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Flow Injection Analysis of Cyanide Using Immobilized Enzyme
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A flow—injectibn 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 as an enzyme reactor. In
this system, cyanide is converted to thiocyanate in the presence of thiosulfate
in the immobilized enzyme reactor, then the thiocyanate forms iron(@) thiocyanate
complex, which is spectrophotometrically detected at 460 nm. The optimum condi-
tions in the flow-injection system are proposed. Under the optimized conditionm,
the detection 1imit(S/N=3) of cyanide was 15 uM and the linear relationship was
obtained in the range of 0-1 mM 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 detérmination of cyanide in environ-

pental and clinical samples.
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BE, ITHoLVWHEEScs VT, BRFOV 7 Vitioe=%Y o 79a> ba—IR
DBEELEATVES., 7R TECSVTELBAVSNTED, ot v FMITPE
BORBRECEFVTRABICAVWSATVLE., V7 Utz Z0BVWEE DO LD ICAK
CELVWVREZEERED SN THY, ERMrEhTwE. v 7 /Yo ERICIIEE,
EYDr—ESV/aryBeeEsk 4-EUYI VA NEU B-E5 YV ar BeEksn
B4V EBBEEEATIN, ChoDAETRELO(RENEICLBIEEZFRLTL,
T A v EBELCTERETI LD CEELIARRNLETH S Y.

—%, BFEBEEPERANLEEOFBFICEVTIR, AR PREES OER, > RE
HELMTAEOHRNEETh TV, Tho0LETIR, BEEAVIMIEL, 20
ZERBRBECLIFVBREOADEKFAShTERL. ThET, BEEAVEYT Y
IEHOEREICO>VWTH, W2 0HEENRS 32V, EhoiRLETo¥ X —+ (thio-
sulfate : cyanide sulfurtransferase, EC 2.8.1.1) A LAbDTH, TOBEFER
THRORMG MBS LTERATS.

CN- 4+ S;03%2" - SCN~ + S0,?%

EESR, RRofx-CoIHz) REREF I AKX, JIETIAHEEZEBREL
P, g X —CREEBYPHMBE L L CIELAMLTEY, FTHHEABY (BKic4a
EDORTHIEY) OFBPERO I rav FY 7hicBEBETEELTVS. EERTO
COBROMEIE, FevT MHOBFLOBETHELEEIALATVEY,

Fonong o ¥ X —¥DEET, VY7 Vit & FAMEBBEDRIGTHERLFA LTV
BAA Y EH(IDAA L EDBBREEAALEY T M ILHOEREEEELRD. O
HEER, MELSHAERILAETSIR, Y74 v 2 FoBETILE RSV, L
ML, MITLICBEBRKEERAT DI MRINS. £k, BEXNNyFEDL
DIFEROHB. Mattiasson SiF, Bl oy x—F¥EHVABRY—I X5 -
CkB3VT O EREERE LY. Groom & Luong i, BElE{fELicosx—¥L
BHBAF VS —CEAVARI A Y-tk 3V 7 VIEHIOEREEZRE LY. T
hooEEETREEBEOENEERNRENTE D, BRLBREAVEERED
FRELEI D OhA., LHL, BEY-IX5-2FVIERETCIBELIRKMTHY,
ERAL AU —ERAVEIAETE, 18 HYELD 30 FLUECRKEARN»3.

AHETR, BEftlioyx—E¥2HEVREYT7 VEBIOH LW Ia—-A Vs s
VERME (FIA) #BNLE. of3x—C22HBEFFAE-XcEE{L, ThzER
BLAdSL2EEBEYV T 75— LT70-RicBALL. XK, oBEELE
RUTI75-Tov7 MR ERSNTERLAFA VT VEBA AV S LD

-139—



EARGEMALAFIAXNTS . EELEBEEZHAATIILICL3, BRFAE RS
POER Y T MO EREOHREBNE LI

2 ER
21 HE

o # % —+¥ (thiosulfate : cyanide sulfurtransferase, EC 2.8.1.1, Type I : From
Bovine Liver, 11-13 units/mg solid) i3S I GMA# K OBALL. bV XBEHAEK
(pH 8O)RBIcR PYR(EFOFYXAFANT I A5 Y (IMETE, &£¥R)
EERALE. ZAVSATUTE FEAKRRAEIZI 50 % YV 5 V7 V7 e RkEKR(BERL
F)EERALE. ToMMORERZL TAEFRSEMEA L. BRARICIE, Milli-
QEM/KEELEE (AFRIVRT) THELkBERA LA, £/, BELERILLT 31
HoEEELT, BIFH AL X 2007400 Ay 2073 /) FTubN-CPG (Controlled
Pore Glass), (7FaV)EHVE. ZOHFAE—-XDOFHHEI: 585 A (£3.9 %),
FZEMIE 45.1 m?2/ g TH 5.

2-2 E#&

YT VAMIRRICERA L To—A VvV 7Y a VRO EFig. 1 ITRY. 7o
—REBRTBPTFEF2—7iR, BT EDORVERY, AR 0.5 mm ObDRE
Al RV RSV Vv —RIAEEKRAL LT 4P2M-4016 (4xFT%), ¥
VINVEARRA-IF ST —KMT-60A-T (HFEE, EAE 100 1D, Tt
EoRlRc3EERE7 o< M7 7H RA-AIRSMOEEREZE SPD-6AV (B
BlYeAr) AL, BE 460 nmTHEEL .

Pump_ jimo”l ot o 460 na
E 0.7 ® {gg} g\ ,—E?;%WASTE
E 0.3
@ 0.5

ol/min

Fig. 1. Flow diagram for cyanide determination: A, 10 oM tris buffer
(pH 8.6); B, 5 oM sodium thiosulfate solution; C, 50 mH iron(E)
nitrate solution(2 ¥ HNOg) ; D, potassium cyanide sample(0.1 ¥ tris
buffer(pH 8.6)) ; E, injector; F, immobilized enzyme reactor
(2 om i.d.,4 cm length) ; G, reaction coil(0.5 om i.d.,2 m length) ;
H, spectrophotometer ; I, recorder.
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50 % ZAZ VT IFE RKkig# (0.5 ml) & 0.1 M V UEEEEHK(pH 7.0)
(9.5 ml) #BELT 2.5 % ZNVZVTINTE FEKERAR LA, OB (10 ml)
K73/ 7abE-CPG (0.5 g)emi, EXERFILEXSBIEBACBLTYS X
E—-X0MARNDOEREBEVEL, BLIRVBELRS 1BEKELAL. hEFFX
TANE—EHVTEHL, KT+octhikl ok, ZEBERLE. CoFERELEYS
AE=-X (0.4 g) icoyx—-¥@20 mg)% 0.1 MY VESBEAM(p H 6.0) (3 ml)
RENLEbOEMA, BRERFILEHFSKOA > LBEFRBATRLIRY BEL530
SEMELE. Z20%, BWEEA (4 C) T—EREL, BEOEELET-~. COHE
EBILBERATRAE-XE2HFR74 V5 —2FVTEHNL, BHLE 0.1 M Y CEBEE
%(pH 6.0), KicHi/kTHhiaLz”. ThEaEHB2HAVWTCPTFEF2—7 (W& 2
mm, £ 4 cm) KED, BECBEEVT/75/—-ELT7o0-RIcHAL . TR
OYVT75—iF, ZOEFUWEROEK (M) RBGEAM(pH 8.6)& F A BB DR
ABH) CRULALRET 4 CTREL L.

2-3-2 7u-—Rom#Eit

Fig. l070—-RTR, AV Vx5 —-ic&k0FEAShEY T UAHY L L, £
VZADSD MY RBEEKFE(pH 8.8)ick - THITH, £V T BHSOFAHEEK
mEatitk, BEILBEV T 75 -ANEEINSE. CITYT UM A Y BRFAVT
VEBAAUANEERSN, TOFAVTVBAAUBEY S CH S OB L RS
LTHERLF4 27 VB (D2 EER c & » THRIET 3.

BHEMICFig. 1070 -RE2HAVTYT7 VLY OEEEIT- 105, Zhickirs, £
F7o0-ROBHELEFT-7. Fig. 107 0—-FboEEIBRYVT 75 —%2N L7
O—REFAUT VEBY TV EEAL, S(IDEKTOWERIBE & 8(IDAKDOEBED
BREE -7 cRETEBERANL. Ko, BREEEYV T 75 -0lsAEhikFig. 1
D7a—-REVT ALY LV SNV EFEAL, FARBBROBE L IHBEHARL. &
B, BATBFAVYTVBY VAN EST UMY L FVizdic 0.1 M+ Y RBEAK
(pH 8.6)2RHVTHRL .

2-3-3 v7rithorR

7O0—ROBBEEHORER, Fig. lo70—-Ricv 7ty v FIEEAL, B
FLBEEOLEY, Y7 VtHoEREH, BEBRILUES A v OBELRANE.
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REAA LV ORBE, VT MM A VBT REA AV ERESRT, BEY-20
HEEHETAEICLDTARE. BAAViE 2.6 ppo (0.1 mM) o7 {1 4 >
XL T 0.1, 1, 10 f5& (2Hh¥h 0.26, 2.6, 26 ppm) L SE, —K, AT LA
BLUEBROBFAA Vic20TIE 0.1 mM Y7 {44 vicstLT 0.1, 0.2, 0.5,
1.0 mMOBETREIE THRELRHANL. HEBAA Y RETH MY Y LERFEAL,
ANY T LAF VIERY, ERAA L RIEREEFERALL. BATE YT Vb4 Y
DpHE, A+ VHNEELTLELEVWESESTL L.
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3 BRIZE

3-1 7o-XRoE#it

3-1-1 &(MBHIOBRBEOKE
B(MDBEBPOWBRBENRHEE -7
RETHEBEANL D, g(I)BEKTO
WBREELEbs e bOEFHLT,
Fig.lo70—-RFALT7TrBY V7
WEEAL, BEEh2E-—2s0Fx %2k
LA S(IDBEROBERELT 10 mM
ELf. 2048, Fig. 2icRT &9,
0.5 M WEBOBANROBELRL - .
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- = = ~ - LA, . .
LHL, COBETS Vv Iy TNVE—S Thiocyanate concentration / mi
NEHhBH-® (Fig.3), Dlgog(m) Fig. 2. Effect of nitric acid concentration
1n'1ron(li) nitrate solution on peak height.
%i&'qﬂmﬁﬁﬁﬁﬁﬁ, ChALRBAELES Thiocyanate samples were injected into the FIA
?y§t3msw§tl(1m)xtltheni?mgbiIized enzyme reactor ;
®) 0.5 #,(s) 1.0 ¥, () 2.0 ¥ nitric acid were
2.0 M&E L7, in 10 off iron(f) solution.
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Fig.3. FIA profiles for thiocyanate. Thiocyanate samples vere
injected into the FIA system without the immobilized enzyme

reactor. Concentrations of thiocyanate:A) 0, B) 0.1, C) 0.25 =ml.
(—) 0.5 ¥,(~) 2.0 ¥ nitric acid were in 10 oM iron(B8) solution.
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3:-1-2 SBDBHOBEOIERE

B(IBBOBENMREE -7 cRETRHEERERI LY, R(IDBKOBEEELS
¥ bo%2FERALTCFig. 1070 -REFA VT VEBA AV EEAL, BHEhBE -
IO/ EEB L. S(DBRPOWMBEBEEIEZLT 2.0 MELL., ZoER, Fig.
4icFRT Lo, S(MDBEINFRECTZBERENRI-KL. LHL, 50 mM &b
BEETRR-X5414 VOENNERATELLZ0T, LSz 50 mM () BEk%
ERT B &I L.

3-1-3 FAUBBHEOBREORE

FAGBRBROBRENMRHE -7 K RIETHEEBERARI LY, FARBBROBELE
fbsE b2 FEHLTFig. 107 0-Ricv 7 /{EIA 4+ v 2EAL, BRilxh3zE
—7OEsE®BELE. EOBR, Fig.5iFT&L5i, 10 mM FARBRBK:ER
LEBARBORBENE 7. L L, FARBBRKNEEBRECL33E, FAHERD
B EBHFEOIHARRON, R=—X514 VRAKEILC KL -, FE->TLBIE, PP
BEREBNRR—X54 VOKRELL 5 mM FAHREBBKEERT & Li. £,
2 mM FARBEBHETIE, BERGCBII3RELLTOFARBAA VAR T S
Y, HBE (0.5 mM) DlEDOY T MMM AV E2F AT VBA A VALK BTER
Nt
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Fig. 4. Effect of iron(E) nitrate concentration Fig.5. Effect of thiosulfate concentration on

on peak height ; (o) 10 oM, (a) 30 oM, (v) 50 of Fe?*. peak height ; () 2 =, (a) 5 aif, (s) 10 il S;05%".

Thiocyanate samples were injected into the FIA Cyanide samples were injected into the FIA system
systen without the immobilized enzyme reactor. with the immobilized enzyme reactor.
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3-1-4 BEEERVT 75 -0EBEEOEE
EEkERcL->-TRELBELFTANS LD, Fig. lo7o—-Ricki 3 BEELBES
ODEEREE2ELSE, YT ALY v IV EEALEEEBREENZY-2708 3%
Bl ofx—YRFOFEIroMEEATSY, BEIAEVEERSIIIVTEVE
HERTEEAONK. LHL, EEEBERR 37T CicbVWTEREL, V7 /e 4
BFAVT VBAAUANEERLED - 2. BIEEBEER 20 Cltb VT HRAICKEL,
7 At OEBRBREMSE D IS ONES Ko7, —F, KKBLT 0 C cffoé
BEELBERILETH . #-T, EEILERVT 77— 0 CcfRoT &ic L.

3-2 vy7UithoEg

3-2-1 BRER®

ULEoBRHICL > THRONEEBEAZFHET U7 VILHIOERR 2T~ 2. V7 VILYIER
KB BHB T -7 FNVEIEFig. 6 IRy, Y7 VA A VBRAKR, OB OH
TREHRE, 0-1.0 mMOBEGHCERELYD, REBRBAR (S/N=3) i3 15 uM
Thot. £, 1EKHIC 20 RHOMENTEETH - 72. BEEFET 20> 7 1k
YIEREEAEOWEEE B L (Table 1). &3, Fonong ik VFEXhi, F4
VT VBAFVEGK(IDAA Y LD RBRIGEFAT 2Ny FEIC X 3EEE? ©,
Hattiasson SICk VHRESMABEY — IR —c L 3EREY, XU Groom &
Luong ik WHEI NN A VI — LI B3 EREY S HBL T, RESOEKRGEHS
JUBRHEBRATRIZIRSEOEREIE O his. STEER, BEY-IX/—LA%TH
BN, RAA /Y —LHNRT 10 FbRAETHY, AENSBHELETRBLAFRE
THBIENGh-Te.

0.2k

0.1F

Absorbance

I'B
Time / min

Fig.6. FIA calibration profile for cyanide. Concentrations
of cyanide: A) 0, B) 0.1, C) 0.25, D) 0.5, E) 1.0 nmM.



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 oM 15 ¢4 20 samples / h
Batch method?’ to 0.8 off 4 oM
Enzyme thermistor?® to 1 oM 20 oM 20 samples / h
Biosensor*’ to 1 ol 5 oM 2 samples / h

3-2-2 [E=LERYT 75— oBERGZHE
Fig.1070-Rky7 /{1 A 0RbDIRFA LT VB4 AV R2EAL, O
HRHShsE-—/70FS %, RALBEOYT VMMM A VBRI FA VT VERA A
NEEBRSKIEBESOREE -V ETHELEELT, BELBERITI/5-&3VT
A A VDS FA VT VB A VERRIEOBERIGHEERD 2.
RUBEOWAA U, EhEh 0.25 B&LY 0.50 mMoEx, Y7275 —0OBER
IEHRIVWTRS 47% TH - 7-.

3-2-3 #EAAVORE

AEICEBVT VLHIERRICE Y Z1ERA A L OBBOHKEE Table 2 /RT. BE
BAAY, YVBAA Y, MBAA U ELUBRRBRAA v dor/x—E2HEETEIEN
HONTWBENRY, REICHEVT, ThoDMAVICLBHEOREEBRREShE M- .
i, TRAINVEVEAA Y, 7T VBAA VE—RBRICRPMEHICEEL, £ho0Aa
A romfEhTcoOEERIZIZEAEN 2-20, 9-25 ppn TH 3V . TOBEEGHIcHWVT,
JTUVBAAVRIFELRVY, TRIVEVEBAA VRERZRT I ER"Gh-1f. —
7, Fonong ickhif, BEBRA A >, TRINEVERA AV, 7 VB4 A Y, 39D
A A VELUOFHHA AV Z, o x—CPOoMBEROT CERT B2FA LT VA4
L8 () 1AV EDRBRIGENBYT 27 VIEMIERECREERRT EHELTL
52, LHl, BELCEVWTE, TRINEVEBAA VERWVWT, ThoDA4 v 3HE
EREIEN-. TOESIE, — BT AP OERICFOTHEERTEL O 4
VA, AECBOTREERI TN 2.

—h, AEBEL LBV T VIR BTI2EBA AV oBBOKEREFig. TIS/RT.
Nok SiE, WINY I LAF Vv ERLRERAA VOBELET TR, RYTZ7UNVTIFFL
CEEELa Y X —FPoFEROMEERELTVWE!IY. ARHRETRANCTLLL Y
HPPEOHEERL, BRI A VR VYT VI A VXV BBEFHETILEREEA
OfEERL, Bicoyx—PERFEsdhk. BRI VICL3BEOEFER, BE5L



OS X —COFEHREATHS -SH BEERIA L OESILBbDTEHESS5. Nok 5
DREREEET B E, WV LA Vi TRBA LS BEANS 2 bDOD, THHA
AVEDVTREL BRUE-LERENE -, FHETR, FABFTAE-Xiko ¥ x—
TEEZELLTERALTEY, COBVEIBROBEELAEOBVIZLZEDTHSS.
BXiZ, BEREAECL-TZoORERELT I LMo hTVE. Z0EEELT,
BERBEHOEL, BEltcAV3BEONENS 5 WiEENTEORENEL Sh 31,
EEIEESRTFIEB L > THELARRETHD, FORRICE-TED L S BELR
HEUhdr2ERCMZE3REETSH 5.

Table 2. Effect of foreign ions on the
determination of cyanide. Cyanide concen- 20
tration was 2.6 ppm.
Foreign Added Recovery =®
ion / ppa /% ~
©
Acetate 28 104 g
2.6 103 <
0.26 103 2
Ascorbate 26 62 :
2.6 95 -
o -
0.28 108 &0
Citrate 26 99 &
Todide 26 100 60 F
Nitrate 26 103 , ! )
1 1
Phosphate 28 103 00 02 04 06 08 1.0
Sulphate 28 103 Cation concentration / mM
Sulphide 26 96

. Fig.T7. Effect of foreign cations on the
Sulphite 26 100 determination of cyanide: (o) Ca?*, (a) Zn?-.
Cyanide concentration was (.1 oM.

3-2-4 BEwE{tERokEH

BEtBRORERETARS:®», Fig.lo7o—-Fic 0.5 mM ¥ 7 {thy 7
VEESEHICEALL. Z0&ER, Fig. 8icRd &, EENEMricswT, EE
IEBEER DI ED 10 BEREETH -7, 0.5 mMY 7 v{e¥hy > v 2EE 15 [
HBALKLE ZOEMBERER 2.3 % Th-7. £k, ARBOBEELERIZOEE
HEROE®K (MY REEHEK(pDH 8.6 FAMBARDOBLHER) BLARETY
CTRELTOAY, 1BB%ET 91 %, 17A%TT 83 ¥oEHEER- T, F
AHBAA YRS x—EE2EELT I LMo TED Y, REFRCEECERE
BLTBLBBIIIOAREENATVWEIEN, FETH5LEbN 5.

BEtBEE2FE LY 7 oL wIa—( vV 27 v a VERENEILEIME.
AETIR, BEEHBE LMoY 7 VIEIERELHEL T, REKOERGHL LUK



HBRATRBZERASOERLBOH, BELBELEACRBLAAERETS S L05H
hots. o, BEEBEZEEFATEILET, VT UVIEHIRRICE T 3 EOREBERYD
SEBIENTE. BARBEORERBLIUVRELOBRLBIFLLOTH Y, &K
BEREE - REERY Y VORI ~NDICHENERETX 5.

0.16
8010-..... ..ooo.oo'..'. ‘
g
2
[
o
2
0.05 |
0.00 L 1 L ! .
0 2 4 6 8 10
Time / h
Fig. 8. Stability of the immobilized enzyme reactor.
0.5 oM cyanide samples were injected into the FIA system
repeatedly.
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