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Abstract

H-point standard addition method, HPSAM, with simultaneous addition of three analytes is proposed for the resolution of ternary mixtures. Itis a
maodification of the previously described H-point standard addition method that permits the resolution of three species from a unique calibration se
by making the simultaneous addition of the three analytes. The method calculates the analyte concentration from spectral data at two wavelengt
where the two species selected as interferents present the same absorbance relationship. These wavelength pairs are easily found, and can be sel
to give the most precise results. Diethyldithiocarbomate (DDC) in a cationic micellar solution of cetyltrimethylammonium bromide (CTAB) was
used for determination of Fe(ll), Co(ll) and Cu(ll) at pH 5.50. The results showed that simultaneous determination of Fe(ll), Co(ll) and Cu(ll)
could be preformed in the range of 0.0-6.0, 0.0-8.0 and 0.0-un@%, respectively. The proposed method was successfully applied to the
simultaneous determination of Fe(ll), Co(ll) and Cu(ll) in several synthetic mixtures containing different concentration of Fe(ll), Co(ll) and Cu(ll).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction ysis of large sets of samples because of their high cost and
in some cases low sensitivity and selectivity. So demands for
Iron, cobalt and copper have some similar chemical behavmore sensitive and less expensive methods have been made in
ior and appear together in many samples, especially alloysnalytical chemistry especially where rapid analysis is needed.
Due to the industrial facilities, heavy metal contents in environ-Despite of the success of AAS and ICP-MS techniques there
mental samples increase unfavorably. So accurate and reliakike still great interest in the application of spectrophotometric
analytical methods possessing high sensitivity and selectivitynethods in determination of metal ions, due to both the rapid-
coupled with convenience and economy for the determinatioity and simplicity of the technique. However, the simultaneous
of heavy metals are required. Several analytical techniques sud®etermination of multielements by the use of traditional UV-vis
as X-ray fluorescence (XRHL,2], neutron activation anal- spectrophotometric techniques is difficult without any separa-
ysis (NAA) [3], inductively coupled plasma-atomic emission tion processes because of overlapped absorption spectra. H-point
spectrometry (ICP-AE9},5], atomic absorption spectrometry standard addition method (HPSAM), which is a modification
using either flame (FAAS]6,7], or electrothermal atomiza- of the standard addition method, permits both proportional and
tion (ETAAS)[8,9], chromatographjl0-12], electroanalytical constant errors produced by the matrix of the sample to be cor-
techniqueq13-15], UV-vis spectrophotometifyl6—20] have rected directly. The fundamentals of HPSAM were outlined by
been used for the multielement analysis in different matricesBosch Reig and Campins Falco in 19B8L]. It permits the
Some of these methods are not convenient for routine anafletermination of two species with extensively or even com-
pletely overlapping spectii@2]. Absorbance increments were
used where only the analyte concentration was requzaf
* Corresponding author. Tel.: +98 811 8228709; fax: +98 811 8272404,  1his variant allows the elimination of the blank bias error due
E-mail address: hasani@basu.ac.ir (M. Hasani). to the use of absorbent blafiR4,25]. In addition, it has been
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applied to HPLJ26,27]and to the analysis of kinetic dg8], In this work, the HPSAM is developed in order to make
with an additional variant, time. The basis of the method hasimultaneous standard addition of three analytes to obtain their
also been developed for the use of spectroflourimetry and syrconcentration from a unique calibration set. To the best of our
chronous spectroflourimetrj29]. The method is also of use knowledge this is the first report on the simultaneous standard
when the interferents are not knoy80]. In this way, the gen- addition of three species for using ternary version of HPSAM.
eralised H-point standard additions methods (GHPSAM) havéron, cobalt and copper are determined simultaneously using
been proposef31]. HPSAM is also used in electroanalytical DDC as complexing agent in micellar medium of cetyltrimethy-
techniqgueqd32] and in the studies of chemical equilibria sys- lammonium bromide (CTAB) with simultaneous addition of
tems[33]. It is also developed for resolution of binary mixtures three species without any pretreatement processes.

with simultaneous addition of both analy{&4].

The basis of the HPSAM for spectrophotometric determi-2. Theoretical background
nation of ternary mixtures was established in 1995]. The
method calculates the analyte concentration from spectral data Considers as a ternary mixture consisting of the compounds
at two wavelengths where the two species selected as interfeX; Y andZ. Absorbance of the sample at each wavelength will
ents present the same absorbance relationship. In this variantlo¢ the sum of the individual absorbances of the spégi&sand
HPSAM, in order to obtain the concentration of all three ana~Z at this wavelength:
lytes, the standard addition method should be done individually
for every analyte and a calibration line for each analyte should e s = ex.jCx +enjCy +7,,Cq = A% j + A} + AZ
plotted. However, this methodology can be simplified by using (1)
a single calibration graph with simultaneous standard additions . -
of three analytes. whereey , ey; andez; are the molar absorption coefficients for

The ability of micell " - - the specie, YandZatx;; C%, €% andC? are the concentration

y of micellar systems to solubilize a wide variety of ' -

compounds, which are insoluble or springly soluble in water, i the speciesY, ¥ and Z in the sample:A}, ;, A} ;andAf ;
one of their main properties. As a consequence of incorporatiof® the individual absorbances of the spedie¥ andZ in the
in a micellar structure, the chemical equilibria, the reactivity ass@mple. _
well as spectral and electrochemical responses of the substratesFOr ternary mixtures, the method can calculate the concen-
can be drastically altered. These properties have proved to BEation of an analyte, for example the specigsin the pres-
very useful in many areas of analytical chemistry, such as sep2nce of the other two specigsand Z, from spectral data at
aration techniques or determination based on spectral metho8¥0 wavelengthsi.x) andix(z), where the two other species
[36,37]. Many of the analytical applications using micellar solu-Selected as interferents present the same absorbance relationship
tions involve determination of metal ions via their complexation[35]:
with suitable ligand$37]. In the case of uncharged metal com- Ay y1y Az x()
plexes, solubilization in micellar solutions can be described inAyx(z) = =
terms of distribution equilibria between the micelles and aque- . . ]
ous phase, in which the micellar phase plays the same role Jde factorry 7 allows the transfo_rmatlon of the an_alytlcal sig-
the organic solvent in liquid—liquid extracti§88—40]. Micelles ~ nals forY andZ atix.) andix(z) into a null slope line. These
can enhance the sensitivity of spectrophotometric procedurd?/@velength pairs allow the determination of any analjtethe
and analytical use can also be made of other effects such 8esence of the two interferences simultaneously. The H-point
variations of equilibrium constants, micellar analysis, spectraf@n be obtained by intersecting the line measured at wavelength
shifts, and co-solubilization of samples, reagents, and productsx() @nd the line obtained by multiplying the graph at wave-
[41-44]. To determine several metal ions using their colored®Ndthax() and the compensating factor 2. The calculation
complexes by UV-vis spectrophotometry cationic surfactant§f the unbiased analyte concentration can be made from the
[45-47] are used rather than anionic or non-ionic surfactantsaoscissa of the H-point:
Since the electrostatic attractive interaction between metal ion
and cationic surfactants is not present, and the process, whichChx) =
metal ion combines with chelating agent to form a complex, is
not affected. where the superscript zero denotes the sample solution.

The increasing important of the use of iron, cobalt and copper In this work, we used the benefit of the simultaneous standard
in widely different fields, particularly in metallurgy has made it addition of the three speciés Y andZ, in order to obtain their
necessary to develop simple, inexpensive and sensitive methodsncentration in the sample from a unique calibration set. The
for the determination of traces of these ions in different samplegequired data to apply the method are the absorbance of sample
Diethyldithiocarbomate (DDC) combines with iron, cobalt andand the absorbance of the sample spiked with known amount of
copper ions to form metal complexgk]. These complexes do X, Y andZ species at previously selected wavelengths.
not dissolve in aqueous solutions, so it is necessary to do a sol- Suppose thaty(1) andix() are selected according to £@).
vent extraction. Micellar systems are convenient to use becaug§ée relation of the added concentrations between sp&Gi&s
they are optically transparent, readily available and stabl@ndz, Ci,/C% andC%/C’ is the same in all the solutions pre-
[48]. pared to apply the method (because the additions are made from

= r 2
Az x(2) e @

0 0
A x) — vz X Ax x(2)
ry,z X Mx x@) — Mx x(1)

3)
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a standard mixture of three analytes). Then, the equations of
the lines that describe the absorbance of the successive standard
additions by application of the HPSAM versus the added con-
centration of analyt& at two previously selected wavelengths
will be:

For Axq): (6)

If we represent the analytical signal, absorbance at the two previ-
ously selected wavelengthg(1) andix2) versus the concentra-
+ My, x(1)Cy + Mz x(1)Cy tion added of specie$, we will obtain two lines, with intercepts

' ' 0 0 0 0 0
Ax xqa) T Ayvxa) T AZ x) and ryzAy yo) +rv.zAy xp) +
}’y’zA%’X(Z) (= erA%X(z) + A%X(l) + AOZ,X(l)) and slopes:

0 0 0
=ryzAx x@2 T Avxq) T AZxQ

C C
+ rszxx(2)+ Myx(1)+ MZX(:L)

Ax@) = A% xay + AV xa) + A% x@) + Mx.x@)Ci

0 0 0 '
= Ax xq)t+ AYX(l) + AZ x) T Mx,x@)Cx

+Myx1fc +MZleC Ci Ci
@ X @ X Mx xq) + fiYMy,x(l) + TZMZ,X(l)
Cx Cx

= Ax,x(l) + AY,X(l) + Az,x(l)

and
M Cl C M Ci i
+ |Mx x@1)+ — cl My x) + Cie Z.X(1) Mx x@2) + = cl Myx@yry.z + =+ C’ Mz x@2)ry,z

i=01,...,n 4 . . : "
The slopes obtained are the ones obtained if the addition was
made of analyt& alone, with the addition of a constant, which

For Ax(2): depends on the relative concentration of each species in the stan-

o o o , dard and the absorbance of the spediesdZ at the selected
Ax@) = Ax x@ t Avxe t AZx@2 + Mx.x@Cx wavelengths. Both lines intersect at the H-point, with the coor-

dinates (—Gix), AH(y,z)) WhereCh(x is the unbiased analyfe
concentration. If we operate in Eqg) and(6), and taking into

i 0 0 0 0
= A% x@) + A?x@) + A x@) + MX,X(Z)C’X account thatdy y(j) = ryzAy x(z) and A7 xq) = 247 x(2)
and themly’x(l) =ryzMy x(2) ansz,X(l) =ryzMz x(2):

+ M{x(z)ch + MZ,X(Z)CZZ

+M fC +M fC 0 0 0
rX@c CY X ZX@ i X Ax x) t Avxw T AZ xqQ)
= A9 A9 AQ [ ci, o
X,X(2) + Y,X(2) + Z,X(2) + MX,X(l) + C’ MYX(l) + — Cl Z,X(l) (—CH(X))
C C

+ |Mx x@) + C’ Myx(z)—l— C’ —Z My, .X(2) — rY,ZA?(,x(z)+VY,ZA?/,X(2)+7KZA2,X(2)

i=01,...,n (5) I (o} cl,
+ |Mx x@rvz + — ct My xoyry,z + = ci Mz x2yry,z

whereAy(1) andAy() are the measured absorbance at the two -
previously selected wavelength¥y x(1), My x) and Mz x) x (—CH(x)) @)
andMy x(2), My x(2) andMz x(2) are the slopes due to the addi-

tion of species ofX, Y and Z in the lines obtained atx() from where:

CH(X) _ (A())(,X(l) - rYZAg( X(Z)) + (A?’X(l) - rYZA?’X(Z)) + (A% X(1) — VY:ZA% X(Z)) _ A())(,X(l) - rKZA())(,X(Z) (8)

(ry,zMx x2) — Mx, X(1))+ (VYZMYX(Z) MYX(l))+ (rYzMz x@) — Mzxay) PEMxx@ = Mx.x@

whereCy(x) = CY is the unbiased analyte concentration in the
and ix); Ci. Ci, andCi, are the concentration of specis sample, because E(8) depends only on variables related with
Y and Z added in thei solutions;n is the number of addi- the analyte, itis equivalent to:

tions. Wheni=0 corresponds with the solution where only A0 — 0, AD _ A0 _ A0

exists sample. If we multiply Eq(5) by the value forry; — —Cyy) = —X0) LETXX@ _ XXM _OXXE)
obtained in expressiof2), the following equation will be rvzMx x@ — Mxx@  Mxx@ — Mxx@
obtained: 9)
ry.zAx@e) = rY,zA?(,X(z) + rY,ZA(},X(Z) + rY,ZA%,X(Z) The incorrigible error due to the present of two interferents,

in spite of their concentration are not constant, has been trans-
formed into a constant systematic error, which is easily valuable,
as the HPSAM basis predicts. In effect, if £§) is substituted

i i

M Cy M 7 M C
+ | Mx x2) + ol Y.x() + il z.x2)| Cxryz
X X
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in Eq. (4) or (6), we can prove thatyy) is equivalent to:

Ci C
0 0
An) = Ayxq + Az xq — [C,-YMY,X(l) + Cl-ZMZ,X(l):| CH(x)
X X
0 0 Cy cy
=rvzAyx@) T v zAZx@) T | G T eMrx@ + oz Mz x| Cae (10)
X X

The two wavelengths at which E¢R) is fulfilled are eas-
ily found, as it is derived from this equation, rewritten in the
. 3.3. Procedures
following form:

Two milliliters buffer solution pH 5.5, 5ml of stock CTAB
solution (0.26), 1.6 ml of stock DDC solution (0.025 M) and
appropriate volume of Fe(ll), Co(ll) and Cu(ll) were added to
because in this case z will be the same for the compounds  10-ml volumetric flask and made up to the mark with water. For
andZ. each measurement, 2.5 ml of the above solution was transferred

For analysis of a special analyte, i.%,,only spectra of the to a spectrophotometric cell and absorbances were measured
speciesY andZ are needed. The quotient between both specat appropriate wavelengths. Synthetic samples containing dif-
tra is then applied and the wavelength pairs that show the sanferent concentration ratio of Fe(ll), Co(ll) and Cu(ll) were
value for this quotient are sought. Although this relationshipprepared, and standard additions of Fe(ll) (up fogénl—1),
depends on the concentration}oandZ, it will be equal at the  Co(ll) (up to 10ug mi~—1) and Cu(ll) (up to 23.g mi~1) were
two selected wavelengths, independently of the concentratiomade. Simultaneous determination of Fe(ll), Co(ll) and Cu(ll)
chosen from all possible wavelength pairs, it will be demon-with HPSAM was performed by measuring the absorbances at
strated that for every analyte there are some pairs that provid&0, 409, 353, 406, 505 and 595 nm for each sample solution.
the best sensitivity. As the wavelength pairs, which obey EqThe concentration range of Fe(ll), Co(ll) and Cu(ll) for con-
(2), are known the optimization is easily performed for eachstruction of HPSAM calibration graph were 0.0-6.0, 0.0-8.0

Arx@) _ vz X Avx@) _ Arx) (11)

Azxa) vz xAzxe Azx@

analyte. and 0.0-12vg miI~1, respectively.
3. Experimental 4. Results and discussion
3.1. Apparatus Diethyldithiocarbomate is frequently used as a photometric

reagent for Fe(ll), Co(ll) and Cu(ll). The photometry in the vis-
UV-vis absorbance digitized spectra were collected on dble range is quite easy because the free DDC dose not absorb

Perkin-Elmer Lambda 45 spectrophotometer, using a 1cnn the visible range. Interest in DDC is related to its chelat-
quartz cell, a scan rate of 480 nmminand a slit width of  ing ability towards metal ions and to the analytical applications
2 nm. The spectra were recorded between 320 and 700 nm, ealehsed on the micelle enhanced absorption of its metal chelates.
0.2 nm. Measurements of pH were made with a Metrohm 744 he absorption spectra of DDC and its complexes with iron,
pH-meter using a combined glass electrode. The computatiorg®balt, copper and their ternary synthetic mixture under certain
were made with a Pentium Ill computer. experimental conditions are shownfing. 1. As can be seen,

the spectra of the three complexes overlap severely throughout

3.2. Reagents the wavelength range. Investigation was carried out to obtain the

All reagents were of analytical reagent grade and used 0.25
without further purification. Triply distilled water was used
throughout the study. A stock solution (100ml~—1) of 0.2
iron(ll), cobalt(ll) and copper(ll) were prepared by dissolv- § o5
ing Fe(NH;)2(SOy)2-6H20 (Merck), Co(NQ)2-6H,0 (Merck) s "7
and Cu(NQ@)2-3H20 (Merck), respectively. A stock solution § 01 .
of diethyldithiocarbomate (0.025 M) was prepared by dissolv- &
ing sodium diethyldithiocarbomate (Merck) in ethanol (Merck). 0.05
A stock solution of cationic micellar (0.26 M) was prepared
from N-cetyl-N,N-tri-methylammonium bromide (Merck). All 0 - T \ T
of the solutions were prepared fresh daily. A buffer of (pH 325 5 4% 48 5B 575 625
5.5) was prepared by using tris(hydroxymethyl)aminomethane Wavelength (nm)

(Merck) and appropriate concentration of hydrochloric acidFig_ 1. Absorption spectra of (a) 0.4& mi-* Co(ll), (b) 0.28g mi-* Fe(ll)
[49]- and (c) 0.53.g mi~1 Cu(ll), and (s) mixture of them at pH 5.5.
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most favorable conditions for the simultaneous determination obrder to obtain the linear range over which the absorbance was

iron, cobalt and copper ions. proportional to metal ion concentration. There exist a linear cor-
relation between the absorbances atitig of each complexes
4.1. Optimization and concentration of ions. Linearity observed was up to 0.0-6.0,

0.0-10.0 and 0.0—-230g ml~1 for iron, cobalt and copper ions,

The experimental variables were optimized by the univaritgespectively.
method for each element separately. In preliminary experiments,
it was found that the complex formation kinetics of Cu(ll) and 4.3. Wavelength selection
Co(ll) with DDC in micellar medium of CTAB is quite fast but
the measured absorbance for the iron complex formation is a In order to resolve the mixtures of Fe(ll), Co(ll) and Cu(ll),
function of time and depends on the concentration of CTABthe quotients between the spectra of Fe(ll), Co(ll) and Cu(ll)
Therefore, the effect of amounts of micelle on absorbance waust be obtained, according to E(). Fig. 3 shows these
investigated. The concentration of the micelle was varied fronfluotients. It must be noted that if the spectral behavior of the
0.09 to 0.175M and it was found that a stable absorbance wdwo interferents is similar, then the quotients are obtained with
obtained in 0.13 M of CTAB. At higher concentration of CTAB
the absorbance values decreased. So, for achieving the best sen-
sitivity and stability the 0.13 M of CTAB was chosen as optimum
concentration.
The influence of the pH values on the spectrum of each com-
plex at a constant concentration was investigated separately.
There were no significant changes in the spectrum of Co(ll)
complex in the pH range of 3-8, but the spectrum of Fe(ll) and
Cu(ll) complexes showed change in absorbances at all wave-
lengths. The effect of pH range on Fe(ll) and Cu(ll) complexes
at theimay Of each complexes is shown Kig. 2. For achiev-
ing the appropriate condition for applying HPSAM, pH 5.5 was
selected as an optimum pH. Several types of buffers were used
for adjusting the pH and tris buffer (0.05 M) was found to be the
most suitable.
Absorbance of DDC-metal ion-CTAB has been found to
increase with increase in the concentration of ligand. An excess
concentration of ligand has been chosen to ensure quantitative
subsequent formation of complexes in the whole the calibration
region for three metal ions. The maximal and stable absorbance
was gained with 0.004 M DDC.

4.2. Individual calibration

After optimization of parameters, absorption of the solutions
containing increasing amount of each ions (i.e., iron, cobalt and
copper) and a fixed (but excess) amount of the ligand in the opti-
mum condition at appropriate wavelength for each complexes
was plotted separately against the metal ion concentration in

0.32
—a—Co(ll)
3 0.24 % _a Fe(ll)
E —ao—Cu(ll)
6 0.16
(7]
Q9
<
0.08 -
#
0 .
2 9 10

Fig. 2. Effect of pH on the change in absorbance of the complexes of Fe(ll),
Co(ll) and Cu(ll) with DDC. Fig. 3. Quotient between the spectra of Fe(ll), Co(ll) and Cu(ll) with DDC.
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Table 1
Results of four replicate experiments for the analysis of Fe(Il)-Cu(ll)-Co(ll)

1533

Replicate

Found (g mt?1)

Absorbance

1.02
0.93
1.00
0.96
0.05

2.20
1.96
2.20
2.10
0.12

4l 409'r mixtures (Fe(ll) = 1.ug mi~%, Cu(ll) = 2.0pg mi~t and Co(ll) = 1.5ug mi~?)
3 Fe(ll) cu(ln co(ll)
- / 0.91 2.05 1.41

1.50
151
1.46
1.47
0.04

-1 -0.5 0 0.5 1 1.5
Cadded Fe(ll) pg mi ™!

4.4. Reproducibility of the method

Absorbance

-2 -1 0 1 2
Cadded Co(ll) pg mi”*

®
@

505

0.6 4
: / e

Absorbance

Caddea Cu(ll) pg

Fig. 4. H-point standard addition plots for calculation of the Fe(ll)
(0.7pgml~Y), Co(ll) (1.0ugml~1) and Cu(ll) (1.5.g mI~1) concentrations
from one calibration set.

Table 2

T T 4.7. Interferents

4.6. Limit of detection

To check the reproducibility of the proposed method four
replicate experiments on a ternary mixture of Fe(ll), Co(ll) and
Cu(ll) were done (Table 1). A good standard deviation was
obtained for Fe(ll), Co(ll) and Cu(ll).

406*r
2
/ 4.5. Accuracy

Several synthetic mixed samples with different concentration
ratio of Fe(ll), Co(ll) and Cu(ll) were analyzed using HPSAM
" ' with simultaneous addition of three analytes. As can be seen
from Table 2, the accuracy of the method is satisfactory.

Limit of detection was calculated as LODGH + 3ScH,
whereCy andScy are the mean and standard deviation of sev-
eral (n=4) replicated measurements of a blank sample using
HPSAM with simultaneous addition of three analytes. The cor-
responding values obtained for Fe(ll), Co(ll) and Cu(ll) were
0.01, 0.04 and 0.f.g mI~%, respectively.

The effect of different ions at different concentration on the
absorbance of a solution mixture containinggml~—! of each
metal ion was studied. An ion was considered as interference,
which its presence produced a variation in the absorbance of

Result of several experiments for the analysis of Fe(ll)-Co(ll)-Cu(ll) mixtures

some noise (Fig. 3b). However, where the spectral behavior Qf gifferent concentration ratios

the interferents is more different (Fig. 3a and c), the quotlent%

mple (g nmitt)

Found (pug mt?)

Relative error (%)

obtained are smoother. From these results, the wavelength pairs

that show the same ratio of absorbance value in order to cake(l)

culate the analyte concentration can be obtained. This methagyo
can be employed to determine any analyte in the presence 0f20
a selected pair of interferents. The three best wavelength paliisog

(those that give the greatest value for the denominator if3)y.
were selected. The three wavelength pairs, 340-409, 353-4

and 505-595 nm were applied for calculation of Fe(ll), Co(ll)2.00
and Cu(ll) concentrations, respectivdfig. 4shows the H-point  0.98
standard addition plots for calculation of the Fe(ll), Co(ll) and0- i‘zl

Cu(ll) concentrations from one calibration set.

cu(ll) Co(ll) Fe(ll) Cu(ll) Co(ll) Fe(ll) Cu(ll) Co(ll)
150 100 074 161 102 57 73 2
200 200 020 196 195 0 -2 -25
1.00 100 104 093 1.00 4 -7 0
140 070 270 147 068-36 5 -28
2 220 220 023 218 220 45-09 O
270 180 131 258 183  39-44 17
020 280 1.97 022 298 -15 10 6.4
210 140 103 205 139 51-24 -07
240 240 025 245 242 42 21 08
240 160 117 222 161 44-75 06
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Table 3 Z, we can obtain their concentration from a unique calibration
Tolerance ratio for foreign ions in the determination of dgml~1 of Fe(ll), set.
Co(Il) and Cu(ll)
lon Tolerated ratio
CHCOO", phthalate, tartrate, citrate, C10, SQ;2—, 100 References
C0327,NOz~, CI-, 17, Br~
F~, P07~ 60 [1] O.W. Lau, S.Y. Ho, Anal. Chim. Acta 280 (1993) 269.
ca*, B&*, Nat, K*, sP* 100 [2] L.P. Eksperiandova, A.B. Blank, Y.N. Makarovskaya, X-ray Spectr. 31
Mn2*, CP* 50 (2002) 259.
Zn**, AI®*, Be? 30 [3] L. Zeua, D. Tampellini, E. Rizzio, G. Giaveri, M. Gallorini, J. Radioanal.
Th*, cré* 4 Nucl. Chem. 248 (2001) 129.
Ag*, Bi%* 1 [4] K. Sreenivasa Rao, T. Balaji, T. Prasada Fao, Y. Babu, G.R.K. Naidu,
Spectrochim. Acta B 57 (2002) 1333.
[5] R.K. Tepe, T. Jacksier, M.R. Barnes, J. Anal. At. Spectrom. 13 (1998)
Table 4 989.
Results of analysis of Fe(11)-Co(Il)-Cu(ll) in synthetic alloys and spiked water [6] K.A. Tony, S. Kartikeyan, B. Vijayalakshmy, T.R. Prasad, C.S.I. Pad-
samples manabha, Analyst 124 (1999) 191.
[7] S. Scaccia, Talanta 49 (1999) 467.
Sample Fe(ll) (wgmt!)  Co(ll) (ngmi*)  Cu(ll) (ngmi~) [8] Y.L. Huang, Y.F. Tsai, T.H. Lin, Anal. Sci. 15 (1999) 79.
Present Found Present Found Present Found (9] I(DZ}C—)iOlISlr:logKSK Danadurai, S.D. Huang, J. Anal. At. Spectrom. 16
Copperalloy 1.70  1.80 0.70  0.74 86.5  83.0 [10] N. Cardellicchio, S. Cavalli, P. Ragone, J.M. Riviello, J. Chromatogr. A
Beryllium 0.10 0.10 2.70 2.60 96.8 96.2 847 (1999) 251.
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