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bstract

2-{[1-(2-Hydroxynaphthyl) methylidene] amino} benzoic acid (HNMABA) was synthesized for solid phase extraction (SPE) to the determination
f Co, Cu, Ni, Zn and Cd in environmental and biological samples by flame atomic absorption spectrophotometry (FAAS). These metals were
orbed as HNMABA complexes on activated carbon (AC) at the pH range of 5.0 ± 0.2 and eluted with 6 ml of 1 M HNO3 in acetone. The effects
f sample volume, eluent volume and recovery have been investigated to enhance the sensitivity and selectivity of proposed method. The effect of
nterferences on the sorption of metal ions was studied. The concentration of the metal ions detected after preconcentration was in agreement with

TED

he added amount. The detection limits for the metals studied were in the range of 0.75–3.82 �g ml−1. The proposed system produced satisfactory
esults for the determination of Co, Cu, Ni, Zn and Cd metals in environmental and biological samples.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Nowadays determination of trace metals in environmental
amples is essential, because of these metals have been used
n various industries. Various techniques have been reported
or the determination of trace metals in environmental sam-
les. Flame atomic absorption spectrometry (FAAS) has been
idely used for the determination of trace metal ions. How-

ver, direct determination of metal ions at trace levels by
AAS is limited due to their low concentrations and matrix
nterferences [1]. In trace analysis, therefore, preconcentration
eads to simplified trace metal determination. Several methods
f preconcentration include solvent extraction [2,3], adsorp-

ETR

ion [4,5], membrane extraction [6], coprecipitation [7–9],
on-exchange [10,11]. But, solid phase extraction (SPE) is

ultielement preconcentration methods because of its sim-
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licity, rapidity and ability to attain a high concentration
actor.

Activated carbon has been widely used for many purposes due
o its ability [12–17], to adsorb organic compounds and organic

etal complexes. Enrichment of trace metals using activated
arbon has been carried out with very high preconcentration
actors in different matrices [18–28]. The standard method for
etermination of trace metals in environmental samples involves
he use of ammonium pyrrolidine dithiocarbamate for complex
ormation, followed by extraction of the metal complex with
ethyl isobutyl ketone (MIBK) [29] and subsequent determined

y flame atomic absorption spectrometry. The disadvantages
f above reported techniques are the large amount of solvent
equired and time consuming.

Hence, there is a need to develop simple, sensitive reagent
hat requires less solvent preconcentration method for the deter-
ination of metal ions in various environmental matrices. In the
resent study, 2-{[1-(2-hydroxynaphthyl) methylidene] amino}
enzoic acid (HNMABA) was synthesized and impregnated
nto activated carbon for the preconcentration of Co, Cu, Ni,
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n and Cd in environmental and biological samples. The metals
etermination was performed by FAAS.

. Experimental

.1. Apparatus

Flame Atomic Absorption Spectrometer (Perkin-Elmer
odel AAnalytst100) was used to determine metal concentra-

ions using an air/acetylene flame. The instrumental parameters
ere those recommended by the manufacturer were represented

n Table 1. The SPE was performed using 25 ml polyethylene
ubes and frits. A digital pH meter (Elicho Li 129 model) was
sed for all pH measurements.

.2. Reagents

All reagents and solvents were standard analytical grade and
sed without further purification. Double distilled water has been
sed for all reagents preparation. Working standard solutions of
o, Cu, Ni, Zn and Cd (Merck Chemicals, Mumbai, India) were
repared by stepwise dilution of 1.0 �g ml−1. Sodium acetate
uffer solution was prepared by adding an appropriate amount of
cetic acid to sodium acetate solution until pH 5.0 was attained.

.3. Synthesis of 2-{[1-(2-hydroxynaphthyl) methylidene]
mino} benzoic acid

2-Hydroxy1-naphthaldehyde (0.138 g, 1 mmol) and
nthranilic acid (0.137 g, 1 mmol) were dissolved in dry diethyl

ther and the mixture was stirred at room temperature for 3 h. The
olvent was removed on a rotary evaporator to get red colored
chiff’s base HNMABA, which was recrystallized in ethanol.
cheme of the reagent preparation was shown in Scheme 1.

able 1
nstrumental conditions for the determination of cobalt, copper, nickel, zinc and
admium with HNMABA impregnated on activated carbon using SPE

lame: acetylene–air (l min−1)
Acetylene 2.0
Air 15

ollow cathode lamp Homonature photonics L 233 lamp
amp current 12 mA
lit width 0.5 nm
urner height 7 mm

ave length (nm)
Cobalt 240.7
Copper 324.8
Nickel 232.0
Zinc 213.9
Cadmium 228.8

easurement mode Background correction

etection limits (�g ml−1)
Cobalt 1.09
Copper 0.75
Nickel 1.72
Zinc 1.10
Cadmium 3.82
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RETRA
cheme 1. Synthesis of 2-{[1-(2-hydroxynaphthyl) methylidene] amino} ben-
oic acid.

.4. Metals preconcentration procedure

.4.1. Batch method
An aliquot of 100 ml of sample solution containing

.1 �g ml−1 of each metals Co(II), Cu(II), Ni(II), Zn(II) and
d(II) was taken in a 250 ml glass stoppered bottle. Before taking

hese aliquots pH was previously adjusted to a value. Then 0.1 g
f activated carbon impregnated with HNMABA was added to
he bottle and the mixture was shaken for 30 min. After filtration,
he substrate was eluted with 6.0 ml of 1 M HNO3 in acetone.
he concentration of metal ion in the eluate was determined by
AAS.

.4.2. Column method
AC loaded with 2-{[1-(2-hydroxynaphthyl) methylidene]

mino} benzoic acid (1.0 g) was packed in a glass column
1.0 cm × 10 cm) and treated with 1 M HNO3 in acetone [30]
ashed with double distilled water until the AC was free

rom acid. A suitable aliquot of the solution containing Co(II),
u(II), Ni(II), Zn(II) and Cd(II) was passed through the col-
mn, after adjusting its pH to an optimum value at a flow rate of
.5–3.0 ml min−1. The column was washed with double distilled
ater in order to remove free metal ions. The eluate of the metal

ons from the AC was carried out by 1 M HNO3 in acetone. The
luate was collected in 25 ml calibrated flask and made up to the
ark with double distilled water. Finally, this aliquot was aspi-

ated into the nebulizer of FAAS for the determination of Co(II),
u(II), Ni(II), Zn(II) and Cd(II) in various environmental and
iological samples.

.4.3. Determination of metal ions in water samples
The optimized preconcentration method (AC-HNMABA)

as used applied to preconcentrate Co(II), Cu(II), Ni(II), Zn(II)
nd Cd(II) ions in water samples collected from the industrial
reas (Gajulamanyam) and Gram Panchayaty taps (Chandra-
iri), followed by their determination with by FAAS. The

CTED
stimation of all these metal ions concentration was made with
nd without (referred as direct determination) standard addi-
ion (S.A.) by passing 1000 ml of water sample (spiked with
0–100 �g of each of the five metal ions in the case of standard
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ddition method) through the column packed with 1.0 g of matrix
fter adjusting the pH to an optimum value and determining the
etal ion as described in the recommended column procedure.
he elution was made with 1 M HNO3 in acetone was used. The

esults obtained are given in Table 6 and reflect the suitability
f the preconcentration column method using AC-HNMABA
or water analysis. The concentrations reported in Table 6 as
stimated by standard addition method are the values obtained
y subtracting the amount of metal added for spiking from the
otal metal recovered. The closeness of results of direct and stan-
ard addition method indicates the reliability of present results
f good agreement were obtained between the direct and stan-
ard addition methods indicating the reliability of the proposed
ethod for metal analysis in water samples.

.4.4. Determination of Co in pharmaceutical samples
Solid phase extraction with using AC-HNMABA coupled

ith FAAS method of determination was applied to determine
obalt in pharmaceutical samples. The contents of vitamin B12
s Cobalt in four ampoules for injection were decomposed in
50 ml round-bottom flask by heating with a 5.0 ml mixture

ontaining concentrated nitric and sulfuric acids (10:1) on a hot
late until near dryness [31]. A drop wise addition of concen-
rated nitric acid was needed to obtain a colorless residue. The
esidue was neutralized with a dilute sodium hydroxide solu-
ion, and was then diluted to an appropriate volume (50 ml). The
obalt contents were analyzed using 2.0 ml of the solutions by
he recommended procedure. A standard method using Nitroso-

salt has also been used [32] as a reference method. The results
re given in Table 5.

.4.5. Determination of Zn in a milk sample
A sample of powdered milk (1.0 g) was heated in a beaker

ontaining mixture of concentrated sulphuric acid (10 ml) and
itric acid (4 ml) till a clear solution was obtained. It was allowed
o cool and most of the acid was neutralized with sodium hydrox-
de. The pH was adjusted to optimum value and the volume was

ade up to 500 ml. The concentration of zinc was estimated by
assing the solution through the column packed with HNMABA
oaded AC. The metal ion was eluted from the column using 6 ml
f 1 M nitric acid in acetone and determined using FAAS. The
verage (three determinations) amount of zinc was found to be
8.55 �g g−1 (R.S.D. ∼4.28%). The reported value of zinc in
he milk sample is 38.0 �g g−1. The determination of zinc in a
owdered milk sample was performed in triplicate. The results
btained (38.0 �g g−1 ± 4.28%) were in good agreement with
hose reported for this sample (38.0 �g g−1), which indicates the
uitability of this method for zinc determination in this kind of
atrix.

. Results and discussion

.1. Effect of pH

RETR
pH is an important parameter, because its significantly affects
he metal–AC-HNMABA complex formation. The effect of pH
nd complexation of metal ions with AC-HNMABA was studied

6
c
r
w

Fig. 1. Effect of pH.

y adding 100 �g of each of element individually in 150 ml
oubly distilled water and determined by complexing with AC-
NMABA in the pH range of 2.0–7.0 as shown in Fig. 1. The

esults indicate maximum recovery was obtained at pH 5.0 ± 0.2
or all the elements. So, pH 5.0 ± 0.2 was selected as further
nvestigation.

.2. Effect of sample volume

The effect of sample volume on the elution of Co, Ni, Zn and
d was studied by taking different volumes of various samples,
00, 200, 300, 400, 500, 600 and 700 ml. The extraction was
arried out as described in the earlier procedure. In all cases the
ecovery obtained was higher than 98.5% for all these elements.
owever, the efficiency of recovery slightly decreases when the

ample volume was more than 60 ml. Hence, 600 ml of water
ample was chosen for the present study.

.3. Effect of flow rate of sample volume

The degree of metal ion sorption on AC-HNMABA was
tudied by varying the flow rate of the metal ion solution
sample solution). The optimum flow rate for loading all these
etal ions was 0.5–3.0 ml min−1. As flow rate increases beyond

.0 ml min−1, there was a decrease in the percentage of sorption
f metal ions. Hence, 3.0 ml of sample solution was chosen for
urther investigation. The obtained results were represented in
ig. 2.

.4. Total sorption capacity

A volume of 150 ml solution containing 100 �g of each
etal (pH 5.0 ± 0.2) was placed in contact with 0.5 g of AC-
NMABA at constant stirring (rpm) during 24 h and the sorption

apacity of the AC-HNMABA was determined by column
ethod. The solid matrix was filtered and washed with dou-

le distilled water. Then the sorbed metal ions were eluted with

CTED
.0 ml of 1 M HNO3 in acetone and determined by FAAS to cal-
ulate sorption capacity of the column. The results obtained are
eported in Table 2 (discuss above results). The batch method
as also used to determine the sorption capacity and similar
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Table 2
Analytical parameters

Experimental parameters Metal ions

Co(II) Cu(II) Ni(II) Zn(II) Cd(II)

pH range 5.0 5.0 5.0 5.0 5.0
Flow rate (ml min−1) 0.5–1.5 1.0–3.0 2.0–3.0 0.5–2.5 1.5–2.5
Sorption capacity (�mol−1 g) 223 465 259 195 98
Average recovery (%) 99.6 97.8 98.7 99.0 97.2
Standard deviation 0.048 0.036
Relative standard deviation (%) 4.390 3.780
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Fig. 2. Effect of flow rate on sorption capacity of metal ions.

esults were obtained. It was found to be nearly same (variation
5%) by the two methods.

.5. Preconcentration efficiency

The efficiency of the AC-HNMABA column for the sorp-
ion of metals was studied by using 450 mg of AC-HNMABA
n comparison with 450 mg of AC for preconcentration of met-
ls in a model solution. Starting with 40 �g of each metal in
0 ml of solution, the quantity of unretained metals in the fil-
rate was determined by FAAS. The percentage sorption of the

etals retained on the sorbents was calculated from the dif-
erence between the starting amount of each metal (mg) (Ns)

TR

nd the amount of metal (mg) left in the filtrate (Nf). The AC-
NMABA can retain all the metal ions while the untreated AC

annot quantitatively retain Co, Cd, Ni and Zn. Evidently, the
reconcentration of the metals with the untreated AC is not suit-

w
s
t
t

able 3
nrichment factor for the determination of Co, Cu, Ni, Zn and Cd with HNMABA im
ilk samples

etal ion Total volume (ml) Concentration (ng ml−1) Final volume

o(II) 2500 8.0 15
u(II) 3000 6.7 10
i(II) 1000 20.0 10
n(II) 3000 5.0 10
d(II) 2500 10.0 10

a Present method.

RE
0.020 0.029 0.037
2.279 2.750 4.018

ble for Co, Cd, Ni and Zn. Therefore, AC-HNMABA seems
o be a better sorbent in simultaneous sorption of the studied
lements at pH 5.0 ± 0.2.

.6. Preconcentration and recovery of metal ions

Enrichment factor was determined by increases the dilution
f metal ion solution increasing metal dilution while keeping the
otal amount of loaded metal ion fixed at 15 �g for Cd and 20 �g
or Co, Cu, Zn or Ni and applying the recommended column pro-
edure. The preconcentration factors for Co(II), Cu(II), Ni(II),
n(II) and Cd(II) are 175, 310, 100, 299 and 246, respectively,
re shown in Table 3.

.7. Method evaluation

The proposed column preconcentration solid phase extraction
ethod was critically evaluated with regard to reproducibility,

ccuracy and detection limit.

.7.1. Reproducibility
To test the reproducibility of proposed column solid phase

xtraction method, four repetitive analysis cycles of each sample
ere run. A %R.S.D. in the range 0.6–6.0 were obtained as

hown in Tables 5 and 6.

.7.2. Accuracy
The accuracy of the proposed column preconcentration solid

CTED
ith those obtained by the reported method [33]. The results
hown in Tables 5 and 6 reveals that the good correlation between
he two methods indicative of present method is more sensitive
han the reported method in the literature [33].

pregnated on activated carbon using SPE in various water, pharmaceutical and

Recovery Preconcentration factora Preconcentration factor [33]

98.2 175 167
98.3 310 300
98.3 100 100
98.6 299 300
97.6 246 250
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Table 4
Tolerance limit of electrolytes

Foreign species Metal ion

Co(II) Cu(II) Ni(II) Zn(II) Cd(II)

NaCl (mol l−1) 0.150 0.500 0.150 0.300 0.090
NaBr (mol l−1) 0.035 0.085 0.025 0.015 0.075
NaNO3 (mol l−1) 0.015 0.550 0.460 0.060 0.180
Na3PO4 (mol l−1) 0.030 0.100 0.020 0.085 0.010
(NH4)2SO4 (mol l−1) 0.200 0.690 0.255 0.070 0.150
Na(I) (mol l−1) 0.145 0.050 0.090 0.220 0.020
Ca(II) (mol l−1) 0.150 0.300 0.220 0.280 0.075
Mg(II) (mol l−1) 0.160 0.700 0.500 0.500 0.020
Humic acid (�g ml−1) 7.0 26.0 16.0 9.0 13.0
Ascorbic acid (mmol l−1) 0.560 0.380 0.655 0.215 0.750
Citric acid (mmol l−1) 0.460 1.100 0.115 0.150 0.800
E
T
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Table 5
Determination of cobalt in B12 vitamin ampoules

Sample Cobalt founda (�g ml−1);
R.S.D. (%, n = 4)

Cobalt foundb (�g ml−1);
R.S.D. (%, n = 4)

1 44.9 ± 1.2 45.3 ± 2.4
2 46.8 ± 0.9 46.7 ± 1.5
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P
2
P

DTA (mmol l−1) 0.007 0.005 0.002 0.004 0.009
artaric acid (mmol l−1) 0.325 0.055 0.220 0.515 0.300

.7.3. Detection limits
Under optimized conditions the detection limits for the deter-

ination of metal ions using column preconcentration solid
hase extraction method was presented in Table 1.

.8. Effect of electrolytes and cations

The effect of electrolytes NaCl, NaF, NaNO3, Na2SO4 and
a3PO4, NaI and other foreign species on the sorption of Co(II),
u(II), Ni(II), Zn(II) and Cd(II) onto AC-HNMABA matrixes
ere studied. According to [33] a species is considered to inter-

ere when it lowers the recovery of metal ions more than 2.5% in
omparison to the value observed in its absence. Each reported

olerance/interference is in the preconcentration and not in the
etermination by AAS, as checked with the help of reagent
atched standard solutions. The tolerance limits of various for-

ign species in the sorption of all the metal ions were studied

c
m
t
a

able 6
etermination of metal ions in water samples

ample collected Method Metal ion (�g ml−1)

Co (R.S.D.) Cu (R.S.

iver watera Direct 12.8 ± 1.9 19.7 ± 1.
S.A. 13.0 ± 1.2 20.1 ± 0.

ap waterb Direct 14.6 ± 0.9 24.6 ± 1.
S.A. 14.9 ± 1.2 24.4 ± 0.

irect, recommended procedure is directly applied; S.A., standard addition method;
a River water collected near Renigunta industrial area.
b Collected tap water from Chandragiri Gram panchayats.

able 7
omparison of the present method with the reported methods

eagent Instrumentation

iethyldithiocarbamates FAAS
hloromethylated polysterene-PAN FAAS
yrrolidine dithiocarbamate FAAS
-Aminoacetylthiophenol ICP-AES
resent method FAAS

RETRA
a Present method.
b Standard method using Nitroso-R salt [32].

Table 4). These values indicate that sorption on AC-HNMABA
s not much sensitive to foreign species.

. Applications

To evaluate the applicability of the preconcentration and
olid phase extraction of metal ions, it was applied to the
etermination of Co(II), Cu(II), Ni(II), Zn(II) and Cd(II) in
harmaceutical, water and milk samples. The analytical data
ummarized in Tables 5 and 6 suggest that the percentage of
he recovery of metal ions ranges from 98.50 to 99.82% which
s more reliable and sensitive than the metal reported in the
iterature.

It is evident from the data in Table 7 that the proposed method
s rapid, economical and more sensitive.

. Conclusion

The sorption capacities of the present method are compared
ith those of other chelating matrices. It shows in some cases

particularly those having Amberlite XAD-2 as support) higher

CTED
apacities in comparison to others may be obtained in terms of
etals with very few exceptions. A simultaneous preconcentra-

ion method for Co(II), Cu(II), Ni(II), Zn(II) and Cd(II) from
queous solutions on using an activated carbon impregnated

D.) Mn (R.S.D.) Zn (R.S.D.) Cd (R.S.D.)

2 6.2 ± 3.2 3.4 ± 3.2 4.0 ± 6.0
8 6.4 ± 3.0 3.1 ± 5.8 4.3 ± 3.5

3 12.8 ± 1.4 14.6 ± 1.6 7.2 ± 2.6
6 13.4 ± 1.2 14.5 ± 0.8 7.0 ± 1.6

R.S.D. (%), for four determinations.

Detection limits (�g ml−1) References

4–23 [25]
1–8 [26]

19–28 [27]
10–58 [28]

0.75–3.82 Present method
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cid column and batch methods were developed. The results
btained shows that the proposed method can be applicable for
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