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Abstract

A new luminescent europium probe is presented for the determination of phosphate (P) in microtiter plate format. The assay is based on th
quenching of the luminescence of the europium—tetracycline (EuTc) 1:1 complex by phosphate using a reagent concentrafionadfl2d.Be
probe is excited at 400 nm and displays a large Stokes’ shift of 210 nm. The emission maximum is located at 616 nm. The system works best
neutral pH 7 and is therefore suitable for phosphate determination in biological and biochemical systems. The linear range of the calibration plo
is from 5x 10® mol/L to 7.5x 10~* mol/L of phosphate, and the limit of detection ig.810l/L.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction bioanalysis (where enzymes, for example, require near-neutral
pH).
Phosphate is an essential nutrient and an important substanceOther optical methods for phosphate detection include light
in metabolism of humans, animals and plants. Therefore, mettscattering techniques (using malachite green or rhodamine B)
ods were developed for its determination in fertilizers, plants[12] in a combination with flow injection analysis and fluores-
crops[1,2], natural water$3,4] and other environmental sam- cence quenching of rhodamine §13] with molybdophosphate.
ples[5]. Phosphate, also, is an important parameter in clinicalhiamine was used for fluorometric determination of phos-
chemistry[6] and in industry in boiler feed-water to prevent phate in HPLC at a comparatively short emission wavelength
scaling[7]. of 437 nm[14]. The procedure is laborious, because careful pH
The broad field of applications is reflected by a hugeadjustment is needed throughout the analytical process and the
variety of methods for phosphate determination. Amongassay is prone to interference by oxidation of backgrdasil
them, the formation of heteropoly acid complexes betweerThe method using the fluorescent3Akmorin complex[16]
orthophosphates and molybdate is frequently used to obtainw&orks at acidic conditions and suffers from a long incubation
colored species, which is optically easy to determine. Analysisime of 45 min, while the spectrophotometric determination with
can be performed spectrophotometrically either directly withAlizarin Red sulfonatd17] at pH 6.6 works in the millimolar
the yellow heteropoly acid complex (in the UV regiof) concentration range, only. Recently, a spectrophotometic C
or after reduction to phosphomolybdenum blue with varioussymmetric synthetic receptfi8] for tetrahedral oxyanions was
reducing reagent§9-11] The sensitivity of these methods employed in anindicator-displacementassay. It works best at pH
depends on acidity, temperature and the reducing agent.4 in the biological range.
However, the acidic pH (between 0.3 and 3) needed in the Electrochemical methods mostly use ion selective electrodes
phosphomolybdenum blue method prevents its applicability tdor phosphate detection. The response time of some potentio-
metric scheme$19-21]is within minutes at pH around 9.7.
Amperometric schemdg22] have also been presented. Here, the
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Finally, a coupled enzyme system, which incorporates thre@he EuTc stock solution was allowed to stay 4€4in the dark
enzymes together with the formation of resorufin from Amplexovernight before use. The EuTc solution is stable for at least 1
Red was shown for the detection of low concentrations (50 nM)month at 4C.
of phosphate at pH 7.4. The drawbacks of this method are high
costs for the reagents (three enzymes and the Amplex Red dy&) 3. Instrumentation
an incubation time of 0.5 h, and interference of detergents like 3-

(cyclohexylamino)-propanesulfonic acid (CAPS) or S[23]. Luminescence spectrawere acquired on an Aminco Bowman
However, this assay is very popular because it works at pH 7. AB2 luminescence spectrometer (from SLM Spectronic Uni-

Luminescence detection along with microtiter plate formatscam, Rochester, New York, USA). Luminescence was excited
provides a high throughput technology for clinical assaysat 400 nm and emission was collected at 616 nm. Bandpasses
with sensitive determination of low analyte concentrationswere set to 4 nm for both, the excitation and emission slit. A
[24—-26] The unique spectral properties of lanthanide cationd®MT voltage of 905 V was applied. Measurements were carried
(long luminescence lifetimes, sharp emission bands, a largeut after an incubation time of 20 min at 30.
energy gap between the absorption and emission bands of the Luminescence measurements in microtiter plates (MTP)
complexes) make them ideally suited as specific reporters iwere performed using 96-well flat bottom black microplates
such applications. (from Greiner Bio-One GmbH, Frickenhausen, Germany) on

We recently introduced the EuTc system for the determinaa Genios Plus microplate reader (from Tecarjdig, Austria).
tion of hydrogen peroxidg27—29] Here, a 3:1 stoichiometry Unless otherwise described, the instrumental parameters of the
was employed for sensitive determination of hydrogen peroxid® TP reader were as follows: excitation and emission wave-
in microtiter plate format, in sensor membranes and in variou¢engths at 405/612 nm, gain: 131V, 10 flashes per well, lagtime
matrices. The method showed some interference due to pho84us, integration times 4Qs (or lagtime 6Qus and integration
phate. From this finding, we deduced that a detection scheme ftime 100us for better sensitivity between 3 and jLthol/L of
phosphate could be established. Upon changing the stoichiomphosphate, respectively); time gap between move and flash:
try between E&" and Tc and optimizing further parameters like 200 ms. The plates were thermostatted t6@Gnd lumines-
pH, an assay for the luminescent determination of phosphateence was read after 1200 s of shaking.
was developed and is presented here. It is simple, fast, and can
be performed in aqueous buffer at neutral pH and is therefor2 4. Preparation of solutions
suitable for phosphate determination in biological and biochem-
ical systems. We have optimized stoichiometry, incubation time  Solutions for the acquisition of the emission spectra were pre-
and pH and report on the effect of interferences. The assay wamared as follows: 2.5 mL of the solution in the cuvettes had the
validated by using different natural water samples as a matrigkoncentration of EuTc 20,8mol/L and contained final concen-
that was spiked with different concentrations of phosphate. trations of phosphate between 25 and pdfol/L. The samples

were allowed to thermostat at 3G for 20 min before measure-

2. Experimental ment.
Solutions for the determination of the pH effect were prepared
2.1. Chemicals and buffers as follows: 25QuL of an 20.8umol/L EuTc solution of different

pH (from 5.5 to 8.2) were pipetted into a 96-well microplate.

All chemicals used were of analytical grade. TetracyclineTwo rows of the wells contained solutions of the same pH. To
hydrochloride was purchased from Serva (Heidelberg, Gereach second row were adde@.b of a 250u.mol/L phosphate
many), europium trichloride hexahydrate (Eg®H,0O) from  solution. Here, a PMT voltage of 120 V was used.
Alfa (Karlsruhe, Germany), 3-morpholino-propanesulfonicacid  Solutions for the calibration plot in the concentration range
(MOPS) from ABCR (Karlsruhe, Germany) and sodium dihy- of 0.2—100Qumol/L of phosphate were prepared in columns of
drogenphosphate monohydrate (N&,-H,0) from Merck  eight replicates for each concentration of phosphate in 96-well
(Darmstadt, Germany). Water was doubly distilled. microplates. After the first 5L of MOPS buffer solution in

All solutions were prepared in 13mmol/L MOPS buffer. each well, 10QuL of phosphate solutions of different concen-
This buffer was obtained by dissolving 5.92 g of 3-morpholino-tration (from 0.5 to 250Qumol/L) were added. Finally, 125L
propanesulfonic acid in 1900 mL of doubly distilled water. of EuTc reagent solution was added.
Before being filled up to 2000 mL, the solution was adjusted Different concentrations of conceivable interferents were
to pH 7 using 70% perchloric acid. Desired concentrations ofdditionally prepared to be checked for their effect on the
phosphate were obtained by dissolving the MaEy-H,0 salt  average luminescence intensity of EuTc in the presence of

in MOPS buffer. 25pmol/L of phosphate. Each concentration of interferent was
tested in eight replicates. The concentrations of the interferent
2.2. EuTc reagent were varied in the range between 0.01 and 1000l/L.

For the validation test, three different natural water samples
The EuTc reagent solution was obtained by dissolving 4.9 mgvere tested in microtiter plates. To pQ of each water sample
of tetracycline hydrochloride and 3.8 mg of E4® H,O in  was added 7pL of phosphate solution of different concen-
250 mL of MOPS buffer to give a concentration of 4lufol/L.  trations and 125L of EuTc to obtain final concentrations of
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phosphate between 10 and 3¥®Bol/L. The samples were ana- 45000
lyzed on the basis of the calibration plot established, and its t
slope. 2 37500+ /

2 ¢
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3. Results £ 30000

:
3.1. Spectral properties of EuTc in the presence of § 22500 ~ /
phosphate 2

e

The EuTc probe shows an excitation maximum at 400nm, ~ —=— EuTcP

and the emission maximum is at 616 nm. The line-like emis- 7500 -

sion peak is typical for a lanthanide emission. The probe dis- 55 60 65 70 75 80 85

plays a~210nm Stokes’ shift. On addition of phosphate in pH

MOPS buffer of pH 7, the luminescence intensity of EuTc

decreases. This is shown lig. 1 for the concentration range Fig. 2. Effect of pH on the luminescence intensity of EuTc in the absence and
from 25 to 50Qumol/L of phosphate. We assume that phos-Presence of phosphatenoliL).

phate anions coordinate to EuTc due to electrostatic interac- ) )

tions with the metal center and contribute to lower the energy->- 1me dependence of complexation between EuTc and

transfer from tetracycline to B8, thus quenching its emission P/tosphate

intensity. . . .
Fig. 3 shows the time-dependent decrease of the lumines-

cence intensity of EuTc upon addition of 3athol/L of phos-
phate at pH 7 in MOPS buffer. The luminescence intensity of the

Previous studies of the effect of pH on the Iuminescenc&?@je in ab_s_ence of phosphate is stable over time (30. min). Fol-
intensity of the EuTc complex in various molar ratios had owing addition of phosphate, the change of the luminescence
o o signal of EuTc was followed over 1800 s. The signal decreases
revgalgd[SO] that its mtgnsny 1S h|gh|¥ p.H dgpend.ent. If the for 1200s and lowers very modestly using longer incubation
_st0|ch|ometry thEu'-':C Is 3.1, ;h666emgslolr:1_ mtgnﬂty of EUTCtimes. After a 20 min incubation time, the relative signal change
IS strongest in the p range or . _7[. ] Fig. s OWS_t € s smaller by only 10% compared to 1800 s. Since this differ-
pH dependence of the emission intensity of EuTcina 1:1 mOIa(rance is small, we chose an incubation time of 1200's (20 min)
ratio in absence and presence of phosphate. The error bars rep, & the phosp,hate assay. A 20 min incubation time turned out
sent standard deviations from eight replicate samples. Here, ttgg be optimal, even for IoWer concentrations of phosphate. The
Iuminesc_ence intensity is increasing from !ower (5.5) to higherreliability of tr,1is incubation time was confirmed by minimiz.ed
pH (.3'2) in the absence of phosphate (solid _squares). Alter thsetandard deviations at 1200 s incubation time in the subsequent
addition of phosphate (dmol/L), the overall signal decreases. experiments in microtiter plates
On going from pH 6.5 to 8.2, the luminescence decreases by '
between 33 and 38%. Since the signal decrease at pH 7 is n t4 Effect of stoichiomet
distinctly smaller than at more alkaline pH, we chose pH 7.0 for™ ™ Y
the following experiments in order to make the assay useful for

physiological studies.

3.2. Effect of pH

The stoichiometry of the EuTc complex has a large effect on
its luminescence intensity. According to our measurements and
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Fig. 3. Time-dependent changes in luminescence intensity of EuTc at 616 nm
Fig. 1. Excitation and emission spectra of EuTc in presence of various concerfiexc=400 nm) in MOPS buffer of pH 7 in the absence (top) and in the presence
trations of phosphate (P) in MOPS buffer of pHX&,: 400 nm,Aem 616 Nm). (lower plot) of phosphate (350mol/L).
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previous studief27—29] an excess of Elf over Tcresultsina tion time detection can be described by an equation of the
weak enhancement of the luminescence intensity of the EuTc itypey = A + B10g(cphosphatex 10), with A =0.955+ 0.081 and

the region of neutral pH upon addition of phosphate. At a molaB = —0.5864+ 0.091, for which an? of 0.954 is found. The ana-
ratio Eu:Tc=1:1, however, the addition of phosphate results itytically useful range is between 3 and (Léhol/L of phosphate.

a pronounced decrease of EuTc luminescence intensity. On tfée limit of detection is 3umol/L of phosphate.

other hand, no significant cross-sensitivity towards <10D
concentrations of hydrogen peroxide is found under these co
ditions (see interference study). Therefore, a stoichiometry o
EuTc 1:1 was used in all experiments.

.6. Interferences

The luminescence of the EuTc 1:1 complex is not interfered
by K*, Na" and C&" in concentrations up to 1 mmol/L, while
3.5. Calibration plot Mg?* and AP* have a weak effectTable 7). Mg?* increases

the luminescence signal of EuTc at concentrationsx20l/L,

The assay shows high accuracy for the determination of phosyhereas A}* increases the luminescence signal when presentin
phate within the linear range of the calibration plots. For betteoncentrations >10@mol/L. Fe3t is tolerated up to 1pmol/L
comparability of the two different detection methods, we showand TB* (as the only other strongly fluorescent lanthanide) up
FIFo (normalized luminescence intensity against luminescencg 33mol/L.
signalin absence of phosphate}rig. 4. In semilogarithmic rep- Ligands containing oxygen with negative charge and anions
resentation, the plot withf@s lagtime detection can be described have to be considered in the interference study because they may
by an equation of the type=A + Blog(cphosphatex 10°), with  coordinate (like phosphate) the tion and affect its emission.
A=1.033+0.018 andB =—0.224+0.007, for which an? of  However, sulfate, nitrate, acetate and carbonate do not interfere
0.993 is found Kig. 4, squares). The analytically useful range in concentrations up to 1 mmol/L, silicate can be present up
spans more than two decades (from 5 to ZB@l/L of phos-  to 500pumol/L. The AsQ3" ion is tolerated up to 10@mol/L
phate). The limit of detection is jdmol/L of phosphate. The and AsQ3~ up to 90umol/L. Oxalic acid weakly interferes if
shape of the calibration plot extends linearly over a relativelypresent at concentrations >2gMol/L. Tartaric acid increases
wide range (5-75fimol/L). This is interpreted by an overlap of the signal at above 160mol/L, while citric acid increases the
two plots, one for primary phosphate (the predominant speciegiminescence significantly at above Qu&ol/L. Ammoniumion
at pH <7.3) and secondary phosphate (the predominant specigges not interfere up to 1 mmol/L. Among the halides tested, F
at pH>7.3). At pH 7.0, both species are present in substantighcreases the luminescence at concentrations phil/L, and

fraction. In fact, distinCtIy different calibration p|OtS (not ShOWﬂ) Cuwt is found to act as a quencher if present in concentrations
are found for determinations performed at pH 6 and 8, respec0.8pmol/L.

tively. Since, however, the effects described before are largest at
pH 7.0, we think that this is the most appropriate pH for deter-
mination of phosphate. Tablel _ _
Upon using a lagtime of 6@s and an integration time of Concentrations of interferences tolerated in the presence of phosphate

100us, both the LOD and the sensitivity of the method can be(ZSMmOVL)
improved. This is reflected well by the much steeper slope ofterferent Concentrationunol/L)
the calibration plot Fig. 4, circles). In semilogarithmic rep- Citric acid 0.8
resentation, the plot with 60s lagtime and 10Qs integra- Cv** 0.8
Tartaric acid 160
H202 100
0,9 K* 1000
Th3* 33
Fe* 15
08 ca* 1000
MgZ* 20
0.7 Al3* 100
1 Na* 1000
|.__|:° 0,6 1 F 100
L ] cl- 1000
0.5 Br- 1000
- 1000
NO3~ 1000
041 SO 1000
1 NH4* 1000
0,3 T CH3COO™ 1000
1 10 100 1000 COs% 1000
¢(P) / (umol/L) AsO,3~ 100
. _ . . AsOz%- 90
Fig. 4. Calibration plots for the phosphate assay wittsQagtime and 4Q.s SiOs- 500
integration time (squares) and @8 lagtime and 10f.s integration time (cir- C,04% 245

cles).
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Table 2

Slopes of calibration plots and recovery rates of phosphate (P) in different natural water samples

Water sample Slope Recovery of Recovery of Recovery of Recovery of Recovery of
10.5mM P (%) 25.5mM P (%) 52.5mM P (%) 120 mM P (%) 375mM P (%)

S1 —10371.9+ 853 101.3 97.7 102.6 96.1 102.5

S2 —7177.4+ 1235 103.6 96.1 100.0 96.3 104.1

S3 —4848.4+ 1150 103.6 97.3 97.8 98.1 103.3

Sources: S1, Regensburg university lake; S2, Danube river at Regensburg; S3, Laaber river.

It is important to note that the effect of hydrogen peroxide The assay also was performed in time-resolved mode. The
is comparatively low. Although EuTc in 3:1 stoichiometry was application of different lagtimes (10, 20 and g6) had no
used in previous studies to determing®4 in water samples or  significant effect on the assay performance when different phos-
in enzymatic reactions in which hydrogen peroxide was involvehate concentrations were determined in natural water samples.
as a substrat27] or as a produd28,29], H,O, does not inter- The advantage of a lower luminescence background was com-
fere in concentrations up to 1@@nol/L, if the stoichiometry of  pensated for larger standard deviations of a series of replicate
Eu:Tcis 1:1. measurements.

The influence of humic acids (HAs) on phosphate determi-
nation is difficult to estimate for because of the polydispersitys, Discussion
of complexing carboxy groups and the large range of molecu-
lar weight (16-1C° g/mol) of HAs. The logk of the formation EuTc represents a promising new fluorescent probe that dis-
constants of EuTc at pH 7 is about 180] whereas log of  plays specific advantages over established procedures for phos-
Eu(lll) with Aldrich humic acid as a model substance variesphate determinatiorTable 3gives figures of merit of common
between—1.75 and—5.25[31]. From those values, the abil- methods for phosphate determination, in particular analytical
ity of HAs to complex europium is small. However, a model ranges, LODs, and specific features.
hUmiC aCid was Used [I31] and the formation constants depend The |uminescence properties Of EuTc inc|ude a Compara_
on pH, cga+, cna, mole fraction of the HA chosen and poly- tively longwave excitation, a Stokes’ shift of >200nm and a
dispersity of complexing groups. Consequently, thellofithe  sharp emission band at 616 nm. This makes it most useful for
formation constants may vary significantly between differentgetermination of phosphate in biological material where flu-
samples containing HAs. Therefore, we recommend setting Ugrescence background in the UV and near visible usually is
a calibration plot with spiking (see Sectid?.) for samples  strong. None of the fluorometric methofds3,14,16,23offers
containing HAs to estimate their possible effect on phosphatgych a longwave detection. Except from the two molybdenum-

determination. blue method$9,10] the spectrophotometric determinations use
shorter detection wavelengths. Here, significant background
3.7. Application to spiked water samples interference due to scatter or other biomaterial is likely to occur.

The incubation time is in the same time range as most of

The assay was tested for its validation using three differthe other methods, except for the methods based on thin film
ent natural water sample$able J. First, three water samples electrode$19-21]and on the reduced molybdophosphate com-
(S1, S2 and S3) were spiked with different concentrations oplex[10] which show a remarkably faster response. The method
phosphate (10.5, 25.5, 52.5, 120 and gn%l/L). After the  with morin[16] requires incubation times, which are more than
luminescence intensity was measured, the slopes of the resutivofold longer than in case of EuTc. The same is true for the
ing calibration plots were compared to the slope of the standardssay using the enzymatic assay with Amplex B8], where
phosphate assay-(L0 350+ 350). The value of the slope is dif- time-consuming pipetting steps (five reagents) are required, fol-
ferentfrom the one ifig. 4because here luminescence intensitylowed by a 30 min incubation.
(F) was taken as a function of laghosphatex 10°) whereas in Analytical methods requiring highly acidic or alkaline pH are
Fig. 4 (F/Fp) was a function of log{phosphatex 10°). The lake  hardly applicable to bioanalysis. EuTc works best at a neutral pH
water S1 gave the most similar slopel(0 3704+ 850). Thiscor- 7, whichis often anecessity if samples contain enzymes, proteins
responds to a deviation of only 2.6% from the phosphate assay other biomaterials. The molybdenum reagents, for example,
slope. The recovery rates of the lake water samflaslé 9 are  require highly acidic media (pH 0.9-2.5J—10]. This is also
within the tolerable range. Therefore, the assay is suitable farue for the methods using malachite grgég], rhodamine
phosphate determination in lake water samples. The two rivgil2,13] or thiamine[14]. The determination using thiamine is
water systems (S2 and S3) gave different slope&l80+ 1240  even more complicated, because careful and long lasting pH
and —4850+ 1150). This corresponds to a reduced sensitivityadjustment procedures are needed (starting with pH 2, ending
of the assay. At present, we suppose that there are some comith pH 8)[15]. The determination of phosphate using the flu-
tents present in water samples, which increase the luminescenoeescent Af*—morin complex works best at (pH 3.53)16],
background resulting in a decreased dynamic range of the deteshereas the electrochemical thin film sensor methods use basic
mination as shown by the reduced slope. reaction conditions (pH 9.7M19-21] The spectrophotometric



Table 3

Figures of merit of methods for (optical) determination of phosphate

References Method Reagent Analytical range (mol/L)  LOD (mol/L)  Remarks
8 Spectrophotometry at 370 nm Molybdenum yellow R.60°6-3.1x 1075 2.6x 1076 Surfactant (CTAB)-based separation technique, high acidity (0.27 M
PN
sulfuric acid solution); 5-10 min incubation time at 304D S
9 Spectrophotometry at 865 nm Molybdenum blue BB 6-7.4%x 104 5.3x 1076 Application to flow injection analysis (FIA); 2 min incubation time; pH £
)
0.9and 2.5 %
10 Spectrophotometry at 880 nm Molybdenum blue x B0 8-3x 1076 n.d. In aqueous-organic solution (formation of the reduced N
)
12-molybdo-phosphate complex); pH 0.36—1.06; 0.8-1.5min ;‘N
incubation time at RT ~
[17] Spectrophotometry at 478 nm Alizarin Red sulfonate B~ 7-6.3x 1073 3.2x 1077 pH 6.6 §
[12] Light scattering at 460 nm Molybdenum + malachite green  x 1 "-1x 1078 6x10°8 Application to flow injection (FIA); ion associate aggregates with MG
high acidity (0.8 M sulfuric acid); 3—10 min incubation time g
[12] Light scattering at 460 and 580 nm Molybdenum +rhodamine B x 1D 7-1x 1078 6x10°8 Application to flow injection (FIA); ion associate aggregates with RB; Q
high acidity (0.8 M sulfuric acid); 3—10 min incubation time 5
[13] Fluorescence at 550 nm Molybdenum +rhodamine 6G  <1.1x 108 2x10°8 Fluorescence quenching of R6G by molybdophosphate; 200 nm g
Stokes’ shift =
14 Fluorescence at 437 nm Thiamine %20 7-3.2x 106 Application to HPLC; 65 nm Stokes'’ shift; high acidity; 5 min retention
19
time b
16 Fluorescence at 510 nm Al-morin 510 7-1.1x 1076 Fluorescence quenching of Al-morin by phosphate; pH 3.53; 45 min &
S
incubation time S
[23] Fluorescence at 590 nm Enzymatic system + Amplex Red x 16 8-5x 1076 5x10°8 35nm Stokes’ shift, microtiter plate assay possible, three-coupled
enzymatic reactions, pH 7.4, 5 reagents required, 30 min incubation :’S
[19] Transmittance at 620 nm @0, thin film electrode 106-102 pH 9.3; 90% response time after 50 s at RT 3
[20] Transmittance at 530 nm NiO thin film electrode —$010°2 pH 9.3; 90% response time after 40s at RT &
[21] Spectrophotometry at 500 nm Mngoy thin film electrode 10%-10-2 pH 9.7; 90% response time after 40s at RT
This method Luminescence at 616 nm EuTc complex x W 6-75%x 104 5x10°° Luminescence quenching; pH 7; 210 nm Stokes’ shift; 20 min

incubation time, microtiter plate assay possible

16¢
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determination with Alizarin Red sulfonafé7] is performed at  [6] D.B. Enders, R.K. Rude, Mineral and Bone Metabolism, in: C.A. Bur-

pH 6.6, and the three-enzyme method using Amplex R&{ tis, E.R. Ashwood (Eds.), Tietz Textbook of Clinical Chemistry, W.B.
at pH 7.4. Saunders, Philadelphia, PA, 1999, pp. 1406-1408, 1439-1440.
The EuTc assav has a comparativel ide li detecti r1[7] L.C. Thomas, G.J. Chamberlin (Eds.), Colorimetric Chemical Analytical
, y paratively wide linear aetection = \,oy,4s wiley and Sons, Chichester, 1980, p. 308.
range using no lagtime and a short integration time or signifi-(g] ¢ z. katasaounos, D.L. Giokas, A.G. Vlessidis, E.K. Paleologos, M.I.
cantly enhanced sensitivity with ¢ lagtime in the 3—-1Q.M Karayannis, Sci. Total Environ. 305 (2003) 157.
concentration range. [9] J.F. Van Staden, R.E. Taljaard, Microchim. Acta 128 (1998) 223.
[10] L. Drummond, W. Maher, Anal. Chim. Acta 302 (1995) 69-74.
. [11] A.Y. El-Sayed, Y.Z. Hussein, M.A. Mohammed, Analyst 126 (2001)
5. Conclusion 1810,
[12] M. Oshima, N. Goto, J.P. Susanto, S. Motomizu, Analyst 121 (1996)
A new method for simple and rapid determination of phos-  1085.
phate in microplate format has been developed employing thid3] W. Fusheng, W. Zhongxiang, T. Enjiang, Anal. Lett. 22 (1989) 3081.

EuTc probe. It is particularly useful for phosphate detectior{l“] N. Ichinose, M. Mitsui, Fresenius Z._ Anal. Chem. 330 (1988) 634.
. . . . . . 5] J. Holzbecher, D.E. Ryan, Anal. Chim. Acta 64 (1973) 147.
in biological and bloch_emlcal systems beca_use _|t Works_bg 6] D.B. Land, S.M. Edmonds, Microchim. Acta 6 (1966) 1013,
at neutral pH and the linear range of the calibration plot is inN17] A.m. Abdallah, M.E. Khalifa, M.A. Akl, Anal. Chim. Acta 251 (1991)
theuM-range. Future work will focus on monitoring enzymatic 207.
action like phosphatase activity with this lanthanide-based fluFL8] S.L. Tobey, E.V. Anslyn, Org. Lett. 5 (2003) 2029.
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