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Abstract

Homocystine was for the first time, chemically linked to a highly cross-linked agarose support (Novarose) to be employed as a chelating adsort
for preconcentration and AAS determination of nickel in table salt and baking soda. Nickel is quantitatively adsorbed on a small column pack
with 0.25 ml of the adsorbent, in a pH range of 5.5-6.5 and simply eluted with 5 ml of a Thigldrochloric acid solution.

A factorial design was used for optimization of the effects of five different variables on the recovery of nickel. The results indicated that th
factors of flow rate and column length, and the interactions between pH and sample volume are significant.

In the optimized conditions, the column could tolerate salt concentrations up to 0.5'raad sample volumes beyond 500 ml. Matrix ions of
Mg?* and C&*, with a concentration of 200 mgl, and potentially interfering ions of €t Ci?*, Zr?* and Mr?*, with a concentration of 10 mgt,

did not have significant effect on the analyte’s signal. Preconcentration factors up to 100 and a detection limjigf @.4®rresponding to an
enrichment volume of 500 ml, were obtained for the determination of the analyte by flame AAS. Application of the method to the determinatic
of natural and spiked nickel in table salt and baking soda solutions resulted in quantitative recoveries. Direct ETAAS determination of nickel
the same samples was not possible because of a high background observed.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction aration/enrichment procedure prior to the final measurements
will be critical in most of the cases.

Nickel is probably an essential element for humans, with sev- Several preconcentration methods for nickel have been
eral possible roles in the maintenance and production of bodglescribed in the literaturf,4—9] among them column tech-
cells[1]. It also produces a general toxic effect on the humamiques have been of most inter¢st9]. One of the problems
organism, causing nasopharynx, lung and dermatological diswvith such techniques is optimization of the several factors that
eases and malignant tumd@&. The incidence of allergies to affect experimental conditions. In most cases a classical one-at-
nickel has been increased rapidly in recent years. There is rextime method has been applied, while this method may result
way to desensitize a person with nickel allergy with shots, pillsjn wrong conclusions if there are interactions between differ-
or any other methods. Avoiding the use of nickel containingent factors. On the other hand, the use of a technique such as
products is the key in treatmef#]. Accurate determination of factorial design can, in many cases, reduce the number of exper-
nickel in food products is, hence, essential. The determinatioiments and provides much more information about the effects of
of trace metals, including nickel, in food products such as tablelifferent variables and their interactions. The interest to the use
salt and baking soda is not straightforward due to their complexf such optimization methods has been substantially increased
matrices and low concentration levels of the metal ions. A sepin recent year§l0-13].

Homocystine, a nonessential amino acid composed of two

homocysteine molecules, contains sulfur, nitrogen and oxygen

* Corresponding author. Tel.: +98 661 3225883; fax: +98 661 2200185, donor atoms. It can be well suited as a ligand for complexation
E-mail address: hashemi.p@Iu.ac.ir (P. Hashemi). of heavy metal§14]. In the best of our knowledge there is no
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report on analytical applications of homocystine or its use as aoda samples were productions of Tehran Chemical Co. (Tehran,
chelating agent in preconcentration technigues. Iran) and Sabzi-e-lran (Shabhriar, Iran), respectively.

In previous workg15-17], we reported the use of a highly
cross-linked agarose (Novarose) as a promising column pack-3. Methods
ing for the preconcentration of metal ions. High sample flow
rates were tolerated by an iminodiacetate (IDA)-Novarose col- Stock metal ion solutions (1000 mgl) were prepared by
umn with still quantitative recoveries for a humber of metaldissolving required amounts of their chloride or nitrate salts in
ions [18]. The selectivity of IDA—Novarose is, however, low 10 mlof concentrated hydrochloric acid and diluted to 250 ml by
and it cannot efficiently remove matrix ions such ag'Cand  water. Working solutions were prepared by dilution of the stocks.
Mg?* unless a washing step is used before column elution. As afihe test solutions were usually buffered with a 0.01 mél|
alternative, we have recently proposed more selective chelatoragetic acid/ammonium acetate buffer and pH adjusted with drop-
based on the use of ligands such as dipicolyl amine and tris(2vise addition of 0.1 molt?! solutions of HCI or NaOH before
aminoethyl)amine, containing only nitrogen donor gro[if. enrichment on the column.
The resulting adsorbents, however, could not efficiently scav- For packing of columns, a suspension of the adsorbent was
enge N#* ions and a considerable loss of this metal ion waspipetted into an empty column with a frit at the bottom. A
observed. gentle vacuum was applied for faster settling of the particles

In this work, homocystine is chemically linked to the before mounting the top frit. For column pretreatment, 10 ml
Novarose supportin order to achieve a selective chelating adsat-mol I=* hydrochloric acid, 15 ml double distilled water, and
bent for preconcentration and efficient matrix removal of nickel.10 ml 0.1 mol ! acetate buffer (pH 5.5) solutions were passed
The resulting adsorbent is then used for the development dhrough it.
an efficient, simple and selective method for the column pre- Measurements of capacity for the chelating adsorbent were
concentration and flame AAS determination of nickel in salineperformed in column mode. A 100 ml portion of a 100 m§|
samples. Since the recovery of the metal ion in the developedhetal ion solution at pH 5.5 (buffered in 0.01 motlammonium
system can depend on a variety of factors, whose relative imporcetate/acetic acid buffer) with a flow rate of 4 ml mtrwas
tance is unknown, a fractional factorial design is applied to theised for saturation of the column. The column effluent was tested

optimization of the experimental conditiof0]. occasionally in order to ensure saturation of the column with
analyte. After washing with 5ml acetate buffer (0.01 md))

2. Experimental to displace non-bound metal ion from the void, the column was
eluted with 10 ml of 1 molt* hydrochloric acid and determined

2.1. Apparatus by flame AAS.

Preconcentration and recovery experiments were performed

A flame atomic absorption spectrometer (Shimadzu AA-670py pumping a known volume of a buffered test solution through
Japan) employing an air-acetylene flame was used for determa pretreated 0.25 ml column. The column was then washed with
nation of nickel and other elements under manufacture’s reca 5ml 0.01 molt? acetate buffer and eluted by 5ml 1 mot|
ommended conditions (conditions for Ni: lamp current 4 mA, hydrochloric acid (unless otherwise stated). The eluate was col-
slit 0.15nm, wavelength 232 nm). No background correctiodected in small capped vessels and measured by flame AAS
was used. An ETAAS (Shimadzu AA6650, Japan) with a deu-against matched standards.
terium lamp background correction was used for determinations The detection limit of the method was calculated from the
of nickelin food samples. Hollow-cathode lamps were employedimount of Nf* causing an absorbance of more than three times
as radiation sources. For pH determinations, a Jenway mod#ie standard deviation of a blank that was treated in the same
3020 with a combined glass electrode was used after calibrationay.
against standard Merck buffers. Polpropylene tubes with 5.5 mm For preparation of the table salt and baking soda solutions,
i.d. were used with two end frits for holding the adsorbent. Aa known amount (about 17 g) of the powdered samples were
peristaltic pump (Eyla, Japan) was used for pumping solutionglissolved in 8 ml concentrated HCl and diluted to 1 | with doubly

through columns. distilled water. The baking soda sample was swirled for some
time in order to remove the produced gasses before dilution to
2.2. Chemicals and reagents the volume. The required volumes of the samples were then pH

adjusted by dropwise addition of 1 mofi sodium hydroxide

Homocystine and other chemicals and reagents were of anaelution and analyzed with essentially the same method as the
lytical reagent grade (Merck, Germany) and used as receivetest samples.
Doubly distilled water, prepared by a totally glass Fisons (UK)
double distiller and was used for all the dilutions. Cross-linked2.4. Preparation of homocystine—-Novarose adsorbent
and epoxy activated agarose (Novarose) was a gift from Ino-
vata AB (Stockholm, Sweden) with 40—6fn particle size. About 0.6 g of the ligand was dissolved in 40 ml 0.5 mdi|
Before use, Novarose was thoroughly washed with a 20 ml poNa,COs; and the solution’s pH was adjusted by 0.1 mdl|
tion of water, hydrochloric acid (1 mott) and acetate buffer sodium hydroxide on 12.2. The solution was then added to
(0.1 mol 1, pH 5.5), respectively. The table salt and bakinga magnetically stirred suspension of 2ml of epoxy activated
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Table 1 Table 2

The factors included in the fractional factorial design Capacity of the homocystine—Novarose adsorbent for different metdl ions
Symbol Parameter Low (—) High (+) Metal ion Capacity (wmol mt1) S.Db
A pH 5.5 6.5 cwt 48.6 1.4

B lonic strength (molt1) 0.01 0.5 NiZ* 18.7 0.1

C Column length (mm) 5 15 PE?* 11.2 0.2

D Flow rate (mlmirrl) 5.5 10 Cd?* 3.8 0.1

E Sample volume (ml) 25 150 Hg?* 4.6 0.2

a Experimental conditions: sample volume 100 ml, pH 5.5, metal ion con-
. . . _ centration 100mgt, acetate buffer concentration 0.01nol) flow rate
Novarose particles in 10 ml water and agitated for 24 h. The mix4.0 mimirr?, eluent, 10 ml HCI (1 mottl), 0.5 ml column.

ture was then filtered and the adsorbent was washed by 20 mP Standard deviation for triplicate measurements.
portions of 0.5molt! HCI, water, ethanol and water again,
respectively. Deactivation of the remaining active sites was madé&he rest of the work was focused on nickel and optimization of
by suspension of the adsorbent in 25 ml of a 1 mbldodium  the experimental conditions for its preconcentration. However,
hydroxide solution and agitation for an extra 24 h. Finally thethe adsorbent can probably be used for the preconcentration of
adsorbent was washed by water and ethanol and storetCat 4 copper and some other heavy metals as well.
in 20% ethanol.

3.2. Effect of pH on the recovery

2.5. The fractional factorial design test ]
Effect of pH on the accumulation and recovery ofNirom

For performing the factorial design test, five parameters weréh€ column was studied in a pH range of 2.0-9.0. As shown
chosen as variables and tested at two levels. The parameters wétd™ig- 1, the recovery increases rapidly with increasing pH,
pH, ionic strength, column length, flow rate and sample volume@S expected18], and gets to its maximum over a pH range
The high and low levels defined for them are listedable 1. of 5.5-6.5. A gradual decrease of recovery is observed in pH

For five variables with two levels for each, there af@p32  levels higher than 6.5, probably due to partial hydrolysis of the
possible combinations in a full factorial design. An incomplete@nalyte. For subsequent experiments, pH 6.0 was usually used
design allows one to select an effective sample from the tota®S the working pH.
experiments by a procedure based on the advantages of random-
ized testing and balancing of two-factor interactifi@j. Inthis ~ 3-3- Effect of volume and concentration of eluent
case we selected®2! = 16 experiments using the computer pro-
gram STATGRAPHIC$21]. We also added three center points For the achievement of a maximum preconcentration factor,
in order to have an estimate from the experimental error. At is often desirable to use a minimum volume of an eluent for
ANOVA test was used in order to identify the effect of individual the column elution. A lower eluent concentration also reduces
factors and their second order interactions. Higher order inteh® consumption of chemicals and the risk of possible contam-
actions were assumed to be negligible in the half fraction desighations. The minimum amount of HCl required for a complete
applied. The recovery was defined as the dependent variable aftion of nickel was tested by using various HCl volumes and

the five selected factors as independent variables in this test. concentrations. Using acid volumes between 2 and 10 ml indi-
cated that a minimum volume of 5 ml suffice. Using concentra-

tions between 0.01 and 2 mofi of the eluent also indicated that
a HCI concentration of 0.5 matt is sufficient, for the achieve-
ment of a quantitative recovery.

3. Results and discussion

3.1. Synthesis and capacity of the adsorbent

Homocystine contains tweNH- groups that are sufficiently 25
strong nucleophils to react, in an alkaline pH, with the epoxy 100 4
groups of the activated Novarose. The capacity for copper at pH 80 4
5.5 is usually considered as a measure of the progress of the
reaction[22]. The binding capacity of the synthesized adsor-
bent was measured for five metal ions at pH 5.5. As it is shown
in Table 2the capacity for copper is 48.61 (+1.4dmol/ml 20 1
packed adsorbent and for the other metal ions is in the order of 0 .
Cuw?*>Ni%* > Pt > Hg?* > Cd?*. The results for copper indi- 2 3 4 5 6 7 8 9
cate a reasonably good progress of the reaction and the diver- pH
sity of the capacities for different metal ions indicates a good _

. . Ok 1 Fig. 1. Effect of pH on the recovery of Rli from a 0.25ml Homocystine—

SeIeCtIVIty of the adsorbent. The cap.a.cny for“Nis 18.69 Novarose column. Experimental conditions: sample volume 30 mf;, &6n-
(£0.13)pmol/ml that seems to be sufficient for the accumula-centration 0.5mgi?, acetate buffer concentration 0.01nTdh) flow rate
tion of trace concentrations of this metal ion in natural sampless.o mimin-2, eluent 10 ml HCI (1 molt?).

60

Recovery (%)

40
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Table 3 Table 4

Results of the ANOVA test for recovery Effects of sample flow rate and column length on the recovery &f Ni

Source Sum of squares d¥. Mean square F-ratio pP Experiment no. Flow rate Column length Recovery (%)
(mlmin—1) (mm)

A: pH 175.79 1 175.79 3.25 0.1144

B: ionic strength 79.45 1 79.45 1.47 0.2648 1 55 10 99.8 (+0.9)

C: column length 432.67 1 432.67 8.00 0.0255 2 8.1 10 100.4 (+£1.2)

D: flow rate 1596.18 1 1596.18 29.52  0.0010 3 10.0 10 99.8 (+£0.9)

E: volume 74.34 1 74.34 1.37 0.2794 4 12.5 10 101.3 (+1.3)

AB 69.89 1 69.89 129 0.2930 5 8.0 15 99.5 (+£0.9)

AC 237.48 1 237.48 4.39 0.0744 6 8.0 10 101.1 (+0.7)

AD 53.15 1 53.15 0.98 0.3545 7 8.0 5 94.4 (+£0.7)

AE 439.15 1 439.15 8.12 0.0247 8 8.0 3 82.86 (£3.34)

BC 226.00 1 226.00 4.18 0.0802 - — -

BD 115.29 1 115.29 213 0.1876 Experimental conditions are ashig. 1. o _

BE 169.27 1 169.27 313 0.1202 @ The numbers between parentheses are standard deviations for three repli-

cD 202.75 1 202.75 375 0.0940 Cates.

CE 121.13 1 121.13 2.24 0.1781

DE 48.36 1 48.36 0.89 0.3758 Vvalue ofits associated estimated effect or the standardized effect.

Total error 378.53 7 54.07 The most important effects correspond to factor D (flow rate),

factor C (column length) and the AE interaction (interaction
between pH and sample volume). These effects ghealues

less than 0.05, indicating that they are statistically significant
at a 95.0% confidence level. Hence, the effects of these factors
were studied more carefully.

a d.f., degrees of freedom.
b p, probability for F-test.

3.4. The factorial design and optimization

The relative importance of different variables and the poss 5
sibility of interactions between them were studied using a half
fraction factorial design test. The low and high levels for the  Eect of sample flow rate, the most significant factor, on the
factors were selected according to our previous experiences a?é’covery was studied by variation of the flow rate, keeping other
some preliminary experiments. Although pH was already studgonditions constant. As it is shown in the upper parTatle 4,
ied (seeFig. 1), it was included in the test in order to study its 4yanitative recoveries were obtained up to the maximum pos-
possible interactions with other factors. The low and high pHgjpie flow rate used (12.5mImin) for a 10 mm column. By
levels were hence, defined in the range that quantitative recoyising higher flow rates a high back-pressure was encountered.
eries were already obtained, i.e. pH 5.5-6.5. The other factorig jay he concluded that the significance of this factor is shown
studied were ionic strength, column length, flow rate, and s:amplgp only in a short column.

volume (seefable 1). _ _ _ Study of the effect of column length in a flow rate of
By performing the 19 runs (including three center pomts)8m|mm—1' indicated some loses of the analyte in 5mm and

in randomized order, recoveries in the range of 40.39-105.27%qrter columns. The results have been shown in the lower part
were obtainedTable 3depicts the data of the ANOVA test per- ¢ Taple 4.

formed by the STATGRAPHICS prograrfig. 2represents the No significant interaction between the effects of flow rate and

standardized Pareto chart which is a horizontal bar-chart. Thggumn length (CD interaction) is observed in the ANOVA table,

length of each bar on the chart is proportional to the absolutge they are additive factors. The two factors are also principally
interrelated and both affect the so-called “contact time” of sam-
ple with the column. The contact time here refers to the time
that an infinitesimal sample volume spends in a packed column.
Fig. 3shows the effect of this new factor (the contact time) on
the column recovery. One can conclude that for achievement of
quantitative recoveries the spending time of the analyte in the
homocystine—Novarose column, should not be less than about
14s.

Effect of sample flow rate and column length

3.6. Effect of sample volume at different pH

The results of the ANOVA table (Table 3) indicate that the
interaction between sample flow rate and pH is significant. In
order to find out the combination effects of these two factors the
effect of sample volume on the recovery ofNivas studied at
two different pH levels of 5.5 and 6.5. ASg. 4depicts, no sig-

Fig. 2. Standardized Pareto chart for recovery. nificant changes in the recovery are observed after enrichment
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110 A Table 5
Effect of some diverse ions on the recovery of Ni
1 E *
= 00 Matrixion ~ Concentration ~Matrixion/Ni?*  Ni%*recovery = S.D2
fg i (mg 1) mass ratio (%)
2 Na* 11500 23000 99.1 0.5
2 80 Mg2* 200 400 100.1 0.5
ca* 200 400 100.6 0.8
% Mn2* 10 20 100.9 1.4
2 Cd?* 10 20 99.8 0.6
! : : ' : : zn?* 10 20 100.5 0.6
0.5 1 1.5 2 2.5 3 35
cuw* 10 20 98.9 0.9

Contact time (sec)

] ] ) Sample pH 6.5 and other experimental conditions are &ginl.
Fig. 3. Effect of contact time on the recovery of?Ni The data have been  a Standard deviation of recovery for three replicates.
extracted fronfable 4.

added to some model samples as their nitrate, chloride, sulfate

100 4 % and acetate salt$able 5shows the effect of diverse ions on the

‘::::—t\‘ column recovery of Ni*. As the results illustrate, in no case a

significant effect is observed. The stated ion concentrations in

the table are the maximum concentrations used. The method,
hence, may tolerate higher concentrations of the matrix ions as
well.

For a sample volume of 500 ml and a preconcentration factor
40 - of 100, a detection limit of 0.4@g |~ was obtained for the Rt
measurements with a flame AAS instrument. By the use of more
sensitive techniques such as ET-AAS much lower detection lim-
its can, certainly, be obtained. An estimate of the precision of the
preconcentration technique (expressed as RSD) was calculated

by eight replicated analysis at§ilevels of 0.5 and 0.05 mgt
Fig. 4. Effect of sample volume at different pH. Sample flow rate 8 mithin to be 1.5 and 4.4%, respectively.
eluent 5ml of 1 molt! HCl and other experimental conditions are aFig. 1.

o0
(=}
1

¢ pHo6.S
A pHS5S5

Recovery (%)
g

20 T T T 1
100 200 300 400 500
Sample volume(ml)

3.8. Application for real samples
of up to 500 ml sample at pH 6.5. On the other hand, at the

lower pH level, less sample volumes can be applied and, as a The proposed method was applied to the determination of
result, lower preconcentration factors are achieved. This mayjckel in table salt and baking soda samples. Direct nickel
be explained by the more stability of the Ni-homocystine cometermination in the samples dissolved in double distilled water
plexes at the higher pH level. Therefore, pH 6.5 was used ifyas not possible by ETAAS due to a very high background

subsequent experiments. absorbance observed. The validation of the method was done by
spiking the samples solutions by a known amount of nickel and
3.7. Analytical performance recovery measurement after sample preconcentration on the col-

umn. The results (shown ifable 6) indicate good agreements
The preconcentration procedure for trace metals can bketween the added and recovered nickel in the samples. This
strongly affected by other constituents that are naturally presetindicates that despite of the high ionic strengths of the sam-
in a sample. For this reason, the reliability of the proposegle solutions (approximately, 0.3 mofl for the table salt and
method was examined by recovery measurements in the pre8-2 mol I-1 for the baking soda) quantitative recovery of nickel
ence of possible interfering ions. The interfering metal ions werédnas been achieved by the system.

Table 6
Application of the homocystine—Novarose adsorbent for the determination of nickel in food samples
Sample Sample volume (ml) Nickel added (pgl) Nickel found? (ug 1-1)P Nickel found (ug g~1)°
Table salt (17.55g1') 500 - 2.26 (+0.19) 0.128 (+£0.013)
100 10 11.76 (£2.9)
Baking soda (16.8 gf') 100 - 2.68 (+1.53) 0.159 (+0.093)
100 10 11.64 (+0.88)

Sample pH 6.0 and other experimental conditions are &gginl.
a8 Measured by ETAAS after preconcentration on the column.
b The numbers between parentheses are confidence limityfeake of 0.05 and = 3.
¢ Calculated concentrations in the dry samples.
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It is concluded that the chemical bond between the ligand[6] E. Vanova, K. Benkhedda, F. Adams, J. Anal. At. Spectrom. 13 (1998)
and the epoxy groups of the agarose support results in a stable 527.
adsorbent that is efficient for the quantitative recovery of nickel [/ H- Chang, Y. Sung, S. Huang, Analyst 124 (1999) 1695.

. - . ([18] K.A. Tony, S. Kartikeyan, B. Vijayalakshmy, T.P. Rao, C.S. Padmanabha

from high salt samples. In comparison with other agarose-base lyer. Analyst 124 (1999) 191
adsorbents reported else\(vhéilé—w], homOCYStlne—agarose [9] P.H. Lin, K.S.K. Danadurai, S.D. Huang, J. Anal. At. Spectrom. 16
possesses a higher selectivity toward$"Nin saline solutions, (2001) 409.
amore selective adsorbent will be superior as it removes matrit0] Y. Yin, C.W. Carter Jr., Nucl. Acids Res. 24 (1996) 1279. _
ions more efficiently. The proposed method is sensitive, precisétl] S Cerutti, S.L.C. Ferreira, J.A. Gasquez, R.A. Olsina, L.D. Martinez,

lective and free from common inorganic interferences. A sin- ). Hazard. Mater. BL12 (2004) 279.
se . g ) : [12] S.L.C. Ferreira, W.N.L. dos Santos, M.A. Bezerra, V.A. Lemos, J.M.
gle packed column with the adsorbent did not show any changes * gosque-Sendra, Anal. Bioanal. Chem. 375 (2003) 443.

in its properties after about 300 times of enrichment—elution13] B. Izgi, C. Demir, S. Gucer, Spectrochim. Acta Part B 55 (2000)

cycles during more than 4 months of usage. 971.
[14] O. Nekrassova, N.S. Lawrence, R.G. Compton, Talanta 60 (2003)
1085.
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