J. Flow Injection Anal, Vol. 13, No.2 (1996)

EsE LBER ZFA Ui
YT UAID T —A YV 2 T Y a VT

HORkE, FEEE—, BIRKF. BhEe, HPE, KRB
REARFEMES 7860 REATH E£2-38-]

Flow Injection Analysis of Cyanide Using Immobilized Enzywe

Toshioc DEGUCHI, Kouichi FUKAURA, Shigeko NORIMATSU, Sayuri MINANI,
Akita TANAKA and Tsao SANEMASA
Department of Chemistry, Faculty of Science, Kumamoto University,

2-35-1 Kurokami, Kumamoto 860, Japan

A flow—injectién system with an immobilized enzyme reactor is proposed for
the determination of cyanide. The system includes the‘rhodanese immobilized on
aminopropyl-controlled pore glass beads, which acts aé an enzyme reactor. - Im
this system, cyanide is converted to thiocyanate in the presence of thiosulfate
in the immobilized enzyme reéqtor,then the thiocyanate forms iron(l) thiocyanate
_complex, which is spectrophotometrically detected at 460 nm: The-optimum condi-
tions in the flow-injection system are. proposed. Under the optimized condition,
" ‘the detection 1imit(S/N=3) of cyanide was 15 y¥ and the linear relationship was
obtained in the range of (-1 m¥ cvanide. The sample frequency’waé 20 /h. The
" precision of the method was 2.3 % relative standard deviation at 0.5 m¥ 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 anioms 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.
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HOIEEE LT, BFHA X 2007400 2 v a®F 3/ FaEN-CPG (Controlled
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Fig. 1. Flow diagram for cyanide determination: A, 10 mll tris buffer
(pH 8.63: B, 5 mf sodium thiosulfate solution; C. 50 mi iron(f)
nitrate solution(Z ¥ HNG,) ; D, potassium cyanide sample(f.1 K tris
buffer(ph 8.6)) ; E, injector ; F. immobilized enzyme reactor
(2 we i.d.,4 cnm length) G, reaction coil(0.5 we i.d.,2 m length)
H, spectrophotometer ; I, recorder.
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Fig.2. Effect of nitric acid concentration
in iron(I) nitrate solution on peak height.
Thiocyanate samples were injected into the FIA
system without the immobilized enzyme reactor ;
(®) 0.5 4, (s) 1.0 ¥,(+> 2.0 ¥ nitric acid were
in 10 oM iron(#) solution. ’
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Fig.3. FIA profiles for thiocyanate. Thiocyangte samples were
injected into the FIA system without the immobilized enzyme

reactor. Concentrations of thiocyanate:d) 0, -8) 0.1,-C) Q. 25-n¥.
(—) 0.5 4, (=) 2.0 ¥ nitric acid were in 10 m¥ iron(#) solution.
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Fig. 4. Effect of iron(#) nitrate concentration Fig.5. Effect of thiosulfate concentration on
on peak height ; () 10 m, (a) 30 olf, (v) 50 ndl Fe®*.  peak height; (e) 2 all,(+) 5 oif, (a) 10 md S:0°",
Thiocyanate samples were injected into the FIA Cyanide samples were injected into the FIA system
system without the imwobilized enzyme reactor. with the immobilized enzyme reactor.
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F;ig. 6 Fl14 calibration profile for cyanide. Concentrations
of cyanide:4) 0, B) 0.1, €) 0.25, D) 0.5, E) 1.0 ulf.



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

Linear range Detection limit Sample frequency
Proposed method to 1 nk 15 2 20 samples / h
Batch method?’ to 0.8 mi 4 M
Enzyme thermistor?® to 1 ml 20 1M 20 samples / h
Biosensor*’ to 1 n¥ 5 o 2 samples / h

3-2-2 BERtERYTZ5 - oBERICHE
Fig.lovo—-Riks7 /{14 oRbocFFLTVBAF 2HEAL, 2O
B Iha -2 0Es%, ALBEOY 7 A4 v BECF 47 VBA 4
NEERINIFGEOBRBE -7 ETHRLEELT, BIEILBEEI 775 -c&bV7
VA A U F AT VEBA A VERRICOBERISHRARKD /2.
FICEBEOm A4 N, Z2hFN 0.25 LY 0.50 mMoE %, 775 —DBEEN
BRI TR Y 47% TH - 7-.

3-2-3 HXEMAVORE
AECLBVTUVIAMERBCSYIEER A4 L OBBOMRE Table 2 IT/RT. BE
BAAY, YUBAA Y, MBAAVBLUOERBAA v RS x—¥EEET L LN
HoNTOWBENRY, KELHWT, Tho0A A VL 2AEOREBRRSKEDI 2.
fr, TRANEVEBAA Y, 72 VBAA LV E—BRCEPOEFCEEL, Tho0q
oMb TcoBERIZNAFN 2-20, 9-25 ppp TH 3P, TOEEHERICBVT,
JITVEIA A VRIFELR VR, TRINEVEAA VITEERT I ENGh -7, —
7, PFonong ic&iiE, WEBRA A Y, 7RINEVEAA Y, 7T VBA4 Y, 3l
AAVEBLUORIMA A Vi3, o 32— CoMBEFEREO T CERT2FA VT VEBA A v
L8 () A A VEDRBBEREENET 37 VIEIREBECETESRRTEHEELTL
58, Lihl, KECBWTE, TXINEVEBAA VERVWT, o014 v iIGE
ERI ot TOEIE, —BHL T IO EBICBWTHERRTEL DA A4
VN, AELCBOTEBEERI L -7,

—F, BELIBST AYERCBT LB AV OREOREREFig. TRRY.
Nok S, BNV T AAA VELRERAA LV OBFEET TR, RUTZ7ULT7 I TN
KBt Loy 2 —FoEEomEEHELTVWE 'Y, AWMETEAN Y TLL L Y
EPPEDHERTL, BHAA VEY T U OIAA L L) BBEFET 2 L2 K< E
DOYFEERL, Blco¥fx—PA2EEXd. BAF VICE3BEORER, %51



XA EOEMEBMTSS -SH BETRAIA VORBAK LB b0THS5. Nok 5
OFRREHBT B L, ANV TEAA VROV TEB I BER S S 2 O D, THHA
FVEDVTRESERSTEREL S, APFETR, SART I ZE -ty x—
YTEEEELTERLTHD, COEVREBEOBELAEDORVIZLZbDTESS.
BRE BEE{AEcL-TzoRENE(T Mo TVS. Z0ERAELT,
BEXREH0ZEL, BEticAv3BkoPENS 5 L FENTEORENEZ 5 3,
ERREMTRATIBE L3> THALAERETHD, FORRICL->TED LS LZAN
HUrEERBICME I L3REgETH 5.

Table 2. Effect of foreign ions on the
deterpination of cyanide. Cyanide concen- 20
tration was 2.6 ppm.
Foreign Added Recovery =
ion / ppuw / % ~
5
Acetate 28 104 5
: =
2.6 103 =
Q -
0.28 103 a2
Ascorbate 2 62 i
2.6 95 -
o -
9.28 108 %0
Citrate 2 99 =
Todide 26 100 -60 |-
Nitrate 26 103 ) , , . \
Phosphate 26 103 0.0 0.2 0.4 0.6 0.8 1.0
Sulphate 26 103 - Cation concentration / mM
Sulphide 28 96

) . . Fig. 7. Effect of foreign cations on the
Sulphite 28 - 100 determination of cyanide : (o) Ca?~, (&) Zn?~,
- Cyanide concentration was 0.1 ail. :

3:-2-4 BEE{EEOLEHR
BEEEOLREREFANL D, Fig. lo7o~%ic 0.5 mM &7 {47
NEEGEMNICEA L. 2ORE, Fig. 8IoRT L3, BENAMTCHVT, BE
EBEER DS ED 10 BEREETHS 7. 0.5 mM > 7 Ui+ > 7PN &g 15 [
HEALTE 2 OMMBRERER 2.3 % TH-7. £, WERBOBEEIEEIZOEE
CHEROBER (MY RBEEK(p H 8.6]& FAMBBKOEBAER) KB LARETY
CTRELTORD, 18M%ET 91 %, 17A%ET 83 %YoEEER->Twi, F
AHEBA A v id oS x-EREEkT LMo hTE DY, RERCEE/BEEE
BLTHBLBHREINIETEATVWEIEN, FETHIEBbN S, '

BEELBREFE L v 7 Vo FHi L ro—a vV 27 Y 5 VERESHEILE .
AETIE, BEEHBA LA 7 VIEBERE S HEL T, REBROEREHESL L UK



HEATREIEZRAEOEELEB LI, BEI>BELSTCRBNCEEETH I L7
ot i, BEABELXFETEIET, VT VI EE BT A EORELRD
SEBENTEE. BRIBEORERSLIUORFHROEROBEFRLOTH D, Kk
RBREEARERY VIV DOSITANOIGANEETE .
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Fig.8. Stability of the immobilized enzyme reactor.
0.5 oY cyanide samples were injected into the FIA system
repeatedly.
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