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SUMMARY 
- 

A  f l o w - t n j e c t i o n  k i n e t i c  procedure u s i n g  i n t e r m i t t e n t  f l ows  i s  

proposed f o r  t h e  sequen t ia l  de te rm ina t i on  o f  phosphate and s i l i c a t e  i n  

waters.  The i n t e r m i t t e n t  f l o w s  a r e  a t t a i n e d  w i t h  a  s i n g l e  commutator and 

permi t  t he  implementat ion of two d i f f e r e n t  methods i n  t he  same inani f o l d .  

Wi th  stream i n t e r i m  t tence, s e l e c t i v i t y  i s  enhanced because t h e  

d i f f e r e n c e s  i n  t he  r a t e s - o f  f o rma t i  on of -he te ropo lyac id  and molybdenum 

b l u e  a r e  emphasized. E f f e c t s  of sample volume, f l o w  r a t e s ,  c o i l  l eng ths ,  

a c i d i t y ,  o r d e r  of reagent  a d d i t i o n  and r eagen t  c o n c e n t r a t i o n s  were 

s tud ied .  S i x t y  samples can be analyzed p e r  hour,  p r e c i s e  r e s u l t s  ( r .  s.d. 

< 1%) be ing  ob ta ined  w i t h i n  t h e  2.50 - 15.00 mg S i  T1 and 0.25 - 1  .SO 

mg P 1"-l ranges. For  phosphate de te rmina t ion ,  t h e  d e t e c t i o n  l i m i t  i s  

0.02 yg  P 1 ' .  The r e s u l t s  a r e  i n  agreement wi th those ob ta ined  by c l a s -  

s i  ca l  procedures. 

INTRODUCTION 

O r i g i n a l  l y  proposed t o .  speed-up : f l ow - i  n j e c t i o n  procedures based o n  

r e l a t i v e l y  s low chemical r e a c t i o n s  and t o  ach ieve  merg ing zones1, 

i n t e r m i t t e n t  f l o w s  were used a l s o  t o  a v o i d  b a s e l i n e  d r i f t  i n  

t u r b i d i m e t r y 2 ,  and i n  connexion wi  t h  s imu l  taneous determi  n a t i o n s 3  ". 
With i n t e r n i i t t e n c e ,  two s t a t e s  can be de f i ned  f o r  a  s i n g l e  m a n i f o l d  each 

w i t h  i t s  own c h a r a c t e r i s t i c s 5 .  Therefore,  s e l e c t i v i t y  i n  d i f f e r e n t i a l  

k i n e t i c  a n a l y s i s  i s  improved by adding i n t e r m i t t e n t  f l ows  t o  mod i f y  t he  



r e a c t i o n  cond i t i ons  thus emphasizing t h e  d i f f e r e n c e s  i n  r e a c t i o n  r a t e s ,  

Sequent ia l  determi na t ions  t ak i ng  advantage o f  t h i s  f e a t u r e  a re  e a s i l y  

c a r r i e d  o u t  e s p e c i a l l y  when commutation i s  e x p l o i t e d  t o  p r o v i d e  i n t e r -  

mi t t e n t  f lows6 and c o i  1 replacement7. 

Th is  i s  demonstrated i n  t he  f l o w - i n j e c t i o n  system proposed here f o r  

the  sequent i  a1 spec t ropho tomet r i c  de te rm ina t i on  o f  s i  l i c a t e  and 

phosphate i n  waters .  The methods a r e  based on t h e  molybdenum b l u e  

f o rma t i on  a f t e r  r e a c t i o n  w i t h  ammonium molybdate under d i f f e r e n t  a c i d i c  

cond i t i ons ,  f o l  lowed by r e d u c t i o n  o f  t h e  he te ropo l yac i d  by stannous 

c h l o r i d e a 9 9 .  Oxa l i c  and s u l f u r i c  ac i ds  a r e  a l t e r n a t i v e l y  added t o  

suppress t h e  phosphate c o n t r i b u t i o n  t o  t h e  s i  1  i c a t e  a n a l y t i c a l  s i g n a l ,  

and t o  inc rease  the  d i f f e r e n c e s  i n  r e a c t i o n  r a t e s 1  '. 

EXPERIMENTAL 

Standards, reagents  and samples 

A l l  s o l u t i o n s  were prepared w i t h  d i s t i  1 l ed -de ion ized  wate r  and 

a n a l y t i c a l  -qua1 i t y  reagents .  Sample and s tandard  s o l u t i o n s  were s t o red  

i n  po l ye thy l ene  v i a l s .  

The R, , R 2  and R3 reagents  (Fig.  1  ) were 3.0 % w/V ammoni um molyb- 

date, 2.0 M H2S04 and 10 % w /V  o x a l i c  a c i d  aqueous s o l u t i o n s .  The R4 

reduc ing reagent  (0 .1  % w/V SnCl2) was prepared immediate ly  be fo re  use 

by d i l u t i o n  o f  a  s tock  reagent  w i t h  wa te r .  Th i s  s t ock  s o l u t i o n  was 

prepared by d i s s o l v i n g  5.0 g  SnC12 i n  20 ml cone HC1 and making t he  

volume up t o  100 ml w i t h  water;  a f t e r  adding m e t a l l i c  stannous, t he  

s o l u t i o n  was kep t  i n  a  r e f r i g e r a t o r .  The Cp c a r r i e r  stream was prepared 

w i t h  t h e  same a c i d i t y  as t h e  samples (0.018 M HnS04) i n  o rde r  t o  a v o i d  

t he  es tab l i shment  o f  undes i red  pH g rad i en t s  a long  t he  sample zone1 

The s i l i c a t e  (-1000 nig S i  1 - I )  and phosphate (100 mg P  r l )  s tock  

s tandard s o l u t i o n s  were prepared by d i s s o l v i n g  5.0595 g NanSi03.9H20 o r  

0.2292 g  Na2HP04 i n  wa te r  and comple t ing  t h e  volume up t o  500 ml w i t h  

water .  Mixed work ing  s tandard s o l u t i o n s  w i t h i n  t h e  0.00 - 15.00 mg S i  

I-' and 0.00 - 1.50 mg P 1 - I  ranges, were a l s o  0.018 M i n  HaSon. 

R i v e r  wa te r  samples f rom t h e  P i r ac i caba  r e g i o n  (S. Paulo S t a t e  - 
Bras i  1  ) were c o l l e c t e d  i n t o  500-1111 po l ye thy l ene  v i a l s ,  f i  1  t e r e d  through 

0.45 \im membrane f i  1 t e r s ,  preserved w i t h  5  ml 1.8 M H2S04 s o l u t i o n 1  I, and 



analyzed. 

Apparatus 

The system cons is ted  o f  a mp13 GJ4 I sn~a tec  p e r i s t a l t i c  pump w i t h  

accessor ies,  a 0352 Mic rona l  commutator w i t h  b u i  1 t - i n  T-shaped 

connectors,  t ransmiss ion  l i n e s  and r e a c t i o n  c o i l s  (0.8 mm i .d. 

po lye thy lene  tubes) ,  a model B342 I I M i  c r ona l  spect rophotometer  w i t h  

f low c e l l  ( 14  mm o p t i c a l  pa th )  and a REC 61 Radiometer r eco rde r .  

Flow diagram 

The f l o w - i n j e c t i o n  system w i t h  i n t e r m i t t e n t  streams ( F i g .  1 ) was 

dimensioned t o  pe rm i t  t he  s i  1 i ca te  and phosphate ..determi na t i ons  t o  be 

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

I n  t h e  s i t u a t i o n  s p e c i f i e d  i n  F i g .  1, t h e  sample i s  a s p i r a t e d  

through t h e  L2 sampling - loop, t h e  R3 r e a g e n t  r e c y c l e s  o u t s i d e  t h e  

a n a l y t i c a l  path,  and t h e  c a r r i e r  stream t r a n s p o r t s  t h e  sample volume 

se l ec ted  by t h e  Ll l oop  through t h e  a n a l y t i c a l  pa th .  The sample zone 

rece ives  t h e  R, and R n  reagents  a t  t h e  x conf luence,  and t h e  he te ro -  

p o l y a c i d  i s  formed i n s i d e  t he  B, and Bn c o i l s .  The R2 a d d i t i o n  inc reases  

the  a c i d i t y  thus speeding up t h e  r a t e  o f -  t he  r e a c t i o n  w i t h  phosphate and 

impai r-ing t h e  r e a c t i o n  w i t h  s i  1 i  ate!^. The R4 reagent  merges w i t h  t h e  

sample zone a t  t he  z conf luence, s t a r t i n g  t h e  molybdenum b l u e  f o r n a t i o n  

i n s i d e  t he  f o l l o w i n g  B3 c o i l .  Stannous c h l o r i d e  i s  used as reduc ing  

agent  because i n  f l o w - i n j e c t i o n  systems b e t t e r  s e n s i t i v i t y  f o r  phosphate 

i s  a t t a i n e d  w i t h  t h i s  reagent1 O .  Para1 l e l  t e s t s  i n d i c a t e d  t h a t  

s e n s i t i v i t y  d i d  n o t  improve when a 1 % w/V hyd raz i n  su lpha te  s o l u t i o n  o r  

asco rb i c  a c i d  s o l u t i o n s  a t  h i g h  concen t ra t i ons  (up t o  10 % w/V) were 

employed. When t h e  processed zone passes th rough  t h e  de tec to r ,  t h e  

molybdenum b lue  i s  moni tored a t  735 nm. Th i s  wavelength was e x p e r i -  

m e n t a l l y  se l ec ted  i n  o rde r  t o  p rov i de  maximum s e n s i t i v i t y  f o r  phosphate 

because i n  t h i s  procedure s e n s i t i v i t y  f o r  phosphate i s  a 1 i m i  t i ng 

f a c t o r .  The h e i g h t  o f  t h e  recorded peak r e f l e c t s  t h e  phosphate con ten t  

i n  t h e  sample. 

A f t e r  sw i t ch i ng  t he  commutator, another  s t a t e  i s  de f i ned  f o r  t h e  

system, i n  which t h e  Ll l oop  i s  p laced  i n  t h e  sampl ing p o s i t i o n ,  t he  L2 
l oop  i s  i n t e r c a l a t e d  i n t o  t h e  c a r r i e r  stream, t h e  R2 reagen t  i s  r e -  



F ig .  1,  Flow diagram of t h e  f l o w - i n j e c t i o n  system f o r  t h e  sequen t i a l  

de te rmina t ion  o f  s i  l i c a t e  and phosphate i n  wa te rs .  S:  sample a s p i r a t e d  

a t  4.0 ml m i n J ;  L, and L2: 100 and 50 cm loops;  Cc: c a r r i e r  stream a t  

4.9 m l  m i n 1 ;  R, , Rn, R3 and R4:  ammonium molybdate, s u l f u r i c  ac i d ,  

o x a l i c  a c i d  and stannous c h l o r i d e  s o l u t i o n s  a t  0.42, 0.60, 0.42 and 0.42 

ml yin", r e s p e c t i v e l y ;  B1, B2 and Bn: 100, 150 and 50 cm r e a c t i o n  c o i l s  

x, y and z: conf luence po in t s ;  M; spect rophotometer  a t  735 nm; W: waste. 

The boxed components a re  assoc ia ted  w i t h  t h e  c e n t r a l  movable p o r t i o n  o f  

the commutator, dashed 1 i nes  i n d i c a t e  t he  nex t  commutation s t a t e .  B lack  

arrows i n d i c a t e  where pumping i s  app l  i ed .  

cyc led,  and t he  R3 reagent  i s  d i r e c t e d  towards t h e  a n a l y t i c a l  pa th  (y 

conf luence) .  The i n j e c t e d  sample reaches t h e  Rl reagen t  a t  t h e  x 

conf luence and m i x i ng  i s  improved i n  t he  Bl c o i l .  The Rn reagen t  i s  

added t o  i n h i b i t  t h e  r e a c t i o n  w i t h  phosphate i n  t h e  Bn coi l lO,  

The rea f t e r ,  t h e  sample zone i s  s i m i l a r l y  processed, t h e  q u a n t i f i e d  

spec ies be ing  p r o p o r t i o n a l  t o  t h e  s i l i c a t e  con ten t  o f  t h e  sample. 



Procedure 

S i n g l e  phosphate and s i l i c a t e  s tandard  s o l u t i o n s  were i n j e c t e d  i n  

t r i p 1  i ca t e  t o  pe rm i t  system o p t i m i z a t i o n  and s e l e c t i v i t y  e v a l u a t i o n .  The 

L1 and Lq loop  lengths were i n i t i a l l y  f i x e d  as 100 cm. E f f e c t s  o f  t h e  
s u l f u r i c  a c i d  (1.25 - 3.0 M range),  ammonium molybdate ( 1  - 5 % w/V 

range)  and stannous c h l o r i d e  (0.05 - 0.3 % w / V  range)  concen t ra t i ons ,  

were i n v e s t i g a t e d .  The o x a l i c  a c i d  concen t ra t i on  was always 10 % w/V; i n  

t h i s  s i t u a t i o n ,  t he  R reagent  was c l o s e  t o  s a t u r a t i o n .  3  
A f t e r  de f i n i ng  t h e  reagen t  concen t ra t ions ,  t h e  l eng ths  o f  Bl , B2 and 

Bn c o i l s  were v a r i e d  w i t h i n  t h e  25 - 250 cm range. The p o s s i b i l i t y  o f  

removing t he  B1 c o i l  was a l s o  i n v e s t i g a t e d .  Wi th  B1 = 100 cm, B n  = 150 

cm and 6- = 50 cm, the  e f f e c t  o f  pumping speed (75 and 125 % o f  t h e  

f l o w  r a t e s  o f  F i g . '  1  ) was i n v e s t i g a t e d .  Therea f te r ,  t he  sample loops 

were dimensioned. 

The proposed system w a s t h e n  a p p l i e d  t o  wa te r  a n a l y s i s .  P r e c i s i o n  

was eva lua ted  as t he  r e l a t i v e  s tandard d e v i a t i o n  o f  t e n  r e s u l t s  

assoc i a t ed  w i  t h  successive i n j e c t i o n s  o f  t y p i c a l  samples and accuracy 

was conf i rmed by runn ing  severa l  samples a1 ready analyzed by c l a s s i c a l  

procedures1 '. 

RESULTS AND DISCUSSION 

Two base l ines  a re  observed w i t h  t h e  proposed system (as - shown i n  
F i g .  3 ) ,  each corresponding t o  a  d i f f e r e n t  m a n i f o l d  s t a t e  and r e f l e c t i n g  

t h e  e x t e n t  o f  molybdenum b l u e  fo rmat ion  i n  t h e  absence o f  phosphate o r  

s i  1  i c a t e .  The h ighes t  base1 i n e  i s  assoc i a t ed  w i t h  phosphate 

de te rm ina t i on  which i s  c a r r i e d  o u t  under  more a c i d i c  condi  t i o n s l  0 '  l l .  

With ammonium molybdate and stannous c h l o r i d e  concen t ra t i ons  o f  3 . 0  % 

w/V and 0.1 % w/V, the  recorded  peak h e i g h t  inc reased  when t h e  s u l f u r i c  

a c i d  concen t ra t i on  i n  t h e  Rn reagen t  v a r i e d  f rom 1.25 t o  2 . 0  M. Th is  

e f f e c t  was l e s s  marked i n  t h e  1.75 - 2.0 M range. The s i l i c a t e  

c o n t r i b u t i o n  t o  t h e  phosphate a n a l y t i c a l  s i g n a l ,  observed under lower  

a c i d i t i e s ,  disappeared when t h e  R2 reagen t  concen t ra t i on  was h i ghe r  than  

1.75 M. I n  t h i s  case, t h e  d i f f e r e n c e s  i n  b a s e l i n e  were n o t  r e l e v a n t .  

These d i f f e r e n c e s  became more pronounced wi  t h  R2 a c i  d i  t i e s  h i ghe r  than 

2.5 M, I n  f a c t ,  when t h e  s u l f u r i c  a c i d  c o n c e n t r a t i o n  was 3.0 M, t h e  



d i f f e r e n c e  i n  base l ines  was about 0.1A and s e n s i t i v i t y  d e t e r i o r a t e d .  The 

R2 reagen t  was then de f i ned  as 2.0 M i n  s u l f u r i c  a c i d  which corresponds 

t o  an a c i d i t y  o f  0.2 M i n s i d e  t he  B, and B n  c o i l s ,  s i m i l a r  t o  t h a t  used 

e a r l  i e r 9 .  Stopped-f low experiments suggested t h a t  an uns tab l e  c o n d i t i o n  

i s  es tab l i shed  w i t h  such a c i d i t y .  A f t e r  s topp ing  t he  p e r i s t a l t i c  pump, a  

cont inuous inc rease  i n  t h e  base l i ne  absorbance was observed, which 

emphasizes t h e  tendency f o r  spontaneous molybdenum b l u e  f o rma t i on :  

maximum s e n s i t i v i t y  f o r  phosphate de te rm ina t i on  was then  achieved. Th i s  

i n s t a b i  1  i t y  i s  be ing  used i n  t he  p resen t  f l o w - i n j e c t i o n  procedure which 

y i e l d s  r ep roduc ib l e  r e s u l t s  w i t h o u t  s i  1  i ca te  i n t e r f e r e n c e .  

When t he  commutator r e s t e d  i n  t h e  p o s i t i o n  f o r  s i l i c a t e  

de te rmina t ion ,  t he  pH i n s i d e  t h e  Bn c o i l  was measured as 1 .6  which i s  i n  

agreement w i t h  t h e  1.4 - 1.8 recommended r a n g e l l .  Th is  va l ue  depends 

s t r o n g l y  on t h e  c a r r i e r  stream a c i d i t y  which i s  matched w i t h  t h e  mean 

sample a c i d i t y  (0.018 M ) .  For  samples w i t h o u t  a c i d  p rese rva t i on ,  t h e  

c a r r i e r  stream shou ld  be wate r  and t h e  molybdate reagen t  (R  - F i g .  1  ) ,  
1  

0.2 M i n  s u l f u r i c  ac i d .  Wi th  t h i s  a c i d i t y ,  t h e  c o n t r i b u t i o n  o f  a  3.00 mg 

P 1"' s tandard s o l u t i o n  t o  t h e  s i l i c a t e  a n a l y t i c a l  s i g n a l  was n o t  

observed, i n d i c a t i n g  t h a t  t he  oxa l  i c  a c i d  concen t ra t i on  was s u i t a b l e .  

To p reven t  t he  i n t e r a c t i o n  between t h e  Rn reagen t  i n s i d e  t h e  5, c o i l  

immediate ly  a f t e r  commutation and t he  sample zone t o  be analyzed f o r  

s i l i c a t e ,  a  20-cm t r ansm iss i on  l i n e  was p laced  between t h e  i n j e c t i o n  

p o r t  and p o i n t  x.  Th is  ca r ry -over  e f f e c t  should always be taken i n t o  

cons i de ra t i on  when des ign ing  f l o w - i n j e c t i o n  systems w i t h  a1 t e r n a t i n g  

streams. 

The B, c o i l  l e n g t h  has a  marked e f f ec t  on t h e  y e l l o w  he te ropo l yac i d  

f o rma t i on  assoc ia ted  w i t h  s i l i c a t e  ( F i g ,  2 a-c) ,  No t r a n s i e n t  s i g n a l  was 

de tec ted  when t h i s  c o i l  was removed. As t he  y e l l o w  he te ropo l yac i d  

f o rma t i on  increases w i t h  t he  sample res idence  t ime i n s i d e  B1, l onge r  5, 

c o i l s  improve t he  s e n s i t i v i t y  f o r  s i  1  i c a t e .  However, s i nce  s e n s i t i v i t y  

was n o t  c r i t i c a l  f o r  t h i s  de te rmina t ion ,  and t h e  use o f  a  too  l ong  c o i l  

i m p l i e d  i n  sampl ing r a t e  d e t e r i o r a t i o n ,  t h e  B, c o i l  l e n g t h  was s e l e c t e d  

as 100 cm. 

The s i l i c a t e  a n a l y t i c a l  s i g n a l  depends a l s o  on t h e  By, c o i l  l e n g t h  

( F i g .  2  a,d,e) because t h i s  l e n g t h  i s  p r o p o r t i o n a l  t o  t he  a v a i l a b l e  t ime  



f o r  the ye l low heteropolyacid format ion.  The s l i g h t  decrease i n  peak 

he igh t  when the B2 coi  1 was increased from 150 t o  200 cm was due t o  

d ispers ion  effects13. The B2 c o i l  length  should be enough t o  provide a 

s u i t a b l e  t ime f o r  q u a n t i t a t i v e  phosphate masking w i thou t  d e t e r i o r a t i o n  

o f  the  s i l i c a t e  ana ly t i ca l  s igna l .  The phosphate peak he igh t  was less  

dependent on the B2 c o i l  length, and underwent reduct ion  w i t h  the  B2 

increase as a consequence o f  sample d ispers ion.  For t h i s  work, the  

length  was chosen as 150 cm. 
B2 

Fig. 2. Ef fects o f  the B Bn and B c o i l  lengths. The histogram columns 
1 ' 3 

are peak heights,  i n  absorbance u n i t s ,  corresponding t o  1 .OO mg P 1 - I  

(dashed) and 15.00 mg S i  1'' (wh i te )  standards. The B, , B2 and B3 coi  1 

lengths are:  100, 150 and 50 cm (a); 75, T50 and 50 cm (b); 50, 150 and 

50 cm (c ) ;  100, 200 and 50 cm (d) ;  100, 100 and 50 cm (e) ;  100, 150 and 

25 cm ( f ) ;  100, 150 and 100 cm (g) .  



The B3 co i  1  l e n g t h  has l i t t l e  e f f e c t  i n  bo th  t he  phosphate and 

s i l i c a t e  s i g n a l s  ( F i g .  2  a , f , g )  because a  f a s t  r e a c t i o n  i s  a t t a i n e d  w i t h  

stannous c h l o r i d e  as reduc ing  agen t9 .  When the  stannous c h l o r i d e  

concen t ra t i on  was increased from 0.1 t o  0.3 % w/V, t he  peak h e i g h t  

increased o n l y  s l i g h t l y  (about  15 % )  and the  spontaneous molybdenum b lue  

f o rma t i on  determined a  pronounced base l i ne  d r i f t .  On t he  o t h e r  hand, the  

peak h e i g h t  decreased w i t h  lower  R reagent  concen t ra t i ons .  Wi th  0.05 % 4 
w/V stannous c h l o r i d e  concen t ra t ion ,  bo th  t h e  phosphate and s i l i c a t e  

a n a l y t i c a l  s i g n a l s  were about 30 % lower  i n  r e l a t i o n  t o  t h e  proposed 

system and t h e  1  i nea r i  ty o f  t h e  c a l i b r a t i o n  equa t ions  d e t e r i o r a t e d .  

Again, t h e  s l i g h t  decrease i n  peak h e i g h t  observed when B changed 
3 

from 50 t o  100 cm was due t o  d i s p e r s i o n  e f f e c t s .  Therefore,  B3 was 

chosen as 50 cm and t h e  stannous c h l o r i d e  concen t ra t i on  0.1 % w/V. The 

r e q u i r e d  s e n s i t i v i t y  f o r  phosphate was then achieved and t h e  base l i ne  

no i se  was n e g l i g i b l e  (F ig .  3),  which i n d i c a t e d  good mi x i  ng c o n d i t i o n s .  

The Ll l oop  l e n g t h  was chosen as 100 cm, as a  compromise between 

s e n s i t i v i t y  r equ i r ed  f o r  phosphate de te rm ina t i on  and sampl ing r a t e .  The 

d i spe rs i on  c o e f f i ~ i e n t ~ ~  was determined as 1.2. S e n s i t i v i t y  was n o t  

c r i t i c a l  f o r  s i l i c a t e ,  t h e r e f o r e  a  s h o r t e r  L2 loop  (50 cm) was used. 

The proposed system i s  remarkably s t a b l e .  A f t e r  8-h cont inuous work, 

o n l y  m inor  changes ( u s u a l l y  < 2 % )  i n  t he  l i n e a r  c o e f f i c i e n t s  o f  the  

c a l i b r a t i o n  equat ions were observed. About 60 samples a re  r un  pe r  hour, 

a t  t he  1  % ca r ry -over  l e v e l ,  i n c l u d i n g  120 de te rmina t ions .  When manual- 

l y  operated, t h i s  r a t e  d im in ishes  t o  40 h'l ( F i g .  3 )  because t h e r e  i s  a  

tendency f o r  t he  o p e r a t o r  t o  w a i t  f o r  base l i ne  r e s t o r a t i o n .  A f t e r  

i n c o r p o r a t i o n  o f  t h i s  procedure i n t o  r o u t i n e  ana l ys i s ,  i t  was observed 

t h a t  w i t h  an e l e c t r o n i c a l  l y  operated commutator5, sampl ing r a t e  can be 

a lmost  doubled by accep t i ng  a  cons tan t  5 % ca r r y -ove r  which i s  e a s i l y  

subt racted.  H i g h l y  p r e c i s e  r e s u l t s  a r e  obta ined,  t h e  r e l a t i v e  s tandard  

dev i a t i ons  o f  r e s u l t s  f o r  t y p i c a l  samples be i ng  u s u a l l y  around 2%. The 

d e t e c t i o n  l i m i t  f o r  s i l i c a t e  was n o t  determined because t h i s  i o n  occurs 

o f t e n  i n  t h e  2 - 15 mg S i  1-1 range; f o r  h i ghe r  s i l i c a t e  concen t ra t i ons ,  

t he  Ln l oop  should be reduced acco rd i ng l y .  The d e t e c t i o n  l i m i t  f o r  

phosphate (peak h e i g h t  about t h ree  t imes base l i ne  n o i s e )  was determined 



Tab. 1. S i  1 i c a t e  and phosphate concen t ra t ions  i n  r i v e r  wa te rs  determined 

by t h e  proposed f l o w - i n j e c t i o n  system (FIA)  and by s t anda rd  procedures1'  

(APHA). Data i n  mg P 1 '  o r  mg S i  1". 

SAMPLE FIA APHA 

phosphate s i l i c a t e  phosphate s i  l i - c a t e  

* abou t  0.02 mg P I-'; ND - n o t  determined. 

as 20 yg P 1 - I .  The r e s u l t s  a r e  l i t t l e  a f f e c t e d  by v a r i a t i o n s  i n  t he  

r.p.n. o f  t h e  p e r i s t a l t i c  pump; even w i t h  pronounced r . p  .m. v a r i a t i o n s  

(75  t o  125 % o f  t h a t  r e l a t e d  t o  F i g .  I )  t h e "  recorded  peak h e i g h t s  

underwent o n l y  a 20 % decrease. Ana lys is  o f  Tab. 1 r evea l s  t h a t  t h e  

r e s u l t s  ob ta ined  w i t h  t he  proposed procedure a re  i n  agreement w i t h  those 

ob ta i ned  by c l a s s i c a l  proceduresJ6.  

P a r t i a l  suppor t  by CNPQ (Consel ho Nacional  de Desenvol v imento C i e n t i f i c o  

e Tecnol6g ico)  and FINEP ( ~ i n a h c i a d o r a  . . d e  Estudos e P r o j e t o s )  i s  g r e a t l y  

apprec ia ted .  D. A t h i 6  i s  thanked f o r  1 i ngui  s t i c  improvement. 



10 min 

Fig. 3. Recorder ou tput  of a  r ou t i ne  a n a l y s i s .  From r i g h t ,  f ou r  mixed 
s tandard s o l u t i o n s  (0.25 - 0.50 - 1.00 - 1.50 mg P 1-I  plus  2.50 - 5.00 

- 10.00 - 15.00 rng S1 1"' followed by seven r i v e r  water  samples. The 

f i r s t  recorded peak r e f e r s  t o  phosphate. 
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