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Abstract

Sensitive and selective preconcentration procedasedeveloped for the determination of trace
Cu(ll), Cd(Il) and Pb(ll) ions in environmental spi@s. 5(4-dimethyl aminobezyledeneamino)
2-hydroxy benzoicacid modified with activated carlwas prepared and used as new solid phase
extractor. Adsorbed metal ions were eluted with 16BN HNO; at a flow rate of 2 ml/min.
The concentration of metal ion determined by flasm@mic absorption spectrometry (FAAS).
Different factors including pH of the sample sobuig, effect of sample volume, the amount of
modified activated carbon, type and volume of eluegre examined. The proposed method was
applied to the determination of metal ions in waamples and soil samples with satisfactory
results (recoveries range from 96 to 99%).
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Introduction

The transition of metals including copper, cadmiama lead is an important risk for human and
animals, due to the increasing heavy metal conatoitr in the environment like water, soil and
atmosphere by the anthropogenic activities. Copigemwidely distributed in nature and

micronutrient for living organisms in some of th@nzyme system. Copper is used many
industrial process like alloy, electroplating, cheash fungicides and mining industries.

Cadmium and lead are toxic heavy metals for plant animals even at lower concentration.
These are used in large number of industries sacbattery manufactures, paints and alloys.
Their exposes to humans may cause vomiting, ioitatabdomen pain, disorder of respiratory

27



G. P. Maddaiahet al J. Chem. Pharm. Res., 2010, 2(2): 27-35

system, brain, nerve system, kidney, descriptiohevhoglobin and reproductive system (1-5).
Consequently, sensitive and reliable analyticalhom&$ and producer have important role to
evaluate the impacts of metal pollutants in envimtental samples.

Atomic absorption spectrometry (AAS) with its rélatlow cost good analytical performance is
the main instrument in the laboratories for theedwetnation of heavy metals. Accurate
determination of heavy metal ions in real sampkedlirectly difficult by atomic absorption
spectrometry because of low concentration of metalsch are near or below detection limit
and also matrix ions influence of analyzed sampk3( The separation and preconcentration
technigues are needed for solving this problem. dgnihe various preconcentration techniques
solid phase extraction (SPE) techniques have beéelywsed for the determination of trace
metal ions in aqueous samples, because of higlthenent factors in short time and low
consumption of reagent(10-13). Various solid phageaction materials including XAD resins
(14-16), modified silica gel(17-21), microcrystali naphthalene(22-24) and alumina(25-26)
have been used. Activated carbon is one of the ritapbsolid supports that has been used alone
or modified due to its large surface area, highogiifon capacity, porous stature, selective
determination and high purity standards. Theresakeral recent reports on the use of modified
activated carbon for metal enrichment (27-33).

In this present work 5(4 dimethyl aminobezyledenea)2 hydroxy benzoic acid was prepared
and modified with activated carbon for the solicaph extraction of Cu(ll), Cd (ll) and Pb(ll)
metal ions by AAS in natural water and soil samples

Materials and Methods

Experimental

Flame Atomic absorption spectrometer (Perkin-Elmedel 2380, USA)equipped with multi-
elemental hallow cathode lamp and air acetylenedyuwas used for the determination of
metals. ELICO deluxe pH meter used for preparatidouffer solution.

Reagents and Materials:

All chemicals were used of Analytical Grade (Memklie). Deionised double distilled water used
for through out experimental study. Stock solutdrCu (1), Cd (II) and Pb(Il) were dissolving
their nitrate salts in small amount of Hh@nd makeup with double distilled water. Acetate
buffer solution was prepared with 0.1M sodium aiegt@.1 M glacial acetic acid.

Synthesis of 5-(4-dimethylaminobezyledeneamino)-2¢troxy benzoic acid (DABIHBA)

0.01 mols of paradimethyl amino benzaldehyde wessotlied in methanol added with 0.01
mols of 5-amino salicylaldehyde in methanol. Thiea $olution was refluxed 3 hours and kept
freeze in over night. An orange colour solid waisrfed, filtered and recrystalized in ethanol.

Elemental analysis, calculated as % @f 8.6 N.Os: C, 67.59; H, 5.67; N, 9.85; Found: C, 67.61; H,
5.69; N, 5.82JR (KBR, cm'l): 3433(COO0H), 2919(0OH), 1663¢), 1604(C=N), 1542(€C).
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Preparation of Activated carbon

Activated carbon (40-60 mesh) was stirred with emtiation HCI for 1h, and allowed to stand
for 2 hr. After filtration, the AC was washed witlistilled water until free from acid and then
dried at 126C for 1hr.

Purified 5g of activated carbon stirred with 50 1% of DMABIHBA solution 30 min and
deposited for 2 hours after filtered the solutiow aried at 46C. Then the 100 mg of modified
activated carbon packed in the glass column (1in@6id, and 30 cm) with small amount of
glass wool because of to prevent the loss of adsbruring the sample passed through the
column.

Preconcentration procedure

The model solution(25 ml) containing Qd. of Cu, 0.0hg Cd, 0.08 of Pb metal ions pH was
adjusted to 4 with acetate buffer. Then the saluti@s passed through the column at a flow rate
of 5 ml/min. The adsorbed metal ions on the modifeetivated carbon in the column were
eluted with 10 ml of 3N HN@at the flow rate of 2 ml/min. The concentrationaofalyses was
determined by Flame atomic absorption spectron{E#AS).

Preparation of real samples

Tap Water and pond water were collected from Gallapillage near Tirupathi, Andhra
Pradesh, India. Before the analysis, the sample Wieered through cellulose membrane filter
(0.45 um pore size), acidified with 5 ml of concated nitric acid. The pH was adjusted to 4.0
with buffer solution. The sample was passed thrahghmini column. The absorbed metal ions
on modified activated carbon in column were eluteth 5 ml of 3N HNQ. Analytes
determined by Flame atomic absorption spectron{E#AS).

Sea water was collected from Bay of Bengal in Maagudi beach in Machilepatnam, Andhra
Pradesh, India. Before the analysis, the sample Wieered through cellulose membrane filter
(0.45 pm pore size), acidified with 5 ml of congateéd nitric acid. Then the above
preconcentration procedure was followed to thetswiu

The soil samples were collected from near induséieas around Tirupathi. The soil samples
dried in an oven at 166 and homonized with a sieved. Then 300 mg sailpba was weighted
and transferred into porcelain crucible. The saspvere burned in oven at 460for 3 hours
and the resulting inorganic residues were dissolwétt 5 ml of concentrated HNO This
solution boil until dryness and 3 ml of conc. HN®as added again. The final solution was
transferred to 50 ml volumetric flask and dilutedthwdistilled water. Then the above
preconcentration procedure was followed to thetswiu

Result and Discussion

Effect of pH

The effect of the pH test solution on the retent@nCu (II), Cd (Il), Pb (Il) ions studied.
Aliquots sample containing Qufj of Cu, 0.0hig Cd, 0.08 of Pb metal ions in the pH range 2.0-
9.0 were passed through the column and their corateims were measured after elution. The
results are shown figl. The results of this stutpwsed that metal ions were completely
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adsorbed on the adsorbent over the pH range d.8.0Fherefore, the pH 4.0 was selected for
further studies.

Amount of activated carbon

The amount of modified activated carbon was alsty waportant factor, because how much
adsorbent was required for quantitatively sepamatibanalytes from a agueous solution. The
amount of modified activated carbon loaded on thleran varied from 0.050 to 0.300 g. The
standard sample (25 ml) containing analytesu@ Cu (1), 0.08ug Pb and 0.0pg were treated
by applying preconcentration procedure. As resarsgiven in fig 2, in this study quantitatively
recoveries were obtained for 100 mg of modified Aterefore, all the further works 100 mg of
modified activated carbon was used.

Effect of sample volume

Effect of sample volume on the adsorption of me&iak on 100 mg of sorbent was studied by
passing of sample volume of 10-200 ml solutiong&@iomg 0.1ug Cu (I1), 0.05ug Cd (Il) and
0.08 ug Pb (II) metal ions through the column. The amaoinimetal ions was measured after
elution of adsorbed metals in the column by usigl of 3N HNQ_ The results are given in
fig 3. Quantitatively recoveries were achieved ttoe analytes from 25 ml of sample volume.
Therefore, 25 ml sample volume was chosen for éurstudies.

Effect of Flow rate

As the retention of analytes on adsorbent depepdasuhe flow rate of the samples solution, the
effect of flow rate was examined under the pH 4h®/passed sample solution through the mini
column with the flow rates carrying in the rangee® ml /minand elution flow rate in the range of
0.5-2 mli/min The quantitative recoveries of metal ions wdrtaimed with a flow rate of &nd 2
ml/min both sample and eluent.

Effect of type and volume of elution solution

The investigation of effect of eluent solution wasted to elute with HCI and HNG@t various
concentration and different volumes were adsorbetaimons in the column. The results are
given in table 4. Quantitative recoveries were iolgteh for analytes by using with the volume of
10 ml of 3N HNQ at a flow rate of 2 ml/min other than HCI. Therefot0 ml of 3N HNQwas
selected for further studies.

Effect of foreign ions

In order to examine the effect of various testedamiens in the optimum conditions, extraction
of these metal ions in the presence of some selenttal ions by have been carried out which
prompted to perform an intensive selectivity sttiol\yevaluate the possible interference of some
metal ions in the process of solid phase extraatib@u(ll), Cd(Il) and Pb(ll). Interferes ions
that may be contained with this ions were investida The interference effect of calcium,
magnesium and other alkali and alkaline earth i@newpresented in table 5. The table display
that these ions up to 1000 fold are negligible &gh selectivity for accurate and precise
determination of Cu(ll), Cd(ll) and Pb(Il) metah®in real samples.
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Application of real samples

The pre-concentration of Cu (ll), Cd (II) and PB {ftom aqueous solution on activated carbon
impregnated with 5(4 dimethyl aminobezyledenean@roydroxy benzoic acid (DABIHBA) in
environmental samples by FAAS method was developid. procedures were applied to the
determination of analytes in pond water, tap wated sea water samples. Reliability was
checked by spiking experiments and independenysisallhe results were presented tables 1-2.
The recovery of spiked samples is satisfacily rasgie and confirmed using this method,
which indicates applicability of the present pragedin the determination of Cu (Il), Cd (1l) and
Pb (Il) of natural water samples.

Table 1: Analytical results for determination of Cu(ll), Cd (II) and Pb (ll) in natural
water samples

Element addg{j Found® (ugL™) Recovery (%)
(ugL™)
PO”%:’J"ater 0 48+0.02
5 51.64+2.28 97.4
o 0 7.5+1.02
5 12.3442.0 98.7
Pb 0 39+3.6
5 43.24+3.03 98.3
Tap(‘:"l’fter 0 5.2+0.54
5 0.82+1.13 96.3
0 N.D
Cd 5 4.86+0.2 97.2
0 N.D
Pb 5 4.96+0.39 99.2

@ average value for three determination, “#' standhdeviation (n=3).

This method was also applied to the determinatio@uw(ll), Cd (Il) and Pb (Il) in real samples
including soil samples. Soil samples were collediesn different industrial sites of around
Tirupati. The results were presented table 3.

Table 2: Sea Waters-Determination of Cu (Il), Cd (Il) and Pb (ll) in sea water samples

Analyte Added Found? Recovery (%)
(ug L) (ug L")

Cu - 19.08+0.08
2.5 21.66+0.76 97.1

Cd - 13.97+0.34
2.5 16.02+0.69 97.3

Pb - 10.5+£0.30
2.5 12.88+0.76 99.1

@ average value for three determination, “#' standhdeviation (n=3).
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Table 3: Soil samples- Determination of Cu (1), Cdll) and Pb (ll) in soil samples

S.No Soil Sample Element Fourfougg®
1 Near poiner alloy Cu 1.72+0.24
industry Cd 0.88+0.08
Pb 6.19+1.47

2 Near distillery Cu 4.86+0.95

Industry Cd 0.42+0.09
Pb 2.05+1.05

3 Near sugar Cu 13.63+2.41
Industry Cd 0.84+0.05
Pb 0.49+0.24

@ average value for three determination, “#' standhdeviation (n=3).

Table: 4: Effect of type and concentration of eluehon the recoveries of metal ion
S(pH :4, flow rate 2 ml per minute)

Eluent type Volume (ml) Recovery (%)
3 N HNG; 10 98
3 N HNG;, 5 96
3 N HCI 10 92
3 N HCI 5 94
1 N HNO; 10 89
1 N HNO; 5 90
2 N HNOg; 10 91
2 N HNOg; 5 93
120 -
100 A
i 80 ——cu
g 601 —-—cd
& 40 —&—pb
20
(]

Fig:1 Effect of pH on recovery of metal ions(amounbf analytes 0.1ug Cu, 0.05ug Cd,
0.08ug Pb; eluent:3N HNQ)
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Table: 5-Effect of matrix ions on the recoveries of the examined metans

ion Tolerance limit
Na" 1000
K* 1000
cr 1000
Mg* 600
HCOy 1000
PO* 500
Zn*, c&*, Ag', A*Y, CP', Ho* 100
120 ~
100 A
RS
> 804 —e—cu
g 60 - —=—cd
® 40 - —a—pb
o
20 A
0 L) T T T T T
25 50 100 150 200 250
modified Ac in mg

Fig:2 Effect of amount of modified aviated carbonon recovery of metal ions (pH:4;
amount of analytes 0.1ug Cu, 0.05ug Cd, 0.08ug Rduent: 3N HNOy)

120 ~
100 A

80 - —é—cCu
60 - —&—cd
40 A —&—pb
20 -
0 T T T T 1
10 25 50 100 200
Sample (ml)

Recovery %

Fig:3 Effect of sample volume on recovery of metabns (pH:4; amount of analytes 0.1ug
Cu, 0.05ug Cd, 0.08ug Pb; eluent:3N HN£§
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Scheme
CHO COOH
COOH
H,N
+ _3hrs oy C=N OH
reflux / H
OH
N
/ \
Conclusion

The DMBIHBA loaded activated carbon is sensitivel @tcurate method for determination of
trace amount of copper, cadmium and lead ionswndoncentrations. The results presented in
tablel, 2 have confirmed the applicability of tleparation and preconcentration of metals. The
proposed method shows low reagent consumptions,fremadly and simple method for the
determination of trace metals in natural waters sobsamples.
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