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Spectrofluorometric determination of phosphate in land water by a filter
collection method using molybdophosphate - Rodamine B
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Trace phosphate ion was determined by a specrofluorometric method using Rodamine B
(RB") as an ion-pair reagent. Under a sulfuric acid solution, RB" formed an ion-pair with
molybdophosphate ion produced by the reaction of the phosphate with molybdate. A RB"-
molybdophosphate as an ion-pair was collected on a membrane filter, washed, dissolved with
methylcellosolve, and then measured. The analytical procedure was as follows. Into a cen-
trifugal tube (50-ml volume) 20 ml of a water sample was taken and 1.5 ml of 10 mol/1 sulfuric
acid was added; the mixture was made homogeneous by shaking for 3 min at 300 rpm. Then, 3
ml of a 5 X 1072 mol/1 ammonium molybdate solution was added, and the mixture was shaken
for 3 min at 300 rpm. After two ml of a b X 10"* mol/1 RB* solution was added, the mixture
was also shaken in the same manner dilution to 30 ml with water. The generated ion-pair pre-
cipitation was collected on a membrane filter (pore size, 3 pm) by filtering, washed with 1.5 ml
of 0.5 mol/1 sulfuric acid 20 times, and dissolved with methlcellosolve including the filter. After
dilution to 1/50 with methlcellosolve, the ion-pair solution was measured (Ex 558 nm; Em 577
nm). The detection limit for the determination and precision of this method was 0.1 ppb phos-
phorus(V), and 1.9% as RSD obtained for 7 determinations of a standard 10 ppb solution,
respectively. The present method was applied to commercially available samples of groundwa-
ter and mineral water. The analytical values of phosphorus(V) obtained by this method almost
agree with those of a spectrophotometric Molybdenum Blue method.
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BWE L2 FEPREEINTE. ALY TFUF
BAVTTYT7ANY—ICHELT, 7140V —% KR
FMETDTHE DD LA, 7407 —OMEIZL )%
RHRRLL. IHOBEREE T, MEEETTEY 7

FYUYEBIZTI A b 70— (MGY) RIS S%, &
B4+ v EaEkerliiiles s HFE), €78 »
BIZCBALRF YV MY AF LT v EZ AR KBS ¢4
EREATI T AN —IHEL, 74NVF—T8Y
AFNVANEFFRYF (DMSO) IZHEMLTHET SN
B, B LB T R VEEE MG 04+ V&K%
AT T 74Ny —THlifEk, BRLTIBENETSH
EY, Enw e BoERISHY, miEY S REOWNE
BOSH L TEESH S, 72, 7 ABOBLERD
WIZ, FVTFrABE MG D4+ ¥ SE&K% Fni
HEARMORMITIEE (flotation) S MM HEIZEMR,
HBEVIET AN —THEL THEY SN T 5. kI
EYTRNY VESLVIILEEE MG D1 F L EAEKER
EY 74y —HENCL VB EET D HEEE S
NTwab., —F, HRREETE, TV 7Y VB o—
¥IYB RB') DA+ v GEREFRILVERT DS
Y, 0—=F3I 206G (R6G") EDAF EE5HKEAYT
Sy 74Ny —CHETLHEYSEYH L, Fof, €
TR UB-MGC A F v EERETU—A VY3
YK VREREINTWA, 72, KToMEY VR
EERALYVa= A QV) cHitigmY, o=y ad
HiEthRIC L 2%, ) 77 U HFETREER SR
T,

AT, KFOMEY) YEESOER - BEE &
HLUTHEEEEEORBZ A, #HAERIEITIE, R6GT
D LEMTHhOSMEOLOPHBSINTHWL R %
BY, TEUVT7RY VE-RB AEROAY TS 740 %
—HEEICLD, ME) VEBORHLERERHI L.
RB" ZH W3 RICL 2HAEREETOY Y OKRBIRR
(& 0.4 ng/ml"™TH Y, R6G™ & H 7z #EERE Tk
ZORBITH VDY, FETO) Y OERRAIL 0.1 ng/ml
THY, INSOBEEEEEOFTIIREDORVWEFEES
A, F7z, MYV TIRE SN AIEIC D W TlEE S
DB VD, RETEIIHOEHS*RFT 40
12, FAl—=OKRBEIZOWTEY 77y FRBBEETHE
BL, V) UVBOSHEICOWTHRERE T 22 &L,

2 % B

2:1 & X

FEBUK: KEKE A+ 73R R ES R A 5 4 TR
HBL, BlAXROEFART2MER L 2box A
(LT, k&$35).

1) (V) B (1000 ug/ml RIFBER) : U Y Bk
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FHD YA (ROCMER, 558 04394g 2O xH LT
KTHML 100ml & L7,

BVTFUVET VRS ABE (5% 10 mol/): EY
TTFVBT VR AW (FIRMER, ) 31g%
KTHML 500ml & L7z,

O—4% 3B (RB") & (5x10 *mol/1): RB™ (fI
WHEEERE, k) 0.12 g 2K THME, BHEE 18 ml 2/
ZIKTHML 500ml & L7,

7 A BRSEHERWE (1000 ug/ml RTFIBHD . 8Ly 4 £
(FOEAIZER, 99.9%) 01g %0 &) LEELDIFIZER
D, EAKREEF M) A FOGMER, 558 H1g%n
AECHRE LR, 30 7MEM L. ek, KRUUE
B (FOCHIBESR, B 20%) #MAMEmE Sy P 7L
— P ETHER0IIMBERHL, KTHMLT100ml &
L7

il (FIGMER, BESWH), AFrtavyrs
(2-X FFT g/ — ), AEHEER, ) RUZofh
DRI 2 F 7.

TANE—: AL TS50 7405 — (REERKER, JLE
3.0 um, BEE 25 mm) AW, 2B, HTEKERILY
ANy — (IVRTHE, JLIF0.45 um) THBEFMLZD
D& 7.

2:2 & B

WML O EIIE, FHFEHER (H 2R 650-10
®) 2B, 2Y > MES nm THEEE 558 nm, %%
EEB577nm T, lem WV EHWTHIE L.

2:3 UCEOTERIRE

AAHEW 20 ml 7 AT EERE (50ml) 288D, 10
mol/1 M 1.5 ml iz, +4IRE (800 rpm ¥ = —%
— T3 HEIRNIBES) 5. 5x10 "mol/l Y 77>
R7 Y EZY AEW S ml 2 MA TR A (300 rpm ¥
I—h—T3HMIERVEES) L, TEUTFY VEEE4E
WEEhH., RVWTHEX10 "mol/lRB” & 2 ml # HI 27K
TEEZ30ml &L, T0IEEG (800rpm ¥ x—#—T
10 5HIRODIBES) §5. EELA®Y TR YEE-RB”
SEEEACTI 7405 — (LR 3.0um) THILF
BT 5. HL, REFRILEIL 0.5 mol/1 HEiEE 1.5 ml T 20
BIRELTELBET S (LEEOT 92 REREBRERY
AREERIEIZ L D AERRBRMEL KR T AL 0CE, £
CERBEOEHLYBRT LI LHNTES).

KB E 7 4V — T RN X EEE (10 ml)
WBL, AFLVERu Y VT2 MACHERLERZ 5ml &
T5. ORI ml ZROkBAEEKEE Qoml) <
WO, 2FLtuvy 72 Mz Tsm IZHRL, Zh#
WEBHE TS5 (RHEFBRIEL 17D % T S HOEHEEE 58
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Fig. 1 Determination of the composition ratio of
association (a mole ratio method)

H,SO4 10 mol/1: 1.5 ml; Ammonium molybdate 5 X
10"% mol/1: 3 ml; Phosphorus (V) 5 X 10" ° mol/1: 1
ml; Rodamine B 5 X 10" ° mol/1 solution was used.
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Fig. 2 Effect of the concentration of sulfuric acid

Standard P¥ as PO,"": 10 ng/ml solution;; Ammonium
molybdate 5 X 10"* mol/1: 3 ml; Rhodamine B 5 X
10 * mol/1: 2 ml

Azborzy, ERICHESNICCES).
3 HRRUER

31 1A 48BICHEIBEYTRUCEE RBT OM
15444
ENHEICLIYVEY TV VB E RBT OB % B
L7k ?, 1:304F VERETHDI Lot
(Fig. 1). F72, EHEMEICE VRE X IT > 20 FHKD
M rBohi., Tabh, UTORGHELZLNRS.
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Fig. 3 Effect of the concentration of ammonium
molybdate

Standard P" as PO43—: 10 ng/ml solution; HoSO4 10
mol/l: 1.5 ml; Rhodamine B 5 % 10" * mol/1: 2 ml

H,PO, + 12MoO,*” + 22H"
— [P(Mo0sO1)4]>” + 12H,0™
3RB™ + [P(M0sO10)s]*” — RBs[P(Mo0sO10) 4]

3.2 FREMREICLIEE

HIHOERBIEIZB VT 10 ng/ml DY) ¥ (V) BREFHK
20 ml Ay, 10 mol/1 HEEEDRMEC & 2 B2 ET L
722 A, IMEHD 0.5 ml &A% S 3R mE I
Bl bb0n, REERBEOTNIE LD, FHLH
BIEE L. £, BHOBEELH—-ICLEONNS
HEBEEX —ERDOIREFT L0, +a%2REe (¥
z—=H=12LBPLIRA) BIFH I LICLL.

AT, RELBEAHEEIHEFRESINS 10 mol/l HEEE
1.5ml 2T 52 L2 L7: (Fig 2).

3.3 EUJTFUB7UEZILFMBROESE

MEOEREBRIEICB VT 10 ng/ml D) ¥ (V) EEER
20 ml Z vy, 10 mol/1 B 1.5 ml Z#RML, 5x10°°
mol/l BV 7T F VBT VEZY ABBORMBIC L 2HE
FRE LA IS LT, BB L RAEC, +459
BRE (Y z—Hh—l&20FA) 2fTH 2 &L

5% 10 *mol/1 €Y 7F VBT Y E= T LB 1.5 ml 2L
LM EEMEIIZIZ-EEERL, 4ml B ETIE
HEWBLTAHIENS, AETIE3m ZFEMTHIL
2L 7 (Fig. 3).

3:4 RB'HNBOEE

DO ERBIEIZHB VT 10 ppb D) ¥ (V) FEHEEE 20
ml Z v, 10 mol/1 M 1.5ml, 5% 10 *mol/1 €Y 7
FUBTYE T ABHE S ml BRMOLBET, 5x107°
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Table 1 Effects of foreign ions on the measurement

of 10 ng/ml P¥

KAGAKU Vol. 50 (2001)

Table 2 Analytical results of phosphorous (V) in
water samples

Ton/concentration R.F.I.
P" as NaH,PO./10 ng ml™' 100
Na' as NaCl/100 ug ml™' 100
Na'as NaCl/1000 ug mi™! 105
Na' as NaCl/10000 pg m1™' 110
K' as KC1/10000 ug ml ™' 100
Ca" as CaCly/100 ug ml™* 100
Mg" as MgCly/100 pg ml™' 100
Si as soluble $i0y/10 pg ml ™' 100
Si as soluble Si0./20 pg ml™' 100~ 150
Se" as HySe03/1000 ng ml ™' 100
Se" as Na,SeO,/10 ng ml~' 100
Se" as Na,SeO4/100 ng ml ™' 110
Se'! as NaySeO4/1000 ng ml ™' 110
As" as NaAsO,/100 ng ml ™’ 100
As® as NayAsO4/10 ng ml ™' 130
As" as Na3AsO,/50 ng mi™' 280
As" as NasAsO4/100 ng ml ™' 400

R.F.L: relative fluorescence intensity

mol/I RB" RIMEIC & A B2 et Lz, il LT,
BERCE) 7T VBT v EZ Y ADOBE LRI TS
BE (==X b0 LdA) 2ITH)2LIZLE.

5% 10" “mol/1 RB" {A# 0.5 ~ 4 ml OFRANTHIX # 5
FRIEF—EE2 R LI ED 5, RETIZ 2ml ZiHm
THZEIZL.

3.5 U2(V) ORBiE

) V) BB ERERL, B LRESEGETTY
(V) OMEREER L. 10 R 100 ng/ml £ TOHY
YW IIOWTHE LA E A, WG BRIF R EETES
BO5N, ng/ml LXVOBEHEY ~ (V) OERDVTHEL
b Wi,

F72, U (V) 10 ng/ml HRHEEHWE 7 FF R O ERERR
7R ERRL, AEICE )R EERE L EEL
LA, FRNEFREHMEST.1 2 1.7 L ) M EERA
(RSD) £ 1.9%, F¥HH89+05 LY RSDIF 6% &%z -
7o, WFERD OAREL, BHRBREOEH V%L, BEDS
e LTESIBEENIITHELBLIERIEON. £
o, AEOERBRE (BRBEO 2 BORERE) &,
0.1ng/ml ¥V (V) EHEIETEL

36 HEXEICLIZE

Rk omE) P EAEETLSHNT, HETHRICES
HEEWE L. bbb, BKTERGTDOF M) T A,
HUDTAh, ANV IL, TR L, EHEr A8, *

Sample This fluorometric Spectrophotometric
method/ M. B. method/
pgml™’ pugml™’
Groundwater-1 1.84 1.59
Groundwater-5 2.19 1.74
Mineral water-O 0.035 0.03
Mineral water-V 0.240 0.20
Mineral water-K 0.086 0.09

Groundawater: A few meters of depth from surface. Miner-
al water: Commercially available. M.B.: Molybdenum Blue
method. There is a positive relationship between the pre-
sent method and M. B. method (r = 0.998, p< 0.05 in z-test).

T-ERHMOY YBEEHEUOFFIBELTEL Y (HE
LoB, LV UB) RUCF (v, v I2owTh
WEZ MR 7z,

Table 1 {ZIZBEH#Y ¥ (V) 10 ng/ml IZDW TS F
YORERRE LR ZRY. 5 MY YA 1000 pg/
ml, # 7 %7A0E 10000 ug/ml BEE T, Ay
RO= T2V MEZFNEFN 100 ug/ml TTHHALTH
BZEAEREBNR LN LS, —RRICEKTOERT O
A4 FEEAEHEERIZE LW LG Ly
L, WEHr A BIZOoOWTiEH 10pug/m Bl E, §4bb
Y OF 1000 U EORETRAET Y V (V) OER
WIEDBREZ RIZTZ W oho . T 1 BT,
R6G™ & M\ 2 8RS T 1000 'Y T, RB" % H
VB IFRESEEEETIZ 400 5V F TREBIA RV EOH
HEPS, FABRIOVWTEIERETH ZERABREOTHLIDH
5T ENThrol.

—HICEEKICEL YR EN ug/ml LNV E TR D
CEREFENTHEY, ThooEBrmiELALIA,
L UEEAF Vid Lug/ml, L YEEA F Vi 10 ng/ml
BETITREEN 2272, HEERIE 100 ng/ml F T
BL20Y, CRITOMMEBRELIERBIL TEL CRE
5, WMETHERKEIIIDLBROERDP TR THLI L
LIRLTWA.

3.7 BEKEEADER

FEREE E LTERBRTARROTTHOIAT LY+ —F
— %2R, RECIVRAKFOY (V) OEREIT 7.
FOWERE Table 2 1Z7R Y. AL, KEBEDY 45
WKEMTHEN, BREDY V) 2E5L5DIZD20 T
BHARLTRAK EHD1, 2, 5mlE2HK), KTH
MLT20ml & LAbD) LA &, A—RFon
TE)7Fr HFRAKEEZEAL, Bohzy (V)
D5l E R L 7.

AHE (n=5) 3L%Vd, WETOY L OFHEE «
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BE (FBKE p<0.05: FHFHLFIZIX Statistical Analyti-
cal System, Stat View ZfE ) L7=#%R, WHICHELE
ERWETI L3 TERh o7 £/, 2BRE (FEKE
$<0.05: FEHLIL 1T Statistical Analytical System, Stat
View Z /) L7z & 2HMBEBZIEMBAR SN, HMBIHR
B2 0998 LHESNAZ N6, KEDIEHS 2R
L5 ENTE.
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BREEEEMECAHL M) VEEEE) 7T VBORKSICE DAERLAZEY 7 F) VRIS, BAkRETHIU-S
IVBERINEE, AL EYV T F) VB-0— IV BAA VRAREBEA YT T7 4N Y — R
WEL, LBOBREHE, AFLELO VLT ICERLTIAEAEERS L7z, BiEEE 558 nm, #HtGKE
577 nm THNXHEELZWET A I LIZL Y ng/ml LXNVOWE) VBOERELHE. L. KXEIZBIT5Y
Y(V) OERBRIZ01ng/ml THB., AELHTAREFORBHIBH L oRE, 31~1740 ng/ml DY ¥ H*
ERTER. 7, U Y10 ng/ml BB 7 H8 258 L 728U O FHME I 5 MR 2
1.9% Thotz. £z, F—KABOE) 77 FRIOLEEICI DY Y OGHBREREI KR

K=HL722Ehb, REOEEEVHERTE.
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