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ABSTRACT

The present work examine the capability of standard addition method to
correct the matrix effect and the advantages of the curve isolation of data
using H-point standard addition method (HPSAM) and H-point curve iso-
lation method (HPCIM) for determination in unknown mixtures. By asuc-
cessive standard addition of the analyte was performed. The average of
the created spectra was calculated. The subtraction of obtained averaged
spectrum fromtheinitial solution spectrum givesconstant cumul ative spec-
trum for interferents. The proposed procedure was based on the formation
of phosphate- and silico-molybdenum blue complexes in the presence of
ascorbic acid. Molybdenum blue is not relatively free from the interfer-
ences caused by the other ions, therefore several cations and anions (such
asAs™, V&, Sn*, Zn*, Fe*, &, MnO;, F, I") can react with this reagent.
Itisalso not necessary to condition carefully the medium to removeinter-
fering species. Hence due to the standard addition of analyte in sample
solution more accurate results will be produced. This method was vali-
dated for the determination of phosphate and silicate in sea water, river
water, mineral water, waste water, urine, detergent and soft drink samples.
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INTRODUCTION

Recent yearswitnessed anincreasein the number
of peopleusing computationa chemistry. Thisincrease
has been facilitated by the devel opment of computer
software. Chemometricsisinvolved in the process of
producing dataandintheextraction of theinformation
from them. Thekey to chemometricsisinvolvedinthe
process of producing dataand in the extraction of the

information from them. Withamultivariatecaibration
model, usualy, itisrequired that thereis(are) no new
constituent(s) inthe samplesbeing analyzed. In order
to accurate determination of new constituent(s) a
recalibration including thisnew constituent will benec-
essary. Intheliterature, for multiway data, therearea
number reports to resolve the overlapping spectra.
Among thesemethods, arepartia least squares*?, rank
annihilation method®*4, Kalmanfiltering multivariate
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curve resolution-alternative least squares (MCR-
ALS)"8 generalized rank annihilation method®,
PARAFACY¥, and morerecently PARALINDM, have
made gresat effortsand improvementsin multivariate
calibration models. All these methods, except partial
least squareand Kamanfiltering whichwerebased on
second-order advantage, require three-way data to
resolve overlapping spectra.

Although, thesetechniquescan givemuchinforma:
tion about i nteraction between examined parameters
but several factors can beresponsiblefor the break-
downtheaccuracy of thisinformation. Strongly, matrix
effect can dter thesampleandytica signd relativeto
that of astandard of the same anal yte concentration™.
It meansthat in the presence of matrix effect, the gppli-
cability of thesemethodsishindered. Intheother words,
when the sensitivity of the response depends on the
matrix composition, quantitative predictionsbased on
pure standards may be affected by differencesinthe
sengitivity of theresponse of theandytein the presence
and in the absence of chemical matrix of the sample.
Hence, standard addition can be applied for most ana-
Iytica techniquesin order to solvethematrix effect prob-
lem e.g. compensate non-spectral interferences and
certaintypesof spectra interferences(e.g. non-anayte
absorption), which enhance or depressthe analytical
signa of theanayte concentration.

HPSAM isamodification of the standard addi-
tion method that transformstheincorrigibleerror re-
sulting from the presence of adirect interferencein
the determination of andyteinto aconstant systematic
errort*?, In 1988, HPSAM was presented based on
the principle of dua-wave ength spectrophotometry
and the standard addition method***°, The greatest
advantage of HPSAM isthat it can removethe pres-
ence of an interferenceand reagent blank!*9. In order
to apply HPSAM to resolve mixtures, theinterferent(s)
species should be known. Two methods namely gen-
eralized H-point standard addition method
(GHPSAM)X72% and HPCIM2? were proposed to
solvethis problem. Curve resol ution procedure for
isolating the spectraof unknown interferent(s) from
the sample spectrum in order to determine analyte
based onthe HPSAM and K-ratio-HPSAM was pro-
posed?%l, Safavi et al., devel oped combination of
HPCIM and HPSAM for spectral deconvolution of
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solute-miceller systems?. Also Abdollahi and Zeinali
used HPCIM and HPSAM for spectrophotometric
studiesof complex formation equilibrid®!.

In apreviously reported work, we introduced a
new strategy for solving thematrix effect and the deter-
mination of an analyte in the presence of unknown
interferents using the combination of HPCIM and
HPSAM. Compensation of matrix effect wasperformed
using successive standard addition of theanalyteto the
sampl e solution. The spectrum of theanalytewas cal -
culated by averaging the resulting spectraobtained by
subtraction of the sol utions spectraafter and before stan-
dard addition. Theresult at smulated and redl datasets
(pharmaceutical, biologicd and dloy samples) showed
that proposed strategy for considering matrix effect was
quiteefficient’?d,

Phosphorus can befound in theenvironment most
commonly asphosphates. Phosphatesareimportant sub-
stancesin the human body, becausethey areapart of
DNA materia sand they take part in energy distribu-
tion. Phosphates can aso be found commonly in
plants?”). Phosphates have many effects upon organ-
isms. Theeffectsaremainly consequencesof emissons
of large quantities of phosphateinto the environment
dueto mining and cultivating. Duringwater purification
phosphates are often not removed properly, so that they
can spread over large distanceswhen found in surface
waters. Theincreas ng phosphor concentrationsin sur-
face watersraisethe growth of phosphate-dependent
organisms, such asagae and duckweed. Theseorgan-
Ismsusegreat amountsof oxygen and prevent sunlight
from enteringthewater'®.

Theenrichment of silicate can promotethegrowth
of diatomsand the other algal speciesand changethe
dominance of few Cyanobacteriaand Chlorophyte spe-
cies. Therefore, it can elevatetheaga biodiversity of
an aquati c ecosystem and weaken the cyanobacterial
bloomsto acertain degreg?.

The molybdenum blue reduction has been known
sincethe 1930s. A conventiona spectrophotometry as
the molybdenum blueis not so sensitiveor selective.
Thisisbecause of itsrelating high interferencefrom
coexistingions. Selectivity or sengitivity towardseach
ionisachieved by careful conditioning of samplesolu-
tionto removeinterferences.

El-Sayed applied first-derivative spectrophotom-
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etry for smultaneous determination of phosphateand
silicate®. Thederivative methods do not have good
sengitivity. An unwanted effect of the derivative meth-
odsisthedecreasein SN. Thisdecreasefollowsfrom
thefact that noise always containsthe sharpest features
inthe spectrum. So themore sensitive methodsfor s-
multaneous determination of them wereinterested.

Recently, weused atificid neurd networks(ANNS)
assisted by principa componentsanaysisfor smulta
neous determination of phosphateand silicate®¥. In
generd, usngANNSstechniquesistimesuming and dif-
ficult to becarried out with the data of entire spectra
overlgpping for s multaneous multicomponent determi-
nation. Also at ANNsassimilar asmultiplicativecali-
bration methods, al of components should beconsid-
ered in calibration step. It meansthat in presence of
new interferences (unknown interferences) recdibration
will benecessary. So applicability of ANNsinthepres-
enceof matrix effect or unknowninterferencesishin-
dered.

The proposed method based on combination of
HPCIM and HPSAM allowsthe quantitativeanaysis
of phosphate and silicatein the presence of severa un-
known interfering componentswithout any separation
steps. Thequality of theresultsobtained isnot afunc-
tion of overlapped unknown spectra Itisvery interest-
ing withrespect toimprovethe sengtivity and selectiv-
ity for phosphateand silicate determination that experi-
ments can be performed in asol ution without removing
interfering ionsor compensation of their effect by se-
lection of proper blank. Theresultsfrom experimental
data set relating to the spectrophptometric determina-
tion of phosphateand silicatein synthetic mixtureswere
presented. Themethod was successfully appliedto the
determination of phosphate and silicatein seawater,
river water, waste water, mineral water, and urineand
detergents powder.

HPCIM for extraction thespectraof interferents
inunknown mixture

The HPCIM can be used for obtaining the pure
gpectrum, whichissum of interferents spectra. Wewill
usetheterminterferent, instead of sum of interferents
for smplicity. Consder thetota absorbanceof solution
definesby following equation:

S=A+l, 6

—— Fyll Peper

wherei isith wavelengthand S, A and | are sample
absorbance, and yte absorbance and interferent absor-
bance, respectively. By standard addition of known
amountsof andyte on sample solution, thenew vaues
will beobtained asfollows:

Sin=A +1,+A,, @)
Sin=A +1,+A,

where, because of standard addition of anayte on
samplesolution, A, andA,  areadded valuesto previ-
ousabsorbancevd ue If Eq (2) subtracted from Equa-
tion (1), new values, containing thematrix effect pre-
sented in solution, will becreated, too. Theaverage of
these values can be use as analyte spectrum, asfol-
lows

; S —S.
zk:( ik i ) (3)
n
Thereference wavel ength sel ected from the created
spectrum by Eq. (3). ThentheK  isdefined as:

A e
Ki,ref =A—ArJ 4

A, .« Istheabsorbance of analyte at reference wave-
length. If weusethe andyte spectrum and sel ect refer-
encewave ength from thisspectrum, theana yte contri-
butiontothesignal, can be canceled by subtraction S
-K. S, Where S istheabsorbance of solution at the

i,ref 17
referencewave ength Rearrangement gives.

S,-K..S=1_-K I 5)

iref ref irefi

The equation showsthat theresult isrelated only to
interferent. Thelater equation can bewritteninthefol-
lowingway
| = (Sre _Ki,refsi)_lref =S _Sref =l
L _Ki,ref - Ki,ref (6)

Thisequation al so showsthat spectrum of interferent
can be cal cul ated by entering an appropriate val ue of
| ., becauseevery parameter inthisequationisknown
except| . Sothenext stepisto estimatethel value.
The maX| mum absorbanceat the referencewavel ength
should not be higher than the absorption of the solution
which anayzed at thiswavel ength. Also theminimum
valueisthe smallest absorbance valuethat provided
non-negative absorbancevauefor theproductsat some
wavel engths cal culated by Eq. (6).

Itispossibleto plot the several spectral from Eq.

AA,i =
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(6) by considering the range between maximum and
minimum absorbanceva uesfor interferent.

Thered interferent spectrumwill beoneof dl cal-
culated spectra. To calculate the absorbance of the
interferent at thisreferencewavelength, itisnecessary
to find of wave ength with the same absorbanceva ues,
athough different in magnitude, from one spectrumto
another. In order tofind wavelengths, itissufficient to
find them on the maximum and the minimum spectra,
sincethey aremost different. Having set of 4_and 4,
withl =1 ,therearefollowingthreefollowing equa-
tionsand threeunknowns
S.-K._ S K

m,ref m: Iref- m,ref  m
Sref - Kn,refsn = I ref Kn,ral n
.=,
Sothereal vaueof | can becalculated from:
km,ref [(Sref _km,refsm)_ (Sref - kn,refsn )]

kn,ref _km.ref

| ref = Sref _km,refsm

Sincethisequation isonly dependent on known quan-
tities, it ispossibleto estimatetheinterfernts spectraby
that.

At thispoint, this spectrum bel ongsto the sum of
interferents. By applying HPSAM, analyte concentra-
tion in each sample can be cal culated. The concentra-
tion of each component isthen calculated frominter-
section point of calibration curvesby standard addition
of anayteon sdlected wavelength pairs.

EXPERIMENTAL

Reagents

All chemicaswereof anaytica reagent gradeand
doubly distilled water was used throughout the experi-
ments. A stock solution of phosphate (100 mg L) was
prepared by dissolving oven dried potassum dihydrogen
phosphate (Merck) in water. A stock solution of sili-
catewas prepared by appropriate dilution of asodium
slicate solution (Merck) with water. A sodium molyb-
date solution (0.02 mol L) was prepared by dissolv-
ing an appropriateamount of (NH,).M0.,0,,.2H,0in
0.2mol L*nitricacid. Ascorbicacid, 3x 102mol L?,
was prepared by dissolving appropriate amounts of
ascorbic acid (Merck) in 100.0 mL of distilled water.
The detergent and mineral water were brought from
local markets.

Hnalytical CHEMISTRY o

Apparatus

A detection system consisting of anaytic Jena
SPECORD 250-222P169 UV/V 1S double beam spec-
trophotometer with 1 cm path length quartz cell was
used. Thedlit length was 1 nm and scan speed of 100
nm s was selected. The spectrarecorded at 1 nmin-
tervals. Simple programswaswritten for performing
selection of wavelength pairs performing the sdection
of thewavelengthpairsinMATLAB 7.1.

Individual calibration graphs

A st of samplesolutionswith different ionsconcen-
trationswas prepared and measurementswere carried
out according to the experimental procedure. Thecali-
bration curvesof analyte measured at different ranges
werelinear intheranges 0.025- 4.50 mg L-*and 0.020 -
6.00 mg L-*for phosphateand silicate, respectively. Typi-
cal equation of the cdibration curveswereasfollows:
A=8.81x102+ 1.2 x 10%,r> = 0.9997 and A=6.91 x
102+ 1.5 x 103,r2=0.9995 for phosphateand silicate,
respectively. Limitsof detection (LODs) weredetermined
as0.012mg L*and 0.0023 mg L%, for phosphate and
slicate, respectively. Alsolimit of quantitation (LOQsS)
were determined as0.0332 mg L *and 0.0750 mg L%,
for phosphateand silicate, respectively.

RESULT AND DISCUSSION

Preliminary study of thesystem

In the acidic mediaand in the presence of an ap-
propriate catal yst and reducing agent the reaction of
orthophosphate and silicate with mol ybdate produces
the colored product of phosphor-molybdenum blueand
slico-molybdenum blue. For s multaneous determina-
tion of phosphate and slicate by molybdenum blue, the
optimumworking conditionswere used asfollows: 0.05
mol L nitricacid (1.5 mL), molybdate0.02 mol L1(1
mL) and 3x 10-2mol L (1 mL) ascorbic acid.

Themolybdenum blue method, for determination
of phosphateand silicate, isnot relatively freefrom the
interferences caused by other ions. The most serious
interfering ions are arsenate, vanadate, iron (l11),
nicke(ll) and copper(I1). Hencein order to evaluate
applicability of the method for resolving real mixtures,
simultaneous determination of phosphateand silicate
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using molybdenum bluemethodin presenceof different
ionswasinvestigated. For applying thecurveisolation
method, three different sample sets containing phos-
phate and silicate were prepared. First set contains
phosphate, silicateand different cations(seeFigure 1).
Second and third sets contain anions (Figure 2) and
both of cationsand anionsinterferents, respectively (see
TABLE 1for moredetails).

1.6
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Wavelength/nm

Figurel: Spectral featuresof thecomponentsfor dataset 1
(seetext for moredetails).

TABLE 1: Composition of threedata setsassayed.

Sa;netple Interferents Sample composition
P(0.2mgL™), Si(0.4mg L™,
1 Cation  Zn*(3.0mgL™), Sn**(2.0mgL™),
Ba®*(2.0mgL™)
P(0.2 mg L'll), Si(0.4mgL™ .
. I"(0.2mgL™), SCN(0.4mgL™),
2 ANIONS 431 0 mg LY, AsO, (2.0 mg L),
Cr,07(02mgL™)
P(0.2mgL™), Si(0.4mgL™),
Zn*(BmgL™), Sn*(2mgL™),
3 Both Ba (mgL™) F (0.2mgL™),
SCN'(0.4mgL™),105(L.Omg LY,
AsO,(20mg LY, Cr,04(0.2mg L™
1
— 103
08 - Cr207
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+
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Figure?2: Spectral featuresof thecomponentsfor dataset 2
(seetext for moredetails).

We suppose phosphate to be an analyte, so stan-
dard addition of phosphateto the sample solutionwas

—— Fyll Peper

performed (see Figure 3). The spectraafter and before
standard additionswasrecorded. These spectrawere
subtracted by initial sample solution to obtain spectra
of phosphate by considering matrix effect. Average of
obtained spectrawas calculated and used at HPCIM
procedure as phosphate spectrum. Phosphate obtained
spectrawasused toi solatecumul ativeinterferents spec-
tra. For beginning of HPCIM thewavel ength 700 nm
was sdlected asreference wavel ength. Interferentscu-
mul ative spectrum can be cal cul ated according Eq. 6.
For thispurpose, the minimum and maximum possible
vauesof |, were determined. Themaximum selected
absorbancefor |, was absorbanceof solutionat wave-
length 700 nm (0.574 AU). Also, theminimum value
was 0.005 absorbance unit. It isworth considering that
feeling absorbanceva ueslessthan theminimum vaue
(0.005) inthe present wavel ength (700 nm), generates
negative absorbancevaluesat somewavelengths. Fig-
ure4 shows created absorption spectraof hypothetical
interferents spectraat therange 0.005-0.574AU. This
meansthat red interferntsspectrumwill beoneof these
created spectra. In order to obtain the absorbancevaue
of interferets, itisnecessary to find wavelength pairs
with nearly the sameabsorbanceva uesin spectrd range.
Severa wavelength pairs(wave ength meeting there-
quirement of not morethan 2 % differenceinther ab-
sorbancevalue) were sel ected.

2.5

2+

L5 r

1 F

Absorbance

400 500 600 700 800 900 1000 1100
Wavelength/nm

Figure3: Obtained spectraafter ssandard addition of phos-
phateon thesamplesolution of set 1.

Accordingto Eq. (6), new valuesfor | werecal-
cul ated and with these new va ues, new spectracan be
obtained for interferents (see Figure4). AsFigure5
showsthe maximum and the minimum val ues of upper
and lower spectra was changed (after three cycle

HPCIM). Cd culationwasrepeated until the absorbance

—— a%a['yttaa[’ CHEMISTRY
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interval becamean acceptablesmall vdue Atthispoint,  brationslinesfor standard sol utions of phosphate. Fig-
theaveragevaueof |, wasca culated and subgtituted  ure 7 showsthe HPSAM lines obtained at sel ected
inEq. (6) to obtain datafor final cumulative spectrum  waveengths.

of inteferents(see Figure6).

L5 y=0.3365x +0,7244
_ ’=0,9974
2,5 13 ¥=03072x + 0,4533
5 L g 1l =0,998
] H]
3 2 & ¥=0,1833x + 0,44
2 L3 r 2 * 0,986
= -
2 | T B
5 1
< 051 y=02137x+0,7219
05 = R =0974
: . . . . 053 . . . .
0 0.2 02 0.6 1 14 18 22

C phoshate added(mg L-1)
Figure7: Plot of HPSAM for deter mination of phosphatein
the solution at selected wavelength pairs.

400 500 600 700 800 900 1000

wavelength/mm
Figure4: Variousspectraobtained for cumulative spectraof
inter fer entsbetween maximum and minimum pr edicted val-
uesusingHPCIM min order toremove phosphate contribu-
tion from samplespectrum

TABLE 2: Selected wavelength, calculated concentration
and recovery datafor synthetic mixturesgivenin TABLE 1
usng HPCIM and HPSAM for samples

Calculated

%

* Set Analyte Wavelength concentration Recovery
ST 1P 637-908  0.192+0.03 96
g 15t S 652-770 0.420+0.02 105
g L 2 P 655-797  0.208+0.03 104
. S 579-812 0.421+0.02 105
0T 3 P 741-889  0211x0.03 1055
0 ' - - - - S 566-819 0.418+0.02 104.5
400 500 600 700 800 900 1000

Wavelength/nm

Figure5: Thespectraobtained after threetimesapplying
HPCIM

1.2
Interfernt Spectra
1 x  Phosphate
@ 0,8 |
[*]
]
£ ]
s 0,6
204 f HLP
=
H mmmm\umm\lmmnumwmwm
\HI\ILlHHUﬂM
0 “‘”-‘”“"“”““\I\Iu

400 500 600 700 800 900 1000 1100 1200

Wavelength/nm

Figure6: Thepredicted cumulativespectrumfor interferents
in solution (-) and phosphate spectrum(*).

Phosphate concentration in sample can be calcu-
lated based on HPSAM equation. Regarding cumu-
lative predicted spectrum, it ispossibleto sel ect sev-
era pairs of wavelength wherethey present the same
absorbance for interferents. After this the selected
wavelength pairswere sorted following thecriteriato
givethehigher valueinthedifference of dopesof cdi-

Hnalytical CHEMISTRY o

TABLE 3: Effect of foreign ionson thesimultaneousdeter-
mination of phosphateand silicate (0.8 mg L * each of phos-
phateand silicate)

Tolerancelimit/mg L™

Foreign ion —
Phosphate Silicate
zZn* 10 10
Sn? 8 10
Cr,07% 15 10
Sl 700 1000
105 50 50
SCN° 600 >600
S,05% >1000 >1000
VO* 5 5

Sameprocedurefor determination of dlicateinmix-
tureswas applied. Standard addition of silicate was
performed and after subtraction of spectraafter and
before standard additions, the cumul ative spectrum of
interferents, using HPCIM procedure was extracted.
HPSAM was applied to estimate silicate concentra-
tion. Theresultsand sdlected wavd ength pairsaregiven
inTABLE2.
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Insameway, for quantitative determination of phos-
phate and silicatein second and third sets standard ad-
dition of phosphate and silicate was performed and the
cumulative spectraof interferentswereresolved. Con-
centration of silicateand phosphate was determined.
Theresultsand selected wavelength pairsaregivenin
TABLE 2. Astheresults shows, proposed procedure
issuitablefor determination of phosphateand silicatein
variousmedia Theresultsshow that the predictive ap-
plicability of method not only isindependent onthetype
or thenumber of interferentsbut dsoit isindependent
on theamount of analytical signal overlapping of the
COmponents.

Sudy of diverseions

In our previouswork!®, theeffectsof foreign spe-
cieson thesimultaneousdetermination of phosphateand
slicate wereinvestigated by measuring the absorbance
of solution containing 0.80 mg L of phosphateand sili-
caeinthepresenceof variousamountsof theother ions.
Inthisstudy theinterferenceeffect of the other ionswas
investigated. Theresultsareshownin TABLE 3. The
interfering effect of ionswasnot removed. Becausethe
proposed method can extract cumul ative spectrum of
unknowninterferents, itispossibleto select thewave-
length pairson thisspectrum which interferents absor-

—— Fyll Peper
banceisthe sameasother wavelength.

Deter mination of Phosphate and silicate in sur-
roundingwaters

Resultsfor theandysisof synthetic mixturesby the
proposed methods (TABLE 2) showed satisfactory re-
sultsfor the s multaneous determination of phosphate
and sllicate. To demonstrate the applicability of the op-
timized method to real sampl es, the proposed proce-
dure was gpplied to the s multaneous determination of
phosphate and slicatein different water samplessuch
asseawater, river water, waste water, mineral water
and tap water. TABLE 4 showstheresults and stan-
dard deviation of theresults obtained for threerepli-
cates of each sample. The concentration of phosphate
in natural waters seemsto berelatively low, because
phosphate precipitates as poorly soluble salts or as-
similated by algaeor bacteriaunlessthereisany artifi-
cid pollution. Sincetheconcentration of glicatein naturd
dtersisrdatively high, theresultsindicatethe proposed
method ishelpful for the determination of phosphate
and silicatein water samples. Concentration of phos-
phate and silicate in the sampleswere al so determined
by standard methods*2. Theamountsof ions obtained
by the proposed method werein good agreement with
those obtai ned by standard methods.

TABLE 4: Amountsof silicateand phosphatefound in real waters

Phosphate (mg L™) Silicate (mg L™)

Standard method
Phosphate (mgL™) Silicate(mgL™)

Sample water
Sea water (Persian Gulf, Bushehr, Iran)? 0.03+0.01
Tap water (Bushehr, Iran)® 0.02 +£0.001
River water (Hamedan) " 0.22+0.01
Mineral water (Damavand)® 0.50+0.04
Waste water® 0.34+0.14

0.38+0.06 0.05+0.01 0.40+0.02
10.1+£2.0 0.03+0.001 10.5+1.0
22.0+£2.0 0.25+0.030 225+1.2
1.4+0.03 0.52 +0.05 1.5+0.03
4.5+2.0 0.35+0.05 5.0+0.03

aDetermined without dilution; *Determined with 5-times dilution; °Determined with 10-times dilution

TABLE 5: Amountsof silicateand phosphatefound in spiked samplescomparing with satandar d methods

Sample Phosphate Recovery Standard Silicate Recovery Standard
Added (mgL™® Found (mgL™) (%)  method Added (mgL?® Found(mgL™) (%)  method
Detergent 0.0 2.5 - 2.3 0.0 6.25 6.20
Powder 2.5 5.10 104.0 25 8.84 103.6
. 0.0 3.10 - 312 0.0 0.0 ND"
Urine
2.5 5.5 96.2 25 2.60 104
Coca 0.0 0.090 - 0.085 0.0 0.0 ND
cola” 2.5 2.70 104.4 25 2.60 104.5

aDetermined with 5-times dilution; ®Not detected
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Recovery of spikesfrom real samples

Reliability of proposed procedure was also
checked by spiking experiments. Theresultsare pre-
sentedin TABLE5. Therecoveriesof theionsfroma
detergent, urine and soft drink sampleswere cal cu-
lated. Therecoveriesof theionswerein theorder of
96 — 104%. The recovery of spiked samples is satis-
factorily reasonableand indicatesthe capability of the
method in the determination of phosphateand silicate
intherea samples.

CONCLUSION

Thesimultaneous determination of phosphate and
dlicaeinmaeridssamplesutilizingasmple, rgpid, low
cost spectrophotometric procedure, selectiveand very
sengitive method isintroduced. Conventional spectro-
photometry relating highinterference effect from coex-
isting ionsfor the ssmultaneous determination of phos-
phate and silicate as the molybdenum blueis not so
sensitiveor selective. HPCIM presentsadvantages, it
dose not requirethetotal separation of dataarraysto
cd culate the spectrum of interferentsand al so standard
addition compensatesmatrix effect. So, precisonand
accuracy of the method are comparablewith theexist-
ing methods, it has severa advantagesover them. The
results of experimentsin the presenceof differentions
improved, it dose not require knowing theinterfernts
species and the accuracy of method is not dependent
on thenumber of interferents species, concentration of
the overlgpping speciesand theamount of overlgpping
andyticd sgnds. A comparison of thepproposed method
with our previoudy reported work (se€®!, showsagrest
advantage of the proposed method with respect to
ANNSs. For example, AsO?- wastolerated inthe deter-
mination of phosphateand silicatewhichtheinterferent
effect of AsO}- wasremoved by adding thiosulfate. This
method cancel sthe process of theinvestigation of di-
verseionsinfluences. On the aspectsof chemistry, it
will rest thetimeof anadysis. Another advantage of the
proposed method islower errorsof the determinations
whereas the matri ces were more complex than previ-
ousstudy. Noticethat ANNsfor multi-component de-
termination isnot applicable when thematrix effectis
presented. Theeffectivenessof the present method for

the simultaneous determination of phosphate and sili-
cateionswas demonstrated in practical applicationto
thewater quality monitoring, detergent and soft drink
samples.
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