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A sensitive and simple visual colorimetric method for the determination of vanadium
has been developed using vanadium-catalyzed oxidation of o-phenylenediamine (OPDA)
with bromate in the presence of gallic acid as an activator. After 10 min of reaction at
pH 4.0 and 20~30°C, the pH of the solution was readjusted to 7 with a tetraborate-
NaOH buffer solution to stop the reaction. The solution (6 ml) was placed in a cell with
five optical path lengths of 20, 16, 12, 8 and 4 mm. The coloration of oxidized OPDA
was compared with that of a color standard containing 1 (or 2) ng of vanadium for the
determination of vanadium up to 5ng. The same calibration graph with a linear range
of 05 ng was obtained for V(IV) and V(V) by spectrophotometric measurements at 420
nm. The detection limits by the visual and spectrophotometric methods were 0.2 and
0.04 ng, respectively. For the visual method, the addition of F~ effectively eliminated
the interference from Fe(III). The visual method has significant merits for the simple
determination of vanadium, especially in the field, and was successfully applied to river,
lake, ground and tap water samples.

Keywords : visual colorimetry; catalytic method; vanadium determination; natural
water; tap water.

BTHELBIANTE 2 HESREL 25,

=T, NF I LSEBRBEERIR O KGR DT
FTHVY, BABEEZBL CHEKEBFRTLIED
DEEEnBY. UL, Tk, @Ik, Bk, AKEx
ZOMIZEENS/NF VY ABEIE 0.01~1 ng/ml LR

1 #& El
AR B s E DBEKICEEN B4 BB K
FDONy 7 TTyy FBERBERBE#H52 &2, B
BRLEFTEBTHY, 2ORDOERPEEICHEHL 129

EPREE 2D, X, KEOEEITEG L frlsE 25
WETD oIz, $50VIFRBEERICE Z 5 BIRSY
DFEREDOETLZ BT 57201013, ER 2L 1235

* OB AR A TR 400  (LRURFTHR
H 4-3-11

WITO SERBETH Y, EEELRRES LI, NSTY
TAPRBELLKERTESHEELTE, BEEETT
A< BESWEY, EH 503U BE3EEIR 7
U—AvVxr Y VEMBEEERY 2 E IR oNT
W5, UL, WIhOHES, ERT 29hEE L

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

966 BUNSEKI KAGAKU

ST BT HBRBAWISES LWV, F2T, KHFETES
a2 b, FATLEEC ST VI LAEET
X5 L0910, NFUTLEMEETHRETEE(GA)
HFFDo-72=L v Y7 3V (OPDA) DEILKIEY® %
FHETABRLEBETEEEREZBR L. X, XEE I
&K, ik, #HTEK, KEKOSWIISHL, SER%E
Bz, NI LOFEERBIZOLWTHER LK.

2 % B

2.1 B ¥

AL, FECL VR mBRERSEE RV, KidA F
v A #u7k % Advantec Toyo B GSL-500 ZA B3 E T&E
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pH %2 7 & U, RIGAEEIE ¢, AR % Fig. 1 DI
BEVICBL, BErEEEARRLLBL, dEtho

Vol. 45 (1996)

Color -—
detection

-<— Light

Fig. 1 A cell for visual color comparison

1-5: transmission parts with light paths of 20, 16,
12, 8 and 4 mm, respectively.
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L.
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EHIZ 450 nm K - EF- e WAL, RISDE
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Fig. 2 Absorption spectra

V(V): 25ng; [GA]: 2mM; [OPDA]: 1 mM;
[NaBrOs]: 0.1 M; pH: 4.0; Reaction temperature:
25°C; 1—~5: at reaction times of 1, 4, 6, 8 and 10
min, respectively.
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BREOETETEAETMITIEI &L

HHAEORIGEH T, REHFERTHETE 3L
BRERIGS S22 &3> 12907, RISOETR
BZEXB 20, Fig. 2 ORIBAEE (450 nm)
ZEERRE L, 0~3ng (RISAM 5ml 1 0~06
ng/ml) D/NF IV LIZDONT, RIGKEER ¢ &RLE A
OB (RIGH#R) EKRo 1z (Fig. 3). #DER, K
JERER 10 43 % T O RIS HIAR 1 0.999 Bl EOEB R T
ERESBHO, 2DZHE (A4/At) %KD B HER
—ERHERIGS S 1HORNXE KD 2 HE (FEHH
) Ik, BREO LN VY AOKREBBSTERT
iz, Up L, BRETEISEOHEIEIZRE DT,
ERMEZHWA 2 LIt Uz, X, Fig. 3 DRIG% B
KEVBERTHE, RICEKEBE 100084, =ik
(K) TRIEEPEDLOLNLEH>1DITH LT, 1ng D
NFTT LAETHRHETE 2. - TLBRDOERTIZ,
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Fig. 3 Relationships between absorbance at 450
nm and reaction time

1~4: reagent blank, 1, 2 and 3 ng V(V), respective-
ly; for other conditions, see Fig. 2.
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pH 2B UTRIGEEBEIL X ¢ 5 HEE2ME L. 25
B OK) & 5ng DINF I AEEGINF VY AERRE
HIZDOWT, pH4.0 T 10 SERIGS €128, kv
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6~8 O—TEMEICHBH U2, ZDEL & pH EL %D
&, BRARZ VORISR FE SERERIZT N,
pH6.5~8 O#PTIL 420nm T—ETH »72. 25°C I
BB 420 nm TORNEORKFE(L T pH7 THREH /N
&<, 10 M40 ODBEEDOEN LK 0.001 TH -
fo. MUK zZEHRETCBELVZSE, pH%2 71235
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. UL, NFYYLOHEEIP»PDLT, BRIZE
t~HBEIGREEL, BROLBASREIZZ T
2B OB EEECBET 5 &, JOREIEKERL
F U AR R INA ZBRREICE U B KER(ET M) T A
OENERF IR BN, ZOHSD pH B 11 HH 0
wENDl bz oTnE, 22T, ERICAEBKD
pH Z#9 11 KRB LIz &5, BBILIFED GA KK
DHBERTE 2. TOBRKED pH % 4.0 ICFHHESIL T
FUREINARYZ bV, GA BILHORINANZ b
MIE—B LT, PlE&V, BESBEICEREEICTS
& GA BLWAER L THEB L, OPDA BILMOHE
BIFEST B LN o1, o T, RETIERDED &
21z, RIGEILED o ® pH FAESICEEERZ HV,
pH OBED LR ZFTN.

3.3 RICEREOTE
BACERER TSI EA2EXDE, RIGREDRE
BEEERETH D, BN Y AEERERO MG
BEOEVHEEBREORRAEZD S5, €27, Ing
DINF VY A% 20, 25, 30°C TRIGEE, HERLT
etk BI U 7245, £5°C BEOREDEVIZER T
fr. EBEICFEE S NF VY AEHEER D [E U A
TRIGEXEHDT, KIGEER £5°C bEDLAZVERE
bhad. X, RIGRED 20~30°C O#HFAL» 54N 25
E5TH, NF VY LEEBRBOKICEAABELT, B
Ytz 525 RKICHWAERETLERD.

3.4 HRHPER & EREWE

2-3 DAWTHRAIEIHE - TE 1z BIRIE & BOEEEEDOR
HIRS & ERBH#B % Table 1 IZRT. BHRETKE,
BLVONBEEDOEEBOXFPREDEPT VDM,
NFIYLBN 1 XL 2ng DEETHo12. 0T,
1 X3 2ng D/NF Y LA THE S EIERZ LEEE
B E LT, ThE&D Ing ODHEBEERKTIE, 0.2
ng PEBINTEBDT I DOEE BREDCEHERFE L
fo. X, COE&Y, BIEBEWK 6ml T 0.03ng/
ml, A} 3 ml AT 0.07 ng/ml BIRHBREZY, —
HOTAREIO %, SEOKRNYOICHTE
2H0EEbNE. AR EHEEERRIE, €nEN5
BEONBEIL ST TBETESDT, Ilng D/NNTY
YA HEERRKRETAE 0, 02, 03, 04, 05
06, 0.7, 08, 1, ls, ls, 17, 2, 25, 3, 4, 5ng @
WENPOEBMBELY, BEF 1 FTLOADEFT
0~5ng PEHENPEETE A, 2ng DT IV LATHEL
NoOEIEEFNEN 2EELY, BABZRRI N
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Table 1 Analytical performance of visual and spec-

trophotometric methods

Visual Spectropho-
method tometric
method
Sample volume/ml <3.0(2.59)  =£3.0(2.5Y)

Detection limit/ng 0.2 0.04

Determination range/ng 0—5Y 0—5%
Tolerable limits of
foreign ions®/ug

Fe(11) 19 0.05
Fe(I11) 0.05(199) 0.02
Cr(VI) 19 0.5
W(VI) 19 19
Humic acid 209 5

a) In the presence of 0.5mg F; b) With use of 1
ng V as color standard; c) Linear range of calibra-
tion graph; d) In the determination of 1ng V; €)
Maximum amounts tested

W ong LLEDNNF VT ADBERTES.

IS TIE, 2-3-2 11> TR EJR VIR LT
W, 20&XORNEOEERED 3 FICHETHN
FYmLBEREBRE UL BonREBRF
0.04ng T, &K 3ml HTIE 0.0l ng/ml THo7. K&
NN R IFRBEOMITXBES VY, BRELVN I
FEVBES CERTEA0T, BRETEIRBRENSR
BT HRRONCERTH S, EREAMEIIHRER O ER
HEE LT 0~5ng THY, WfiEAMD/ ST T 7 A
SVWTH—OREREMAEB LN, X, 05mg 7 vik
P4 A4 v &2 NA T HFE URERR & HRER O EAREEH
Bohi.

3¢5 HFEAFOEE

AURIGREAVIEEEIS7Ta -4 v Iz Vg
VIBNNEFENT LA NF VY LOERETIE, #RAD),
(111, 7as(Vl), #v 727 (VD), 73 VD
HEHSHBRNKE o1, 22T, ThoOHFA L >
DEBLHAREL, TIREHEEEANTOERICH
N, RICERETHEANL.

2:3-2 DEHHEEIZED 1ng DN VT LZER
U, £5% LROEBBREL2 52 5 HFEA 4+ Vv ORKE
ZHABREELTRD GRS Table 1 IKHFELL 2. K
AR (5ml) OB ICHRE L LFARE, RO
EHAN, BAXvERVWTVIND KL< Z o2, 701
AV, #7727 v VD), 73 vEE, TIHARIEIK
54520, HBRNPHORGEZFIET 280ETE
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Table 2 Detemination of vanadium in river, lake, ground and tap water samples by visual and spectropho-

tometric methods and ICP-AES

1 . a e Vi
Smpeomd e o Sl Y found s

1 Ai river VS No 1.0 2 2
Kofu SP No 0.5 1.1 2.2
9/20/1995 No 1.0 2.0 2.0

Yes 0.5 1.0 2.0
Yes 1.0 2.0, 2.0 2.0, 2.0
Av.2.0£0.09
(n=5)
ICP Yes 10 — Av.2.1£04
(n=8)

2 Nishi river VS No 0.5 l.g 3
Kawaguchiko SP No 0.5 1.3 2.6
7/23/1995 No 1.0 2.5 2.5

Yes 0.5 1.2 2.4
Yes 1.0 2.2,2.3 22,23
Yes 2.0 4.6 2.3
Av.2.410.1
(n=F6)

3 Lake Kawaguchi A Yes 0.25 ls 5
Kawaguchiko SP Yes 0.5 2.3, 2.1 4.6, 4.2
7/23/1995 2.2 4.4

Yes 1.0 4.2 4.2
Av.4.410.2
(n=4)
ICP Yes 10 — Av.4.210.2
v (n=4)

4 Groundwater VS Yes 1.0 0.6 0.6
Misaka Pass, Yes 2.0 1.3 0.7
Kawaguchiko SP Yes 0.5 0.33 0.66
7/23/1995 Yes 1.0 0.63, 0.68 0.63, 0.68

Yes 2.0 1.24 0.62
Av.0.6510.02
(n=4)

5 Tap water \'A) No 0.5 0.4 0.8
Kawaguchiko No 1.0 0.8 0.8
7/23/1995 SP No 1.0 0.87 0.87

Yes 0.5 0.43 0.86
Yes 1.0 0.88 0.88
Yes 2.0 1.70 0.85
Av.0.87%0.01
(n=4)
ICP Yes 10 — Av.1.310.5
(n=3)

a) VS, SP and ICP indicate visual and spectrophotometric methods and ICP-AES, respectively; b) Centrifugation

for removal of suspended solid particles

EFELVEEZZLNE9. 811 S80I 13, ¥
ER79—A VvV Y g VBRHNEEERERED, #
NEZNELHDOERBRER G X1, BICH#A 4+ v OHE
% lpyg FTHNLER, 02ug #8825 FBEER

FIEF—E L0, (1) T +20%, #0111 T —45%
Thotz. AL V1L, BBRECTHEET S, flic=
MTRHENRILS DT, OPDA DEELKIGD il & 1%
FBZITK W, $BA V33 F VY A E GA DIEMSERES)
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OIS L, /ST I LAOMBERICEELTVS
pHLhgn., WTFRICLTh, EERBADIGHT®
A 4V OBHESLERINS. BHEP T vV
733 VIRRHNEETIET vithA A v EENMATH T
Hiewxxvresd, BREFERLTCEOHEZ/NS
CULEYDT, KEEAEETHRABICERT S &
U7 s, SoEB0FEE, AR 10 ng/ml
FTOHA A4 v IRHTE AREEIICLY, BHEICH
RBHEIEMWTES.

—7, BREDOBE, EEHERICIENTRENS S
&5, Table 1 WARLIZEDIC Ing D/NF VT A
ODEEBICHLT, 7I VIS E LD 20ug FT,
(1) DA DZODA v izdadsd luyg £T
HEFExRTCLEER» 2. X, SRAI) OFEILT v
(b4 4 v AMAD I EICEVAF Y I TER. fEo
T, EEREBOSHTIET7 w4+ v A s &I
Uiz, AL, 207 vith4 4 ORI, BEORN
AN B TR T, BB 2 0.05 ug B2
DIRO & & 3ERS T 0.

36 KAKEKEKDT

(LB PRI L 72K, WK, HRK, KEKZE
ERETHWN U IHEREZ, BRIECEEERL ICP-AES EO
L H#ER LT, Table 2 12789, BB 1 IV
Bt cERSI L, o ERETHI L. KR
FILE B - RO IR 0SB 1T X 0 BRRS
RO, SfTL.

Table 2 DFER LV, BEMTICKZEREIIMOT
FEoMEERBENT-H UL BB 1, 3, 4 DBRL
HEEICEHEETIE, 05 Xid lng DT VT LA
wiINL # AR EZ KD 1275, 96~104% EREFTH >
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fz. B, BREEEES 1 BN 0 OSIRHE
B3R 15 HTH o1

HEHC I ERR T L EEL, BB ZEREFET S CDICHE
PR T % PR3 O L - TR < &, MIAKHRDOT IV
T2 AD LD ICBNES PEERNTERICKEL TV
T, EBEMSPETTEHEMNH BY. WK EKEK
G, 2, 5) IKOWVT, BULSELIZBEEE LAY
BADNF I AOFRMERHEL 1205, AELSEFR
Lhish o1z (Table 2). T OFERE, )RR KEK
HONF VY LBEICHEBAF Y EUTHFET HED
WEINE HTHETLEDTH o, LL, NFIYTA
W4 PREFIEAGLTVEEEZLNEBELD
90T, B EFILECRET S, KT ~OBE
PR b OERICTICER T HRENH B, KEEIC
Lok 5N HHBFMEZROERMEL, DL EMH
Haloriie s LTHEAST - ERbhb.
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BAEFREATOBEMEICLD -7 2= L Y Y7 3 ¥ (OPDA) BLRIGZFIAT 5 MmiE
v A BRERELEEL L. EERREARML AR E pH 4.0, 20~30°C T 10 SHRIG S

w126, pH % 7 IKHBAM L ISz LD,

B E BIEOHBEVICBL, NF YV LAZMBESI LT

R % OPDA ML D%t % AR S R L, BMF 1 32T s5ng FTONF IV LE
@ U, RECKY, 02ng (BB 3mlf 0.07ng/ml) O/ 3F Yy LTS, WK, #

K, BT, AEKPEROTTE
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