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Abstract  

A r eve r se  flow i n j e c t i o n  ( r -F I )  determinat ion of n i t r i t e  and n i t r a t e  

i s  p resen ted .  N i t r i t e  and n i t r a t e  were converted i n t o  n i t r i c  oxide (NO) 

i n  a c i d i c  media using iodide and t i t a n i u m ( I I 1 )  as  reducing a g e n t s , r e s -  

p e c t i v e l y ,  which were i n j ec t ed  i n t o  sample stream. N O  was t r a n s f e r r e d  

i n t o  a i r  in  a  g lass - tube  s epa ra to r ,  and then was reac ted  with ozone and 
. ~ 

t he  r e s u l t i n g  chemi l~minescence  was de tec ted .   he peak he igh t s  a r e  pro- 

p o r t i o n a l  t o  t he  concent ra t ion  ranges of 1x10'" t o  2x10' N of n i t r i t e  

and of 5x10" t o  2 ~ 1 0 ~ ~  M of n i t r a t e .  The t o t a l  t ime f o r  t h e  a n a l y s i s  

of n i t r i t e  and n i t r a t e  i n  one sample was l e s s  than 2 min. 

. . 

Key words:' n i t r i t e , n i t r a t e , ' n i t r i c  oxide,gas-phase'  chemiluminescence 



I n t r o d u c t i o n  

N i t r a t e  and n i t r i t e  play important r o l e s  i n  n u t r i e n t  cyc les  i n  

aqua t i c  environments l v 2 ' .  In  sewage water t rea tment ,  t he  e luc ida t i on  of 

these  components i s  important f o r  water qua l i t y  cont ro l  of e f f l u e n t s  a - 4 ' .  

The simultaneous determinat ion of these  components i s  d e s i r a b l e  from 

the  s tandpoin t  of saving time and making dec is ions  concerning water 

q u a l i t y  c o n t r o l .  

Conventional ly,  t he  concent ra t ions  of n i t r i t e  and n i t r a t e  were 

determined i nd iv idua l l y  using co lo r ime t r i c  methods, such as  t h e  naphthyl 

ethylene-diamine method f o r  n i t r i t e  5 ,  and t he  naphthylethylene-diamine 

method u p o n  reduct ion t o  n i t r i t e  f o r  n i t r a t e  ". More r e c e n t l y ,  ion 

exchange chromatography has come t o  be used f o r  the  de te rmina t ion  of 

n i t r i t e  and n i t r a t e  ". However, these  methods r equ i r e  much time t o  

determine t he  concent ra t ions  of these  inorganic ni t rogenous spec ies  in 

sample water.  

Aoki B> previously reported a  method f o r  continuous determina- 

t i o n  of n i t r i t e .  In  t h i s  method, n i t r i c  oxide ( N O )  was s t r i p p e d  from 

aqueous phase through a  gas-permeable membrane and t h e  gas-phase 

chemiluminescence (CL) r e s u l t i n g  from the  r eac t i on  of N O  w i t h  ozone was 

de t ec t ed .  Recent ly,  Durham e t  a l . "  reported a  method f o r  t he  de t e r -  

mination of n i t r i t e  s i m i l a r  t o  our method. La t e r ,  Aoki and WakabayashilO' 

reported a method f o r  success ive  determinat ion of n i t r i t e  and n i t r a t e  by 

reduct ion t o  N O  w i t h  t h e  gas-permeable membrane and de t ec t i on  of the  gas 

-phase C L  descr ibed above.In long run of experiments,  t h e  s u r f a c e  of the 

membrane was clogged by t i t an ium dioxide which was t he  r eac t i on  product 

and i n so lub l e  s o l i d .  In t he  presen t  paper ,  we present  a  reverse  FI ( r - F I )  



method f o r  t he  successive determinat ion of n i t r i t e  and n i t r a t e  i n  water 

using a  g lass - tube  separa tor  instead of the  membrane s e p a r a t o r .  In t h i s  

system, a  r eagen t - i n j ec t i on  was used t o  minimize. reagent  consumption. 

Experimenta l  S e c t  i o n  . . 

Apparatus a n d  P r o c e d u r e  

- -  -- - - - -- -- - -- - .- - - - . - - - - - - .  - - -- -. -- . 

A schematic diagram of t h e  presen t  r-FI system i s  shown i n  Fig.1.  

Water sample (S), such as  r i v e r  or  lake water ,  was fed  a t  a  r a t e  of 8.5 

m l l m i n  i n t o  the  system w i t h  a  p e r i s t a l t i c  pump (P;Cole Parmer ,Model 

7553-80). Each ~ e a g e n t  was loaded v ia  a  loop i n j e c t o r  '(volume of 500 p l ;  

Rheodyne ,Model 5020 ) ( I ) .  A 19% w / w  t i tanium (111) ch lo r ide  i n  0.5M 

s u l f u r i c  ac id  ( T i ( I I 1 )  reagent )  was i n j ec t ed  as  a  reducing agent  t o  

determine t he  t o t a l  amount of n i t r a t e  and n i t r i t e  i n  t he  sample, while. a  

1 9 %  w / w  potassium iodide in 0.5M s u l f u r i c  ac id  ( i o d i d e  r eagen t )  was 

i n j ec t ed  ins tead  of T i ( I I 1 )  reagent  t o  determine n i t r i t e  i n  t he  sample. 

In  t he  r eac t i on  c o i l  (RC)(PTFE tubing;i.d.Imm,o.d.2mm;length 1600mm), 

clean a i r  ( A ) (  passed through an ac t i va t ed  carbon column (C l )  and a  

s i l i c a  ge l  column(C2)) was bubbled through the  c a r r i e r  sample containing 

t he  reagent  in order  t o  enhance t he  s t r i p p i n g  of t h e  r eac t i on  product in  

a  g lass - tube  s epa ra to r  ( G S ) .  The flow r a t e  of t he  c lean  a i r  was 8 .5  mll 

m i n .  The s epa ra to r  had a  length of 400mm, an ou t e r  diameter of 12mm , 

and an inner  diameter of l O m m  and was inc l ined  downward a t  angle  of 30 

degrees with r e spec t  t o  a  l eve l  s u r f a c e .  In . the s e p a r a t o r ,  t h e  sample 

s o l u t i o n  f lowed down a l o n g  a  wall and t h e  c lean  a i r  flowed over t h i s  

l i q u i d  f i lm on t h e w a l l  a t a  flow r a t e  of 171.5 mllmin. The r e a c t i o n  



product was t r a n s f e r r e d  i n to  the  stream of clean a i r .  The a i r  c a r r i e r  

was passed t o  an N O  analyzer  (D)(Kimoto Co.Japan) a t  a  flow r a t e  of 180 

mllmin b y  an a i r  pump provided in t h i s  ana lyzer .  Since t he  water vapor 

i n  the  a i r  c a r r i e r  i n t e r f e r e s  with the  de tec t ion  of n i t r i c  oxide ( N O )  b y  

t he  C L  r e a c t i o n ,  i t  was removed by  means of a  Nation permeation tube 

system " ' i n  t he  N O  ana lyzer .  The CL, resu l t ing  from t h e  r eac t i on  between 

N O  i n  t he  d r i ed  a i r  and ozone supplied from an ozone gene ra to r ,  was 

de tec ted  with t he  N O  analyzer  and t he  C L  i n t e n s i t y  was recorded (R). 

The C L  s i g n a l s  i n  i n j ec t i on  of the iodide reagent  and t he  T i ( I I 1 )  

reagent  correspond t o  n i t r i t e  and the  t o t a l  amount of n i t r a t e  and 

n i t r i t e ,  r e s p e c t i v e l y ,  The d i f f e r ence  between t he  C L  s i g n a l s  corresponds 

t o  n i t r a t e  i n  t h e  sample. 

Fig.1 Schematic diagram of presen t  method. 

S:sample, P : p e r i s t a l t i c  pump, 1:reagent  i n j e c t i o n  loop,  A:a i r ,  

C1:act ivated carbon column, C2:s i l i ca  ge l  column, RC:reac,tion c o i l ,  

GS:glass-tube s e p a r a t o r ,  D : N O  ana lyzer .  R:recorder ,  Wrwaste. 



Reagents  

Unless  otherwise mentioned, reagents  were of a n a l y t i c a l  reagent  

grade. Deionized water was used i n  t he  p r epa ra t i on  of a l l  s o l u t i o n s .  

Stock s o l u t i o n s  of n i t r i t e  and n i t r a t e  were prepared from 

potassium n i t r i t e ,  and potassium n i t r a t e ,  r e spec t i ve ly .  Working s tandard 

s o l u t i o n s  were prepared by s e r i a l  d i l u t i o n  of t h e  s tock  s o l u t i o n s  j u s t  

before use. 
- - -- - - -- - - -- - -- -- -- .- - .- - -- -- - 

T i ( I I 1 )  reagent  was prepared by adding 1ml of concent ra ted  

s u l f u r i c  ac id  t o  35ml of 20  % ( w / w )  t i tanium (111) ch lo r ide  s o l u t i o n  

(Wako Pure ~ h e m i c a l , ~ ~ ~ .  ~ a p a n ) .  The f i n a l  concent ra t ions  of T i ( I I 1 )  

ch lo r ide  and s u l f u r i c  acid i n t h e  T i ( . I I I )  reagent  were t h e r e f o r e  1 5 %  w l w  

and 0-5M, r e spec t i ve ly .  Iodide reagent  was prepared b y  adding 1ml of 

concentrated s u l f u r i c  acid t o  35ml of 20%(w/w) potassium iodide  so lu t i on .  

The f i n a l  concent ra t ions  of potassium iodide  and s u l f u r i c  ac id  i n  t he  

iodide reagent  were t h e r e f o r e 1 9 %  w / w  and 0.5M, r e spec t i ve ly .  

, . 

Results and Dis.cussion 

The optimum condi t ions  of reagent  concent ra t ions  f o r  t he  de te r -  

mination of n i t r i t e  and n i t r a t e  w i t h  t he  membrane-sep.arator hav.e already 

been descr ibed  i n  d e t a i l  elsewhere8'  l o )  
. .  . . The condi t ions  were t h e  same a s  

those  i n  t he  g lass - tube  s epa ra to r  system. Therefore' ,  t he  fol lowing sec- 

t i o n s  s h a l l  mainly concern t he  optimum condi t ions  f o r  t h e  determinat ion 

of n i t r i t e  and n i t r a t e  w i t h  t h e  tube-separa tor .  In  t h i s  system, t he  

length  of t he  separa tor  was f ixed  a t  4 0  cm. The iodide reagent  and t he  

T i ( I I 1 )  reagent  were used as  t he  reducing agents  f o r  n i t r i t e  andlor  



O p t i m i z a t i o n  of F l o w  R a t e  

F i g u r e  2 shows t h e  e f f e c t  

of f low r a t e  of sample con- 

t a i n i n g  n i t r i t e  o r  n i t r a t e  on 

t h e  C L  i n t e n s i t y .  In t h e  c a s e  

of n i t r i t e ,  t h e  C L  i n t e n s i t y  

i n c r e a s e d  w i t h  t h e  i n c r e a s e  

i n  f low r a t e  of sample.  I n  

t h e  c a s e  of n i t r a t e , h o w e v e r ,  

t h e  C L  i n t e n s i t y  had peak a t  

around 4 m l / m i n .  

A i r - s t r i p p i n g  can be 

used t o  e n a b l e  much of NO 

t o  t r a n s f e r  i n t o  t h e  s t r eam 

of c l e a n  a i r .  F i g u r e  3 shows 

t h e  e f f e c t  of  f low r a t e  of 

a i r  on t h e  CL i n t e n s i t y .  The 

C L  i n t e n s i t y  i n c r e a s e d  a s  t h e  

f low r a t e  of a i r  i n c r e a s e d .  

Consequen t ly ,  t h e  flow 

r a t e s  of sample and a i r  were 

s e l e c t e d  t o  be 8 . 5  m l / m i n .  

flow rate of sample , niv~nin 

Fig. 2 Effect of flow rate of sample on 
CL in tensity. 

+ : l o - Â  M nitrite, -+- : M nitrate 

0 2 4 6 8 10 

flow rate of a i r ,  ~nVinhi 

r'ig.3 Effect of flow rate of air on 
CL intensity. 

+ : 10 -' M nitrite, - : l o  -' M nitrate 



A n a l y t i c a l  P e r f o r m a n c e  

F i g u r e  4 shows t h e  r e p r e s e n t a t i v e  r-FI s i g n a l s  f o r  n i t r i t e  and 

n i t r a t e  by t h e  p r e s e n t  method .  

The c o n v e r s i o n  r a t e  o f  t h e  a b o v e  n i t r o g e n e o u s  compounds t o  N O  was 

e x a m i n e d  u s i n g  a  new t y p e  o f  N O - r e l e a s i n g  c o m p o ~ n ' d s ~ ~ ' ,  which  s p o n t a n e -  

o u s l y  decompose i n  s o l u t i o n  t o  g e n e r a t e  N O .  Among t h e m ,  NOC7 ( D o j i n d o  

.- - L a b o r a t o r i e s , J a p a n )  . - - - - - - was - -- s e l e c t e d  -- f o r  - t h i s  p u r p o s e .  NOC7 r a p i d l y  decom- 
-- -.- - - - - - -- - - 

p o s e s  i n  a c i d i c  s o l u t i o n  t o  r e l e a s e  2 m o l e s  of  N O  p e r  m o l e .  A 0.5M 

s u l f u r i c  a c i d  was p a s s e d  t h r o u g h  a s  t h e  s a m p l e  ( S )  i n  t h e  p r e s e n t  r - F I  

s y s t e m  shown i n  F i g . 1  and a  I x I O ' ~ ? !  s o l u t i o n  o f  NOC7 was l o a d e d  w i t h  a  

l o o p  i n j e c t o r . T h e  p e a k  h e i g h t s .  o b t a i n e d  w i t h  NOC7 were  compared  t o  t h o s e  

o b t a i n e d  w i t h  t h e  n i t r o g e n e o u s  compounds. The c o n v e r s i o n s  o f  n i t r i t e  

and  n i t r a t e  a t  a  c o n c e n t r a t i o n  o f  ~ X ~ O - ~ M  t o  N O  were t h u s  e s t i m a t e d  t o  

be  16 .0% and 1 .6%,  r e s p e c t i v e l y .  

3~ 1 0 - ~  M 

nitrate 

10 min 

Fig.; 4 Represen ta t ive  FIA signals  by present  
m e t h o d .  



F i g u r e  5 shows c a l i b r a t i o n  cu rves  f o r  n i t r i t e  and n i t r a t e  by t h e  

p r e s e n t  r-FI method. The peak h e i g h t s  a 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  r anges  of 1 ~ 1 0 " ~  t o  2 ~ 1 0 ' ~  M of n i t r i t e  and of 5 ~ 1 0 - ~  t o  ZxlO"* M 

of n i t r a t e .  The 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  ( n = 5 )  a t  1 x 1 0 - 9  were 0 .6% 

f o r  n i t r i t e  and 6.7% f o r  n i t r a t e , r e s p e c t i v e l y .  Since  i t  t a k e s  abou t  1  

minute  from t h e  i n j e c t i o n  of t h e  r eagen t  f o r  t h e  peak t o  s e t t l e  back 

down t o  t h e  b a s e l i n e  i n  t h e  case  of n i t r i t e  and n i t r a t e ,  s u c c e s s i v e  

a n a l y s i s  of t h e  two compounds can be performed w i t h i n  2 min. 
- 

l o  1 ;,,;,,: ;,,* ,,,, , ,,,,,,,, , , , , z , , ,  

1 

coitcn., M 

Fig. 5 Calibration curves of nitrite and 
nitrate by present method. 

: nitrite, Ã‘* : nitrate . 



C o n c l u s i o n  

The present r-FI method enables successive determination of nitrite 

and nitrate in water. This method allows rapid and sensitive 

measurement of these cornpouns in aquatic environments and has 

particularly advantageous for water quality control in sewage water 

plants and water purification plants, etc. 
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