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T o y o a k i  A o k i  

D e p a r t m e n t  o f  A p p l i e d  M a t e r i a l s  S c i e n c e ,  C o l l e g e  o f  E n g i n e e r i n g ,  

U n i v e r s i t y  o f  O s a k a  P r e f e c t u r e  

1-1 G a k u e n - c h o ,  S a k a i ,  O s a k a  5 9 3 ,  J a p a n  

T h i s  p a p e r  r e v i e w s  t e c h n i q u e s  f o r  t h e  m e m b r a n e - s e p a r a t i o n  i n  FIA. 

A m a j o r i t y  o f  t h . e  c i t e d  r e f e r e n c e s  w e r e  o b t a i n e d  f r o m  a n a l y t i c a l  

j o u r n a l s  p u b l i s h e d  b e t w e e n  1 9 9 1  a n d  1 9 9 3 .  I n  t h e i r  s t u d i e s ,  t r a c e  

c h e m i c a l  s p e c i e s  i n  a i r ,  v o l a t i l e  c h e m i c a l  s p e c i e s  a n d  m e t a l s  

i n  w a t e r s ,  a n d  s o  on a r e  s e p a r a t e d  r e s p e c t i v e l y  b y  u s i n g  g a s - p e r m e a b l e  

m e m b r a n e ,  i o n  e x c h a n g e  m e m b r a n e  s u c h  a s  a  N a t i o n ,  e t c .  



F i g .  1 Two t y p e s  o f  meifrb'ra'ne s e p a r a t o r  

A: t u b u l a r  t y p e ,  B:  f l a t  t y t p e ,  H: membrane .  



Figure9 S y U c  diagram of Ihe flow Infection manifolds: C Figure 3 Recorded tracings for 100 pgA sulfide preconcentrated for 
perista c pump, MC1, W2 ,  mixing coils (dimensions In mtBimalora 1, 2. 4, 6, 6, 10, and 15 min using lha HP method and lhÃ manifold 
Indicated); V, h l a ~ l h  valve; RC, reaction col; 0, detector- W, waste, In Figure 1 (sample and H,PO, How rates, 0.4 and 0.2 mL/mIn, re- 
Fof the NP method. R 1  is 50 mM NaOH, R2 te 1 a/L todlum NP, RC EpecOvely. Note Drat the relatively high noise level Is Intrinsic to the 
k250X0.5mm.andDkS38nm. ForheMBmethod.R1k16mM delectof used and Is not due to the reaction system. 
FeNH.(SO,), In 0.1 M H,SO,. R2 Is 2 gAOMPO h 9 M H2SO4, RC Is 
2000 X 0.5 mm. and 0 Is 745 nm. 
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~ i g . 7  Manifold arrangements used for detection of gas-phase 
(A) hydrogm peroxide and (B) sulfur dioxide and alcohols. 
S - glass chamber with wiled Celgard tubing; W - waste; 
P - peristaltic pump: V -six-port 'rotary injection valve; D - 
ampcromeiric detector; C - controlled-pore glass enzyme reac- 
tor. Flow-rates are in rnl min-' 



Fig. 8 Typical amperometric detector response to 0.10, 0.21, 
0.31 and 0.42 ppbv of hydrogen peroxide using 2-min 
stopped-flow measur&ent scheme. 
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Effect of various gases on the continuous-flow steady-state 
8 {z  5 b fc o f f i  * a 3 @ 'fb * a? respoÃ£ of proposed system to 895 pptv hydrogen peroxide 

5 P P bDJi6S%Bt*HSffl*r@%S 
' in a nitrogen stream as a lotal flow-rate of 15.3 1 min" . 

L 7 Q 8 f)f, $& A* S a @ fl 2 AS 'Â nc - No change. " For Nafion-modified Pi disk electrode 
detector. 
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Fig. 9 (a) System schematic. H - Hematin reagent: P -  
peristaltic pump; R - membrane reactor (M - membrane, C - p-crcsol); NMDS = Nafion membrane diffusion scrubber, 
RC - reaction coil; D - fluorescence detector. (b) Details of 
the NMDS. 

35.8 pptv I l l  4.6. 

Fig.10 Fiagram for gas phase H20,; The concentrations 
indicated are in units of 10"' atm. The inset shows the S/N 
for 3.6~ lo-" atm HiOi. 
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Fig.11Experimhtal set-up Tor measurement of formate dehy- 
drogenase in a penneabilized cell sample of Condida boidinii 
via flow-injection analysis. IV, injection valve; MC, mixing 
coil; C, carrier: R, reagent. Conncciions were made with PTFE 
tubing (0.8 mrn i.d.). A fluorescence detector with Atex) 460 
nm and A(cm) 340 nm was employed. The dialysis module was 
thennostated at 5GaC. 
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direct Donnan 
I z f f l t t 9 > % ,  fiÂ£î **(D%!i!l&a* element wavelength (nm) upiiatlon dialysis SEF 

M U  328.06 8.5 OX 120 
; t > t t M A - 7 H ( D N W G ,  @l?l 214.43 

205.55 
6.42 0.10 64 

crini) 19.00 0.5 38 

t ^  '3, -e,CDî Sfc L-CÃˆilSStlS 324.75 4.45 0.04 113 
Fed11 cu(m B 8 . m  8.2 0.13 70 

*The SEFs obtained h u e  are with amin diiysia at room 
temperature (21-23 *C) mine stiontium receiver tor copper and 
magnesium receiver forallotharelementa. SEF.signal enhancement 
factor. Plasma operating condition* are mentioned in the Experi- 
mental Section. The valenueaofthe cations are given in parenthese. 
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