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Abstract 

Phosphate in water was determined by FIA with an immobilized enzyme reactor which 

contained purine nucleoside phosphorylase and xanthine oxidase. In this reactor, purine 

nucleoside phosphorylase catalyses the phosphorolysis of inosine to hypoxanthine, which is 

oxidized by xanthine oxidase to generate hydrogen peroxide. Hydrogen peroxide was detected 

by chemiluminescence in reaction with bis[2-(3,6,9-trioxadecanyloxycarbonyl)4- 

nitrophenylloxalate. The concentration of phosphate was determined down to the level of 0.1 

LLM and the time required for the analysis of one sample was 3 min. 

1. Introduction 
Phosphate is one of the essential nutrients and a limiting factor for phytoplankton-bloom in 

natural waters. The determination of phosphate in water is necessary for the prevention of high 

nutrient level in aquatic environment. The most general method for the determination of phosphate in 

water is the molybdenum blue method1) which, however, requires pretreatment such as concentration 

because its sensitivity is not high enough to determine low level of phosphate in natural waters. 

Phosphate is a substrate for many enzyme reactions. Some of these reactions have been utilized 

in chemical analysis for the anion. Purine nucleoside phosphorylase (PNP) catalyses the 

phosphorclysis of inosine to ribose-1-phosphate and hypoxanthine (eq. l), which is oxidized by 

xanthine oxidase (XOD) to generate hydrogen peroxide (eq. 2). 

PNP 
phosphate + inoshe Ã‘Ã‘Ã‘Ã‘ hypoxanthine + ribose-1-phosphate (1) 

XOD 
hypoxanthine + 2H20 + 207 Ã‘Ã‘Ã‘Ã‘ uric acid + 2H2@ 

This reaction has been used for the determination of phosphate. Yao et al. ^ reported an 

amperornetric flow injection system with an immobilized enzyme reactor. However, other 

electrochemical-active species interfered with ampermetric detection. Kawasaki et at. 3, reported a 

flow injection method with the same immobilized enzymes and chemilurninescence (CL) detection by 



the luminol-micmperoxidase system which, however, is likely to receive interference from heavy 

metals. 

The CL reaction of hydrogen peroxide with peroxyoxalate4) has been known to give high 

selectivity and CL efficiency. This paper describes a novel FIA for the determination of phosphate 

with an irnmoblized enzyme reactor and peroxyoxalate CL detection. 

2. Experimental 

2.1. Reagents 
a PNP and XOD were purchased from Funakoshi (Japan) and Sigma (St Louis, USA), 

respectively. Bis[2-(3,6,9-trioxadecanyloxycarbonyl)4-~trophenyl]oxalak (TDPO) was purchased 

from Wako Pure Chem. (Japan). All other chemicals were purchased from Wako Pure Chem. and of 

analytical grade. A stock solution of hydrogen peroxide was prepared from 3 1 % hydrogen peroxide 

and was standardized by a titration with permanganate. A stock solution of phosphate was prepared 

from sodium dihydrogenphosphate dihydrate. These stock solutions were stored in a refrigerator. 

Working solutions were prepared daily by appropriate dilution of- the stock .solutions- Doubly 

distilled waterwas used for the preparation of allsolutions. 

2.2. Immobilization of enzymes 

Immobilization was carded out according to the method described by Yao et al. ^ and Xayashi et 

al. 5, PNF and XOD were immobilized by the glutaraldehyde method on aminopropyl-controlled pore 

glass beads (aminopropyl-CF'G, 500 A, 2001400 mesh) which were previously packed in a column (5 

nun x 4 nun i.d.). When not in use, the immobilized enzyme reactor was stored in 3.2 M ammonium 

sulfate in a refrigerator. 

2.3. Flow injection apparatus and procedure 

s 
I 

Figure L Schematic diagram of a flow system for the determination of 
phosphate. A, distilled water, B; inosine-EDTA solution, C; TDFO- 
rhodamine B 1 acetone solution, E; immobilized enzyme reactor, PI, P2, Ps; 
double-plunger pumps, S; sample, I; sample injector, MI, M2; mixing coils, D; 
CL detector, R; recorder, W; waste. 



A schematic diagram for the present HA method is shown in Figure 1. Three double-plunger 

pumps were used to propel solutions through teflon tubing (0.5 mm i.d.). A sample (250 11) was 

injected into a distilled water stream (A) by a teflon rotary valve (Rheodyne 5020, California, USA), 

merged with an inosineÃ‘EDT stream (B) and passed through an immobilized enzyme reactor (E). 

Phosphate in the sample was converted to hydrogen peroxide in this reactor and then the stream 

cotained hydrogen peroxide was merged with a TDPO- rhodamine B stream (C) .  CL emission was 

detected with a CL detector (D: S-3400, Soma, Japan) eqipped with a spiral flow cell (100 u, 1) and a 

photomultiplier tube (R268, Hamamatsu photonics, Japan). The signal from the CL detector was 

recorded on a chart recorder (R: Chrornatopac C-R18, Shimadzu, Japan). 

3. Results and discussion 

3.1. Optimization of the CL system 

Concentrations, pH and flow rates of reagent solutions were optimized for the CL system by 

injecting standard solution of hydrogen peroxide (1 nM H20;) from a rotary valve. In this case, 

inosine was not added to the EDTA stream and an immobilized enzyme reactor was removed from the 

system shown in Figure 1. 

The effect of TDPO concentration on CL intensity was investigated over the range of 1 to 500 

u,M. As TDPO concentration increased, both CL for background and for hydrogen peroxide 

increased. CL intensity shown in Figure 2 corresponded to peak height obtained from baseline. The 

maximal CL intensity was obtained at 500 u,M. However, it was levelling off around 500 BM. 

From the standpoint of flow-analysis, TDPO was expensive. Therefore, 100 n M TDPO was used 

in the subsequent experiments. The effect of 

rhodamine B concentration on CL intensity 

was investigated over the range of 0.1 to 100 

wM. As well as the case of TDPO, as 

rhodamine B concentration increased, both 

CL for background and for hydrogen 

peroxide increased. CL intensity shown in 

Figure 3 corresponded to peak height. The 

maximal CL intensity was obtained at 100 

uM. However, concentration of 50 u,M 

was chosen as the optimum concentration 

since rhodamine B did not dissolve easily in TDPO, u M  
acetone. Triton X-100 (0.01%) was added 2 of concentralion 
to 'I+DPO-*odamiae to Prevent on CL intensity for 1 n M hydrogen 
rhodamine 5 from depositing on teflon tubes peroxide. 



in the system. Addition of Triton X-100 did 

not influence CL intensity. 

Effect of pH on CL intensity was 

studied over the range of pH 6-9. The 
,!? w 100 
ID 

maximal CL intensity was obtained at pH Â¥*- a . M 

8.5. Therefore, EDTA solution was ajusted a > 10 
to pH 8.5 in subsequent experiments. 3 - 

Optimum flow rates of distilled water, 2 1 

-1mM EDTA (pH 8.5) solution and TDPO- 

rhodamine B solution were determined as .1 
0.5.0.5 and 1.0 rnllmin, respectively. The .1 1 10 100 

ratio of these three flow rates was kept at rhodamine B, /AM 
1 : 1 : 2 to achieve good mixing at T-pieces. Figure 3. Effect of rhodamine B 

Under the conditions indicated above, concentration on CL intensity for 1 
calibration curve for hydrogen peroxide was nM hydrogen peroxide. 

linear over the range of 0.1 -2.0 ~t M. The 

concentration of hydrogen peroxide was determined down to the level of 0.1 wM. The relative 

standard deviation were 1.69 % and 2.19 % (n=6) for 1 nM and 0.5 /AM hydrogen peroxide, 

respectively. 

3.2, Optimization of the present system 

Concentrations, pH and flow rates of 

reagent solutions were optimized for the 

present system by injecting phosphate 

solution of 1 u M and 0.5 u M from a rotary 

valve. 

Effect of pH on CL intensity was 

studied over the range of pH 6-9. The 

maximal CL intensity was obtained at pH 7.5 

as shown in Figure 4. Therefore, inosine- 

EDTA solution was ajusted to pH 7.5 in 

subsequent experiments. 5 6 7 8  

The effect of EDTA and inosine PH 

concentrations on CL intensity was Figure 4. Effect of pH of inosine- EDTA 
investigated. As the result shown in Figure solution on CL intensity. 0; 1 f iM 

-- - -  
5, CL intensity increased as inosine phosphate, 9;03 ti M phosphate. 



concentration increased in the range of 0-0.5 

mM. In this range, generation of hydrogen 

peroxide seems to increase with the increase 

in inosine concentration according to eq. 1 

and eq. 2. However, CL intensity decreased 

in the range of 0.5-5 mM. Probably inosine 

might prevent the second enzyme reaction 

(eq. 2) or CL reaction in high level of inosine 

concentration. Consequently the maximal CL 

intensity was obtained a t  2 mM EDTA 

and 0.5 mM inosine, respectively. These 

concentrations were used in the following 

experiments. 

The total flow rate was varied over the 

range of 1.2-2.8 mllmin. The total flow 

was composed of distilled water, inosine- 

Inosine, mM 

Figure 5. Effect of inosine concentration 

on CL intensity. 0; 1 /AM phosphate, 
; 0.5 i-iM phosphate. 

EOTA solution and TDPO-rhodamine B solution, and the ratio of these three flow rates was kept at 

1 : 1 : 2 described above. The maximal CL intensity was obtained at the lowest rate, 1.2 mlfmin. 

The lower the flow rate becomes, the longer the sample retains in the enzyme reactor. As the result, 

more hydrogen peroxide was generated. When the total flow rate was adjusted to less than 1.2 

mllmin, the background was not stable. Therefore, 1.2 mlfmin was selected as the optimum total 

flow rate. 

The optimum conditions established above are shown in Table 1. The optimum values of pH for 

the CL system (3.1.) and the present system were 8.5 and 7.5, respectively. This indicates that 

peroxyoxalate CL reaction proceeds efficiently at pH 8.5 and enzyme reaction dose at pH 7.5. The 

optimum flow rates for the present system were lower compared with those for the CL system. As 

the flow rates become slower, the retention time of substrates in enzyme reactor becomes longer and 

generation of hydrogen peroxide proceeds efficiently. Consequently, enzyme reaction, rather than CL 

reaction, seems to control the total system. 

Table 1. Optimum conditions for the system 
TDPO concentration 100 u M  
rhodamine B concentration 50 u M  
EUTA concentration 2.0 mM 
inosine concentration 0.5 mM 
pH of inosine- EDTA solution 7.5 
flow rate of TDPO- rhodamine B solution 0.6 ml 1 min 
flow rate of inosine - EDTA solution 0.3 ml / min 
flow rate of distilled water (sample carrier) 0.3 ml I min 

- 213 - 



3.3. Caliblation curve and sensitivity 

Under the optimum conditions, the 
-- 

calibration curve for the determination of 

phosphate was represented in Figure 6. The 

calibration curve was linear over the range of 

0.1 -2.0 IMM. In defining the detection limit 

as 3 x a, which is an abbreviation of 

standard deviation, the detection limit for this 

system was 3.9 x 10"~  M. The relative 

standard deviations were 1.41 % and 2.62 % 

(n=6) for 1 IMM and 0.5 A ~ M  phosphate, 

respectively. The time required for the 

analysis of one sample was 3 min. 

- 

.1 
.1 1 10 

phosphate, ;n M 

Figure 6. Calibration curve for the 

determination of phosphate. 

4. Conclusions 

The proposed FIA system with immobilized enzyme reactor and CL detection offers high 

sensitivity and precisionfor the determination of phosphate. To apply this method to natural waters, 

interference studies should be considered; these are now under investigation. 
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