e  d i s t r i b u t i o n  o f  S a n d  S e  

b e c a u s e  o f  t h e  n e c e s s i t y  o f  u r g e n t  c o n t r o l  o f  r a p i d  d e t e r i o r a t i o n s  o f  t h e  e n -
vironment. T e , a n o t h e r  m e m b e r  o f  c h a l c o g e n  e l e m e n t s  h a d  n o t  a t t r a c t e d  m u c h  
a t t e n t i o n s  o f  people. Recently, a  n e w  interest i n  t h e  a n a l y s i s  o f  T e  o f  e n -
v i r o n m e n t a l  s a m p l e s  a r o s e  f r o m  a  d i s c o v e r y  t h a t  t h e  e n r i c h m e n t  factors o f  T e  
i n  a i r b o r n e  p a r t i c u l a t e  s a m p l e s  w e r e  v e r y  high. 

I n  o u r  p r e l i m i n a r y  t e s t  c a r r i e d  o u t  u s i n g  G F A A S  t o  d e t e r m i n e  S e  a n d  T e  
1 n  coal, w e  f o u n d  it n e c e s s a r y  t o  s e p a r a t e  S e  a n d  T e  f r o m  m a t r i x  b e f o r e  m e a -
s u r e m e n t  b e c a u s e  o f  s e v e r e  d e p r e s s i n g  e f f e c t s  d u e  t o  m a j o r  m e t a l  ions such a s  
i r o n  a n d  a l u m i n i u m  a n d  p e r c h l o r i c  a c i d  r e m a i n i n g  a f t e r  m i n e r a l i z a t i o n  o f  t h e  
sample. S o  w e  h a v e  r e p o r t e d  a  m e t h o d  f o r  d e t e r m i n i n g  s i m u l t a n e o u s l y  total S e  
a n d  T e  i n  c o a l  i n  7 t h  C l e a n  A i r  C o n g r e s s  h e l d  i n  S y d n e y  o n  25th A u g u s t  this 
year. 

T h i s  p a p e r  d e s c r i h e s  t h e  m e t h o d  u s e d  a n d  r e s u l t s  f o r  S e  a n d  T e  o f  some 
e n v i r o n m e t a l  s a m p l e s  o．うt a i n e d b y  G F A A S  c o m b i n e d  w i t h  a  c o p r e c i p i t a t i o n  tech-
n i q u e  u s i n g  As(III) a s  a  carrier. T h e  r a t i o s  o f  Se/S, Te/S, T e / S e  a n d  t h e  
e n r i c h m e n t  f a c t o r s  o f  S e  a n d  T e  a r e  c a l c u l a t e d  u s i n g  S a n d  A l  v a l u e s  o b t a i n e d  
b y  X - r a y  f l u o r e s c e n c e  spectrometry. 

E X P E R I M E N T A L  
A l l  samples(< 60 mesh) w e r e  d r i e d  in a  v a c u u m  d e s i c c a t o r  a t  r o o m  t e m pe ra -

ture for 24 h o u r s  b e f o r e  use. T o  d e t e r m i n e  S e  a n d  Te, e a c h  s a m p l e  o f  0.3g t o  

( 100 )  海洋化学研究 1 ,  2  (1986 )  



2 . 0 g  w a s  t a k e n  in a  T e f lo n  b e a k e r  a n d  d i g e s t e d  o n  a  h o t  plate, f i r s t  w i t h  HNO, 
a n d  H F  a n d  t he n  w i t h  H NO, a n d  H C lO , .  A d d  5mg o f  A s (III) a n d  25ml o f  35も
H C l  t o  t h e  d i g e s t. T h e n  he at  9 0 - 1 0 0°C for 3 0 m i n .  A d d  10ml o f  34 も H迂o, a n d  
h ea t  u n t i l  t h e  p re ci p i t a te  is f o r me d. S t a n d  t h e  s a m p l e  s o l u t i o n  co n t a i n i n g  
t h e  p r e c i p i t a t e  o v e r  night, a n d  f i l t e r  it. W a s h  t h e  p re c i p i t a te  w i t h  water, 
d i s so l v e  i t  w i t h  h o t  H N O ,  (1 +  1), a n d  t h e n  e v a p or a te  t o  1  -2ml. M a k e  t h e  v ol u me  o f  
::h e  s o l u t i o n  u p  t o  10ml w i t h  0 . 5 M  H N O , .  S t a n d a r d  s olutio n s  fo r  t h e  c a l i b r a -
t i o n  c u r v e  w e r e  a l so  p r e p a r e d  i n  t h e  s a m e  m a n n e r  a s  d es cr i b e d  above. M e a s u re  
a b s o r b a n c e s  o f  S e  a n d  T e  w i t h  a n  a t o m i c  a b s o r p t i o n  s p e c t r o m e t e r  (Hitachi Mo d e l  
180-70) .  

Fo r  d e te rm i n a t i o n  o f  S a n d  A l  b y  X - r a y  f l uo r e s c e n c e  s p e c t r o m e t r y ,  s a m p l e s  
w e r e  g r o u n d  t o  s u c h  a  p a r t i c l e  s i z e  t h a t  t h e  w h o le  s a m ple  p a s s e d  a  14 9 u m  sieve. 
D r y  t h e  s a m pl e  in a  v a c u m e  d e s i c a to r .  W e i g h  O . l g  o f  s a m p l e  a n d  0 . 9 g  o f  b o r ic  
a c i d  a n d  m i x  t h e m  t h o r o u g h l y .  T a ke  0 .6g  o f  t he  m i x t ure  i n  a n  a l u m i n i u m  r i n g  
a n d  p re s s  i t  w i t h  a  p r e s s u r e  o f  1 0 t o n  f o r  10min. T h e  i n s t r u m e n t  w a s  a  R I G AK U  
S y s t em  30 8 0  o f  X - r a y  f l u o r e s c e n c e  s p e c tro m e t e r  u s e d  w i t h  a  r ho d i um - t a r ge t  X--
r a y  tu be  a t  5 0 k V (4 0m A )  a n d  P ET -c r y s t a l  for A l  a nd  G e - c r y s t a l  for S. A  g a s  
flow p ro po t io n a l  c ou n t e r  w a s  u s e d  a n d  t h e  g o n i om e t er  a n g le s  w e r e  110. 95° (20 )  
for the  S  KCI line a n d  14 5° for t h e  A l  KCI. T he  c o u nt i n g  t i m e  w a s  40 s e c .  

R E S U L T S  
S e ve n  s orts o f  c o a l  sam p l e s  a n d  e a c h  o n e  s a m p l e  o f  c o a l  f l y  a sh, v e h i c le  

e x h au s t ,  soil a n d  po n d  s e di me n t  h a v e  b e e n  a n a l y zed  for S ,  S e ,  T e  a n d  A l  u s i n g  
t h e  pr'.)cedu re  d e s c r i b e d  a b o v e .  In t h e  co a l  s a m p le s  analyzed, S e  a n d  T e  c o n-
c e n t r a t i o n s  w ere  in the  ra n ge  o f  0 .20 t o  1 . 3 8 p p m  w i th  a n  a v e r a g e  v a l u e  o f  0.51 
p pm  a n d  i n  t he  r a n ge  o f  0 .023 to  0 . 0 7 5 p p m  w i t h  a n  a ve r a g e  v a l u e  o f  0 .0 5 8 p p m  
r e s p e c t i v er y .  A n d  T e / S e  ratio s  w e re  1n the rangc of 0 .034 t o  0. 28 wi t h  a n  a v e -
ra g e  v a lu e  o f  0 .098 ,  w h i c h  is  h a l f  o f  0 .2 0  c a l c u l a t ed  b y  T a y lo r  number. A n d  
S e / S  r a t i o  o f  c o a l  s am p le s  r a n g e d  f r o m  0 .24 t o  a n d  T e / S  r a t i o  r a n g e d  
fro m  0 .2 0  t o  1. 13x11T5 .  T he s e  re su l ts  m e a n  t h a t  th e r e  a re  c e r t a i n  c o n s tan-
c ies in ra t ios o f  t h e  c h a l c o ge n  e le m e n t s  in coal. :Jn t h e  o t h e r  hand, t h e  
c rustal e nr ichm e n t  fac to r s  c al c u l a te d  a s  

EF' c r us t =  (X / A l )a e ro sol (X I A 1) C ru s t .  
w h e re  X  a re  t h e  c on c en t r a l io n s  o f  S e  a n d  T e ,  ra n ged  fro m  2 4  t o  149 w i t h  a n  
a v e r a g e  v a l u e  o f  7 6  for S e  a n d  f r o m  23 t o  8 8  w i t h  a n  a v e r a g e  v a l u e  o f  4 3  fo r  
T e .  f r om  th e se  r:e su l  ts, 1  t  w a s  f o un d  t hat S e  a n d  T e  w a s  e n r i c h e d  s e v e r al  
t en s  tim e s  i n  c oa l  a s  co m p a re d  w i t h  t h o s e  in c rust. 

B e c au s e  w e  h a ve  o n l y  a  fe w  d a t a  for t he  o t he r  s a m p l e s ,  e x pe r i m e n t s  to  
o b t a in m o re  d a t a  a re  1n  p r o g re s s.  

湘ir・ f  t．学研究 1, 2  I  1¥)86 ¥  (l  (） 1,  143 
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5 3 - 1 4  
DIS T R I B U T I O N  A N D  C H E M I C A L  F O R M  O F  A R S E N I C  
C O M P O U N D S  I N  N A T U R A L  W A T E R  

M a s a r u  NAKAMURA, S h i g e r u  TANAKA, a n d  Y o s h i k a z u  H A S H I MOT O  

F a c u l t y  o f  S c i e n c e  a n d  Technology, K e i o  U n i v er s ity ,  Yok o ha ma, 223 

J a p a n  

I N T R O D U C T I O N  
A r s e n i c  c o m p o u n d s  e x i s t  i n  n a t u r a l  w a t e r  in  a  v ar ie ty  o f  c hem ic al  f or m s  

s u c h  a s  arsenic(III), arsenic(V), m o n o m e thy l a r son ic  a c i d l M M A A) ,  an d  d i me th y l -
a r s i n i c  a c i d ( D M駆）． Therefore, i t  i s  i m po r t a n t  t o  i n v e s t i g a te  the  ch e m i ca l  
f o r m  a n d  b e h a v i o r  o f  a r s e n i c  c o m p o u n d s  i n  n a t u r al  w a te r  i n  o rd er  t o  un d er st a nd  
t h e  c y c l e  o f  a r s e n i c  i n  t h e  environment. 

I n  this study, a  m e t h o d  w a s  i nve s t i g a te d  fo r  the  se le c ti v e  clete rm in a tio n  
o f  a r s e n i c  co m p o u n d s {A s ( I I I ) , A s ( V ) , M M A A , a n d  D M A A }  by  us i n g  h yd r ide  gen e ra tion 
a t o m i c  a b s o r p t i o n  spectrometry, a n d  t h e  c o n c e n t r a t ion  o f  a r s e n i c  c o m p o u n d s  
i n  n a t u r a l  w a t e r  a t  trace levels w e r e  m e a s u r e d  a t  v arious sites in Japan. 

A N A L Y T I C A L  M E T H O D  
H y d r i d e  g e n e r a t i o n  m e t h o d  w a s  used. As(III), As(V), MMAA, a n d  D M A A  i n  a  

s a m p l e  s o l u t i o n  w e r e  r e d u c e d  t o  arsine, m o n o m e t h y l a r s i n e ( M M A ) ,  an d  d i m e t h y l -
a r s i n e ( D叫）， respectively, b y  a n  a d d i t i o n  o f  NaBH, a f t e r  a d j u s t i n g  p H  o f  the 
s a m p l e  s o l u t i o n  w i t h  HCl. T h e  a r s i n e s  g e n e r a t e d  f r o m  t h e  sample solution w e r e  
c o l l e c t e d  i n  U  g l a s s  tube p a c k e d  w i t h  g l a s s  b e a d s  w h i c h  w a s  coo l ed  w i t h  liquid 
n i t r o g e n ,  the s e p a r a t i o n  o f  a r s i n e s  w a s  a c c o m p l i s h e d  b y  the sequential v a p o r i -
z a t i o n  d u e  t o  t h e i r  d i f f e r e n t  b o i l i n g  p o i n t  (AsH3 -55°C, M M A  2°C, O M A  37 °C). 
A r s i n e s  v a p o r i z e d  f r o m  t h e  t r a p  w e r e  c a r r i e d  t o  a  q u a r t z  furnace b y  h e l i u m  
c a r r i e r  g a s  a n d  w e r e  a n a l y z e d  b y  a t o m i c  a b s o r p t i o n .spectrometry. T h e  r e d u c -
t i o n  o f  a r s e n i c  c o m p o u n d s  d e p e n d e d  o n  p H  o f  the solution. As(III) w a s  r e d u c e d  
a t  p H  4, w h i l e  As(V) w a s  n o t  r e d u c e d  a b o v e  this pH. Therefore, As(lll) w a s  
d e t e r m i n e d  a t  p H  4  b y  a n  a d d i t i o n  o f  5%  o f  p o t a s s i u m  b i p h t h a l a t e  buffer, a n d  
total i n o r g a n i c  a r s e n i c {As(III)+As(V) }  w a s  d e t e r m i n e d  a t  p H  0.5 b y  a n  a d d i t i o n  
o f  HCl. 

T h e  g o o d  s e p a r a t i o n  o f  M M A  a n d  O M A  w a s  o b t a i n e d  b y  u s i n g  15%  O V - 3  o n  
C h r o m o s o r b  W  A W D M C S  6 0 / 8 0  m e s h  a s  a  p a c k i n g  m a t e r i a l  d u e  t o  c o l l e c t i o n  f o r  
arsines. T h e  e l i m i n a t i o n  o f  i n t e r f e r e n c e s  d u e  t o  foreign ions w a s  examined, 
a n d  t h e  u s e  o f  e t h y l e n e d i a m i n e t e t r a a c e t i c  acid(EDTA) a n d  t a r t a r i c  a c i d  w a s  
v e r y  e f f e c t i v e  f o r  t h e  M M A A  a n d  D M A A  analysis. T h e  de tection limits b y  this 
m e t h o d  w e r e  1  p p t  f o r  A s  (III), 1. 5  p p t  f o r  A s  (V), 3  p p t  for MMAA, a n d  6  p p t  
f o r  D M A A  w i t h  a  2 0 0  m l  s a m p l e  solution. T h e  c o e f f i c i e n t  v a r i a t i o n  f o r  r e p l i -
c a t e  d e t e r m i n a t i o n s  w a s  w i t h i n  a  f e w  p e r c e n t  f o r  e a c h  a r s e n i c  c o m p o u n d s  a n a l y -
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sis. T herefore, this m e t h o d  is s ui table f o r  t'1e d e t e r m i n a t i o n  o f  a r s e n i c  
c o m p o u n d s  a t  trace levels i n  n a t u r al  water. 

S A M P L I N G  O F  N A T U R A L  W A T E R  
Th e  s a m p l e s  w e r e  c o l l e c t e d  at  v a r i o u s  s it e s  in J a p a n  f ro m  1983 t o  1985. 

R ai n  w a t er  w ere  c olle c t e d  a t  H iy o sh i ,  Y o k oh a m a  n e a r  K e i hin  i nd u s t r i al  a r e a .  
A l l  s a m ple s  w e r e  f i l t r a t e d  w i t h  M i l l ip o r e  m e m b r a n e  filter (Type H A  p o r e s i z e  
0. 4  5  μm }  

R E S U L T S  A N D  D I S C U S S I O N  
T h e  a n aly ti c al  r e s u l t s  o f  c o n c e n t r a t i o n  o f  a r s e n i c  c o m p o und s  a n d  th e  

c o n c e n t r a t i o n  r a t i o s  o f  i n o r g a n i c  a n d  o r g a n i c  f o r  to tal a r s e n i c  a r e  s h o w n  i n  
T a b l e  l. T h e  a v e r a g e  c o n c e n t r a t i o n  a t  2  9  s a m p l i n g  s i t e s  i n  T o n e g a w a  w a s  l. 5  7  
(0.18 -5 .8 8 ) p p b  f o r  As(V), 0 .6 1 ( 0 . 1 6 -3 .J l ) p p b  f o r  A s ( I II) ,  21(8 -7 7 ) p p t  f o r  
M M A A ,  a n d  40(11・- 140)ppt f o r  DMAA. I t  w a s  f o u n d  t h a t  m o r e  th a n  97% o f  a r s e n ic  
i n  the riv e r  w a t e r  w a s  i n o r g a n i c  a r s e n i c  {As(III)+As(V)} a n d  a  f e w  o r g a nic  
a r s e n i c  e x i s t e d  a s  M M A A  a n d  DMAA. However, h i g h  c o n c e n t r a t i o n s  o f  o r g a n ic  
a r s e n i c  w e r e  o b s e r v e d  a t  T a m a g a w a ,  U s h i k u n u m a ,  a n d  K a s u m i g a u r a ,  s o  t h a t  o r -
g a n i c  a r s e n i c  o c c u p i e d  m o r e  t h a n  9% o f  total arsenic. Th e  in c r e a s e  o f  o r g a n -
i c  a r s e nic  o b s e r v e d  i n  these s i t e s  m i g h t  b e  d u e  t o  t h e  m e t h y l a t i o n  o f  i n o r -
g a n i c  a r s e n i c  b y  t h e  e u t r o p h i c a t i o n .  

T a b l e  1  A n a l y tic a l  r e s u l t s  o f  i n o r g a n i c  a r s e n i c  a n d  o r g a nic  
a r s e n i c  i n  n a t u r a l  w a t e r  a n d  c o n c e n t r a tion  r a t i o  o f  
[in o r g a n i c  A s ] / [t o t al  As] a n d  [organic A s ] / [ t o t a l  As] 

C on c e n tra ti on  R a tio  
S a m p l e  (ppb)  （も）

in .A s 1  o r g .A s  2  i n .A s  l'  o r g .A s  2 '  

R i v e r  w a t e r  
T a m a g a w a  1. 38 0.24 85 15 
A r a k a w a  1. 7 8  0 .10 95 5  
E d o g a w a  1. 46 0 .07 95 5  
A v . (n=3) 1.54 0.14 92 8  
T o n e g a w a  A v . {n=29) 2. 18  0.06 97 3  
L a k e  w a t e r  
M o t o s u k o  0.23 0 .0 0 7  97 3  
Y a m a n a k a k o  0.22 0 .003 9 8  2  
T a z aw a k o  0 . 3 1  0 .0 0 3  9 9  1  
A v .  (n=3) 0.23 0.005 9 8  2  
U s h i k u nurna  1. 28 0. 27 83 17 
K a s u m i g a u r a  2 .21 0.21 91 ， 
A v .  (n=2) l. 7  4  0 .24 87 1  3  

S e a  w a t e r  
H a c h i j o u j i m a  1. 9 4  0.06 9 7  3  
C h i c h i j i m a  1. 66 0.06 97 3  
Av. (n;2) 1. 80 0 .06 97 3  
T o k y o w a n  A v .  (N=14) 1. 31 0.07 9 5  5  
Rain w a t e r  
Y o k o h a m a  Av. (n=4) 0.48 0.004 99 1  
1  9  in . A s  :  i n o r g a n i c  a r s e n i c  {As(III)+As(V)} 
2  o r g . A s  :  o r g a n i c  a r s e n i c  { m o n o m e t h y l a r s o n i c  a c i d +  d i m e t h y l -

a r s i n i c  acid} 
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53- 15 SPEC IAT IO N  O F  ~I ETA L IO N  IN  S OLUTION BY  f'LO l'/ - C O U L mlETRY ―DET E応 !!NATION O F  PLUTONIUM A N D  URAN !U M  JON S  
B Y  FflJ¥CT I ONATING THEIR OXIDATION STATES--

＊ 
Hi sao AOYAGI, Zenko YOSHIDA, an d  So r in  KIHARA 

Depar tment o f  Ch e m i s t ry ,  Japan Atom ic En e rgy  Re se a rch In s titute ,  
T ok  a  i, Ibara k  i  319 - 11 (JAPAN) 

*The Institute for Chemica l  Research, Kyoto U n i ve rsity, Uj i-sh1, 
Kyoto 611 (JAPAN) 

Analytical m e t h o d  fo r  the sper: ia tion o f  ions in the  sol uti on  Je fin c  
the determination  o f  ions b y  fr acti onat in g  the ir o xidat ion  states as  
" speci ation") has to satisfy the folloi; in g  requ irement s .  First ,  oxi d a ti on 
s tate s  o f  the objective ion, i~h', shoul d  not be change d  b y  s uch procedure as  obj' 
the addi tion o f  reagent. The second  req u i r e men t  is  tha t  the  m e thod is  
applicable to the rapid a n d  continuous detection ,  since the oxidation sta te  
of i~h, frequently changes momentl y. Potentiometry us ing ion -sclecti ve  obj 
elec trode, !SE ,  and the spectrophotome try fill these  requirements .  llighly 
sensi tive and se lective ISE ,  however ,  cann ot b e・ prepared for all o f  1ons  o f  
inte rest. In particular, ISE for transition-metal ion o r  m u ltivalent ion  
which is feasible to the  practical use is l1m1t e d .  Spec tropho tome try can be 
appl ie d  only to  i-1,, ivhich give s  a hヽarp ab so rpti on  peak  wi th a  la rge  mo lar obj 
extinction coefficient. In addition, the coexisten ce o f  a  large amount o f  
other ion s  often disturbs the  determination o f  i  -'-, Lil these methods. Hence ,  obj 
one o f  important p r o b l e ms  in the specia tion is h ow  to e li minat e  the  interfe r -
encさ from o t h e r  ions w i t h o u t  disturbing the oxi dat ion state o f  i  ob j. 

By usin g  column clectro<le[lj an elec trolysis can b e  
performed quantitatively and rapidl y .  Emp loy ing twin -column electrode, one c an  
eliminate the effect o f  other ions b y  the comp lete pre-electro lysis at th e  
first column electrode. E.. and can determine i , .  coulometricallv'1t th e  ' l ' ob j  
second co lumn electrode, E,. 2  

This p a p e r  deals with flow-cou lomet ry usin g  t:win-column electrode for the  
spec1at ion o f  Pu(lll), Pu(I V ) ,  Pu(VI) ,  U(IV), an d  1.1( ¥1 1)  in  nit ric  acid soluti on  
o f  their mix ture ,  1,hicl1 h as  be e n  a  long -pending subject req u i red  n o t  only fo r  
the  funJamcntal solution chemis try  but a lso  for n u c lc;ir technology .  

ELECTRODE (Fig. 1) 
A  w o r k i n g  e lectrode, It, is a  b undl e  o f  g lass y  carbon fibers  ( 1 1. S  μm  111 

d iame ter, Tokai Carbon Co., G C - 2 0 )  packed in a  porous V y c o r  g lass cy linder, n,  
l  C orning C o . )  as an elec trol ytic diaphragm. Samp le  solution, S ,  was in tro -
duced into the  c o lumn electrode and 1,as  elect rol y z e d  by the  a id  o f  a  p latinum  
counter e l e ctrode ,  C, and s a turated KC:1-Ag/AgCl (SS L)  re fe rence electrode, R. 
For multi -s tep flow-coulometry  a n  appropriate number o f  c o lumn e lec trod es 1vere 
connecte d  in ser ie s  using a  neoprene seal. 

(l  l  1  1  ¥  iiりん( fI'..'f: i]f• 'it l  .  2  1  1  986 )  



REDUCTION AND OXlUATlON OF  PLUTONIUM A N D  URAN IU M  AT  COLUMN ELECTRODE (F ig. 2) 
- 3  Cu r rent-poten tial (I-E) curves fo r  10-., M  plutonium and uran ium ions o f  

var ious oxidati on states in 1  ~! HN O ,  +  0.5 M  N a, SO ,  w e re  reco rded in t rod u cin g  2  4  
the solu ti on  to the  elec trode at 1. 5  ml/min and  scann ing the w o rking el ec trode 
p o tent ial a t  0 .1  mV/s .  When  e lectro lysis is a tt ain ed q u antita t ively ,  the  
curren t, l  (ampe re) ,  flowing a t  the ele ctrode can  b e  expressed b v  I  ;  n F fC ,  
whe re n ,  F ,  f ,  and C  are the numbe r  of elec trons invo lved in the reac ti on ,  
Faraday  constant, flow -rate  o f  the  solution(l / s) ,  an d  concen tra ti on  o f  the  
depo lari ze r (M) ,  re sp ective ly .  

SPE ClATION O F  Pu (III ) ,  Pu (IV) ,  P u (VI) ,  U(I V) ,  A N D  U (V J)  IN  A  S OLUTION O f  
THE IR MIXTURE 

The  1- E  curves in  Fig .  2  su gges t  tha t  Pu( IV )  and Pu (V I) are q u an ti tative -
Jv  redu ced to Pu (JI I)  at +0 .20 V  where n eith e r  ox idat ion  o f  U (I V )  n o r  
reduc ti on  o f  U (V l)  takes place .  H ence ,  the curren t  at E 1  o f  +O .  20  V  is due  to  
th e  reduc tion  o f  Pu (IV) and Pu(VI). U sing tw in-column e lectrode  with 月。 f
+0 .20 V  and E- of -0 .05 V  2  the  concent rat ion  o f  U(VI) can  b e  de termi ne d  fro m  
the curren t  at  E 2 ,  s inc e  Pu (IV )  and Pu(V I)  h ave a lre ady  been  comp le te ly  
redu ced to  Pu (IIJ) a t  E 1 .  U s in g  E1 o f  +0 .20 V  and E2 o f  +0.45 V ,  th e  cu r rent 
due to  oxidat ion o f  U ( IV) to  (V I)  can b e  me asured a t  E2 ,  an d  u s ing E1 o f  +O. 20 
V  and  E ,  of +(l．80 V ,  the current due to oxida tion s  o f  both U(lV) an d  Pu (III )  2  
can be meas u red a t  E, .  The diffe rence h e  tween currents  at E ,  o f  +O. 45 V  and 2  
+0.80 ¥I co rres pon ds  to the oxida tion o f  Pu (III)  to (IV) ,  w h e re  Pu (III) is  sum  
o f  tha t  in  the orig in a l  soluti on and th at  generat ed fro m  Pu( TV) an d  Pu(VI )  at 

L  I.: 1 .  Wh en  the  s ample solution is introduced to E1 o f  +O .  80 V, the oxidation 
curren t  d ue  to  bo th Pu ( I  JI) an d  U (IV) in th e  origi n a l  so luti on is detect ed 
at this e le c trode .  F rom th e  cu rrents flowing a t  each  column  e lectrode o f  
va ri ous  potent ia ls, the con cen t rat ion s  o f  ion s  can  b e  de te rmined on  th e  basis 
o f  the eq u ati on  mentione d  above .  P roposed method is  feas ib le  to  10- S  to  S  x  
-2  10  - ~I pl uton ium  an d  uran ium ion s. 

R「F「RENCl'[l] T .  Fuj inaga an d  S. Kihara, "CRC Criti ca l  Revi ews in Ana ly ti cal 
Chemistry' ',  Vo l .  c,,  CRC l're ss Inc., 1977 ,  p223 .  
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5 3 - 1 6  

Y u  Keli 

DETERMINATlON  OF NITHATE NITROGEN IN 
WATER BY STANDARD ADDITION  Mt~THOD 

Jinhua Sanitation and Antiepidenmic Station, Zhejiang Province 
China 

For determination of nitrate nitrogen in water, UV-spectrophotometry 
have been recommended by "Standard Methods for the Determination of Water and 
Waste Water" (15 edition, America). It is only useful to sample of water 
containing a  little organic material. For general water sample, the pretreat-
ment is necessary before testing, otherwise interference is found. 

'l'hia paper deals with a  new method for determination of small amount 
nitrate nitrogen in water by standard addition method and UY-spectrophoto-
metry. it is simple, rapid and accurate. The separation is not required when 
the water turbidity and colour are less than 30 degree. 'l'he results obtained 
are identical with those of phenoldisulfonic acid method and aren't affected 
by nitrite.'計his method is suitable for testing of drinking water. 

1. PRINCIPLE 
Suppose the absorption peak of nitrate is九、， the absorbance of solution 

at this wavelength is A~. The absorbance of solution adding a  nitrate standard 
solution of concentration C_~ is A.. then naintinv. the oblinm, linA Ao ad 1, then painting  the oblique line A~ and A;. 
They intercept on the abscissa X ' w h e n  they are extended, as indicated in 
Figure• 'i'he function equation of the straight line is: 

Y.=A:+K.X 1  ・・1 ・・1 
in accoruance w.i."th ex"trapotaぃon, X ' i s  tne nitrate concentration in solution. 
As a  result of the background interference is present, so the true value of X' 

x  c“ 
Figure, Diagram showing the method and principle 
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is ;c. .  For this reason ． A  =A +A 1... :: .. b  
where A..  is nitrate found abso~bance ; Ah is background i nter~erence absorbance • X  b  
1·;-~~ve~ength change into fii when determining ,  the value is  A; and A2, its  
function equation is: 

゜L=A:.+Kぶ2  2 、
where K  value  relate to 入 range. When  absorption peak wavelength is made some 
change(ti入＝5ー1OnmJ, the change of Ax va.lue is  very large, but the change of 
background interference absorbance(Ab )  is very small. Theu, two oblique lines 
across to  the X,Y, and correspond to X  v alue .  The true value of X  ls  obtanined 
by means of solving equation, this is found value of nitrate nitrogen, Since 
K. =(A.-A: J/C_,,. K,.,=(A,,-A~ J/C0,.,., and inserting  K1 and t~ 2 in above two equation, 1  1  1  ad; 2  2  2  /C ad' 1 2  then a  equ:-i.tion group ob tanine~ is :  

｛ 
9  Y1 =Ai+ 〔(A 1-A;)/Cad〕・X
裕＝A2+ ((A2-A;)/Cad ) .X  

so: 
X=(A~ -A~) 

• • A .  ＜ A .  2  <  A1 ,  X  is  minus. We take X  to be positive number in order to easy to 
calculate, Rbov e  equation is change into :  

x=（A.-A°) C  /（ A -A.＋A°- A )  1  2  ad 1  1  2  2  0 . . .  where X  represents nitrate nitrogen concentration(ppm/ in water; A1 and A2 are 
咋 ter absorbance at  210nm and 220nm respectively; A1 and A2 are absorbance of 
water adding standard solution at 210nm and 220nm respectively; Cad is nitrate 
concentration(ppm) of water after adding stando.rd solution. 
2. ~IBTHOD 

We may  directly determine nitrate nitrogen when turbidity and colour of 
water ・l!lder 30 degree .  Aluminum hydroxide suspension is added for settling 
before determination if its turbidity and colour are large. 

Pi pet 10ml water sample into 50ml volumetric flask and  dilute to volume 
S1, agai n  pipet 10ml water arunple and 2ml standard solution(1ml=0.01mg N O―-N) ぅinto another 50ml flask, dilute to volume s2. The thickness of quartz cell is 
1cm. Frist adjusting zero point with deionized water, then  s1and 完2 absorbancec, 
are _deterrninert at 210nm and 220nm respe<.:tively. J,'rom Aぶ （入、＝210nm) and 怜ぶ（入2
=220nm1 values, using above equation one can calculate the content of nitrate 
nitrogen .  For this instance the C~,,. is 0 .02mg/10ml{zppmJ. ad lf the content of nitrate nitrogen is larger  than 5ppm, the water srunple 
may change to 2-5ml .  If it is less than o. 5ppm, the water sample used for 
detennination may chnnge to 20-40ml. l¾e11erally speaking ,  the absorbance value 
(A1 I  between 0 .3-0 .8  is appropriate. 

i/fプt 1 曹 2  (1986 )  I 、107) 149 



(Continued )  
ぅ．RESULTS 1¥ND DI SCUJ310N 
¥  1) THE 'rlAVELENGTK  SELECTION 

Prepare  nitrate  nitrogen standard solution(2pprn) and some 1.n  terference  

ion solution ,  regulate the instrument z ero point with water  nnd d raw  absorption 

spectra ( Figure 2  ).  I+,is seen from Figure 2  that the n itrate absorption peak 
is a t  20 0  n m  and that  at  this wavelength, greater  part of the absorption pealcs 

of interference substances come to go up, too. In order  to  avoid background 

0
0
 
＜
 

。

190 m  
A  • A ,  A,  

l:  KN.o.-N(2ppm)； 2:  K.Cr,o,(8ppm)9  
J;  
s,  F,Cl,02PPm);  6,  NaNO,-N(lppm) 

Figure  2 .  The wav elength selection 

in terference :md k eep sensi tivity of th e  nitrate, ふ n.nd入 2 nre  chose at  210 nm  
and  220 nm, respectively. !Ji fference  v alue between .7L 1叩 d .JI.z. is  10  n m ,  and the 
absorb皿 ce difference v alue for ni trate(Kr'103 -N )  is  A  A .  Un der these condi tion, 
the ch邸 ge of background  interference A..._ value is  on ly 'l few( see Fig ,  1 ) .  In  b  
the Figure 2, the nitrite absorbance stands for background  in ter feren ce .  vlhen 
the nitrite concen tration is 1  ppm ,  the  nbsorbance  chAT1ge  of the background  
in ter ference is .ti A (NaJrn2-N). This  value  is very  small  when it co::ipare  w ith △ A  
（邸0.,,-NJ . In  the gen eral  way, in the common drin k  water ,  n itri.te concen tra tion ぅ
is less th邸 .., .1 mg/ l, therefore interference  absorp tion  m!ly  be  
neglected. If.ll , and 八 2. wavelength di. fference  i.ncreas ed to double, the error  
(Ab/ also increase proportionally .  Bu t  the absorption  of  nitrate is  not i.ncreased  
correspondin gly. ・,'h ere fore ,  it is pr oper  to k eep the di fferen ce value  be  tw een  J¥. ,  
n.nd 入 z. within  10 nm. 'i'he waste  w ater  of  indu stry  nnd daily  life  con tal.n  a  lot  o f  
interference subs tances ,  so  th is  m ethod  do n ot use  direct ly .  ln  order  to exarnine  
the  nitri te  effect upon  this me thod ,  we  use  tw o s釦 aples of wa ter ,  on e  contain ing 
n itrate is  low er, and'l.noth er  con tRlnJ.ng nitrate  is hi.ゆ 81' , then qccord in g  to 
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this method add nitrite O, 0.05, 0 .10, 0,25, 0,50 ppm to each sample respectively, 
l'h e  results are ⑮ follows: for one sample, the nitrogen  mean value is 5,826 npm, 
s  D  O .  079 ,  t{SD 1. 55%: for another sample, mean value is O, 583 ppm, S  D  O  • 036, 
心 D 6．芥． it suggests that when the nitrite concentration is unuer 0,5 ppm, l. しU
,.;u“t.eni; ao not effect on determination. 
(2) A CCURACY AND RECOVERY 

Use 5  natural water samples which contain the nitrate nitrogen 0,745ー12.5 
ppm range, determine respectively 5  times for each sample according to above 
procedure, 心 D obtained is 1,2-2．咲．

Take 18  natural water samples which contain the nitrate found value 1,48-
12.14 ppm range, then add standard nitrate solution 1.0, 2,0, 5.0, ppm, 
respectively, mean Rec obtained are 102%, 98,6弧， 98.5弧．
(3) cor心 ARISON THE NEW r侶 THOD WITH PI-!ENOLDISULFONIC ACID METHOD  

Sampling  20  natural water, examine nitrate nitrogen content with two 
:nethods  at the same time. The results obtained are basically identical, 
T=1.86.{..t O .05 (20) '  P > 0 .05 .  

海祁化＇・芥研究 1, 2  (1986 )  ( l  (）t) ） 151 



152  

S 3 - 1 7  S I M U L T A N E O U S  D E T E R M I N A T I O N  O F  T R A C E  E L E M E N T S  I N  N A T U R A L  
W A T E R  B Y  I N D U C T I V E L Y  C O U P L E D  P L A S M A  E M I S S I O N  S P E C T R O M E T R Y  
F O L L O W I N G  P R E C O N C E N T R A T I O N  B Y  S O L V E N T  E X T R A C T I O N  

M a s a h i t o  SUGIYAMA, H i r o s h i  M U K A I  a n d  M a s a k a z u  M A T S U I  
I n s t i t u t e  f o r  C h e m i c a l  R e s e a r c h ,  K y o t o  University, 
Uji, K y o t o  611 (Japan) 

S i m u l t a n e o u s  d e t e r m i n a t i o n  o f  trace e l e m e n t s  i n  n a t u r a l  w a t e r  w a s  
i n v e s t i g a t e d  w i t h  i n d u c t i v e l y  c o u p l e d  p l a s m a  e m i s s i o n  s p e c t r o m e t r y.  T h e  
s a m p l e  w a s  p r e c o n c e n t r a  t e d  w i t h  d i  t h i o c a r b a m a  t e  o r  d i  thi z o n e  extraction. 
I n  o r d e r  t o  g e t  a s  h i g h  e n r i c h m e n t  factor a s  possible, initial v o l u m e  r a t i o  
b e t w e e n  n a t u r a l  w a t e r  s a m p l e  a n d  e x t r a c t e d  s o l v e n t  w a s  s e t  t o  250.  L a k e  
w a t e r s  (Lake Biwa, Japan) w e r e  a n a l y z e d  b y  this method. 

I T R O D U C T I O N  
O n  e v a lua t i o n  o f  a q u a t i c  e n v i r o n m e n t ,  t h e  k n o w le d g e  a b o u t  c o n c e n t r a t i o n s  

a n d  c h e m i c a l  s t a t e s  o f  t r a c e  e l e m e n t s  i n  t h e  e n v i r o n m e n t  is i n d i s p e n s a b l e.  
If s i m u l t a n e o u s  d e t e r m i n a t i o n  o f  trace e l e m e n t s  is possible, b o t h  a b s o l u t e  
a n d  r e l a t i v e  c h a n g e s  i n  c o n c e n t r a t i o n s  a m o n g  t h e  e l e m e n t s  c a n  b e  o b t a i n e d  a n d  
i t  w i l l  b e  n o t  o n l y  c o n v e n i e n t  b u t  a l s o  v e r y  u s e f u l  f o r  s t u d i e s  in g e o c h e m i s -
t r y  o r  e n v i r o n m e n t a l  c h e m i s t r y .  Inductively c o u p l e d  p l a s m a  e m i s s i o n  spectro-
m e t r y  (ICPES) i s  a b l e  t o  a n a l y z e  m a n y  e l e m e n t s  s i m u l t a n e o u s l y  a n d  a d e q u a t e  t o  
t h i s  object. H o w e v e r ,  t h e  c o n c e n t r a t i o n s  o f  m a n y  e le m e n t s  i n  a q u a t i c  e n v i -
r o n m e n t  a r e  g e n e r a l l y  v e r y  low, a n d  t h u s  p r e c o n c e n t r a t i o n  p r o c e d u r e s  a r e  
necessary. I n  t h i s  i n v e s t i g a t i o n ,  t h e  p r e n o n c e n t r a t i o n  m e t h o d  w h i c h  h a d  h i g h  
e n r i c h m e n t  f a c t o r  a n d  a p pl i c a p a b i l i t y  t o  m a n y  e l e m e n t s  w a s  s t u d i e d  b y  s o l v e n t  
e x t r a c t i o n  m e t h o d.  D i t h i o c a r b a m a t e  a n d  d i t h i z o n e  w e r e  u s e d  f o r  c h e l a t i n g  
a g e n t  w h i c h  c a n  f o r m  c o m p l e x e s  t o  m a n y  elements. 

E X P E R I M E N T A L  
A  J a p a n  J a r r e l l - A s h  m o d e l  96-953 I C P  e m i s s i o n  s p e c t r o m e t e r  w a s  used. A  

r e p r e s e n t a t i v e  a n a l y t i c a l  p r o c e d u r e  a d o p t e d  f o r  t h e  d e t e r m i n a t i o n  o f  trace 
e l e m e n t s  i n  l a k e  w a t e r  is a s  f o l l o w s .  T h e  lake w a t e r  s a m p l e  w h i c h  w a s  
f i l t e r e d  t h r o u g h  0.4 μm  N u cle o p o r e  filters w a s  a c i d i f i e d  t o  p H  1.0  b y  t h e  
a d d i t i o n  o f  h y d r o c h l o r i c  a c i d.  A  1  l  s a m p l e  w a s  p l a c e d  i n  a  1  l  T E F L O N  
s e p a r a t o r y  funnnel a n d  10 m l  o f  2 も (w /v) a m m o n i u m  t e t r a m e t h y  lenedi thiocarba -
m a t e  (ATMDC) s o l u t i o n  w a s  a d d e d.  T h e  p H  w a s  a d j u s t e d  t o  a  d e s i r e d  v a l u e  (4 .3  
o r  6.9) w i t h  a q u e o u s  a m m o n i a  a n d  10 m l  o f  1  M  b u f f e r  s o l u t i o n  (NH3 +  CH3COOH) 
w a s  added. A f t e r  t h e  a d d i t i o n  o f  4  m l  o f  2 - e t h y l h e x y l  a c e t a t e  c o n t a i n i n g  5 も

(w/v) d i b e n z y l a m m o n i u m  d i b e n z y l d i t h i o c a r b a m a t e  (DBADBDC) ,  t h e  m i x t u r e  w a s  
s h a k e n  f o r  1  h .  T h e  o r g a n i c  p h a s e  w a s  a n aly z e d  d i r e c t l y  b y  ICPES. 
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R E S U L T S  A N D  D I S C U S S I O N  
T h e  o r g a n i c  s o l v e n t  w a s  s e l e c t e d  f r o m  t h e  p o i n t s  o f  l o w  s o l u b i l i t y  i n  

w a t e r  a n d  p l a s m a  s t a b i l i t y  i n  i n t r o d u c i n g  t h e  solvent. 2 - E t h y l h e x y l  a c e t a t e  
w a s  u s e d  i n  d i t h i o c a r b a m a t e  extraction, a n d  t h e  loss b y  d i s s o l u t i o n  i n  w a t e r  
i n  t h e  a b o v e  p r o c e d u r e  w a s  a b o u t  2 も． T h e e f f e c t  o f  p H  o n  t h e  e x t r a c t i o n  o f  
s e v e n  i o n s  (Cd2+, Ni2+, Fe3•, Mn2•, cu2•) w a s  s t u d i e d  w i t h  
v a r i o u s  dithiocarbamate. T h e r e  w e r e  p H  r e g i o n s  i n  w h i c h  t h e  e x t r a c t i o n  
e f f i c i e n c i e s  w e r e  i n d e p e n d e n t  o f  p H  f o r  Cd, Ni, Fe, a n d  Cu, b u t  t h e  e f f i c 1 e n -
c i e s  o f  Mn, C r  a n d  V  w e r e  g e n e r a l l y  poor. Therefore, t h e  e x t r a c t i o n s  w i th  
c o m b i n a t i o n  o f  t w o  d i t h i o c a r b a m a t e s  w e r e  investigated, a n d  t h e  c o m b i n a t i o n  o f  
A T M D C  a n d  D B A D B D C  w a s  t h e  m o s t  e f f i c i e n t  e x t r a c t a n t .  Fig. 1  s h o w s  t h e  e f f e c t  
o f  p H  o n  t h e  e x t r a c t i o n  o f  t h e  s e v e n  i o n s  a n d  t h e  o t h e r  e l e m e n t s  w i t h  t h e  
c o m b i n a t i o n.  T h e s e  r e s u l t s  i n d i c a t e  t h a t  t h i r t e e n  e l e m e n t s  (As(III), Se(IV), 
M o ( V I ) ,  Zn(II), Cd(II), Ni(II), C o ( I I ) ,  Sn(II), Fe(II, III), Cr(VI), Pb(II) ,  
V(V), a n d  Cu(II)) a r e  s i m u l t a n e o u s l y  e x t r a c t e d  a t  p H  4.1-4.6, a n d  Mn(II) a n d  
Cr(III) a r e  e x t r a c t e d  a t  p H  6.9-7.0. E x t r a c t i o n  e f f i c i e n c i e s ,  d e t e c t i o n  
l i m i t s  a n d  a n a l y t i c a l  b l a n k s  a r e  l i s t e d  i n  T a b l e  1. T h e  e x t r a c t i o n  e f f i c i e n -
c i e s  f o r  a l l  t h e  e l e m e n t s  e x c e p t  f o r  M n  a n d  C r  w e r e  > 9 6 も． L a k e w a t e r s  w e r e  
a n a l y z e d  b y  this method, a n d  t h e  r e s u l t s  a r e  s h o w n  i n  Fig. 2. I n  a d d i t i o n ,  
t h e  e x t r a c t i o n  w i t h  d i t h i z o n e  w i l l  b e  e x p r e s s e d.  
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5 3 - 1 8  CH A R A C T E R I Z A T I O N  O F  A R S E N IC  I N  S E A  W A T E R  B Y  H Y D R I D E  
G E N E R A T I O N - A T O M I C  A B S O R P T I O N  S P E C T R O P H O T O M E T R Y  

• ** *** M a n a b u  YAMAMOTO, H i r o y u k i  T S U B O T A  
*  D e p a r t m e n t  o f  Chemistry, F a c u l t y  o f  S c ience, H i ro shima U n i ve r s i ty  
Higa'3hi Senda, Naka-ku, Hiroshima, 7 3 0  J a p a n  

* * D e p a r t m e n t  o f  E n v i r o n m e n t a l  Science, F a c u l t y  o f  Integrated  A r ts  a n d  
Sciences, H i r o s h i m a  University, Higashi-Senda, Nakaku, H i ro shima,730 J a p a n  

* * * F u k u i  I n s t i t u t e  o f  Technology, 3-6-1, G a k uen, Fukui, 9 1 0  J a p a n  
(Emeritus P r o f e s s o r  o f  H i r o s h i m a  University) 

I n  t h e  previous study, w e  de s c r i b e d  a  d i f fe r en t i al  d e t e r m i n a t io n  o f  
t  .. ~~ft~t,f:ic s p e c i e s  o f  A s  a n d  S b  a c c o r d i n g  t o  t h e i r  o x i d a t i o n  states b y  hyd r id e  

spectrophotometry, whi~h w a s  c o n f i r m e d  q u i t e  p r e f e r a b l e  fo r  
1  t h e  t r a c e  a n a l y s e s  i n  s e a  w a t e r  w i t h  h i g h  sensitivity-;- I n  t h e  p re sent study, 

a  s i m p l e  a n d  p r e c i s e  m e t h o d  i s  d e s c r i b e d  f o r  t h e  d e t e r m i n a t i o n  o f  total am o u n t  
o f  a r s e n i c  i n c l u d i n g  i n o r g a n i c  As(III), As(V) a n d  o r g a n i c  specie s  such a s  m o no  
m e t h y l  a r s e n i c  a c i d  a n d  d i m e t h y l  a r s e n i c  acid. 

1  T h e  a p p a r a t u s  f o r  H G - A A S  w e r e  d e s c r i b e d  i n  t h e  p r e v io u s  p aper~. As(III) w a s  
d e t e r m i n e d  a t  p H  6. T o t a l  a m o u n t s  o f  i n o r g a n i c  species(As(III) +  As(V)) 
w e r e  d e t e r m i n e d  a t  2 M  hydrochlovic acid. T h e n  t h e  to tal a m o u n t s  o f  inorganic a nd  
o r g a n i c  s p e c i e s  w e r e  d e t e r m i n e d  a t  2 M  a c i d i t y  a f t e r  p e r s u l f a t e  digestion. 
C o n c e n t r a t i o n s  o f  e a c h  s p e c i e s  w e r e  e s t i m a t e d  f r o m  t h e  d i f f e r e nce  o f  t h e  t h ree  
d e t e r m i n a t i o n s ,  S e a  w a t e r  samples w e r e  i m m e d i a t e l y  f r o z e n  just a f t e r  s a m p l i n g  
a n d  s t o r e d  b e l o w  - 2 0 ' c  i n  20 1  p o l y e t h y l e n e  bottles. T h e  d i g e s t i o n s  a n d  
m e a s u r e m e n t s  w e r e  d o n e  w i t h i n  t h r e e  months. S u b  p p b  level o f  a r s e n i c  species 
i n  s e a  w a t e r  could b e  d e t e r m i n e d  w i t h  a  s a m p l e  v o l u m e  o f  1 0 0  ml. D i g e s t i o n  
w i t h  p e r s u l f a t e  solution(5%) w a s  d o n e  i n  a l k a l i n e  medium, w h e r e  r e c o v e r i e s  o f  
e a c h  a r s e n i c  s p e c i e s  w e r e  s a t i s f a c t o r y  w i t h  t h e  r e l a t i v e  stnadards deviationsof 
1 . 3 - 2 . 1  %. T h e  d i g e s t i o n  p r o c e s s  w a s  c o m p l e t e  b y  h e a t i n g  t h e  s o l u t i o n  f o r  30 
min. a t  80 t o  8 5℃ o n  h o t  plate. 

of 
A v e r a g e  v a l u e s  o f  concentration~rsenic s p e c i e s  a r e  s h o w n  i n  T a b l e s l  a n d  2. 
As(III) a n d  o r g a n i c  s p e c i e s  o f  a r s e n i c  w e r e  d i s t r i b u t e d  i n  u p p e r  waters, less 
t h a n  h u n d r e d  m e t e r s  i n  depth, a n d  t h e  c o n c e n t r a t i o n s  o f  As(V) w e r e  f o u n d  lower 

2  i n  u p p e r  w a t e r s  t h a n  i n  d e e p  w a t e r s  a s  r e p o r t e d  b y  A n d r e a e . ' H o w e v e r ,  t h e  total 
6  w e r e  n e a r l y  c o n s t a n t  f r o m  s u r f a c e  t o  d e e p  seawater~ T h e  c o n c e n t r a t i o n  a n d  

d i s t r i b u t i o n s  o f  a r s e n i c  species d i d  n o t  s h o w  r e g i o n a l  dep e n d e n c e s  b e t w e e n  t h e  
6  n o r t h w e s t e r n  N o t h  P a c i f i c  O c e a n  a n d  J a p a n  sea". T h e  v a l u e s  o f  inorganic s p e c i e s  

3  i n  s h a l l o w  w a t e r  a re  c o m p a r a b l e  w i t h  t h o s e  r e p o r t e d  b y  S u g a h a r a  e t  a l :  a n d  
4  Gohda・ f o r  t h e  s e a  water, n e a r l y  t h e  s a m e  district. 

Then, t h e  s i m i l a r  i n v e s t i g a t i o芯 f o r t h e  c h a r a c t e r i z a t i o n  o f  a r s e n i c  s p e c i e s  
w e r e  c a r r i e d  o u t  f o r  S e t o  i n l a n d  s e a  w a t e r s  a s  w e l l  a s  T o k y o  b a y  s e a  waters. 
T h e  r e s u l t s  a r e  s h o w n  i n  Fig. 1. I t  i s  i n t e r e s t i n g  t o  n oば t h a t t h e  o r g a n i c  
s p e c i e s  h a s  b e e n  c o n v e r t e d  i n t o  i n o r g a n i c  s p e c i e s  a s  t h e  salinities o f  t h e  
s e a  w a t e r s  increased. However, t h e  total a m o u n t s  o f  a r s e n i c  species w e r e  
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kept constl¥nt w i t h  the va.iue o f  1  • 5  p p b  for b o t h  sea waters o f  S e t o  Inland a n d  
Tokyo bay, 
T h e  flow injection analysis h a s  been currently d e v e l o p e d  m a i n l y  i n  t h e  field 
o f  conventional spectrophotometry w i t h  color reactions, W e  h a v e  r e c e n t l y  
introduced t h e  flow injections technique t o  the hydride ，吋neration-atomic
absorption spectrophotometry for the determinations ofAs, Sb, Bi, Se, a n d  Te, 5  

Here, the hydride atomic Absorptions spectrophotome t r y  combined w i t h  t he  
f l o w  injection analysis has b e e n  applied successfully t o  t h e  determinations 
o f  inorganic arsen丘 s pe cies, W h e n  0,5 m l  o f  sea w a t e r  sample is injected, 
the analyses c a n  b e  c a r r i e d  o u t  automatcally a n d  continuously o n  t h e  b o a t  
just a f t e r  the sampling o f  seawater, M o r e  than thirty samples c o u d  b e  analyzed 
w i t h  good p r e c i s i o n  w i t h i n  a n  hour, A n  example o f  the results has b e e n  shown 
i n  Fig. 2, w h i c h  s h o応s t h e  vertical distribution o f  inorganic arsenic species 
in  the sea w a t e r  in_ t h e  _Pacific Ocean, near_ Hawa.iian Island, 

Table 1  Average vatues of concentrations of arsenic species 
Number of Found/μg 1-1 
samples As(lll) As(V) As(org} 
17 0.17士0.08 1.66土0.14 0.08土0.05
7  (0.03士0.05) 2.09土0.14 (0.01 土0.01)
Arsenic species in surface sea water亀

Depth/m 

く200
>2000 

Total 
1.92士0.08
2.10土0. 13 
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5 3 - 19 C H A R A C T E R I Z A T I O N  O F  A R S E N I C  I N  M A R I N E  L I F E  B Y  H P L C  W I T H  
I C P  /AES DET~CTION 

M a s a t o s h i  M o r i t a  a n d  Y a s u y u k i  S h i b a t a  

D i v i s i o n  o f  C h e m i s t r y  a n d  P h y s i c s ,  N a t i o n a l  I n s t i t u t e  o f  E n v i r o n m e n t a l  
Studies, Y a t a b e ,  I b a r a k i ,  305 J a p a n  

B y  u s i n g  indtiu<tively c o u p l e d  p l a s m a  a t o m i c  e m i s s i o n  s p e c t r o m e t r y  
(ICPAES) a s  a n  e l e m e n t  s p e c i f i c  d e t e c t o r  o f  h i g h  p e r f o r m a n c e  l i q u i d  
c h r a n a t o g r a p h y  (HPLC), i t  i s  p o s s i b l e  t o  c h a r a c t e r i z e  c hem i c a l  s p e c i e s  o f  
m e t a l s  a n d  m e t a l l o i d s  w i t h  h i g h  sensitivity. T h e  m e t h o d  i s  a p p l i e d  t o  
t h e  a n a l y s i s  o f  w a t e r - s o l u b l e  a r s e n ic  c o m p o u n d s  i n  m a r i n e  life. A r s e n i c  
a p p e a r s  i n  v a r i o u s  f o r m s  a s  s h o w n  i n  Fig. 1. A n a l y t i c a l  s t a n d a r d s  o f  
t h e s e  a r e  e i t h e r  s y n t h e s i z e d  o r  i s o l a t e d  a n d  p u r i f i e d  f r o m  n a t u r a l  samples. 
T h e s e  c o m p o u n d s  a r e  s e p a r a t e d  w i t h  g e l - p e r m e a t i o n  c h r o m a t o g r a p h y ( A s a h i - p a k  
GS220), a n i o n  e x c h a n g e l c h r c m a t o g r a p h y ( N u c l e o s i l  SB) a n d  c a t i o n  e x c h a n g e  
c h r o m a t o g r a p h y  (Nuc leosi 1  SA) a n d  d e t e c t e d  w i t h  ICP a r g o n  p l a s m a  e m i s s i o n  
s p e c t r a n e t r y  a t  t h e  w a v e l w n g t h  o f  193.8 nm. D e te ct i o n  limit o f  t he s e  a r s e n i c  
c a n p o u n d s  r a n g e d  2 0 - 5 0  n o  a s  arsenic. 
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T y p i c a l  c h r o m a t o g r a m  is s h o w n  in Fig. 2. M a j o r  c o m p o n e n t  o f  a r s e n i c  i n  
m a r i n e  a n i m a l  w a s  a r s e n o b e t a i n e .  I n  s h e l l f i s h  a r s e n o s u g a r  a n d  t e t r a m e t h y l  
a r s o n i u m  i o n  w a s  identified. M a r i n e  a l g a e  c o n t a i n e d  arsenosugars. 

FI、¥ i  

Flatfish 

Tuna 

S e a  cucumber 

Squid 

し
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S 3 - 2 0  

D E T E R M I N A T I O N  O F  S M A L L  A M O U N T  O F  S I L I C O N  CARllIDE I N  S O I L  B Y  
G R A V I M E T R I C  A N D  X - R A Y  D I F F R A C T I O N  M E T H O D S  

J u n i c h i  I T O *  
* P o w d e r  R e s e a r c h  C e n t e r ,  S h o w a  D e n k o ,  S h i o j i r i ,  N a g a n o  ( J a p a n )  
K a t s u n o r i  E N D O ,  M i c h i o  M A E D A ,  M a s a a k i  I W A T S U K I  a n d  T s u t o m u  F U K A S A W A * *  
* * D e p a r t m e n t  o f  A p p l i e d  C h e m i s t r y ,  F a c u l t y  o f  E n g i n e e r i n g ,  Y a m a n a s h i  
U n i v e r s i t y ,  T a k e d a - 4 ,  K o f u ,  4 0 0  ( J a p a n )  

C h a r a c t e r i z a t i o n  a n d  d e t e r m i n a t i o n  o f  p o l l u t a n t s  i n  s o i l s  h a v e  b e e n  
d o n e  u s u a l l y  b y  e l e m e n t a l  a n a l y s i s  u s i n g  v a r i o u s  k i n d s  o f  m e t h o d s .  
H o w e v e r ,  t h e  e l e m e n t a l  a n a l y s i s  d o e s  n o t  a l w a y s  g i v e  d i r e c t  a n d  e n o u g h  
i n f o r m a t i o n  f o r  r e s o l u t i o n  o f  t h e  e n v i r o n m e n t a l  p r o b l e m ,  b e c a u s e  t h e  
b e h a v i o r  o r  t o x i c i t y  o f  a n y  e l e m e n t  d e p e n d s  o n  i t s  c h e m i c a l ,  p h y s i c a l  a n d  
o f t e n  c r y s t a l l o g r a p h i c  s t a t e s .  T h e  a u t h o r s  h a v e  s t u d i e d  s o  f a r  a b o u t  t h e  
a p p l i c a t i o n  o f  x - r a y  d i f f r a c t i o n  m e t h o d  ( X R D )  t o  t h e  a n a l y s i s  o f  
e n v i r o n m e n t a l  s a m p l e s  s u c h  a s  a i r b o r n e  p a r t i c u l a t e s  ( 1 - 3 ]  a n d  s o i l  [4] 
t h e  s t u d i e s  h a v e  g i v e n  v e r y  u s e f u l  i n f o r m a t i o n s .  

S i l i c o n  c a r b i d e  ( S i C ) ,  w h i c h  i s  n o t  a  n a t u r a l  p r o d u c t ,  i s  u s e d  1n 
v a r i o u s  f i e l d n  o f  i n d u s t r i e s  a n d  s o m e t i m e s  f o u n d  i n  s o i l s  a r o u n d  t h e  w o r k s .  
I n  t h e  p r e v i o u s  p a p e r  (4] w a s  d e s c r i b e d  a  m e t h o d  in w h i c h  a  l a r g e  s o i l  
s a m p l e  o f  5  t o  1 0  g  w a s  s u b j e c t e d  t o  h e a v y  l i q u i d  s e p a r a t i o n  a n d  c h e m i c a l  
t r e a t m e n t s  t o  i s o l a t e  S i C  a n d  p o l y m o r p h i c  S i C  w a s  g r a v i m e t r i c a l l y  d e t e r m i n e d  
a f t e r  e x a m i n a t i o n  b y  XRD. H o w e v e r ,  t h e  m e t h o d  d e s c r i b e d  a b o v e  is a  l i t t l e  
l a b o r i o u s  a n d  t 1 m e - c o n s u m 1 n g .  

T h e  p r e s e n t  p a p e r  h a s  b e e n  d e s c r i b e d  s i m p l e x - r a y  d i f f r a c t o m e t r i c  a n d  
g r a v i m e t r i c  m e t h o d s  f o r ' t h e  d e t e r m i n a t i o n  o f  s m a l l  a m o u n t  o f  S i C  in s o i l  
s a m p l e s  u s i n g  a b o u t  1 - g  s a m p l e .  

P r o c e d u r e s  a r e  o u t l i n e d  a s  f o l l o w s  :  T h e  s a m p l e  o f  a b o u t  1  g  w a s  
1 g n 1 t e d  a n d  t r e a t e d  w i t h  h y d r o c h l o r i c  a n d  h y d r o f l u o r i c  a c i d s  to r e m o v e  
o r g a n i c  m a t t e r ,  s i l i c a t e  a n d  o t h e r  s o l u b l e  s u b s t a n c e s .  [ P r o c e d u r e  I] A f t e r  
a d d i n g  1  m g  o f  s i l i c o n  p o w d e r  a s  i n t e r n a l  s t a n d a r d ,  a l l  o f  t h e  r e s i d u e  a n d  
s i l i c o n  w e r e  t r a n s f e r e d  o n t o  a  m e m b r a n e  f i l t e r  a n d  f o l l o w e d  b y  X R D  a n a l y s i s .  
[ P r o c e d u r e  2] T h e  r e s i d u e  f r o m  t h e  m i n e r a l  a c i d  t r e a t m e n t s  a l s o  w a s  
s u b j e c t e d  t o  a  h e a v y  l i q u i d  s e p a r a t i o n  t o  is o l a t e d  S i C ,  w h i c h  is 
g r a v 1 m e t r i c a l l y  d e t e r m i n e d  u s i n g  a  u l t r a m i c r o  b a l a n c e .  

R e s u l t s  a n d  d i s c u s s i o n  :  O n e  m g  o f  S i C  w a s  s u c c e s s f u l l y  t r a n s f e r e d  o n t o  
t h e  m e n e b r a n e  f i l t e r  u s i n g  a  0 , 0 5  %  d e x t r i n  s o l u t i o n .  O r i e n t a t i o n  e f f e c t  o f  
S i C  o n  X R D  w a s  n e g l e c t e d  w h e n  p a r t i c l e  s i z e  o f  l e s s  t h a n  4 0 0  m e s h  w a s  u s e d ,  
L i n e a r  c a l i b r a t i o n  c u r v e s  o f  S i C  w e r e  c o n s t r u c t e d  o f  i n t e n s i t y  r a t i o s  o f  S i C  
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vs .  Si u s i n g  t h e i r  s~rong d i f f r a c t i o n  l i n e s .  A p p r o p r i a t e  c o m b i n a t i o n  of t h e  
i n t e n s i t y  r a t i o  m a d e  f r e e  f r o m  i n t e r f e r e n c e  of f o r e i g n  s u b s t a n c e s  c o n t a i n e d .  
A  c o m p a r i s o n  w i l l  be d o n e  b e t w e e n  X R D  a n d  g r a v i m e t r i c  m e t h o d s .  

R E F E R E N C E S  
I T .  F u k a s a w a ,  M. I w a t s u k i ,  S .  K a w a k u b o ,  K. M i y a z a k i ,  A n a l .  C h em. ,  5 2  ( 1 9 8 0 )  
l  784. 

2  T. F u k a s a w a ,  M. I w a t s u k i ,  S.P. T i l l e k e r a t n e ,  E n v i r o n .  S c i .  T e c h n o l . ,  1 7  
( 1 9 8 3 )  5 9 6 .  

3 M .  I w a t s u k i ,  S .P .  T i l l e k e r a t n e ,  T s u g .  F u k a s a w a ,  T. F u k a s a w a ,  E n v i r o n .  S c i. 
T e c h n o l . ,  1 8  ( 1 9 8 4 )  8 18. 

4  J. Ito, H. K a w a s h i m a ,  K . E n d o ,  M. M a e d a ,  T. F u k a s a w a ,  B U N S E K I  K A G A K U ,  34 
( 19 8 5 )  472. 
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5 3 - 21 C H A R A C T E R I Z A T I O N  O F  M O L Y B D E N U M  I N  N A T U R A L  W A T E R  

S h i r o  G O H D A  a n d  H i d e o  Y A M A Z A K I  

F a c u l t y  o f  S c i e n c e  a n d  T e c h n o l o g y ,  K i n k i  University, H i g a s h i o s a k a ,  577 
J a p a n  

:-lolybdenum i s  o n e  o f  t h e  b i o - e s s e n t i a l  e l e m e n t s  f o r  m a n y  o r g a n i s m s  
a n d  o f  i n t e r e s t  f r o m  b o t h  e n v i r o n m e n t a l  a n d  b i o c h e m i c a l  viewpoints. S i n c e  
t h e  m o l y b d e n u m  c o n t e n t  i n  n a t u r a l  w a t e r s  i s  v e r y  low, a  s u i t a b l e  c o n c e n t r a t -
i n g  t e c h n i q u e  a n d  s e n s i t i v e  a n a l y t i c a l  m e t h o d  h a v e  b e e n  desired. T h e  p r e s e n t  
w o r k  d e s c r i b e s  a  s i m p l e  a n d  s e n s i t i v e  p r o c e d u r e  f o r  t h e  d e t e r m i n a t i o n  o f  
m o l y b d e n u m  b y  g r a p h i t e  furnace a t o m i c  a b s o r p t i o n  s p e c t r o m e t r y  w i t h  8 - q u i n o l i n o l  
- D I B K  e x t r a c t i o n .  T h e  p r o p o s e d  m e t h o d  w a s  a p p l i e d  t o  t he  d e t e r m i n a t io n  o f  
m o l y b d e n u m  i n  n a t u r a l  w a t e r s .  It w a s  f o u n d  that t h e  m e t h o d  m i g h t  b e  u sed  fo r  
the s t a t e  a n a l y s i s  o f  m o l y b d e n u m  i n  n a t u r a l  w a te r. 

1. D E T E R M I N A T I O N  O F  M O L Y B D E N U M  I N  N A T U R A L  W A T E R S  
I m m e d i a t e l y  a f t e r  sampling, t h e  w a t e r  sample w a s  f i l t e r e d  t h r o u g h  a  

m e m b r a n e  f i l t e r  (pore s i z e ,  0.45 μm). T h e  filtered w a t e r  w a s  d i v i d e d  into 
t w o  a l i q u o t s :  o n e  w i l l  b e  f o r  t h e  "oxidized" a l i q uo t, t h e  o t h e r  f o r  t h e  

3  "untreated" aliquot. I n  t h e  c a s e  o f  lake water, t o  150 c m J  o f  t h e  "oxidized" 
3  aliquot, 5  c m J  o f  c o n c e n t r a t e d  n i t r i c  a c i d  w a s  a d d e d  a n d  t h e  m i x t u r e  w a s  

b o i l e d  f o r  3  h o n  a  h o t  plate. A f t e r  cooling, th e  m i x t u r e  w a s  n e u t r a l i z e d  
3  3  w i t h  a m m o n i u m  h y d r o x i d e  solution. T h r e e  c m J  o f  0 . l M  E D T A  solution, 3  c m J  o f  

3  8 - q u i n o l i n o l  s o l u t i o n  a n d  3  c m J  o f  10も a m m o n i u m a c e t a t e  s o l u t i o n  w e r e  a d d e d  
t o  e a c h  o f  t h e  "oxidized" a n d  "untreated" s a m p l e  aliquots, respectively, a n d  

3  t h e  p H  w a s  a d j u s t e d  t o  3.5. T h e  r e s u l t i n g  s o l u t i o n  w a s  t r a n s f e r r e d  t o  200 c m  
3  s e p a r a t o r y  funnel, a n d  s h a k e n  w i t h  2  c m J  o f  D I B K  f o r  6  min. D I B K  p h a s e  w a s  

s e p a r a t e d  i n t o  t e s t  t u b e  a n d  d e h y d r a t e d  b y  centrifugation. T h e  m o l y b d e n u m  
3  a b s o r b a n c e  w a s  m e a s u r e d  a t  t h e  w a v e l e n g t h  313.3 n m  b y  u s i n g  20 m m J  o f  o r g a n i c  

p h a s e .  
T h e  t o t a l  c o n t e n t  o f  m o l y b d e n u m  w a s  c a l c u l a t e d  b y  t h e  a n a l y s i s  o f  "o x i d i z e d "  

a l i q u o t  a n d  t h e  d i f f e r e n c e  o f  t h e  m e a s u r e d  v a l u e s  b e t w e e n  "oxidized" a n d  "un-
treated" a l i q u o t s  w a s  t a k e n  a s  t h e  s o - c a l l e d  "unextractable m o l y b d e n u m " .  

2. I N S T R U M E N T A L  C O N D I T I O N S  F O R  G F A A  M E A S U R M E N T  O F  MO L Y B D E N U M  
I n  t h e  g r a p h i t e  f u r n a c e  a t o m i c  a b s o r p t i o n  spectrometry, i t  is k n o w n  that 

t h e  m o l y b d e n u m  a b s o r b a n c e  i s  s i g n i f i c a n t l y  i n f l ue nc e d  b y  t h e  h e a t i n g  
c on d i t i o n s ,  s i n c e  m o l y b d e n u m  forms a  t h e r m a l l y  stable  i n t e r s t i t i a l  c a r b i de  
w i t h  graphite. E f f e c t s  o f  h e a t i n g  t e m p e r a t u r e  a n d  t i m e  o n  m o l y b d e n u m  
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a b s o r b a n c e  a t  c h a r r i n g  a n d  a t o m i z i n g  s t a g e s  w e r e  investigated. 
A  c o n s t a n t  a b s o r b a n c e  f o r  rnolybdenurn-8-quinolinolate - D I B K  e x t r a c t  w a s  

o b t a i n e d  o v e r  c h a r r i n g  t e m p e r a t u r e  f r o m  4 0 0  t o  6 0 0  °C, i t  w a s  n o t  i n f l u e n c e d  
o v e r  t h e  c h a r r i n g  t i m e  r a n g e  o f  1 5  t o  4 0  s a t  500 °C. A t  t h e  a t o m i z i n g  
stage, t h e  m o l y b d e n u m  a b s o r b a n c e  i n c r e a s e d  w i t h  t h e  i n c r e a s e  o f  t h e  t e m p e r a -

3  ture a n d  time. W h e n  20 m m - ' o f  s a m p l e  s o l u t i o n  w a s  i n j e c t e d  i n t o  t h e  p y r o l y t i c  
g r a p h i t e  furnace, t h e  o p t i m u m  c o n d i t i o n s  o b t a i n e d  a t  h e a t i n g  s t a g e s  w e r e  a s  
follows: d r y i n g  for 30 s  p r o g r a m m e d  f r o m  1 5 0  t o  2 0 0  °C, c h a r r i n g  a t  5 0 0  °C 
for 3 0  s, a t o m i z i n g  a t  2800 °C for 15 s a n d  c l e a n i n g  a t  2900 °C for 1 0  s. 

3. O C C U R R E N C E  A N D  C O N T E N T  O F  M O L Y B D E N U M  I N  N A T U R A L  W A T E R S  
M o l y b d e n u m  s e e m s  t o  e x i s t  a s  t w o  k i n d  o f  c h e m i c a l  s p e c i e s  i n  n a t u r a l  

waters: o n e  is e a s i l y  e x t r a c t e d  a s  m o l y b d e n u m - 8 - q u i n o l i n o l a t e  c o m pl e x  w i t h  
D I B K  (extractable m o l y b d e n u m ) ;  t h e  o t h e r  i s  u n e x t r a c t a b l e  a s  i t  is, u n l e s s  
t h e  s o l u t i o n  i s  o x i d i z e d  w i t h  n i t r i c  a c i d  b e f o r e  t h e  e x t r a c t i o n  (unextract-
a b l e  m o l y b d e n u m ) .  Therefore, t h e  r e c o m m e n d e d  p r o c e d u r e  w a s  a p p l i e d  f o r  t h e  
d e t e r m i n a t i o n  o f  m o l y b d e n u m  t o  r e v e a l  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  i t s  
o c c u r r e n c e  i n  lake a n d  s e a  waters. T h e  r e s u l t s  a r e  s h o w n  i n  Figure. I n  L a k e  
Biwa, t h e  "extractable m o l y b d e n u m "  c o n t e n t s  a r e  i n  t h e  r a n g e  o f  0 . 3 1  t o  0.39 

~  3  μg d m  ~, a n d  i t  s e e m s  t o  b e  a l m o s t  w i t h o u t  c h a n g e  w i t h  depth. O n  t h e  o t h e r  
hand, total m o l y b d e n u m  c o n t e n t  v a r i e s  s i g n i f i c a n t l y  i n  u p p e r  a n d  b o t t o m  
layers. T h e  v e r t i c a l  d i s t r i b u t i o n  p a t t e r n s  o f  t h e  "unextractable m o l y b d e n u m "  
c o n t e n t  a r e  s i m i l a r  t o  t h a t  o f  c h l o r o p h y l l - a  a n d  pheophitin-a. I n  t h e  J a p a n  

-3 Sea, total m o l y b d e n u m  c o n t e n t  a r e  i n  r a n g e  o f  8.5 t o  12.4 μg  d m  ~, a n d  t h e  
s i g n i f i c a n t  a m o u n t s  o f  t h e  " u n e x t r a c t a b l e  m o l y b d e n u m "  w e r e  a l s o  o b s e r v e d  i n  
t h e  l a y e r  from 50 t o  1000 m  depth. 
Therefore, i n  n a t u r a l  water, m o l y b d e n u m  d i s t r i -

b u t i o n  m a y  b e  c o n t r o l l e d  t o  s o m e  e x t e n t  w i t h  
m i c r o o r g a n i s m s  a n d  o r g a n i c  m a t t e r s  a n d  " u n e x t r a c -
t a b l e  m o l y b d e n u m "  m a y  e x i s t  a s  o r g a n i c a l l y  
c o m p l e x e d  species. 

M o  content Temp. Pheo. -a Chlor. -a 
- 3  (μg d m  -) - 3 . . .  -3 (°C) (μg d m  -) (μg dm  -) 
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V e r t i c a l  p r o f i l e s  o f  molybdenum, c h l o r o p h y l l - a ,  p h e o p h i t i n - a  a n d  w a t e r  
t e m p e r a t u r e  i n  w a t e r  samples. (1) L a k e  B i w a  ('lay 24, 1984), (2) J a p a n  S e a  
(Hakuho M a r u  C r u i s e  KH-84-3, stn. AN-11) 
- 0 - to t a l  M o  e x t r a c t a b l e  M o  ri芝匹ill u n e x t r a c t a b l e  M o  
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F H O M  S O I L S  A N D  SCDI1•IEINS 

A k i y o s h i  S U G I M A E  

E n v i r o n m e n t a l  P o l l u t i o n  C o n t r o l  Center, Osa)<a P r e f e c t u r e  

1-3-62, N a k a m i c h i ,  lligashinari-ku, O s a k a  537, J a p a n  

I N T R O D U C T I O N  

S e l e n i u m  is h i g h l y  s u s c e p t i b l e  t o  b i o m e t h y l a t i o n .  I n o r g a n i c  s e l e n i u m  

c o m p o u n d s  m a y  b e  c o n v e r t e d  t o  v o l a t i l e  m e t a b o l i t e s  b y  m i c r o o r g a n i s m s  i n  

s o i l  a n d  s e d i m e n t .  T h i s  r e a c t i o n  m a y  b e  a n  i m p o r t a n t  s t e p  in t h e i r  

t r a n s f o r m a t i o n  a n d  t r a n s p o r t  i n  t h e  e n v i r o n m e n t . ' l‘he  r e l e a s e  o f  v o l a t i l e  

s e l e n i u m  c o m p o u n d s  f r o m  s o i l s  a n d  s e d i m e n t s  i s  g r e a t l y  i n f l u e n c e d  b y  t h e  

s o i l  p h y s i c o c h e m i c a l  c h a r a c t e r i s t i c s  i n c l u d i n g  a v a i l a b i l i t y  o f  selenium, 

c a r b o n  supply, t e m p e r a t u r e  a n d  w a t e r  c o n t e n t  a s  w e l l  a s  m i c r o b i o l o g i c a l  

p a r a m e t e r s .  T h i s  i n v e s t i g a t i o n  w a s  c a r r i e d  o u t  t o  a s c e r t a i n  t h e  q u a n t i t y  

t h a t  c o u l d  b e  r e l e a s e d  t o  t h e  a t m o s p h e r e  f r o m  s e d i m e n t s  a n d  t o  d e t e r m i n e  

s o m e  o f  t he  f a c t o r s  a f f e c t i n g  it. 

E X P E R I M E N T A L  

T e n  g r a m s  o f  a i r - d r i e d  s e u i m e n t  w a s  p l a c e d  in a  2 5 0 - m l  f l a s k  f i t t e d  

w i t h  a  g r o u n d  g l a s s  s t o p p e r  h a v i n g  t w o  g l a s s  t u b e s  f o r  a i r  i n l e t  a n d  

o u t l e t .  F i v e  m l  o f  sodi u m  s e l e n i t e  s o l u t i o n  c o n t a i n i n g  1000).lg/ml o f  

S e ( I V )  w a s  a d d e d  t o  t h e  s e d i m e n t .  T h e  s e d i m e n t  s a m p l e s  w e r e  i n c u b a t e d  a t  

2 0  C  f o r  a  d e f i n i t e  p e r i o u .  A  s t r e a m  o f  hig:1-purity a i r  w a s  p a s s e d  t h r o u g n  

t h e  s a m p l e  f l a s k  a t  t h e  f l o w  r a t e  o f  30 ml/r:1in t o  s w e e p  t h e  v o l a t i l e  

s e l e n i u m  m e t a b o l i t e s  p r e s e n t  i n  t h e  h e a d s p a c e  i n t o  a  30-ml c o n c e n t r a t e d  

n i t r i c  a c i d  trap. A  h y d r i d e  g e n e r a t i o n  a t o m i c  a b s o r p t i o n  s p e c t r o m e t r y  w a s  

e m p l o y e u  f o r  t h e  d e t e r m i n a t i o n  o f  s e l e m i u m  i n  the  trap. 

R：：：S U L T S  A N D  D I S C U S S I O N  

N o  v o l a t i l i z a t i o n  o c c u r r e d  f r o m  t h e  a u t o c l a v e d  s e d i m e n t  s a m p l e s  s p i k e d  

w i t h  sodiur,1 s e l e n i t e  a n d  i n c u b a t e d  the!ll f o r  10 days. I n  t h e  a b s e n c e  o f  

s o i l  m o i s t u r e ,  n o  v o l a t i l e  seleniui,1 m e t a b o l i t e s  w a s  d e t e c t e d  i n  s e d i m e n t .  
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T h e s e  r e s u l t s  i n d i c a t e d  t h e  e s s e n t i a l  r o l e  o f  m i c r o o r g a n i s m s  in t h e  

v o l a t i l i z a t i o n  process. 

A s  t h e  m i c r o b i o l o g i c a l  n a t u r e  o f  t h e  process, t h e  v o l a t i l i z a t i o n  o f  

s e l e n i u m  i s  t e m p e r a t u re  d e p e n d e n t .  A s  c a n  b e  s e e n  f r o m  Fig. 1, a c t i v e  

v o l a t i l i z a t i o n  e n d e d  w i t h i n  1 0 - 2 0  d a y s  a f t e r  a d d i t i o n  o f  s o d i u m  s e l e n i t e .  

T h e  q u a n t i t i e s  o f  s e l e n i u m  v o l a t i l i z e d  a t  2 0 " C  d u r i n g  4 0 - d a y  i n c u b a t i o n  

p e r i o d s  s u m m e d  t o  7 . 5  %  o f  s e l e n i u m  a d d e d  initially. T o t a l  q u a n t i t y  o f  

s e l e n i u m  v o l a t i l i z e d  a t  2 0°C  w a s  m o r e  t h a n  t w o  t i m e s  t h a t  a t  37•c a n d  

m o r e  t h a n  t h i r t y  t i m e s  t h a t  a t  65°C. 

S e l e n i u m  v o l a t i l i z a t i o n  c o u l d  b e  d e p e n d e n t  u p o n  t h e  p o p u l a t i o n s  o f  t h e  

v a r i o u s  m i c r o o r g a n i s m s  i n  t h e  s e d i m e n t .  T h e  s e d i m e n t  u n d e r  t h e  a n a e r o b i c  

c o n d i t i o n  e x h i b i t e d  a  d e c r e a s e  8  
i n  t h e  p r o d u c t i o n  o f  v o l a t i l e  

s e l e n i u m .  I n  t h i s  case, r e d d i s h  

d e p o s i t s  a p p e a r e d  o n  t h e  s u r f a c e  

o f  sediment, i n d i c a t i n g  t h a t  

s o m e  s e l e n i t e  h a d  b e e n  r e d u c e d  

こ6
、一
p
a
z
q
 r ょt o  e l e m e n t a l  s e l e n i u m . . . §  4  

゜Ilacteria s e e m  t o  p l a y  a n  irnpor- >  

t a n t  r o l e  i n  the r e d u c t i o n  o f  

s e l e n i t e .  N o  r e d d i s h  d e p o s i t s  

w a s  o b s e r v e d  in t h e  a u t o c l a v e d  

sediments. T h e  s e d i m e n t  a m e n d e d  

w i t h  s t r e p t o m y c i n  a l s o  p r o d u c e d  

n o  r e d d i s h  d e p o s i t s  a n d  r e l e a s e d  

a b o u t  25 t i m e s  m o r e  s e l e n i u m  

2
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Fig. 1  Volatilization of selenium from sediments 
incubated at 6  C, 20,.;, 37 C  and 65 C. 

m e t a b o l i t e s  than t h e  o r i g inal sediment. F u n g i  (a n d / o r  bacteria) s e e m  t o  b e  

r e s p o n s i b l e  for t h e  v o l a t i l i z a t i o n  o f  selenium. A  b i o l o g i c a l l y  a c t i v e  

s e d i m e n t  g r o w n  a b o u t  w i t h  f u n g i  e x h i b i t e d  a n  i n c r e a s e  i n  t h e  p r o d u c t i o n  o f  

v o l a t i l e  s e lenium. 

T h e  r a t e  o f  v o l a t i l i z a t i o n  o f  s e l e n i u m  f r o m  s e d i m e n t s  i n c o r p o r a t e d  

w i t h  n u t i e n t s  s u c h  a s  a m m o n i u m  sulfate, p o t a s s i u m  d i h y d r o g e n  phosphate, 

urea, o x a l i c  acid, t a r t a r i c  acid, g l u t a m i c  a c i d  a n d  g l u c o s e  w a s  a l s o  

e v a l u a t e d  i n  detail. 
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S P E C I A T I O N  O F  M O N O V A L E N T  A N I O N S  IN W A T E R  B Y  
T H E  P O L A R O G R A P H Y  A T  T H E  A Q U E O U S / O R G A N I C  S O L U T I O N S  
I N T E R F A C E  

M i t s u k o  SUZUKI, S o r i n  KIHARA, Kohji MAEDA, K a o r u  O G U R A  a n d  M a s a k a z u  M A T S U I  
I n s t i t u t e  f o r  C h e m i c a l  R e s e a r c h ,  K y o t o  U n i v e r s i t y ,  U j i ,  K y o t o ,  611 J a p a n  

S i n c e  m o s t  o f  s u c h  a n i o n s  a s  h a l i d e s  a n d  t h e i r  o x o - a c i d  a n i o n s ,  N 0 3 ,  
N 0 2 ,  B F 4  a n d  S C N― a r e  n o t  e a s i l y  r e d u c e d  o r  o x i d i z e d  i n  s o l u t i o n s ,  t h e  
o r d i n a r y  r e d o x  v o l t a m m e t r y  c a n n o t  b e  a p p l i e d  a n d  t h e  e l e c t r o c h e m i c a l  
d e t e r m i n a t i o n  o f  t h e m  h a d  b e e n  l i m i t e d  t o  t h e  p o t e n t i o m e t r y  w i t h  t h e  i o n  
s e l e c t i v e  electrode, ISE. T h e  p o t e n t i o m e t r y ,  however, i s  n o t  a p p r o p r i a t e  f o r  
t h e  p r e c i s e  d e t e r m i n a t i o n  b e c a u s e  t h e  p o t e n t i a l  i n  t h e  m e t h o d  d e p e n d s  m e r e l y  
o n  t h e  l o g a r i t h m  o f  t h e  c o n c e n t r a t i o n  o f  t h e  o b j e c t i v e  ion. 

A s  t h e  r e s u l t s  o f  t h e  r e v i e w  o f  t h e  v o l t a m m e t r y  f o r  t h e  i o n  t r a n s f e r  a t  
t h e  i n t e r f a c e s  o f  t w o  i m m i s c i b l e  e l e c t r o l y t e  s o l u t i o n s  (VITIES), w h i c h  h a d  
b e e n  r e c e n t l y  developed, w e  c o n c i e v e d  that t h e  p r e c i s e  d e t e r m i n a t i o n  o f  ions 
m e n t i o n e d  a b o v e  is p o s s i b l e  b y  t h e  v o l t a m m e t r y  b a s e d  o n  t h e  l i m i t i n g  currents, 
I L C ' w h i c h  w e r e  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  t h e  ions. N o t  o n l y  t h e  
p r e c i s e  d e t e r m i n a t i o n  b u t  a l s o  t h e  s p e c i a t i o n  o f  i o n s  i s  e x p e c t e d  f o r  t h e  
V I T I  ES, b e c a u s e  t h e  h a l f - w a v e  p o t e n t i a l s ,  6V1 ;2s, i n  V I T I E S  d e p e n d  o n  t h e  
i o n i c  r a d i i  a n d  charges. 

I n  t h e  p r e s e n t  w o r k ,  p o l a r o g r a p h i c  b e h a v i o r  f o r  t h e  i o n  t r a n s f e r  o f  
m o n o v a l e n t  a n i o n s ,  i n c l u d i n g  h a l i d e s ,  o x o - a c i d  a n i o n s  a n d  d e r i v a t i v e s  o f  
c a r b o x y l a t e  o r  s u l p h o n a t e  a n i o n s  a t  t h e  w a t e r ( W ) / 1 , 2 - d i c h l o r o e t h a n e ( D C E ) ,  
W / n i t r o b e n z e n e ( N B )  o r  W / c h l o r o f o r m ( C H C 1 3 )  i n t e r f a c e  i s  i n v e s t i g a t e d  b y  t h e  
c u r r e n t - s c a n  p o l a r o g r a p h y  w i t h  t h e  e l e c t r o l y t e  d r o p p i n g  electrode. 
E X P E R I M E N T A L  

T h e  c u r r e n t - s c a n  p o l a r o g r m s  w e r e  r e c o r d e d  f o l l o w i n g  t h e  m e t h o d  d e s c r i b e d  
p r e v i o u s l y  [  1  ]. 
R E S U L T S 碑 D I S C u s S I O N

T h e  h a l f - w a v e  p o t e n t i a l s  o f  t h e  polarograms, △v1 ;2s, f o r  halides, their 
o x o - a c i d  a n i o n s ,  o t h e r  o x o - a c i d  a n i o n s ,  c a r b o x y l a t e  a n i o n s  a n d  s u l p h o n a t e  
a n i o n s  f r o m  W  t o  D C E  w e r e  s u m m a r i z e d  i n  T a b l e  1. T h e  p o l a r o g r a m s  w e r e  
r e v e r s i b l e  f o r  m o s t  o f  t h e  a n i o n s  i n  T a b l e  1  and, therefore, it w a s  c o n c l u d e d  
that t h e  t r a n s f e r  p r o c e s s  o f  t h e s e  a n i o n s  a r e  c o n t r o l l e d  b y  t h e  d i f f u s i o n  o f  
a n i o n s  i n  t h e  a q u e o u s  a n d / o r  o r g a n i c  solutions. 

F o r  i n o r g a n i c  anions, it w a s  found that there e x i s t s  a  linear r e l a t i o n  
b e t w e e n △v 1 1 2 s  a n d  t h e  r e c i p r o c a l  o f  t h e  t h e r m o c h e m i c a l  r a d i i  (not t h e  
S t o k e s ' r a d i i ) ,  i r r e s p e c t i v e  o f  t h e  k i n d  o f  o r g a n i c  s o l v e n t  [2]. 

F o r  n - a l k a n e - c a r b o x y l a t e  a n d  - s u l p h o n a t e  anions, w i t h  t h e  lengthening o f  
a l k y l  c h a i n  b y  o n e  m e t h y l e n e  group, 6  v1 ;2 s h i f t s  a b o u t  37 m V  m o r e  positive. 
B y  t h e  s u b s t i t u t i o n  o f  c a r b o x y l  g r o u p  f o r  s u l p h o n e  group, △v1 ;2s s h i f t  a b o u t  
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70 t o  8 0  m V  m o r e  positive. T h e △v 1 1 2 s  for m e t a - n i t ro ,  - i o d o  a n d  - m e t h o x y  
b e n z o a t e  a n i o n s  a r e  n e a r ly e q u a l  t o  t h o s e  f o r  p a r a - s u b s t i t u t e d  b e n z o a t e  
anions, respectively. W h e n  these substituents are a t  ortho position, 6 V1  /2s 
are less positive than those for respective substituents at meta- a n d  para-
p o s i t i o n s .  H o w e v e r ,  t h e  /',V112 f o r  o r t h o - h y d r o x y b e n z o a t e  a n i o n  is m o r e  
positive than that for meta- o r  para-hydroxybenzoate anion. 

The polarograms for the ion transfer for such monovalent anions a s  Cl-, 
O H ―, r o 3 ,  H C O― a n d  CH3(CH2)nCOO —(n~4) a n d  s u c h  d i v a l e n t  a n i o n s  a s  M o o i ― a n d  3  3  2  n  =  
wo~- from w  t o  D C E  merged w i t h  the final descent of th~ residual current w h e n  

3  the concentration of the depolarizer w a s  less than 10 ― M. 
T h e  l i m i t i n g  c u r r e n t s ,  r,.r, w e r e  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  

a nions in W  i n  the range 2.5 x  10 
LC'- 5  3  - 10― fo r  anions superscripted b y * ,  

5  X  10-5 - 10―3  for * * , , o - 4  - , o - 3  M  for ***. 
In c o n c l u s i o n ,  s i n c e  t h e  /',V 1 1 2  d e p e n d s  o n  t h e  c h a r a c t e r  o f  t h e  i o n  a n d  

the ILC is proportional to the concentration of the ion as mentioned above, 
the p o l a ro g r a p h y  f o r  t h e  i o n  t r a n s f e r  a t  t h e  i n t e r f a c e s  o f  t w o  i m m i s c i b l e  
e l e c t r o l y t e  s o l u t i o n s  is f e a s i b l e  f o r  t h e  s p e c i a t i o n  o f  m o n o v a l e n t  i o n  in 
a queous solutions. 
REFERENCES 
(1) K i h a r a ,  s. e t  al. ,  Anal. Chem., i n  press. 
(2) K i h a r a ,  S. e t  al. ,  J. E l e c t r o a n a l .  Chem., in press. 

Table 1  T h e  h  

A n i o n s  △V  1  /  2  xi含>- so; 
( V  vs TPhE1') ') X  △V  1  /  2  X  △V  1  /  2  

I  O ;  -0,12・ H  -0, 35*** H  -0, 28** 
ClO~ -0 .12・ p-CH3 -0.33*… p-CH3 -0.25!5 *  
ReO~ -0.11* o - N O  2  -0.31*** m-N02 - 0 . 1 9° 
B F ;  -0.15* m-N02 -0,27~* p-N02 -0.19** 
I― -0.21 奮曇 p-N02 -0.27** p-CI -0.20:5 • 
B r― -0.33*** p-CJ -0.28** CH3(CH2lnCOO― c10; -0.29骨● p - B r  -0.28** 
B r O i  -0. 35*** o- I  -0,30~** n  △V  1  /  2  
N03 -0, 2 9” m-I -0.235* 5  -0, 3 3 " `  c10; -0, 37*** p- 1  -0.235* 6  -0.29** 
No; -0, 3 7 ”̀  o - Q H  -o.23s• 7  -0.25!5 *  
C N― -0.38*** m - O H  <-0.38 8  -0.22** ・* Hero; -0.28 p - O H  < -0,38 

CH3(CH2Jnso; o-QCH3 -0. 36** 
m-OCH3 -0.335* n  △V  1  I  2  
p-QCH3 -0.335* 

5  -0 .25** 
6  -0.21** 
7  -0.175 
8  -0.13~ 
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5 4 - 01 
T HE  L O N G  PATH NON-DISPERSIVE INFRARED A NA L Y Z E R  F O R  
POLLUTANT G A S E S  I N  A M B I E N T  A I R  

M a s a t o  M A M I Y A  
National Chemical L a b o r a t o r y  for Industry, Yatabe, Tsukuba, Ibaraki, 305 

A  uniquely d e s i g n e d  long o p t i c a l  non-dispersive infrared (NDIR} g a s  
analyzer allows for d i r e c t  measurement o f  t h e  trace amount pollutant g a s e s  in 
a m b i e n t  a i r  w i t h  dramatically r e d u c e d  several interference factors 
1. Introduction 
M a n y  atmospheric trace g a s e s  a b s o r b  radiation t o  attenete light in t h e  in-

frared effectively e n o u g h  t o  m e a s u r e  their abundences urban d i r t y  air w i t h  a  
reasonable optical p a t h  length. A t  background mixing ratios, however, t h i s  
technique, a  cuvett type NDIR, is n o t  sensitive e n o u g h  for trace gases .  
T h e  a u t h e r  have developed a n  optical system for long o p e n  path,material corre-
lation measurement mechanism, o p e r a t i o n  a n d  d a t a  handring system. T h i s  rep o r t  
is o n  t h e  long path, 300 m ,  N D I R  g a s  analyze-,: f o r dむ-r:ect measurement t o  the 
pollutant g a s e s  in a m b i e n t  a i r  w h i c h  w a s  desugned  and constructed. 
2. Optical system 
F i g .l  shows a  schematic l a y  o u t  o f  t h e  optical system o f  the NDl:R.. 

D o u b l e  b e a m s  from a n  i r  souce, o n e  o f  w h i c h  i s  stable reference b e a m  b y  through 
a n  absorption sapphire cell contaning o f  a  p u r e  measurement g a s  a t  p r e s s u r  101.3 
KPa, a n d  another b e a m  o f  m e a s u r e m e n t  arrangement utilizing the optical n u l l  m e -
thod w i t h  t h e  changing transmittance d i s k  filter are used. A  b o t h  b e a m s  a r e  
alternately radiate t o  a n  a m b i e n t  a i r  after a  parallel collimate b y  passing 
t h r o u g h  a n  off-axis reflectin telescope. T h e  Ne-He laser b e a m  w a s  u s e  for 
seting a n d  ajustment o f  reflectors. T h e  retroreflector u s e d  in t h i s  system 
i s  cube corner. A  r a y  o f  light incident o n  a  corner is returned in t h e  direc-
tion from w h i c h  i t  came, regardless o f  t h e  initial angle o f  incidence. 
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T h e  r a y  o f  g o o d  p a r a l l e l  c o l l i m a t e  w h i c h  c a n  b e  o b s e r v e d  e n o u g h  e n e r g y  o n  t h e  
d e t e c t o r  i n  t h i s  o p t i c s  p r a c t i c a l  u p  t o  a b o u t  4 0 0  rn o p t i c a l  p a t h  i n  t h e  a m b i e n t  
air. T h e  receiver, c o n s i s t  o f  t h e  l a r a e  aoparture, 0  2 5 0  mm, cass"'g r a i n  t e l e -
scope, a  n a r r o w  b a n d  p a s s  f i l t e r  a n d  a  h e i g h  s e n s i t i v e  I n S b  d e t e c t o r  w i t h  e l e -
c t r i c  c o o l i n  element.. 
3. M e a s u r e m e n t  m e c h a n i s m  
I n  t h i s  N D I R  ~nalyzer, o n e  o f  t h e  f e a t u r e s  i s  m e c h a n i s m  o f  c h a n g i n g  t h e  a b s o r -

p t i o n  g a s  c e l l  a n d  n a r r o w  b a n d  p a s s  f i l t e r  e v e n  d u r i n  t h e  r o t a t i o n  w i t h  c o n t r e r e d  
b y  t h e  p a r s o n a l  computor. E a c h  w h e e l  c a n  h o l d  4  k i n d s  o f  t h e  a b o v e  c e l l  a n d  
filter. S i n c e  t h i s  a n a l y z e r  c a n  b e  o b t a i n d f o r  4  s p e i e s  o f  g a s  i n  o n e  c y c l e  
m e a s u r e m e n t  time. T h e  p r i n c i p l e  o f  m e a s u r e m e n t  o p e r a t i o n  i s  b a s e d  o n  t h e  c o -
r r e l a t i o n  o f  m e a s u r e m e n t  g a s  i n  t h e  a t m o s p h e r  a n d  i n  t h e  c e l l  m m  a b s o p t i o n  c h a -
racteristics. F i g . 2  s h o w s  a  s c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  b e a m  w h i c h  w a s  
t r a v e l e d  long p a t h  i n  t h e  a m b i e n t  air. 
T h e  n a r r o w  b a n d  w i d g h  is))1 t oら. I m  i s  
I  = I  - A ( A  C  + A C  + A  C  +  - - - A  C )  - s - M 心m  o  a  a  b  b  c  c  n  n  u  
W h e r e  I _  i s  m e a s u r e m e n t  beam, i s  o p t i c a l  :  m  - - ----------・・---- ------. ..  - . . .  _G, 

ャ
:h, In i s  ideal b e a m  w h i c h  was.~ 0 日

t r a v e l e d  A m  in t h e  n o t h i n g  a b s o r p t i o n  
a n d  s c a t t e r i n g  a m b i e n t  air, a  i s  a b s o r p -
t i o n  coefficient, C  i s  c o n c e n t r a t i o n , ¥ ) ,  1。. Jz v, I... 山 u, I Y ））z  

F，ヽ． 2
a  i s  t h e  m e a s u r e m e n t  gas, b , c  - - n  a r e  i n t e r f e r e n c e  g・ases, S  i s  s c a t t e r i n g  c o -
e f f i c i e n t  t o  f l o a t i n g  particules, a n d  M i s  f a c t o r  o f  o p t i c a l  m a t e r i a l s .  
T h e  r e f e r e n c e  b e a m  i s  I _  I_=I,,-)1. （A  C  + A  C  + A  C  +  r  r  o  a  a  b  b  c  c  - - - A C ) - A  _-5-M n  n , C  

I S  t h e  a b s o r b a n c e  o f  o a s  filed cell. A  d i f f e r e c e  b e t w e e n  I  a n d  I  m  r  
W h e r e  1  i s  o p t i c a l  p a t h  l e n g t h  o f  c e l l  

W h e r e  A  9 c  
is I  - I  m  r  =  A ( A  C )  - A  (C +  1  c  l  a  a ' a ・ a  g c  
a n d  c  _ _  i s  c o n c e n t r a t i o n  o f  m e a s u r e m e n t  g a s  i n  t h e  c e l l  a t  p r e s s u r  101.3 KPa. g c  
T h e  g a s  c e l l  i s  c o r r e s p o n d i n g  t o  333 p p m v  o n  t h e  p a t h  l e n g t h  300 m. T h i s  v a l u e  
i s  v e r y  large c o n c e n t r a t i o n  t h a n  t h e  t r a c e  g a s  v a l u e s , a n d  t h e n  t h e  a b s o r b a n c e  
o f  g a s  c e l l  c a n  b e  u s e  t h e  r e f e r e n c e  s t a n d a r d  t h a t  i s  n o t  c h a n g e  b y  C_. T h i s  a  
N D I R  is o b t a i n d  t h e  r e l a t i v e  d a t a  t o  I_. It's m a k e  a  c a l i b r a t i o n  c u r v e  b y  r  
u s i n g  t h e  g a s  c e l l  o f  1 . 0 0 m  p a t h  l e n g t h  w i t h  m i r r o r  s y s t e m  a n d  a  k n o w n  1 0 0  p p m v  
l e v e l ' s  s t a n d a r d  gases. T h e  o p t i c a l  n u l l  m e a s u r e m e n t  m e t h o d  c a n  b e  e l i m i n a t e  
t h e  s e c u l a r  c h a n g e  o f  M. 
4. D a t a  h a n d l i n g  s y s t e m  
T h e  r e f r a c t i v e  i n d e x  i n h o m o g e n e i t i e s  i n  t h e  a m b i e n t  a i r  s p r e a d  t h e  b e a m  a s  

it t r a v e l s  a n d  c a u s e  i n t e n s i t y  fluctuation a t  t h e  reciver. T h e  m e a s u r e m e n t  d a t a  
from p o t e n t i o m e t e r  o f  d i s k  f i l t e r  is c o n t i n u a l l y  c h a n g i n g  w i t h  feedback m e c h a -
n i s m  t o  e n e r g y  b a l a n c e  b e t w e e n  I _  a n d  Im. T h e  d a t a  i s  o n l y  s a m p l i n g  w h e n  t h e  r  m  
b o t h  b e a m  e n e r g y s  b e c a m e  equal, a n d  a d d  u p  i n  t h e  s e t i n g  time b y  t h e  computor. 
T h e  v a l u e  o f  C _  i s  o b t a i n  f r o m  c o m p a r e  t o  t h e  c a l i b r a t i o n  d a t a  a n d  t h e  t i m e  a v e -a  
raged d a t a  a f t e r  t h e  c o r r e c t i o n  o f  a i r  d e n s i t y  b y  temp0r,,t11re a n d  pressuer. 
T h e  p a f o r m a n c e  o f  t h i s  N D I R  g a s  a n a l y z e r  w i l l  b e  d e s c r i b e  a n d  t h e  r e s u l t s  o f  

r e c e n t  t e s t  w i l l  b e  s h o w  a t  t h e  symposium. 
T h e  a u t h e r  w o u l d  like t o  thank F u m i o  A s a k a w a  for c o n s t r u c t e d  t h i s  instrument. 
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S 4 - 0 3  POLAROGRAPHIC STUDY O F  ION  T R ANSFER ACROSS TWO IMMISCIBLE 
SOLUTIONS I  NTE RF/I.CE IN TIIE PRESENCE O F  NON -TON IC D ET E RGENT  

Zenko YOSHIDA and Hisao AOYAGI 

Department o f  Chemistry, Japn Atomic Energy Res earch Institute, 
Tokai, Ibaraki 319-11 (JAPAN) 

Voltammetry o f  ion transfer across the interface between two immiscible 
solutions has been recognized not only to be powerful for unders tanding the 
dynamic feature o f  the ion transfer reaction fundamentally but also to be 
very promising for the analytical application. One o f  the attractive appll -
cation o f  this ne1; method is the determination o f  such ions as alkali metal, 
alkalline-earth metal, heavy halide, and oxyacid ions and various organic ions 
to w h i c h  ordinary redox voltammetry is not applicable. Another is the detec-

n+ tion o f  a  neutral organic substance, Y, based o n  the transfer of an ion, M  
in the presence of Y  w h i c h  forms ionic complex Ul・Y)n+. Investigations in 
detail o f  various syc0 tu;,:, are required for wide application o f  the ion-
transfer voltammetry to the field o f  analytical chemistry. 

This paper deals with the ion transfer reaction in the presence o f  
non-ionic detergents as an example o f  Y, w h i c h  was studied b y  current-scan 
polarography using aqueous electrolyte dropping electrode, AEDE [l]. 
Such non-ionic an<l amphiphilic ethers as poly(oxyethylene)octylphenyl ethers ,  
(CH3)3CCll2C(CH3)2-<::);-c(CH2CH20)xH ;  Triton X-100(x;9.5), -305(x;3Q ) ,  or 
-405 (x;4Q), have been known to form complexes with alkali and alkalline-
earth metal ions, and have been used as an extractant and as an ionophore 
in the liquid membrane o f  the ion-selective electrode for the_se metal ions. 
Because Triton X-series detergents have an identical hydrophobic portion and 
<lifferent length of oxyethylene chain in the molecule, a  systematic investi-
gation can be carried out. 

CU R RE NT-SCAN POLAROGRAPHY 
The current-scan polarograms were recorded with use o f  a  polarograph1c 

cell with four electrodes configuration which w as  identical with that 
described previously [l], The aqueous electrolyte solution, w, was forced 
upward dropwise into the organic solution, o, through a  Teflon capillary. 
The flow-rate o f  w  was controlled b y  changing the height, h, o f  the w- level 
in the reservoir. The organic phase was 1,2-dichloroethane, DCE, containing 
tetraphenylarsonium dipicrylaminate, TPhAs+DPA ― , a s  a  supporting electrolyte. 
T o  obtain polarogram the current I  was supplied and was scanned at O. S  _μA/s, 
and the potential difference at the w / o  interface was detected. 
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TRANSFER O F  ~IETAL ION FROM 1v T O  o  IN THE PRESENCE OF Tri ton X  
Polarogram 1  in Fig. 1  were obtained w h e n  w  was 0.5 M  KCl and o  contained 
-4  S  x  10- 4  ~I Tri ton X-100. Polarogram 2  is background curve recorded in the 

absence of Triton X. The anodic wave is observed in polarogram 1. Similar 
anodic wave appeared, w h e n  Triton X  was added t o w  instead of o. The limiting 
current, i1, o f  this wave was proportional to the square root o f  h  indicating 
that the ion transfer reaction is controlled b y  the diffusion of one o f  
species involved. 

As shown in Fig. 2  the i1 o f  the anodic wave is pro~ortional to. the 
-4  - 3  concentration o f  Triton X, C.,., over the range o f  1  x  10 ' T '  to 1  x  10 - M  

when Triton X  is originally present in o  ( p l o t  1 ) .  If Triton X-100 is 
added t o w ,  the i1 vs C T  plot displays two lines with different s l o p e s , ( p l o t  
2 )  -4 .  The C.,. corresponding to the intersection o f  two lines is T  4  x  1 0 .  M. 
This concentration is very close to the critical micelle formation concen-
tration o f  Triton X-100 in the aqueous solution. 

The half-wave potential △V,'" o f  the anodic wave shifts to negative 1/2 
1,1 th the increase of the concentration o f  potassium ion in w, Cv+,.,, and 
a  relatlon between △Vl/ 2  and log CK+ 1Vas found to b e  l  lnearkwi¥;h a  s  lope w  
o f  -52 mV. The △V  1/ 2  was not affected b y  C  1.． 

Consulting with results o f  the measurement o f  the drop time o f  AEDE 
under the polarographic condition,the reaction mechanism is proposed as 
follows. Triton X  molecule diffusing from bulk solution phase adsorbs at 
1v/o interface ori enting its oxyethy lene chain to 1v phase. The Triton X  at 
the  interface complexes with metal ion in w  by forming ion-dipolar b o n d  based 
on negative charge located at oxygen atom in the oxyethylene chain. The 
hydrophobic and cationic complex transfers into o, which gives anodic wave 
in the polarogram. 

REFEREN CE[!] S. Kihara, Z. Yoshida, and T. Fujinaga, Bunseki Kagaku, 1982, 
31, 1.:297.; S. Kihara and Z. Yoshida, Talanta, 31, lOA (1984) 789. 
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C H E M I C A L  S E N S I N G  B Y  E L E C T R I C A L  O S C I L L A T I O N  

K e n i c h i  Y O S H I K A W A  

C o l l e g e  o f  G e n e r a l  E d u c a t i o n ,  U n i v e r s i t y  o f  T o k u s h i m a、T o k u s h i m a 7 7 0  
J a p a n  

I N T R O D U C T I O N  
C h e m i c a l  s e n s o r s  that c a n  d e t e c t  v a r i o u s  m o l e c u l a r  s p e c i e s  at low 

c o n c e n t r a t i o n s  w o u l d  b e  useful. T h e  e l e c t r o d e s  d e v e l o p e d  s o  far, such as, pH 
e l e c t r o d e s ,  m e a s u r e  t h e  a c t i v i t i e s  of test ions in s o u l t i o n  as D.C. v o l t a g e  
d i f f e r e n c e s  g e n a r a t e d  w h e n  e l e c t r o d e s  a r e  immersed in s o l u t i o n s  o f  t h e s e  
ions .  In t a s t e  a n d  o l f a c t i o n ,  in c o n t r a s t ,  e l e c t r i c a l  impulses in the n e r v e  
a r e  g e n e r a t e d  a t  s e n s o r y  o r g a n s  b y  v a r i o u s  chemical stimuli, that is, 
c h e m i cal i n f o rm a t i o n  o n  c h e m i c a l  s t r u c t u r e  a n d  c o n c en t r a t i o n  is c on v e r t e d  
into f r e q u e n c i e s  o f  n e r v e  impulses. T h u s  t o  m i m.ic the m o l e c u l a r  me ch a n i s m  of 
rec o gn i t i o n  in s e n s o r y  organs, an e x c i t a b l e  a r t i f i c i a l  s e n s i n g  s y s t e m  must b e  
d e v e l o p e d .  In the p r e s e n t  paper, w e  will s h o w  the p o s i b i l i t i e s  of d e v e l o p i n g  
a  n e w  type of c h e m i c a l  s e n s o r  c a p a b l e  of d i s t i n g u i s h i n g  v a r i o u s  c h emi c a l  
s u b s t a n c e s  o n  the b a s i s  of i n f o r m a t i o n  o n  the f r e q u e n c y  a n d  the shape of 
impulses. 

C H E M I C A L  S E N S I N G  B Y  A N  EXC I T A B L E  L I Q U I D - M E M B R A N E  
It w a s  f o u n d  that a  s i m p l e  liquid m e m b r a n e  s h o w e d  c h a r a c t e r i s tic  

r e s p o nc e s  to i n o r g a n i c  ions, a l c o h o l s  a n d  s u g a r s  in a  s i m i l a r  m a n n e r  to 
b i o l o g i c a l  c h e m o r e c e p t i v e  m e m b r a n e  (1-5). T h e  liquid m e m b r a n e  c o n s isted of 
a n  oil l a y e r  b e t w e e n  t w o  a q u e o u s  layers: that o n  left c o n t a i n i n g  a  c a t i o n i c  
su r f a c t a n t .  T h i s  s y s t e m  s h o w e d  s u s t a i n e d  r h y t h m i c  o s c i l l a t i o n s  of electrical 
p o t e n t i a l  o f  2 0 0 - 4 0 0  m V  w i t h  a n  interval in the o rder of 1  min. T h e  
frequency, a m p l i t u d e  a n d  s h a p e  of impulses c h a n g e d  m a r k e d l y  w i t h  the a d d i t i o n  
of v a r i o u s  c h e m i c a l  s p e c i e s  t o  the a q u e o u s  phase. W h e n  o p t i c a l  act ive 
d e t e r g a n t s  w e r e  used, t h e  frequencies of the o s c i l l a t i o n  w e r e  found to b e  
d i f f e r e n t  b e t w e e n  c h i r a l  a m i n o  a c i d s  or s u g a r s  p r e s e r n t  in the a q u e o u s  p h a s e  
( 6 ) .  

N O V E L  E X C I T A B L E  L I Q U I D - M E M B R A N E  W I T H  A N I O N I C  S U R F A C T A N T  
It w a s  f o u n d  f o r  the firs t  t i m e  that o s c i l l a t i o n  o c c u r r e d  at a n  

0 1 1 - w a t e r  i n t e r f a c e  in t h e  p r e s e n c e  of a n i o n i c  d e t e r g a n t s  (7) .  It w i l l  b e  
d e m o n s t r a t e d  that t h e  frequency, a m p l i t u d e  a n d  s h a p e  of the e l e c t r i c a l  
osci l l a t i o n  r e f e c t  t h e  c h e m i c a l  s t r u c t u r e  a n d  c o n c e n t r a t i o n  of a d d e d  chemical 
spec ies s e n s i t i v e l y .  

し］28 ) {  Iサ;←r.（I'..'ii. hII—•'t'c 1, 2  (l¥18b )  



E L E C T R I C A L  O S C I L L A T I O N  INDUCED B Y  A M I N E  V A P O R  
S t u d i e s  w e r e  m a d e  o n  the e l e c t r i c a l  p o t e n t i a l  a c r o s s  a  l1g u 1d m e mb r a n e  

c o n s i s t i n g  of a n  oi l  layer, oleic  acid, b e t w e e n  a q u e o u s  s o l u t io n s  o f  N aC l  a n d  
KC l. W h e n  the oi l  p h a s e  w a s  e x p o s e d  to a m i n e  vapor, the sy stem  s h o w e d  
p e r i o d i c  c h a n g e s  of e l e c t r i c a l  p o t e n t i a l  o f  10- 20 m v  (8). l t  1s s u g g e s t e d  
t h at this s y s t e m  ca n  s e r v e  as a  model of b i o l o g ical o l f a c t o r y  tra n s d u c t i o n .  

A R T I F ICI A L  M E M B R A N E  M I M I C K I N G  N E R V O U S  M E M B R A N E  
It w a s  f o u n d  that s p o n t a n e o u s  firing c a n  oc cu r  for the m e m b r a n e  m a d e  of 

v a r i o u s  lipid m o l e c u l e s  h a v i n g  the oleyl moiety, rnonoolein, t r i o l e i n  a n d  
S p a n-80 (9-11). It is d e m o n s t r a t e d  that a n  N a + / K +  c o n c e n t ra t ion g r a d i e n t  
c a n  c a u s e  e x c i t a t i o n  in a  L a n g m u ir - B l o d g e t t  f i l m  o f  d i o l e y l l e c i t h i n  (12,13). 
It is s h o w n  that the e x c i t a b l e  a r t i f i c i a l  m e m b r a n e s  d e v e l o p e d  b y  the present 
a u t h o r s  e x h i b i t  u n i q u e  e l e c t r o n i c  properties; ne g a t i v e  resistance, s w i t z i n g  
a n d  m e m o r y  effect. 

E L E C T R I C A L  O S C I L L A T O R  A S  A  N O V E L  C H E M I C A L  S E N S O R  
E l ec trical o sc i l l a t i o n s  a c r o s s  t w o  p l a t i n u m  e l e c t r o d e s  c o n n e c t e d  to a n  

e x t e r n a l  c i r c u i t  a n d  immer s e d  in a  test s o u l t i o n  w e r e  m e a s u r e d  (14,15). It 
is d e m o n s t r a t e d  that t h e  f r e q u e n c y  of o s c i l l a t i o n  r e f l e c t s  the c onc e n t r a t i o n  
o f  the ch e m i c a l  s p e c i e s  in the test soultion. 

R E F E R E N C E S  
11 Yoshikawa, K. a n d  Matsubara, Y., J .  Am. Chem. Soc., 込)2, 5767 (1983). 
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U P H I L L  T R A N S P O R T  M E M B R A N E  ELECTRODES 

M a s a o  SUGAWARA, M a s a u k i  UTO, Hitoshi YOSHIDA, Yoshio U M E Z A W A  

D e p a r t m e n t  o f  Chemistry, F a c u l t y  o f  Science, Hokkaido University 

Sapporo, 060, J a p a n  

T h e  m o d e  o f  m a s s  transfer o f t e n  encountered i n  analytical chemistry 

is d i f f u s i o n  i n  w h i c h  ions a n d  m o l e c u l e s  a r e  transported i n  general~ 

t h e i r  concentration gradient. O n  t h e  contrary, their exists a  different t y p e  

o f  m a s s  transfer c a l l e d  uphill a n d  active transports i n  w h i c h  chemical 

species are transported~ their concentration gradients. T h e  latter 

m o d e  o f  m a s s  transfer appears t o  b e  attractive i n  v i e w  o f  analytical 

applications. 

I n  biological systems, the transport o f  metabolites o r  nutrients 

through cell membranes occurs i n  m a n y  cases against their concentration 

gradient, i.e., b y  the so-called active transport. Rosenberg d e f i n e d  the 

active transport a s  a  transfer o f  chemical m a t t e r  from a  lower t o  higher 

chemical potential (in case o f  c h a r g e d  components, electrochemical potential). 

W e  c a n  achieve active transport a n d  uphill transport b y  u s i n g  artificial 

lipophilic liquid m e m b r a n e  systems. F o r  driving uphill ion transport b y  

artificial liquid m e m b r a n e  systems, w e  n e e d  t o  supply "energy" f r o m  outside, 

w h i c h  i s  c o n s u m e d  w i t h  m o v e m e n t  o f  ions against their concentration gradients. 

I n  the p r e s e n t  p a p e r ,  a  !"lew meb~ane electrode, w h a t  w e  call 

"Uphill Transport M e m b r a n e  Electrode", w i l l  b e  described. The electrode c a n  

b o o s t  selectively virtual concentration o f  specific analytes b y  uphill 

transport against t h e i r  concentration gradient across a  b u i l t - i n  liquid 

m e m b r a n e  into its inner filling solution w h o s e  volume is purposely m a d e  

v e r y  small. Cd(II), u o 2 2 +  a n d  Cu(II) ion uphill transport membrane 

electrodes constructed h e r e  a s  illustrative examples utilize three different 

types o f  input energies, i.e., complexation, concentration gradient o f  o t h e r  

ions, a n d  redox, respectively, f o r  uphill transport o f  e a c h  analyte. V o l t a m -

m e t r i c  detections w e r e  demonstrated for Cd(II) a n d  U O  2+ 2  i o n  uphill transport 

(130 )  洵洋化学研究 I, 2  (1986 )  



e l e c t r o d e s  a n d  a  p o t e n t i o m e t r i c  d e t e c t i o n  f o r  a  Cu(II) i o n  u p h i l l  t r a n s p o r t  

m e m b r a n e  e l e c t r o d e  is a l s o  d e s c r i b e d  a s  w e l l  a s  s o m e  o t h e r  e x a m p l e s  i n  terms 

o f  fundamental b e h a v i o r s  a n d  a  p o s s i b l e  u s e  f o r  a  n e w  t y p e  o f  e l e c t r o c h e m i c a l  

sensors. 

ii／ぃY-化学研究 1, 2  (1986 )  ( t:ll )  173 



S 4 - 0 6  
s'l‘UDIES  ON'rHE SUCC凶ciS ION ST!urnARD ADDI'l'ION M 誼 iIOj) IVI'L'll 

J<:QU IPO'l'ENT I A L  C HAN(;£ IN IUN-SELEC'l‘IVE  ELEC'l'ROD E  ANALYS IS  

W u  Guoliung* Q i a n  Guoying D u  Xiuyue 

*Professor of Qinghai Institut e  of Salt Lake, Academia ;:iinicu, Xin1.ng 

C h i n a  

T h e  succession standard addition m e t h o d  w i t h  equipotential c h a n;e  
i s  a  n e w  technique i n  ion-sel ective electrode anulysis .  It is similar to the 
potentiometric titration w i t h  preset end-point detern1ined by a  standard 
addition, a n d  to the m e t h o d  of double standard addition. It is not necessa 1y 
t o  <.letermine the slope of the electrode response. 

T h e  calculatinら formulas of the m ethod are int1odu.ced, 
1. I n  the cells w i t h  l i q u i d  junction 

Reference e l e c t r o d e / /  sample s o l u t i o n /  ion-selective electrode 
C  V  2  

C  s  ・1 ( V  1  +  V  2  +  V..) =  x  
X  - -vx ( V x  ( V z  - v l ) ーぐ〕 (1) 

Where C ~  a n d  C~ are the concentrations of the determinand i n  the sample a n d  
X  S  

standard, respectively. V _  is the volume of the sample solution ;  V, is the X  1  
volume o f  standard solution firstly added; v 2  is the v olume of standard 
solution added next V, while the difference between the potenti u.l s  before 1  
a n d  after the addition of v1 is equal to that of v 2 .  It s h oul d  oe notice 
that several assumptions are m a d e  i n  the derivation of the e quation (1). 
(1) T h e  c h a nge  i n  the l i q u i d  junction potential of the reference electrode 

is negligible. 
(2) T h e  d egree o f  complexation a n d  the activity coefficient of the deter-

m i n a n d  remains const皿 t.
( J )  T h e  concentration of the determ inand a n d  the final concent1ation 

should oe  w i t h i n  t h e  l i n e a r  response of the electrode. 

2 .  l n  the cells without l i q u i d  junction 
A  ion-s eleじtive electrode /  sample s o l u t i o n /  B  ion-selective  eleじtrode

T w o  kinds of A  a n d  B  electrodes w i t h  same slopes are used as indicator a n d  
reference electrode. B o t h  A  a n d  B  concentrations c a n  be dete imined  conti-
nously by this method, only i f  their c oncentrations before a n d  after the 
addition of the standards are w i t h i n  their o w n  limit of l i n e a r  response  of 
the electrodes respectively. T h e  calculatin,; formula is 

C  V  2  
C  s .  1  
A=~ ( 2 )  

X ' .  2 .  1  
Where C ,  a n d  C0 a r e  the concentrations of the determinand A  in  the sample A  S  
a n d  standard, respectively. 
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The dependenc;e of relative error o n  the volwnes of addition f o r  the method 
c a n  be de ri ved f r o m  Eq.(2). 

dC. d V  
R E  

A  V  - V  2  - ・1 
(3) 

The difference of V n  a n d  V, shouldn't be too small i n  order t o  minimize the 2  1  
error of the m e thod .  As a  6 eneral rule, the accu1acy of the m ethod is less 
than that of the volwnetric analysis because of ( v 2 ― v 1 )  < V 2 ,  whereas 
the relative error of the volu.'llet ric analysis, Hio is equal to dV/V g enerally. 
The examples of sulfide, sodium/potassium, chloride/fluoride i n  some water 

show that  these m ethods are simple  and rapid.'l'he precision is hiらh e r than 
that of the equal volume m e thod of d ouble standard addition. 'l'he accuracy is 
improvi ng  w i t h  the i n c reasi ng  of the concentration of dete1rninand i n  the 
srunple solution.'l.'he results  are,_;iven  in'rable 1  and 2. 

T abl e  1. iieterrninati o n  of the s ulfide i n  the cells w i t h  liquid  j unction 

□三／；：：十E :VD0:／＊：- 0 F o : u n * [ / : d［ロロ
• The equal volume method of double standa1 ct a d d i t i o n .  
** Res ult of  five determinations. 
*** Res ult of nine determinations. 

T able 2, Determination of potassium/sodiwn, じhl o1ide/f luoride
i n  t he  cells without liquid junction ( g / 1 )  ―--• •— ! —— [ ― - •--

Sodium I  Potassium 斗----- C.hloride 

ご8̀：i:i1;：万ご
0 .  1  4  5  i  6, 07 i  6. 0  J  

叫 tern 3  29 .  5  1  29. u  i  22 .8 22.8 2 3. 1  [  245. o  |  24 5. o  242. 6  
Bittern 2  78. o  i  7 7.8 78. 3  12 ,4 i  12,4 ;  12 .4 1202,4 !  202,9 I  202 .  1  
---- - ------ ・- - - - ^  • - - L.. • - i .  j ,  ＿ |  - - - • ● 2__'.}_:_,_  1  __  

*  l-'roposed  method. 
** (.; 1avimetry using  sodiwn tetraphenylborate. 
*** Mercurimetry. 
も H esul t  of eight determinati ons. 
もe R es ult of nine det eェm i nations.
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N O N C Y C L I C  P O L Y E T H E R S  C O N T A I N I N G  S U L F I N Y L  GROUPS; 
A  N O V E L  T Y P E  O F  N E U T R A L  C A R R I E R  F O R  I O N - S E L E C T I V E  
ELECTRODES. 

＊ Hideki SUGIHARA., T a t s u h i r o  OKADA, a n d  Kazuhi s a  H IRA TAN I  

Industrial P r o d u c t s  R e s e a r c h  Institute, 1-1-4, Y a t a b e - m a c h i  Higashi, 
Tsukuba-gun, I b a r a k i  305, Japan. 

L i q u i d  m e m b r a n e  t y p e  i o n - s e l e c t i v e  e l e c t r o d e s  b a s e d  o n  n e u t r a l  c a r -
r i e r s  a r e  i n  f o c u s e d  f o r  i t s  e x c e l l e n t  s e l e c t i vity. 

S o m e  m a c r o c y c l  i c  a n d  n o n c y c l i c  p o l y e t h e r - a m i d e s  h a v e  bee n  s y n -
t h e s i z e d  a s  n e u t r a l  c a r r i e r s  f o r  c a l c i u m  i o n - s e l e c t i v e  e l e c t r o d e s .  
R e c e n t l y  w e  h a v e  r e p o r t e d  t h a t  n o n c y c l i c  p o l y e t h e r - s u l f o x i d e s  a l s o  e x -
h i b i t  c a l c i u m  i o n - s e l e c t i v i t y .  1) I n  this s t u d y  w e  w i s h  t o  r e p o r t  t h e  
p r e p a r a t i o n  a n d  t h e  p r o p e r t i e s  o f  t h e  s u l f u r - c o n ta i n i n g  n e u t r a l  c a r r i e r s  
d e r i v e d  f r o m  s u b s t i t u t e d  c a t e c h o l s  a n d  d i o l s  t o  i n v e s t i g a t e  t h e  i n -
f l u e n c e  o f  t h e  s t r u c t u r e  o f  t h e  p o l y e t h e r s  o n  t h e  selectivity. 

T h e  g e n e r a l  s t r u c t u r e  o f  t h e  s u l f u r - c o n t a i n i n g  n e u t r a l  c a r r i e r  i n  
this s t u d y  is s h o w n  bellow. 

x: 0―Y―S(O)-R 
0 - Y―S(O)- R  

I o n - s e n s i n g  P V C  m e m b r a n e  w a s  p r e p a r e d  from o - n i t r o p h e n y l  o c ty l  
e t h e r  (NPOE), PVC, p o t a s s i u m  t e t r a k i s ( 4 - c h l o r o p h e n y l ) b o r a t e  (KTCPB), a n d  
t h e  n e u t r a l  carriers. T h e  m e m b r a n e  w a s  m o u n t e d  o n  a n  O R I O N  m o d e l  92 
e l e c t r o d e  b o d y  f o r  e l e c t r o m o t i v e  f o r c e  (EMF) m easurement. T e s t  solu-
t i o n s  w e r e  p r e p a r e d  f r o m  a n a l y t i c a l  g r a d e  c h l o r i d e s  o f  a l k a l i  a n d  
a l k a l i n e  e a r t h  m e t a l s  a n d  d e i o n i z e d  water. T h e  E M F  r e s p o n s e  o f  t h e  t e s t  
s o l u t i o n s  a t  25 •c w a s  m e a s u r e d  w i t h  O R I O N  m o d e l  701 A  d i g i t a l  ionalyzer. 
T h e  p o t e n t i o m e t r i c  s e l e c t i v i t y  c o e f f i c i e n t  l o g  kpot; ;  o f  t h e  i o n  i  o v e r  1'J 
t h e  i o n  j  w a s  d e t e r m i n e d  b y  t h e  s e p a r a t e  s o l u t i o n  m e t h o d  u s i n g  t h e  
N i c o l s k y - E i s e n m a n ' s  e q u a t i o n  (eq. 1), w h e r e  R  :  g a s  constant, a ' :  i o n  
activities, T :  a b s o l u t e  temperature, Z :  c h a r g e  o f  t h e  ion, F :  F a r a d a y  
constant. 

゜E= E: +  2.3RT Z.F l  og [  a  i  +  E  K .．（a'. ） ~~t(a'.)Zi/Zj ]  eq. 1  
9  J  J  ; . .  i  =  j  

T h e  s t r u c t u r e s  o f  t h e  c a r r i e r s  a r e  d e p i c t e d  i n  Fig. 1. T h e  s e l e c -
2 +  t i v i t y  c o e f f i c i e n t s  f o r  Ca"-T a r e  listed i n  T a b l e  1. 

(l,‘; 4 )  iiftii fヒ‘"i.iiifすt 1, 2  (1986)  



Fig. 1  N o n c y c l i c  n e u t r a l  carriers f o r  ion-selective electrodes. 
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T a b l e  1  S e  lee ti vi t y  coefficients o f  ion-selective electrodes b a s e d  o n  
n e u t r a l  carriers 1-6. 

pot 
log k  CaM 

carrier M, 2+ Li ＋ Na+ K  ＋ H  ＋ 
l  -1.8 -l. 3  -1. 5  -1 .  4  -0.4 
2  -1. 2  -0. l  l. 2  3.0 l. 7  
3  -2 .  l  -2.0 -3.0 -2.5 -1. 3  
4  -1. 6  -2.2 -2. 1  -0.5 0.4 
5  -0.8 0. l  1. 9  5.0 2.9 
6  -0.7 -1. 6  0. l  3.0 0.8 

1, 2 - B i s  ( p h e n y l s u l f  i n y l e t h o x y ) - 4 - t - b u t y l b e n z e n e  l  s h o w e d  C a  L T _  2 +  

selectivity o v e r  o t h e r  ions, w h e r e a s  1,2-bis(phenylsulfinylethoxy)ethane 
2 +  I  show e d  n o  CaLT_selectivity. T h e  r i g i d  o - p h e n y l e n e  structure seems im-

2 +  p o r t a n t  f o r  t h e  a p p e a r a n c e  o f  t h e  CaLT_selectivity. 
T h e  structure o f  t h e  subunit Y  a l s o  a f f e c t  t h e  potentiometric ion-

selectivity. Carriers, l, l, a n d  _!, w i t h  ethylene, trimethylene, a n d  
tetramethylene a s  subunit Y ,  respectively, showed ca2+-selectivity. 
1,2-Bis(phenylsulfinylpropoxy)-4-t-butylbenzene l  showed t h e  b e s t  s e l e c -
t i v i t y  a m o n g  them. 

T h e  o x i d a t i o n  n u m b e r  o f  s u l f u r  a t o m  is fatal f o r  t h e  a p p e a r a n c e  o f  
t h e  ion-selectivity. C a r r i e r  l  sho w e d  a n  a p p r e c i a b l e  ca2+-selectivity, 
w h i l e  carriers w i t h  sulfenyl g r o u p s 邑 o r sulfonyl g r o u p s§_  d i d  n o t  s h o w  
a n y  ca2+-selectivity. Thus, o n l y  the noncyclic polyethers c o n t a i n i n g  

2+ sulfinyl g r o u p s  s h o w e d  CaLT_selectivity. 
O t h e r  structural d e p e n d e n c e  o n  ion-selectivity s u c h  a s  t h e  terminal 

g r o u p  R, a n d  t h e  substituent o f  t h e  o - p h e n y l e n e  s u b u n i t  w i l l  b e  a l s o  
presented. 

1) Sugihara e t  al., J .  Chem. Soc., Chem. Commun., 上出廷， 957. 
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S 4 - 0 8  
A  N O V E L  A M P E R O M E T R I C  A M M O N I A  S E N S O R  

M i t s u g i  SENDA, T o s h i y u k i  OSAKA!, a n d  T a d a a k i  K A K U T A N I *  

D e p a r t m e n t  o f  A g r i c u l t u r a l  C h e m i s t r y ,  K y o t o  U n i v e r s i t y ,  Kyoto, 606, J a p a n  
* R e s e a c h  C e n t e r  f o r  C e l l  a n d  T i s s u e  Culture, K y o t o  U n i v e r s i t y ,  Kyoto, 606, 
J a p a n  

T h e  p o l a r i z a b l e ュn t e r f a c e b e t w e e n  t w o  i m m i s c i b l e  e l e c t ro lyte s o l u -
t i o n s  (oil/water interface) f u n c t i o n s  a s  a n  i o n - s e l e c t i v e  e l e c t r o de  (ISE) sur-
face for b o t h  a m p e r o m e t r i c  (or voltammetric) a n d  p o t e n t i o m e t r i c  a n a l y s e s  o f  
ions[l,2] .  I n  o t h e r  w o r d s ,  t h e r e  a r e  t w o  k i n d s  o f  ISEs; o n e  is the a m p e r o -
m e t r i c  (or v o l t a m m e t r i c )  I S E  a n d  t h e  o t h e r  is t h e  p o t e n t i o m e t r i c  I S E .  T h e  
f o r m e r  g i v e s  t h e  c u r r e n t  r e s p o n s e  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  ion, 
w h e r e a s  t h e  l a t t e r  the  p o t e n t i a l  re s p o n se  l i ne a r  t o  t h e  l o g a r i t h m  o f  ion acti v -
i t y  (concentration). T h e  p r e s e n ce  o f  a n  i o n o p h o re ,  w h i c h  s e l e c t i v e l y  b i n d s  a n  
i o n  t o  f o r m  t h e  h y d r o p h o b i c  c o m p l e x  in t h e  o i l  p ha se, r e n d e r s  t h e  o i l /w a t e r  
i n t e r f a ce  i o n - s e l e c t i v e  for t h e  io n[21. 

A m m o n i u m  ISEs: I n  t h i s  study, i t  is s h o w n  t h a t  the n i t r o be nzene(NB) /  
w a t e r  (W) o r  p o l y  (vinyl c h l o r i d e ) - n i tro b e n z e n e  g e l  (PVC-NB gel) / w a t e r  (W) inter-
face, w h e n  d i b e n z o - 1 8 - c r o w n - 6  (DB 18C6) is p r e s e n t  in t h e  N B  o r  P V C - N B  g e l  
phase, w o r k s  q u i t e  s a t i s f a c t o r i l y  a s  a n  I S E  s u r f a c e  for v o l t a m m e t r i c  a n a l y s i s  

＋ ＋ o f  NH~ ion. T h e  NH, - io n  t r a n s f e r  f a c i l i t a t e d  b y  D B 1 8 C 6  a t  the N B /W  o r  P V C-N B  4  4  
g e l / W  i n t e r f a c e  w a s  i n v e s t i g a t e d  b y  m e a n s  o f  c y c l i c  v o l t a m m e t r y  a n d  p o te ntial-
s t e p  c h r o n o a m p e r o m e t r y .  T h e  e l e c t r o c h e m i c a l  c e l l  s t u d i e d  was: 

II - 3  I  ° ・ l  mol dm 0. l  mol dm -3  TBATPB 0. 05 mol r;i- 3  Mgcl 2  
Ag I  AgCl I  巧闘1 1  0  I  I  Agel I  Ag, !Al 

w h e r e  T B A C l  a n d  T B A T P B  a r e  t e t r a b u t y l a m m o n i u m  c h l o r i d e  a n d  t e t r a b u t y l a m m o n i u m  
t e t r a p h e n y l b o r a t e ,  r e s p e c t i v e l y .  T h e  a q u e o u s  s o l u t i o n  (phase III) is b u f f e r e d  

- 3  a t  p H  7.3 o r  9.7, r e s p e c t i v e l y ,  b y  d i s s o l v i n g  0 . 0 5  m o l  d m  J  L - h i s t i d i n e  o r  
- 3  0 . 0 5  m o l  d m  - L - l y s i n e  in t h e  a q u e o u s  solution. I n  p o t e n t i a l - s t e p  c h r o n o -

a m p e r o m e t r y ,  w e l l - d e f i n e d  r e v e r s i b l e  p o l a r o g r a p h i c  w a v e s  o f  t h e  N H ; - i o n  t r a n s -4  - 3  fer a t  t h e  N B / W  i n t e r f a c e  w e r e  o b t a i n e d  i n  the p r e s e n c e  o f  0.05 m o l  d m  
DB18C6, a t  E 1 1 2  =  298 m V  a n d  328 m V  a t  p H  7.3 a n d  9.7、respectively. T h e  
l i m i t i n g  c u r r e n t s  w e r e  p r o p o r t i o n a l  t o  t h e  b u l k  c o n c e n t r a t i o n  o f  N H , C l  i n  the 4  
a q u e o u s  solution. W e l l - d e f i n e d  c y c l i c  v o l t a m m o g r a m s  w e r e  a l s o  o b t a i n e d  for 
b o t h  t h e  N B / W a n d  P V C - N B  g e l / W  interfaces. T h e  p e a k  c u r r e n t s  w e r e  p r o p o r -
t i o n a l  t o  the b u l k  c o n c e n t r a t i o n  o f  NH. Cl. T h e s e  r e s u l t s  i n d i c a t e  t h a t  the 4  
i n t e r f a c e s  w o r k  q u i t e  s a t i s f a c t o r i l y  a s  t h e  I S E  s u r f a c e  for v o l t a m m e t r i c  anal -
y s i s  o f  NH; ion. 4  

(l  3  (；） 洵．It化‘f：研究 1. 2  (1986 )  



A9/A9C I  

A m m o n i a  Sensor: In o r d e r  t o  c o n -
s t r u c t  a n  a m p e r o m e t r i c  a m m o n i a  s e n s o r  

＋ for p r a c t i c a l  use, t h e  N H 4 - i o n  s e l e c t i v e  
P V C - N B  g e l  e l e c t r o d e  c o n t a i n i n g  0 . 0 5  m o l  
- 3  d m  D B 1 8 C 6  w a s  c o v e r e d  w i t h  a  g a s  p e r -

PVC-NB gel .  m e a b l e  T e f l o n  m e m b r a n e  (Fig. 1). T h i s  

（ 3  0. 05 mo l  dm- DB18C6)  
O. I  mo! ctm・,  TBATPB 、3,.:::~~:· 1  s e n s o r  w a s  u s e d  i n  the b a s e  s o l u t i o n  
nylon 呪 sh (Na2co3-tt3Bo3-KC1 buffer, usually, p H  

10.8), a n d  a n  a l i q u o t  o f  N H 4 C l  s o l u t i o n  
w a s  i n j e c t e d  i n t o  t h e  b a s e  solution, 
w h i c h  w a s  s t i r r e d  a t  a d e q u a t e  s p e e d  t o  
o b t a i n  t h e  c u r r e n t  r e s p o n s e  i n d e p e n d e n t  
o f  t h e  s t i r r i n g  rate. T h e  c u r r e n t  r e -

＋ s p o n s e  w a s  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  NH~ i o n  i n  the s a m p l e  s o l u -
- 3  4  

tion, i n  t h e  r a n g e  b e t w e e n  2  a n d  2000 μmol d m  (Fig. 2). T h e  c u r r e n t  re-
sp o n s e  c h a n g e d  w i t h  t h e  p H  o f  the b a s e  s o l u t i o n  a c c o r d i n g  t o  a  S - s h a p e d  curve, 
i n d i c a t i n g  t h a t  t h e  c u r r e n t  d e p e n d s  o n  the f u g a c i t y  (pressure) o f  N H 3  g a s  in 

＋ ＋ e q u i l i b r i u m  w i t h  NH; ion; NH;-;_ N H , +  H  ＋ 
4  +  4  3  

(pK_ =  9.2). T h e  p r e s e n c e  o f  in-a  
o r g a n i c  i o n s  (such a s  Na・, K  ・, etc. )  a n d  s o m e  o r g a n i c  ions (such a s  a c e t y l -
choline, choline, etc.) d i d  n o t  i n t e r f e r e  w i t h  t h e  a n a l y s i s  o f  a m m o n i a  w i t h  
this sensor. 

↓
●
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0.1 叩 I om•3 18ACI 

0.05 mol  dm―3 やCl2  
3  0.05 mol dm― L- IYS ine 

IOH 9. ll 

gos oermeoo I  e 咬"'Orone

F  iq. I. 知 perometric ammonia sensor 

~or: U r e a s e  w a s  i m m o b i l i z e d  o n  t h e  g a s  p e r m e a b l e  m e m b r a n e  
u s i n g  g l u t a r a l d e h y d e  a n d  albumin. T h i s  u r e a  s e n s o r  g a v e  the c u r r e n t  r e s p o n s e  

- 3  p r o p o r t i o n a l  t o  t h e  u r e a  c o n c e n t r a t i o n  b e t w e e n  1  a n d  2 0 0 0  μm o l  d m  J  (Fig. 3). 

1) M. Senda, Rev. Polarogr. (Kyoto), lQ, 19 (1984). 
2) M .  Senda, T. Osakai, T. Kakutani, a n d  T. K a k i u c h i ,  N i p p o n  K a g a k u  Kaishi, 

1986, No. 7, 956. 
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Electrode potential: 370 mV、pH: 10. 8  
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Fig. 3. Calibration curve of urea sensor 
Electrode potential: 370 mV, pH: 9.0 

湘詳化学研究 1, 2
 

(1986 )  (］ 3 7 )  179 



180 

5 4 - 0 9  
DE'I＇ERMINATION O F  HYDROGEN PEROXIDE B Y  
ELECTROCHEMILUMINESCENCE 

S a c h i k o  S A K U R A  a n d  H i d e o  IMAI 
F a c u l t y  o f  Pharmaceutical Sciences, Fukuyama University, Fukuyama, 729-02 
J a p a n  

I n  general, t h e  electrochemiluminescence m e a n s  t h a t  b o t h  cation and 
a n i o n  radicals electrolytically produced o n  electrode surface undergo 
annihilation, a n d  that t h e  reaction p r o d u c t  emits light. Radicals are, 
usually, unstable i n  aqueous solution, s o  t h a t  this process is difficult t o  
a p p l y  t o  the reaction i n  a n  aqueous medium. I n  this report w e  treated a  
d i f f e r e n t  process, that is, the electrolytically oxidized substance reacts 
w i t h  o t h e r  chemicals i n  t h e  aqueous solution, a n d  produced a n  excited 
state w h i c h  emits light. 

EXPERIMENTAL 
C y c l i c  vol~ 
A  m o d e l  312 potentiostat (Fuso) w i t h  a  m o d e l  H B  104 potential scanner 

(Hokuto) w a s  used. T h e  w o r k i n g  electrode w a s  a  platinum d i s c  electrode (2.1 
mm¢). T h e  auxiliary electrode w a s  a  P t  w i r e  a n d  w a s  referred t o  SCE. 
Temperature w a s  controlled a t  25土°・ 1°c.

Emission 
A  m o d e l  BLR-102 luminescence reader (Aloka) a n d  a  spectrophotofluo r o  

meter, RF-510 (Shirnadzu) w e r e  used. T h e  flow-cell is shown i n  Fig. 1. 

R E S U L T S  A N D  DISCUSSION 
Lurninol is k n o w n  t o  e m i t  light w i t h  some oxidants i n  basic solution. 

In this reaction a n  excited state o f  aminophthalic acid is formed. Here, 
instead o f  the chemical oxidation, luminol w a s  electrolytically oxidized in 
a  solution w i t h  lower pH, a n d  light w a s  emitted b y  the oxidized luminol 
w h i c h  reacted w i t h  hydrogen peroxide. 

C V  o f  luminol a n d  h~eroxide 
T h e  reversibility a n d  t h e  oxidation, re-reduction potentials o n  P t  

electrode w e r e  investigated b y  CV. 
Luminol w a s  oxidized t o  diazaquinone a t  the anodic p e a k  potential o f  

E  a  =  0.54 - 0.05(pH - 7.4) V  vs. SCE. T h e  electrode process w a s  fairly p  
irreversible, s o  that t h e  re-reduction p e a k  could n o t  b e  observed. 

Hydrogen peroxide w a s  m o r e  e a s i l y  oxidized than luminol. T h e  anodic 
a  c  and_cathodic peak potentials w e r e  E::'. =  0.45~ - 0,06(pH - 7.4) v, E:: =  0.10 p  6  p  6  

(138 )  湘洋化学研究 1, 2  (1986 )  



- O.OB(pH - 7,4) V. 

Emission o n  the p l a t i n u m  electrode 
A t  the potentials w h e r e  the oxidation o f  luminol d i d  n o t  occur, n o  

luminescence w a s  observed .  In t h e  neutral solution, strong luminescence 
w a s  observed a t  the applied potentials m o r e  than 0.6 V. 

A t  the lower p H  than 5.0, n o  luminescence w a s  observed .  A t  t h e  
p H  higher than 6.0, the luminescenc e  became stronger. A t  the p H  h i g h e r  
than 9.0, the luminescence occurred e v e n  i n  the absence o f  o x y g e n  o r  
hydrogen peroxide. 

In several seconds, after the application o f  the oxidation potential 
the luminescence showed maximum. A n d  i t  a l s o  took time t o  d i s a p p e a r  
a f t e r  the potential w a s  o f f  (Fig. 2). T h e  half d e c a y  time w a s  a b o u t  
10 sec. F r o m  the result o f  CV, hydrogen peroxide w a s  a l s o  oxidized t o  super 
oxide a t  the applied potential t o  oxidize luminol. T h e  chemical r e a c t i o n  
o f  super oxide w i t h  luminol o x i d e  m i g h t  occur a t  a  distance f r o m  t h e  
e lectrode ,  a n d  g a v e  d e l a y  o f  light emission. 

Luminescence spectrum b y  this electrolytic oxidation w a s  o b t a i n e d  
i n  the neutral solution; the m a x i m u m  wavelength w a s  432 nm. 

This m e t h o d  w a s  applied t o  t h e  trace determination o f  h y d r o g e n  
peroxide using a  f l o w  injection method. T h e  carrier solution c o ntained 
25.9 m M  luminol i n  neutral solution, a n d  the applied potential w a s  0.7 V. 

A  straight calibration c u r v e  w a s  obtained. 
T h e  investigation t o  find t h e  suitable 
conditions is n o w  i n  progess. 
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f1g. l  f l o w - c e l l  
1. w o r k i n g  electrode, Pt w i r e  
1 n  p o l y e t h y l e n e  tube, 2. a u x i l i a r y  
e l e c t r o d e ,  a n d  3. r e f e r e n c e  
e l e c t r o d e  

F i g .  2  E f f e c t  o f  a p p l i e d  p o t e n t i a l  (0.7 V) 
-s 3.53 m M  luminol a n d  6 . 6  x  10 ' M  

h y d r o g e n  p e r o x i d e  i n  pl! 7. 4  
s o l u t i o n  

i  1,； i¥ 1  t‘ r̀  liif‘it 1. 2
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S 4 - 1 0  D E T E R M I N A T I O N  O F  C Y A N O C O B A L A M I N  B A S E D  O N  I T S  C O B A L T  
C O N T E N T  U S I N G  TE'I'AATHIOCYANATCCOBALTAE(II) S E L E C T I V E  
C O A T E D - W I R E  ELECTRODE. 

G h i r m a  M O G E S  

Lecturer, Departrrent of C h e m i s t r y ,  A d d i s  A b a b a  U n i v e r s i t y  
P .O . B o x  1176, A d d i s  A b a b a ,  E t h i o p i a  

A  c o a t e d - w i r e  e l e c t r o d e  s e l e c t i v e  t o  tetrathiocyanatocobaltate(II) 
b a s e d  o n  i t s  s a l t  o f  B r i l l i a n t  G r e e n  h a s  b e e n  d e v e l o p e d  a n d  a p p l ied  t o  
cyabocobalarnin (Vitall'in B,~) a s s a y  v i a  i t s  c o b a l t  content. 12 

A  d r y  s i l v e r  e l e c t r o d e  a f t e r  t r e a t m e n t  w i、t h c o n c e n t r a t e d  h y d r o -
c h l o r i c  a c i d  a n d  h y d r o p h o b i z i n g  w i t h  c a r b o n  t e t r a c h l o r i d e  w a s  c o a t e d  w i t h  
e l e c t r o a c t i v e  mixture. T h e  c o a t i n g  m i x t u r e  w a s  p r e p a r e d  f ro m  2. 5  pe r ce n t  
of t h e  e l e c t r o a c t i v e  salt, 2 4 . 5  p e r c e n t  of polyvinyl(-chloride) a n d  
73 p e r c e n t  of 1 - c h l o r o n a p h t h a l e n e  (plasticizer) in a  m i n i n u m  v o l u m e  of  

- 5  - 2  t e trahydrofuran. T h e  e l e c t r o d e  r e s p o n d e d  r a p i d l y  t o  1 0  ~-5.0xlO ~M 
cobalt(II) c o n t a i n i n g  s i x t y - f o l d  o r  m o r e  m o l a r  e x c e s s  of t h i o c y a n a te  1.n 
a c e t i c  acid-acetate b u f f e r  (pH 4.7-5.8), w i t h  a  n e g a t i ve  s l o pe  o f  28:!:.1 点

p e r  d e c a d e  c h a n g e  of concentration. T h e  life-ti!l'e of t h e  e l e c t r o d e  h a s  
b e e n  e x t e n d e d  t o  n℃ r e  t h a n  s i x  m o n t h s  w h e n  t i g h t l y  s t o r e d  in a  d r o p p e r  
b o t t l e  s a t u r a t e d  w i t h  1-chloronaphthalene. 

O n e  o f  i t s  a p p l i c a t i o n s  s t u d i e d  w a s  t h e  d e t e r m i n a t i o n  of 
c y a n o c o b a l a m i n ,  25-SOOw.g o f  t h e  v i t a m i n  w a s  b o i l e d  off wi:th 15-20ml of 
a q u a  r e g i a  a n d  t h e  r e s i d u e  w a s  f i l t e r e d  a n d  w a s h e d  w i t h  2 5 m l  a c e t i c  
a c i d - a c e t a t e  buffer, d i l u t e d  t o  50-lOOml v o l u m e t r i c  f l a s k  w i t h  d i s t i l l e d  
water. A  p o r t i o n  o f  t h e  sall'ple w a s  e x p o s e d  t o  U V  r a d i a t i o n  (254 nm) t o  
p h o t o r e d u c e  t e r v a l e n t  c o v a l e n t  t o  cobalt(II). D i r e c t  a n d  s t a n d a r d  
a d d i t i o n  m e t h o d s  w i t h  t h e  c o a t e d - w i r e  e l e c t r o d e  r e l a t i v e  t o  a  c a l o匹 1
r e f e r e n c e  e l e c t r o d e  w e r e  e m p l o y e d  t o  d e t e r m i n e  a s  l o w  a s  5 0 p p m  of t h e  
v i t a m i n  w i t h  a  m a x i n u m  e r r o r  of 5  percent. 

( 14 0 )  i  IIt i羊iヒ‘-`芥6Jf1't 1 .  2  (I  986 )  
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S 4 - 1 1  
I O N - S E L E C T I V E  E L E C T R O D E S  B A S E D  O N  T H I A - C R O W N  
L I G A N D  A S  N E U T R A L  C A R R I E R  

Y o s h i t a k a  M A S U D A  a n d  E i i c h i  S E K I D O  

D e p a r t m e n t  o f  C h e m i s t r y ,  F a c u l t y  o f  Sci enc,:, よ<00e U n i v e r s i t y ,  
N a d a - k u , K o b e - s h i ,  6 5 7  
J a p a n  

M a c r o c y c l i c  p c l y t h i a e t h e r s  {thi a c r o w n  ethers) h a v e  b e e n  t h e  focus o f  
m u c h  r e s e a r c h  s i n c e  r e co g n i t i o n  o f  t he ir p r o p e r t ie s  a s  sel e ct i v e  c o m p l e x e s  
agents. T h e y  a r e  t y p i c a l l y  u n c h a r g e d  c o m p o u n d s  w i t h  a n  internal s u l f u r - d o n o r -
r i c h  c a v i t y  c a p a b l e  o f  s o f t  c a t-i o n  e n c a p s u l -
a t i o n  w i t h  s e l e c t i v i t y  t o w a r d  c a t i o n  b e ing  J~- 1, 1 

p r l m a r l l y  a  f u n c t l o n  o f  t h e  numloer o f  S u l f u r  nF悶 Pve (ln THF) 3  2・1. - 3,n1 
d o n o r s  a n d  r i n g  size. A p p l i c a t i o n s  o f  thia- j  11  HTCO(ln DCEJ oo1 M  _  1  m l  

:lyl  Phthala te  - 05 ml 

d i n g  c h a r a c t e r i z a t i o n  o f  s o m e  n e w  m i x eか ＂ : ＇ ，ヽ戸 s ] ,
v a lenc e  c om p l e x e s ,  t h e  e x t r ac ti o n  o f  tr ac e  ~I ~\--- i;t ,,.,s  s  

¥, S  S  

c l a s s  b  ntetals ,  a n d  u t l l l z a t lo n  ll]  s>
s e le ct i ve  m e m bra n e  e l e c t r o d e .  Increac;ing 
a t te n t i o n  h a s  b e e n  f o c u s s e d  o n  s e n so r  a s  TT CT こ←ノ

(a) copper  wore  (b) epo,y resin HT CO 
t o o l s  f o r  b i o l o g i c a l  a p pl i c a t io n  a s  w e ll a s  (c) pyre,  tube (d) mercury 
f o r  e n v i r o n m e n t a l  a n a l y s i s  a n d  s e p a r a t i o n  (el speclroscop,c graphite 

(I )  para 111,n 
o f  t h e  i on s .  T h e i r  i o n - s e l e c t i v i t i e s  o f t e n  (g) !,quid,on exchanger 
d e p e n d  o n  thi i a c r o w n  e t h e r ' s  c a v i t y  size. I  PVC membrane) 
It is p r e s u m e d  t h a t  t h e  t h i a c r o w n  ethers, Fig.1 S c h e m a t i c  d i a g r a m  o f  H T C O -
w h e n  t h e y  w e r e  d i s s o l v e d  i n  o r g a n i c  s o l v e n t  CGMSE. 
o r  i n c o r p o r a t e d  i n t o  m e m b r a n e s ,  c a n  b e  b e h a v e  
a s  1 o n o p h o r e s  s e l e c t i v e  f o r  p a r t i c u l a r  m e t a l  1 0n .  
Ive w i s h  t o  r e p o r t  t h e  d e v e l o p m e n t  o f  s e n s o r s  
w h i c h  a r e  c o a t e d  w i t h  t h i a c r o w n - P V C  o n  a  s p e c t ro -
s c o pi c  g r a p h i t e  rod, a  p l a t i n u m  w i r e  a n d  P V C  
m e m b r a n e  kit, a n d  w h i c h  a r e  h i g h l y  s e l e c t i v e  for 
t h e  m e r c u r y ( I I ) , c o p p e r ( I I ) , a n d  thallium(I) i o ns. 
T h e  u s e  o f  s e n s o r  i n  t h e  p o t e n t i o m e t r i c  titra-
t i o n  o f  m e r c u r y ( I I )  s o l u t i o n  w a s  a l s o  e x a m i n e d .  
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1. C O N S T R U C T I O N  O F  E L E C T R O D E S .  
T h e  m e r c u r y ( I I )  e l e c t r o d e  c o a t e d  w i t h  H T CO  

( 1 , 4 , 7 , 1 0 , 1 3 , 1 6 - h e x a t h i a c y c l o - o c t a d e c a n e )  o r  F』9 2  
T T C T  (1, 4, 8, 11 -t.etrathiacyclotetradecane)-PVC 
o n  s p e c t r o s c o p i c  g r a p h i t e  r o d ( H T C O - o r  TTCT-CGMSE) 

-1 0 .  9  0  -so -9 9  -3.0 -2  0  
log o  Hgl• 

釦匹心nee of HTCO-CGMSE potential 
on  Hg(II) activi ty in solution containing 
interfering ions with concentration of 
10•lMA HがII) 8 :  Hg(JI) • Cd(II) 

C :  Hg(II) • Co(II) 
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w a s  p r e p a r e d  a s  follows. S o l i d , c y l i n d r i c a l  seg-
m e n t  (1 c m  long,0.5 c m  diameter) w a s  c u t  from 
a  p l a t e  o f  h i g h l y - o r d e r e d  s p e c t r o s c o p i c  g r a p h i t e  
rod. T h e  c y l i n d r i c a l  s e g m e n t  w a s  p r e p a r e d  s o  
t h a t  t h e  basal p l a n e s  o f  g r a p h i t e  m i g h t  b e  p e r - ゜(．li ゜p e n d i c u l a r  t o  t h e  a x i s  o f  t h e  cylinder. P r i o r  c  I  
t o  use, t h e  s u r f a c e  o f  t h e  r o d  c l e a n e d  b y  polisl1- "'.: 工

工
- .  2  

r i n s e d  w i t h  a c e t o n e  a n d  a l l o w e d  t o  dry. It w a s  ごZQ Z  x: 
s e a l e d  t o  t h e  e n d s  o f  g l a s s  tubing. E l e c t r i c a l  g, .  3  ゜c o n t a c t  w a s  m a d e  t o  t h e  r e a r  f a c e  o f  r o d  u s i n g  
s e v e r a l  d r o p s  o f  mercury. A  s c h e m a t i c  illustra- ・4 
tio n  o f  f i n i s h e d  e l e c t r o d e  i s  p r e s e n t e d  Fig.1. 

1 n g  a  6 0 0  m e s h  c a r b o r u n d u m  a n d  d e e r  s k i n , a n d  

Co a t e d  w i r e  ion-selective e l e c t r o d e s  ( T l ' a n d  
2  + ,  _  _  _  _  _  _  _  _  _, _  _  -- _ _ _  -- _  1) Cu~·) w e re  p r e p a r e d  a s  reported''. T i p  m e m b r a n e  

e le ctrode  u s i n g  D K K  k i t  w a s  p r e p a r e d  a s  r e p o r ted  

H T C O  T T C T  

Fe)・ cu・ 
81]・

¥.._Hng '  
T  I. 

Pb'' Cu''  ― Cu1・ rFe'・ 

C  e1・ 
Pb]・
.... NI l• 

C  O” ¥.. Cd,． 
Cd'' ¥.Co1・ 
N12・

F i g . 3  S e l e c t i v e  coefficients, 
l o g  K  p o t  M N ・

1n  m a k i n g  o f  T h o m a s  P V C  electrode. 
+ .  - 2 +  2. H T C O - C G M S E  A N D  C W  ( T l ' a n d  C u -・)- S E L E C T I V E  E L E C T R O D E  

A  typical c a l i b r a t i o n  c u r v e  is s h o w n  in Fig.2. T h e  e l e c t r o d e  e x h i b i ted  
-2  -5  the  N e r n s t i a n  behav ior o v e r  t h e  a c t i v i t y  r a n g e  o f  10 - t o  10 ~, t h e  s l o p e  w a s  

-6.3 2 6  m V / d ecade, a n d  t h e  d e t e c t i o n  limit n e a r  10 -・-. T h e  e l e c t r o d e  w a s  m u c h  m o r e  
s e nsiti ve  a n d  r e p r o d u c i b l e  f o r  t h e  mercury(II) i o n  t h a n  r e s p o n s e  o f  T T C T - C G M S E  
( s l o・:ie :  14 m V / d e c a de ). H T C O  w a s  found t o  b e  a  U!o ~ful s e n s o r  m a t e r i a l  f o r  m e r -
c ury(II) ion. C o m p a r i s o n  o f  a l l  d a t a  o b t a i n e d  s o  f o r  o n  t h e  e x t r a c t i o n  a n d  
co mp lex fo r m a t i o n  o f  m e rcury(II) b y  t h i a c r o w n  e t h e r s  shows that t h e  H T C O  w i t h  
m e r c u r y ( I I )  forms c o m p l e x  o f  h i g h e r  stability. T h e  s t a b i l i t y  indicates t h a t  
m ac r o cyc l i c  h o l e  o f  H T C O  is j u s t  large e n o u g h  t o  fit t h e  mercury(II) inside 
t h e  hole. T h i s  fact r e f l e c t s  t o  r a p i d  r e s p o n s e  a nd  g o o d  potential stability. 
E x t r a p o r a t i o n  o f  t h e  r e c t i l i n e a r  p o r t i o n  o f  t h i s  c u r v e  g a v e  i n t e r s e c t i o n  a t  

+  2  +  9 20  m V  vs. Ag/AgCl. C W  TlT a n d  C u " - s e l ec t i v e  e lec t r o d e s  c o n t a i n i n g  T T C T  
- 2 . .  - -5 re spo n s e d  i n  a  p s eud - N e r n s t i a n  (10 - t o  10 ~, s l o pe :  46 m V / d ecade) a n d  in a  

- 2 . .  --6 N er n st i a n  ( 1 0  - t o  10 v,slope: 27 m V  /decade) ways, respectivly. 
3 .  T H E  E F F E C T  O F  A N  I N T E R F E R I N G  C A T I O NS  

F i g . 3  shows l o g a r i t h m i c  s e l e c t i v e  c o e f f -
1c 1 en t s  f o r  c a r r i e r  H TC O  a n d  TTCT. T h e  interfe - 100 
r i g  ions f o r  H T C O - C G M S E  in t h e  o r d e r  o f  d e c r e a- -:; 
s i n g  i n t e r f e r e n c e  are: Fe-'> B i  .  3  +  3  +  E  

)  P b  2  +  2  +  

:: 3 ;。）二；：二：：：こAT ; O N >  c u  >  i:  690 1  - ～＼＼ 
Fig.4 shows t i t r a t i o n  c u r v e  o f  Hg(II) I  ---・-.← 

i t r a t e d  w i t h  E D T A  u s e d  H T C O-C G M S E  a s  i  
E l e c t rode. T h i s  e l e c t rod e  w a s  s u cc essful f o r  I O  2  0  l  O  

u s e  1n t h e  titration. 

1) C . R . M a r t i n , H . F r e ise r, J.Chem.Educ. ，旦Z, 51 2  
(1980) 

E D T A  (m l) 
Fig ,4  Tilrab on  curve ol a  20  cm'conta,n,ng 

0.001 M  total mercury(II) nitrate at 
p H  3  4 0  (ac eta te  bulled w,th a  O  0 1  M  
EDTA soluti o n  

湘;c'f:化学研究 1 、 2  ( !9tl6 J  3
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CAD!fl.Ul1-113 Nl1R SPECTROSCOPY AS A  TOOL FOR 
STATE ANALYSIS OF CAD!fl.Ul1(II) IN SOLUTION 

and Susumu KITAGAWA 

Department of Chemistry, Kinki University. 3-4-1 Kowakae. Higashi-Osaka. 
Osaka 577. Japan 

The chemistry of d'0 metal ions has become of 
interest in recent years because of their important characteristics of possesss-
ing properties of both transition and nontransition elements. One of the major 
problems in the cadmium chemistry is the lack of the state analysis technique. 
I  I  SCd 饂 technique has recently been attempted to provides a  powerful tool for 
the state analysis of Cd(]I) compound in solution. However attempts at deteiled 
correlation of the solution 11'Cd 暉 spectra with Cd(]I) compound structures 
arc hampared by the first chemical exchange of the compounds. We attempted to 
reduce the chemical exchange of labile Cd(lI) 
compounds and to determine simultaneously the 
seven species in the equilibrium state by 
employing cooling of nonaqueous solution with 
temperatures down to -90 •c.' i 

S111ULTANEOUS DETERl1INATION OF SEVEN Cd(II ） 
COl1PLEXF5 IN THE EQUILIBRIUl1 STATE. The Cd(II) 
complexes with monodentates such as imidazole 
(im) do not have a  large stability constant 
In solution.some species coexist at equilibrium. 
Reduction of the chemical exchange in Cd(II) 
complexes with im by cooling is illustrated in 
Fig. 1. for which an ethanol solution of 0. 5  11 
Cd(ClO、), and 1. 5  11 im was examined by'''Cd Nl1R 
from 23 C゚ to -90 C゚. At 23 C゚. a  single reso-
nance (Fig. 1  a) was observed, indicating rapid 
chemical exchange. As the temperature was low-
ered, the resonance broadened(Fig.  1  b) and then 
resolved into two distinct resonances (Fig.  le 
and d). The stepwise formation of the im com-
plexes progresses from solvated Cd(II) ion 
with an increase in the concentration of im. 
This progression is illustrated in Fig. 2.  

c
c
 

．
．
 

0
5
 

9
7
 

―
―
 

-
[
 

f

ー

ー

＼｝
 

— 

j
 
I
9

5
 

ヽf
i
 

-25°C 

ーし
23°C  

200 

Fig. 1  
foo o  p p m  

I  I'Cd 細 spectra of 
On the basis of the stability constants and an ethanol solution of 0.5 11 
Scheme I,'''Cd chemical shifts can be assign- Cd(ClO、), and 1.5 11 imidazole 
ed as follows: A. Cd,.: B. Cd(im) 2  •: C. Cd(im), : T h e  ref. was 0.5 11 Cd(ClO、) 2  
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D.Cd(im),2•: E.Cd(im)、2•: F. Cd(im), 2  •: G. Cd(im), 2  • . The chemical shift of 
Cd(im), 2  • is in good agreement with the solid 1  1'Cd Nl1R chemical shift. 

Scheme I  
Cd 2  • +  6im:;:::=~Cd(im)2• +  5im~Cd(im), 2• +  4im~Cd(im),2• +  3im 
Cd(im),,. +  3im +  2im ;;==:=Cd(im), 2  • +  im ~Cd(im),'• 

The percentages of Cd(im).2• (n=0~6) were calcul 
ated from the peak area (Fig. 3). This is the 
first case in which the seven species in the 
equilibrium state were successfully determined. 
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Fig.3 The precentage of mole fractions of 
Cd(II) species present at [  im J  /  [  mole 
ratio of 0-6.  

CO陀 ARISION OF SOLUTION'''Cd Nl1R SPECRTA 
WITH THE SOLID 暉 SPECTRA. One of the most 
important advantages of'''Cd NMR technique is 
its applicability to both solutions and solids. 
Comparision of'''Cd chemical shifts between the 
solution and the solid Nl1R is especially note-
worthy in connection with the effects of solvent, 
packing.and counteranion upon the structure of 
the Cd(II) complexes. Plot of the solution 
'''Cd chemical shifts of Cd(II) complexes with 
1. 10-phenanthroline and the derivatives against 
those of the solid give a  good linear correla-
tion with the slope equal to l.The good linear 

correlation clearly demonstrates that the structures of these Cd(II) complexes 
in solution are substantially the same as those in the solid state when ligand 
dynamics are unimportant in the solution.  

(1) t1unakata, tt.; ~itagawa, S.: Yagi, F.. Inorg.Chcm., 25, 964(1986). 
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S りー 13  NEW B O D  SENSOR UTILIZING A  FUNCTIONAL POLYMER WHICH CAPTURES  
MICROORGANISMS ALIVE 

＊ 
Nariyoshi KAWABATA and Nobuyuki NAKAMURA 
Department o f  Chemistry, Faculty o f  Engineering and Design, _Kyoto Institute of 

＊ 
Technology, Matsugasaki, Sakyo-ku, Kyoto 606, Japan, and Kao Institute for 
Fundamental Research, 2606 Akabane, Ichikai-machi, Haga, Tochigi 321-34, Japan 

T h e  biochemical oxygen demand (BOD) is o ne  of the  most important and  
widely us e d  index o f  organic pollution. The conventional method of BOD deter -
mination requires a  five-day incubation. Recently, however, Suzuki et al. (l )  
proposed a  method for rapid estimation of BOD using a  microbial electrode, 
which consisted o f  immobilized living whole cells o f  yeast and an oxygen elec -・ 
trode. In this case, the living cells were immobilized by entrapment inside 
polymer matrices. On the other hand, a  recent publication from thi s  laboratory  
(2) described a  novel and remarkable ability of cross-linked poly(N-benzyl -4 -
vinylpyridinium halide) to remove bacteria from water. This insoluble pyri -
dinium-type polymer captures many bacteria alive by c ontact with them. As an 
extension o f  this work, we attempted to use living microorgan isms immobilized 
on this insoluble pyridinium-type polymer for the  microbial electrode  o f  the  
BOD sensor. In this case, the procedure o f  immobili za tion is  much easier than 
the entrapping method used by Suzuki et al., the immobilized living  cells are 
kept in direct contact with the sample solution, and various sor t  o f  microor -
ganisms c a n  be easily used for the BOD sensor. 

A  microbial electrode was prepared by injecting su spens ion of m1croorgan-
isms into the sensor system, which consisted o f  the insoluble pyridinium-type  
polymer and a n  oxygen electrode. The polymer was us ed in a  beads form. Esche-
richia coli and Saccharomyces cerevisiae were used as m icroorgan isms for the  
sensor. Aqueous solution containing glucose (150 mg/1) and glutamic acid (15 0  
mg/1) was employed as a  standard solution o f  five-day BOD of 220 mg/1 for the BOD 
sensor, according to Japan Industrial Standard. 

¥'/hen a  sample solution was injected into the sensor system, current of 
the electrode decreased with time until steady state was reached. A  Propor-
tional relationship was observed between the current decrease and the conc en-
tration o f  organic substrates. The sensitivity, i.e., slope  of the relation-
ship was found to depend upon the content o f  pyridinium group in the insoluble 
pyridinium-type pol ymer, and the maximum sensitivity was observed when the 
polymer contained about 2  mmol/g o f  the pyridinium group. 

1) I. Karube, T. Matsunaga, S. Mitsuda, and S. Suzuki, Biotechnol. B1oeng., 
19, 1535 (1977); 2) N. Kawabata, T. Hayashi, and T. Matsumoto, Appl. Environ .  
Microbiol., 46, 203 (1983). 

(146 )  湘洋化学研究 1. 2  ([986 )  
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S 4 - 1 4  
A  P R O P O S A L  O F  I N T E G R A T I N G  M E A S U R E M E N T  O F  H Y D R O G E N  I O N S  
I N  T H E  A C I D  R A I N  B Y  U S E  O F  COPPER(II) O X I D E  

S h u k u j i  ASAKURA, K o h i c h i  M I Y A S H I T A ,  S h i g e o  KITSUKAWA, T a k e s h i  FUJIMOTO, 
M a s a h i r o  HORI, Y o s h i t a k a  K O B A Y A S H I  
D e p a r t m e n t  o f  M a t e r i a l  S c i e n c e  &  C h e m i c a l  E n g i n e e r i n g  
Y o k o h a m a  N a t i o n a l  University, Tokiwadai, Hodogaya, Yokohama, 2 4 0  
J A P A N  

T h e r e  a r e  m a n y  r e p o r t s  a b o u t  t h e  i n f l u e n c e  o n  t h e  n a t u r a l  
e n v i r o n m e n t  b y  a c i d  r a i n  [1]. Recently, e n v i r o n m e n t a l  d i s r u p t i o n s  b y  a c i d  
r a i n  a r e  r e p o r t e d  o n  m a s s c o m m u n i c a t i o n s  [2]. T h e  m e a s u r e m e n t  o f  total 
a c i d i t y  i n  t h e  r a i n  i s  g e n e r a l l y  g i v e n  b y  t i t r a t i o n  m e t h o d  [3). T h e  n e w  
m e t h o d  f o r  m e a s u r e m e n t  o f  t o t a l  h y d r o g e n  i o n s  i n  t h e  s o l u t i o n  w a s  investi-
gated. 

Copper(II) o x i d e  is stable i n  t h e  a i r  a n d  r e a c t e d  following e q u a t i o n  
i n  t h e  a c i d  s o l u t i o n s  s u c h  a s  H_so. o r  HNO_. 2  4  3  

C u O  +  2 H  2 +  Cu-. +  H - 0  2  

T h e  p H  v a l u e  o f  a c i d  s o l u t i o n  w i t h  copper(II) o x i d e  w a s  c a m e  up  t o  a c o u t  6  
w i t h  time, a n d  i t s  p H  v a l u e  w a s  s t a b l e  t o  t h i s  range. T h i s  p h e n o m e n o n  m e a n s  
t h a t  t h e  d i s s o l v i n g  r e a c t i o n  o f  copper(II) o x i d e  i s  a l m o s t  stopped i n  t h i s  

2 +  p H  range. T h e  m e a s u r e d  v a l u e  o f  cu~・ i o n  c o n c e n t r a t i o n  [4] w a s  i n  p r o p o r t i o n  
＋ t o  loss o f  H ' i o n s  w h i c h  w a s  c a l c u l a t e d  f r o m  p H  c h a n g e  i n  t h e  solution. 

＋ Furthermore, l o s s  o f  H ' i o n s  i n  t h e  s o l u t i o n  w a s  a l s o  i n  p r o p o r t i o n  t o  w e i g h t  
l o s s  o f  copper(II) o x i d e .  T h e  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  i n  H~so. o r  H N O  2  4  3  
solution. T h e  s a m e  r e s u l t s  w e r e  b i v e n  b y  b o t h  solutions. 

T h e  w e i g h t  l o s s  o f  copper(!!) o x i d e  w a s  i n d i c a t e d  h y d r o g e n  i o n s  in t h e  
a c i d  solution. T h i s  me,thod is u s e f u l  f o r  m e a s u r e m e n t  o f  t o t a l a c i d i t y  i n  t h e  
a c i d  r a i n  w h i c h  i s  d u e  t o  s o..  o r  NO.. i n  t h e  atmosphere. A n d  this m e t h o d  i s  

X  X  
s i m p l e  a n d  convenience. 

R E F E R E N C E  

1. f o r  example; A. S. l e f o h n  a n d  R. W .  Brocksen, J. A i r  P o l l u t i o n  C o n t r o l  
A s s o c i a t i o n ,  3 4 ,  1 0 0 5  (1984). 

2. f o r  example; "TIME" pp. 4 8  - 54 S e p t e m b e r  16, 1985. 
3. G. M a r i n e n k o  a n d  W. F. Koch, E n v i r o n m e n t  315 (1984). 
4. ASTM, E38, p. 229 (1970). 

(148 1  湘詳化‘‘f研究 1 ,  2  (1986 )  



湘沖化学研究 I, 2  (1986 )  (149 )  191 



S 4 - 1 5  D E G R A D A T I O N  O F  N T A  A N D  C u ( I I ) - N T A  C O M PL E X  B Y  T H E  O X I D A T I O N  
W I T H  C O M B I N E D  U S E  O F  L E A D  D I O X I D E  S U S P E N S I O N  A N D  O Z O N E  

T o s h i o  M A T S U D A  a n d  T o y o s h i  N A G A I  

D e p a r t m e n t  o f  C h e m i s t r y ,  R i t s u m e i k a n  U n i v e r s i t y ,  Kyoto, 603 
J a p a n  

I N T R O D U C T I O N  
W e  h a v e  r e c e n t l y  i n t r o d u c e d  h y d r o u s  lead d i o x i d e  (HLD), f r e s h l y  p r o d u c e d  

b y  h y d r o l y s i s  o f  lead t e t r a - a c e t a t e ,  a s  a  c o l l e c t o r  for t r a c e  a m o u n t s  o f  m e t a l  
1 )  ions a n d  a s  a  s o l i d  o x i d i z i n g  agent. T h e  a d s o r p t i o n  b e h a v i o r・' o f  s o m e  m e t a l  

2, 3) i o n s  o n  H L D  a n d  t h e  r e d o x  reaction~' " 'of H L D  w i t h  c o m p l e x i n g  a g e n t s  s u c h  a s  
EDTA, N T A  a n d  I D A  h a v e  a l r e a d y  b e e n  reported. In addition, the d e g r a d a t i o n  o f  
t h e s e  c o m p l e x i n g  a g e n t s  a n d  t h o s e  m e t a l  c o m p l e x e s  a n d  t h e  c o l l e c t i o n  o f  m e t a l  
i o n s  f r o m  t h o s e  m e t a  1  c o m p l e x  s o l u t i o n s  s u c h  a s  Bi (III) - E D T A  a n d  F e  (III) - N T A  
h a v e  b e e n  a l s o  studied. 4, 5, 6) 

In t h i s  study, t h e  d e g r a d a t i o n  o f  N T A  a n d  C u ( I I ) - N T A  c o m p l e x  b y  o x i d a t i o n  
w i t h  c o m b i n e d  u s e  o f  H L D  a n d  ozone, a n d  e s p e c i a l l y  t h e  c o l l e c t i o n  o f  Cu(II) 
i o n  f r o m  Cu(II) - N T A  c o m p l e x  s o l u t i o n  a t  a b o u t  p H  7  w e r e  i n v e s t i g a t e d  from t h e  
v i e w  p o i n t  o f  e n v i r o n m e n t a l  c h e m i s t r y .  
E X P E R I M E N T A L  

T h e  s t o c k  s o l u t i o n s  o f  0 . 0 1 M  NTA, 0 . 0 1 M  C u ( I I ) - N T A  a n d  0.05 M  Pb(II) 
w e r e  p r e p a r e d  f r o m  r e a g e n t  g r a d e  NTA, Cu(NO,),, a n d  Pb(NO,),, a n d  a c c u r a t e l y  3  2 ' 3  2' 
d i l u t e d  a s  required. A  0 . 0 5 M  lead t e t r a - a c e t a t e  s o l u t i o n  a n d  w a t e r  u s e d  w e r e  
t h e  s a m e  a s  t h o s e  d e s c r i b e d  in p r e v i o u s  paper. 4, 6) 

T h e  p o l a r o g r a p h  a n d  i n c u b a t o r  u s e d  w e r e  t h o s e  e m p l o y e d  previously. 4 )  

N i p p o n  O z o n e  0 - 3 - 2  o z o n e  g e n e r a t o r  w a s  u s e d  w i t h  t h e  h i g h  p u r i t y  o x y g e n  gas. 
R E S U L T S  
D e q r a d a t i o n  o f  c u  (II) - N T A とL O X i d a t i o n  w i t h  HLD. 

T h e  HLD, p r e p a r e d  b y  h y d r o l y s i s  o f  lea d tetra-acetate, a n d  a n  a p p r o -
p r 1 a t e  a m o u n t  o f  C u ( I I ) - N T A  i n  b u f f e r e d  s o l u t i o n  a t  a  f i x e d  v a l u e  o f  p H  w e r e  

6 )  s h a k e n  f o r  1  h r  a t  30°C, a n d  H L D  w a s  f i l t e r e d  off. T h e  c o n c e n t r a t i o n s  o f  N T A  
a n d  Cu(II) i o n  i n  t h e  f i l t r a t e  w e r e  d e t e r m i n e d  polarographically. 

T h e  e f f e c t  o f  p H  o n  t h e  d e c r e a s e  i n  N T A  a n d  Cu(II) c o n c e n t r a t i o n s  (initial 
-4 v a l u e  1 x 1 0  ・ M) i s  s h o w n  i n  Fig.1. A n d  t h e  c u r v e  o b t a i n e d  in t h e  e a r l i e r  

5 )  s t u d y - ' w i t h  r e g a r d  t o  t h e  d e g r a d a t i o n  o f  Fe(III) - N T A  is a l s o  s h o w n  i n  Fig.1. 
1 )  In t h e  c a s e  o f  t h e  a d s o r p t i o n  o f  cu(II) i o n  o n  HLD, ・' a l m o s t  100 も

d e c r e a s e  in C u ( I I )  c o n c e n t r a t i o n  w a s  o b s e r v e d  a t  p H  h i g h e r  t h a n  6, while, 1 n  
t h e  c a s e  o f  C u ( I I ) - N T A  complex, t h e r e  w a s  o n l y  a b o u t  7 0 も d e c r e a s e in Cu(II) 
c o n c e n t r a t i o n  a t  a b o u t  p H  7. 

O n  t h e  o t h e r  hand, i n  t h e s e  e x p e r i m e n t s ,  w e  c o u l d  e a s i l y  o x i d i z e  the 
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Pb(II) p r o d u c e d  in t h e  p r o c e s s  o f  t h e  d e g r a d a t i o n  t o  lead d i o x i d e  b y  p a s s i n g  
t h e  o z o n e  g a s  i n t o  t h e  s o l u t i o n  a t  a b o u t  p H  7. T h e r e f o r e ,  t h e  c o m b i n e d  u s e  
o f  H L D  s u s p e n s i o n  a n d  o z o n e  w a s  f u r t h e r  e x a m i n e d .  
D e q r a d a t l o n 吐 Cu(II) ＿N T A 旱翌 .QY o x i d a t i o n  w i t h  c o m b i n e d  u s e  o f  H L D  a n d  
o z o n e 些 a b o u t 皿込

A  c y l i n d r i c a l  t u b e  (33 m m  i n  d i a m e t e r  a n d  3 0 0  m m  i n  height) f i t t e d  w i t h  
a  s i l i c o n e  r u b b e r  s t o p p e r  w a s  u s e d  a s  t h e  r e a c t i o n  vessel. A  200 m l  o f  Pb(II) 
s o l u t i o n  i n  b u f f e r e d  s o l u t i o n  a t  a b o u t  p H  7  w a s  p l a c e d  i n  t h e  t u b e  a n d  t h e  
o z o n e  g a s  (39 m g  0,/1) w a s  p a s s e d  t h r o u g h  t h e  s o l u t i o n  f o r  20 m i n  a t  a  f l o w  3  
r a t e  o f  0.7 1/min. A f t e r  Pb(II) w a s  c o m p l e t e l y  o x i d i z e d  t o  lead d i o x i d e ,  a  
k n o w n  a m o u n t  o f  N T A  o r  C u ( I I ) - N T A  c o m p l e x  w a s  a d d e d  i n t o  t h e  suspension, a n d  
t h e n  t h e  o z o n e  g a s  w a s  c o n t i n u e d  t o  b e  p a s s e d  t h r o u g h  t h e  mixture. A n  a l i q u o t  
o f  t h e  m i x t u r e  c o l l e c t e d  a t  r e g u l a r  i n t e r v a l s  w a s  filtered, a n d  t h e  c o n c e n t r a -
t i o n s  o f  N T A  a n d  Cu(II) ion i n  t h e  f i l t r a t e  w e r e  d e t e r m i n e d  p o l a r o g r a p h i c a l l y .  

T h e  r e l a t i o n  b e t w e e n  the d e c r e a s e  i n  N T A  o r  Cu(II) c o n c e n t r a t i o n  a n d  t i m e  
f o r  o z o n o l y s i s  is s h o w n  i n  Fig.2. 

-4 In a d d i t i o n ,  w h e n  1 x 1 0 - , m o l e  N T A  w a s  a d d e d  t o  t h e  H L D  s u s p e n s i o n  [1x10 -4 

m o l e  Pb(IV)) a n d  t h e n  the o z o n e  g a s  w a s  p a s s e d  t h r o u g h  t h e  mixture, a l m o s t  
100 %  d e c r e a s e  i n  N T A  c o n c e n t r a t i o n  w a s  o b s e r v e d  a f t e r  a b o u t  10 min. 
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6  
p H  

F i g . l  E f f e c t  o f  p H  o n  t h e  d e c r e a s e  
i n  a m o u n t  o f  NTA, Cu(II), o r  
F e  (III). 

-4 Cu(II)-NTA, Fe(III)-NTA, l x l O ,  M, 
HLD :  Sxlo-4 mole (total vol. :  100 ml), 
shaking time :  l  hr, temp. :  30 •c 

2
 

4
 

8
 

10 12 

(A) NTA 
100' 

゜8 (8)asea.:r::>aa 

(B) Cu (II) 
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F i g . 2  R e l a t i o n  b e t w e e n  t h e  d e c r e a s e  
i n  a m o u n t  o f  N T A  o r  Cu{II) a n d  
t i m e  f o r  o z o n o l y s i s .  
Cu(II)-NTA :  lx10-4 M （●）， Sx10-4 M  (0), 
HLD :  lxlQ-3 mole (total vol. :  200 ml), 
03 gas :  39 mg/1, flow rate :  0.7 1/min 

10 20 30 

R E F E R E N C E S  
(1) H. Kawano, Y. Nakai, T. M a t s u d a  a n d  T. Nagai, Talanta, 旦， 1 91 (1 986). 
(2) S. Ito, T. M a t s u d a  a n d  T. Nagai, ibid. ，互， 25 (1980). (3) T. M a t s u d a  
a n d  T. Nagai, ibid. ，迎， 951 (1983). (4) S. Ito, T. M a t s u d a  a n d  T. Nagai, 
ibid., 且， 2 9 2 (1984). (5) T. M a t s u d a  a n d  T. Nagai, P r e p r i n t  f o r  t h e  34th 
A n n u a l  M e e t i n g  o f  t h e  J a p a n  S o c i e t y  for A n a l y t i c a l  C h e m i s t r y ,  p.731 (1985). 
(6) T. M a t s u d a  a n d  T. Nagai, Talanta, ll, 6 1 4  (1986). 
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S 4 - 1 6  邸 ALYTICAL CAPABILITIES OF SOLID二BODY DETECTORS BAS皿）O H
SOLID EJ,ECTROLYTES FOH DETEPJ,II'.!t..TIO'.l OF  LO『I co:rcE:'.THATIO:rs 
O F  HYDR OG E?, Ill THE AIR 

K.R. Begaliev, A. N .  Osinin, V.I!. Lupatov, B. F.Myasoedov 

V.I. Vernadsky Institute of Geochemistry and Analytical Chemistry, Moscow, 
USSR 

Solid electrolytes with proton conductivity ca n  be applied for 
development of hydrogen sensor transfonnera. 

In the present paper a  number of solid electrolytes with proton 
conductivity was synthesized, and investigations 洒 re carried out with the 
purpose to obtain comparative characteristics o f  solid electrolytes and to 
assess the possibility to develope highly sensitive hydrogen de tectors on 
their basis. 

Detectors from solid electrolytes, containing ZrO,.,. P,.,O". H,.,O. Li,.,O 2  2  5  2  2 '  
etc. were made b y  cool pressing. Pt and Pd o f  various grain sizes were 
applied as catalytic covers. Measurements o f  the analytical signal of 
detectors were carried out in the mode o f  current generation. The value of 
the signal amplitude, the current integral value, the signal duration were 
recorded by a n  automatic instrument, the gas sample being introducted in 
the impulse manner. The recorded data were further computerized. Hydrogen 
concentration in the air v aェ・ied from O. 1  to 10000 ppm, temperature changed 
from 20° to 80°C. The investigations have allowed to establish, that the 
analytical signal parametl!rs,, fonned by detector(runpli tude, stability in 
time, reproducibility, etc.) are essencially detennined by the state of 
water, contained in the structure o f  the solid electrolyte membrane, and 
on its surface. The observance of certain conditions of  the technology oi' 
the sensors ' production has made it possible to develope detectors 
determining hydrogen in the air with the maximum sensitivity o f  0.1 ppm, 
linear rangeof 0.1-1000 ppm, selectivity in relation to CO, CO,., and C H,  -2  4  3  not less than The detector works at a  temperature of 20-50°C, with 
the inertia varying from JO to 40 c. 

In the conclusion reasons and possible mechanisms of  the :t‘ormation 
of the potential barrier for proton transfer, detennining time degradation 
oi'detectors based on solid electrolytes with proton conductivity, are 
discussed. 

(152 )  海詳化学研究 1 .  2  (l 986 )  
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S 4 - 1 7  
M I C R O B I A L  RESPIRATION S E N S O R S  F O R  E N V I R O N M E N T A L  C O N T R O L  

R e i n h a r d  R e n n e b e r g  a n d  K l a u s  Riedel 
C e n t r a l  I n s t i t u t e  of M o l e c u l a r  B iology, Dept. A p p l i e d  En zy m o log y ,  
A c a d e m y  o f  S c i e n c e s  o f  G e r m a n  Democratic Republic, 1115 Berlin-Buch, 
Robert-Rossle-Str. 10 

A  w i d e  r a n g e  of microbial sensors c o n s i s t i n g  in immobilized whole 
c e l l s  c o u p l e d  t o  amperometric o x yg en electrodes has been developed /1, 2, 3/ .  
T h e s e  b i o s e n s o r s  u s e  t h e  assimilation o f  organic substances by the m i c r o o r g a -
n i s m s  r e f l e c t e d  b y  a n  increase of t h e  r e sp i r a t i o n  rate. T h e  change of r e s p i -
r a t i o n  r a t e  a f t e r  substrate a d d i t i o n  is followd w i t h  oxygen e l ect rodes. T h e  
p r i n c i p l e  o f  t h e  microbial sensor w as  successfully  u s e d  for t h e  dete rmina-
t i o n  of p e p t i d e s  / 4 /  (e.g .  peptide hormones a n d  the n e w  dipeptide sweetener 
aspartame), o f  a m m o n i u m  ions, alcohols, glutamic acid, alpha-amylase activity 
/ 5 /  as w e l l  a s  for determination o f  c o m p l e x  parameters like the amount o f  
a s s i m i l a b l e  s u b s t a n c e s  in bioreactors / 3 /  a n d  t h e  biological oxygen demand 
(BOD) o f  w a s t e  w a t e r .  

B O D  is a  w i d e l y  u s e d  parameter for t h e  d e t e r m i n a t i o n  of biodegradable 
organic cornpounds in waste water. T h e  conventional BOD-test t ak e s  5  days to 
b e  c a r r i e d  o u t  m a k i n g  it unsuitable f o r  real p r o c e s s  control. R a p i d  BOD-
e s t i m a t i o n s  a r e  only possible u s i n g  microbial sensors. T h e  first BOD-sensor 
w a s  d e v e l o p e d  w i t h  T r i c h o s p o r o n  c u t a n e u m  b y  Karube et al 1977 / 1 /  showing 
a  r e s p o n s e  time o f  2 0  min. 
I n  contrast, o u r  respiration sensor r e v e a l s  r e s p o n s e  times of 8  a n d  15 s, 
respectively, u s i n g  immobilized cells o f  Bacillus subtilis an d  Trichosporon 
cutaneum. A  g o o d  correlation w a s  observed b e t w e e n  the current change of t h e  
r e s p i r a t i o n  s e n s o r  a n d  the 5 - d a y s - B O D  (glucose-glutamic acid-standard). 

T h e  mini m al  m e a s u r a b l e  B O D  w a s  2 . 2  mg/1 for t h e  s e n s o r  w i t h  B. subtilis a n d  
4 . 4  mg/1 for T r i c h o s p o r o n  c u t a n e u m  sensor (dilution of t h e  sample 1  :  25). 

F u t u r e  d i r e c t i o n s  o f  development o f  m i c r o b i a l  BO D  sensor for environmental 
c o n t r o l  m ig ht be: 

- t h e  u s e  of m i x e d  populations of immobilized  micro-
organisms 

- the u s e  of n e w  immobilization techniques (e.g. 
entrapment w i t h  p r e p o l y m e r  m e t h o d s  /6/) 

( l54 )  洵詳化学研究 1. 2  (1986 )  



- devel o p me n t  o f  e n z y m e - micro bi a l-hybrid s e n s o r s / 5 /  fo r  
m e a s ur em e n t  o f  h ig h-m o l e c u la r  s u b s t r a t e s  in w a s t e  w a t e r  
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S りー 19
PRECONCENTRATION O F  ION S  INTO A  LANGMUIR-BLODG ETT 
FILM -MO DIFIED-GLASSY C ARBON  ELECTRODE 

Masamichi FUJIHIRA ,  Y o s h i k i  HIRATA, and Hiroyuki YONEYAMA 

Department o f  Chemical Engineering, Tokyo Institute  of Technology ,  
Ookayama, Meguro, Tokyo 152, Japan 

In the last decade, the chemical modification o f  electrode surfaces has 
been intensively investigated as a  means for making various functional elec-

1, 2) trodes!•"-1 In these modified electrodes, a  h i g h  density of the immobilized 
functional species, a  regularity in the molecular organization, and a  u l t r a -
thiness o f  the coated f i l m  o n  the electrode surface are crucial importan ce .  
V e r y  recently the L B  method h a s  been utilized to fulfill these requirements 

3-5) b y  us._,-..,, Among t h e m  the study o f  metal clusters formed by reduction o f  
the corresponding metal ions w h i c h  were originally confined in the f o r m  o f  
counter ions in the ionic L B  film h a s  been one o f  the most interesting sub-
jects, for the metal clusters can be used a s  highly efficient electro -
catalysts. 3) 

I n  the present work, w e  have applied such an electrochemical reaction 
o f  ions concentrated in the L B  film to the selective detection o f  metal ions 
in solution .  

An anionic amphiphile, a n  arachidate anion, was used to concentrate 
polyvalent cationic metal ions such a s  ca2+ in the presence o f  monovalent 
＋ NaT ions, An alkyl derivative o f  imidazole, 2 -heptadecylimidazole (HDIZ) 

2 + ' .  -+  was also used t o  concentrate cu~・ and A g ' i o n s  b y  taking  advanta巧e o f  its 
chelating ability t o  these ions, As a  substrate material, glassy carbon 
(GC) w a s  used because o f  its wide potential window, 

F i r s t  o f  all w e  have tried to see whether Cd2+ ions could b e  c o n c e n t -
＋ rated selectively against N a ' i o n s  into an arachidate monolayer, whether the 

resulting monolayer could then be transferred on a  GC surface, and whether 
Cd 2+ ions in the L B  film can be readily detected by cyclic vol tammetry ,  
Fig ,  1  shows a  cyclic voltammogram o f  a  GC electrode covered w i t h  a  mono -
layer w h i c h  was formed by spreading a n  arachidic acid chloroform solution 
on a  w a t e r  subphase containing 10 μM CdC12 and 50 (pH,9) .  In 

2+ spite o f  a  l o w  concentration ratio, i.e. 1/10, of Cd""'against Na ' i n  the 
subphase, both cathodic and anodic waves for the cadmium redox reaction s  
were clearly observed, Especially the reoxidation of Cd metal deposited 
exhibited a  typical surface wave with a  sharp p e a k  whose height was p r o p o r -
tional to the sweep rate, Even in the case for the subphase with 1  μti  CdCl 2  

( 15li )  海洋化学研究 1, 2  (1986 )  



and 50 uM Na,.,B,O,., ,  the cathodic p e a k  height a t  ca .  -0 .8  V  v s .  S C E  was still 2  4  7 '  
comparable to that observed for the subphase w i t h  0 .1 mM CdC12 a n d  50 μM 
Na凸 o7 . Th~~e results indicate that theLmonolayer o f  arachidate could con -

2t t  centrat e  Cd~'ions selectively against Na・ ions and that the method may be 
applied to determine Cd2+ concentration less t h a n  1  μM in the presence o f  

＋ 0 .  1  m M  Na・ .  
In Fig .  2  is shown a  cyclic voltammogram o f  H D I Z  monolayer deposited 

2 +  from the subphase which contained the same concentration o f  0 .1 mM o f  Cu 
+  2 +  and Na・ ions a t  p H  9.  A  shar}J cathodic p e a k  of cu~ ・ - imidazole complex was 

observed a t  ca ,  -0 .  3  V  v s .  SCE. This cathodic p e a k  will b e  applicable to 
2+ detect selectively cu- ・ in the presence o f  other ions w h o s e  stability 

2 + .  +  constants are much lower than cu~・ .  A g ' c o u l d  also b e  detected b y  H D I Z  
monolayer .  

Effect o f  interfering ions ,  pH, and a  number of layers o f  the L B  film 
will be also presented .  

Refer ences 
1) R .W .Murray ,  "Electroanalytical Chemistry ,  11 ed by A.J.Bard ,  Marcel Dekker ,  
N e w  Y o r k  (1984) ,  Vol. 13 ,  p. 1 91. 

2) M .Fujihira, "Topics in Organic Electrochemistry, 11 e d  b y  A .J.Fry a n d  W .E .  
Britton, Plenum Publishing Corp ., New Y o r k  (1')86) ,  Chap .6, p .2',5. 

'J)'I.Fuji.hira and S .Poosittisak, J.Electroanal.Chem .，旦2 ,481(1986) .
4) t-1 .Fujihira ,K .Nishiyama ,  and H.Yamada, Thin .Solid (1 985) .  
5) M .Fujihjra and T.Araki ,  Bull.Chem .Soc.Jpn ., i.2 ,2375( 1 986). 

A
 
μ
 
4
 

―
―
 l  4μA  

-1.2 -1.0 -0.8 -0.6 -0.4 
Fig.1 E  /  V  vs.  S C E  

1iIJ•, i  iじtliltげt I, 2  ¥い）況）

-0.8 -0.6 -0.4 -0.2 0  0.2 0.4 0.6 
Fig.  2  E  /  V  s  S C E  

¥  157 )  199 



200 

5 4 - 2 0  
X -R A Y  ? LUOH!~S CENCE A:J,¥LYS IS usrnc; P V C  : :c :1 3R:\ ~!L: 

＊ 
T a k e s h i  YAMADA, E t s u  Y A M A D A  a n d  M a s a n o r i  ' S A T O  

f a c u lty  o f  T e x t i l e  S c i e n c e  a n d  C e n t e r  f o r  ¥・Taste 1:ater 'i'r e a tr;ient*, 
!(yo t o  I n s t i t u t e  o f  T e c h n o l o g y ,  K y o t o  6 0 6 ,  J ap a n  

S n e r g y - d i s p e r s i ve  X - r a y  f lu o r e s c e n c e  a n a l y s i s  (XR F )  h a s  t:-ie  g r c u t  a d v 2 n-
t a g e  o f  allm-,ing t h e  sirnultuneous d e te rrnination o f  n a n y  e l e me n t s  in sarnrles .  
ヨo w e v e r , il s u itab l e  p r e c o n c e n t r a t i o n  p r o c e d u r e  is ne c e s s a r y  f o r  th e  d e t e r m i -
n a t i o n  o f  t r u c e  m e t a l s  in e n v i r o n m e n t a l  w a t e r  sarnples .  

I n  the p r e s e n t  s t u d y ,  a  r a p i d  a n d  sirnple p r c c o n c cn t r a t io n  r,e t h oci u s .,ng  
il P V C  rnembru n e  c o n t a i n i n g  a  c h e l a t i n g  r e a g e n t  1-,as p r o p o s ed  a n d  a r p l ic d  to  
t he  s i m u l ta n e ou s  d etcrrnination o f  c o p p e r ,  rnan<Jc1ncse ,  c o b a l t ,  n i c k e l ,  a nd  
z i n c  i o n s  i n  t he  w a s t e  w u t e r .  T h e  a n a l y t i c u l  re s u l t s  o f  t he  p re s e n t  ;".let h od  
w e r e  cornpured,・-,ith t h o s e  o b t a i n e d  b y  f lu me  u t o m i c  2 a s o r p t i o n  spectrornetry. 

P r o c e d u r e s  
F o r  t l w  dct0.rni n a t i o n  o f  c o rr c r ,  t h e  P V C  nc,;n;:iranc, (cliAr:ictc,r; 1  5J.m ,  

t h i c k n e s s ;  13m m )  c o m p o s e d  o f  S's J;clcx 10 0 ,  70 7, D O P ,  a n d  25'); P V C  w a s  s h a k e n  
f o r  9 0 m i n  i n  10ml o f  sa m p l e  s o l u t i o n  a d j u s t e d  t o  pl! 5  ¥/ith 0 .2'-1  a c e t i c  a c i d -
0.2il s o d i u m  a c e t a t e  b u f f e r .  F or  t h e  d ete r m i n a t i o n  o f  m a n 0 a n c s e ,  c o b a l t ,  
n i c k e l, a n d  z i n c  ions, t h e  P V C  n c m b r a n e  conposecl o f  100 ,  25 7; D O P ,  
a n d  2 5忍 PV C w a s  s h a k e n  f o r  1  5 0 m i n  i n  1  0ml o f  s a n r l c  s o l u t i o n  a d j u s t e d  t o  p !I 
7 . 5  w i t h  0.2:1 h y d r o c h l o r i c  acicl - 0 . E!  s o d i u m  b o r a t e  buffer. T h e s e  r1ecobrancs 
w e r e  then,-,ashed, d ried, a n d  a n a ly z e d  b y  X - ra y  f l u o re s c e n c e  s r e c t r o m c t r y .  J-:a 
l i n e s  w e r e  u s e d  throu,Jho u t  t h e  m e a s u r e m e n t .  

：：； f f e c t s  o f  pII 
T h e  opti:nal p:I r a n g e  for th e  e x t r a c t i o n  o f  e a c h  e l e m e n t  i n t o  t h e , a e m -

b r a n e  1-1as e:<a n i n ed  1・1ith a  u n i v e r s a l  b u f f e r  s o l u t i o n  o v e r  a  ran<)e  of,ii! v a l u e s  
fror;i 1. 0 - 10 .0 .  ・1'he  P V C  nec1branes u s e d  h e r e  1・1ere  t h e , 1 e m b r a nc s  c o n t a i n i n g  5'6 
''.c>lex 1 00 for c op,,er  a nd  50'6 }'.cle:< fo r  o t h e r  n etals .  C o p pe r  ・.-,a s  q u a n ta t i v c l y  
e x t r a c t e d  i n  t he  pi! r a n g e  o f  4 . 0 -7. 0. ::anganese ,  cobalt, nic!:el ,  a n u  z i n c  
ions ・.-,ere  q u a n t i t a t i v e l y  e:<tractecl in th e  p !I  rancJe o f  7. 0 -9. 0 ,  5 .5 - 8 . 5 ,  
G .S -il .5  :incl 6 .0 -,l.O ,  r e s pe c t i v e l y .  

_;ffec ts o f  sh2fcinq tim e  a nc.l ;<e l e x  100 c o n c e n t r a t i o n  
T h e  e f f e c t s  o f  s!1alcing tin e  a n d 只e le x 100 c o n ce n t r u t i o n  in thP. P V C  m e n -

11r a n e , , e r e  e x am i n ed .  It ,・,as o b s e r v e d  t h a t  5°,  ;:e le:< 1  00 in t h e  PV C  m em br an e  
2 nc1 s h 2 k i n g  f o r  G O n i n  1-1cre s u f f i c i e n t  f o r  the  c o np le te e :<truction o f  co;,per .  
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iゞc k e l ・.-,as e xt ra c t ed  q u a n t i t a t i v e l y  i n t o  t he  P V C  m e m br a n e  containinCJ SO'c 
・c.:e le x 10 0  a f tc,r  shc1!:i nCJ f o r  1 20rnin .  J n d er  t he s e  c o n d i t i o n s ,  th e  s h a k i n g  tic1es 
r e q u i r e d  t o  a ttai n  c o m p l e t e  e xt r a c t i o n 、w e r e 30r:iin for z i n c  a nd  6 0 m i n  f o r  
m a n g an e se  ancl c ob a lt. 

C o m n o s i t i o n  o f  C u - K e l e x  100 c o mp l e x  in P V C  mecibrane 
I n  orcler t o  c o m p ar e  t h e  e:<traction r:iechanisn o f  t he  p r e s e n t  m e t h od  w i t h  

t h a t  o f  t h e  u s u a l  l i q u i d - l i q u id  e xtraction, t h e  e xt r a c t i o n  b e ha vi o r  o f  c o p p e r  
ion w i t h  t h e  P V C  mer.ibr a ne  c o n t a i n i ng  K e l e x  100 11as s t u d i e d  b y  s l o p e  a n a l y s i s .  

T h e  l og  D  vs. p U  p lots e x h i b i t e d  a  s l o p e  o f  2. T h e  a n a l og o u s  l o g  :J vs. 
lo<J [II,: ]_ p lot s ,.;ere a ls o  line a r  w i t h  a  s lo p e  o f  2 .  T h e s e  r e s u lt s  s u g g e s t  t h a t ュ
゜1  :2  c h e l a te ,  C u L 2  is r rc s en t  i n  t h e  P V C  r:iernbra n e , ,-,hich i nd ica te s  t ha t  t he  

e :<traction b e h a vio r  o f  c op p er  i o n  w ith t he  P V C  m c m bra,10 con tai n ing,~e l cx 1 00 
is s i m i l a r  t o  t h a t  o f  c o p p e r  io n  i n  a  c h l o r o f o r m  s ol u t i o n  o f  i'.clcx 100. 

Deter,1in<1t io n  o f  t r a c e  m e t a ls  in  ・..,aste w a te r  sarn:）1e s  
'!'ho p re s e nt  rnc t h od  1-1as a p p l i e d  t o  t h e  deterr1inat i o n  o f  c o p p e r ,  m a n g a -

nC!se ,  c oba lt, n i c k e l ,  a n d  z i n c  io n s  i n  w a s t e  w ate r  sam[Jl cs  fro:n t he  u n i v e rs i-
ty c am pus. T h e  rC!sul t s  1•1ere in  g o o d  agrC!e01cnt wi t h  t h o se  o b t a i n e d  b y  f  lurnc  
ato::iic a b s o r p t i o n  s p e ctror.ie try, •.1h ich is c u r r G n t l y  u s e d  f o r  o r d i n a r y  •.-,aste 

H a t e r  a n a l y s i s .  T h e  r es u l ts  f o r  copper, 11anganese, a n d  z i n c  i o ns  a re  s h o '，m  i n  
'!'ilble ,  ・.-,hi le  c o h a l t  ::inc! nic1:el c o u l d  n o t  b e  dct0.ct e d  b y  b o t h  rnethorls . 'l'o 
500r.il  o f  11aste 11ate r  sar.iple s  w e r e  a d d e d  50¥JCJ o f  c o b a l t  a n d  nic!:el a n d  re c o v -
e r y  o f  b o t h  11e tal s  w as  e x a m i ne d .  C o b a l t  a n d  nicl:el w e r e  a l m o s t  c o mp l e t e l y  
r e c o v e r ed .  T he  d e te ct i o n  l i m i t s  ・.,e r e  a s  l o w  a s  the v a l u e s  o b t a i ne d  b y  f l a n e  
ator~ic a b s or p t i o n  s p e ctro01e try. 

r'ro rn t he s e  r e s u lts, it is concluclecl that t he  p r e s e n t  :netfiod c a n  b e  use'1 
a s  il s ir1ple a nd  r a p i d  p r e c o n c e n t r a t i o n  m e tho d  i n  e n e rg y -cl is r,er s i ve  :1-ra y  
f luore s c en ce  u n a l y s is .  

Tl¥DL !:; 
C o r m a r i s o n  o f  a n a l y t i c a l  r e su l t,; f o r  C u, ;:n ,  c1ncl Z n  1n 
,,,aste w a t e r  (!)pri )  obtaincrl b y  X'.<F,,ncl ntociic.:ibsorrtion 
,spcctrote1ctry ( 1\.~ ). 
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S 4 - 2 1  S E N S I T I Z I N G  E F F E C T S  O F  A C E T A L D E H Y D E  O N  T HE  C O LO R I MF.T R f C  

D E T E R M I N A T I O N  O F  METHANOL, M E T H Y L  ESTERS A ND  2-PROPANOL 

Sh i g e r u  IGARASHI 

Yokkaichi C i t y  Office, S uwa-cho, Y o k k a i c h i - s h i  

~lie 510, J A P A N  

IN T R O DU C T I ON  
In the c o l o r i me tric d e t e r m i n a t i o n  o f  m e thanol, the p r o c e d u r e  is first ox1 -

d i z e d  to f o r m a l d e h y d e  b y  p o t a s s i u n  perma~ganate-sulfuric acid and then color-
1  l  ized b y  the  r e a c t i o n  w i t h  ch r o m o t r o p i c  a c i d . " ' H o w e v e r ,  it has been known that 

the c a l i b r a t i o n  p l o t s  o f  t h e  a b s o r b a n c e  vs. the a m o u n ts o f  the alcohol d o  not 
g ive s t r a i g h t  lines b e c a u s e  the o x i d a t i o n  r eac tion proc eeds only incomplete. 

Recentl y ,  the a u t h o r  found that a n  a d d i t i o n  o f  a c e t a l d e h y d e  to the  oxi-
d i z i n g  a g e n t s  a c c e l e r a t e s  the o x i d a t i o n  r ea c tion so h i g h l y  to bring it to 
c ompletion, a n d  t h e n c e  h i g h l y  improves the s e n s i t i v i t y  o f  t h e  d e t e rm i n a t i o n  o f  

2, 3) the alcohol ." ' J ' T h e  r e c o m m e n d e d  p r o c e d u r e s  for the improved m e t h o d  wi ll b e  
presented, t o g e t h e r  w i t h  the extended applications o f  t he  m e t h o d  toward meth y l -
es ters a n d  2-propanol.'' 4, s  l  

RE S U L T S  

Role o f  a l d e h y d e - c o m p o u n d  added, 
¥'/hen m e t h a n o l  c o n t e n t s  in formaline w a s  d e t e r m i n e d  by  two d i f fe rent m e thods, 

i,e ,,  c o l o r i m e t r y  u s i n g  c h r o m o t r o p i c  a c i d  a n d  v o l u m e t r i c  titration u si n g  
sod ium s u l f i t e  a s  t h e  titrant (JIS K  1502 standard method), there noti c e d  a  
c e r t a i n  d i f f e r e n c e  b e t w e e n  the analytical re sult s  o f  the t w o  m e t h o d s, T h e  
former m e t h o d  g a v e  a  methanol content a s  14, 0 %  i n  f o r m a l i n ,  w h e r e3 s  th e  latter 

6) 8,8 % , v ' T o  e x p l a i n  the d i f f e r e n c e  in th e  res ults, the  a u t h o r  p r e su m ed  that 
f o r m a l d e h y d e  i n  formalin participates 1,ith o x i d a t i o n  p r o c e ss o f  m e t hanol ,  
In fact, a n  a d d i t i o n  o f  a l d e h y d e  c o m p o u n d s  such as a c e t a l d e h y d e  in H2 S04 -KMn04 
m e d i u m  a cc e lerate e v i d e n t l y  the o x i d a t i o n  reaction, a n d  in conscgucnce, the 
scn s i t i v e t y  o f  t h e  d e t e r m i n a t i o n  o f  m e thanol w a s  hi ghl y  improv e d ,"' z. 3  l  

D e t e r m i n a t i o n  o f  methanol. 
O x i d i z e  I  m l  o f  s a mpl e  so l u t i o n  c o n t a i n i n g  I  - JS μg  o f  m e thanol by  adding 

0.1 m l  o f  0.004 g/ml acet a ldchyde-ammoni a  so lution, 0.1 m l  o f  0 .5 ~I sulfuri c  acid 
a n d  0.012 g/ml o f  p o t a s s i u m  p e r m a n g a n a t e  solution. Swirl th e  m i x t u r e  and keep 
it at t h e  r o o m  t e m p e r a t u r e  for JO min. Reduce t h e  excess o f  p e r manga nate b y  
a d d i n g  0.1 ml o f  0 . 0 3  g/m! so d i u m  su l f i t e  solution. Then, ad d  0.2 ml o f  0.02 
g/ ml a q u e o u s  c h r o m o t r o p i c  a c i d  solution a n d  4  m l  o f  75  v/v% sulfuric acid. 
lle a t  t h e  m i x t u r e  a t  80 - 85 C゚ for 10 m i n  w i t h  occa s iona l  sw irling. A fter 
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coo lin g  to th e  roo m  te町1erature, mea sur e  th e  ab sorhance at 575 nrn ag ain s t  the 
reag ent b lank so lu tion p repared by th e  same pro ce dur e .  

Th e  im proved m e thod showed 5  times higher sensitivity com pa red 1,•ith the 
conventiona l  method, anil the  calibration c urve w a s  st rai ght eno ugh in th e  
concentration range o f  I ~  15,.ug/ml o f  methanol. The m o l a r  ex t incti on  co ef-

-1  ]  3) f icient at S7 5  nm  was :'. 2  x  103 ..1.. m o l  -1. c m ー ・

Determination o f  meth)'l  esters .  
.¥ sample gas containing methyl esters is passed at a  rate o f  0.5.R/min 

through a  midget impinge r  (with fritted glass bead s  attached to the tip o f  
bubbler) containing 20 ml o f  0.5 N  sodium hydroxide solution. The solution 
is  allowed to stand for 20 m i n  o r  longer at room temperature until the esters 
are hydrolyzed to methanol and acid~. The methanol thus resulted is determined 
colorimetrically as described above. 4) 

Determination o f  2-propanol. 
According to the conventional colorimetric method for 2-propanol, it is 

oxidized to acetone i;ith K2Cr207-HzS04 solution, and the acetone resulted is 
reacted with furfural to form di furfuryl idene-acetone. It i;as found again 
that the oxidation reaction o f  2-propanol to acetone i;as accel e rated by the 
addition o f  acetaldehyde-ammonia in potassium permanganate medium. O n  the 
basis o f  these observations, the procedure was developed for the colorimetric 
determination o f  2-propanol using furfural. 5) 

DISCUSS JON 

Other related papers are shown in references. 7 ,  8, 9) 
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S 4 - 2 2  DETE応 !! N AT I ON O F  RA R E  EAl<TH ELEMENT S ,TIIOR lUM AND  URANIUM 
IN  PHOSPHATE MINERALS  BY SOLVENT EXTRACTION- !Cl' ,H om e  
E M  l  S S  ION  SPECTROMETRY 

Osamu FUJINO*, Keizo HIRAKI**, Masakazu MATSUI*** 
*Research Institute for Science and Technology, Kinki Univ e rs ity, 
3-4-1,Kowakae,Higa shi-Osaka-shi ,Osa ka ,5 77 ,Japan.**Depertment o f  Chemistry, 
Faculty o f  Science and Tecnology,Kinki University .***lnstitute for Chemi ca l  
Research, Kyoto University, Uji,Kyoto,611,Japan  

Inductively coupled plasma(ICP) atomic emission spectrometry was applied 
the det e rmination of rare earth elements(REE), thorium and uranium in p hos -
phate rare earth minerals such as xenotime, monazite and apatite. 

A  Japan Jarrell-Ash model ICAP-500 inductively coupled plasma em1ss1on 
spectrometer was used. The detection limit of REE, thorium and uranium were 
given concentration in the range ca.1- lOOppb. These was no influence of the 

-2 .  -... - - l  inorganic acids in the concentration range from 10-~ to 2Xl0 ― M, but signal 
suppression was observed at concentrations above lM o f  these acids. No si g-
nificant change in intensities o f  REE was observed for sodium ion in the  
concentration range between 10 and 103ppm. Xenotime and Monazitc were dis-
solve wi t h  hot concentrated sulfuric acid. After insoluble residue  i..as fil -
trate<l,the solution were diluted with water to give concentration iil the  
range 10-SOOμg/ml. These sample solutions were direc tly injected  into the  
plasma.Determination o f  several REE in phosphate minera l  solutions nec ess i-
tated correction o f  spectral interferences from coexisting REE. The correc tions 
were easily made from the contents o f  coexiting elements which were already  
known. REE,thorium and uranium contents in the pho s,Jhc1t e  m i ne r;.il s  were,neas -
ured by calibration curve method. The contents r.R 
of REE(Dy,Yb,Sm,Tb,Eu) obtained ICP atomic emis- 10'~ 0¥'i( 

:  10IO'1州；
Then,solvent extraction - ICP atomic cmis-

s1on spectrometry was applied to the determina-
tion o f  samarium in calcium apatite minerals. 
The effect o f  coexisting elements on the samariu,n 
emission intensity was scarcely observed at 443. 
43nm. However,a large amount of calcium 
phosphate showed high S:Jectral interference Fig. I  

and signal suppress ion. Henc e, the  separation 

10-, 
”" 5 9 的 91929]9 6ヽ滋 97989970 71 
L• Pr P• E• Tb Ho T• L• 

C• Nd S• Gd 0y Er yb 

Distribution patterns of rare earth elements 
in phosphate minerals 
・ X,no,im, (I), 0  Mon●,i≪ (I) 
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o f  s a m a r i u m  f r o m  t h e  m a t r i x  b y  s o l v e n t  e x -
t r a c ti o n  1,as s tudi e d . D i - ( 2 - e t hy lh exyl) -
p h o s p h o r i c  a c i d ( H D E H P )  as a  c he l a t in g  a g e n t  
a n d  c y c l o h e x a n e  as a n  o r g a n i c  s o l v e n t  a r e  
u s u a l l y  u s e d  f o r  this s o l v e n t  e x t r a c t i o n  
yヽ s tem . H o w e v e r ,  c y c l oh e x a n e  e x t i n g u i s h e d  
t he  p l a s m a  f l a m e  s o o n  a f t e r  t h e  i n t r o d u c t i o n .  
T h e r e f o r e , t h e  s o l v e n t  w a s  s e l e c t e d  f r o m  
a l k a n e s  a n d  c y c l o a l k a n e s  etc. as t h e  o r g a n i c  
s o l v e n t  w h i c h  a f f e c t e d  p l a s m a  s t a b i l i t y .  
T h e  e x p e r i m e n t a l  r e s u l t s  w e r e  s h o w e d  i n  
T a b l e  1. T h e  s t a b i l i t y  o f  t h e  p l a s m a  f l a m e  
i;as h i g h e r  f o r  h i g h e r  h y d r o c a r b o n s .  In ten-
s i t y  a n d  d e t e c t i o n  l i m i t  o n  s a m a r i u m  e x t r a c -
t i o n  i;ith v a r i o u s  o r g a n i c  s o l v e n t s  a r e  s h o w n  
i n  T a b l e  2. T h u s ,  c y c l o o c t a n e  w a s  u s e d  a s  
a n  e x t r a c t i o n  s o l v e n t  i n  t h e  p r e s e n t  w o r k .  
S a m a r i u m  ivas q u a n t i t a t i v e l y  e x t r a c t e d  i n t o  
c y c l o o c t a n e  p h a s e  c o n t a n i n g  O.lM-i・IDEHP,and 
s e p a r a t e d  f r o m  m a t r i x  s u c h  a s  c a l c i u m  p h o s -
p h a t e .  A p 3 t i t e  m i n e r a l s  w a s  d i s s o l v e d  w i t h  
c o n c e n t r a t e d  n i t r i c  acid. T h e  s a m a r i u m  con-
tent i n  t he  a p a t i t e  w a s  f o u n d  t o  b e  (0.26---

-3  l . S l ) X l O  ~%. 

Similarly,whe.: t h e  aq u e o u s  s o l u t i o n  o f  
x e n o t i m e  a n d  m o n a z i t e  w e r e  u s e d  w i t h o u t  a n y  
s e p a r a t i o n  f o r  s c a n d i u m , t h e  c o r r e c t i o n  o f  

Table  I  Stability of  the plasma to the organic 
solvent, 

0 屯anic miven: 
Cydo区 ntan,
Cydob,xan,  
Cydoh,pw,, 
CycIOOC92ne 

•(i50)•Hcpmnc 

••Octanc 
•(i90)•Noa•nc 
Doac 
Und≪ュnc
Dodcc“̀e 
Tndecanc 
Tamdecュc
Pentad≪an, 
Ha•dCOnc 
D<calin 
Taロ !in
HDEHP!! 

P！ぃm t
C夏tinguuhmcnt

unstable 
1tablc 
f! xtingui.shmt!nC 

uwublc 
òblc 
“ 

鼻’

C.ubon deposition 

r亀"
oone 

“" sIigbt 
aooe 
“ 

aonc 
ヽ

l  R. F. pow≪: 2.0lW, Coolant ga,: 201/min,Cmi<, gu: O．埠
Vmin, Pl“叩,,., 1.21/mia; tt Di-(2-othylhoayl)-pbo,pho,ic 亀cid

Table 2, lntemity and detection limit of,amarium 
in variou, organic,olvenu•> 

Solvents [nrcnsi1y u,io 氏 tcctioa limit<t1 /  ( I . f l , ) , s  ml-• 
DUtillcd watcr" 1.0 0.66 
Dec●DC: 2.17 0  33 
Uadccaac I  96 
Dodccanc 2.05 0  38 
Tndccanc 1. 7  2  0  96 
Tamdecェe I  75 0.90 
Pc:o.1adec.11ne I.II I  A7 
Hc心 d..:canc 0  96 1.80 
Cyclooccanc I'7 0.30 
Dtc.alin 1.39 0  78 

•) C』『do,,.,, 0.481/min, R. F. powo,, 2.0 kW; b) C.nio, 
gu, O.~I I/min,  R. F. pow,., I.HIV; c) S/N•S, wave!,呵 9b :  
≪J. < 3 n m  

s p e c t r a l  i n t e r f e r e n c e s  f r o m  coexisting e l e m e n t s  w e r e  n e c e s s i t a t e d .  H o w e v e r ,  t h e  
c o r r e c t i o n  w a s  d i f f i c u l t  b e c a u s e  t h e  a m o u n t s  o f  c o e x i s t i n g  e l e m e n t s  w e r e  gen-
e r a l l y  u n k n o w n .  I n  o r d e r  t o  s e p a r a t e  s c a n d i u m  f r o m  m a t r i x  e l e m e n t s ,  t h e re f o r e ,  
t he  s o lv e n t  e x t r a c t i o n  u s i n g  l - p h e n y l - 3 - m e t h y l - 4 - t r i f l u o r o a c e t y l - 5 - p y r a z o l o n c  
- n - b u t y l e t h e r  s y s t e m  w a s  a d o p t e d .  Further,nu,e, t h i s  s y s t e m  w a s  u s e d  t o  d e t e r -
m i n e  o f  t h o r i u m  a n d  u r a n i u m  i n  t h o s e  p h o s p h a t e  m i n e r a l s .  
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S 4 - 2 3  
MICROCOMPUTER-AIDED CATHODIC-STRIPPING V O L T A M M E T R Y  
I N  T H E  P R E S E N C E  O F  DISSOLVED O X Y G E N  

K o s u k e  I Z U T S U  a n d  T o s h i o  N A K A M U R A  

D e p a r t m e n t  o f  Chemistry, F a c u l t y  o f  Science, S h i n s h u  University, 
M a t s u m o t o  390, J a p a n  

Cathodic-stripping v o l t a m m e t r y  utilizing various preconcentration 
procedures i s  b e c o m i n g  m o r e  a n d  m o r e  popular i n  environmental trace analy-
sis. I t  is a p p l i c a b l e  t o  h i g h l y  sensitive a n d  selective determinations o f  
b o t h  i n o r g a n i c  a n d  o r g a n i c  substances. B u t  i n  m o s t  cases c o m p l e t e  deaeration 
is n e c e s s a r y  b e f o r e  t h e  v o l t a m m e t r i c  measurements. I n  t h e  present study, a  
m e t h o d  i n  w h i c h  t h e  e f f e c t  o f  t h e  o x y g e n  w a v e  i s  s u b t r a c t e d  b y  t h e  a i d  o f  a  
m i c r o c o m p u t e r  w a s  tested f o r  cathodic-stripping v o l t a m m e t r y  i n  the presence 
o f  d i s s o l v e d  oxygen. 

A P P A R A T U S  
F o r  v o l t a m m e t r i c  m e a s u r e m e n t s  a n d  d a t a  processing, a  potentiostat a n d  a  

m i c r o c o m p u t e r  w e r e  u s e d  i n  combination. T h e  m i c r o c o m p u t e r  (CPU: 8086, RAM: 
256KB, FDD: 1.2MBx2) w a s  e q u i p p e d  w i t h  12 b i t  A / D  a n d  D / A  converters a n d  a  
p r e a m p l i f i e r  f o r  t h e  A / D  converter. A  p r o g r a m m a b l e  staircase voltage could 
b e  a p p l i e d  t o  t h e  cell w i t h  a  scan r a t e  o f  u p  t o  100 V s―1. T h e  current a n d  
v o l t a g e  o u t p u t s  f r o m  t h e  potentiostat w e r e  converted t o  digital data, stored 
i n  t h e  m e m o r y  a n d  u s e d  f o r  further d a t a  processing. 

1. D E T E R M I N A T I O N  O F  T R A C E  U R A N I U M  IN T H E  P R E S E N C E  O F  DISSOLVED O X Y G E N  A N D  
ITS A P P L I C A T I O N  T O  S E A  W A T E R  
T h e  v o l t a m m e t r i c  m e t h o d  for t h e  d e t e r m i n a t i o n  o f  trace uranyl ions 

a f t e r  preconcentration o n  t h e  trioctylphosphine oxide(TOPO)-coated glassy 
carbon(GC) e l e c t r o d e  h a s  b e e n  proved t o  b e  h i g h l y  sensiitive a n d  selective 
[  1  J  a n d  h a s  b e e n  a p p l i e d  t o  sea w a t e r  s a m p l e s  [  2]. I n  the method, uranyl ions 
a r e  c o n c e n t r a t e d  into the T O P O  layer o n  t h e  G C  electrode a t  O  V  vs. A g  /AgCl 
reference electrode, a n d  g i v e  a  reduction w a v e  w h e n  the electrode potential 
is s c a n n e d  t o  a  m o r e  negative potenitial. I n  t h e  present study, the m e t h o d  
w a s  a p p l i e d  i n  t h e  presence o f  d i s s o l v e d  oxygen, b y  e l i m i n a t i n g  its inter-
fering e f f e c t  w i t h  t h e  a i d  o f  a  microcomputer. Fig. 1  is a  s c h e m a t i c  pres-
enta t i o n  o f  v o l  tammograms. T h e  v o l  t a m m o g r a m  for the reduction o f  dissolved 
o x y g e n  w a s  o b t a i n e d  j u s t  b e f o r e  t h e  preconcentration o f  uranyl ions. It w a s  
subtracted f r o m  the v o l t a m m o g r a m  m e a s u r e d  a f t e r  the preconcentration, in 
w h i c h  t h e  r e d u c t i o n  w a v e  f o r  the concentrated uranyl ions a n d  that for t h e  
d i s s o l v e d  o x y g e n  w e r e  overlapped. T h e  resulting v o l t a m m o g r a m  w a s  t h e n  dif-
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f e r e n t i a t e d ,  a n d  t h e  p e a k  c u r r e n t  f o r  t h e  d e r i v a t i v e  c u r v e  w a s  m e a s u r e d .  F o r  
t h e  d e t e r m i n a t i o n ,  a  s t a n d a r d  a d d i t i o n  m e t h o d  w a s  e m p l o y e d .  T h e  m e t h o d  c o u l d  

3  b e  a p p l i e d  t o  s e a  w a t e r  s a m p l e s  (uo22+: 1.37 x  1  o - 8  M  (M =  m o l  d m―)） o n l y  
b y  a d j u s t i n g  t h e i r  p H  t o  4.0. T h e  r e l a t i v e  s t a n d a r d  d e v i a t i o n  w a s  ca. 5も．

2. D E T E R M I N A T I O N  O F  T R A C E  C O B A L T  I N  T H E  P R E S E N C E  O F  D I S S O L V E D  O X Y G E N  
B r a i n i n a  [  3] d e v e l o p e d  a  c a t h o d i c - s t r i p p i n g  m e t h o d  f o r  c o b a l t  (II). 

Co(II) b e t w e e n  10 -6 a n d  10 - 8  M  w a s  d e t e r m i n e d  a f t e r  i t s  p r e c o n c e n t r a t i o n  
w i t h  1 - n i t r o s o - 2 - n a p h t h o l  o n  t h e  g r a p h i t e  e l e c t r o d e .  I n  t h e  p r e s e n t  study, 
h e r  m e t h o d  w a s  t e s t e d  i n  t h e  p r e s e n c e  o f  d i s s o l v e d  oxygen. A  G C  i n d i c a t o r  
e l e c t r o d e  w a s  used. T h e  v o l t a m m o g r a m  f o r  [Co(II) +  o x y g e n ]  (curve A  i n  Fig. 
2) w a s  t a k e n  a f t e r  t h e  p r e c o n c e n t r a t i o n  o f  Co(II) a t  -0.33 V  f o r  5  m i n  f r o m  
t h e  N H 4 C l - N H 3  (pH 10) s o l u t i o n  c o n t a i n i n g  1 - n i t r o s o - 2 - n a p h t h o l .  T h e  v o l t a m -
m o g ra m  fo r  d i s s o l v e d  o x y g e n  (curve B i n  Fig. 2) w a s  t a k e n  i n  t h e  s a m e  s o l u -
t i o n  a t  30  s  a f t e r  t h e  m e a s u r e m e n t  o f  c u r v e  A. T h e  p e a k  a r e a  o f  c u r v e  1, 
o b t a i ne d  b y  s u b t r a c t i n g  c u r v e  B  f r o m  c u r v e  A, w a s  i n  a  l i n e a r  r e l a t i o n  w i t h  
t h e  c o n c e n t r a t i o n  o f  Co(II) b e t w e e n  2  a n d  2 0  x  10―10 M. T h e  r e l a t i v e  
s t a n d a r d  d e v i a t i o n  f o r  1  x  1  o - 9  M  C o ( I I )  w a s  4.2も (n =  7). 
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£IV vs. Ag/AgCI 

-0.4 -0. 6  -0. 8  -1.0 -1. 2  
E / V  vs. 均／均C l

2+ Fig. l  Schematic presentation of voltammograms for the determination of uo2 ・ in the 
presence of dissolved oxygen. Curve a, voltammogram for dissolved oxygen before 
preconcentra tion1 b, after correction for the residual current (a') from curve a1 c, 2+ voltammogram for o2 +  uo2~· after preconcentration1 d, obtained from curve c  after 
corrections  for the residual current (c') and curve b1 and e、derivative curve of curved. 
Fig. 2  VoltammocJrams for the determ_ination of Co(II) in the  presence of dissolved oxygen. 

-9 -7 Solu tion: l  x  10 'M  Co(II) +  3  x  1 0 ' M  l-nitroso-2-naphthol +  0.2M NH, +  O.OSM NHACl (pH 3  4  10.0). Curves A  and B, after preconcentratio11. at -0.33 V  Eor 5  min and 30 s, respectively, -1 and curve 1, 4  x  (A - BJ. Scan rote: 16 V s  •• 

1) K. I z u t s u  e t  al., N i p p o n  K a g a k u  K a i s h i ,  1 9 8 0 ,  1 6 5 6 ;  A n a l .  C h i m .  A c t a ,  149, 
1 4 7  (1983). 2) K. I z u t s u  e t  al., A n a l .  C h i m .  A c t a ,  1 5 2 , 2 8 5  (1983). 3) Kh. 
z. B rainina, " S t r i p p i n g  V o l t a m m e t r y  i n  C h e m i c a l  A n a l y s i s , "  W i l e y  (1974). 
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S  4  - 2  4  SIMULTANEOUS DETERMINATION O F  TRACES O F  FORMALDENYDE AND 

METHANOL IN AIR BY DIFFERENTIAL PUI.8E POLAROORAPHY 

Wenbao Li, Xibao Chen, Zuliang Chen 

Institute of Envirorunental Chemistry, Academia Sinica. P.O. Box 934 

Beijing, China 

There are lots of methods used to analyse formaldehyde and methanol 

in air, for instance, spectrophotometric (1) and GC. (2) Unfortunately both 

are lack of sensitivity at trace level, compared with other method the differ-

ential pulse polarographic method is quite sensitive, selective. 

Formaldehyde can b e  determined polarographically in acidic media. (3,4,5) 

In acidic media the direct reduction of formaldehyde at DME is unusable analy-

tical process. Vhile the hydrazone which is fonned b y  the reaction of hydra-

zine with formaldehyde is electroactive species, the reduction of the hydrazone 

at DME is dif匹 ion-controlled and a  two-electron process. 

N~4 +  HCHO - - - H l  =  N-NH2 +  H20 

H f  =  N-NH2 +  2H+ +  2e——-Hf - N H  - NH2 

Methanol is not electroactive compom泣 at DME, it's determination is 

based on formaldehyde reduction through oxidation of methanol by potassium 

permanganate in sulphuric acidic media. 

EXPERIMENT 

A  PARC Model 384 Polarographic Analyzer and Model 303 Static Mercury Drop 

Electrode {  S M D E )  with Ag/AgCl reference electrode and platinum wire counter-

electrode are used. The main Instrument setting a s  follows1 Electrode: DME, 

Mode: DPP, Drop Time: 1  sec, Scan 胆 te1 4mv/sec, Modulation Amplitudes 50mv, 

Initial Potentials-0•7v vs Ag/Agel, Final Potential 1 ー1 • 3V v s  Ag/ AgCl, Dea-

eration Time 1  1  Omin, Supporti屯 Electrolyte: 0.2M acetate-0.03'1 acetic acid, 

buffer soln pH=5•5, O．z'hydrazine hydrochloride, 0.016M Citric acid {in cell) 
Potassium permanaganate: 5mg/ml, Sulphuric acid: 8N. 

I  11>1, )  ,  1it i'(f t‘.f: hif  1t 1.  2  1  1りcl(il



RESULTS: 
It was found that peak current o f  HCHO and CH30H are sensitive to pH 

change and affected by modulation amplitude, scanning speed, concentration of 

hydrazine, 。巧,gen in solution eto. 
証 n y organic and inorganic compound which may be occured:Inair such as: 

alcohol, phenols, aoeton., F―, C l - .  No;, co5-, s o t ,  NH:, s;-, No;, C H f O O―, 
HCOO ,  Zn 2+ 2+ 2+ ,  Cu"'', Cd'", show no serious interferences; the higher aliphatic 

aldehydea give polarogram after formaldehyde potenti吐， while aromatic alde-

hydes do before formaldehyde potential, but the acrolein, butyraldehyd can in-

terfere, it appears that the concentrations of montioned aldehydes greater 

than three and one time the concentration of formaldehyde. 

The lower limit of determination for formaldehyde is 5ppb 1 n  cell solu-

tion 80ppb for methanol.'1he concentration range is 5-200ppb for formalde-

hyde; 0.08-7ppm for methanol in cell solution, the correlation coefficient (r) 

is 0.999 for formaldehyde, 0.995 for methanol・'1he precision of determination 

is with ill 5'1> at 60ppb level. The recovery is from 匂，，， to 10労 for 40ppb from-

aldehyde in electrolyte. 

Compared with 位 T colorimetric method, the differential pulse polaro-
graphic method is sensitive,aocurate. 
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AN A L Y S I S  O F  N I T R A T E  W I T H  A  M E T A L - D E P O S I T E D  
C A R B O N  C O L U M N  E L E C T R O D E  

R y u j i  N A K A T A  a n d  M i n o r u  T E R A S H I T A  

D e p a r t m e n t  o f  Chemistry, F a c u l t y  o f  Education, F u k u i  University, 
Fukui, 910, J a p a n  

T h e  a p p l i c a t i o n  o f  c a r b o n  c o l u m n  e l e c t r o d e  t o  t h e  d e t e r m i n a t i o n  o f  
n i t r a t e  i n  e n v i r o n m e n t a l  a q u e o u s  s a m p l e s  w a s  studied. C o l u m n  electrode, 
p a c k e d  w i t h  6 0  t o  1 0 0  m e s h  g l a s s y  c a r b o n  g r a i n s  a s  w o r k i n g  e l e c t r o d e  
m a t e r i a l s ,  h a s  a n  e x t r e m e l y  l a r g e  s u r f a c e  a r e a  relative t o  t h e  inner v o l u m e  
o f  column, this s t r u c t u r e  c o n s e q u e n t l y  e n a b l e s  t h e  rapid a n d  c o m p l e t e  
e l e c t r o l y s i s  o f  v a r i o u s  d e p o l a r i z e r s  in f l o w  s y s t e m  (1), f o r  example, several 
a p p l i c a t i o n s  t o  a n a l y s i s  o f  s e a w a t e r  samples w e r e  r e p o r t e d  (2,3). 

Well, nitrate, w h i c h  is a  s t a b l e  anion, n e e d s  s o  large o v e r p o t e n t i a l  o n  
1.ts e l e c t r o c h e m i c a l  r e d u c t i o n  t h a t  i t  is d i f f i c u l t  t o  r e d u c e  n i t r a t e  d i r e c t l y  
a t  c a r b o n  e l e c t r o d e  e x c e p t  i n  s t r o n g l y  a c i d i c  solution. So, t h e  d e v e l o p m e n t  
o f  s e n s o r  u s i n g  e l e c t r o c a t a l y t i c  r e d u c t i o n  o f  n i t r a t e  w a s  devised. S o m e  
substances, s u c h  a s  U(VI) 、Mo(VI), Yb(III), C r - c o m p l e x  a n d  V-complex, h a v e  
b e e n  k n o w n  a s  c a t a l y s t  f o r  e l e c t r o c h e m i c a l  r e d u c t i o n  o f  nitrate. 

I n  this study, C u  a n d  C d  m e t a l s  ( 4 ) ,  w h i c h  c a n  b e  b r i e f l y  a t t a c h e d  t o  
t h e  s u r f a c e  o f  electrode, w e r e  chosen. C u  a n d  C d  m e t a l s  w e r e  d e p o s i t e d  o n  t h e  
s u r f a c e  o f  c a r b o n  c o l u m n  e l e c t r o d e  s i m u l t a n e o u s l y  b y  flow-electrolysis o f  
s o l u t i o n  c o n t a i n i n g  m e t a l  ions a n d  s u p p o r t i n g  electrolyte. T h e  C u - C d  
d e p o s i t e d  e l e c t r o d e  is a  k i n d  o f  c h e m i c a l l y  m o d i f i e d  electrode, a n d  is a n  
a v a i l a b l e  a s s e m b l y  a s  a  r e d u c t o r  o r  c o u l o m e t r i c  d e t e c t o r  o f  nitrate. T h e s e  
f u n c t i o n s  a r e  b r i e f l y  p r e s e n t e d  i n  this report. 

C O L U M N  E L E C T R O D E  A S  A  R E D U C T O R  O F  N I T R A T E  T O  N I T R I T E  
C o l u m n  e l e c t r o d e  c a n  b e  s u b s t i t u t e d  f o r  conventional reductor, s u c h  as 

C d  g r a i n s  coated w i t h  C u  o r  p o w d e r e d  Zn, u s e d  in t h e  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  o f  n i t r a t e ,  if r e d u c t i o n  o f  n i t r a t e  t o  n i t r i t e  c a n  b e  a c h i e v e d  
q u a n t i t a t i v e l y  b y  e l e c t r o c h e m i c a l  reductor. I n  a  series o f  f u n d a m e n t a l  
studies, i t  w a s  p r o v e d  t h a t  C u - C d  d e p o s i t e d  carbon column e l e c t r o d e  p r e p a r e d  

- 5  - 4  b y  f l o w - e l e c t r o l y s i s  o f  a  f e w  m i l l i l i t e r s  s o l u t i o n  o f  10 - t o  10 "M C u  a n d  
C d  ions, c a n  r e d u c e  n i t r a t e  t o  n i t r i t e  a t  p H 9  q u a n t i t a t i v e l y  b y  bein<J s e t  t o  
a b o u t  - 1 . l V  vs. Ag/AgCl. Accordingly, i n  f l o w  system w i t h  a  c o l u m n  electrode, 
n i t r a t e  c a n  b e  d e t e r m i n e d  b y  i n d i r e c t  c o l o r i m e t r y  u s i n g  d i a z o t i s a t i o n  a n d  
c o u p l i n g  r e a c t i o n s  b e t w e e n  r e a g e n t s  a n d  n i t r i t e  p r o d u c e d  electrolytically. 
While, a s  n i t r i t e  c a n n o t  b e  r e d u c e d  a t  c o l u m n  e l e c t r o d e  u n d e r  these 
conditions, total a m o u n t  o f  b o t h  s p e c i e s  is d e t e r m i n e d  in t h e  p r e s e n c e  o f  
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nitrite. 
C o m p a r e d  w i t h  conventional re du c tor  co l u m n ,  t h e  e l e c t ro che mi c a l  o n e  c an  

b e  p r e p a r e d  e a s i l y  b y  o n l y  a n  e x c h a n ge  o f  so l ution s  an d  c on t r o l  o f  po tentials, 
a n d  i n  addition, i t  is a l s o  ve r y  p r e fer a ble t h a t  little  w a s t e  c on t a i n i n g  
m e t a l  is produced, a s  m e t a l  is collec t e d  o n  e le c trod e  a l l  t h rou g h  t h e  
e x p e r i men t  (5), 

C O U L O M E T R I C  D E T E R M I N A T I O N  O F  N I T R A T E  W I T H  C O L U M N  E L E C T R O D E  
N i t r a t e  is r e d u c e d  t o  nitrite(n=2) i n  a n a l y t i c a l  c o n d i t i o n s  d e s c r i b e d  

above, a n d  a c c o r d i n g l y  c a n  b e  d e t e r m i n e d  c o u l o m e t r i c a l l y  b y  f l o w - e l e c t r o l y s i s  
w i t h  C u - C d  d e p o s i t e d  c o l u m n  electrode. B u t ,  o r d i n a r i l y  s a m p l e  c o n t a i n s  s u c h  
e l e c t r o c h e m i c a l l y  i n t e r f e r i n g  s u b s t a n c e s  a s  d i s s o l v e d  oxygen, a n d  s o  o n l y  
n i t r a t e  c a n n o t  b e  d e t e r m i n e d  d i r e c t l y  b y  injection o f  sample. So, t h e  
e l e c t r o c h e m i c a l  r e m o v a l  o f  t h e m  b y  t h e  p r e l i m i n a r y  c o l u m n  c o n n e c t e d  p r i o r  t o  
the d e t e c t i o n  o n e  w a s  attempted. I n  particular, a s  e l e c t r o c h e m i c a l  r e d u c t i o n  
o f  o x y g e n  a t  carbon e l e c t r o d e  r e q u i r e s  m o r e  overpotential, t h e  p r e - c o l u m n  
w i t h  e l e c t r o d e p o s i t e d  A g oェP t m e t a l  w a s  a d o p t e d  i n  o r d e r  t o  e l e c t r o l y z e  i t  
q u a n t i t a t i v e l y  a t  m o r e  p o s i t i v e  potential. S u c h  p r e - c o l u m n  c a n  a l s o  e l i m i n a t e  
o t h e r  p r e - d i s c h a r g i n g  s u b s t a n c e s  a n d  c o n s e q u e n t l y  d e c r e a s e s  t h e  b a c k - g r o u n d  
c u r r e n t  o n  d e t e c t i n g  n i t r a t e  a t  n e x t  column. 

T h e  d o u b l e  c o l u m n s  s y s t e m  p r e p a r e d  a s  m e n t i o n e d  above, is a  v e r y  u s e f u l  
assembly a s  a  c o u l o m e t r i c  d e t e c t o r  f o r  nitrate. I t s  p r e p a r a t i o n  o r  c o n t r o l  
is s o  e a s y  t h a t  this a s s e m b l y  i s  v e r y  a v a i l a b l e  f o r  m o n i t o r i n g  s y s t e m  i n  
e n v i r o n m e n t a l  analysis. 
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T H E  P R E P A R A T I O N  A N D  PROPERTIES O F ' T H E  C R E A T I N E  
E L E C T R O D E  

J u n k o  MOTONAKA, Hisaaki TAKABAYASHI, Sanae IKEDA a n d  
Nobuyuki T A N A K A *  

T h e  U n i v e r s i t y  o f  Tokushima, Minamijosanjima, Tokushima 770 J a p a n  
*  N i p p o n  J i m u k i  Co., Ltd., Kanda O g a w a -c ho, Chiyoda-ku, T o k y o  101 
J a p a n  

C r e a t i n e  is c o n t a i n e d  o n l y  a  v e r y  little in u r i.ne, b u t  it is increased  
b y  destruction, denaturation, etc. o f  muscle. In spite of a  great recent 
p r o g r e s s  in t h e  s t u d y  o f  e n z y m e  electrode, however, a  creatine enzyme e l e c -
t r o d e  h a s  not b e e n  developed. T o  d e t e r m i n e  t h e  c r e a t i n e ,  a  c r e a t i n e  e n z y m e  
e l e c t r o d e  h a s  b e e n  p r e p a r e d  a n d  tested. T h e  e n z y m e  reaction is a s  follows: 

H  CH 
I  I  3  C r e a  t i n e - k i n a s e  

H-N-C-N-CH2-C-0― + A T P  
l  +  II 2+ 
N'H2 0  
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E X P E R I M E N T A L  
(Apparatus a n d  Reagents) 
A  single g l a s s  electrode, Model G S T - 1 5 5 C  (TOA Electronics Ltd.), w a s  

e m p loyed t o  p r e p a r e  t h e  e n z y m e  electrode. P H  w a s  m e a s u r e d  w i t h  a  digital 
p H / m V  meter, Model T S C - l O A  (TOA E l e c t r o n i c s  Ltd.), c o n n e c t e d  w i t h  a n  e l e c t r o n -
ic recorder, Model R-102 (Rikadenki Kogyo 
Co., Ltd.). All m e a s u r e m e n t s  w e r e  c a r -
r i e d  o u t  a t  37°C 士 0.2°c.

C r e a t i n e - k i n a s e  w a s  f r o m  
B o e h r i n g e r  M a n n h e i m  Yamanouch1, 
a d e n o s i n e - 5 ' - t r i p h o s p h a t e  (ATP) w a s  f r o m  
Oriental Yeast C o ., Ltd. a n d  c r e a t i n e  
w a s  f r o m  W a k o  Pure C h e m i c a l  Industries. 
(Preparation o f  C r e a t i n e  E n z y m e  

Electrode) 
T h e  e lectrode w a s  c o m p o s e d  o f  a  

g l a s s  e l e c t r o d e  a n d  t h e  im m o b i l i z e d  
c r e a t i n e-kina s e  m e m b r a n e  o n  1ts d e t e c t  
end. F o r  t h e  i m m o b i l i z a t i o n  o f  
c r e a t i n e-kinase ,  t h e  c r o s s- l i n k i n g  
m e t h o d  w a s  used. O n  a  p o l y c a r b o n a t e  
m e m b r a n e  o f  O . lμm caliber, 30μ1 of  

A g  w i r e  
A g C l  w i r e  

0 - r i n g  

P o l y c a r b o n a t e  m e mb rane 
—Immobilized enz1'Tl1e 
m e m b r a n e  

FIG, 1  (RE .~ TIN E E N Z Y M E  E L E C T R O DE  
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1 0 w / w %  t he  b o v i n  s e r u m  a l b u m i n  (BSA) s o l u t io n  w a s  s p r e a d ,  t h e n  S mg  o f  c r e a t 1 ne -
k i na s e  a n d  4 ~1 o f  1 2 . 5 v / v %  g l u t a r a l de h y d e  w e re  a d d e d  a n d  m i x e d  q u i c k l y .  T he  
m e m b r a n e  w a s  l e f t  t o  s t a n d  f o r  a t  l e a s t  2  h o u r s  a t  4 ''c .  T h i s  i m mo b i l i z e d  
e n z y m e  m e m b r a n e  w a s  a t t a ch e d  t o  a  g l a s s  e l e c t r o d e  b y  O - r 1 n g  a s  s h ow n  in F i g .  I. 
(D e t e r m i n a t i o n  o f  C r e a t i n e )  
P i p e r  10ml o f  l m M  A T P - 0 .  l m M  m a g n e s i u m  s u l f a t e  (p H  9 )  s o l u t i o n  i n t o  t h e  

th e r m o s t a t e d  c e l l  a n d  i m m e r s e  t h e  c r e a t1 n e  e n z y me  e le c t r o d e .  I n j e c t  2 m l  o f  
c r e a t i n e  s o l u t i on  i n t o  t h e  c e ll. T h e  e v o l v e d  h y d ro g e n  i o n s  b y  t he  e n z ym e  
r e a c t i on  d u r i n g  t h e  f i r s t  1 0  m i n u t es  w e r e  m e a s u r e d  a s  t h e  v a r i a t i o n  o f  p H .  

R E S U L T S  A N D  D I SC US S I O N  
F or  t h e  p r e p a r a t i o n  o f  t h e  

c r e a t i n e  e n z y m e  e l e c t r o d e ,  a  
p r o p e r  a m o u n t  o f  i m mo b i l i z e d  
c r e a t i n e - k i n a s e  w a s  5 m g  
(e n z y m e  a c t i v i t y  w a s  a bo u t  8 0 0  
U n i t s / m g  a t  3 戸 C ) a n d  t he  
v a r i a t i on  o f  p H  b y  t h e  e n z y m e  
r e a c t io n  w a s  c o n s t a n t  o v e r  5 m g .  
T h e  e l e c t r o d e  r e s p o n s e  w a s  
ries t  i n  t h e  0 .8 3 rnM A T P- 8 . 3 m M  
m a g ne s i u m  s u l f a te  s o l u t i o n .  
T h e  o p t i m u m  p H  w a s  8 - 9  a n d  
t em pe r a t u r e  w a s  2 0 - 3 8 °C .  
A  l i n e a r  r e la ti o n s h i p  •-,as o b-
tai n ed  i n  t he  r a n ge  o f  O .  4 2 -
3. 3m M  c r e a t 1 n e .  T h e  c a l 1 b r a -
t io n  c u r v e  w a s  s h ow n  b y  t h e  
e y u a t i o n  o f  Y=48. J3 X•0 . 003 
(Y  1 s  ll p H  a n d  X  i s  c r e a t l n e  
c o n c en t r a t i o n / M) a n d  t he  
c oe f f i c i e n t  o f  c o r re l a t i on  
w a s  0 .9 9 9 .  T h e  c a l i b r a t io n  
c u r v e  w a s  s h o w n  i n  F i g .2 .  
E f f e c t s  o f  c on c orni t a n t  c orn-
p o u n d s  w e r e  d i sc u s s ed .  T h e  
c re a t i n e  s o l u t i o n  w a s  d e t e r -
m i ne d  i n  t he  p re s e n c e  o f  J  
o t h e r  c o m p o u n d s .  T h e  r e su l t s  
a r P  s h o w n  i n  T a b l e  l .  C r ea t i n e  
c ou l d  b e  d e te r m i ne d  w i t h  a  
r e l a t i v e  e r r o r  o f  le s s  t h a n  
s l. 7 %  1n t h e  p r e s e n c e  o f  1 . 7 -
IO  ti m e s  8 - D - g l uc o s e ,  1 - 5 0 0  
t i me s  u r e a  a n d  0 .9 - 3  t.ime s  
L - a s co r b i c  a c id. 

iht i'（： 1ヒ‘,d l f'先 1, ‘i l  i  (9Xfi, 

o .J 

0 .  l  

H
dV
 
0 .1  

•‘’J. 
Creatine c oncentration 

4 .。
(mM) 

5. 0  

F I G 、2 C A L I B R A T I O N  C U R V E  O F  C R E A T I N E  
E N Z Y M E  E L E C T R O D E  

Sample, 12ml, of creatine, O.BJJmH  ATP 
and 8.  33mH 
Temp .  37'C .  

T A B L E  l  E F F E C T S  O F  C O N C O M I T A N T  C O M P O U N D S  
O N  T H E  D E T E R M I N A T I O N  O F  C R E A T I N E  

molar ratio concomit•nt a) 
compouod  (creatine :  concomitant. R .E ,  compound ） (9) 

6-D-Glucose 

Ure• 

L-Ascocbic acid 

1  :  1 .  66 -0.2 
l  :  5  -0.7 
l  :  l  O  -1. 7  
l  :  1  0 .6  
I ,  100 0 .6 
1  :  500 o .,  
l  ;  0 .  B  S  0 .2  
l  :  3  1.2 

Sample, 12ml、of I. 7nlM creat ine、0. 8)叩
ATP and 8 .）叫 magnesium sulfate .  Temp.)7 "c. 
a  I  Relative error. 
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CHARAC TERI ZAT I ON  M E THO DS  O F  SELENOCYANAT E  ION -S ENS ITIVE 
FIELD EFFECT T R ANSISTOR W ITH URUSHI AS  TH E  MEMB RAN E  MATRIX 

Shin-ichi WAKIDA, Takashi TANAKA, Akinori KAWAHARA, Masataka YAMANE 
and Kazuo Hiiro 
Government Industrial Research Institute, Osaka, Ikeda, 563 
Japan 

INTRODUCTION A  n u m b e r  o f  studie s  have been  c arried out o n  io n -sens itive  
fie ld effect transistors (ISFETs) as ion sensors .1l IS FETs w ith a n  organic  
gate coating, however, have short lifetimes and a re  unrel iable  because o f  
p o or membrane adhesion to the gate o f  the  device.2l We  have  pro po sed  durable  
ISFETs with Urushi as the  membrane matrix.3l 

The characterization o f  ISFETs has been carried  out w ith a  sou rce -fo l lower 
circu it. However, there  is lit tle  advantage  in u sin g  a  m in ia turized  ion senso r  
d evice which has a  m easuring P E T  a mp lifier  c ircuit if  a  so u rce - fo ll ow e r  c ircu it 
is u s e d . ' I＇h e re  fore ,  a  differe nt characterization m elhod based on the dr・ain 
current was investigated in this w ork. 

EXPERIMENTAL After a  mixture  com posed  o f  
り5 % o f  trioctylmethylammon i u m  se lenocyanate 
and 55% o f  V rushi la t ex  was coated  on  the  
gate o f  the  ISFET d e vice, the Vrushi membran e  
was harde n ed  for 10  days at 30°C  and 90% 
relative h umidity. The prepared Vr ushi ISF ET  
was cha racte rized  by use o f  the  m e asur ing  
c irc u it shown in Fig .  1. 

R ESULTS A ND  DISCUS SION 
1. Stat ic Characteristi cs o f  the ISFE T  as P ET  
T he  IDs-VDS and IDs-Vas charac te ri st ics o f  the 
Urushi ISFE'f a re  shown in  Fig. 2. 
T he  ion r e spo nse d ra in current  o J'the  
lSF E T  wa s  measured u nder the co ndition 
o f  the saturati o n  re gion(i.e .' Vcs =OV ,  
VDs= 2 .5V). 
2. Characte rization M ethod Based  o n  0  5  

Dra in C u r rent o f  IS F E T  
The IDS-VDS  ch a ra c t e ris tics in the  
saturation re g ion  o f  the FE'l'is 
desc ribed by the  equa t io n  

IDS 二臼 (Vc s - VTh)2 ------ (1 )  

Reference eleclrode 

VGS [―｛ロア言、ne

Source 

IOS 

Fig, I. Measuring circuit of Urushi ISFET 

1.5 

,: 
こ 1・O  

$  | ／/  l笠。

2  3  4  
VosIV  

-1.0 -05 0  
VGSN 

fig. 2. 105 -V1>s and !us -l'Gs cha1ac1<ris1ics of Urushi ISFET in 0.1  
M  NaNO) 
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where 臼 ar:d V T h  are constants 
dependent o n  the F E T  device. In the  
ISFET eq .(1) is described as follows .  

恥 s =口（ V G s * - VTh*) 2  ---- (1 ')  
The V G s *  is composed o f  the voltage 
applied to the reference electrode VGs  
(see Fig. 1) ,  the potential o f  the 
reference electrode Eref and the m e m-
brane potential E a t  the interface 
between the solution and ion-sensing 

The VGs* can be described membrane. 
as follows .  

VGS＊二 Vcs +  E  - E r e f  ----- (2) 
Eq .  (1') and Eq .  (2) can be combined 
to  g ive 

IDS ニ

100 

0
0
 

5
0
 

゜5 

-
1
 

.＞
,nba>E,asuodsOJ 1e11ua1od 

Fig. J. 
ion 

臼 (Vcs t  E  - Eref - VTh•) 2 

4  3  
-Log as.cN 

Po1en1iol response ol Urushi ISFET wilh 1 0- 2  M  inlerlenng 

-- -------- (3) 
i.e. ,  

戸二 C2 ・(C3 +  (RT/nF) ・ln a )  ---------- (4) 
w hen the membrane potential is expressed by the Nernst equation .  
Eq .(4) indicates that the square root o f  Ios is proportional to the log arithm  
o f  the activity o f  the ion .  The potential response  o f  the ISFET is show n  in 
F i g .  3 . 叫 o n the vertical axis o f  the Fig. 3  is converted into potential 
via eq .  (3) and Fig .  2 .  The selenocyanate ISFET sl10ws a  linear response towards 
ion acti vi ty  in the range 10 -5  - 10―1  M  with almost Nernstian slope .  
3 .  Characterization o f  Se lectivity Based o n  Drain Current o f  ISFET 
If the membrane potential is expressed by the Nicolsky-Eisenmann equat ion, the 
selectivity coefficients can be calculated by the mixed solution method. T he  

-2  seleno cyanate response o f  the ISFET wit h  lO -'・ M  nitrate o r  thiocyanate is shown 
in Pig . ぅ． The sel ec tivity coe fficient s  aga inst No3― and SCN― w ere 1. 0 x1 0―?  
and LI .  Ox 10 -1  1,e spectively .  
-, .  Durabili ty  o f  the  Selenocyanat e  Urushi ISFET 
T'1e prepared Urushi ISF E T  m a intained  its potential response for ov e r  2  months. 

¥・le thank D r. Ujihira ,  Faculty o f  Engineering ,  University o f  Tokyo ,  for his 
encou ragem c: nt、 throughout these  st udi e s  and the Central Research Laboratory ,  
Sh imadzu Corp .,  for supp lying ISF E T  d evices .  
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S 4 - 2 9  E N H A N C E D  E L E C T R O C H E M I C A L  S E N S I T I V I T Y  A T  O X IDE-
U I S  P E R S  E D  G L A S S Y  C A R B O N  E L EC T RO D E  

S a d a y u k i  H I M E N O  a n d  At su yos h i  SA I TO  
D e p a r t m e n t  o f  C h e m i s t r y ,  C o l l e g e  o f  G e n e r a l  E d uc a ti o n ,  Kobe U ni versity, 
K o b e  657, J a p a n  

I N T R O D U C T I O N  
G l a s s y  c a r b on  (G C )  h as  f o u n d  a p pl i c a t io n s  i n  a  n u m b e r  o f  e le c t r oc h em i c a l  

studies. G C  e l e c t r o d e s  c a n  b e  u se d  o v er  a  ・，，id e  p o t en t i a l  range, b u t  t he  
a p p a r e n t  r a t e s  o f  e le c t ro n  t r a n s f e r  a r e  s l o w e r  a t  th e  G C  su r fa c e  t ha n  a t  
m e t a l  s u r f a ce s. A  v a r i e t y  o f  pre t re a tm e n t  p r o ce d u r es  h a v e  b e e n  r e c o m -
m e n d ed  t o  o b t a i n  r e p r o d u c i b l e  r e su l ts Ill. In  g e n e r a l ,  t he  G C  s u r f a c e s  
a r e  p o l i s h e d  w i t h  a n  a q u e o u s  s l u r ry o f  a l u m i n a  p a r t i c le s  t o  o b t a i n  m i r r o r -
l i k e  finish. Z a k  a n d  K u w a n a  r e po r t e d  th a t  a l u min n  o n  G C  s u r f a ce s  s tro n g ly  
a d s o r b e d  a s c o r b a t e  a n d  catechols, an d  a c c e l e r a te d  t h e ir  o x id a tion r e a c t i o n s  
[2). W e  h a v e  f o u n d  t h a t  s o m e  o x i d e  p a r t i c le s  su c h  a s  Cr ~00 sh o w  s i mila r  2  3  
e f f e c t s ,  w h i c h  e n h a n ce s  the e l e c t ro c h e m i c a l  s e n s i t i v i c y  fo r  v a r i o u s  e le c tro -
a c t i v e  s p e c i e s  [3]. 

E X P E R I M E N T A L  
W o r k i n g  e l e c t r o d e s  w e r e  3  m m  d i a m e te r  G C  r o d s  (GC-30S, T a k a i  Carbon), 

p r e s s - f i t t e d  i n t o  a  c y l i n d r i c a l  T e f l o n  h o l d e r  b y  m e a n s  o f  a  s i l i c o n e  r u b b e r  
tubing. A f t e r  p o l i s h i n g  G C  s u r f a c e s  w i t h  alumina, o r d i n a r y  e l e c t r o d e s  
w e r e  o b t a i n e d  b y  c l e a n i n g  t h e  e l e c t r o d e  s u r f a c e  u l t r a s o n i c a l l y .  O x i d e -
d i s p e r s e d  e l e c t r o d e s  w e r e  o b t a i n e d  b y  r e p o l i s h i n g  w i t h  a n  a q ue ou s  s l u r r y  
o f  o x i d e s  o n  a  w o o l  p o l i s h i n g  cloth. A  H o k u t o  De n k o  M o d e l  H A - 5 0 1  p o t e n t i -
o s t a t  a n d  a  M o d e l  H B - 1 0 5  p r o g r a m m a b l e  f u n c t i o n  g e n e r a t o r  w e re  u s e d  for 
c y c l i c  v o l t a m m e t r y .  

R E S U L T S  
- 6  F i g u r e  1  s ho w s  c y c l i c  v o l t a m m o g r a m s  o f  4  x  10  ~  M  u r i c  a c i d  i n  0 . 1  M  

H C 1 0 4 .  I t  is k n o w n  t h a t  u r i c  a c id g i v e s  r i s e  t o  a  2-e le c t r on  o x i d a t i o n  
p e ak  a t  t h e  p y r o l y t i c  g r a p h i t e  e l e c t r o de  [4]. H o we ver, n o  o x i da t i o n  w av e  
w a s  o b s e r v a b l e  w i t h  a n  o r d i n a ry  G C  e l e c t r o d e .u n d e r  the se  c o n d i t i o n s  (curve a) 

C u r v e  b i s  a  v o l t a m m o g r a m  o b t a i n e d  w ith a  C e o2 - d i s pe rse d  G C  e l e c t r o d e .  
A n  o x i d a t i o n  w a v e  w a s  o b s e r v e d  w i t h  a  p e a k - p o te n t i a l  (E_ )  o f  + 0 . 6 5  V  v s  S C E  p  
a t  a  s ca n  r a t e  o f  200 mV/s; t h e  re du c t i o n  w a ve  w a s  n o t  f o u n d  in the r e v e r se  
(cathodic) scan. T h e  E _  s h i f t e d  t o  m o r e  p o s i t ive  p o t e n t i a l s  w i t h  a n  p  
i n c r e a s e  i n  s c a n  r a t e .  I t  w a s  f o u n d  t h a t  t he  p e a k  c u r r e n t  (i _ )  i n c r e a s e d  p  
w i t h  a n  i n c r e a s e  in the i n t e r v a l  (t,) w h i le  the  e le c t r o d e  w a s  i m m e r sed  in t he  l  

¥  174 ,  湘洋化学研究 1 ,  2  I  1986 )  



u r i c  a c i d - c o n t a i n i n g  s o l u t i o n  w i t h  a n  o p e n  circuit. A s  s h o w n  i n  Fig. 2, 
1/2 t h e . i . w a s  p r o p o r t i o n a l  t o  t1~・ - for t 1  smaller t h a n  ca. 180 s, w h i l e  t h e  i  p  p  

w a s  p r a c t i c a l l y  c o n s t a n t  for l a r g e r  v a l u e s  o f  t1. T h e  m a x i m u m  i 0  w a s  p  
d i r e c t l y  p r o p o r t i o n a l  t o  s c a n  rate. I t  is a s s u m e d  t h a t  t h e  m a x i m u m  i  p  
c o r r e s p o n d s  t o  t h a t  for a  s a t u r a t e d  u r i c  a c i d  o n  t h e  CeO~-dispersed e l e c t r o d e  2  

T h e s e  r e s u l t s  indicate t h a t  t h e  e l e c t r o d e  p r o c e s s  i s  g o v e r n e d  b y  t h e  
s t r o n g  a d s o r p t i o n  o f  t h e  d e p o l a r i z e r  o n  o x i d e - d i s p e r s e d  electrodes. 
I t  s h o u l d  b e  n o t e d  t h a t  t h e  d e t e c t i o n  limit o f  u r i c  a c i d  i s  i m p r o v e d  t o  a s  

- 8  l o w  a s  10 - M  level. S i m i l a r  e f f e c t s  w e r e  found f o r  Cr~O,, NiO, C o o  a n d  2  3  
A L O  2  3  .  A d s o r p t i o n  e x p e r i m e n t s  s u g g e s t  that t h e  e l e c t r o c a t a l y s i s  i s  d u e  
t o  the i n t e r a c t i o n  b e t w e e n  a  G C  s u r f a c e  a n d  oxides. 

A d s o r p t i o n  w a v e s  a t  o x i d e - d i s p e r s e d  e l e c t r o d e s  w e r e  o b s e r v e d  f o r  t h e  
r e d u c t i o n  o f  v a r i o u s  a r o m a t i c  n i t r o - c o m p o u n d s  a n d  t h e  o x i d a t i o n  o f  b i o l o g -
ically i m p o r t a n t  h y d r o x y - c o m p o u n d s  s u c h  a s  Dopamine, E p i n e p h r i n e  a n d  DOPA. 
I n  these cases, t he  o v e r v o l t a g e  for t h e  e l e c t r o d e  r e a c t i o n s  o f  t h e  s p e c i e s  
w a s  reduced, a n d  t h e  r e m a r k a b l e  i m p r o v e m e n t  in s e n s i t i v i t y  w a s  o b t a i n e d  w i t h  
o x i d e - d i s p e r s e d  electrodes. 
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5 4 - 3 0  A N  I D E A  O F  A  N E W  S E N S O R  B AS E D  O N  T H E  
P O T E N T I A L  O S C I L L A T I O N  

K ohji M A E D A ,  S o r i n  KI HARA, M i t s u k o  S UZUKI, K a o r u  O G U RA  a n d  M a s a k a z u  M A T S U I  
I n s t i t u t e  for C h e m i c a l  R e s e a r c h ,  K y o t o  University, Uj i, K y o t o  
611 J a p a n  

I m a g i n e  t h e  i o n  t r a n s f e r  a t  liq u i d / l i q u i d  int e r face  i n v o l v i n g  p r o c e s se s  
a s  f o l l o w s :  
(1) T h e  t r a n s f e r  f r e e  energy, • Gtr• ・of A n +  is less t h a n  t h a t  o f  3n+ 
(2) T h e  t r a n s f e r  o f  3 n +  o v e r c o m e s  w h e n  A n +  a t  t h e  i n t e r f a c e  h a s  b ee n  

c o n s u m e d  d u e  t o  t h e  t ra ns f e r  o f  A'". n+ 

( 3 )  T h e  t r a n s f e r  o f  3 n +  r e s u l t s  i n  t h e  c h a ng e  o f  c h e m i c a l  f o r m  o f  A n +  
t h r o u g h  s u c h  a  c h e m i c a l  r e a c t i o n  a s  co m p l e x  f o r m a t i o n ,  a n d  th e  t r a ns f e r  
o f  A n +  is d e p r e s s e d  d u r i n g  t h e  t r a n s fe r  o f  Bn+. 

(4) T h e  t r a n s f e r  o f  A n +  r e s u m e s  w h e n  t h e  c o n c e n t r a t i o n  o f  A n +  a t  t h e  
i n t e r f a c e  is r e c ov e r e d  b y  t h e  d i f f u s i o n  o f  An+ f ro m  t h e  bulk. 
T h e  ion t r a n s f e r  m a y  c a u s e  the o sc i l l a t i o n  o f  p o t e n t i a l  d i f f e r e n c e  a t  

t h e  i n t e r f a c e ,  r,, v. I n  s u c h  o s c i ll a t i o n ,  t h e  a m p l i t u d e  c o r r e s p o n d s  t o  t h e  
d i f f e r e n c e  o f  r,, G t r ( = - z Fr,,v * )  f o r  A n +  a n d  t h a t  f o r  Bn+, a n d  d e p e n d s  o n  t h e  
c h a r a c t e r i s t i c s  o f  t h e  t r a n s f e r r i n g  i o n s ,  s i n c e ぶG t r is f u n c t i o n  o f  t h e  

＊ c h a r g e  a n d  t h e  s i z e  o f  t h e  i o n [  1  ]. (* w h e r e  z  a n d  F a r e  t h e  c h a r g e  o f  t h e  
1 0 n  a n d  F a r a d a y  c o n s t a n t ,  r e s p e c t i v e l y )  

T h e  p e r i o d  o f  t h e  o s c i l l a t i o n  i s  c o n s i d e r e d  t o  b e  c o n t ro ll e d  b y  b o t h  
t h e  r a t e  o f  d i f f u s i o n  a n d  t h a t  o f  t h e  c h e m i c a l  r e a c t i o n ,  a nd, h e n c e ,  i s  
a f f e c t e d  b y  t h e  c o n c e n t r a t i o n  o f  t he  ion, d i v e r s e  s u b s t a n c e s  a n d  media. 

S u c h  p o t e n t i a l  o s c i l l a t i o n  m e n t i o n e d  a b o v e  m a y  p r o v i d e  i n f o r m a t i o n s  to  
s e n s e  i o n s  a n d / o r  d i v e r s e  substances. 

T h e  f o l l o w i n g  s y s t e m  is a n  e x a m p l e  t o  reali ze the  oscillation. 
w  11 O r g  

-4 A g - A g C l  I  1  M  M g s o 4  II 2x1 o - q M  cs•TPhB— Ag -AgCl 
0 . 1 M  T B A + T P h B― 

W h e n  a  c o n s t a n t  current, w h i c h  w a s  less t h a n  t h e  d i f f u s i o n  c o n t r o l l ed  
l i m i t i n g  c u r r e n t  f o r  t h e  i o n  t r a n s fe r  o f  2 x 1 0 - 4 M  c s• a t  t h e  aqueous(W) a n d  
organic(Org) s o l u t i o n s  i n t e r f ac e ,  w a s  f l o w ed  fro m  O r g  t o  W  u s i n g  t w o  A g - A g C l  
e l e c t r o d e s ,  t h e  t,V  a t  t h e  W / O r g  i n t e r f a c e  o s c i l l a t e d  a s  i l l u s t r a t e d  i n  
T a b l e  1. 

T h e  o s c i l l a t i o n  m e c h a n i s m  w a s  e l u c i d a t e d  b a s e d  o n  t h e  c u r r e n t - s c a n  
v o l t a m m e t r y  f o r  t h e  i o n  t r a n s f e r ( 2 ]  a s  follows; A t  t h e  beginning, cs•, o f  
w h i c h △G t r  i s  l e s s  t h a n  t h a t  o f  TBA•, c a r r i e s  t h e  c o n s t a n t  c u r r e n t .  W h e n  

218 9
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t h e  c o n c e n t r a t i o n  o f  C s +  a t  t h e  i n t e r f a c e  h a s  b e e n  d e c r e a s e d ,  T B幻 t a k e s
p a r t  i n  t h e  c u r re n t  f lo w .  D u r i n g  t h e  T B A +  t r a n s f e r ,  t h e  t r a n s f e r  o f  c s +  i s  
i n h i b i t e d. T h e  i n h i b i t i o n  c a n  b e  c l e a r l y  d e m o n s t r a t e d  b y  t h e  p o t e n t i a l - s c a n  
v o l  t a m  m e  t r y  f o r  i o n  t r a n s f e r  [  3]. 

U s i n g  1, 2 - d i c h l o r o e t h a ne  a s  O r g ,  t h e  a m p l i t u d e  o f  t h e  o s c i l l a t i o n  w a s  
0 .2 8 V ,  w h i c h  i s  n e a r l y  e q u a l  t o  t h e  d i f f e r e n c e  b e t w e e n  6  V  f o r  c s +  a n d  t h a t  
f o r  T B A +. T h e  p e r i od  o f  t h e  o s c i l l a t i o n  s i g n i f i c a n t l y  d e p e n d s  o n  t h e  
m a g n i t u d e  o f  t h e  c u r r e n t ,  c o n c e n t r a t i o n  o f  c s + ,  c o e x i s t e d  i o n s  a n d  t h e  
s o l v e n t ,  a s  s e e n  i n  T a b l e  1  a n d  2. 

T e t r a m e t h y l a m m o n i u m ( T M A + )  i o n  a n d  H +  u s e d  i n s t e a d  o f  c s +  g a v e  t h e  
o s c i l l a t i on  w h e re a s  t e t r a e t h y l a m -
m o n i u m ( T E A + )  a n d  t e t r a p r o p y l a m m o -

T• bl• 1  Potential ooeiil●tion ●t  the Uquld/Uquld lntecf.ee,nd eompo●ltion 
of organic oolu9ion 

n 1  u m  ( T P r A  +) i o n s  d i d  n o t .  T h e  ""'""' ,uppo,ttng dopol●912●9  ●mplltud●『lgu,● or.v-1 cu,v● 
•lectrolyt• ImVI 

1, Y s  f o r  cs •, T M A +  a n d  H +  l i e  a t  
t h e  o t h e r  s i d e  o f  t h o s e  f o r  T B A +  
a n d  t e t r a p h e n y l a r s o n i u m ( T P h A s + )  
1 0 n  a c r o s s  t h e  p o i n t  o f  z e r o  
c h a r g e  o f  t h e  W / O r g  i n t e r f a c e ,  
t ho u g h △V s  f o r  T E A +  a nd  T P r記 a re
a t  t h e  s a m e  s i d e .  H e n c e ,  t h e  
c h a n g e  o f  c h e m i c a l  f o r m s  o f  cs•, 

T M A  +  o r  H +  t o  t h o s e  w h i c h  h a r d l y  
t r a n s f e r  a t  p o te n t ia l s  w h e r e  T B A +  
o r  TPh As • t r a n s f e r s  m a y  b e  s t r o n -
g l y  c o r r e l a te d  w i t h  t h e  c h a n g e  o f  
t he  d o u b l e - l a y e r  s t r uc t u r e  a t  t h e  
W / O r g  i n t e r f a c e .  
R E F E R E N C E S  

9, 2  -dkhlo,o-
●9 N n● 

n1190^  ben9●n, 

． TBA "TPhB ． C, TPhB 210 
(0.IM) (9x10 MI 

令TMA "TPhB 200 
ーり1h10'Ml 

TP,A. TPhe・ c,'TPhB― 120 
(0,0如 19x 10.，MI 
TPnバTPhB ― C,'TPhB ● ●00 
(O. IM) ーり(s,10'Ml 

TPhA,'DPA - TMA'TPhB- 200 
(O.IM) ーり(2'10'Ml 

令TBA "TPhB 
(O.IM) 

•-- -H  DPA 200 
．＂ (5x 10'Ml ． C,.TPhB 200 
・り(5x10 ・Ml 

馴
乳雪闘虚
江
l』』慣
＼叫↓叫・
菖い山贔I

． 80mol¥ 90moII TPh^｀ OPA ． • -H  OPA 1'0 
- / 豆川一
にCHCL .  BuOH J  - - - (O.OSM) - U  (9x IO M) 

TPnA、TB^.TPrA,TMA .1e9ro-penty9.butyl.propy9.methy9-ammonlum
TPh^• :  IeIroμI9cnylorsonium 
TPhB .1eIropheny9boroI● ;DPA cdoplcゥ9ominaI●

[  1  I  S . K i h a r a  e t  a L ,  J . E l e c t r o a n a l . C h e m ., 1 n  p r e s s .  
( 2 1  S .K i h a r a  e t  a l  ., T•bie· 2  comp•ri son between the period  o(OSCilI●19un •nd u  co99Centruuo99 0(eIectrolyte9 
B u n s e k i ka g a k u, 辺 E 2 9 7 Cone●ntration o9 

el≪t,olytn Appli•d con,tont M,an p●,iod Figu≪ of  b  V-t  cu,v● 
(1 9 8 2 ) ,  a n d  S . K i h a r a  e t  [  C・・TPhB-[ cumnt ( u A ) ) m i n.I  

a l . ,  A n a l . C h e m . , i n  p r e s s .  
[ 3 ]  S . K 1 h a r a  a n d  M . M a t s u i  0  06 M  

10-II .  M  20 10 

H y o m e n ,  2 3  1 0 ( 1 9 8 5 )  

0  06 M  lx¥O -U -M  30 

O  06 M  llx 10-“ .  M  5  0  

0  Olf M  h¥0 ← q  -M  39 

0  05 M  5x10 -II -M  90 
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5 4 - 3 1  
S E L E C T I V E  S E P A R A T I O N  O F  M E T A L  IONS W I T H  L O N G - C H A I N  
8 - Q U I N O L I N O L  

K o u s a b u r o  O H A S H I  a n d  K a t s u m i  Y A M A M O T O  

D e p a r t m e n t  o f  C h e m i s t r y ,  F a c u l t y  o f  Science, Ibaraki University, M i t o  J a p a n  

T h e  e n v i r o n m e n t a l  p o l l u t i o n  b y  h e a v y  m e t a l s  h a s  b e e n  o n e  o f  a  b i g  
s o c i a l  problem. T h e  m e t h o d  o f  t h e  s o l v e n t  e x t r a c t i o n  h a s  b e e n  w i d e l y  u s e d  
f o r  t h e  e x t r a c t i o n - s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  a n d  p r e c o n c e n t r a t i o n  o f  
m e t a l  ions p r i o  t o  i n s t r u m e n t a l  analysis. D e s p i t e  its l o w  s e l e c t i v i t y  fo r  
t h e  e x t r a c t i o n  o f  m e t a l  ions, 8-quinolinol h a s  p r o v e n  t o  b e  a  v e r y  v a l u a b l e  
e x t r a c t a n t  f o r  a  p r e c o n c e n t r a t i o n  o f  m e t a l  ions. Recently, h y d ro p h o b ic  
e x t r a c t a n t s  h a v e  b e c o m e  o f  i n t e r e s t  f o r  a  s e l e c t i v e  s e p a r a t i o n  o f  m e t a l  ions .  
K e l e x  100 w i t h  a  h i g h l y  h y d r o p h o b i c  s u b s t i t u e n t  a t  a  7-position  o f  8-叩rin:::,lin:::,l
is c h a r a c t e r i z e d  b y  t h e  l a r g e  d i s t r i b u t i o n  c o n s t a n t  a n d  t h e  h i g h  s e l ec tivity 
for copper(II) o v e r  iron(III) [l]. I n  this work, a  s e le c t i v e  s e p a r a t i o n  
a n d  d e t e r m i n a t i o n  o f  copper(II) a n d  molybdenum(VI) w i t h  5-octyloxymethyl-8-
q u i n o l i n o l  (H00Q) i s  reported. 8  

l. S E L E C T I V E  S E P A R A T I O N  A N D  S P E C T R O P H O T O M E T R I C  D E T E R M I N A T I O N  O F  M O L Y B D EllUM (VI) 
T h e  e f f e c t  o f  p H  o f  t h e  a q u e o u s  p h a s e  o n  t h e  e x t r a c t a b i l i t y  o f  COPE氾 r(II)

cobalt(II), n i c k e l ( I I ) ,  zinc(II), lead(II), iron(III), molybdenum(VI), tungsten 
(VI), a n d  vanadium(V) w i t h  H 0 0 Q  i n t o  c h l o r o f o r m  w a s  s h o w n  i n  Figs. l a n d  2. 8  - 3  T h e  c o m p l e t e  e x t r a c t i o n  o f  molybdenum(VI) w a s  a c h i e v e d  b e tw e e n  5.0 m o l  d m  
n i t r i c  a c i d  a n d  p H  5.5 T h e  e x t r a c t a b i l i t y  o f  

- 3  tungsten(VI) a n d  vanadium(V) a t  5.0 m o l  d m  
n i t r i c  a c i d  a r e  3% a n d  7% respectively. Metal 

100 

1.ons, which 紅 e sha.rn i n  Fig .  1, bismuth(III), g a l l i u m  
80 (III), tin(IV), zirconium(IV), niobium(IV), a n d 心

- 3  thallium(!) a r e  n o t  e x t r a c t e d  a t  5.0 m o l  d m  
の

n i t r i c  a c i d  a t  all. T h e  e x t r a c t e d  m o l y b d e n u m  -;l 60 
(VI) - H O  Q  c o m p l e x  a b s o r b e d  a t  38O n m  w i t h  t h e 展8  
m o l a r  e x t i n c t i o n  c o e f f i c i e n t  o f  l. 14 x  104 屈40

- 1 .  3  - 1 ロm o l  - d m - c m  -. M o l y b d e n u m  (VI) c a n  b e  s e p a - . S l  
r a t e d  a n d  s p e c t r o p h o t o m e t r i c a l l y  d e t e r m i n e d  i n 廿f" 20 >t h e  p r e s n c e  o f  l a r g e  a m o u n t s  o f  s u c h  m e t a l  ions 
a s  iron(III), n i c k e l ( I I ) ,  cobalt(II), zinc(II), 
cadmium(II), lead(II), niobium(IV), g a l l i u m  
(III),thallium(!), a n d  copper(II_). Thus, t he  
e f f e c t  o f  d i v e r s e  ions o n  t h e  d e t e r m i n a t i o n  o f  F゚ig.  1  

2
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m o l y b d e n u m ( V I )  b y  t.he p r e s e n t  m e t h o d  w as  r e m a r k a b ly  r e d u c e d  e v en  w i t h o u t  u s i n g  
m a s k i n g  r e a g e n t s  c om p a r e d  w i t h  t h a t  b y  u s i n g  t h e  t h i o c y a n a t e  m e t h o d  a n d  8-
q u i n ol i n o l  m e t h od. T h e  v a l u e  o f  t h e  e x t r a c t i o n  c::crnstant, K,,x (=  [Mo 02  (08Q) 21 0 /  

10 e x  2  8  2  0  
2  [Mo ( OH) r l  [HO n Q l_£ )  w a s  d e t e r m i n e d  t o  b e  1.0 x  lO~v a t  20°C, w h i c h  is o n l y  1 . 5  6  8  0  

ti me s  l arg e r  t h a n  t h a t  f o r  8-qu in olinol. A n  e x c e l l e n t  e x t r a c t a b i l i t y  o f  
m oly b d e n u m ( VI )  w i th  H0 8 Q  f r o m  s t r o n g e r  a c i d i c  s ol u t i o n  c o m p ar e d  w i t h  8-quioolinol 
may b e  a s c ri be d  to  a  l a r g e  h y d ro ph o b i ci t y  o f  H08Q. 

2 .  S EL E C T I V E  S E P A R A TI O N  O F  COPPER(II) A N D  SPECTROPEO':'OMETRIC D E T E R M I N A T I O N  O F  
C O P P E R  (II) 

T h e  c om p l e t e  s e p a r a t i o n  o f  c o p p er(II) f r o m  m e t a l  i o n s  e x c e p t  f o r  i ro n  
(III), w h ic h  a r e  s h o w n  i n  F ig s .2 a n d  3  i s  possible. T h e  e x t r a c t i o n  o f  c o p p e r  

- 3  (II) w i t h  0 . 0 1  m o l  d m  J  H 0 0 Q  a t  p H  1.9 b y  s h a k i n g  for 5  m i n  w a s  c o m p l e t e .  8  
O n  t h e  o t h e r  hand, t h e  e x t r a c t a b i l i  t y  o f  
1 ro n(III) w a s  less  t h an  5% a f t e r  s h a k i n g  ぬ (VI)

for 3  m i n. T he  c om p l e t e  s e p a r a t i o n  o f  
copper(II) f r o m  iron(III) w a s  n o t  a c c o m -
pl i s h e d .  B u t  c op pe r  (II )  w a s  s t r i p p e d  

- 3  c o m pl e t e l y  w i th  0 . 5  m o l  d m  - n i t r i c  a c i d  
s o l u tion a f t e r  s h a ki n g  f o r  5  min. E v e n  
u n d e r  th e  s a m e  c o n d i t i o n s ,  a b o u t  2も o f
i r o n ( I I I ) - H 0 0 Q  c om p l e x  w a s  stripped. 8  
Thus, copper(II) c a n  b e  s e l e c t i v e l y  
s e p a r a t e d  i n  t he  p r e s e n c e  o f  m a n y  m e t a l  
io n s .  T he  m o l a r  e xt i n c t i o n  c o e f f i c i e n t  

0
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8
0
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o f  t h e  e x t r a c t e d  c op pe r (II)-H00Q c o m p l e x  8  3  - 1  in c h l o r o f o r m  w a s  t o  b e  7.9 x  10- rnol 
3  - 1  dm~ c m~ a t  t he  a b s o r p t i o n  m a x i m u m  o f  410 nm. 

3  i n  t h e  r a n g e  f ro m  2.2 t o  5 7 . 8 匝／7 cmJ. 

4  2  1  3  5  
叩 3, IOC>l dm―3  l'.il 

Fig. 2  008Q :  0.01 IOC>l am-3 
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Copper(II) c a n  b e  d e t e r m i n e d  

3. EQUIL I B R I U M  O F  COPPER(II) E X T R A C T I O N  
A  p l o t  o f  log D  vs. log [H00Q] ~  a t  p H  1. 06 g a v e  t h e  s t r a i g h t  l i n e  w i t h  a  8  0  

s l op e  o f  2.0, i n d i c a t i n g  t h a t  t w o  m o l e c u l e s  o f  H 0 0 Q  p r o b a b l y  p a r t i c i p i t a t e  i n  8  
th e  e x t r a c t i o n  o f  o n e  copper(II) ion. T h e  s t r a i g h t  l i n e  w i t h  a  s l o p e  o f  2 . 0  
w a s  o b t a i n e d  b y  p lo t  t i n g  log D  vs. p H  i n  t h e  p H  r a n g e  f r o m  O .  5  t o  1. 5. T h e  
e x t r a c t e d  s p e c i e s  is p e r h a p s  a  1  :  2  copper(II) complex, Cu(00Q) 8  2. 

T h e  e f f e c t  o f  t h e  n u m b e r  o f  c a r b o n  a t o m s  o f  a n  a l k y l  g r o u p  i n  a l k y o x y -
m e t h y l - 8 - q u i n o l i n o l  o n  t h e  e x t r a c t a b i l i t y  o f  copper(II) w a s  examined.'I•he 
pH, ,,  v a l u e s  f o r  5 - o c t y l o x y m e t h y l - 8 - q u j  1/ 2  v a l u e s  f o r  5-octyloxymethyl-8-quino.linol, 5 - p r o p y l o x y m e t h y l - 8 - q u i n o l i n o l ,  
a n d  5 - m e t h y o xy m e t h y l - 8 - q u i n o l i n o l ,  a n d  8 - q u i n o l i n o l  a r e  1. O, 1. 2, 1. 4, a n d  1. 8  
r e s p e c t i ve ly. T h e  fact t h a t  t h e  p H 11 2  v a l u e s  f o r  5 - o c t y l o x y m e t h y l - 8如 nolinol
is l a r g e r  t h a n  t h a t  fo r  8- q u i n o l i n o l  s h o u l d  b e  a s c r i b e d  t o  t h e  l a r g e  hydro匹 bic
c h ar a c t e r  o f  t h e  substituent. 

1) D.S. Flett, J .A. H a r t lage, D.R. S p i n k ,  a n d  D.N. O k u h a r a ,  J. I n o r g .  Nucl. 
C h e m . ,  37, 1967 (1975). -＇ 
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S 4 - 3 2  
C A T A L Y T I C  D.::TERMINATION O F  C O P P E R  IN P L A N T S  A N D  B I O L O G I C A L  
M A T E R I A L S  B Y  I R O N ( I I I ) - T H I O S U L F A T E  R E A C T I O N  

L i  T A N ,  S u s u m u  K A W A K U B O  a n d  T s u t o m u  F U K A S A W A  
D e p a r t m e n t  o f  A p p l i e d  C h e m i s t r y ,  F a c u l t y  o f  E n g i n e e r i n g ,  Y a m a n a s h i  
U n i v e r s i t y ,  T a k e d a  4, K o f u - s h i  4 0 0 ,  J a p a n  

C a t a l y t i c  a c t i o n  o f  c o p p e r  in t h e  r e d o x  r e a c t i o n  b e t w e e n  t h i o s u l p h a t e  
a n d  i r o n ( I I I )  i s  u s e d  f o r  t h e  d e t e c t i o n  o f  t r a c e  c o p p e r  [l] .  S o m e  pa p e r s  
h a v e  a l s o  b e e n  p u b l i s h e d  s o  f a r  o n  t h e  d e t e r m i n a t i o n  o f  tr a c e  c o p p e r  by u s e  
o f  t h e  r e a c t i o n  [ 2 - 5 ] .  In t h e  p a p e r s ,  i r o n ( I I I ) - t h 1 o c y a n a t e  w a s  u s e d  a s  th e  
s o u r c e  o f  i r o n ( I I I )  i o n s  o r  t h e  o x i d a n t ,  a n d  w a s  p h o t o m e t i c a l l y  m e a s u r e d  t o  
f o l l o w  t h e  r e d o x  r e a c t i o n ,  s o  t h a t  t h e  d e t e r m i n a t i o n  w a s  i n t e r f e r e d  
s i g n i f i c a n t l y  w i t h  i r o n ,  z i n c ,  l e a d  a n d  o t h e r s  [ 4 , 5 ]  a n d  re q u i r e d  t e d i o u s  
a n d  t i m e - c o n s u m i n g  s e p a r a t i o n  p r o c e d u r e  [ 2 , 3 ] .  G o t o  e t  a l. [6] h a v e  
r e p o r t e d  o n  t h e  d e t e r m i n a t i o n  o f  c o p p e r  by m e a s u r i n g  th e  fa d i n g  t i m e  o f  
c o l o r e d  i r o n ( I I I ) - t h 1 o s u l p h a t e  c o m p l e x  w i t h o u t  t h i o c y a n a t e  u s i n g  a  P l u f r i c h  
p h o t o m e t e r .  H o w e v e r ,  it w a s  a l s o  i n f l u e n c e d  by t h e  a b o ve ions, b e c a u s e  a  
l i m i t e d  c o n c e n t r a t i o n  o f  i r o n ( I I I )  w a s  u s e d .  

I n  t h i s  p r e s e n t  p a p e r ,  t h e  a b s o r b a n c e  o f  i r o n ( I I I ) - t h i o s u l p h a t e  c o m p l e x  
h a s  b e e n  s t u d i e d  in d e t a i l  a n d  m e a s u r e d  t o  f o l l o w  th e  c a t a l y t i c  r e a c ti o n  
u s i n g  a  l a r g e  e x c e s s  o f  i r o n ( I I I )  10n a n d  w i t h o u t  u s i n g  t h i o c y a n a te, s o  t h a t  
a  s i m p l e  m e t h o d  w i t h  l i t t l e  i n f l u e n c e  o f  i r o n ( I I I )  a n d  o t h e r  f o r e i g n  i o n s  
h a s  b e e n  d e v e l o p e d .  T h e  l o w e r  l i m i t  o f  d e t e r m i n a t i o n  1s a b o u t  0 . 1 ) l g ,  a n d  
d o w n  t o  1  p p m  o f  c o p p e r  i n  b i o l o g i c a l  s a m p l e s  c a n  b e  d e t e r m i n e d  w i t h o u t  a n y  
s e p a r a t i o n  a n d / o r  c o n c e n t r a t i o n  p r o c e d u r e s .  

T h e  a b s o r p t i o n  s p e c t r a  o f  i r o n ( I I I ) - t h i o s u l p h a t e  w e r e  c o n s t r u c t e d  f r o m  
m e a s u r e m e n t s  o f  i t s  t i m e - d e p e n d a n t  a b s o r p t i o n  a t  a  r a n g e  o f  w a v e l e n g t h s .  
T h e  r e a c t i o n  w a s  i n i t i a t e d  i n  a  5 - m l  s o l u t i o n  o f  0. 16 2 卜1 a m m o n i u m  i r o n ( ] I I )  
s u l f a t e ,  0 . 0 2 0 8  M  s o d i u m  t h i o s u l f a t e  a n d  0 . 1  M  h y d r o c hl o ri c  a c i d  a t  20°C, 
a n d  p h o t o m e t i c a l l y  f o l l o w e d  a t  5 2 5  nm. T h e  r e a c ti o n  w i t h 1 n  3  m i n  w a s  
a p p r o x i m a t e d  by a  f i r s t - o r d e r  p a t h .  A  c a l i b r a t i o n  c u r v e  o f  -l o g ( a b s o r b a n c e )  
a t  t h e  r e a c t i o n  t i m e  o f  0 . 5  m i n  w a s  l i n e a r  u p  t o  1.5-;」g c o p p e r  w i t h  
d e v i a t i o n  o f  ca. 0 . 0 3  }'8・ ~itric a c i d  a l s o  c a n  b e  u s e d  a s  t h e  a c i d i c  m e d i u m .  
T h e  i n t e r f e r e n c e  o f  f o r e i g n  i o n s  w a s  e x a m i n e d  in t h e  d e t e r m i n a t i o n  o f  1->' g  
c o p p e r .  U p  t o  1 0  m g  o f  s o d i u m  or p o t a s s i u m ,  5  m g  o f  m a g n e s i u m ,  2  m g  o f  
m a n g a n e s e ( I I ) ,  1  m g  o f  a l u m i n u m ( I I I ) ,  i r o n ( T T I ) ,  c o b a l t ,  n 1 k e l ,  
c h r o m i u m ( I I I )  o r  z i n c ( l l ) ,  0 . 5  m g  o f  l e a d ( I I )  o r  va~adium(V) , 0 .3  m g  o f  
c a d m i u m ( I I )  a n d  0 .0 2  1'8 o f  c h r o m i u m ( V T )  d i d  n o t  int e rfere. 

(180 )  海洋化学研究 1  ,  2  (1986 )  



A n a l y s i s  o f  b io lo g ic a l  s a m p l e s  :  A  5 0  m :; to  I  g  o f  s a m p l e  w a s  
d e c o m p o s e d  w it h  JO  M  n it r i c  a c id a nd th e n  w i t h  a  m ix t u r e  o f  4  M  n i t r i c  a c id 
a n d  1 2 %  p e rc h l o r i c  a c i d. T h e  s o l u t i o n  w a s  h e a t e d  t o  f u m e  a n d  d r y n e s s .  T h e  
r e s i d u e  w a s  d i s s o l v e d  w i t h  2  m l  o f  5  M  h y d r o c h l o ri c  a c i d  a n d  d i l u t e d  t o  1 0 0  
m l  w i t h  w a t e r .  A n  a l i q u o t  (I m l )  w a s  t a k e n  f o r  a n a l y s i s .  T h e  a n a l y t i c a l  
r e s u l t  o f  B o v i n e  L i v e r  f r o m  N B S  i n  T a b l e  1  w a s  a g r e e d  w i t h  t h e  c e r t i f i e d  
v a l u e  ( 1 9 3土1 0 p p m ) .  T h e  b l a n k  v a l u e  (< 1 0  p p m )  w a s  w i t h i n  t h e  d e v i a t i o n  i n  
c a l i b r a t i o n  c u r v e .  A  5 0 0  m g  o f  P e p p e r b u s h  w a s  h e a t e d  t o  d e c o m p o s e  w i t h  1 0  M  
n i t i r i c  a c i d  a n d  3 5%  h y d r o g e n  p e r o x i d e ,  a n d  t h e n  e v a p o r a t e d  to  r e m a i n  o i l y  
s u b s t a n c e .  T h e  o i l y  r e s i d u e  w a s  f i l t e r e d  o f f  b y  a  f i l t e r  p a p e r .  T h e  
a n a l y t i c a l  r e s u l t  o f  t h e  f i l t r a t e  w a s  a g r e e d  w i t h  t h e  c e r t i f i e d  v a l u e  ( 1 2土1
p p m ) .  I t  s h o w s  t h a t  t h e  a n a l y s i s  o f  t h e  o i l y  s u b s t a n c e  i s  n o t  r e q u i r e d .  T h e  
a n a l y s i s  o f  h u m a n  u r i n e  w i l l  b e  a l s o  d e s c r i b e d .  

T a b l e  I  A n a l y t i c a l  r e s u l t  o f  B o v i n e  L i v e r  a )  

N o  C o p p e r  a d d e d  ( p g )  C o p p e r  f o u n d  (p g )  C o p p e r  in s a m p l e  ( p p m )  
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a) 2 5 0 - m g  s a m p l e  w a s  d e c o m p o s e d  a n d  1 / 1 0 0  in s o l u t i o n  w a s  t a k e n .  
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S 4 - 3 3  
T H E  O S C I L LA T I N G  P O T E N T I A L  A S  A  S E N S O R  F O R  
N O N  L I N E A R  P H E N O M E N A  IN N A T U R E  

T a k e k o  M A T S U M U R A - I N O UE ,  Y o s h i k o  KANEMATS U, N u r i ko  M I ZOGUCHl, 
S e t s u y o  K O B A Y A S H I  a n d  M a s a h i r o  T S U N O Y A M A  
D e p a r t m e n t  o f  C h e m i s t r y ,  N a r a  U n i v e r s i t y  o f  Education, 
T a k a b a t a k e ,  N a r a - s h i ,  J a p a n ,  6 3 0  

T h e  B e l o u s o v - Z h a b o t i n s k i i  (13-Z )  r e a c t i o n  is c o n s i d e r e d  a s  a  m o d e l  
re a c tion o f  n o n  l i n e a r  p h e n o m e n a  in n a t u r e  a n d  a t t r a c t s  m u c h  attention. 

In the p r e s e n t  report, the o s c 1  l l a t i n g  p o t e n t i a l  1n B - Z  r e a c t i o n  b y  
v a r i o u s  m e t a l  ions a s  c a ta l y s t s  i s  s tudi e d, a n d  the reacti o n  d y n a m i c s  o f  
v a r i o u s  t y p e s  o f  B- Z  r e a c t i o n  is  d i s c u s s e d  in t e r m s  o f  the osci l l a t i n g  p o t e n -
tial. 
T h e  osci l l a t i n  p o t e n t i a l  a n d  the re ac t i o n  p r o c e s s  

T h e  B - Z  reacti o n  (1) c o m p r i s e s  the f o l l o w i n g  f o u r  m a J o r・ e l em e n t a r y  r e a c -
2 +  t i o n s  w h e n  R u L  i s  u s e d  a s  a  c a t a l y s t ,  a l t h o u g h  it i n v o l v e s  m o r e  th an  ten 3  1 )  c vm p l e x  r e a c t i o n s  .  
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( 2 )  

( 3 )  

( 4  J  

( 5 )  

T h e  B -Z  r e a c t i o n  is c o m p o s e d  o f  two  r e a c t i o n  loo ps, o n e  is the r e d o x  
r e a c t i o n  loop sh o w n  1 n  eq. [(2)-(3)- (5)] ,  w h i l e  the o t h e r  is B r― ge n e r a t e - c o n -
s u m i n g  l o o p  s h o w n  in eq. ( ( 2 )  - ( 3 ) - ( 4 ) ) ,  a s  is shw,Jn in f i g .  l. 

I  
I '  I  ノ 史 ： ,  __ - ---- - --- -- --- - - - ____ ,  

Fig.l T h e  sch e m e  o f  B e l o us o v- Z h a bo tinskii reacti o n  
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W h e n  a  P t  electrode, a  B r o m i d e  ion s e l e c t i v e  e l e c t r o d e  a n d  a  r e f e r e n c e  
e l e c t r o d e  a r e  i m m e r s e d  i n  the s o l u t i o n  o f  the B - Z  r e a c t i o n  system, the o s c i l -
l a t i n g  p o t e n t i a l  is o b s e r v e d  a t  e a c h  electrode. T h e  o s c i l l a t i n g  p o t e n t i a l  a t  
P t  e l e c t r o d e  c o r r e s p o n d s  to t h e  d y n a m i c s  o f  the r e d o x  lo叩〔（ 2 ) - ( 3 ) - ( 5 )〕, w h i l e
that a t  B r―- I S E  d u e  to the B r― g e n e r a t e - c o n s u m i n g  l o o p  [(2)-(3)-(4)〕．
T h e  osci l l a t i n g  p o t e n t i a l  in Ru(II) catalyz_e~ 

2 +  A  seri~s ? f  R u (I I) complexes• r e p r e s e n t e d  b y  a  g e n e r a l  f o r m u l a  o f  R u L 3  
(2+n)+ a n d  RuL~X~'~""'were e x a m i n e d  a s  c a t a l y s t s  f o r  8 - Z  reaction. A m o n g  t w e l v e  2.. 2  

c o m p l e x e s  studied, s i x  Ru(II) c o m p l e x e s  a r e  f o u n d  to b e  e f f e c t i v e  a s  catalysts, 
w h o s e  o x i d a t i o n  p o t e n t i a l s  a r e  m o r e  p o s i t i v e  t h a n  l . O O V  vs.SCE. 

T w o  t y p e s  o f  the o s c i l l a t i o n  p a t t e r n s  a r e  o b s e r v e d  w i t h  t h e s e  R u ( I I )  
c o m p le x  c a talysts, the o n e  ( g r o u p  A )  w i t h  l a r g e r  a m p l i t u d e ,  l o n g e r  p e r i o d  a n d  
s h o r t e r  d u r a t i o n  time, the o t h e r  ( g r o u p  B )  w i t h  s m a l l e r  a m p l i t u d e ,  s h o r t e r  
p e r i o d  a n d  l o n g e r  d u r a t i o n  time. A  g r o u p  c a t a l y s t s  a r e  Ru(bpy),,(NO,,) 2  2  2' 2+ 2+ 2+ Ru(bpy),.,L- a n d  Ru(bpy).,(py),.,L-, w h i l e  B  g r o u p  c a t a l y s t s  a r e  Ru(dmbpy),,~', 

3  2+ 2  2  2+ 3  
Ru(phen),.,~'and Ru(bpy),,(NH,.,),.,-・. T h e  a p p a r e n t  a c t i v a t i o n  e n e r g i e s  o f  o s c i l l a -3  3  3  2  
tion, E_, a r e  d e t e r m i n e d  f r o m  the A r r h e n i u s  p l o t s  o f  the o s c i l l a t i o n  f r e q u e n c y  a  
w h i c h  c o r r e s p o n d s  to the o v e r  all r e a c t i o n  rate. T h e  E _  i s  i n  the o r d e r  o f  a  2 +  2+ 2 +  2+ Ru(dmbpy)3~--;, Ru(bpy)2(NH3)2~> Ru(bpy)2(py)2~·= Ru(bpy)3-・:= R u ( b p y ) 2 ( N 0 2 ) 2 ・
T h i s  result i n d i c a t e s  that the c a t a l y t i c  r e a c t i v i t y  o f  A  g r o u p  c o m p l e x e s  a r e  
larf,er than that o f  B  g r o u p  complexes. 
T h e  o s c i l l a t i n g  p o t e n t i a l  i n  Mn(II) c a t a ly z e d  B - Z  reaction. 

T h e  Mn(II) c a t a l y z e d  B - Z  r e a c t i o n  i n  p h o s p h o r i c  a c i d  g i v e s  a n  i n s t a b l e  
osci l l a t i ng  p o tential. T h e  o s c i l l a t i o n  d a m p s  q u i c k l y  a f t e r  1 0  to 2 0  s t a b l e  
cycles. T h e  r e a c t i o n  d o e s  n o t  c o m p l e t e  a t  this stage, however, s o  t h a t  the 
osci l l a t i o n  o c c u r s  a g a i n  w h e n  the e x t e r n a l  c o n d i t i o n  i s  c h a n g e d  in t h e  w a y s  
such that the s t i r r i n g  is s t o p p e d  o r  the t e m p e r a t u r e  i s  raised. T h e  initial 
s t a b l e  o s c i l l a t i o n s  h a v e  m u c h  l a r g e r  a m p l i t u d e  a n d  l o n g e r  p e r i o d  c o m p a r e d  w i t h  
those o f  the r e a c t i o n  c a t a l y z e d  w i t h  R u (I I) o r  Ce(Ill) compounds, w h i l e  the 
s e c o n d  o s c i l l atio n  sh ow s  c h a o t i c  nature. 
C n n c l u s 1 o n  

T h e  var-iation o f  the o s c i l l a t i o n  p a r a m e t e rs  w i t h  time s h o w  the s e l f  
o r g a n i z i n g  n a t u re  o f  these r e a c t i o n s  a n d  the c o r r e l a t i on  b e t w e e n  the p o t e n t i a l  
c h a n g e  a t  P t  e l e c t r o d e  a n d  that a t  B r―- I S E  in o n e  o s c i l l a t i on, that is the 
limit c y c l e ,  g i v e s  d y n a m i c  r e l a t i o n  o f  two reaction loops. T h e  t e m p e r a t u r e  
d e p e n d e n c e  o f  the osci l l a t i o n  f r e q u e n c y  g i v e s  the a c t i v a t i o n  e n e r g y  o f  the 
r・eaction. T h e s e  a n alyse s  o f  the osci l l a t i n g  p o t e n t i a l  g i v e  m u c h  i m p o r t a n t  
i n f o r m a t i o n s  a b o u t  the r e a c t i o n  d y n a m i c s  o f  n o n  l i n e a r  reactions. 
R e f e r e n c e  
l l  R. J. Fi e ld, E. K b r o s  a n d  R. J. N oyes, J. Am. C h e m .  Soc.,~. 8 6 8 9  (1972) .  

2 +  • Ru(II) c o m p l e x e s  r e p r e s e n t e d  b y  a  general f o r m u l a  o f  RuL~LT a n d  RuL~X~'cT"; (2+n)+ 
3  2  2  

w h e r e  L  r e p r e s e n t s  2 ,2•-bipyridine , 4,4'-di;~ethylbipyridine a n d  1 , 1 0 - p h e n -
a n th ro line ;  x 2  r e p r e s e n t s  (NH3)2, (py) 2 ,  (,'J02-)2 ,  (CN―)2 a n d  etc., n = O ,  -1, 
-2 ,  d e p e n d i n g  to tt1e  formal ch a rg e  o f  ligand. 

ii,t i  fi l:’'｛． i}f'it 1  ̀  2  (l  ¥18(i )  I  IC:., I  225 



226 

5  4- 34 S T R I P P I N G  M E T H O D  F O R  T H E  D E T E R M I N A T I O N  O F  S U L F U R  D I O X I D E  
I N  A I R  W I T H  L E A D - F I L M  E L E C T R O D E  

C a i  Y u - W u  
E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y ,  L e n g s h u 1 J i a n g  h u n a n  o f  C h i n a  

S u c k  15 d m 3  a i r  s a m p l e  i n t o  5  ml H 2 2゚ - H A c - N a A C s olutio n  f o r  t h e  
a b s o r p t i o n  o f  s u l f u r  d i o x i d e  a t  r a t e  o f  0 . 5  d m 3  p e r  m i n u t e s .  H e a t  o n  a  s t e a m  
::iath f o r  2  m o n u t e s  t o  e x pe l  e x c e s s i v e  h y d r o g e n  peroxiae. A d d  0 . 0 5  m g  P b  2 +  

p u t  i n  g l a s s - c a r b o n  b a l l - e l e c t r o d e ,  u s i n g  s i l v e r - f i l m  e l e c t r o d e  a s  r e f e r e n c e  
a n d  p l a t i n um  w i r e  a s  a u x i l i a r u  e l e c t r o d e .  l¥pply e le c t r o -de p o s i t i o n  a t  -1.2 V  

tor 30 s e c o n d s  a n d  a t  10 .30 V  f o r  a n o t h e r  30 seconds. S c a n  t o  -1.2 V  a t  r a t e  
of 40 m V  p e r  s e c ond. R e c o r d  t h e  s t r i p p i n g  v o l t a g e - a m p e r  f i r s t  d e r i v a t i v e  
curve. T h e r e  is a  p e a k  o f  s t r i p p i n g  o n  the -0 .8  v. ・rhe p e a k - c u r r e n t  1s 
p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  s u l f e r  d i o x i d e  1n a i r  a t  t h e  r a n g e  o f  
0. 1  -5. 0 寸 1n 15 ctm3 a ir. 

( 184 )  洵洋化学研究 1  .  2  (1986 )  
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S 5 - 0 1  
E L E M E N T A L  D I S T R I B U T I O N S  A N D  G E O C H E M I C A L  F E A T U R E S  O F  
T H E  1 4 0 0 - M E T E R  S E D I M E N T  C O R E  S A M P L E S  IN L A K E  B I W A  
A S  E L U C I D A T E D  B Y  I C P - A E S  

H i r a k i  H A R A G U C H I ,  K a z u h i r o  TOYODA, N a o m i  U K I T A  
D e p a r t m e n t  o f  C h e m i s t r y ,  F a c u l t y  o f  Science, T h e  U n i v e r s i t y  o f  T o k y o ,  
B u n k y o - k u ,  T o k y o  113, J a p a n  

L a k e  B i w a  i s  t h e  l a r g e s t  l a k e  i n  J a p a n ,  l o c a t e d  a l m o s t  i n  t h e  c e n t e r  o f  
t h e  H o n s h u  I s l a n d ,  n e a r  K y o t o .  I t  h a s  b e e n  k n o w n  t h a t  t h e  o r i g i n  o f  L a k e  
B i w a  i s  v e r y  o l d  b e c a u s e  d e p r e s s i o n  h a s  b e e n  p r o c e e d e d  d u r i n g  t h e  l a t e  C e n o-
z o i c  e r a  s i n c e  t h e  b i r t h  o f  t h e  l a k e .  T h u s  t h e  l a k e  h a v e  s u r v i v e d  u p  t o  
t h e  p r e s e n t  i n  s p i t e  o f  a  t h i c k  p i l e  o f  s e d i m e n t  o n  t h e  l a k e  f l o o r .  T h e  
h i s t o r y  o f  L a k e  B i w a  is, therefore, o f  i n t e r e s t i n g  s u b j e c t  f o r  t h e  s c i e n t i s t s  
i n  t h e  v a r i o u s  fields. 

D u r i n g  1 9 8 2 - 1 9 8 3 ,  t h e  1 4 0 0 - m e t e r  d r i l l i n g  s e d i m e n t  c o r e  s a m p l e s  w e r e  t a k e n  
f r o m  L a k e  B i w a  a t  a l m o s t  t h e  c e n t e r  o f  t h e  p r e s e n t  lake. T h i s  r e s e a r c h  p r o j e c t  
h a s  b e e n  c o n d u c t e d  b y  Prof. S. H o r i e  in t h e  U n i v e r s i t y  o f  Kyoto, a n d  w e  h a ve  
j o i n e d  t h e  p r o j e c t  e s p e c i a l l y  for t h e  d i s t r i b u t i o n  a n a l y s i s  o f  i no rgani c  e le-
rients in t h e  s e d i m e n t  c o r e  samples. 

1. M A T E R I A L S  A N D  E X P E R I M E N T S  
T h e  c o l u m n a r  s e c t i o n  o f  t h e  1 4 0 0 - m e t e r  c o r e  s a m p l e  f r o m  L a k e  B i w a  is s h o w n  

1 n  F i g .  1. A s  c a n  b e  s e e n  i n  t h e  f i g u r e ,  t h e  c o r e  s e d 1 -
m e n t  is d i v i d e d  i n t o  5  B e d s  f r o m  t h e  g e o l o g i c a l  aspects: 

c o n s i s t i n g  o f  m a i n l y  s a n d  s t o n e  a n d  shale. T h e  s e d i m e n t  

゜
T: 0 - 2 5 0  m, S: 2 5 0 - 5 8 0  m, R: 5 8 0 - 7 3 0  m, Q: 7 3 0 - 8 2 0  m, 100 
a n d  P: 8 2 0 - 9 1 0  m. B e l o w  910 m, it w a s  b a s e m e n t  rocks, 

2 0 0  

s a m p l e s  f r o m  t h e  b e d s  T - Q  w e r e  c o l l e c t e d  a t  a b o u t  e a c h  5  300 
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m  f r o m  t h e  b o t t o m  s u r f a c e  t o  820 m, a n d  t h e n  a b o u t  150 
s
 

s i m u l t a n e o u s l y  b y  ICP-AES. 

2. E L E M E N T A L  D I S T R I B U T I O N S  O F  S E D I M E N T  C O R E  S A M P L E S  
I n  Fig. 2, t h e  v e r t i c a l  e l e m e n t a l  d i s t r i b u t i o n s  o f  

R
 

Q
 

B●●●m● nt Rock● 
(S● nd1l0ne,Shal●I  

Yokoy•m• ,nd hk● mu, ● (1983) 
F e, M n ,  a n d  P  a r e  s h o w n  a s  r e p r e s e n t a t i v e  e x a m p l e s .  r i g・ 1. Columnar Section of the 
S o m e  r e m a r k a b l e  c h a n g e s  .  1400-Meter Sediment Core Samples o f  t h e s e  t h r e e  e l e m e n t s  1n c on - from l.ake Biwa. 
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c e n t r a t i o n  c a n  b e  s e en  be t w e e n  t h e  bo u n d a r i e s  o f  the  T - S  b ed s  (ne a r  2 6 0  m )  a n d  
t h e  S - R  b e d s  (near 58 0  m). T h i s  s u g g e s t s  that so m e  g e o l o g i c a l  va r i a t ions 
o c c u r r e d  in t h e s e  reg i o n s ,  w h i c h  co r r e s po n d  t o  a bo u t  6 0 0, 0 0 0  a n d  2 ,5 0 0 ,0 0 0  
y e a r s  ago, e s t i m a t e d  f r o m  fission-t rack dating. T h e  e l e m e n ts  s uch  a s  Mg, V ,  
C r ,  C u ,  Ni, S c ,  a n d  S  s h o w e d  t h e  s i m i l a r  d i s t r i b u t i o n  p a t te rns t o  those o f  Fe ,  
M n ,  a n d  P .  O n  t h e  o t h e r  h a n d ,  the d i s t r i b u t i o n s  o f  A l、K, Na, Ti, Sr, Ba, La, 
a n d  Y  s h o w e d  s m a ll ch a n g e s  through t h e  w h o l e  s e d i me n t  co r e  samples. 

I r o n  a n d  M n  a r e  k n o w n  a s  a q u a t i c  e l e m e n t s  w h i c h  e a s i l y  c h a n g e  t h e  c he m 1 -
c a l  o x i d a t i o n  states u n d e r  r e d u c t i v e  a q u a t i c  environment. Further, t h e  c o nce n -
t r a t i o n s  o f  P  a n d  S  i n  t he  s e d i m e n t  s a m p l e s  h av e  s i g n i f i c a n t  r e l a t i o n s h i p s  
w i t h  b i o l o g i c a l  a c t i v i t i e s  in water. Therefore, it ca n  b e  s p e c u l a t e d  that 
d u r i n g  t h e  p e r i o d  o f  t h e  T  b e d  L a k e  B i w a  h a v e  b e e n  i n  a q u a t i c  e n v i r o n m e n t .  
F r o m  a n o t h e r  e x p e r i m e n t a l  r e s u l t s , i t  i s  n o t i c e d  t h a t  t h e  M n  c o n c e n t r a t i o n  
in t h e  s e d i m e n t i s  a  g o o d  i n d e x  o f  w a t e r  d e p t h  o f  t h e  lake. I n  a d d i t i o n ,  t h e  
e l e m e n t s  w h i c h  s h o w e d  the s i m i lar d i s t r i b u t i o n s  t o  Fe, Mn, a n d  P  a r e  k n o w n  
t o  b e  bio-elements. F r o m  these facts o r  results, t h e  p r e s e n t  L a k e  B i w a  h a s  
b ee n  a t  t h e  p r e sen t  l oca t i o n  since a b o u t  6 0 0 , 0 0 0  y e a r s  a g o  a s  a  q u i t e  d e e p  
a n d  l a r g e  l a k e  ( w a t e r  d e p t h  o f  a b o u t  4 0 - 1 0 0  m). T h e  d e c r e a s e s  o f  t h e  c o n c e n t -
ration o f  b i o - e l e m e n t s  in the S  b e d  m a y  s u g g e s t  that L a k e  B i w a  w a s  a  s h a l l o w  
lake o r  o n  t h e  land s u r f a c e  w i t h  o r  w i t h o u t  w a t e r  s o m e t i m e  b e f o r e  6 0 0 , 0 0 0  
y e a r s .  T h i s  is s u p p o r t e d  b y  t h e  facts t h a t  t h e  d i s t r i b u t i o n s  o f  t h e  rock-
forming e l e m e n t s  such a s  A l ,  Ti, N a ,  K ,  C a ,  Sr, Ba, a n d  L a  a s  w e l l  a s  t h o s e  
o f ' ] u a r t z  s h o w e d  s m a l l  concentrationch2.nges o r  r a t h e r  larger c o n t e n t s  in t he  
s e d i m e n t  i n  t h e  S  b e d .  T h e  p e r i o d  o f  t h e  R  b e d  m a y  b e  a l s o  i n  a n  a q u a t i c  
environment. I n  a d d i t i o n ,  t h e  c o n c e n t r a t i o n s  o f  S  w e r e  n o t  m o r e  t h a n  6 0 0  ug/g. 
T h i s  s u g g e s t s  that L a k e  B i w a  h a s  n o t  b e e n  in m a r i n e  e n v i r o n m e n t  a t  t h e  
p r e s e n t  l oc a t i o n  since its birth. F u r t h e r  d e t a i l e d  i n v e s t i g a t i o n s  w i l l  b e  
discussed. 
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S 5 - 0 2  
C O吋T I NU O U S Mr-:認 UR":MENT OP  SV A PO RAR L E  OR G A NIC H ALOGE I< 
‘(）MP01)ND．ぺ打I W A.'"r..R ¥ H TH  ST R I PPING A ND  SU RP A CE  IOI-I IZATIOJ・.j 
S口N.S O R

M a s a h i r o  1-JORI,'I'sut o m u  S A K A N S  a n d  Y o s h i t a k a  KOBAYASI-JI 

Fa c u l t y  o r  e:n g ineering ,  Y o k o h a m a  N a t i o n a l  U n i v e r s i t y ,  Y o k o h a m a  2 40  
.Tap an  

I n  recent years, t h e  p o l l u t i o n  o f  t a p  w a t e r  a n d  u n d e r g r o u n d  w a t e r  
b y  o r g an ic h a l o g e n  c o m p o u n d s  o f  t r i c h l o r o e t h y l e n e  e t c .  h a v e  b e e n  n o te d .  
T h e r e f o r e  t h e  simple a n d  c o n t i n u o u s  m o n i t o r i n g  m e t h o d  o f  these e n v i r o n m e n t a l  
w a t e r  is d e s i r e d .  T h e  a u t h e r s  s t u d i e d  t h e  m e t h o d  c o m b i n i n g  s t r i p p i n g  a n d  a  
s u r f a c e  i o n i z a t i o n  s e n s o r  o f  h a l o g e n - s e n s i t i v i t y ,  wh i ch  w a s  m o d i f i e d  i n  a c c u-
r a c y  a n d  prec ision w i t h  t h e  intermittent c o n d u c t i o n  o f  sample g a s  b a s e d  o n  
t h e  s t u d y  o f  t h e  d e t e c t i o n  m e c h a n i s m  b y  t h e  authers. 

E X P E R I M E N T A L  
T h e  a p p a r at u s  o f  s t r i p p i n g  a n d  d e t e c t i o n  w a s  showed i n  F i g . l .  T h e  sample 

w a t e r  w as  c o n t i n u o u s l y  c o n d u c t e d  into t h e  c o l u m n  i n  w h i c h  a i r  w a s  b u b b l e d  at 
5 0  m l / m i n  t o  t r a n s f e r  d i s o l v e d  o r g an ic h a l o g e n  c o m p o un d s  into i t s e l f .  T h e  
s a m p l e  a n d  r e f e r e nce a i r  w e r e  induced a l t e r n a t i v e l y  t o  t h e  s e n s o r  w i t h  a  se-
quent i al  access m i c r o  valve. T h e  s e n s o r  w a s  c om posed o f  a n  ano d e  o f  p l a t i n u m  
filament o f  0 .1  m m  i n  d i a m e t e r  w o u n d  o n  ceramic b o b b i n  o f  o .d. l  m m  a n d  a  c y l-
i n d r ic a l  ca t h o d e  (Fig .  2) .  T h e  current o f  t h e  o r d e r s  o f  O .1  t o  1  u A  b e tw ee n  
t h e  e l e c t r o d e s  supplied t h e  v o l t a g e  o f  2 0 0  V  w a s  a m plified w i t h  F E T  a丘d re -
co r d e d  o n  a  chart (Fig .3) .  T h e  rate o f  a i r  flow in t h e  s e n s o r  w a s  50 m l / m i n ;  
T h e  s a mple a i r  w a s  c o n d u c t e d  f o r  3  sec .  at a n  int erval o「 30 sec .  o r  a b o ve .  
T h e  a n o d e  w a s  h e a t e d  b y  d e l i v e r i n g  750  m A  (about 8S0°C) .  

A i r  

Fig.l A p p a r a t u s  

(188 )  
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R ES l:L"'S  AND DISCUSS I ON  
Are・1 ．ぅr ga s- liquid co n tact an d  conc e n t rat io n  o f  r;a s - phase : .~i r b ubblin g  

-.-1  l.  th  a  Cr  it  t  e  d 只lass filt e r  o f  20  to  30  u m  in p o re  size at flow rat e  o f  th e  
w 2te r  o f  200  m l /'Tlin ,  the Patio s  o f  o pe r a t i n g  concentration t o  equilibrium o ne  
in  gas- pr,a se were measured at the various d e p t h  o f  the column in trichloro-
e thylene ( TCE )  so lution o f  0 .36 5  in'lenry constant o f  20°C. Where the contact 
area is  d irectly p roport ional to  the d e p t h .  
F igu re 4  shows that t he  long  column is re-
quired for the equilibrium  concentration in 
the stripping condition. The column o f  4 0 c m  
w a s  used t o  get the ca. 0 .6  in the ratio i n  
t he  subse quent e xperiment .  The ratio o f  
ch lo roform  o f  s m a l l '!enry constant(0 .158) 
w as O .6 3  in agreement with that o f  T C E .  
'.ln  the oth e r  hand the relationship between  
t he  ratio s  and the flow rate o f  the w a t e r  
'，,a s  at  a  plateau at 100  ml/min o r  above .  

S ffe ct o f  tef'lperature: The out -put 
for T C E」 0 「 10 0 u只／l was measured at the var -
ious t e mpe rature o f  the a i r  and the water. 

とF'i gure .  5  shows that the temperature o r  w a t e r  ・e ヽ
governs th e  ratio. Th e  data was reproducible 
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and  a名re e叶 with the  theoritical val ue( 0 .6) 
や

at 25°C o r  be l low ,respectively .  The 
ration in the water i,: measured exactly w i t h  "'= g  m a k i n g  te mperature  corrections .  

Calibration c urves: The out -put in P i g .  
6  w a s  governed by the product o f  the Henry 
constant and  the sensitivity o f  the sensor .  
".'h e  l imit o f  quantitation  was a  few u g/1 ;  
The c o-e ffi c ient o f  variance in 30 ug/1 was 

．
 

夕
〇7

,
 ．
 
u, 

Int e rference from co-existence: Th e  
sensitivity o f  free chlorine at pH  6 .5  and 
ch loride ion  o f  0 .1  m g /1  was a  n i ne  hundred-
t h  a s  s ma ll as that o r  chloroform ;  The c o- ゃ

ゴe xl.stence  o f  sodium chloride brought the  °' -5 0  
er r o r  o f  +7 沼． T he se Interference was neg] 
g ib le in pra ctice .  

'rh is system can b e  used in practice b y  
calibrat in g  with ch l o r o f o r m  and T C E  in t a p  
w a te r  (dri nking  water )  and ground water,re-
spe ct i vely .  
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S 5 - 0 3  HEAVY METAL ANALYSIS IN  SEA WATER SHELLFISH AND RIVER WATER 
SHELLFISH IN KOREA 

Hyung-Suk Kim骨， Duk-Man Kim**, In-Suk Koh*** 

*Kyung Hee University, School of Medicine, Seoul 1  J1, Korea 
**Seoul National Teachers College, Seoul 135 ,  Korea 
*** Kyu屯 Hee University, College of Pharmacy, Seoul 1J1, Korea 

According to the industrialization in many countries, river and sea water are 
contaminated with various kind of pollutants including heavy metals. Shellfish is 
usually living on the sediment area where influent metals are accumulated. As the 
result shellfish could be a  indicator of metal pollution in the river and sea water, 

Authors investigated heavy metal contents in shellfish which are living in Han 
River, the largest river passing through Seoul city, by comparing the metal contents 
in sea shellfish .  

Eight kind of the river shellfish, Cipangopaludina chinensis malleata, Semisulc□-
spira amurensis gottschei, Unio douglasiae, Cristaria plicata, Anodonta woodiana, 
Solenaia  triangularis, Lamprotula gottschei, Corbi cu la fluminea, and three kinds of 
sea shellfish, Meretrix lusoria, Cyclina sinensis, Mactra veneriformis, were chosen 
a s  the sample specimen, 

The samples were digested with nitric acid and perchloric acid, and metals were 
analyzed by Atomic Absorption Spectrophotometer and cold varor generator. 

The metal contents in the river water shellfish were 5 ,12 ppm of Cd ,  J1.74 ppm 
of Zn, 5.56 ppm of Cu, 251.28  ppm of Mn, 124,70 ppm of Fe, 4 ,29  ppm of Ni, 0 ,J4  ppm 
of Hg, and 5, 59 ppm of Pb. In the sea water shellfish the metal contents were 0. J? 
ppm of Cd, 9,J4 ppm of Zn, 1.9J ppm of Cu, 1. 8 4  ppm of Mn, 21.24 ppm of Fe, 1. 84 ppm 
of Ni, 0,07 ppm of Hg, and 1.82 ppm of Pb, whose values are less than the river water 
shellfish. 

In the analysis process shellfish were divided into  five sections; mentel, foot ,  
gill, viceral organ, and adductor muscle. Gill had the highest concentration of  metals 
among above five sections in shellfish. 

The five point sediments in river were analyzed to compare metal contents with 
shellfish and got the following results ;  Fe 97, 16 土 59, 84 ppm, Mn 59,23 土 11. 58 ppm, 
Cd 0,05 土 0.04, Cu 1.05 土 0,79 ppm, Zn 5 .82 土 4 ,42 ppm, Ni 1.45 土 0 ,?J ppm, and Pb 
1. 81 土 0,90 ppm, 

The river waters were also digested with nitric acid and analyzed with AAS, The 
highest concentration metal was Fe a s  50,40 土 42.61 ppm and the Cd concentration was 
0 .1J 土 0,08 ppm, 

A s  the above results river shellfish contained much higher concentration of metal s  
than sea shellfish. 

( 1渭10 ) 池詳化学研究 1  .  2  (1986 I  
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S 5 - 0 4  
T H E  FLUCTUATION O F  W A T E R  Q U ALITY A N D  SUCCESSION O F  
郎 YTOPLAN,ぐioi9S IN TrlE じ邸CKISH LA K E  NAKANOUMI. 
-YOi,AGO EMilAYHENT-

Kunio KO,~DO, Yasushi SEIKE, Takatoshi K I M Ul'-A and Hiroshi HASHITAtH  
Shiwane University, Hatsue, 690, Japan 

1. INTRODUCTIOl-l 
Lake Nakanoumi is m o s t  prominently characterized by its brackish w a t e r  

c o n s i s t  i ns  o f  f r e s h  a n d  s e a  w a t e r  a n d  b y  the a b u n d a n c e  o f  nitro;::;en a n d  
μhosphorus w h i c h  permits h ig h  biological productivity and facilitates water 
pollution. Since ti1e 1,a ter quality varies ;;reatly both h o r izontally and 
vertically a n d  sewera;:;e system in the river basin had remained backward, 
e u trophication had remarkably progressed from 1975 to 197 3.  In add ition, 
the biota o f  Lake Nakanourni, species living  in the lake, such as zoo- and 
,mytoplanktons ,  macroalgaes and fishes, is extremely divesified because 
fresh w a t e r  and marine species are added to species proper to brackish 
,.,a ter. A n d  their d istribution shows m u c h  variations hori乙ontally and sea -
sonall y  [l]. 
l'hus, La!,e Na!canoumi 1,hich is the closed w a ters o n  the coast has ecoloら一

ica lly unique characteristics to;:,eti1er 1, ith the phisicochem icall y  comμli-
cated w a t e r  environment. In this lake, there is waters, w h i c h  is hi;;hly 
closed and is  strongly influenced oy ti1e influx of se1-1a3e f r o m  the sur-
rounding city, such as Yonago Embayrnent waters, where eutrophication 
μrogr2sses m ore rapidly an d  w a te r  tJol lution is m ore conspicious than in the 
m a in basin o f  Lalce Nakanou111i. In this waters, the standing crop o f  phyto-
plankton is  large  a n d  the occurrence frequency o f  red tide is  a lso high. 
It is n o t  e a s y  t o  g r a s p  t h e  d i s t r i b u t i o n  o f  w a t e r  a n d  p h y t o p l a n k t o n s  o r  the 
relation iJe t11een them in the m a i n  basin o f  L a ke  N a kanoumi oecause in the 
,na i n  basin, t he  strearn f l o w s  o n  a  l a rg e  s c a l e  a n d  the w a t e r  is a p t  to b e  
i11fluenc e<l oy tne ,,1a ter an<lphytopla n ktons in other areas. In this 
respect, unlike the m a  in bas in o f  Lake l~akanoumi, Yona;;o Ernbaymen  t  waters 
is f i r m  1  J  c  1  o  s  e  d  a n  cl ti  1  e  s  tr e a  m  f  1  o w  s  o n  a  v e r y  s  1,1 a  11 s  c a  1  e  a n  <l c o n s  e  -
quently it is hardly affected b y  the w a t e r  o f  other areas. 
fher2tore, Yonago E m bayment waters has a n  a<lvanta;;e over the ¥':'la in lJasin 

o f  the lai,e in that it is e a s i e r  to s e i z e  the d i s t r i b u t i o n  o f  w a t e r  a n d  
;,hytopla11.,tons an<lthe relation bet1・1een the1,1, 
The understanding o f  characteristics of phytoplanktons is hi;:;hly closed 

1-,aters l L,e Yonago E m o a y m e n t  seems to offer i mportant inform a t i o n  for 
elucidation of the 1nechanism o f  w a t e r  pollution, for prediction of the 
¥-later qua lity af ter a  salt- to fresli-¥-Jater trans ition in the feature an d  
for prevention of the progress of w a t e r  pollution in Lake I~akanourni w h i c h  

(192 )  洵洋化学研究 1, 2  (1986 )  



is the closed water area at the coast. 
The present report is based o n  the data obtained from the investigation 

o n  dyna』 ics of phytoplanktons in Yona:,o Embayrnent waters frorn 1974 to 1984.  

2. GEOG!迅 Pi-IIC ENVIlMOiiiIEN1’ 
Yonago Embayment is located at the east end of Lake N alcanoumi, deeply 

landlocl:ed by the protrusion o f  the Yurnigahama Peninsula and it is shallow 
w i t h  the average depth of about t,.5 m. The embayment is surrounded by 
urban district ( Y o n a[;O C i t y )  a n d  the sewage f r o m  the city directly runs 
into this waters. The stream in the embayment is anticlockwise and the 
water is ready to sta呂nate.

3. ¥,J A T E R  E N V  IRONl1EirT 
As Yonago  Embay111ent is about 16 k m  a w a y  from the Sakai Channel w h i c h  is 

tt1e e n t r a n c e  o f  the s e a  w a t e r  an d  the d e p t h  is s u d d e n l y  r e d u c e d  a r o u n d  the 
m o u t h  o f  the embayment. Thus, the embayment is not directly influenced by 
ti1e sea 1,;ater w h i c h  flows into La'.,e Nakanoumi by a  tidal m o v e m e n t  a n d  
consequently a  firm halocline observed in the m a i n  basin of Lake i,akanourni 
is n o t  formed. F o r  this reason, T h e  w a t e r  i n  t h e  e m b a y m e n t  is m o r e  a p t  to 
b e  m i x e d  v e r t i c a l l y  b y  w i n d s  a n d  w a v e s  t h a n  that i n  t h e  m a i n  basin. I n  
addition, the concentration of nitrogen and phosphorus in this embay1.tent is 
i1 ig h e r  t h a n  t h o s e  in the o t h e r  w a t e r  a r e a s  o f  L a k e  N a k a n o u m i ,  f o r  the 
a  t1to u n  t  1  o a d e d  £ ro  m  Lie u r o a n  s  e、,a g e a n d  the bottou1 o f  tl1e la :ce  is l a r ge .  
1,. DYNA,'!ICS O F  PHYTOl'LANK'fONS 
The changes in the amount o f  Chlorophyll-a (Chl-a) a t  the depth of 1  rn 

l1ad b e e n  m on i t o r e d  fro1,1 197<, t o  19 3 4  a n d  a s  a  result, t h e  v a l u e s  m o r e  t h a n  
70 ug/1 h a d  been often observed and in M a r c h  o f  1979, a  very high values of 
33<1 ug/1 w a s  recorded. A s  to the relationship between the a1J1ount of Chl-a 
and the 1,a ter temperature o r  the salinity, it w a s  observed that the amount 
of Chl-a tended increase w h e n  the w a t e r  ternperature a n d  the salinity w e r e  
lmv. Besides, the phytoplanktons w h i c h  h a d  appeared m o s t  numerously in 
'{onagO E m b a y m e n t  were skeletonema costatum, Prorocentrum minimulll, 

sp., and so on, w h i c h  occupied m o r e  than half of the 
total numbers o f  phytoplanktons appeared during  eleven years (1974-1934). 
A m o n g  them, the phytoplankton w h i c h  caused the most remarkable red tide 

,,as P. m i n i m u m  and it appeared frequently f r o m  winter to sprin;_;, w h e n  the 
1-1ater te1,1perature w a s  low. A n d  it w a s  observed that the red tide phenorae-
n o n  caus e d  b y  this species tended to occur w h e n  a  strong seasonal w i n d  blew 
immediately after the mass appearance o f  d・ ~-

S. REFERENCES 
(1) Ohtake, H., K ondo, K., Hayashi, N., l(awata, S. a n d  Date, Y., A r c l n v  

£ur liidrobiol.，些． 309-323 (19Gll). 
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S 5 - 0 5  
NITROGEN METABOLISM IN THE BRACKISH LAKE NAKANOUMI 

Yasushi SEIKE, Kunio KONDO ,  Takatoshi KIMURA and Hiroshi HASHITANI 

Shimane University, Matsue, 690, Japan 

T h e  nitrogen-15 tracer technique is a n  effective approach for the study 
o f  the nitrogen metabolism in aquatic environment. In aquatic field studies, 
this technique w a s  first applied to the measurement o f  the nitrogen fixation 
rate in lake water [1,2]. 

15 In this work, w e  applied the ~JN tracer technique [3] to the measure-
ment o f  ammonium and nitrate uptake rate b y  the natural phytoplankton 
communty in the brackish lake Nakanourni .  W e  also applied the 15N dilution 
technique [4] for simultaneous determinations o f  nitrification and nitrate 
reduction in a  water-sediment system .  

Here, w e  report o n  the seasonal variation o f  ammonium and nitrate up-
take rate and the dynamics of ammonium and nitrate in the phytoplankton 
standing stocks, and a  nitrification-denitrification mechanism in the water-
sediment system, as observed in the brackish lake Nakanourni. 

1 .  W A T E R  ENVIRONMENT 
Lake Nakanoumi is connected w i t h  Japan sea only via Sakai Channel which 

is approxi11_1ately O .  3  K m  wide and 7. 5  K m  long .  This lake h a d  a  surface _area 
2  o f  97.5 Kmz and a  total stora8e volume o f  5 .2  x  108 企 at mean water-level 

o f  0 .2  m .  The m e a n  depth o f  the lake is 5 .4  m  a n d  about 70% o f  this area is 
shallower than 7  m .  Salinity decreases toward the interior o f  Lake Nakanoumi 
from 30-35 Sakai Channel to 5-10 。1。。 at Ohashi Channel .  In the deeper 
basin o f  Lake Nakanoumi a  halocline developes at a  depth 3-4 m  [SJ .  Dissolved 
oxygen ( D O )  decreased in the water below the halocline in summer .  But the 
dissolved exist about 10-30% saturation, because a  seawater w i t h  high DO 
concentration enter directry into the bottom o f  Lake Nakanoumi through Sakai 
Channel [6]. 

A t  the central basin o f  Lake Nakanoumi a  high concentration of nitrate 
was observed in winter, while a  high concentration of nitrite derived from 
the nitrification was observed in the overlying water in sUI11IT1er. 

2 .  UPTAKE RATE O F  AMMONiill1 A N D  NITRATE B Y  PHYTOPLANKTON 
T h e  uptake rate o f  annnonium a n d  nitrate b y  the natural phytoplankton 

connnunity in Lake Nakanoumi w e r e  measured from August 1983 to July 1984 using 
the 15N tracer technique, Ammonium was assimilated in preference to nitrate, 

I  l'l4 )  海洋化学研究 I, 2  (1986 )  



-1 a n d  nitrate u s e  began when ammonium was depleted to about 3  μgN ・1 ~. T h e  
result o f  the mutiple regression analysis implied that the uptake rate o f  
ammonium w a s  modified primarily b y  water teperature, phytoplankton standing 
stock and ambient concentration o f  ammonium .  

Nitrogen appears to b e  the most important limiting element for the 
phytoplankton growth in the euphotic layer at the central basin o f  Lake 
Nakanoumi from M a y  to December, because the halocline acts as a n  effective 
barrier for the vertical transport o f  enriched nitrogen nutrient i n  the 
overlying water .  T h e  seasonal pattern o f  nitrate concentration i n  the eupho-
tic layer at the central basin o f  Lake Nakanoumi was closely related to the 
nitrate uptake rate b y  the phytoplankton standing stocks .  

3. NITRIFICATION A N D  DENITRIFICATION IN A  WATER-SEDIMENT SYSTEM 
Samples o f  water-sediment from Lake Nakanoumi were incubated in the 

labolatory under conditions o f  several dissolved oxygen concentrations. T h e  
total inor~anic nitrogen ( T I N )  concentrations decreased w i t h  increasing 
concentration o f  D O  from 4  t o  3lo/.。.

The rate o f  nitrification a n d  nitrate reduction in a  water-sediment 
system were simultaneously determined b y  the 15N dilution technique. T h e  rate 
o f  nitrification, nitrate reduction a n d  denitrification a t  25°C w e r e  9-15, 

-2 22-31 and 15-22 mgN-m-"'" -d a y― 1  respectively. T h e  summer T I N  concentrations in 
the hypolimnion at the central basin o f  Lake Nakanoumi substantially de-
creased durinp, the period o f  1979-1984 .  T h e  nitrification-denitrification in 
the water-sediment system a t  l o w  D O  ( 1 0  30o/.。) c o n d i t i o n appears to b e  at 
least partly responsible for this interesting phenomenon .  

4 .  REFERECES 
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5  5  - Q  6  T H E  A U T O M A T I C  D E T E R M I N A T I O N  O F  I O D I N E  S P E C I E S  I N  S E A W A T E R  
B Y  A  N E W  E L E C T R O C H E M I C A L  T E C H N I Q U E  
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I N T R O D U C T I O N  
I n o r g a n i c  i o d i n e  s p e c i e s  i n  s e a w a t e r  h a v e  b e e n  a n a l y z e d  b y  v a r i o u s  

m e t h o d s  s u c h  a s  A g I  p r e c i p i t a t i o n  method, c a t a l y t i c  method, I 3 -
s p e c t r o p h t o m e t r y  a n d  p u l s e  p o l a r o g r a p h i c  method. I n  t h e s e  methods, a p a r t  
f r o m  t h e  A g I  p r e c i p i t a t i o n  m e t h o d  w h i c h  is v e r y  complicated, i o d i n e  s p e c i e s  
a r e  d e t e r m i n e d  a s  I03― a n d  total-I, a n d  I- c o n c e n t r a t i o n  i s  o b t a i n e d  a s  t h e  
d i f f e r e n c e  b e t w e e n  t h o s e  o f  I03― a n d  total-I. S i n c e  t h e  I- c o n c e n t r a t i o n  is 
o f t e n  f a r  l o w e r  t h a n  t h a t  o f  I03 ― i n  seawater, s u f f i c i e n t  a c c u r a c y  f o r  
d e t e r m i n a t i o n  o f  I- c o n c e n t r a t i o n  c a n n o t  b e  o b t a i n e d  b y  t h e s e  methods. 
Moreover, t h e r e  i s  a  p o s s i b i l i t y  that o r g a n i c a l l y - b o u n d  i o d i n e  i s  d e t e r m i n e d  
a s  a  p a r t  o f  I― b y  t h e s e  methods. W e  h a v e  d e v e l o p e d  a  n e w  e l e c t r o c h e m i c a l  
t e c h n i q u e  f o r  t h e  a u t o m a t i c  d e t e r m i n a t i o n  o f  iodine s p e c i e s  i n  seawater(1). 
T h i s  m e t h o d  i s  b a s e d  o n  t h e  p r i n c i p l e  t h a t  t h e  I― i s  e l e c t r o c h e m i c a l l y  
o x i d i z e d  t o  I2 a n d  s i m u l t a n e o u s l y  a d s o r b e d  o n  a  c a r b o n  e l e c t r o d e  i n  a  
p r e c o n c e n t r a t i o n  c e l l  a n d  t h a t  t h e  I― e l u t e d  f r o m  t h e  c a r b o n  e l e c t r o d e  i s  
d e t e r m i n e d  a t  t h e  c o n t i n u o u s l y  p o l i s h e d  A g 3 S I  e l e c t r o d e  i n  t h e  d e t e c t i o n  
cell. W i t h  t h i s  m e t h o d  iodine s p e c i e s  c a n  b e  a c c u r a t e l y  d e t e r m i n e d  a s  I― a n d  
total-I f r o m  s e a w a t e r  s a m p l e s  o f  less t h a n  50 mL. 

M E T H O D  
F i l t e r e d  s e a w a t e r  i s  a c i d i f i e d  w i t h  a c e t i c  acid. A t  t h e  s a m e  time, 

t e t r a d e c y l d i m e t h y l b e n z y l a m m o n i u m  c h l o r i d e  i s  added. T o  t h e  s a m p l e  s o l u t i o n  
f o r  t o t a l - I  a n a l y s i s  i s  a d d e d  a s c o r b i c  a c i d  t o  r e d u c e  103- t o r - .  T h e n  t h e  
s a m p l e  s o l u t i o n s  a r e  p l a c e d  o n  a n  a u t o - s a m p l e r  a n d  t h e  s u b s e q u e n t  o p e r a t i o n s  
a r e  a u t o m a t i c a l l y  c o n d u c t e d  i n  a  f l o w  s y s t e m  that is c o n t r o l l e d  w i t h  
i n t e r l o c k i n g  6 - s t e p  timers. A t  t h e  first stage, t h e  r e s i d u a l  s a m p l e  s o l u t i o n  
i n  t h e  s y s t e m  i s  e x c h a n g e d  w i t h  a  n e w  one, f o l l o w e d  b y  c h a n g i n g  t h e  p o t e n t i a l  
a p p l i e d  t o  t h e  p r e c o n c e n t r a t i o n  cell f r o m  -0.2 t o  0 . 8  V  vs. NSE. T h e  s a m p l e  
s o l u t i o n  i s  p a s s e d  t h r o u g h  t h e  c e l l  f o r  80s(7mL) for t o t a l - I  a n a l y s i s  a n d  
400s (34mL) f o r  I― a n a l y s i s  a t  t h e  f l o w  r a t e  o f  SmL/min. A f t e r  electrolysis, 
t h e  c e l l  is r i n s e d  w i t h  a  c l e a n i n g  s o l u t i o n  t o  r e m o v e  i n t e r f e r i n g  materials. 
T h e  c e l l  p o t e n t i a l  is a g a i n  r e d u c e d  t o  -0.2 V  vs. N S E  t o  e l u t e  12 f r o m  t h e  
c a r b o n  e l e c t r o d e  w i t h  e l u e n t  c o n t a i n i n g  a  r e d u c i n g  agent. T h e  e l u e n t  is 
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i n t r o d u c e  t o  t h e  d e t e c t i o n  c e l l  a n d  I― is d e t e r m i n e d  a t  t h e  p o l i s h e d  
e l e c t r o d e  t o  w h i c h  t h e  p o t e n t i a l  o f  0.06 V  vs. N S E  is u s u a l l y  applied. S i n c e  
a  m a j o r  p o r t i o n  o f  c o e x i s t i n g  m a t e r i a l s  i s  s e p a r a t e d  a t  t h e  e l e c t r o l y s i s  
s t a g e  a n d  the A g 3 s r  e l e c t r o d e  i s  h i g h l y  s e l e c t i v e  f o r  I-, t h e r e  a r e  f e w  
i n t e r f e r i n g  m a t e r i a l s  i n  t h i s  method. 
T o  e x a m i n e  t h e  e f f e c t  o f  o r g a n i c a l l y - b o u n d  iodine o n  t h e  d e t e r m i n a t i o n  o f  

i n o r g a n i c  i o d i n e  s p e c i e s  b y  t h i s  method, a l k y l  i o d i d e  compounds, i o d o a l c o h o l s  
a n d  i o d o t y r o s i n e  derivatives, w h i c h  h a v e  b e e n  f o u n d  i n  m a r i n e  organisms, w e r e  
tested. A l m o s t  a l l  o r g a n i c  i o d i n e  h a d  n e g l i g i b l e  effects, e x c e p t  t h a t  a  p a r t  
o f  i o d o t y r o s i n e  d e r i v a t i v e s  a n d  i o d o f o r m  i s  d e t e c t e d  a s  r-. 

A N A L Y T I C A L  R E S U L T S  
T h i s  m e t h o d  w a s  a p p l i e d  t o  t h e  s e a w a t e r  s a m p l e s  c o l l e c t e d  f r o m  t h e  

a d j a c e n t  s e a s  o f  J a p a n  a n d  t h e  n o r t h  P a c i f i c  O c e a n  i n  1984 a n d  1985. I n  a l l  
s e a  a r e a s  investigated, t h e  d i s t r i b u t i o n s  o f  t o t a l - I  w e r e  s i m i l a r  t o  p r e v i o u s  
o b s e r v a t i o n s  f r o m  t h e  o p e n  oceans, t h a t  is, its v e r t i c a l  p r o f i l e s  w e r e  a l m o s t  
u n i f o r m  f r o m  s u r f a c e  t o  b o t t o m  w i t h  s l i g h t  d e p l e t i o n  i n  t h e  s u r f a c e  waters. 
I― d i s t r i b u t i o n s  w e r e  a l s o  a s  e x p e c t e d  f o r  a l l  s e a  a r e a s  e x c e p t  f o r  t h e  J a p a n  
Deep, w h i c h  h a d  a  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n  i n  t h e  s u r f a c e  w a t e r s  a n d  
e x t r e m e l y  l o w  c o n c e n t r a t i o n  b e l o w  t h e  e u p h o t i c  zone. T h e  a v e r a g e  
c o n c e n t r a t i o n  o f  I― i n  t h e  d e e p  w a t e r s  o f  t h e  n o r t h  P a c i f i c  O c e a n  w a s  2.5 nM, 
w h i c h  c o r r e s p o n d s  t o  0 . 6 も o f total-I. T h e  p r o p o r t i o n  o f  I― t o  total-I i n  
t h e  s u r f a c e  w a t e r s  w a s  ca. 12 t o  15 も b e t w e e n 3 5 N゚ a n d  46 N゚, a n d  it i n c r e a s e d  
f r o m  s o u t h  o f  35°N; 30 も a t 3 0°N a n d  45 も a t 24°N. B e s i d e s  t h e  s u r f a c e  
waters, h i g h  c o n c e n t r a t i o n s  o f  I― w e r e  o b s e r v e d  i n  t h e  b o t t o m  w a t e r s  o f  t h e  
J a p a n  Sea, t h e  w a t e r  c o l u m n  o f  t h e  J a p a n  D e e p  a n d  d i r e c t l y  o v e r l y i n g  w a t e r s  
o f  t h e  n o r t h  P a c i f i c  Ocean. Especially, n o t i c e a b l e  a m o u n t s  o f  I― w e r e  
d i s t r i b u t e d  i r r e g u l a r l y  f r o m  s u r f a c e  t o  b o t t o m  i n  t h e  J a p a n  Deep. S i n c e  t h e  
c o n c e n t r a t i o n  o f  t o t a l - I  i n  t h e s e  w a t e r s  i s  a  c o m m o n  value, t h e  i n c r e a s e  o f  
r - c o n c e n t r a t i o n  is c o n s i d e r e d  t o  b e  d u e  t o  t h e  fact that ro3― i s  r e d u c e d  t o  
I―. A c c o r d i n g  t o  t h e  p r e v i o u s  reports, t h e  r e d u c t i o n  o f  ro3 ← i n  t h e  o c e a n  i s  
c a u s e d  b y  n i t r a t e  r e d u c i n g  bacteria, a n d  ro3- i s  u s e d  t o  c o m p e n s a t e  f o r  t h e  
d e p l e t i o n  o f  N 0 3― i n  t h e  s u r f a c e  waters. However, a  c o n s i d e r a b l e  a m o u n t  o f  
I― e x i s t s  i n  t h e  s u r f a c e  w a t e r s  o f  n o r t h  o f  4 0°N w h e r e  t h e  c o n c e n t r a t i o n  o f  
N 0 3― is m o r e  t h a n  10 p M  a n d  h i g h  c o n c e n t r a t i o n s  o f  r- a r e  o b s e r v e d  p a r t l y  i n  
t h e  d e e p  w a t e r s  w h e r e  t h e  c o n c e n t r a t i o n  o f  N Oぷ is m o r e  t h a n  30 p M .  T h i s  
s u g g e s t s  t h a t  t h e  r e d u c t i o n  o f  ro3― o c c u r s  w h e n  t h e  c o n s u m p t i o n  r a t e  o f  N o 3 -
is f a i r l y  f a s t  i n  t h e  p r e s e n c e  o f  a  l a r g e  a m o u n t  o f  o r g a n i c  matter, r a t h e r  
t h a n  w h e n  N o 3 - is depleted. 

R E F E R E N C E S  
(1) Nakayama, E., e t  al., Anal. Chem., 57, 1157-1160 (1985). 
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O N- BOARD AUTOMATED  SYSTEM FOR MONITOR ING  LAKE ENVIRONMENT 

M i c h i o  KUMAGAI*, Hirota M A E D A*, Yukio  OONISHI *, 'l'akashi  KIMOTO** 

*  Lake B iwa Research Institute ,  1- 10 Uchideharna ,  Otsu, Shiga 520 ,  J apan 
** Kimot o  Electric CO ., LTD. 3-1 Funahashicho, T ennouji, Osaka 534 .  J ap an  

lNTRODUCT I ON  
W e  developed the on- board automa ted monito ri n g  sy stem, whic h  enables us  

to measure the time se ries o f  13 phy sical/c hemica l  components (water tempera-
ture ,  p H ,  conductivity ,  dissolved oxygen ,  turbid ity ,  chlor ophy ll- a ,  COD ,  TN, 
NO,- N, NH4- N, TP, P04―P ,  Si02) at a ny  time interv al greater than one hour. 3  
W e  applied this system to  the estimation o f  the vertical diffusivity near the 
bottom and the release rate o f  ammo nium nit rogen from the bottom in the  
Southern Basin o f  La ke Biwa. 

T h e  release rate o f  ammonium nitrogen f"rom  the sediment in the Norther n  
B a s i n  o f  L ake Biwa was estimated by Kamiyam a  et a l .  (1) ,  and they found that 
the release rate is  1.6 m g- N/m2/day .  T h e ir result was, however ,  der ived fro m  
the vertical distributions o f  ammonium nitrogen in the sediment and it does 
not necessarily m e a n  the real flux o f  ammoniu m  nitro ge n  from the bottom to 
the water. Moreover, their method is not avail ab le  for a  shal low  lake like  
the Southern Basin, because the sediment o r  a  sha ll ow  lake is o ften disturbed 
by w i n d- waves and the distributio n  o f  ammo nium n itro ge n  may be not stable 
enough to  determine the release rate. 

O u r  m a i n  concern o f  this study is to establish the method to estimate  
the vertical diffusivity and the release rate o f  chemical components near the 
bottom of" a  shallow lake such as t he  Southern Basin .  

DISCUSSION 
W e  set the o n- board automated monitoring sy stem o n  the dredged area 

(depth 12 m) in the S o uthern Basin from 16th to 30th o f  October in 1984 .  T he  
sampl i n g  w a t e r  o f  each d e p t h  o f  7  m  and 11 m  w a s  pumped up at every one hour ,  
alternatively .  In Fig.l ,  the circles show the time change o f  turbidity, the 
solid line does the wind speed  at Yabase island and the hatched area indi-
cates the precipitation at Otsu. It is easily found that w e  had w e a k  wind 
and no rain from 23rd to 28th. In order to estimate the release rate o f  
ammonium nitrogen from the bottom, w e  used the data o n  these calm days. 

Fig.2 illustrates the observed values(circles) and the predicted value s  
(solid lines) o f  ammonium nitrogen. T his prediction was performed o n  the 
assumption that the distributions o f  ammonium nitrogen are governed by the 
one- d i mensional diffusion equation. After the calculations o f  several cases, 
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w e  succeeded in obtainin g  the optimum values o f  the vert ical diffusivity and 
the release rate. T h e  vertical diffusivity is  compared w i t h  the values 
estimated the different method(2) in F i g .3 .  

CONCLUSION 
W e  estimated the vertical diffusivity and the release rate o f  ammonium 

nitrogen in the Southern B a s i n  o f  Lake Biw a  w i t h  the data o f  the automated 
monitoring system .  As the result, it is found that the vert ical diffusivity 
is 0.13 cm2/sec and the release rate is 39.2 m g- N/m2/day .  W e  can conclude 
that the method o f  this study is reasonable to estimate t he  vertical  diffu si-
v ity and the release rate in a  shallow lake .  

REFERENCES 
(1) Kamiy ama, K., O k u d a ,  S. and Kawai, A .  Jap. J .  Limnol. ,  38 ,  62- 69 (1977) 
(2) Kumag ai, M. ,  M a e d a ,  H. and Oonishi ,  Y. Jap. J .  Limnol. ,  47 ,  27- 35 (1986 )  
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uE V E L O P M E N T  O F  C O N T I N U O U S  MULTI-ELEMENTS MONITORING 
SY S T E M  F O R  T H E  E N V I R O N M E N T A L  W A T E R  CHARACTERI ZATION 

Kazuo H I I R O ,  J i t s u z o  N A G A O  a n d  Takashi K I M O T O  

Government Industrial Research Institute, O s a k a ,  Ikeda, 563 
.Japan 

INTRODUCTION 
Recently ,  r e d  tide occurs very o f t e n  i n  coastal s e a  areas a n d  in lakes 

i n  J a p a n .  It is c o n s i d e r e d  that o n e  o f  t h e  m a i n  reasons o f  occurrence o f  
red tide is the e u t r o p h i c a t i o n  o f  waters. F o r  the elucidation o f  m e c h a n i s m  
o f  red tide o c c u r r e n c e  a n d  for the purpose o f  foresight o f  its occurrence it 
is necessary t o  d e v e l o p  a u t o m a t e d  measurement techniques o f  eutrophic sub -
stances a n d  o t h e r  w a t e r  q u a l i t y  parameters. Therefore, a  n e w  continuous 
m u l t i -elements m o n i t o r i n g  s y s t e m  for the environmental w a t e r  characterization 
h a s  been d e v e l o p e d .  

D EV E L O P M E N T  O F  A U T O M A T E D  M E A S U R I N G  APPARATUS O F  EUTROPHIC SUBSTANCES 
Automated m e a s u r i ng  apparatus o f  phosphate, total phosphorus, nitrate, 

a m m o n i a  a n d  tota l  n i t r o g e n  w e r e  developed. Dissolved inorganic phosphate was 
m e a s u r e d  w i t h  p h o s p h o m o l y b d a t e -electrolytic detection method1l. Total p h o s -
h o r u s  w a s  d e t e r m i n e d  b y  autoclave d i g e s t i o n  o f  phosphorus compounds follow-
inf; the p h o s p h o m o l y b d a t e  method. Ultraviolet dual wavelengths spectrophoto-

2 )  r:iecric m e t h o d  w a s  a p p l i e d  t o  t h e  rneasureme,nt o f  nitratec 1,  enrichment w i t h  a  
芸 s-permeable m e m b r a n e  a n d  measurement u f  conductivity w e r e  t o  ammonia3l ,  
a n d  the autoclave d i g e s t i o n  m e t h o d  a n d  the ultraviolet spectrophotometry to 

I;) to t a l  nitrogen"1 .  

AU'l'OMATED M E A S U R I N G  A P P A R A T U S  O F  O T H E R  W A T E R  Q U A L I T Y  PARAMETERS 
Temperature, p H ,  d i s s o l v e d  oxygen, salinity and turbidity were m e a s u r e d  

w i t h  t h e  c o n v e n t i o n a l  apparatus .  A n  automated apparatus f o r  t h e  measurement 
o f  chemical o x y g e n  d e m a n d  w i t h  the permanganate oxidation m e t h o d  w a s  deve -
loped. Sil icate w a s  m e a s u r e d  w i t h  the silicomolybdate -electrolytic detection 
a n d  chlorophill a  w i t h  the fluorometric m e t h o d .  

C O N S T R U C T I O N  O F  C O N T I N U O U S  M U L T I -ELEMENTS MONITORING B U O Y  
A  m o n i t o r i n g  b u o y  o f  w h i c h  size w a s  6 . 0 m  long, 4.5m w i d e  a n d り．7 m h i g h  

\•:as constructed. A l l  above m e n t i o n e d  automated m e a s u r i n g  apparatus were 
e q u i p p e d  t o  t h e  buoy. Fig. 1  shows the construction o f  the b u o y .  T w o  diesel 
e lectric p ow e r  g e n e r a t o r s  o f  2 k W  capacity ,  a n  automated sampling apparatus ,  
a  wirelc!3s t e l e m e t e r i n g  s y s t e m  a n d  d a t a  logger w e re  equipped to the buoy .  

(200 )  池洋化学研究 1 ,  2  (1986 )  



A  specially disigned automated washing equipment for the sampling and 
measuring systems overcame the problems due to  the growth o f  algae o n  the 
systems. 

Ano ther monitoring buoy wh ich could transport o n  a  traller from water 
to water ,  was constructed .  The size o f  the small buoy was 5.4 x  2 .2  x  2 .2m .  
Fig .  2  the construction o f  the buoy .  

EVALUATION  O F  T H E  MULTI -ELEMENTS MONITORING BUOY 
The automated measuring apparatus could measure automatically the water 

quality parameters without any serious problem .  It was found that the con -
centration o f  eutrophic substances in waters was changing very  rapid ly .  
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Fig. l  Construction o f  large buoy F i g .  2  Construction o f  small buoy 
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S 5 - 0 9  CO N T I N U O U S  M O N I T O R I N G  M E T H O D  O F  E N V I R O N M E N T A L  W A T E R S  
U S I N G  C O N T I N U O U S  M I C R O  F L O W  

M a s a s h i  GOTO, S h u n j i  KUMAGAI, S h i g e o  M U R O F U S H I  a n d  D a i d o  ISHII 
R e s e a r c h  C e n t e r  f o r  R e s o u r c e  a n d  E n e r g y  Conservation, N a g o y a  University, 
Chikusa-ku, N a g o y a - s h i ,  464 J a p a n  

E n v i r o n m e n t a l  s c i e n t i s t s  a r e  a w a r e  o f  t h e  increasing n e e d  f o r  
a u t o m a t e d  m e t h o d s  w h i c h  a r e  s u i t a b l e  f o r  c o n t i n u o u s  m e a s u r e m e n t s  o f  
c h e m i c a l  o x y g e n  d e m a n d  (COD), total p h o s p h o r u s  a n d  nitrogen, w h i c h  c a n  a l s o  
d e t e r m i n e  s u c h  t r a c e  t o x i c  m e t a l s  a s  m e r c u r y  i n  w a s t e w a t e r  a n d  o t h e r  w a t e r  
samples. T w o  c l a s s e s  o f  t h e  c o n t i n u o u s  f l o w  a n a l y z e r s  a r e  i n  u s e  t o d a y  f o r  
s u c h  purpose; t h e  a i r - s e g m e n t e d  a n a l y z e r  (Technicon AutoAnalyzer) o f  S k e g g s  
a n d  t h e  f l o w  i n j e c t i o n  a n a l y z e r  o f  R u z i c k a  a n d  Hansen. T h e  former e m p l o y s  
a i r - s e g m e n t a t i o n  o f  sample, t h u s  d i v i d i n g  t h e  flowing s a m p l e  s t r e a m  i n t o  a  
n u m b e r  o f  c o m p a r t m e n t s  s e p a r a t e d  b y  a i r  b u b b l e s  t o  p r e v e n t  b r o a d n i n g  a  
s a m p l e  zone. T h e  l a t t e r  i s  b a s e d  o n  t h e  i n j e c t i o n  o f  s a m p l e  i n t o  a  moving, 
c o n t i n u o u s  c a r r i e r  stream, t h u s  u s i n g  t h e  d i s p e r s i o n  o f  s a m p l e  z o n e  b y  
laminar flow. T h e  d i s a d v a n t a g e  o f  c o n v e n t i o n a l  f l o w  a n a l y z e r s  i s  that 
a n a l y t i c a l  r e s u l t s  t e n d  t o  d e v i a t e  f r o m  t h o s e  o b t a i n e d  b v  the s t a n d a r d  
method, b e c a u s e  t h e  r e a c t i o n  t i m e  is u s u a l l y  t o o  short a n d  large a m o u n t s  o f  
r e a g e n t s  a r e  r e q u i r e d  f o r  c o n t i n u o u s  measurement. 

W e  h a v e  b e e n  d e v e l o p e d  t h e  c o m p l e t e l y  c o n t i n u o u s  f l o w  a n a l y z e r  f or  
COD, t o t a l  phosphorus, total n i t r o g e n  a n d  total m e r c u r y  i n  w a s t e w a t e r  a n d  
e n v i r o n m e n t a l  waters. O u r  a n a l y z e r  d i f f e r s  f r o m  conventional c o n t i n u o u s  
f l o w  a n a l y z e r s  i n  o n l y  o n e  respect. T h e  s a m p l e  is c o n t i n u o u s l y  injected a s  
a  s t r e a m  i n t o  a  c o n t i n u o u s  r e a g e n t  s t r e a m  a t  a  lower f l o w  r a t e ( l e s s  t h a n  
100 叫／m i n ) w i t h o u t a i r  segmentation. 
1. C O N T I N U O U S  M O N I T O R I N G  M E T H O D  O F  C O D  

A  sample, a n  a c i d i c  r e a g e n t  (1 0 も s u l f u r i c a c i d  c o n t a i n i n g  40 %  

p h o s p h o r i c  acid), a  c a t a l y t i c  r e a g e n t  (0.5 も siver nitrate) a n d  a n  
o x i d i z i n g  r e a g e n t  (1.6 m M  p o t a s s i u m  permanganate) a r e  c o n t i n u o u s l y  p u m p e d  
w i t h  a  p e r i s t a l t i c  p u m p  a t  t h e  l o w  f l o w  r a t e  o f  e a c h  5 0  pl/min. T h e  s a m p l e  
s t r e a m  is m i x e d  i n  o r d e r  w i t h  t h e  acidic, c a t a l y t i c  a n d  o x i d i z i n g  reagents. 
T h e  m i x t u r e  i s  i n t r o d u c e d  i n t o  a  r e a c t i o n  t u b e  (18 m  x  0 . 6  m m  i.d.) i n  a  
b o i l i n g  w a t e r  bath, w h e r e  t h e  s a m p l e  is o x i d i z e d  f o r  30 m i n  u n d e r  
c o n t i n u o u s  flow. F o l l o w i n g  t h e  reaction, t h e  m i x t u r e  s t r e a m  p a s s e s  t h r o u g h  
a  m i c r o  p h o t o m e t r i c  f l o w  c e l l  (10 m m  light pass, B  p l  volume) a n d  t h e n  a  
t h i n  l a y e r  e l e c t r o l y t i c  cell. T h e  a b s o r b a n c e  a t  525 n m  a n d  t h e  r e d u c t i o n  
c u r r e n t  a t  0 . 5 0  V  vs. A g / A g C l  o f  p e r m a n g a n a t e  u n r e a c t e d  a r e  c o n t i n u o u s l y  
r e c o r d e d  t o  m o n i t o r  C O D  i n  w a t e r  sample. 
2. C O N T I N U O U S  M O N I T O R I N G  M E T H O D  O F  T O T A L  P H O S P H O R U S  
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A  sample, a n  o x i d i z i n g  r e a g e n t  (1 も p o t a s s i u m p e r s u l f a t e  i n  0.1 N  
-4 s u l f u r i c  a c i d )  a n d  a  c o l o r  d e v e l o p i n g  r e a g e n t  (1.5 x  10 -~ M  m a l a c h i t e  

-2 green, 1. 7  x  1 0 - "  M  a m m o n i u m  m o l y b d a t e ,  0 . 0 6 も p o l y v i n y l a l c h o l  i n  2 . 5  N  
s u l f u r i c  a c i d )  a r e  c o n t i n u o u s l y  p u m p e d  a t  t h e  f l o w  r a t e  o f  e a c h  6 0 ) . l 1 / m i n .  
T h e  s a m p l e  s t r e a m  i s  f i r s t  m i x e d  w i t h  t h e  o x i d i z i n g  r e a g e n t  a n d  i n t r o d u c e d  
i n t o  a  h y d r o l y s i s  a n d  o x i d a t i o n  r e a c t i o n  t u b e  (4 m  x  0 . 6  m m  i.d.) i n s e r t e d  
a  p l a t i n u m  w i r e  (4 m  x  0 . 2  m m  o . d . )  i n  a n  a l u m i n u m  b a t h  (120 C゚), w h e r e  t h e  
o r g a n i c  p h o s p h o r u s  a n d  c o n d e n s e d  p h o s p h a t e s  a r e  c o n v e r t e d  t o  
o r t h o p h o s p h a t e .  T h e  m i x t u r e  s t r e a m  is t h e n  m i x e d  w i t h  t h e  c o l o r  d e v e l o p i n g  
r e a g e n t  a n d  i n t r o d u c e d  i n  t o  a  r e a c t i o n  t u b e  (5 m  x  0 . 5  m m  i.d.), w h e r e  t h e  
o r t h o p h o s p h a t e  is c o n v e r t e d  t o  t h e  i o n - a s s o c i a t i o n  c o m p l e x  o f  ( m a l a c h i t e  
green)0(PM0,.,0,,..). F o l l o w i n g  t h e  r e a c t i o n ,  t h e  s t r e a m  p a s s e s  t h r o u g h  a  3  1  2  40 
m i c r o  p h o t o m e t r i c  f l o w  c e l l .  T h e  a b s o r b a n c e  a t  6 0 0  n m  i s  c o n t i n u o u s l y  
r e c o r d e d  t o  m o n i t o r  t o t a l  p h o s p h o r u s  i n  w a t e r  sample. 
3. C O N T I N U O U S  M O N I T O R I N G  M E T H O D  O F  T O T A L  N I T R O G E N  

A  s a m p l e ,  a n  o x i d i z i n g  r e a g e n t  (1.8 も p o t a s s i u m p e r s u l f a t e  in 0 . 6  N  
s o d i u m  h y d r o x i d e )  a n d  a n  a c i d i c  r e a g e n t  (0.62 N  h y d r o c h l o r i c  a c i d )  a r e  
c o n t i n u o u s l y  p u m p e d  a t  t h e  f l o w  r a t e s  (pl/min) o f  100, 50, a n d  50, 
r e s p e c t i v e l y .  T h e  s a m p l e  s t r e a m  i s  f i r s t  m i x e d  w i t h  t h e  o x i d i z i n g  r e a g e n t  
a n d  i n t r o d u c e d  i n t o  a  o x i d a t i o n  r e a c t i o n  t u b e  (8 m  x  0 . 5  m m  i.d.) i n s e r t e d  
p l a t i n u m  w i r e  i n  a n  a l u m i n u m  b a t h  (150 C゚), w h e r e  a l l  n i t r o g e n s  i n  
a m m o n i u m ,  n i t r i t e  a n d  o r g a n i c  f o r m s  a r e  c o n v e r t e d  t o  n i t r a t e  w i t h i n  9  m i n .  
T h e  m i x t u r e  s t r e a m  is t h e n  m i x e d  w i t h  t h e  a c i d i c  r e a g e n t  a n d  i n t r o d u c e d  
i n t o  a  r e a c t i o n  t u b e  (2.5 x  0 . 5  m m  i.d.) i n  a n  a l u m i n u m  b a t h  (30°C), w h e r e  
t h e  s a m p l e  i s  n e u t r a l i z e d  t o  b e  p H  2  t o  3. F o l l o w i n g  t h e  r e a c t i o n ,  t h e  
s t r e a m  is p a s s e s  t h r o u g h  a  m i c r o  p h o t o m e t i c  f l o w  cell. T h e  a b s o r b a n c e  a t  
2 2 0  n m  is c o n t i n u o u s l y  r e c o r d e d  t o  m o n i t o r  t o t a l  n i t r o g e n  i n  w a t e r  s a m p l e .  
4. C O N T I N U O U S  M O N I T O R I N G  M E T H O D  O F  T O T A L  M E R C U R Y  

A  sample, a n  a c i d i c  r e a g e n t  ( 9  N  s u l f u r i c  a c i d ) ,  a n  o x i d i z i n g  r e a g e n t  
(1. 5 も p o t a s s i u m p e r s u l f a t e )  a n d  a  r e d u c i n g  r e a g e n t  (1 も s t a n n o u s c h l o r i d e  
in 1.2 N  h y d r o c h l o r i c  a c i d )  a r e  c o n t i n u o u s l y  p u m p e d  a t  t h e  f l o w  r a t e s  
(pl/min) o f  600, 65, 3 5  a n d  35, r e s p e c t i v e l y .  T h e  s a m p l e  s t r e a m  i s  m i x e d  
f i r s t  w i t h  t h e  a c i d i c  r e a g e n t  a n d  t h e n  t h e  o x i d i z i n g  r e a g e n t ,  a n d  
i n t r o d u c e d  i n t o  a  r e a c t i o n  t u b e  (1 m  x  0 . 5  m m  i.d.) i n  a n  a i r  b a t h  (80 C゚ ) ,
w h e r e  t h e  o r g a n i c  m e r c u r y  i s  c o n v e r t e d  t o  m e r c u r i c  ion. T h e  m i x t u r e  s t r e a m  
is m i x e d  w i t h  t h e  r e d u c i n g  r e a g e n t  a n d  t h e n  w i t h  a n  a r g o n  g a s  s t r e a m  o f  7 . 5  
m l / m i n ,  a n d  i n t r o d u c e d  i n t o  a  r e a c t i o n  t u b e  (60 c m  x  1.3 m m  i.d.), w h e r e  
t h e  m e r c u r i c  i o n  is r e d u c e d  t o  e l e m e n t a l  m e r c u r y  a n d  e x t r a c t e d  i n t o  t h e  g a s  
phase. T h e  m i x t u r e  is t h e n  i n t r o d u c e d  i n t o  t h e  h o m e - m a d e  g a s - l i q u i d  
s e p a r a t o r  a n d  t h e  m e r c u r y  v a p o r  i s c a r r i e d  b y  t h e  a r g o n  s t r e a m  t h r o u g h  a  
c o n d e n s e r ,  w h e r e  t h e  w a t e r  v a p o r  is r e m o v e d  f r o m  g a s  phase. T h e  d r i e d  
m e r c u r y  v a p o r  p a s s e s  t h r o u g h  a  p h o t o m e t r i c  f l o w  c e l l  (40 m m  l i g h t  p a s s ,  
1.13 m l  v o l u m e ) .  T h e  a b s o r b a n c e  a t  2 5 3 . 7  n m  is c o n t i n u o u s l y  r e c o r d e d  t o  
m o n i t o r  t o t a l  m e r c u r y  i n  w a t e r  s a m p l e .  

T h e  d e t a i l s  o f  e x p e r i m e n t a l  r e s u l t s  w i l l  b e  p r e s e n t e d  i n  t h e  p o s t e r s .  
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S 5 - 1 0  
RAP I D  DETERMINATION O F  PHOSPHORUS IN AQUEOUS SYSTEMS 
B Y  FIA COU P L E D  W I T H  CAPILLARY T Y P E  C ATALYTIC D I G ESTOR 

Masaya AOYAGI, Yoshiaki YASUMASA, Akemi NISHIDA 
Takatsuki Research Laboratory, Sumitomo Chemical Co. Ltd., 
2-10-1 Tsukahara, Takatsuki, Osaka, 569 Japan 

F l o w  infection analysis (FIA) is expected to offer the prospect of 
fast, sensitive, high quality a n d  automating analysis in diverse application 
fields [  1). As to phosphorus analysis, Motomizu e t  a l  [2) reported F I A  
method for d e t e r m i n g  trace amounts o f  phosphate in river water. In order 
to extend this method to total phosphorus (TP) determination, a  compatible 
process o f  d i g e s t i o n  for converting various phosphorus compounds to ortho-
phasphate (OP) has to b e  developed. 

T h e  official digestion process for T P  in water [3) requires as much as 
9 0  minutes digestion time including heating and cooling o f  a n  autoclave. 
In the course o f  our study on improving the official digestion process, 
it was f o u n d  that the digestion could be carried o u t  in 4  minutes,using a  
capillary type catalytic digestor (MB-10 unit), which is directly 
connectable to a  FIA system. B y  combing the MB-10 u n i t  w i t h  FIA, w e  have 
developed a  novel system t o  determine T P  and O P  rapidly. 

EXPERIMENTAL 
Analytical scheme is a s  follows: (1) Add oxydizing reagent ( K 2 S 2 0 8 )  to 

the sample (2) Heat for 4  min. a t  16叩 under presence o f  P t  catalyst; 
3-

P hosphorus compounds一Po: (3) Add reagents to form a  colored complex ;  
PO:-+ (NH,)2MoO, +  Malachite Green —• (Malachite Green), (PM01, 伍 o) and (4) 
Determine the phosphorus concentrati o n  b y  measuring absorbance a t  650 nm. 

A  Sumigraph P-2000 system equipped wi t h  the M B - 1 0  u n i t  was u s e d  for 
this work. T h e  M B - 1 0  u n i t  consists o f  10 meter length o f  Teflon tubing o f  
1.0 m m  i.d., containing a  P t  wire in it as catalyst. The tubing is 
wound upon a n  aluminum bobbin with fins which is to be set in a  thermostat. 
By skipping the M B - 1 0  unit, O P  can be measured. For multi-channel process 
control application, two sets o f  the automated sample selecting rotary valve 
with four-way were incorporated in the sampling line. 

RESULTS 
A  calibration curve (absorbance vs. P-concentration) indicates a  linear 

dynamic range o f  a b o u t  5x102 o f  magnitude. A  detection limit o f  5  P-ng/rnl 
was obtained b y  optimizing the sample injection volume i n  the range f r o m  250 
t o  10001-'£ for given analyte concentration. 
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Phosphorus compou nds, such a s  metaphosphate, pyrophosphate ,  tripoly-
phos phate, and adeno sine 5' -tri phosphatre  (ATP), are digested in 4-5 
minu te s  for full p hospho rus  recovery. 

Enhanced oxidizing abi lity due to the platinum ca talys t  is  manifested 
when other organi c  substances coexi st  in the sample .  For example, 500 
ng/ml o f  disodium phemyl p h osphate  (DSPP )  is digested in 4  minutes for full 
phosphorus recovery, with coexistence o f  2 0 0  ng/ml o f  potasium biphthalate .  

Determinations of T P  and O P  were performed a t  five different locations 
o f  Lake Biwa, without any trouble .  

One o f  the drawbacks o f  this method w i t h  respect to environmental 
applications is "color fading" o f  Malachite Green due to  chlorine ion 
oc curing in seawater. Chlorine ion  reacts w i t h  potasium persulphate 
to produce chloric acid ions (ClO ~ ) which, a t  elavated temperatures ,  
cause fading o f  Mala ch ite Green, resulting in negative error. T h e  other 
is "density fluctuation" d u e  t o  difference in density b e t wee n  carrier 
a n d  seawater. This causes "ghost peak" o n  FIA re sponse curve, resulting 
in error .  Those errors are not negligible a t  low phosphorus concentrations. 

A  solution to the chlorine ion problem is found to  a d d  a  reducing agent 
such as sodium thiosulfate. Concerning the ghost peak problem, it is 
prac tically useful to a d d  known amount o f  orthophosphate to the seawater 
sample so that the range o f  total analyte concentration will be properly 
accommodated in the dynamic range o f  calibration curve .  Examples o f  the 
determination o f  T P  a n d  O P  in diverse seawaters will be presented. 

A  sumigraph P-2000 equipped w i t h  a n  automatic process sampling system 
has been used for more than two years to monitor phosphorus concentration i n  
industria l  wastewaters. Since this system was intended for use w i t h  the 
process o f  dephosphorization in a  chemical plant, six samples included (a) 
raw wastewater (b) treated wastewater (c) final wastewater a n d  (d) three 
standard solutions. The system is operated automatically u n d e r  the CPU 
control so that the measurements for six samples are completed in one hour 
with five runs for each sample and repeated 2 4  times a  day. 

The system remains stable and has regularly been operated for periods o f  
7  days without attension. The details w i l l  be presented. 

CONCLUSION 
A  no vel FIA system directly coupled w i t h  the  capillary type digestor has 

been  d e ve loped for rapid T P  ana ly sis .  This syste m  can provide  us w i t h  a  
versatile means for fast, sensitive, high quality analysis and monitoring o f  
phosphorus in environmental waters and industrial wastewaters. 
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M E A SじR E M E N T O F ' E L E C T R O KIN E TIC  POTENTIAL O N  T H E  PINE M U D  PARTICLES 
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J. Introduction 
The sediment transport phenomenon with regard to a  cohesive m u d  layer  is one of the  most 

important factors for the  water quality assessment in river, lake  and sea. B y  reason of the  
complicated phenomenon, it is generally attempted to symplify the mechanism to make use  of 
the  experimental and empirical data .  

In this paper, the  visualized computer analysis system is applied  into the  m easurement of 
electrokinetic potential for the fine m u d  particles. This method will be  able to record a  large  
quantity data immediately and to analyze  them without difficulty 
2. Apparatus and Experlment Procedures 

The system of apparatus is composed with two parts ,  which are the  record part and the  
treat ment part, shown in Fig .I. T he  first part is taken  upon the  record on the  mobirlty  of 
fine particles, and in the second part, the  -potencial is calculated with the recorded pictures, 
as shown in Photo. I  and 2  respectively  

The sell used in the present work is an acryl-glass sell of 2 m m  in clearance and is settled  
by electrode bottles on both side. T he  light source is a  5  m W  H e-N e  laser beam  leading with 
glass fiber  tube and the detector is a  C C D  (Change Coupled Divice)  type  video camera equiped 
with optical microscope  (x 80).  A s  in the  electophoresis through the cell ,  the  actual number 
of particles in the statical layer will show random variations about the mean flowing speed, in 
proportion to the  transmitted voltage intensity. H ereupon, the  samples poured into the  sell are 
made of deionized water with a  small amount of particles. In practical mearsurements, the  rate  
of voltage sellected in 5  steps from IOOV to 300V in every 50V interval are corresponded to particle  
velocity of a  few millimeters per  second through the  cell and, under  these  conditions, Brownian 

Photo. 2  Apparatus of computer 
treatment pa rt .  

Fig. I  System diagram. Photo.I Apparatus of record part. 
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diffusion will have a  quite  negligible effect on the  mobility .  
The mobility of particles will occur on a  time scale which depend on the phase boundary 

potential, since changes would only be expected if measurments are  made at intervals sufficient 
to give some  displacement of the previous sample. These 
informations of V T R  pictures are modifioo into two gradients 
with the computer, and C  -potential is estimated with the 
displacement of particles at arbitrary intervals of two frames 
in VTR. 

The results, m:迦 iOO 区ud匹 lour picture, the oornpoundoo 
picture relating to the displacement of each particles 
and C  -potential values,  are displayed on C R T  or in print. L _ _ _ !  

Fig.2 Displacement of mud particles 
Materials used in this experiment are river mud particles, for one second. 

llanta valley coal and bentonite, and are appeared reasonably monodisperse in distilled water. 
The displacement of particles is illustrated with two different frames at intervals from 2  to 12 
seconds as shown in Fig.  2,  applying the compounded picture  m ethod, and C  -potential is estimated 
in eq. (!)  by the displacem ent in unit time  on each voltages.  Table I  Characteristics of  experimental data 

Materials Di&meter Speci「ic C  
(,, m }  Gravity (m V)  

Hanami  River M u d  237 2-72 - 35.0 
llanta Vally  Coal 130 I.61 - 44 .9  
llcntonite 88 2.73 - 65.8 

W here, C; C-potential (m V), V  particle  velocity  (cm /s), E  ;dielectric constant of liquid, E;voltage  
added to electrodes (V ),  L; distance  between  electrodes (cm ). It will be  charactristically indicated  
in  Table  1  that the C  -potential is only depend on the particle  diameter. 

T he  settling velocities which are connected  to the phenomena of deposition and resuspension 
are measured for the  deposit particles in Fig .3, and in this figure, the  solid and dotted  lines  
are SImultancously IndICated  as the 10[ l 、/ ]  
Rubey's theory and the  Allen's theory I  i ,-;;'人 、！
in individual, It will be accepted that ,  t:,．̀i ,  3 が。 1

the settling time on experiment data 11 ←--is taken  longer than it of theories, 
and this tendency is evidently appeared 

＞ 
in so fine  as powder. 『

Since, the discrepancy in settling 

to the C  -potential as shown in Fig.  4, 

:eh:s;Se:：x:be;：c：言：g：：a:te;pa:thp:e：冒゚f・ロニ
T he  mobility of flowing particles can  be  earsily m earsured with the  computer visualizat10n 

system and represented as the C  -potential value. The  quantity of C  -potential shows very different 
dependence on particle  size, and is proportional to settling velocities in fine  particles.  The  results 
in this paper  will be useful to  apply in the  water  quality assessment .  
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THE ENVIRONMENT CHARACTERIZED AS NATURAL PROCESSES: 
A N  ECOLOGICAL BASIS FOR ENVIRONMENTAL PLANNING IN JAPAN 

Harvey A. SHAPIRO 
Associate Professor,Osaka Geijutsu University 
Osaka Prefecture 585, Japan 

INTRODUCTION 
A n  "ecological approach" to environmental planning means that the environ-

ment is first characterized as natural and social processes,each w i t h  intrinsic 
opportunities and constraints for all prospective land uses.I The uses which 
take the greatest advantage o f  the opportunities while avoiding the greatest 
number of constraints are considered to be the most suitable for any particular 
le>cation. Plans based o n  the synthesis of these suitably located uses are 
considered to be ecologically sound,contributing to sustainable development.2 

DISCUSSION 
In this paper, an approach to urban planning based o n  the above mentioned 

concept is introduced. Since safe, comfortable/pleasant and healthy cities are 
among the most desirable ones for human habitation, criteria for their location 
as well as for their planning should be central in their environmental plan-
ning. Each o f  these criteria,however, merely represent the functioning of 
natural and social processes. For instance:3,4 
1. SAFETY CRITERIA 
(a) Flood Hazard Vulnerability:- Flooding is primarily a  result of the 

operation o f  the hydrological cycle and occurs when precipitation runnoff 
exceeds the capacity o f  the ground to absorb it. Coastal areas subject to high 
tides from typhoons m a y  also be equally hazardous. Areas vulnerable to such 
flooding should b e  avoided o r  especially adapted to b y  u r b a n  uses, while areas 
w h i c h  absorb flood waters, steep slopes, permeable lowlands, wetlends etc. 
should b e  protected and/or developed for non-urban,non-facilities uses. 
(b) Earthquake Hazard Vulnerability:-Earthquakes are a  result of the opera-

tion of geological mountain-building processes,especially plate tectonics. 
Areas/cities o n  or near active faults, o n  soft ground w i t h  deep unconsolidated 
sediments, or near the coast and thus vulnerable to tidal waves, are all 
highly hazardous. Special precautions should b e  taken to protect such areas 
from intensive urbanization. W i t h i n  those areas, safety features such as 
evacuation plans,routes and sites etc. m a y  also be required. 

2. AMENITY/COMFORT CRITERIA 
(a) Asthetic Values:- Aesthetic values can b e  seen as being a  function of 

the socio-cultural protection process. These values vary from nation to nation 

(2(）8 )  海洋化学研究 1, 2  (1986 )  



o r  even from place to place. They m a y  include natural elements, such as 
mountainous areas, coastal areas and wetlands, or water surface areas etc. 
Social elements such as attractive buildings, structures, street scenes etc. 
m a y  also b e  included. These all require special protection and care if they 
are to b e  maintained and their value increased. 
(b) Historical-cultural Values:- These areas likewise reflect the func-

tioning o f  the socio-cultural protection proess. T h e y  record the historical 
development o f  a n  area as well as m a n ' s  cultural adaptations to it in the 
forms o f  religious edifices,traditional customs or festivals etc. These tend 
to form k ey  elements in the regional identity o f  a  place,and as s u c h  should be 
preserved and integrated into all future plans. 

3 .  H E AしT H CRITERIA 
(a) Aquifer Recharge Areas:- These areas reflect the functioning  o f  the 

hydrological cycle where surface runoff is stored in subsurface geological 
strata or aquifers. These aquifers provide valuable sources o f  clean ground-
water as well as fresh water inflow to coastal areas. T o  protect these vital 
sources o f  water in a  healthy state, permeable strata outcrops m u s t  be prot-
ected from intensive urban impermeable surfaces and groundwater pollution e tc .  

(b) Areas o f  Self-purification Potential:- The nutrient recylcing process 
is reflected in soil areas u p o n  w h i c h  organic matter is broken d o w n  b e  micro-
organisms and returned to the ecosystem. T h e s e  organisms are particularl y  
active at the water's edge which,along w i t h  highly productive soils, sho u ld 
be protected from destructive uses or intensive urbanization. T h e  other 
process is the 02-C02 process o f  the atmosphere in which b o t h  terrestrial and 
aquatic pl ants absorb CO2 and produce the oxygen essential for all life. 
These areas also need to b e  protected, and only uses w h i c h  insure the 
sustainability o f  these processes and thus the heal th o f  1  ife o n  earth 
should be permitted in both urban and non-urban locations. 

CONCLUSION 
These are but a  few o f  the m a n y  criteria that need to b e  considered w h e n  

undertaking ecological planning. In the slide presentation, as example o f  h o w  
these criteria are developed and use d  in environmental planning will b e  shown. 
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S 5 - 1 3  
E N V I R O N M E N T A L  C H A R A C T E R I Z A T I O N  A P P L Y I N G  E M I S S I O N  P R O P E R T I E S  
O F  T H E R M O L U M I N E S C E N C E  F R O M  N A T U R A L  Q U A R T Z  G R A I N S  

T e t s u o  H A S H I M O T O ,  K y o i c h i  Y O K O S A K A ,  a n d  H i s a n a o  H A B U K I  

D e p a r t m e n t  o f  C h e m i s t r y ,  F a c u l t y  o f  S c i e n c e ,  N i i g a t a  U n i v e r s i t y ,  
I k a r a s h i - n i n o c h o ,  N i i g a t a  9 5 0 - 2 1 ,  J a p a n  

I n  t h e  c o u r s e  o f  t h e r m o l u m i n e s c e n c e  ( a b b r e v i a t e d  t o  T L  here) 
s t u d i e s  o f  s l i c e d  g r a n i t e  s p e c i m e n s  e x p o s e d  t o  g a m m a - r a y s ,  t h e  a u t h o r s  h a v e  
n o t i c e d  t h a t  t h e  t h e r m o l u m i n e s c e n c e  c o l o r  i m a g e s  ( r e f e r r e d  t o  T L C I )  p r o v i d e  
m e a n i n g f u l  i n f o r m a t i o n  a b o u t  t h e  o r i g i n s  o f  w h i t e  m i n e r a l  c o n s t i t u e n t s  w i t h  
d i f f e r e n t  c o l o r a t i o n s  ( 1 ) .  I n  s u b s e q u e n t  T L C I - e x p e r i m e n t s  o f  n a t u r a l  
q u a r t z s ,  a  n o t i c e a b l e  f i n d i n g  w a s  o f  t w o  d i f f e r e n t  c o l o r  images, w h i c h  w e r e  
r e a d i l y  d i s t i n g u i s h a b l e  i n t o  r e d  a n d  b l u e  T L - e m i t t i n g  g r a i n s  o n  T L C I .  T h e  
q u a r t z  s a n d s  f r o m  v o l c a n i c  a s h  l a y e r s  a l w a y s  r e v e a l e d  a  r e d  T L C I ,  w h e r e a s  
t h e  q u a r t z  r o c k s  f r o m  p e g m a t i t e  v e i n  a s  w e l l  a s  t h e  p l u t o n i c  o r i g i n s  g a v e  a  
t y p i c a l  b l u e  T L C I ,  b e i n g  c o n s i s t e n t  w i t h  t h e  w e l l  k n o w n  q u a r t z  T L - c o l o r  
(2, 3). 

I n  t h e  p r e s e n t  s t u c i e s ,  t w o  t y p i c a l  T L - e m i s s i o n  s p e c t r a  h a v e  b e e n  
m e a s u r e d  f o r  t h e  q u a r t z  m i n e r a l s .  F u r t h e r m o r e ,  q u a r t z  f r a c t i o n s  f r o m  t h e  
b e a c h  s a n d s  a r e  v e r i f i e d  t o  c o n s i s t  o f  a  m i x t u r e  o f  b o t h  r e d  a n d  b l u e  T L C I ,  
,)robably c h a r a c t e r i z i n 9  t h e  o r i g i n s  o f  r e s p e c t i v e  q u a r t z  g r a i n .  T h e  r a t i o s  
o f  i n t e g r a l  r e d  T L  ( u s i n g  r e d - f i l t e r )  t o  a l l  T L  c o u n t s  (total-TL) s e n s i t i v e  
f o r  t h e  m e a s u r i n g  s y s t e m  a r e  a p p a r e n t l y  d e p e n d e n t  o n  e a c h  q u a r t z  o r i g i n  a n d  
o n  E u  a n d  S m  c o n t e n t s .  

1. T L C I - o b s e r v a t i o n  f r o m  q u a r t z s  w i t h  k n o w n  o r 1 g 1 n  
F r o m  t h e  t h e r m o l u m i n e s c e n c e  c o l o r  i m a g i n g  ( T L C I ) - p a t t e r n s ,  it w a s  a l s o  

c o n f i r m e d  t h a t  t h e r e  a p p e a r  t w o  d i s t i n c t  c o l o r a t i o n s ,  d i s t i n g u i s h a b l e  t o  r e d  
a n d  b l u e ,  a m o n g  d i f f e r e n t  o r i g i n s  o f  q u a r t z  s a m p l e s  w i t h  e x c e l l e n t  
r e p r o d u c i b i l i t y .  A m o n g  t h e  e x a m i n e d  s a m p l e s ,  a  M o z a m b i q u e  q u a r t z ,  w h i c h  1s 
o r i g i n a t e d  f r o m  a n  e p i t h e r m a l  vein, h a s  t h e  h i g h e s t  s e n s i t i v i t y  a m o n g  
t y p i c a l l y  b l u e  T L - e m i t t i n g  q u a r t z s .  I n  t h i s  s a m p l e  a l l  T L C I - p a t t e r ns  
i n d i c a t e d  b l u e  c o l o r  a l o n e  o v e r  w i d e  r a n g e s  o f  a b s o r b e d  d o s e s .  O n  t h e  o t h e r  
h a n d ,  T a z a w a - L a k e  q u a r t z  sands, w h i c h  h a s  b e e n  r e p r e s e n t e d  t o  a  
v o l c a n i c a l l y  o r i g i n a t e d  q u a r t z ,  is a l w a y s  b e a r i n g  r e p r e s e n t a t i v e  r e d  
T L C I - p a t t e r n s  i n  t h e  a b s o r b e d  r a n g e s .  T h r e e  t y p i c a l  T L - s p e c t r o g r a m s  o f  t h e  
s a m p l e s  e x p o s e d  t o  8 , 8  k G y  a r e  d e m o n s t r a t e d  i n  Fig. 1. I t  is e n s u r e d  t h a t  
t h e  b l u e  T L  ( ( a ) - M o z a m b i q u e )  i n  t h e  T L C I  p r o v e s  a  b r o a d  e m i s s i o n - b a n d  h a v i n g  
a  p e a k  a t  a r o u n d  4 7 0  nm, w h e r e a s  t h e  r e d  o n e  ( ( b ) - T a z a w a - L a k e )  h a s  a  
s i m i l a r l y  b r o a d  e m i s s i o n - b a n d  h a v i n g  a  p e a k  a r o u n d  6 2 0  nm. 
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2 .  T L C i s  f r o m  q u a r t z  o f  b e a c h  s a n d s  
T h e  d o m i n a n t  e m i s s i o n s  f r o m  t h e  q u a r t z  g r a i n s  f r o m  b e a c h  s a n d s  a r e  r e d  

a n d  b l u e  w h e n  t h e  s a m p l e s  w e r e  e x p o s e d  t o  9.42 k G y  w i t h  X-rays. T h e s e  
c o l o r a t i o n s  w e r e  v e r i f i e d  a s  s i g n i f i c a n t l y  d e p e n d e n t  o n  t h e  o r i g i n  o f  
c o n t a i n i n g  r e s p e c t i v e  q u a r t z  g r a i n s  a s  d e s c r i b e d  in t h e  p r e c e d i n g  s e c t i o n .  
T e n  b e a c h  samples, c o l l e c t e d  f r o m  t h e  n o r t h e r n  p a r t  o f  N i i g a t a  d i s t r i c t ,  
c o u l d  b e  d i s t i n g u i s h e d  i n t o  fo ur  m a i n  g r o u p s  f r o m  t h e  T L C I - p a t t e r n s .  T h r e e  
b e a c h  sands, p r e s um a bly s u p p l i e d  f r o m  S h i n a n o - R i v e r ,  a r e  h a v i n g  n e a r l y  
s i m i l a r  p r o p o r t i o n s  o f  r e d  a n d  b l u e  TL-grains. O n e  s a m p l e  g i v e s  t h e  
s t r o n g e s t  r e d - T L  a m o n g  a l l  b e a c h  s a n d s  e x a m i n e d ,  c o i n c i d i n g  t o  g r e a t  
c o n t r i b u t i o n  o f  q u a r t z  g r a i n s  o r i g i n a t e d  f r o m  s u r r o u n d i n g  v o l c a n i c  m o u n t a i n s .  
T w o  s p ec i m e n s  h a v e  a n  a b u n d a n t  r e d  f r a c t i o n  r e l a t i v e  t o  b l u e - T L  g r a i n s ,  
s u p p o r t i n g  t h e  o r i g i n  f r o m  A g a n o  River. O n  the o t h e r  hand, t h r e e  r e m a i n i n g  
b e a c h  s a n d s  f r o m  m o s t  n o r t h e r n  p a r t  s e l d o m  c o n t a i n  t h e  r e d  f r a c t i o n ,  
im p l y i n g  m a i n  q u a r t z  o r i g i n  d u e  t o  g r a n i t i c  r o c k  b o d i e s  f r o m  g e o l o g i c a l  
b a c k g r o u n d  i n  th i s  area. 

M o r e  q u an t i t a t i v e  a n a l y s e s  o f  t h e  T L  a n d  T L C I  p a t t e r n s  h a v e  b e e n  
c a r r i e d  o u t  b y  u s i n g  t w o  c o l o r  g l a s s  f i l t e r s  o r  s p e c t r o m e t e r  f i x e d  a t  
d e s i r a b l e  w a v e l e n g t h s  c o m b i n e d  w i t h  t h e  g l o w - c u r v e  a n a l y s i s  a n d  b y  a p p l y i n g  
t h e  c o l o r - i m a g e  a n a l y z e r .  

3 .  S e a r c h  for c a u s e  o f  re d - T L  
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( 1 )  H a s h i m o t o  T., K i m u r a  K., K o y a n a g i  A., Takahas:1i I<., S o t o b a y a s h i  T.: 
R a d i o i s o t o p e s , 五(, 5 2 5  (1983). (2) H a s h i m o t o  T., K o y a n a g i  A., Y o k o s a k a  k., 
H a y a s h i  Y., S o t o b a y a s h i  T.: G e o c h e m .  J . ,  i n  press. (3) H a s h i m o t o  T., H a y a s h i  
Y., K o y a n a g i  A., Y o k o s a k a  K., K i m u r a  K: N u c l e a r  T r a c k s ,  i n  press. 
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5  5- 1  4  V E R T I C A L  D I ST R I B U T I ON  O F  C H E M I C A L  C O M PO U N DS  A T  
M E T E O RO LOG I CA L  O B SE R V A T IO N  T O W E R  (213 m) II 
- T O T A L  A N D  W ET  D E P OS I T I ON  -

Y uls.i k o  Dokiya, Shinich.i Bessho, M i w a ko  Ikegami, M a s a t a k a  Nishi kawa•, 

M a s a y u k i  Kunugi*, T s u g u o  M i z o g u c h i *  a n d  Y o s h i y a  A m b e *  

M e t e o r o l o g i c a l  R e s e a r c h  Institute, Nagamine, Yatabe, Tsukuba, Ibaraki, 305, 
J a p a n  
*National I n s t i t u e  f o r  E n v i r o n m e n t a l  Studies, Onogawa, Yatabe, Tsukuba, 
Ibaraki, 305, J a p a n  

In o r d e r  t o  g e t  t h e  i n f o r m a t i o n s  o n  t h e  v e r t i c a l  d i f f e r e n c e s  o f  the 
c h e m i c a l  c o m p o n e n t s  i n  t h e  d e p o s i t i o n  samples, t h e  M e t e o r o l o g i c a l  O b s e r v a t i o n  
T o w e r ( 2 1 3  m) w a s  u t i l i z e d  a t  t h e  s a m e  t i m e  a s  g e t t i n g  a e r o s o l  a n d  g a s e o u s  

1) s a m ples. 
F r o m  J u n e , 1 9 8 5 ,  p o l y e t h y l e n e  f u n n e l s  o f  30 c m  d i a . w e r e  f i x e d  a t  t h e  

n o r t h w e s t  a n d  n o r t h e a s t  c o r n e r s  o f  t h e  2 1 3  m  s t a g e  t o  o b t a i n  t h e  w e t  de£X)sit1.0n. 
P o l y e t h y l e n e  b o t t l e s  o f  5  1  w e r e  c o n n e c t e d  t o  t h e  funnels a n d  c h a n g e d  a f t e r  
e a c h  e v e n t  r a i n  o r  s n o w .  T h e  s a m e  a r r a n g e m e n t s  o f  funnels a n d  b o t t l e s  w e r e  
a l s o  s e t  o n  t h e  r o o f  o f  t h e  M e t e o r o l o g i c a l  R e s e a r c h  I n s t i t u t e  (ca .  2 5  m) a n d  
i n  t h e  o b s e r v a t i o n  f i e l d  (the h e i g h t  o f  t h e  s a m p l e r  w a s  ca. 0.5 m). E v e r y  
e v e n t  r a i n  s a m p l e  o r  c o m p o s i t  r a i n  s a m p l e  o f  2-4 d a y s  w a s  c o l l e c t e d  
s i m u l t a n e o u s e l y  a t  a l l  t h e  heights. 

T o  o b t a i n  t h e  t o t a l  deposition, p o l y e t h y l e n e  c y l i n d e r s  o f  10 c m  d i a . w e r e  
u s e d  a s  d e p o s i t i o n  g a g e s  w h i c h  w e r e  s e t  a t  213 m, 1 7 5  m, 125 m  a n d  62 m  stages 
o f  t h e  tower, o n  t h e  r o o f  o f  the i n s t i t u t e  a n d  a t  t h e  o b s e r v a t i o n  field. 
E a c h  c y l i n d e r  w a s  f i l l e d  w i t h  4 0 0  m l  d i s t i l l e d  w a t e r  a t  t h e  b e g i n i n g  o f  t h e  
w e e k  a n d  t h e  s a m p l e  s o l u t i o n  w a s  c o l l e c t e d  a t  t h e  e n d  o f  t h e  week. 

T h e  a m o u n t  o f  s a m p l e  
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Fig. 1  A m o u n t  o f  s a m p l e  c o l l e c t e d  

213 m  

0.5 m  

c o l l e c t e d  a t  2 1 3  m  a n d  
0 . 5  m  b y  t h e  funnels o f  
30 c m  dia. is s h o w n  in 
Fig. 1  f o r  e a c h  m o n t h  
f r o m  J u n e , 1 9 8 5  t o  May, 
1986. T h e  v a r i a t i o n  o f  
the a m o u n t s  a t  the t w o  
h e i g h t s  s h o w e d  s i m i l a r  
pattern, however, t h e  
a m o u n t  c o l l e c t e d  a t  213 
m  w a s  6 0  - 80 も o f t h a t  
a t  0 . 5  m. T h e  w i n d  speed 
w a s  a l w a y s  h i g h e r  a t  213 
m, w h i c h  m i g h t  h a v e  
c a u s e d  t h e  d i f f e r e n t  
a m o u n t  collected. 
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T h e  w e t  a n d  total d e p o s i t i o n  s a m p l e s  w e r e  filtered t h r o ug h  M i l l i p o re  
f i l t e r s ( p o r e  size, 0.45 戸 ) , i m med iate l y a f te r  t he  colle c t i on  o f  samples. 
T h e  f i l t r a t e  w a s  u s e d  f o r  t he  d i rec t  d e t e rm ina tion  o f  c he m ic a l  c o mpo u n d s  
u s i n g  t h e  f o l l o w i n g  m e t h o d s ;  Chloride, n i t r a t e  a n d  s u l f a te  we re  d e t e r m i ned  
b y  i o n c h r o m a t o g r a p h y  u s i n g  a  Y E W  1 0 0  I o n  A n a l y s e r  o f  Yo k o g a w a  H o k u s h i n  Co.Ltd. 
S o d i u m  a n d  a m m o n i u m  w e r e  a l s o  d e t e r m i n e d  b y  i o n c h r o m a t o g r a p h y  u s i n g  a  W e s c a n  
C a t i o n  c o l u m n  N o . 2 6 9 - 0 0 4  c o n n e c t e d  t o  a  R e a c t o r  M o t o r  NSP(55K25GKA) o f  
O r i e n t a l  M o t o r  Co.Ltd., a n d  a  W e s c a n  C o n d u c t i v i t y  D e t e c t o r  M o d e l  213. 2) 

P o t a s s i u m  w a s  d e t e r m i n e d  b y  flame e m i s s i o n  s p e c t r o m e t r y  a n d  c a l c i u m  a n d  
m a g n e s i u m  w e r e  d e t e r m i n e d  b y  a t o m i c  a b s o r p t i o n  s p e c t r o m e t r y  u s i n g  a  H i t a c h i  
170-50 A t o m i c  A b s o r p t i o n  S p e c t r o p h o t o m e t e r .  A  J a r r e l l - A s h  M o d e l  9 7 5  I C P  
E m i s s i o n  S p e c t r o p h o t o m e t e r  w a s  a l s o  u s e d  f o r  the m u l t i - e l e m e n t  d e t e r m i n a t i o n ,  
p r o g r a m m e d  f o r  Be, B, Na, Mg, Al, Si, P, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, 

3) Cu, Zn, As, Se, Sr, Mo, Cd, S b  a n d  Pb. 
A n  e x a m p l e  o f  the c h e m i c a l  c o m p o s i t i o n  o f  t h e  r a i n  s a m p l e  o b t a i n e d  a t  

2 1 3  m  a n d  0 . 5  m i s  s h o w n  in T a b l e  1. O n e  o f  t h e  typical d i f f e r e n c e s  o f  t h e  
r a i n  o f  t w o  h e i g h t s  w a s  f o u n d  t o  b e  t h e  l o w e r  p H  a t  2 1 3  m  t h a n  a t  0 . 5  m. I n  
this sarrple, it c a n  b e  a p p a r e n t l y  e x p l a i n e d  t h a t  t h e  l o w e r  c o n c e n t r a t i o n  o f  
a m m o n i u m  i o n  a t  2 1 3  m  w a s  o n e  o f  t h e  m a j o r  c a u s e s  f o r  t h i s  l o w e r  pH. 

T a b l e  1  C o n c e n t r a t i o n s  o f  s o l u b l e  c h e m i c a l  c o m p o u n d s  i n  t h e  r a i n  
o b t a i n e d  a t  2 1 3  m  a n d  0 . 5  m  

- -
S a m p l e  A m o u n t  p H  C l  N 0 3  s o 4  N H 4  N a  K  C a  M g  

c o l l e c t e d  p g / m l  
m l  

850715 
2 1 3  m  1  9 5 0  4.21 0.73 2. 11 1. 94 0. 19 0 . 2 2  0. 1  3  0 . 3 0  0 . 0 6  

0.5 m  2200 4.32 0.41 2 . 0 5  2. 19 0.63 0 . 0 7  0 . 0 9  0. 1  5  0.02 

B  A l  S i  M n  C u  Z n  S r  
ng/ml 

8 5 0 7 1 5  
2 1 3  m  1. 8  28.4 23.8 4 . 9  2 . 9  51. 5  0 . 6  

0 . 5  m  3.5 9 . 9  5 . 4  3.7 1.8 1  0. 7  0. 4  
’ -— •- -- -

T h e  s e a s o n a l  v a r i a t i o n  o f  t h e s e  c h e m i c a l  c o m p o n e n t s  w e r e  a l s o  d e t e r m i n e d .  
T h e  r e s u l t s  s h o u l d  b e  d i s c u s s e d  i n  r e l a t i o n  t o  the m e t e o r o l o g i c a l  c o n d i t i o n s  
such a s  w i n d  speed, w i n d  direction, r e l a t i v e  h u m i d i t y  etc. a s  w e l l  a s  t o  t h e  
p r o b l e m s  h o w  t o  o b t a i n  t h e  t r u e  r e p r e s e n t a t i v e  samples o f  a  c e r t a i n  site, 
c o n s i d e r i n g  t h e  d i f f e r e n c e s  c a u s e d  b y  t h e  v e r t i c a l  p o s i t i o n  o f  t h e  samplers. 

R e f e r e n c e s  
1) M. Kunugi, T. M i z o g u c h i ,  I. Kanazawa, K. H i r o s e  a n d  Y. Dokiya; A t m o s .  
Environ. (in contribution) 

2) Y. D o k i y a  a n d  S. Bessho; Anal. Sci. 2, 187(1986) 
3) M. Nishikawa, Y. A m b e  a n d  T. Mizoguchi; B u n s e k i  Kagaku, 旦 , 6 5 9 ( 1 9 8 6 )
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5 5 - 1 5  
PO S S I B LE: A P PL I C A T IONS O F  

A U T OM A T I C AしLY R E C O R D E D  BUFF'E R  CAPACI TY  C UK V ES  
T O  EN V I RO N M E N T A L  P R OB LEM S  

Keiichi T S U J I  
Pesti c ide I V しa b o ra tory, Institute  o f  Ph ys icil l . ,nd C hem ical 
R e s e a rc h, W a ko, 351 -01, S a itam a  

Back q ro un d  o f  S tu d y  
Th e  t h e o r y  o f  b u f fe r  c ap a c it y  p re s en ts  s e v era  !  int. P re s t ing  fea tur e s  

,,f b u f fer  c ap a c i ty  cur・ves ( ~ -p H  cu rves), w h i ch  a re. w he n  th e  b u ffer 
,~R pacity o f  t h e  me d i u m  is d i s reg a r d e d .  I) m o n o ba s ic B r初n s t e d aci d s  m a k e  
bell-sha ped  p e a k s  o n  p H  axis, w h o s e  p o s i t i o n s  a r e  d e t e r m i ned  b y  the i r  
p K a  v a lues, 2 )  t h e  p e a k  h e i g h t s  d e p e n d  o n l y  o n  t h e  a c i d  c o n c e n t r a t i o n ,  
a n d  3 )  t h e  h e i g h t s  o f  t he  c u r v e s  a r e  a d d i t i v e  for  m i x t u r e s  o f  aci ds, 
like t h e  s p e c t r a  o f  m i x t u r e s .  T h e  c u r v e s  for p o l y b a s i c  a c id s  m ay  b e  
regarded, t o  first approximation, as  th o se  o f  m o n o b a s i c  a c id m i x t u re s  
Biological, food, clinical a n d  environmental c h em i s t s  hav e  o f t e n  

utilized b u f f e r  c a p a c i t y  c u r v e s  for c h a r a c t e r i z a t i o n  o r  s e m i q u a n t i t a t i v e  
a n a l y s i s  o f  c o m p l e x  w e a k  e l e c t r o l y t e  m i x t u r e s  for t h e s e  features o f  
the curves, b u t  t h e  c u r v e  d r a w i n g  h a s  n e v e r  b e c o m e  a  p o p u l a r  too l .  
A  r e a s o n  f o r  this h a s  b e e n  t h e  in c o n v e n i e n t  p l o t t i n g  m e t h o d  that p r o d u c e s  
d i s a p p o i n t i n g l y  s c a t t e r e d  a n d  irreproducible results. 

Nevertheless, t h e  potential m e r i ts  o f  t h e  c u r v e s  n e e d  n o t  b e  neg -
le c t e d  a n d  s e e m  t o  w a r r a n t  m o r e  a t t e n t i on, b e c a u s e  o f  t h e i r  u n i q u e  
a d v a n t a g e s  n o t  e x p e c t e d  o f  m o d e r n  analytical methods. 

A p p a r a t u s  a n d  M e t h o d  
T h e  a u t om a t i c  r e c o r d i n g  a p p a r a t u s  d e v e l o p e d  b y  t he  a u t h o r  (now c o mm e r -

c1alized; Fig. 1 )  is o n e  o f  t h e  p o s s i b l e  versions, a n d  c o m p r i s e s  a n  a m p l i -
fier o f  t h e  p H  m e t e r  output, a n  a n a l o g u e  differentiator, a  r e c i p r o c a t o r ,  
an d  a n  divider. A n  X - Y  r e c o r d e r  w h o s e  Y  input is c o n n e c t e d  t o  t he  ampli ・ 
fier o u p u t  a n d  X  input d i r e c t l y  to t h e  p H  m e t e r  o u t p u t  d r a w s  t h e  b u f fe r  
ca p a c i t y  curve, w h e n  s t a n d a r d  alkali is a d d e d  a t  a  c o n s t a n t  rate to  
r1 s t i r r e d  vessel c o n t a i n i n g  a n  a c i d i f i e d  s a m p l e  s o l u t i o n  a n d  e l e c t r o d e s .  
T y p i c a l l y  a  c u r ve  is d r a w n  taking 10 t o  15 m i n .  B u f f e r  c a p a c i t y  ( l )  
is o b t a i n e d  b y  c a librat i o n  u s i n g  ac i d i c  A c O H /T r i s  m i x t u re .  R e c o r d e d  

cu r ve s  m a t c h  well w i t h  t h e  c o m p u t e d  curves, e x c e p t  in e x t r e m e l y  low 
b u f f e r  c a p a c i t y  region. B u f f e r  c,ipc ity c u r v e  a n d  c o n v e n t i ona l  ti trat1 o ns  
cu rv e  a r e  c om p a re d  in F i g . ? . . S o m e t i me s  t h e  a d d i t i o n  o f  water-miscibl e  
s o lv en t s  h e lps t o  reveal p e a k s  h i d d e n  in t h e  buffe r  c a p a c i t y  o f  th<!  
m e d ium 

_'. l  I  i  i，j・；r  i  t'．i: h  1  i  it l .  'i、Jhh l  



Results a n d  F u t u r e  A p p r o a c h  
M o s t  o f  t h e  p a s t  s t u d i e s  u s i n g  t h e  a u t o m a t i c a l l y  r e c o r d e d  ~-pH c u r v e s  

h a s  b e e n  in t h e  field o f  f o o d  chemistry, a n d  n o  s y s t e m a t i c  a p p l i c a t i o n  
to environmental c h e m i s t r y  p r o p e r  h a s  b e e n  made. Y e t  t h e  several suc-
cessful e x a m p l e s  a c h i e v e d  i n  food chemistry, a n d  t h e  p r e s e n c e  o f  inter-
esting e x a m p l e s  o f  a p p l i c a t i o n  o f  t h e  c u r v e s  (obtained b y  c o n v e n t i o n a l  
method) i n  t h e  p a s t  m a k e  t h e  a p p l i c a t i o n  o f  t h e  n e w e r  m e t h o d  t o  e n v i r o n -
mental c h e m i s t r y  s e e m  v e r y  a t t r a c t i v e  a n d  promising. Several e x a m p l e s  
a r e  s h o w n  a s  Figs. 3  t o  6  w i t h  explanations. 

Fig. 
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Fig. 3. C u r v e s  o f  natural (left) 
a n d  s y n t h e t i c  (right) flavoring 
agents .  K. Tsuji,~ 
kaqakkaishi，辿， 7 6 9 (1982) 

Fig.4. Seasonal c h a n g e  o f  c o n i f e r  leaf 
e x t r a c t  b u f f e r  capacity, p o l l u t e d  a n d  
unpol luted (E. wind, Phyton(Austria), 
旦， 197 (1979) 
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F'ig.5. C u r v e s  for cell-contg. a n d  
c e l l - f r e e  a s c i t e s  fluid (C.Albers, P.Vaupel, 
Res~. 287(1981)) 

□□ 
Fig.(,, Urines, normal p e r s o n  (lefl) a n d  
leukemia p a U e n t  (K. Tsuji, u n p u b l i s h e d  data) 

Successful a p p l i c a t i o n s  in food c h e m i s t r y  includes c o r r e l aしion o f  
叫 r ve d a ta  w i t h  sen s o r y  ev a  I  u a  t j  o n  d a t a  f o r 虹竿，辿立且
an d  qr・ce n  Le a  (s ee  r ev iew, 1  (1985)). 
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5 5 - 1 6  
A C C U M U L A T I O N  O F  T R A C E  E L E M E N T S  I N  P L A N T S  
A N D  C O O R D I N A T I O N  C H E M I S T R Y  

M u t s u o  KOYAMA, J i t s u y a  T A K A D A  a n d  M a s a h i r o  S H I R A K A W A  

R e s e a r c h  R e a c t o r  Institute, K y o t o  U n i ve rsity, Kumatori-cho, 
Sennan-gun, O s a k a  590-04 J a p a n  

T h e  p u r p o s e  o f  t h e  p r e s e n t  s t u d y  c a n  b e  s u m m a r i z e d  a s  follows. 
1. )  T o  s e a r c h  p l a n t s  a c c u m u l a t i n g  p a r t i c u l a r  c h e m i c a l  e le m e n t s  speciffically. 
1.i) T o  e xa m i n e  t h e  r e l a t i o n s  b e t w e e n  e n v i r o n m e n t a l  c o n d i t io n s ( m o s t l y  c h e m i c a l  

c h a r a c t e r i s t i c s  o f  soils) a n d  c o n c e n t r a t i o n s  o f  c h e m i c a l  e l e men t s  i n  p l a n t  
l e a v es .  

1.ii) T o  e x a m i n e  t h e  p o s s i b i l i t i e s  o f  f i n d i n g  i n d i ca t o r  p la nts w h i c h  c a n  a c c u m u -
late t o x i c  o r  u se ful e l e m e n t s  i n c l u d i n g  r a d i o a c t i ve  i s o tope s  i n  e n v i ro n -
m e n ts. 

i v )  T o  o b t a i n  m a c r o s c o p i c  d a t a  w h i c h  w i l l  g iv e  u s  h i n t s  f o r  e l u c i d a t i ng  
m e c h a n i s m s  i n  m o l e c u l a r  levels o r  i n o r g a n i c  c hem i s t r y  l ev els by  w h i c h  
s e l e c t i v e  u p t a k e  o f  i n o r g a n i c  ions take p l ace. 

v )  T o  e xa m i n e  i f  any  co r re lations e xi s t  b e t w ee n  t he  tendenc,i.es o f  a c c u m u l a t -
i n g  i n o rg a n i c  i o n s  i n  p l a n t s  a n d  b o t a n i c a l  t a xo n o my .  

1. M A T E R I A L S  
S a m p l i n g  
L e a v e s :  T w i g s  w i t h  leaves w e r e  c o l l e c t e d  a n d  p a c k e d  in  p o l y e t h y l e n e  bags .  
S o i l  :  I n  c a s e  it w a s  p o s s i b l e ,  surface ,  A ,  B a n d  C  layers o f  soil w e r e  

c ol l e c t e d  i n  p o lye thy l ene  b a g s .  
S a m p l i n g  Site: S a m p l i n g  sites c o v e r  s u b - fr i g i d ,  t e m p e r a t e  a n d  s u b- tro p i c a l  

z o n e s  i n  J a p a n ,  i . e ., from  H o k k a i d o  to  R y u k y u  Islands .  
S a m p le  T r e a t m e n t s  
L e a v e s :  A t  the  e a rliest chance ,  leaves w e r e  c l e a n e d  b y  ru b b i n g  gently w i t h  

g au z e  d a m p e d  w it h  d e i on ized w a t er  a n d  fi na l l y  b y  p o u r i n g  redistill -
ed  w a t e r  o n  t h e m .  C le a n e d  le a v e s  w er e  p a c k e d  i n  a  sheet o f  filter 
p a p er  a n d  d r i ed  f o r  4 8  h r s .  a t  8 0°C .  

Soi l :  A f t e r  d r i e d  at r o o m  t e m p e r a t u r e ,  soil samples we r e  sieved a n d  a  
f r a c t i o n  less t h a n  100 m e s h  w a s  c o l l e c t e d  a n d  d r i e d  f u r t h e r  at 80°C 
for 4 8  h r s .  

2. A NA L Y T I C A L  M E T H O D  
A l l  t h e  m e a s u r e m e n t s  o f  elemental c o n c e n t r a t i o n s  i n  b o t h  p l an t s  a n d  soil 
w e r e  p e r f o r m e d  b y  n e u t r o n  a c t i v a t i o n  analysis. 
I r r a d i a t i o n :  A l l  t h e  irradiations w e r e  p e r f o rm e d  w i t h  t h e  pneumatic facil -

ity  P n- 2  o f  K U R ( K y o t o  U n i v e r s i t y  Reactor) o p e r a t e d  a t  5 M W .  
13 - 2  - 1  Ne u t  ro n  flux :  ¢ 2 .  7  5x10 n .  cm .  sec t h  12 ¢ .  1 .  1  x  1  0  "  e D 1  

¢ fast 6 .0x l O  
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Short lived Nuclides: Al ,  V ,  M g ,  C a ,  T i ,  M n ,  N a ,  K ,  D y ,  Cl ,  I ,  C u  
5 0- l O O m g  l e a f  samples a n d  5 0- ? 0 m g  soil samples we r e .ir-
radiated f o r  5  t o  1 0  s ec  a n d  m e a s u r e d  f o r  1 0 0  t o  2 0 0  sec 
w it h  a  p ure  G e  d e t e c t o r  im m e d i a t e l y  a f t e r  i r r a d i a t i o n .  
N a ,  K ,  R b ,  Cs, C a ,  S r ,  B a ,  La ,  C e ,  N d ,  S m ,  E u , 'l'b ,  Yb ,  L u ,  
Sc ,  H f ,  T h ,  U ,  C r ,  Fe ,  C o ,  Ni ,  Z n ,  C d ,  Sb, Se ,  13r ,  A g ,  A u  
り0 0- l O O O m g l e a f  samples a n d  10 0- 2 0 0 m g  soil s a m p l e s  were 
i r r a d i a t e d  f o r  6 0  m i n  a n d  c o o l e d  f o r  7  t o  9  d a y s .  M e a s u r e-
m e n t s  we re  p e r f orm e d  f o r  2  h o u r s  o n  e a c h  s a m ple  a n d  furth-
e r  m e a s u r e m e n t s  w e r e  c ar ri e d  o u t  f o r  12 h o u r s  a f t e r  2 0  to  
30 d a y s  cool in g  w i t h  a  low  b a c k g r o u n d  G e  d e t e c t o r  syst e m .  

込on E lived nuclides: 

F l ux  m on itors used :  N a ,  M n  f or  short i r r a d i a t i o n ,  Cr, C o ,  S b  a nd  U  for l o n g  
i rra d i at i o n .  

3. C O N C L U S ION  
i) A  n u m b e r  o f  n e w  a c c u m u l a t o r  p l a n t s  h a v e  b e e n  found. 

Co: O n e  t h i r d  o f  E uphorbia ce a e  p l a n t s  s o  f a r  e x a m i n e d  w e re  found t o  a c c um -
u l a t e  C o  ions u p  t o  lOOμg/g(D.W.) 

Z n  a n d  C d :  A l l  o f  w i l l o w  (salicaceae) specie s  a n d  p l a n t s  b e lo n g i n g  t o  the  
Il ex  family a c c u m u l a t e  t h e s e  ions. 

R a r e  e a r t h  elements, Ba, R a  a n d  Ac: S o m e  s p e c i e s  o f  ferns s u c h  a s  t ho se  
b e l o n g i n g  t o  G leichen is ce a e  a n d  S t r u t h i o p t e ris Weiss a c c u m u l a te  
t h e s e  ions u p  t o  lOOOμg/g(D.W). P l a n t s  b e l o n g i n g  t o  Fa gac e a e  a c c u m u -
late t h e s e  ions t o  a  c e r t a i n  extent. 

11) N o  s i m p l e  d i r e c t  c o r r e l a t i o n  h a s  b e e n  f o u n d  b e t w e e n  e lem e n t a l  c o n c e n t r a t -
i o n s  i n  p l a n t s  a n d  i n  soil i n  g e n e r a l  f o r  s u c h  i o n s  a s  Fe, C o  a n d  M n .  

iii) C o n c e n t r a t i o n s  o f  s o  c a l l e d  e s s e n t i a l  e l e m e n t s  s u c h  a s  K ,  Mg, C a  a n d  F e  
c o n v e r g e  i n t o  n a r r o w  r a n g e s  reg a r d l e s s  o f  s o i l  c o m p o s i t i o n s  a n d  o f  p l a n t  
species. 

1v )  C o n c e n t r a t i o n s  o f  r a r e  e a r t h  e l e m e n t s  i n  p l a n t  l e a v e s  a r e  o b v io u s l y  
d e p e n d e n t  o n  t h e  a c i d i t y  o f  soil a n d  o n  t h e  c o n c e n t r a t i o n s  o f  t h o s e  i n  
s oュ1.

v )  P l a n t  s p e c i e s  b e l o n g i n g  t o  Theaceae  a n d  Fa g a c e a e  b o t h  o f  w h i c h  a c c u m u l a t e  
r a r e  e a r t h  ions t o  a  c e r t a i n  d e g r e e  w e r e  f o u n d  t o  a c c u m u l a t e  p re f e ren t i a l -
l y  h e a v i e r  r a r e  e a r t h  ions t o  t h e  l i g h ter  o ne s  u p  t o  100-1000 t i m e s  
a s  much. 
S o m e  s p e c i e s  o f  ferns (Gl e iche ni a cea e  a n d  S truthiopt eris )accumulate r a r e  
e a r t h  e l e m e n t s  i n t e n s i v e l y  b u t  the p r e f e r e n t i a l  a c c u m u l a t i o n  w i t h i n  r a r e  
e a r t h  e l e m e n t s  h a s  n o t  b e e n  o b s e r v e d  e x c e p t  f o r  a n o m a l i e s  o n  C e  a n d  Eu. 

vi) T h e s e  facts s u g g e s t  t h a t  c o m p l e x  f o r m a t i o n s  a n d  m e m b r a n e  t r a n s p o r t s  a r e  
p l a y i n g  i m o r t a n t  ro~es o n  upt':ke o f  _inorg':nic _ions_ i n  plants. R a r e  e a r t h  
ions m a y  b e c o m e  g o o d  tracers f o r  s u c h  k i n d s  o f  studies. 

vii) I t  is  o f t e n  t h e  c a s e  t h a t  t h e s e  p r e f e r e n t i a l i t i e s  o r  s e l e c t i v i t 1e s  a r e  
n o t  c o n f i n e d  i n  a  g i v e n  species b u t  a r e  e x t e n d e d  t o  o t her  sp e c i e s  b e long-
i n g  t o  t h e  s a m e  g e n u s  o r  family. 

v 1 i i ) F o l l o w i n g  t o  t h e  P e a r s o n ' s  c o n c e p t  o f  c l a s s i f y i n g  m e t a l  ions a n d  ligands 
i n to  h a r d  a n d  s o f t  ones, i t  is p o s s i b l e  t o  c l a s s i f y  b o t a n i c  s pe c i e s  i n t o  
hard, s o f t  a n d  i n t e r m e d i a t e  o n e s  i n  w h i c h  t he  last o n e s  o c c u p y  t he  m a j o r -
ity. 
W i l l o w s  a n d  I l e x  p l a n t s  a r e  t h e  e x a m p l e s  o f  s o f t  p l a n t s  w h i c h  ten d  t o  be  
r i c h  i n  Zn, Cd, a n d  S e  a n d  p o o r  i n  Al, r a r e  e a r t h  e lements. 
A  n u m b e r  o f  s p e c i e s  o f  Thea cea e  a r e  t h e  o t h e r  extremes, t h a t  is, h a r d  
p l a n t s  w h i c h  a c c u m u l a te  i n t e n s i v e l y  A l  a n d  F  a n d  o t h e r  h a r d  ions. 

1x) T h e  m a c r o s c o p i c  s t u d i e s  a s  d e s c r i b e d  h e r e  w o u l d  o f f e r  i m p o r t a n t  c l u e s  for 
c o n d u c t i n g  m i c r o s c o p i c  o r  m o l e c u l a r  level s t u d i e s  s u c h  a s  t h o s e  o n  m e c h a n -
i s m s  o f  a c c u m u l a t i o n  o f  inorganic ions f r o m  c h e m i c a l  p o i n t  o f  v i e w  a n d  o n  
e l u c i d a t i n g  p h y s i o l o g i c a l  r o l e s  o f  i n o r g a n i c  ions i n  living things. 

131 x )  M e t a s e q uoia w as  f o u n d  t o  a c c u m u l a t e  ~-~r f r o m  t h e  C h e r n o b y l  a c c i de nt! 

,iil ,  l  iじ'f研究 1、 2 ([986 )  r
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S 5 - 1 7  

DETERMINATION O F  T R A C E  A M O U N T  O F  TRIBUTYLTIN C O M P O U N D S  
IN ENVIRONMENTAL S A M P L E S  B Y  G A S  CHROMATOGRAPHY 

a n d  Y o s h i h l k o  OHYAGI • 

K a n a e  Paint Co., Ltd.,1-6-13, Hanaten-Higashi, Tsurumi-ku, 
O s a k a  5 3 8 , J a p a n .  

曇 T o k y o Photoelectri c  co., Ltd. ，1  -2-8, Shi rokane, Mi nato-Ku, 
T o k y o  108, Japan. 

M a n y  kinds o f  o r g a n o t i n  compounds h a v e  b e e n  s h o w n  t o  b e  
a c t i v e  against various m a r i n e  organisms. F o r  example, 
tributyltin compounds o f  t h e  type B u 3 S n X  a r e  u s e d  t o  antlfouling 
p a i n t  CA/F) w h i c h  was applied p r i m a r i l y  t o  s h i p  and boat hulls t o  
inhibit t h e  g r o w t h  of m a r i n e  organisms s u c h  as a l g a e  a n d  
barnacle.[1,2] T h e  u s e  o f  t h e  o r g a n o t l n  compounds as antlfoulant 
,  however, m a y  c a u s e  leach Ing of t h e  compounds into t h e  m a r i n e  
environment.[3] Cooksley h a s  s h o w n  that tributyltln compound In 
a n t l f o u l i n g  paint leaches into seawater at a  r a t e  o f  1.5-2.0 
μg/ c m 2 / d a y . [ 4 J  D u e  t o  t h e  Increasing development a n d  u s e  o f  a  
w i d e r  v a r i e t y  o f  o r g a n o t i n  compounds in antifouling p a i n t ,  it is 
important t o  e l u c i d a t e  a b o u t  t h e  behavior a n d  distribution o f  t h e  
tributyltin compounds that a r e  produced in seawater w h e n  t h e  
a n t i f o u l a n t  leaches into m a r i n e  environment .[5.6J 

In this paper, w e  shall d e s c r i b e  the determination of trace 
a m o u n t  o f  tributyltln compounds in environmental samples s u c h  as 
s e a w a t e r  a n d  sediment b y  gas chromatography equipped w i t h  
e l e c t r o n - c a p t u r e  detector CECD-GC). 

A p p a r a t u s  :  
T h e  g a s  chromatographic conditions w e r e  as follows: column 

packing, 10¾ T h e r m o n - H G  o n  C h r o m o s o l b  W  60/80 mesh: column s i z e ,  
3 m x  3 m m  i.d. stainless steel column: C o l u m n  temp., 1so•c; 
injection a n d  d e t e c t o r  temp.,3oo•c; carrier g a s ,  nitrogen, 60 
ml/min: d e t e c t o r , E C D  (63Nil. 

PrQcedure: 
~: T o  1000ml o f  seawater s a m p l e  was a d d e d  1ml o f  12M 

h y d r o c h l o r i c  a c i d .  a n d  t h e  s o l u t i o n  w a s  extracted wl t h  t w o  40ml 
portions o f  n-hexane. T h e  extract w a s  w a s h e d  twice wl th 25ml 
portions o f  O. 0 0 6 M  hydrochlor I  c  act d, d r  I  e d  o v e r  anhydrous s o d  I  u n  
sulfate, a n d  filtered. T h e  r e s u l t e d  s o l u t i o n  was concentrated, 
if necessary, as t h e  s a m p l e  for gas chromatography. 
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~: T r 1b u ty l t i n  c om p ou n d  tn s e d i m e n t  w a s  e x tr a c t e d  
w i t h  10 0ml o f  methanol a n d  1ml o f  12M h y d r o c h l o r i c  a c i d  usi n g  
S o x h let's e x t r a ct or  C70° C/2hl .  T h e  e x t r a c t  w a s  c o n c en tr a t e d  t o  
about 10ml ,  a n d  di lu t e d  b y  100ml o f  s a t u r a t e d  s o d i u m  ch l o r i d e  
s o lu tion .  T h e  r e s u lted s olut i o n  w a s  e x t r a c t e d  w i t h  t w o  30ml 
p o r t i o n s  o f  n - he x a ne, a n d  t h e  n - h e x a n e  layer w as  t r ea t e d  in t h e  
s a m e  w a y  as t h e  c a s e  o f  s e a wa t er  sample. 
Resul ts 

T h e  r e c o v eri es o f  t h e  o v e ral l  p e r f o r m an ce  o f  thi s  m e t h o d  
w e r e  (84- 91 J%  f o r  s e a w a t er  s a m p l e s  an d  (89-9 4 )% fo r  s e d i m en t  
sampl e~ ~ T h e  d e t ec t i o n  limits  o f  T B TC  w e r e  0 .6  p gll in s e aw a t e r  
a nd  0 .0 3  flgl g  in s ediment. 
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F ig.I G~:i chromatogram  of TBTC 
f!BTC: l. 2μg /mll 
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Fig .2 Working curve of TBTC 
(Sample vo lume :  3  μI J  
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S  5- 18 
A  t e p h r a  l a y e r  g i v e s  u s  t h e  b e s t  t i me -c ontrol p l a n es  

1.n paleoenvironrnental re se a r c h  

S h i r o  N I S H I D A  

(Dept. E a r t h  Sci., N a r a  Univ. Educ., Nara) 

w e  c a n  a c c e p t  a  m a g m a  c h a m b e r  u n d e r  a  v o l c a n o  a s  a  k i n d  o f  g i g a n t i c  

c r u c i b l e .  D u r i n g  h i s  e v e r y  e r u p t i o n  a  h u g e  v o l u m e  o f  p y r o c l a s t i cs  is 

r e l e a s e d ,  b l o w n  h i g h  u p  i n  t h e  air, s p r e a d  w i d e l y  w i t h  w e s t e r l i e s  a n d  

s o m e t i m e s  t r a n s p o r t e d  t o  m o r e  t h a n  1,000 Km. In t h e  m a g m a  c h a m b e r  

s o m e  k i n d  o f  m i n e r a l s  a r e  c r y s t a l l i z e d ,  b u t  m a j o r  p a r t  o f  m a g m a  is 

t r a n s f o r m e d  t o  a m o r p h o u s  m a t e r i a l s  in its r a p i d  c ooling. V o l c a n i c  

g l a s s  is a  s u c h  e n d  m e m b e r  o f  m a g m a  p r o d u c t  a n d  h a s  a  h o m o g e n e o u s  

c h e m ic al c o m p o s i t i o n .  E a c h  v o l c a n i c  a c t i v i t y  g i v e s  u s  a  c h a r a c t e r -

i s t i c  i n f o r m a t i o n  t h r o u g h  v o l c a n i c  g l a s s  c o m p o s i t i o n .  S o  w e  c a n  d e f i n e  

a  s p e c i f i c  t e p h r a  layer i n  a  s t r a t i g r a p h i c  c o l u m n a r  s e c t i o n  o v e r  all 

d i s p e r s e d  area. S o m e  t i m e s  a  t e p h r a  layer is d a t e d  b y  r a d i o m e t r i c  

t e c h n i q u e s ,  t h a t  is, z i r c o n  c r y s t a l l  i n c l u d e d  i n  t h e  s a m e  t e p h r a  g i v e s  

a  f i s s i o n  t r u c k  a g e  a n d  if a  t e p h r a  l a y e r  is i n t e r c a l a t e d  i n  p e a t y  

s e d i m e n t s ,  r a d i o - c a r b o n  a g e s ・ o f  b o t h  p e a t y  b e d s  a r e  a v a i l a b l e .  

C o n s e q u e n t l y  w e  c a n  c o m m o n l y  g e t  t w o  i m p o r t a n t  t i m e - c o n t r o l s  t h r o u g h  a  

te p h r a  in a  s a m e  time. W i d e  s p r e a d  s p e c i f i e d  t e p h r a  u n d o u b t e d l y  g i v e s  

us a  d e f i n i t e  a n d  r e l i a b l e  d a t u m  plane. T h r o u g h  t h e  s p e c i f i e d  t e p h r a  

l a y e r  w e  c a n  s a f e l y  c o m p o s e  the n a t u r a l  h i s t o r y  w h i c h  is a n  i n d i s p -

e n s a b l e  b a s i c  d a t a  o n  a  r e s e a r c h  o f  p a l e o e n v i r o n m e n t .  S t r a t i g r a p h i c a l  

a n d  g e oh i s t o r ic al i n f o r m a t i o n  m u s t  b e  m o r e  e v a l u a t e d  in the  f i e l d  o f  

e n v i r o n m e n t a l  r e se a r c h .  P r e s e n t  s t a t e  o f  e n v i ro nm e n t  is t h e  final r e -

r e p r e s e n ta t i o n  o f  t h e  n a t u r a l  history. 

F o r  a  long t i m e  o r d i n a r y  t e p h r a  i d e n t i f ic a t i o n  w a s  a cc ep te d  a s  a  

v e r y  s k i l l f u l  t e c h n i q u e  a n d  s o m e t i m e s  g a v e  s u b j e c t i v e  int er p r e t a t i o n  

re ga rd less o f  i t s  t h e o r e t i c a l  stability. T he  p r e s e nt  m e t h o d  i mp r o ve d  

th is weal, p o i n t  a n d  s e r v e s  f o r  Q u a t e r n a r y  s tr a tigraphy. 
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In t h is t i me  a  latest P l e i s to c en e  a n d  tw o  Hol o c en e  w i de  d i s t r i b u t e d  

t h e p h r a  in J a p a n  a r e  r e co n f i r m ed  w i t h  a n  e ne rg y  d i s p e r s ive  s p e c t r o-

m e try  (E D X ). T h e  o l d e s t  o ne  is c a lled a s  A i r a  (AT )  t e p h r a  w h ich w a s  

e r u p t e d  i n  A i r a  c a l d e r a  o f  K a go shima, s o u t he rn  Kyu s h u  a n d  d a t e d  a s  2 4  

Ka b y  r a d i o  c a r b o n  method. P r e s e n t  a g e  f a l l es  t o  t h e  m i d - t i m e  o f  t h e  

last g l a c i a l  a g e .  Se co n d  o n e  is n a m e d  a s  O k i  t u f f  w h i c h  w a s  o r i g 1 -

n a t e d  f r o m  U lre u n g -d o  Island, K o r e a  i n  t h e  e a r l i e s t  P l e i s t o c e n e  t i m e  

a n d  d a t e d  a b o u t  9.3 Ka. A k a h o y a  tuff i s  t h i r d  o n e  w h i c h  w a s  b l o w n  u p  

f r o m  K i k a i  c a l d e r a  i n  t h e  s o u t h e r n  s e a  o f  K y u s h u  a n d  d a t e d  6.3 K a  a l s o  

b y  r a d i o  c a r b o n  method. T h i s  a g e  is c o r r e s p o n d  w i t h  t h e  H o l o c e n e  

c l i m a t i c  o p t i m u m  a n d  t h e  h i g h e s t  level a g e  o f  e u s t a t i c  movement. 

Preparation: C r u d e  s a m p l e  w a s  s o a k e d  i n  calgon, d i s p e r s e d  1 n  

u l t r a s o n i c  bath, r i n s e d  r e p e a t e d l y  w i t h  d i s t i l l e d  w a t e r  t o  e l i m i n a t e  

c o nt a m i n a te d  c l a y  m i n e r a l s ,  s i e v e d  w i t h  a  s t a i n l e s s  s t e e l  mesh, d r i e d  

o n  a  heater, a d h e r e d  o n  a  c l e a n  g l a s s  c h i p  a n d  c o a t e d  w i t h  c a r b o n  1 n  a  

v a c u u m  e v a p o r a t o r .  

A n a l y t i c a l  method: C l e a n  v o l c a n i c  g l a s s  shards, t h a t  is, c l e a n  

s u r f a c e  a n d  f r e s h  f r a c t u r e  w a s  d e s i r e d ,  w a s  c o n f i r m e d  u n d e r  a  S E M  a n d  

f o l l o w e d  b y  s p e c t r u m  a c q u i s i t i o n  u n d e r  t h e  n e x t  condition; E 0 = 2 0  Kv, 

R e f = 2 0 0  μμA, 2= 15 m m  a n d  500 KI c o u n t / a l l  channel. E a c h  q u a n t i t a t i v e  

a n a l i t i c a l  r e s u l t  w a s  g o t  c o m p a i r i n g  w i t h  s t a n d a r d  s p e c t r a  a n d  a d o p t e d  

Z A F ' c o r r e c t i o n .  C o m m o n ly w e  a c q u i r e d  20 t o  100 s p e c t r a  o n  a  t e p h r a  

s a m p l e  a n d  r e p r e s e n t e d  t h e i r  a v e r a g e  v a l u e s  w i t h  s t a n d a r d  d e v i a t i o n .  

A n a lyz e d  m a j o r  e l e m e n t s  o f  g l a s s  s h a r d  w e r e  Na, Mg, Al、Si, K, Ca, T l  
a n d  F'e ,  a n d  r e p r e s e n t e d  t h e i r  r e l a t i v e  p e r c e n t a g e s  in o x i d e  form. 

A n a l y t i c a l  c o n d i t i o n  a n d  e l e m e n t  list w e r e  f i x e d  t h r o u g h  t h e  c o ur se  o f  

t h e  s t u d y  f o r  t h e  r e a s o n  o f  g u a r a n t e e  o f  c o n s i s t e n t  results. 

Results: A f t e r  a  s t a t i s t i c a l  c a l c u l a t i o n ,  r e s u l t s  w e r e  s h o w n  i n  a  

f o r m  o f  table, s c a t t e r  d i a g r a m  a n d  c o m p a r i s o n  c h a r t  w i t h  c o r r e s p o n -

d i n g  c h em ic a l  c o m p o s i t i on  w h i c h  w a s  a n a l y z e d  in t h e  past. 

F o r  t he  r e a s o n  o f  s t a b l e  results, t h e  p r e s e n t  m e t h o d  s h o u l d  b e  

a c c e p t e d  a s  a n  e a s y  a n d  r e l i a b l e  t e p h r a  i d e n t i f i c a t i o n  technique. 

S t r a t i g r a p h i c a l  a n d  c h r o l o l o g i c a l  d a t a  s u p o r t  the p r e s e n t  t e p h r a  

i d e n t i f i c a t i o n  a n d  h a s  n o t  a n y  di 1 s c r e p a n c 1 e s .  
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S S - 1 9  S E R S  O B S E R V A T I O N  O F  T H E  A D S O R P T I O N  B E H A V I O R  O F  

S O x  A N D  N O x  O N  T H E  S I L V E R  P O W D E R  A T  N EA R L Y  R E A L  

E N V I R O N M E N T A L  C O N D I T I O N S .  

H i d e y u k i  M A T S U T A  a n d  K i c h i n o s u k e  H I R O K A W A  

T h e  R e s e a r c h  I n s t i t u t e  f o r  Iron, S t e e l  a n d  O t h e r  Metals, 

T o h o k u  U n i v e r s i t y ,  980 Sendai, Japan. 

1. I N T R O D U C T I O N  
U n d e r  r e a l  e n v i r o n m e n t a l  conditions, a d s o r p t i o n  o f  g a s e s  o n  m e t a l s  t a k e  

p l a c e  u n d e r  a t m o s p h e r i c  p r e s s u r e  a n d  p r e s e n c e  o f  o x y g e n ,  w a t e r  v a p o r  a n d  
o t h e r  gases. H o w e v e r  m a n y  s t u d i e s  o n  g a s  a d s o r p t i o n  h a v e  b e e n  c a r r i e d  o u t  
w i t h  e l e c t r o n  s p e c t r o s c o p y  u n d e r  v a c u u m  c o n d i t i o n s  w i t h  s o  c a l l e d  c l e a n  
surfaces. T h e  b e h a v i o r  o f  a d s o r b e d  g a s e s  u n d e r  a t m o s p h e r i c  p r e s s u r e  m a y  b e  
d i f f e r e n t  f r o m  t h o s e  u n d e r  v a c u u m  c o n d i t i o n s .  I n  o r d e r  t o  o b s e r v e  t h e  
b e h a v i o r  o f  a d s o r b e d  g a s e s  u n d e r  n a t u r a l  conditions, s u r f a c e  e n h a n c e d  R a m a n  
s c a t t e r i n g  (SERS) c a n  b e  a  u s e f u l  a n a l y t i c a l  tool. 

I n  t h e  p r e s e n t  report, a d s o r p t i o n  b e h a v i o r  o f  t h e  p r i n c i p a l  a i r  p o l l u -
t a n t s  o f  s o 2  a n d  N 0 2  o n  s i l v e r  p o w d e r  p r o d u c e d  f r o m  a q u e o u s  s o l u t i o n  o f  A g N 0 3  
w e r e  s t u d i e d  b y  SERS. T h e  s i l v e r  p o w d e r  s u r f a c e  p r o d u c e d  b y  this m e t h o d  w a s  
a d o p t e d  a s  a  m o d e l  o f  t h e  real surface. S E R S  s p e c t r a  o f  S o x  a n d  N O x  o n  t h e  
s i l v e r  p o w d e r  w e r e  m e a s u r e d  a t  b o t h  n e a r l y  e n v i r o n m e n t a l  c o n d i t i o n s  a n d  
v a c u u m  conditions. 

2. E X P E R I M E N T A L  
N i n e  w t．も a q u e o u s s o l u t i o n  o f  A g N 0 3  w a s  r e d u c e d  w i t h  N a B H 4  a n d  t h e  

p r e c i p i t a t e d  s i l v e r  p o w d e r  w a s  w a s h e d  w i t h  r e - d i s t i l l e d  water. T h e  s i l v e r  
p o w d e r  w a s  first d r i e d  e i t h e r  i n  a i r  o r  u n d e r  l o w  v a c u u m  c o n d i t i o n s  a n d  t h e n  
s t o r e d  i n  d r y  A r  a t m o s p h e r e .  W e  w i l l  c a l l  t h e  f o r m e r  p o w d e r  a i r  d r i e d  
s i l v e r  p o w d e r  (ADSP) a n d  t h e  l a t t e r  v a c u u m  d r i e d  s i l v e r  p o w d e r  (VDSP). T h e  
s i l v e r  p a r t i c l e  w a s  o f  ~1--v10 fl> m  i n  d i a m e t e r [  1  ]. R a m a n  s p e c t r a  w e re  
r e c o r d e d  a t  r o o m  t e m p e r a t u r e  w i t h  a  1  m  d o u b l e  m o n o c h r o m a t o r  w i t h  a  c o n v e n -
t i o n a l  p h o t o n  c o u n t i n g  s y s t e m .  T h e  A r +  i o n  l a s e r  b e a m  o f  5 0 m W  w i t h  a  
w a v e l e n g t h  o f  488.0nm w a s  u s e d  a n d  t h e  b e a m  w a s  f o c u s e d  b y  a  c y l i n d r i c a l  l e n s  
t o  f o r m  a  l i n e  i m a g e  o n  t h e  s a m p l e .  T h e  d e t a i l s  o f  t h e  v a c u u m  s y s t e m  f o r  
t h e  R a m a n  m e a s u r e m e n t s  w i l l  b e  d e s c r i b e d  e l s e w h e r e  (1 ]. 

3.  R E S U L T S 旱 D I S C U S S I O N
3.1 A d s o r p t i o n  b e h a v i o r  o f  s o 2  o n  s i l v e r  p o w d e r  s u r f a c e  [1] 

W h e n  b o t h  A D S P  a n d  V D S P  s a m p l e s  w e r e  f i r s t  e x p o s e d  t o  a i r  a n d  t h e n  
plac_ed i n  v a r i o u s  g a s  m i x t u r e s  c o n t a i n i n g  so2, S E R S  p e a k s  a t  625, 925 a n d  9 6 0  
- 1  c m - ' w e r e  o b s e r v e d .  T h e s e  p e a k s  s e e m  t o  b e  d u e  t o  s u r f a c e  s p e c i e s  s u c h  a s  

s o  2-3  a n d  s o i ― [2]. H o w e v e r  w h e n  b o t h  A D S P  a n d  V D S P  s a m p l e s  w e r e  f i r s t  p l a c e d  
u n d e r  h i g h  v a c u u m  c o n d i t i o n s  a n d  t h e n  e x p o s e d  t o  s i m i l a r  g a s  m i x t u r e s  c o n -
t a i n i n g  s o 2  a s  p e r f o r m e d  i n  t h e  p r e v i o u s  e x p e r i m e n t , _  o n l y  the_ V D S P  s a m p l e  
e x h i b i t e d  S E R S  p e a k s  <::f s u r f a c e  sp<;cies s u c h  a s  SO~ — and s o i - f o r  a  g a s  
m i x t u r e  o f  H 2 o  o f r v 1 0 3 P a ,  o 2  of"-105Pa a n d  s o 2  o f  1 0 2 P a  f r o m . t h e  v a r i o u s  
p e r f o r m e d .  A E S  a n d  X P S  s p e c t r a  s h o w e d  t h a t  t h e  s u r f a c e  o f  t h e  V D S P  h a s  a  
h i g h e r  c o n t a m i n a t i o n  o f  c a r b o n  t h a n  t h a t  o f  t h e  A D S P .  T h e  d i f f e r e n t  a d -
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s o r p t i o n  b e h a v i o r  o f  s o 2  o n  t h e  s i l v e r  p o w d e r  s e e m s  t o  b e  p a r t l y  d u e  t o  t h e  
e f f e c t  o f  s u r f a c e  c o n t a m i n a t i o n  o n  t h e  stability o f  t h e  S E R S  a c t i v e  sites i n  
v a c u o .  T h e  p r e s e n c e  o f  b o t h 恥 O o f r v 1 0 3 P a  a n d  o 2  i s _ n e c e s -

2-s a r y  t o  o b s e r v e  S E R S  p e a k s  o f  t h e  s u r f a c e  s p e c i e s  s u c h  a s  s o 3 - a n d  s o 4 ・2-
A d s o r p t i o n  b e h a v i o r  o f  o 2  a n d 防 O o n  t h e  s i l v e r  p o w d e r  s u r f a c e  w i  11 b e  

d i s c u s s e d  e l s e w h e r e  [  1  ]. 

3.2 A d s o r p t i o n  b e h a v i o r  o f  N 0 2  o n  s i l v e r  p o w d e r  s u r f a c e  [4] 
B o t h  V D S P  a n d  A D S P  s a m p l e s  w e r e  f i r s t  p l a c e d  u n d e r  h i g h  v a c u u m  c o n d i -

2  ti~ns a n d  t h e n  e x p o s e d  t o  10LPa o f  N02. T h e  total p r e s s u r e  w a s  r a i s e d  u p  t o  
1 0 5 P a  w i t h  d r y  Ar, N 2  o r  o2. _ob~erved S E R S  s p e c t r u m  i s  s h o w n  i n  (a). 
O b s e r v e d  p e a k s  a t  1 0 4 0  a n d  8 1 5  c m ―1  s e e m  t o  b e  d u e  t o  s u r f a c e  s p e c i e s  s u c h  a s  
N O j  a n d  N 0 2  i o n s ,  r e s p e c t i v e l y  (3]. W!:ien t h e  t o t a l  p r e s s u r e  was_ d e -
c r e a s e d ,  t h e  s p e c t u r m  c h a n g e s  f r o m  (a){N105Pa) t o  (b)(1.3Pa), (c) 杓 , o - 4 P a ) .． T h i s  s p e c t r a l  c h a n g e  i s  r e v e r s i b l e  (a.::::=c) b y  c h a n g i n g  t h e  p r e s s u r e  b y  ． 
p u m p i n g  a n d  a d d i t i o n  o f  d r y  g a s e s  o f  a n y  k i n d .  T h e  p e a k  a t  2 3 1 5 c m - 1  a n d  
o t h e r  p e a k s  i n  (c) s e e m  t o  b e  d u e  t o  N O +  a n d  N o 3 ,  r e s p e c t i v e l y ,  b u t  t h e  N O ― 3  
s e e m s  t o  b e  a d s o r b e d  a t  d i f f e r e n t  sites f r o m  t h o s e  u n d e r  a t m o s p h e r i c  p r e s s u r e  
[4]. T h e  s u r f a c e  r e a c t i o n  m a y  b e  e x p r e s s e d  a s  follows. 

2N02 N O )  +  N O +  
O n c e  t h e  s i l v e r  p o w d e r  w i t h  a d s o r b e d  n i t r o g e n  o x i d e  w a s  e x p o s e d  t o  m o i s t e n e d  
g a s  o r  a i r  of,v 105Pa, t h e  r e v e r s i b l e  c h a n g e  w a s  interrupted, a n d  N o 3  a n d  N O― 2  
i o n s  w e r e  o b s e r v e d  o n  t h e  s i l v e r  s u r f a c e ,  a s  s h o w n  i n  (d). O t h e r  p e s k s  i n  
(d) w i l l  b e  d i s c u s s e d  e l s e w h e r e  [1 ]. 
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R a m a n  s pe ctra o f  a d s o r b e d  n i t r o g e n  d i o x i d e  o n  t h e  s i l ve r  p o w de r  surface. 
2  (a) A d d i t i o n  o f  b o t h  N 0 2  o f  1_0 L P a  a n d  A r  o f - v 1 0 5 P a ;  (b) E v a c u a t i o n  u p  t o  

1.3Pa; (c) E v a c u a t i o n  u p  t-orv1びPa; (d) A d d i t i o n  o f  m o i s t e n e d  A r  of-v105Pa. 
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S 5 - 2 0  
S O M E  F A C T O R S  I N F L U E N C I N G  C O P P E R  (II) - C O P L E X I N G  C A P A C I T Y  
O F  R I V E R  W A T E R S  

H i r o s h i  K A W A M O T O  a n d  H i d e o  A.KAIWA 
F a c u l t y  o f  E n g i n e e r i n g ,  G u n m a  University, Kiryu, G u n m a  376 
J a p a n  

1. I N T R O D U C T I O N  
C o p p e r ( I I ) - c o m p l e x i n g  capacity(CuCC) o f  a  w a t e r  s a m p l e  i s  d e f i n e d  a s  a n  

a b i l i t y  o f  a  s a m p l e  t o  r e m o v e  a d d e d  copper(II) f r o m  the free i o n  p o o l  (1]. 
Vilrious m e t h o d s  f o r  t h e  m e a s u r e m e n t  o f  t h e  C u C C  h a v e  b e e n  p r o p o s e d  a n d  r e v i e w e d  
b y  Hart, N e u b e c k e r  a n d  A l l e n  (2,3]. However, the c h e l a t e  e x t r a c t i o n  h a s  n o t  
b e e n  p r o p o s e d  s o  f a r  f o r  this purpose. In the c o u r s e  o f  a  s t u d y  o n  t h e  CuCC, 
a  r a p i d  a n d  s i m p l e  m e t h o d  u s i n g  b a c k - e x t r a c t i o n  technique w a s  established, 
w h i c h  e n a b l e s  o n e  t o  m e a s u r e  t h e  C u C C - v a l u e  a s  w e l l  a s  the c o n d i t i o n a l  
f o r m a t i o n  c o n s t a n t  f o r  t h e  r e s u l t i n g  copper(II) c o m p l e x  w i t h o u t  a n y  p r e l i m i n a r y  
t r e a t m e n t  [4]. B y  u s i n g  t h e  p r e s e n t  method, s o m e  factors i n f l u e n c i n g  the C u C C  
o f  a  w a t e r  s a m p l e  f r o m  the K i r y u  R i v e r  w e r e  discussed. 

2. E X P E R I M E N T A L  
A  w a t e r  s a m p l e  i s  f i l t e r e d  u s i n g  a  0.45 μm  m e m b r a n e  filter. T w e n t y  

c u b i c  c e n t i m e t e r s  o f  t h e  r e s u l t i n g  s a m p l e  i s  taken i n  a  s e p a r a t o r y  funnel, a n d  
- 5  the e q u a l  v o l u m e  o f  b e n z e n e  c o n t a i n i n g  5.00 x  10 - m o l  d m  - 3  

b i s ( 4 , 4 , 4 - t r i f l u o r o - l - p h e n y l - l , 3 - b u t a n e d i o n a t o ) c o p p e r ( I I )  [  C u ( b f a ) 2  I  i s  
added. T h e  m i x t u r e  is then s h a k e n  v i g o r o u s l y  f o r  30 min. A f t e r  the p h a s e s  
a r e  a l l o w e d  t o  separate, t h e  a q u e o u s  p h a s e  i s  filtered, a n d  copper(II) i n  t h e  
a q u e o u s  p h a s e  i s  d e t e r m i n e d  w i t h  a n  a t o m i c  a b s o r p t i o n  spectrometer. T h e  
C u C C - v a l u e  o f  a  w a t e r  s a m p l e  i s  d e f i n e d  a s  the c o n c e n t r a t i o n  o f  copper(II) 
b a c k - e x t r a c t e d  i n  t o  t h e  a q u e o u s  phase. 

3. R E S U L T S  a n d  D I S C U S S I O N  
B y  e m p l o y i n g  E D T A  a s  a  ty p i c a l  ligand, t h e  C u C C - v a l u e  o b t a i n e d  b y  t h e  

p r e s e n t  m e t h o d  w a s  c o n f i r m e d  t o  i n d i c a t e  the c o m p l e x i n g  a b i l i t y  as w e l l  a s  the 
2-c o n c e n t r a t i o n  o f  a  ligand. T h e  p o s s i b l e  e x i s t e n c e  o f  H C O ,  a n d  CO~ i n  n a t u r a l  3  3  

w a t e r s  d i d  n o t  a f f e c t  C u C C - v a l u e s  i n  t h e  p H  r e g i o n  b e t w e e n  7.0 a n d  9.0, i f  the 
total c o n c e n t r a t i o n  o f  H C O - a n d  C O  2-3  3  is b e l o w  1.0 x  10 

- 3  - 3  m o l  d m  -. A m o n g  
m a n y  c o e x i s t i n g  cations, iron(III) w h i c h  i s  the o n l y  p o s s i b l e  i n t e r f e r i n g  ion, 
d i d  n o t  i n t e r f e r e  w i t h  t h e  d e t e r m i n a t i o n  o f  t h e  C u C C  i n  the case o f  i t s  

- 5  c o n c e n t r a t i o n  less t h a n  1  x  10 J  m o l  d m  J .  - 3  

T h e  p r e s e n t  m e t h o d  is a p p l i e d  t o  the K i r y u  River. W a t e r  samples w e r e  
taken a t  t w o  p o i n t s  (point A  i s  s i t u a t e d  5  k m  a b o v e  p o i n t  B a n d  K i r y u  city is 
i n - b e t w e e n  A  a n d  B) o n  1 2 t h  o f  May, 1986. A l t h o u g h  o n l y  s l i g h t  d i f f e r e c e  w a s  
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o b s e r v e d  i n  the C u C C - v a l u e s  o f  p o i n t s  A  a n d  B a t  midnight, the v a l u e s  o b t a i n e d  
a t  p o i n t  B  w e r e  o b s e r v e d  t o  b e  h i g h e r  than those a t  p o i n t  A  i n  the daytime. 
H o u r l y  v a r i a t i o n  o f  the C u C C - v a l u e  w a s  found t o  correlate w i t h  t h e  A B S  (alkyl-
b e n z e n e  s u l f o n i c  acid) concentration, s t r o n g l y  s u g g e s t i n g  t h a t  t h e  C u C C - v a l u e  
m a y  b e  i n f l u e n c e d  b y  the w a s t e  w a t e r  c o n t a i n i n g  ABS. 

T h e  c o n d i t i o n a l  formation c o n s t a n t  f o r  t h e  copper(II) c o m p l e x  e s t i m a t e d  b y  
t h e  p r e s en t  m e t h o d  is g i v e n  i n  T a b l e  1. A m o n g  v a r i o u s  samples l i s t e d  i n  T a b l e  
1, commercial d e t e r g e n t  p o s s i b l y  c o n t a i n s  a  c e r t a i n  ligand a s  a n  additive, 
b e c a u s e  A B S  d o e s  n o t  h a v e  a n y  c o m p l e x i n g  ability. B y  c o m p a r i n g  B- v a l u e s  o f  
t h e  K i r y u  R i v e r  a n d  detergents, w e  c a n  e s t i m a t e  t h a t  t h e  c o m p l e x i n g  a b i l i t y  o f  
this r i v e r  w a t e r  is m a i n l y  d u e  t o  s y n t h e t i c  d e t e r g e n t s  d e r i v e d  f r o m  h u m a n  
activities. 
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S 5 - 2 1  G C / M S  A N A L Y S I S  O F  P O L Y H A L O G E N A T E D  C O M P O U N D S  I N  F L Y A S H  
F R O M  M U N I C I P A L  I N C I N E R A T O R S  O F  D I F F E R E N T  C O U N T R I E S  

F. W. KARASEK, K. P. N A I K W A D I  a n d  !!.,_ ~* 
D e p a r t m e n t  o f  C h e m i s t r y ,  U n i v e r s i t y  o f  Waterloo, Waterloo, Canada, a n d  
* I n s t r u m e n t a l  A n a l y s i s  R e s e a r c h  Center, K y o t o  University, Kyoto, J a p a n  

E x p o s u r e  t o  p o l y h a l o g e n a t e d  c o m p o u n d s  i n  e n v i r o n m e n t  is particulary 
c r u c i a l  b e c a u s e  s o m e  i s o m e r s  such a s  polychlorodibenzodioxins a n d  
p o l y c h l o r o d i b e n z o f u r a n s  h a v e  e x t r a o r d i n a r y  toxicities t o  animals. However, 
s e p a r a t i o n  a n d  c h e m i c a l  a n a l y s i s  o f  a  n u m b e r  o f  i s o m e r s  a r e  o f  g r e a t  
d i f f i c u l t i e s  experimentally. 

S e v e r a l  r e p o r t s  a n d  publications s h o w  t h e  e x p o s u r e  f r o m  a l l  m u n i c i p a l  
i n c i n e r a t o r s  a r o u n d  t h e  world. T h e r e  is c o n s i d e r a b l e  difference, however, 
in t h e  l e v e l s  o f  t o x i c  p o l y h a l o g e n a t e d  c o m p o u n d s  a n a l y z e d  i n  the flyash 
s a m p l e s  f r o m  t h e  v a r i o u s  incinerators. T h e  f o r m a t i o n  o f  t h e  toxic 
p o l y h a l o g e n a t e d  c o m p o u n d s  i n  incineration i n  c o n s i d e r e d  t o  b e  a  universal 
p h e n o m e n o n  a n d  i n c i n e r a t o r s  a s  t h r e a t  t o  a  c l e a n  environment. This 
u n d e r s t a n d i n g  h a s  b e e n  r e a s s e s e d  b e c a u s e  u n d e r  c e r t a i n  conditions s o m e  
i n c i n e r a t o r s  s h o w  a  n e g l i g i b l e  a m o u n t  o f  t h e  t o x i c  i s o m e r s  i n  t h e  flyash 
a n d  fall w i t h i n  g u i d e l i n e s  o f  e n v i r o n m e n t a l  agencies. Thus, it is of 
i m p o r t a n c e  t o  a n a l y z e  t h e  f l y a s h  f r o m  d i f f e r e n t  incinerators a n d  d e t e r m i n e  
t h e  o p e r a t i o n a l  c o n d i t i o n s  a n d  factors involved i n  t h e  f o r m a t i o n  of the 
t o x i c  c o m p o u n d s  t h a t  c a n  e v e n t u a l l y  result i n  s a f e  o p e r a t i o n  o f  incineration 
w i t h  m i n i m u m  e n v i r o n m e n t a l  risks ・f r o m  the toxic compounds. 

A  fully c o m p u t e r i z e d  s y s t e m  c o n s i s t e d  o f  g a s  c h r o m a t o g r a p h y  a n d  m a s s  
s p e c t r o m e t r y ( G C / M S )  is a  p o w e r f u l  a n a l y t i c a l  tool f o r  t h e  analysis o f  
c o m p l e x  s a m p l e s  o f  h o m o l o g o u s  i s o m e r s  o f  p o l y h a l o g e n a t e d  compounds. 

T h e  r e s u l t s  o f  t h e  G C / M S  analysis o f  p o l y h a l o g e n e t e d  c o m p o u n d s  in 
flyash s a m p l e s  f r o m  m u n i c i p a l  incinerators o f  d i f f e r e n t  countries such a s  o f  
Toronto, Oslo, Paris, Kyoto, H i r o s h i m a  a n d  M a c h i d a  s h o w e d  a  characteristic 
p a t t e r n  o f  i s o m e r  d i s t r i b u t i o n  in t h e  flyash s a m p l e s  f r o m  d i f f e r e n t  places. 
T h i s  o b s e r v a t i o n  s i m p l i e s  that the b a s i c  p a t h w a y s  a n d  m e c h a n i s m  for the 
f o r m a t i o n  o f  t h e  t o x i c  i s o m e r s  o f  polyhalogenated c o m p o u n d s  c o u l d  b e  s i m i l a r  
in a l l  incinerators r e g a r d l e s s  of d i f f e r e n c e  i n  d e s i g n  a n d  o p e r a t i n g  
c o n d i t i o n s  o f  t h e  incinerators. T h e  levels o f  the t o x i c  i s o me rs w e r e  
d i f f e r e n t  i n  a l l  f l y a s h  s a m p l e s  a m o u n g  w h i c h  Machida's flyash s a m p l e s  s h o w e d  
l o w e s t  levels o f  t h e  t o x i c  compounds. T h e  f o r m a t i o n  m e c h a n i s m  is discussed. 
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5  5- 2  2  R E G U L A T I O N  M E C H A N I S M  O F  T R A C E  E L E M E N T  DISTRJllU T I O N S  
! ~ E S T U A R 「N [ A N D  C O A ST A L  ¥J,¥T E R S ,  E L U C I D A T E D  BY 
¥ - RA Y  P H O T O E L E C T R O N  A N D  F L U O R F: S C E ¥ C F: S P E C T R O S C O P Y  

T a s u k u  A K A G l ,  lllr o k  i  H A R A G U C HI, a n d  A k i m a s a  M A S U DA 
D e p a r t m e n t  o f  C h e m i s t r y ,  F a c u l t y  o f  S c i e n c e ,  T h e  U n i v e r s i t y  o f  T o k y o ,  7 - 3 - 1  
H o ngo, B u n k y o - k u ,  T o k y o ,  113, J a p a n  

I n  o r d e r  t o  e s t i m a t e  h u m a n  i m p a c t  o n  o c e a n  e n v i r o n m e n t ,  b e h a v i o r s  o f  
t r a c e  e l e m e n t s  in e s t u a r y  a r e  a n  i m p o r t a n t  a n d  i n t e r e s t  s u b j e c t  t o  b e  e l u c i d a -
t e d .  M a n y  s t u d i e s  d e a l i n g  w i t h  t r a c e  e l e m e n t s  i n  t h e  c o a s t a l  a n d  e s t u a r i n e  
a r e a s  h a v e  b e e n  c a r r i e d  o u t  a n d  t h e  p r o g r e s s e s  o f  s u c h  s t u d i e s  w e r e  w e l l  
s u m m a r i z e d  i n  s o m e  p a p e r s  [  1  ]. T h e s e  s t u d i e s  h a v e  n o t i c e d  t h e  i m p o r t a n c e  o f  
a  ct s o  r  pt i o n  a n d  d e s  o r  pt i o n  o f  t r a c e  m e t  a l  s  w  i  t h  s u s p e n d e d  p a r t  i  c  1  e s  ( S P  s). ¥/ e  
h a v e  a l s o  p e r f o r m e d  v a r i o u s  s t u d i e s  o n  n a t u r a l l y  o c c u r r i n g  S P s  i n  e s t u a r y  f o r  
t h e  b e t t e r  u n d e r s t a n d i n g s  o f  t h e  m e c h a n i s m s  r e g u l a t i n g  t r a c e  e l e m e n t  d i s t r i b u -
t i o n s ,  u s i n g  s o m e  m o d e r n  a n a l y t i c a l  t e c h n i q u e s .  T h e  e x p e r i m e n t a l  r e s u l t s  w i l l  
b e  p r e s e n t e d  a n d  d i s c u s s e d  f r o m  t h e  v i e w p o i n t s  m e n t i o n e d  above. 

T h e  e s t u a r i n e  a n d  c o a s t a l  w a t e r  s a m p l e s  w e r e  c o l l e c t e d  f r o m  t h e  T a m a g a w a  
s i v e r  a n d  t h e  T o k y o  B a y  a r e a  i n  t h e  m i d d l e  o f  N o v e m b e r ,  1982 a n d  e n d  o f  J u n e ,  
1984. T h e  a n a l y t i c a l  i n s t r u m e n t s  u s e d  w e r e  X - r a y  p h o t o e l e c t r o n  s pe c t r o s c o p y  
(XPS), X - r a y  f l u o r e s c e n c e  s p e c t r o s c o p y  (XRF), a n d  X - r a y  d i f r u c t i o n  (XRD) f o r  
s t u d y i n g  s u r f a c e  cor.ipositions, t o t a l  c o m p o s i t io ns, a n d  m i n e r a l  i d e n t i f i c a t i o n ,  
r e s p e c t i v e l y .  In a d d i t i o n ,  i n d u c t i v e l y  c o u p l e d  p l a s m a  a t o m i c  e m i s s i o n  s p e c t r o -
m e t r y  ( I C P - A E S )  w a s  u s e d  f o r  d e t e r m i n a t i o n  o f  d i s s o l v e d  Table 1. Molar Frac-
t r a c e  m e t a l s  in w a t e r s  [2-4]. tions for Surface of 

T h e  d , s t r i b u t i o n s  o f  d i s s o l v p d  t r a c e  m e t a l s  i n  t h e  
s t u d y  a r e a  showerl c h a r a s t e r i s t i c  p a t t e r n s  f o r  e a c h  e l e m e n t  
[  5  ]. F r o m  s u c h  e x p e r i m e n t a l  r e s u l t s  [  5). i t  h a s  b e e n  n o t e d  
t h a t  s e l e c t i v e  r e a c t i o n s  b e t w e e n  d i s s o l v e d  m e t a l s  a n d  S P s  
s h o u l d  b e  t a k e n  i n t o  c o n s i d e r a t i o n .  

T h e  a n l y t i c a l  r P s u l t s  f o r  s u r f a c e  c o m p o s i t i o n  o f  SPs, 
w h i c h  a r e  i m p o r t a n t  a s  a n  i n t e r f a c e  f o r  p h y s i c a l  p h e n o m e n a  
s u c h  a s  a d s o r p t i o n  a n d  d e s o r p t i o n  o f  t r a c e  m e t a l s ,  a r e  
su'ilmarized i n  T a b l e  1. T h e  v a l u e s  i n  t h e  t a b l e  a r e  s h o w n  
i n  m o l a r  f r a c t i o n s  f o r  e l e m e n t s .  A s  c a n  b e  s e e n  f r o m  t h e  
t a b l e ,  s u r f a c e  c o m p o s i t i o n s  o f  S P s  v a r i e d  w i t h  t h e  s a m p l i n g  
p o s i t i o n s  a n d  d e p t h s ,  I t  s h o u l d  b e  n o t e d  t h a t  t h P  m o l a r  
f r a c t i o n s  o f  C  a n d  N  i n c r e a s e d  w i t h  t h e  d i s t a n c e  f r o m  t h e  

Suspended Particles. 
(Sampling:Nov., 1982) 

Distance -2 
/km:a3 

5.7 

Depth/m 0  25 
Salinity 6. 7  34.1 
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r i v e r  m o u t h  a n d  d e p t h ,  w h i l e  t h o s e  o f  0, S i ,  K, Al, a n d  F e  a) Distance from the 
mouth of the Tamagawa 

d e c r e a s e d .  f r o m  c o m p a r i s o n  o f  s u r f a c e  c o m p o s iti o n s  o f  S P s  River to the Tokyo 
1,・ith t h o s e  0 f  n a t u r a l l y - o c c u r r i n g  s u b s ta n c e s ,  it w a s  f o u n d  Bay. b) Not detected. 
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t h a t  s u r fa c e  c o m p o s i t i o n s  o f  S P s  
6  

11 e a r  t h （・ r i  v  e r  m,, 11 t  h  w e r e  s  i  m  i  la r  7  
4. 5  - -

t  o  t  h  o  s  e  o  f  c  l  a  I  iIt  l  n  e  r  a  l  s  s  u  c  h  a  s  4  4讐I[心 1 7  

i l li t e  a n d  m o n t m o r i l ] o n i t e .  O n  
t h e  o t h e r  h a n d ,  t h a t  a t  t h e  c e n t e r  
o f  t h e  b a y  s h o w e d  c l e a r  s i m i l a r i t y  

s1alion No 
5 ヽ 3

’—--

to  t h a t  o f  h u m i c  a c id ,  (al 51 
T h e  r e s u l t s  fo r  t o t a l  c o m  Po-'IIIJIIIIIIIIIIIIIJIIJUUJUIIIIIIIIIIJIIIIIIIIIIIIII >JO 

s 1 t i o n s  o f  S P s  b y  X R F  a r e  s h o w n  i n  7  6  5 ム 3 2  I  

F  l  g. l  f  o  r  S  l  a  n  d  s,  r  e  p  r  e  s  e  n  t  a  - g叶疇ミ- -三 d- 冑= 古: rO 
t i v e l y .  T h e  S i  c o n t e n t  w a s  
l a r g e s t  a t  t h e  r i v e r  a n d  g r a d u a l l y  
d e c r e a s e d  w i t h  t h e  d i s t a n c e  f r o m  

t h e  r i v e r  m o u t h .  T h e  d i s t  r i b  u  - (b) 5  µg/L ' '111111111111111111111~-~019:::::--." • 43 
t i o n s  o f  A l ,  T i ,  Fe, K, a n d  C a  1 n  
S P s  w e r e  s i m i l a r  t o  t h a t  o f  Si. 
T h e  c o n t e n t s  o f  Al, T i ,  a n d  F e  
w e r e ,  h o w e v e r ,  f o u n d  t o  d e c r e a s e  
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Fig. I. Sectional views of Si (a) and S  (b) 
contents of suspended particles in I  L  water. 
(Sampling: July, 1984) 
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m o r e  r a p t d l y  t h a n  t h a t  o f  Si, w h i l e  t h e  c o n t e n t s  o f  K a n d  C a  d e c r e a s e d  r a t h e r  
i n  s i m i l a r  m a n n e r  t o  t h a t  o f  Si. A s  c a n  b e  s e e n  i n  F i g .  l(b), t h e  s e c t i o n a l  
v i e w  o f  S  w a s  m u c h  d i f f e r e n t  f r o m  t h a t  o f  S i .  T h e  d i s t r i b u t i o n  o f  S  w a s  
r.iaxir.1um a t  t h e  s u r f a c e  o f  S t a t i o n  4, a b o u t  2  k m  f a r  f r o m  t h e  r i v e r  m o u t h ,  a n d  
g e n e r a l l y  S  s h o w e d  t h e  l a r g e r  c o n t e n t s  a t  t h e  s u r f a c e .  

F r o m  t h e  e x p e r i m e n t a l  r e s u l t s  d e s c r i b e d  a b o v e ,  t h e  f o l l o w i n g  c o n l u s 1 v e  
r e m a r k s  c a n  b e  n o t e d .  T a m a g a w a  R i v e r  w a t e r  p r i m a r i l y  c a r r i e s  s i l i c a t e  an~ 

c l a y  m i n e r a l s  w h i c h  a r e  r i c h  i n  S i, K, a n d  C a ,  a n d . i n  S i ,  A l ,  T i ,  a n d  Fe, 
r e s p e c t i v e l y .  D u r i n g  t h e  f.low i n t o  t h e  T o k y o  B a y  a r e a ,  s u c h  m i n e r a l s  a r e  
d e p o s i t e d  o n  t h e  s e a  floor, w h i l e  s o m e  o r g a n i c  m a t t e r s  w e r e  a d s o r h e d  o n t o  t h e  
m i n e r a l-ri c h  SPs. T h e  c l a y  m i n e r a l s  m a y  b e  m o r e  r a p i d l y  d e p o s i t e d  t h a n  si li-
c c1te m i n e r a l s .  T h e  m i n e r a l  a n a l y s i s  o f  S P s  b y  X R D  s u p p o r t e d  t h e  r e n a r k s  
a b o v e .  

T h e n  w e  i n t e n d e d  t o  c l a r i f y  s o m e  c o n t r o l l i n g  f a c t o r s  f o r  t h e  d i s t r i b u -
Li o n s  o f  d i s s p l v e d  t r a c e  m e t a l s  in r e l a t i o n  w i t h  t h e  SPs. A  k i n e t i c  m o d e l  1;a s  
e x a m i n e d ,  w h e r e  a d s o r p t i o n  a n d  d e s o r p t i o n  m e c h a n i s m s  o f  t r a c e  m e t a l s  t h r o u g h  
t h e  s u r f a c e  o f  S P s  w e r e  t a k e n  i n t o  a c c o u nt. F r o m  s u c h  s t u d i e s ,  i t  w a s  f o u n d  
th a t  N - r i c h  o r g a n i c s  m a y  h a v e  l a r g e  c o n t r i h u t i o n s  to a d s o r b t i o n  o f  m a n y  h e a v y  
m e t a l s  s u c h  a s  A l ,  T i ,  M n ,  Fe, Ni, a n d  Z n .  C l a y  m i n e r a l s  w e r e  m o r e  l i k e l y  t o  
a d s o r b  Al ,  T i ,  M n ,  C o ,  Z n ,  a n d  Y. M o r e  d e t a i l e d  s t u d i e s ' o n  p h y s i c o c : h e m i c a l  
p r p e r t i e s  o f  S P s  w i l l  g i v e  a  c l u e  f o r  f u r t h e r  u n d e r s t a n d i n g  o f  r e 3 u l a t i o n  
in e  c  ha n  is r,1 s  for t  h e  d  is tr i  but i o n s  in t  h e  e s t  u  a  r  i  n  e  a n d  c o a s t  a  1  a r e  a s ,  a n d  t  r a c e  
m e t a ls in m a r i n e  e n v i r o n m e n t .  
[ lj J . M. B e w e r s  a n d  P. ti. Y e a t s ,  " P r o c .  o n  R I O S " ,  U N E P / I I N E S C O ,  pp. 1 0 3 - 1 1 5  
( 1 9 8 0 ) .  [ 2 ]  T. A k a g i  e t  al., C h e m .  L e t t . ,  」」ピ拉， 1 9 2 9 .  [ 3] T. A k a g i  a n d  H. 
:1 a  r a g  u  c  hi, C h e m .  L e t  t. ， 上早， 1 1 4 1 .  ( 4 ]  T .  A k a g i  e t  al. A n a l .  C h i m .  Act.fl, 
..!.....!..2, 1 3 9  ( 1 9 8 5 ) .  [ 5 ]  T. A k a g i  a n d  H. H a r a g u c h i ,  C h i k y u k a g a k u ,上§.., 3  1  (I 981, J. 
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S 5 - 2 3  
C H A R A C T E R I Z A T I O N  O F  T H E  S U S P E N D E D  S O L I D S  I N  T H E  LAK!c ,  

R I V E R  A N D  R A I N  W A T E R S .  

M u n e t s u g u  K A W A S H I M A :  S h i g a  U n i v e r s it y ,Ot s u ,  S h i g a ,  5 2 0 ,  J a p a n  

S h i g e k a z u  I C H I K I :  S h i g a  P r e f .  In s t .  P u b .  H l t h .  &  E n v i r o n .  S c i . ,  O t s u ,  
S h i g a ,  5 2 0 ,  J a p a n  

T a k e j  i  r o  T A K A M A T S U  :  N I E S ,  T s u k u b a ,  l b a r a k i ,  3 0 5 ,  J a p a n  

M u t s u o  K O Y A M A :  K U R ,  k y o t o  U n i v e r s i t y ,  O s a k a ,  5 9 0 - 0 1 ,  J a p a n  

1. l n t r o d u c t , o n  

T h e  s t u d y  o n  t h e  s u s p e n d e d  s o l i d s  ( 5 5 ) ,  w h i c h  c o n s i s t  p r e d o m i n a n t l y  o f  

i n o r g a n i c  c o l l o i d s ,  s u c h  a s  c l a y s ,  h y d r o u s  m e t a l  o x i d e s ,  a n d  o f  o r g a n i c  

c o l l o i d a l  m a t t e r  o f  d e t r i t a l  o r i g i n ,  a s  w e l l  a s  li v i n g  m i c r o o r g a n i s m s  (  

a l g a e  a n d  b a c t e r i a ) ,  i s  o f  g r e a t  i m p o r t a n c e  i n  t r a n s p o r t i n g  a n d  d i s t r i b u t -

i n g  m a t e r i a l s  i n  n a t u r a l  w a t e r s .  5 5  a l s o  p l a y  a  c e r t a i n  r o l e  i n  c i r c u l a -

t i o n  o f  d i s s o l v e d  s u b s t a n c e s  b y  c h e m i c a l  a d s o r p t i o n .  

T h e  p r e s e n t  p a p e r  s u n m a r i z e s  t h e  v a r i a t i o n  a n d  t h e  d i s t r i b u t i o n  o f  t h e  

c o n c e n t r a t i o n s  o f  e l e m e n t s  s u c h  a s  5 i ,  A l ,  F e ,  K ,  M g ,  T i ,  M n ,  C a ,  P ,  5  a n d  

o t h e r s  i n  5 5  c o l l e c t e d  f r o m  L a k e  B i w a .  T h e  e l e m e n t a l  c o m p o s i t i o n  o f  5 5  

f r o m  t h e  l a k e  w a s  c o m p a r e d  w i t h  t h o s e  o f  5 5  i n  t h e  ri v e r  a n d  r a i n  w a t e r s  

a s  w e  I  I  a s  t h o s e  o f  t h e  I  a k e  s e d i m e n t s .  

2 .  E x p e r i m e n t a l s  

T h e  la k e  w a t e r s  w e r e  s a m p l e d  m o n t h l y  s i n c e  A p r i  I, 1 9 8 5  f r o m  t w o  fi x e d  

s t a t i o n s  o f  L a k e  B i w a .  T h e  r i v e r  w a t e r s  w e r e  c o l l e c t e d  f r o m  t h e  m a j o r  

t w e n t y - f o u r  r i v e r s  f l o w i n g  i n t o  L a k e  B i w a  

i n  A p r i  I ,  1 9 8 6  a n d  t h e  r a i n  w a t e r s  o n  t h e  

r o o f  o f  S h i g a  U n i v e r s i t y  i n  O t s u  a f t e r  

S e p t e m b e r ,  1 9 8 5 .  A l  I  t h e  s a m p l i n g  s i t e s  

a r e  i  I  l u s t  r a t e d  i n  F i g . l. I m m e d i a t e l y  

a f t e r  s a m p l i n g ,  5 5  w e r e  c o l l e c t e d  o n  t h e  

f i l t e r ( 0 . 4 5 } - ' m  M i l l i p o r e ) .  T h e  e l e m e n t s , n  

5 5  t r a p p e d  o n  0.45}-'m f i l t e r  w e r e  t r e a t e d  

a s  t h e  p a r t i c u l a t e  f o r m .  5 5  w e r e  d r i e d  a t  

1  1  0 ・C f o r  t w o  h o u r s ,  a n d  m e a s u r e d  b y  t h e  

w a v e  l e n g t h  d i s p e r s i v e  X - r a y  f l u o r e s c e n c e  

s p e c t r o m e t r y  ( 5 h i m a d z u  M o d e l  V F - 3 2 0 ) .  T e n  

e l e m e n t s  s u c h  a s  5 i ,  A l ,  F e ,  K ,  M g ,  T i ,  M n ,  

C a ,  P  a n d  5  w e r e  a n a l y z e d  q u a n t i t a t i v e l y  i n  

a  f e w  m i l l i g r a m s  o f  5 5 ,  w h i c h  i s  t h e  m a x i m u m  

a m o u n t  f i t e r a b l e  b y  0 . 4 5 μm  f i l t e r .  T h e n ,  t h e  

n o n d e s t r u c t i v e  n e u t r o n  a c t i v a t a t i o n  a n a l y s i s  

o f  5 5  w a s  p e r f o r m e d  b y  t h e  f l u x  m o n i t o r  

m e t h o d  u s i n g  t h e  R e a c t o r  o f  K y o t o  U n i v e r s i t y .  

(2 3 0 )  

F i g .  1  S a叩 l i n g S i t e s  
( 0 , 0 ; L a k e , . .  ; R i v e r  
ロ； R a i n )
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3 .  R e su l t s  a n d  D i s c u s s i o n  

F i g . 2  s h o w s  t h e  m o n t h l y  v a ri a ti o n s  o f  t h e  c o n c e n t r a t i o n s  o f  t h e  

e l e m e n t s  i n  5 5  a n d  o f  c h l o r o p h y ll a ,  a n d  t h e  w e i g h t  o f  5 5  i n  t h e  s u r f a c e  

w a t e r  o f  th e  l a k e .  I) T h e  p a r t i c u l a t e - 5 i ,  A l ,  F e ,  K ,  M g  a n d  T i  s h o w e d  

a l m o s t  t h e  s i m i l a r  v a ri a t i o n  p a t t e r n s  t o  e a c h  o t h e r .  T h e r e  a r e  g o o d  

c o r r e l a t i o n s  l r ) 0 . 9 2 )  h o l d  a m o n g  t h e s e  e l e m e n t s  a n d  t h e s e  c o r r e l a t i o n  

c u r v e s  g i v e  t h e  s t r a i g h t  l i n e s  w h i c h  p a s s  c l o s e l y  t h r o u g h  t h e  o r i g i n  o f  t h e  

c o o rd i n a t e s .  T h e s e  f a c t s  d e m o n s t r a t e  t h a t  t h e  c o n c e n t r a t i o n  r a t i o s  o f  

t h e s e  s i x  e l e m e n t s  d i d  n o t  c h a n g e  t h r o u g h  t h e  y e a r .  T h e  c o m p o s i t i o n  o f  5 5  

i n  t h e  l a k e  w a t e r  w a s  c l o s e  t o  t h o s e  o f  5 5  f r o m  t h e  r i v e r s  a n d  r a i n  a n d  o f  

t h e  l a k e  s e d i m e n t s .  2 )  I n  t h e  s o u t h e r n  b a s i n ,  w h e r e  t h e  l e v e l  o f  e u t r o -

p h i  c a t i o n  i s  m u c h  h i g h e r  t h a n  i n  t h e  n o r t h e r n ,  t h e  p a r t i c u l t e - P  a n d  5  

v a r i e d  in  a  s im il a r  m a n n e r  t o  t h e  v a r i a t i o n  p a t t e r n  o f  c h l o r o p h y l l  a .  

P  a n d  5  i n  a l g a e  a c c o u n t  

f o r  t h e  I  a  r g  e  p o r t  i  o n  o f  

th e  p a t i c u l a t e - P  a n d  5 ,  

r e s p e c t iv e l y .  3 )  T h e  

v a r i a t i o n  p a tt e rn  o f  t h e  

p a r  t  i  c u  I  a  t  e  - C a  w a s  v e r y  

c l o s e  t o  t h a t  o f  t h e  w e i g h t  

o f  S S .  It i s  i n t e r e s t i n g  

t h a t  t h e  c on c e n t r a t i o n  o f  

C a  i  n  S  S  i  s  c on s  t  a n  I  

r e g a r d l e s s  o f  t h e  k i n d s  o f  

S S .  4 )  T h e  p a t t e r n  o f  t h e  

p a r t i c u la t e -M n  s h o w e d  p o o r  

c o r r  e  I  a t  i  o n  s  w  i  t h  t h e  o t h e r  

c o m p o n en t s .  I t , s  n e c e s -

s a r y  t o  c o n s i d e r  t h e  

p r e c i p i t a t i o n  m e c h a n i s m  f o r  

M n  i n d e p e n d e n t  o t  t h e  o t h e r  

s p e c, e s .  W e  s u g g e s t e d  t h a t  

t h e  m i c r ob i a l  o x i d a t i o n  o f  

M n ( 1 1 )  t o  t h e  o x i d e s  i n  t h e  

w a t e r  c o l u m n  i s  i叩 o r t a n t

f,:, r  t h e  p r e  c  i  p i  t a t ,  o n  

m e c h a n i s m  o f  M n  i n  L a k e  B 1 w a  

a s  w e l  I  a s  t h e  o t h e r  la k e s .  

5 )  In S S  f r o m  r a i n ,  i t ,  s  

w o r t h y  o f  n o t e  t h a t  t h e  r a t i o  

o i  A l  i s  a  Ii t  t  I  e  I  o w e r  t h a n  

t h a t  i n  th e  l a k e  a n d  r i v e r ,  

a n d  t h a t  t h e  c o n c e n t r a t i o n  

o f  M n  c o r r e la t e d  s t r o n g ly  

w i t h  t h o s e  o f  S i ,  A l ,  F e ,  M g ,  

K  a n d  T i  ( r  >  0 . 9 5 ) .  

湘，：f化＇i.研究 1 ,  2  ( l9 K 6 )  
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F i g . 2  M o n t h l y  v a r i a t i o n s  o f  t h e  c on c e n t r a t i o n s  
o f  t h e  e l e m en t s  i n  5 5  a n d  c h l o r o p h y l l  a ,  
a n d  t h e  w e ig h t  o f  5 5  i n  L a k e  B i wa  
I  ● ; n o r t h e r n  b a s i n ,  o  ; s o u t h e r n  b a s i n ) .  
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S 5 - 2 4  'iEETIC .4 L  D I S T R I B U T I O N  O P  C H E M I C A L  C O M P O U N D S  f¥T 
M E T E O R O L O G I C.n.L OBSERVP.TION T O W E R  (213m) .  I  
- S U S P E N D E D  P A R TIC LE S  f¥ND G/¥SE.'3 -

clcisayuki KUNUGI, T s u g uo  M I Z O G U CH I  
N a t i o n a l  I ns t i t u t e  for E n v i r on mental S t u d i e s ,  O n oc;aw a ,  Y a t a o e ,  T s u k u b a ,  J a p a n  

Iz u o  KAi,i¥ZAWA ,  M i w a k o  IKEGAMI a n d  Y u k i k o  D O K I Y A  
Meteoroloc;i c a l  R e s e a r c h  Institute, Nac;amine, Yatabe, T s u k u b a ,  J a p a n  

T h e  ch e m i c a l  c o m p o u n d s  i n  t h e  s u s p e n d e d  p a r t i c l e s  a n d  g a s e s  w e r e  
cont in u o u s l y  d e t e r m i n e d  a t  t h e  v a r i o u s  heig h t s  o f  t h e  M e t e o r o l o g i c al  
O b s e r v a t i o n  T o w e r ( 2 1 3 m )  o f  M e t e o r o lo gical R e s e a rch  Institute ,  T s u k u b a ,  J a p a n  
i n  v a r i o u s  s e a s o n s .  T h e  c o n c e n t r a t i o n  o f  t h e  suspended p a r t i c l e s  n e a r  t h e  
g ro un d  w a s  f ou n d  to  b e  i n f l u e n c e d  b y  t h e  a t m o s p h e r i c  stabi li ty, w h i c h  imposed 
r.iajor e f f e c t  o n  t h e  s e a s o n a l  v a r i a t i o n  o f  t h e  c o n c e n t r a t i on  o f  t h e  suspended 
part icles .  It w a s  found t o  b e  useful t o  k n o w  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  t h e  
~hemical c o m p o u n d s  o f  t h e  s u s p e n d e d  p a r t i c l e s  f o r  e l u c i d a t i o n  o f  sources o f  
::. hem .  D i s心us s i o n w er・e d o n e  or, their so urces a n d  the  m e t e o r o l o g i c a l  c o n d i t i o n s  
r e  e x p l a i n  t h e  typical d i s t r i b u t i o n s .  

E X P E R I M E N T A L  
W e  p e r f o r m e d  s i m u l t a n e o u s  s a m p l i n g  o f  the  suspended p a r t i c l e s  a t  

Jif'ferent hei[;hts i n  d i f f e r e n t  seasons. S u s p e n d e d  p a r t i c l e s  w e re  collected 
w.i •:. h Low v o l u me  a i r  s am p l e r s ,  h ig h  volume a i r  samplers a n d  cascade impactors ,  
1 nd  t h e  c on c e n t r a t i o n s  o f  t h e  suspended p a r t i c l e s  w e r e  c o n t i n u o u s l y  m e a s u r e d  
b y  p a r t i c l e  counters. T h e  c o n c e n t r a t i o n s  o f  t h e  c h em i c a l  c o m p o n e n t s  w e re  
d e t er m i ne d  u s i n g  X- r a y  f l u o r e s c e n c e  spectrometry ,  N u t r o n  a c t i v a t i o n  analysis, 

m i c r o a n a l y s i s ,  a t o m i c  a b s o r p t i o n  spectrometry a n d  ion c h r o m a t o g r a p h y .  
T h r e e  D a s h ibl. o z on e  m o n i t o r s  a n d  t h r e e  M o n i t o r  Labs N O x  m o n i t o r s  w e r e  a l s o  
us e d  a t ' ; h e  same tl.me .  

R E S U L T S  A N D  D I S C U S S I O N S  
T h e  c o n c e n t r a t i o n  o f  t h e  suspended p a r t i c l e s  c o l l e c t e d  by t h e  hi gh  volume 

a i r  s a m p l e r s  a t  l m  a b o v e  t h e  g r o u n d  w a s  g en e r a l l y  h ig h  in wint er ,  a n d  l ow  in  
su mm e r  w i t h  s o m e  hir;h p e a k s  i n  s p r i n g .  T h i s  tre n d  w a s  very consistent for t h e  
three  y e a r s  th oue;h t h e r e  w e r e  some d i f f e r e n c e s  i n  t h e  conc e nt r a t i o n s  d e p e n d i n g  
u p o n  t h e  m e t e o r o l o g i c a l  c o n d i t i o n s  o f  t h e  year. 

O n  t h e  o t h e r  h a n d ,  it is i n t e r e s t i n g  that t h e  c o n c e n t r a t i o n  w a s  almost 
i n v a r i a b l e  at 1 7 5 m  w i t h  some slight increase i n  spring, w h i c h  w o u l d  b e  
a s s o c i a t e d  w i t h  w i n d  b l o w n  dust p r e s u m a b l y  i n c l u d i n g  the d u s t  c o m i n g  f r o m  
A s i a n  Continent. 

T he  ::1o st t y p i c a l  v e r t i c a l  d i「ference w as  seen w i t h  c h l o r i d e  in winter, 
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that is, t h e  c h l o r i d e  c o n c en t r at i on  w a s  substantially h i g h  n e a r  t h e  g r o u n d  a n d  
i.t ;,;r・ad ua l ly  lower an d  evenly d i s t r i b u t e d  at a n y  hei ght. B rom i n e  s h o w e d  
similar tendency a s  c h l o r i d e .  

P o t a s s i u m ,  calcium, aluminium, a n d  iron showed s i m i l a r  ten d e n c y  b ut  t h e  
d i f f e r e n c e  b e t w e e n  t h e  d i f f e r e n t  h e i g h t s  i n  w i n t e r  w a s  not so  pronoc1nc ed  a s  
cr,loride. S u l f a t e  a n d  n i t r a t e  concentrations w e r e  h i g h  i n  w i n t e r  a n d  low  in 
a t h e r  seasons, b ut  t h e i r  vertical d i f f e r e n c e s  w e re  m e a g er. 

S o d i u m  r e m a i ne d  constant throughout t h e  y e a r  at a n y  height, w h i c h  co u ld  
oe  u t i l i z e d  a s  a  p r o m i s i n g  i n d i c a t o r  f o r  u n i f o r m  v e r t i c a l  d i s t r i b u t i o n .  

T h e  C M B  m e t h o d  w a s  a p p l i e d  t o  t h e  d a t a  o b t a i n e d  b y  l o w  v o lu m e  a i r  
samplers. T h e  c o n c e n t r a t i o n s  o f  Na, Al, K, Ca, Sc, V ,  M n ,  Pe, Z n ,  B r ,  a n d  Pb 
we r e  e v a l u a t e d  a s  t h e  index for  t h e  sources a s  follows; 1) soil ,  2 )  m a r i n e  
a e r o s o l s ,  3) iron a n d  steel industry ,  4) r e f u s e  i n c i n e r a t i o n ,  5) fuel o i l  
com b u t i o n ,  6 )  g a s o l i n e  automobile, u s i n g  t h e  rati o  r e f e r e d  f r o m  M a m u r o  e t  a l 7 '  2 ,  3) 

except soil d a t a .  
T h e  cont r i b u t i on  o f  m a r i n e  a e r o s o l s  w a s  found t o  be  a r o u n d  10% i n  s u m me r' 

a n d  o n l y  0 .5名 a t lm i n  winter. T h e  rate o f  c o n t r i b u t i o n  o f  t h e s e  s o u r c e s  f o r  
t h e  a m o u n t  o f  N a  a n d  C l  w e r e  a l s o  c a l c u l a t e d  u s i n g  t h e  same ratios, t h e  
c h l o r i d e  c o n c e n t r a t i o n  a t  l m  i n  w i n t e r  c o u l d  b e  e x p l a i n e d  o n l y  u p t o  1 8 %  o f  
the total b y  this c a l c ul at io n .  T h i s  m e a n s  that some s t r o n g  s o u r c e s  f o r  t h e  
chlor i de  o t h er  t h a n  s e a  salt a n d  r e f u s e  i n c i n e r a t i o n  s h o u l d  e x i s t  in w i n t e r  
：応 u r th e  <round at'l'sukubu .  

O n  t h e  o t h e r  hand ,  f r o m  s p r i n g  t o  s u m m e r ,  t h e  c h l o r i d e  w a s  suppos ed  tc  
come from t h e  s e a  salt. T h e  d e f i c i e n c y  o f  c h l o r i d e  c o m p a r e d  w i t h  s o d i u m  i n  
th e  suspended p a r t i c l e s  o f  these seasons might b e  e x p lained b y  t h e  mechanisrr,  
3 「 sc c a l l  c h l o ri ne  loss d u r i n g  the  t r a n s p o r t a t i o n  p r o c e s s  o f  t h e  s e a  salt. 

C O N C L U T I O N S  
In th e  present study ,  t h e  seasonal v a r i a t i o n  o f  t h e  c o n c e n t r a t i o n  o f  t h e  

sus pended p a r t i c l e s ,  h i g h  i n  w i nt e r  a n d  l o w  i n  t h e  o t h e r  s e a s o n s ,  w a s  found 
: c  b e  confined o n l y  n e a r  t h e  g r o u n d ,  a n d  it w a s  almost constant a t  175m. T he  
mal.n cause  o f  this seasonal v a r i a t i o n  w a s  supposed t o  b e  t h e  s t a b i l i t y  o f  th e  
a i r  n e ar  t h e  s r o u n d .  

T h e  v a r i o u s  d i s t r i b u t i o n  o f  t h e  chemical c o m p o n e n t s  v a r i e d  w i de ly 
d e pe ndinr.; u p o n  t h e  species, t h e i r  o r i gins etc. .  I n  t h e  present o b s e r v a t i o n s ,  
th e• d i s t r i b ut i o n さo u l d be  d i v id ed . i n t o  t h e  followinr, c;roup s ;  
11 C l ,  B r ,  2 )  N a ,  3) so~ —, Fe, K, ュn d Ca, 4) No;. 
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I N T R O D U C T I O N  
P h o s p h o r u s , N i t r o g e n  a n d  S i l i c a  a r e  three m a j o r  c h e c i c a l  e l e m e n t s  for the 

e u t r o p h i c a t i o n  i n  s e a  a n d  f r e s h  water. T h e  concentration o f  s u c h  c h e m i c a l  
c o m p o u n d s  as phosphate, nitrate, nitrite, ammonia, silicate e t  a l  i n  s e a  
w a t e r  a r e  s i g n i f i c a n t l y  i n f l u e n c e d  b y  s u c h  locations, depth, transportation 
o f  the water, p h o t o s y n t h e s i s  a n d  respiration o f  t h e  p l a n k t o n s  e t  al. 
Therefore, for c h a c t e r i z i n g  t h e  sea water, i t  i s  i m p o r t a n t  t o  m e a s u r e  the 
c h e m i c a l  c o m p o u n d s  horizontally, v e r t i c a l l y  a n d  c o ntinuously. Re c en t l y  w e  
d e v e l o p e d  a  n e w  c o n t i n u o u s  m o n i t o r i n g  s y s t e m  f o r  eutrophic substances.1 l  
This s y s t e m  c a n  m e a s u r e  temperature, conductivity, pH, d i s s o l v e d  o x y g e n  (DO), 
turbidity, c h e m i c a l  o x y g e n  d e m a n d  (COD), phosphate (P04), total phosphorus, 
n i t r a t e  (N03), a m m o n i a  (NH3), total nitrogen, silicate (Si04) a n d  chlorophyll 
a. I n  this system, t w o  sets o f  2  k w  c a p a c i t y  d i e s e l  electric generator, 
automatic sampling equipment, w i r e l e s s  telemetering system, d a t a  logger a r e  
a l s o  installed. T h e  s p e c i a l l y  d e s i g n e d  automatic w a s h i n g  system solves t h e  
c o n t a m i n a t i o n  p r o b l e m  o f  t h e  sensors d u e  t o  t h e  g r o w t h  o f  a l g a e  i n  t h e  
equipments. A l l  t h e  i t e m s  c a n  b e  m e a s u r e d  automatically i n  e v e r y  o n e  h o u r  
cycle. T h i s  p a p e r  p r e s e n t s  t h e  results o f  s o m e  field studies u s i n g  this 
s y s t e m  i n  O s a k a  B a y  (1983 - 1985) a n d  T a n a b e  B a y  (1986). 

R E S U L T S  
T a b l e  1  s h o w s  t h e  c o m p a r i s o n  o f  t h e  m ea s u r i n g  d a t a  o f  this system w i t h  

t h e  d a t a  w h i c h  a r e  a n a l y s e d  t h e  same samples i n  t h e  laboratory. 
F i g u r e  1  shows t h e  c o m p a r i s o n  o f  the c o n t i n u o u s  m e a s u r i n g  d a t a  (bottom 

c u r v e  i n  f i g u r e  1 :  l e f t  s i d e  scale) w i t h  t h e  d a t a  a t  10:00 ar:i i n  e v e r y  d a y  
(upper c u r v e  in f i g u r e  1 :  r i g h t  s i de  scale). I n  t he  c o n t i n u o u s  monitoring, 
it is c l e a r l y  o b s e r v e d  the s h a r p  peaks a t  J u l y  28 to 29, h o w e ve r, in o n l y  o ne  
m e a s u r e m e n t  i n  e v e r y  day, it is d i f f i c u l t  to d e t e c t  such d a i l y  peaks. 
Therefore, t h e  c o n t i n u o u s  m o n i t o r i n g  f o r  such eutrophic substances a r e  
s i g n i f i c a n t l y  i m p o r t a n t  to find t h e  characterization in sea water. 
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R E F E R E N C E  
1) F u j i n a g a、T.; K i m o t o ,  T .  T r a n s .  R e s .  I n s t .  Ocenochern. ~'1, p 4  (1986) 

lte●S  

pH 

DO 

COD 

P04 

Si04 

H03 

NH3 

T a b l e  1. C o m p a r i s o n  o f  c o n t i n u o u s  m o n i t o r  w i t h  m a n u a l  a n a l y s i s  

Principle of the Measuring range of Ver iat ion of Corre lat I  on Difference between tvo 
●anu● l  ●et hod continuous ●onltor ■ensuring results coefficient ■ethod (FS:Ful I  Seal el 

G  less e  lectorde ●ethod 2  - 12 pH 7.8 ~  8.7 pH 0.95 -0.06 - +0.06 pH 

Winkler ■ethod 0  ~  20 ●gO/L 4.7 ~  11.8 ●10/L 0. g7 -5l ~  +2l /  FS 
Per●●ng●n●te ●et hod 0  ~  10 ●gOIL 1.2 - 6.9 ■10/L 0.81 -14` ~  ＋ 13̀  I  FS 
Phospho●ohbdote (blue) 0  ~  0.2  pp■-P 28 - 115 ppb-P 0.87 -11% ~  +!Ol /  FS 
■ethod 

Silico■ohbdate (blue) 0  ~  2  P P●-SI 0. I  ~  0. 9  pp■-Si 0.88 - 1  Ol ~  +  6l /  FS 
●ethod 

Cu-Cd reduct I  on ■ethod 0  ~  I  P P●-H 80 - 510 ppb-H 0.95 -4x ~  +5` I  FS 
Indopheno! ■ethod 0  - 0.5 pp■-N 60 ~  410 ppb-H 0.97 - 1 4 l - + 1 3 l / F S  

10蒻％〉← NH3 遥．bりN

0.0 

〇. o  
7/25 7/26 7/27 7/28 7/29 7/30 7/31 

Fi g .  1. C o m p a r i s o n  o f  t h e  c o n t i n u o u s  d a t a  w i t h  t h e  
b a t c h  d a t a  a t  1 0 : 0 0 a m  i n  e v e r y  d a y  
( O s a k a  b a y ,  1 9 0 4 )  
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M a m i y a ,  M  S 4 - 0 1  N a k a m u r a ,  N  S4-1 3  
M a s u d a ,  A  S 5 - 2 2  N a k a m u r a ,  T  S 4 - 2 3  
M a s u d a ,  Y  S 4 - 1 1  N a k a n o ,  K  S1 -0 4  
M a t s u b a r a ,  C  S1 -1 5  N a k a n o ,  Y  S3-01 
M a t s u d a ,  T  S 4 - 1 5  N a k a s h i m a ,  N  S 1 - 0 4  
M a t s u m u r a - N a k a t a ,  R  S 4 - 2 5  

I n o u e ,  T  S 4 - 3 3  N a k ay a m a ,  E  S 3 - 0 5  S 5 - 0 6  
M a t s u i ,  M  S 2 - 0 8  S 3 - 1 7  N a s h i m a ,  T  S 1 - 0 9  

S 3 - 2 3  S 4 - 2 2  Niki, E  I L - 0 7  
S 4 - 3 0  N i s h i d a ,  A  S 5 - 1 0  

M a t s u t a ,  H  S 5 - 1 9  N i s h i d a ,  S  S 5 - 1 8  
M i m u r a ,  S  S 5 - 1 1  N i s h i k a w a ,  M  S 5 - 1 4  
M i u r a ,  J  S 1 - 0 3  N i s h i k a w a ,  S  Sl -21 
M i y a s h i t a ,  K  S 4 - 1 4  N om i z u, T  S 3 - 0 9  
M i y a u r a ,  T  S 2 - 0 4  N u k a d a ,  M  S 1 - 0 9  
M i z o g u c h i ,  N  S 4 - 3 3  
M i z o g u c h i ,  T  S5-1 4  S 5 - 2 4  
M i z u i k e ,  A  S 3 - 0 9  O g u r a ,  K  S 3 - 2 3  S 4 - 3 0  
M o g e s ,  G  S 4 - 1 0  O h a s h i ,  K  S4-31 
M o r i t a ,  M  S 2 - 0 4  O h m o r i ,  S  S1 -1 9  
M o r i t a ,  M  S 3 - 1 9  Ohmor1., S  S3-01 
M o r i w a k e ,  T  S 1 - 0 9  O h y a g i ,  Y  S 3 - 0 6  S 5 - 1 7  
M o t o m i z u ,  S  S1 -1 7  O j i m a ,  S  S1 -1 8  
M o t o n a k a ,  J  S 4 - 2 6  O k a d a ,  T  S 3 - 0 7  
M u k a i ,  H  S 3 - 1 7  O k a z a k i ,  S  S 5 - 0 6  
M u n a k a t a ,  M  S 4 - 1 2  O k u d a ,  T  S 4 - 0 7  
M u r o f u s h i ,  S  S 5 - 0 9  O k u m u r a ,  M  S 2 - 0 5  S 2 - 0 6  
M u t o h ,  H  S5-11 S 3 - 0 8  
M y a s o e d o v ,  B.F. S 4 - 1 6  O o n i s h i ,  Y  S 5 - 0 7  

O s a k a i ,  T  S 4 - 0 8  
O s h i m a ,  M  S  1  -1 7  

N a g a i ,  T  S 4 - 1 5  O s i n i n ,  A.N. S 4 - 1 6  
N a g a o ,  J  S 5 - 0 8  S 5 - 2 5  
N a g a o s a ,  Y  S1 -1 0  
N a i k w a d i ,  K. P .  S 5 - 2 1  P i l i p e n k o ,  A.T. S 1 - 0 7  
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Q i a n ,  G  S 4 - 0 6  T a g u c h i ,  S  S 1 - 0 5  
T a k a b a y a s h i ,  H  S 4 - 2 6  

R e n n e b e r g ,  R  S 4 - 1 7  T a k a d a ,  J  S 5 - 1 6  

R i e d e l ,  K  S 4 - 1 7  T a k a g i ,  M  S1 -04 
T a k a h a s h i ,  K  S 5 - 1 7  
T a k a h a s h i ,  T  S 2 - 0 9  

S a e k i ,  E  S1 -1 8  T a k a h a s h i ,  W  S 5 - 1 1  

S a i t o ,  A  S 4 - 2 9  T a k a m a t s u ,  T  S S - 2 3  

S a k a g u c h i ,  T  S 3 - 0 6  T a k a m u r a ,  K  S1 -1 5  

S a k a i ,  T  S1 -1 8  T a k a s e ,  Y  S 2 - 0 5  

S a k a i ,  Y  S 3 - 0 8  T a k e u c h i ,  T  S 3 - 0 1  

S a k a m o t o ,  H  S1-01 Taki, K  S5-1 1  

S a k a n e ,  T  S 5 - 0 2  T a m a i ,  T  S1 -21 
S a k u r a ,  S  S 4 - 0 9  T a m a r i  ＇ y  S 1 - 0 9  
S a n s o n i ,  B  P L  1  Tan, L  S 4 - 3 2  
S a s a ,  M  I L - 0 2  T a n a k a ,  M  S 1 - 1 8  
S a t a k e ,  K  S 3 - 0 4  T a n a k a ,  N  S 4 - 2 6  
Sato, M  S 4 - 2 0  T a n a k a ,  S  S1 -11 
S a w a m o t o ,  H  S 1 - 0 6  T a n a k a ,  S  S 3 - 1 4  
S e i k e ,  Y  S S - 0 4  S 5 - 0 5  T a n a k a ,  T  S 1 - 2 0  S2-11 
S e n d a ,  M  S 4 - 0 8  S 4 - 2 8  
S e y  a  ma, H  S 3 - 0 4  T a n a k a ,  Y  S1 -21 
S h a p i r o ,  H.A. S 5 - 1 2  T a n i g u c h i ,  H  S 2 - 0 6  
S h e n ,  Z  S 2 - 1 0  T a n i g u c h i ,  K  S 2 - 0 3  
S h i b a t a ,  Y  S 3 - 1 9  T c h u d i n o v ,  E.G. S 3 - 1 0  
S h i g e m a t s u ,  T  S 2 - 0 4  T e r a s h i t a ,  M  S 4 - 2 5  
S h i r a k a w a ,  M  S5-1 6  T e r l e t s k a y a ,  A.V. 
S o h r i n ,  Y  S 3 - 0 5  S 1 - 0 7  
S o m a ,  M  S 3 - 0 4  Toei, K  S1 -1 7  
S t u l i k ,  K  I L - 0 5  T o y o d a ,  K  S 5 - 0 1  
S u g a w a r a ,  M  S 4 - 0 5  T s u b o t a ,  H  S 3 - 1 8  
S u g i h a r a ,  H  S 4 - 0 7  T s u J i ,  K  S S - 1 5  
S u g i m a e ,  A  S 3 - 2 2  T s u k a t a n i ,  T  S 3 - 0 1  
S u g i m u r a ,  Y  S 3 - 0 3  S3-11 T s u n o y a m a ,  M  S 4 - 3 3  
S u g i y a m a ,  M  S 3 - 1 7  
S u z u k i ,  M  S 3 - 2 3  S 4 - 3 0  
S u z u k i ,  S  S 2 - 0 2  Ueno, K  S l - 0 4  
S u z u k i ,  Y  S 3 - 0 3  Ukita, N  S 5 - 0 1  
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U m e t a n i ,  S  S 2 - 0 8  
U m e z a k i ,  Y  S1 -1 3  
U m e z a w a ,  Y  S 4 - 0 5  
U m l a n d ,  F  S 3 - 1 2  
Uto, M  S 4 - 0 5  

V a r v a n i n a ,  G.V. S 3 - 1 0  

W a k i d a ,  S  S 1 - 2 0  S - 2 8  
W a n g ,  S - R  S 1 - 0 8  
W a t a n a b e ,  K  S 3 - 1 3  
Woo, I - H  S3-1 3  
Wu, G  S 4 - 0 6  

Y a m a d a ,  E  S1 -01 S 4 - 2 0  
Y a m a d a ,  M  S 2 - 0 2  
Y a m a d a ,  T  S 4 - 2 0  
Y a m a m o t o ,  K  S4-31 
Y a m a m o t o ,  M  S 3 - 1 8  
Y a m a m o t o ,  Y  S 3 - 1 8  
Y a m a n e ,  M  S 1 - 2 0  S 4 - 2 8  
Y a m a z a k i ,  H  S3-21 
Y a s u m a s a ,  Y  S 5 - 1 0  
Y o k o s a k a ,  K  S 5 - 1 3  
Y o n e y a m a ,  H  S 4 - 1 9  
Y o s h i d a ,  H  S 4 - 0 5  
Y o s h i d a ,  Z  S 3 - 1 5  S 4 - 0 3  
Y o s h i k a w a ,  K  S 4 - 0 4  
Y o s h i m u r a ,  K  S 1 - 0 2  
Y o t s u y a n a g i ,  T  S1 - 0 3  
Yu, K  S 3 - 1 6  

Z o l o t o v ,  Y.A. IL-01 
Zui, O.V. S 3 - 0 2  
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