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A flow-injection system with an immobilized enzyme reactor is proposed for 

the determination of cyanide. The system includes the rhodanese immobilized OD 

aminopropyl-controlled pore glass beads, which acts as an enzyme reactor. In 

this system, cyanide is converted to thiocyanate in the presence of thiosulfate 

in the immobi 1 ized enzyme reactor, then the thiocyanate forms iron(B) thiocyanate 

complex, which is spectrophotometrically detected at 460 nm. The optimum condi- 

t ions in the f low-in jection system are proposed. Under the optimized condition, 

the detection Hmit(S/N=3) of cyanide was 15 nt and the linear relationship was 
obtained i n  the range of 0-1 m l  cyanide. The sample frequency was 20 /h. The 

precision of the method was 2.3 % relative standard deviation at 0.5 mM cyanide. 

The immobilized rhodanese was stable for at least 10 h of continuous operation. 

Also it retained 91 % of the initial activity after 1 week, 83 % after 1 month. 

Many kinds of anions which commonly interfere with the determination of cyanide 

except ascorbate did not interfere in the present method. The flow-injection 

system developed here is applicable to the determination of cyanide in environ- 

mental and clinical samples. 





Fig. 1. Flow diagram for cyanide determination : A, '10 mM tris buffer 
(pH 8.61 ; B, 5 mX sodium thiosulfate solution ; C ,  50 nX iron(!) 
nitrate solution(2 M HNOa) ; D, potassiun cyanide sa~ple(0.1 K tris 
bufferfpH 8.6)) ; E, injector ; F. immobilized enzyme reactor 
(2 ma I. d., 4 cm length) ; G ,  reaction coi l(0.5 us i. d . ,  2 a length) ; 
H , spectrophotoneter ; I , recorder. 
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F i g .  2. Effect of nitric acid concentration 
in iron(3) nitrate solution on peak height. 
Thiocyanate samples were injected into the FIA 
system without the immobilized enzyme reactor ; 
( 0 )  0.5 Sf. C*) 1.0 Ã̂ (*) 2.0 '1 nitric acid were 
in 10 Bfl iron(0 solution. 

F i g. 3. FIA profiles for thiocyanate. Thiocyanate samples were 
injected into the FIA system without the immobilized enzyme 
reactor. Concentrations of thiocyanate : A )  0, B) 0.1, C> 0.25 mil. 
(-1 0.5 M,(Ã‘ 2.0 M nitric acid were in 10 aM iron(#) solution. 



Cyanide concentration / d 
F i g. 4. Effect of iron(l) nitrate concentration F i g. 5. Effect of thiosulfate concentration on 
on peak height ; (*) 10 DM,,(*) 30 n!d,(w) 50 nM Fe3+. peak height ; (a) 2 dl,(-) 5 nil,(=) 10 d SiOaz-. 
Thiocyanate sanples mere injected into the FIA Cyanide sanples were injected into the FIA system 
system without the immobilized enzyme reactor. with the immobilized enzyme reactor. 



T i m e  / m i n  

F i g . 6 . FIA calibration profile for cyanide. Concentrations 
of cyanide : A) 0, B) 0.1, CJ 0.25, D) 0:5, El 1.0 d. 



Table 1 . Comparison of the performance of the proposed method and 
other enzyme methods in the determination of cyanide. 

Batch method" 1 to 0.8 m H  4 ,ill 

-- - 1 Linear range Detection limit Sample frequency 

Enzyme thermistor3) to 1 d 20 Ã §  20 samples / h 

Proposed method 

Biosensor" 1 to 1 mM 5 Ã‡ 2 samples / h 

to 1 mM 15 i M  20 samples / h 



Table 2. Effect of foreign ions on the 
- - -  - -  - determination of cyanide. Cyanide concen- - - - 

tration was 2.6 ppm. - -  - 

Foreign Added Recovery 
ion / COB / % 

Acetate 

Ascorbate 

Citrate 

Iodide 

Nitrate 

Phosphate 

Sulphate 

Sulphide 

Sulphi te 

l . t . I . t . l . 1  

0.0 0.2 0.4 0.6 0.8 1.0 

Cation concentrat ion / inM 
F i g .  7. Effect of foreign cations on the 
determination of cyanide : ( e )  Ca2*, (A) Zn2-. 
Cyanide concentration was 0.1 ud. 
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Fig. 8. Stability of the immobilized enzyne reactor. 
0.5 mil cyanide samples were injected into the FIA system 
repeatedly. 
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