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Abstract

Aprocedure was developed for the determination of nickel(ll) in wat
(ICP-AES) after preconcentration on coniine dithiocarbamate (CDC
was subsequently eluted with 0.4 M nitric acid and the acid eluates ar
flow rate of sample, eluent concentration, volume of the sa
in agueous sample was concentrated about 100-fold. Nid d by the proposed method in range of 98.9—99.9%. This
method is also applied for the analysis of spiked and natur@ ples. The results provide strong evidence to support the hypothesis of
an adsorption mechanism.
© 2004 Elsevier B.V. All rights reserved.

amples by inductively coupled plasma atomic emission spectrometry
rassus Flabellifer inflorescence. The sorbed element
-AES. The influence of various parameters such as pH,
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1. Introduction nation of a suitable on-line preconcentration technique with
subsequent ICP-AES determination.

mpared to other  On-line separation and preconcentration technique have

Nickel is a moder toxic eleme
transition metals. j
nickel and its c n leads to serious problems,widely applied for the selectivity and the sensitivity en-
]. Moreover, nickel hancement. Various methods of preconcentration of analytes
nickel-ecz¢Bja Other prior to determination with atomic absorption spectrometry

Environmental pollution moni- graphic techniquefl2] and sorbent extractioji3,14] have
determination of toxic heavy elements in been developed and discussed in the literature. The meth-
trace levels. W@ inductively coupled plasma atomic emis- ods like solvent extraction, co-precipitation and chromato-
sion spectrome® (ICP-AES) technique, which offers fast graphic techniques are tedious, time-consuming, provide
multi-elemental analysis suffers from a poor sensitivity in low detection limits and also help to avoid interferences in
the determination of heavy elements present in environmen-the analysis of real samples. Chelating ion exchangers are
tal samples like river water, tap water, natural and spiked commonly available, but commercially high cost and their
water samples. This drawback can be rectified by a combi- preparation are not easy. Extraction of the dithiocarbamate
complexes of metals into isobutylmethylketone (IBMK) and
subsequent determination has been widely applied in the de-
mspondmg author. Tels91 877 2250556; termination ofmetals in naturql waters. However, this sample
fax: 191 877 2261274. solvent extraction concentration procedure cannot be com-
E-mail addresschiranjeevisai@yahoo.co.in (P. Chiranjeevi). bined with ICP-AES because of difficulties of introducing
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organic solvents into the plasma of an ICP spectrometer
[15,16] Antanasova et aJ17] and Arpadjan et a[18] have
reported preconcentration of metals on solid supportimpreg-
nated with sodium diethyl-dithiocarbamate (Na-DDTC) and
ammonium hexamethylene dithiocarbamate (HMDC) and
subsequent determination of ICP-AES. In these methods,
they used propanol and methanol for elution of metals from
the sorbent. Since the organic solvents cannot be directly
nebulized into the argon plasma, they further diluted the elu-
ents with water and then analysed the elements by ICP-AES.
Activated carbon has proven to be an excellent collector for
numerous metal ions. Some of them are collected owing
to their irreversible adsorption and others are adsorbed as
metal chelates using organic ligands such as dithiozone,
8-hydroxy quinoline, dithiocarbamate-diphenylglyoxime
[19] and pyrogallol red[20,21] The prepared activated st = Standard solution
carbon filter (sorbent) is used only for analysis. $ = Sample solutio
In this paper, authors report a new on-line column sep- \C/;:C\C}STG”A
aration and preconcentration method for determination of Vg = Valve
Ni(ll). The column loaded with BFI material and used for P-C.=Pe
several times without destruction and sorbed elements were
sequently eluted with 0.4 M nitric acid. The acid eluates were
further analysed by ICP-AES. Elution of metals with HNO
enabled their direct nebulization into the argon plasma of

S,

U

pncentrated

St S 'sample

ICPAES

hlagram for preconcentration of Ni(ll).

er relay module to convert the output of I/O
c, a peristaltic pump (IS matiec, ISM 404)
electrical valves. Silicon rubber tubing pump
.d.) and a pc computer, Pentium IV. A program was
in Borland C.
In the on-line preconcentration procedure, the sample was
pumped through the 20 ml medical syringe via position 1
of valve A (Fig. 1), where nickel(ll) ions were retained in
the column by forming a complex with coniine dithiocar-
bamate (CDC). In this case, valve B was in the waste posi-
Atomic emission spectrg rian, Liberty tion. When the sample was gluted completely, pos_ition 1 of
run at 700 Vvalve A was closed automatically, valve B was switched to
with 151/min argon. ; nditions and wave- the preconcentration sample and position 2 of valve A was
: listedrable 1 opened when 0.4 M nitric acid was passed through the col-
umn to elute the Ni(ll) ions by breaking the complex. The
eluted preconcentrated sample was analysed by ICP-AES.

for Ni(ll) at the pH selected, other cations cann
the site of the ligand on the supported solid phas

2. Experimental

2.1. Instrumentation

d intepsities as well as their free-
co model Li-129 pH me- _
omel electrode was used for2-2. Chemicals

dom from
ter with g

pH

T am of the on-line preconcentration All chemicals used were of analytical reagent grade.
metho® own iiFig- L. The hardware of the system com- Deionized doubly distilled water was used throughout the
prises a hannel 1/0 card (PCL-720; Pentasoft, India), experiment. A nickel(ll) standard solution was prepared by

appropriate dilution of ICP standards (Merck, Germany) of
Ni(Il). Working standards of (0.1, 0.2, 0.5 and L.8/ml)

were prepared by appropriate dilution with deionized dis-
tilled water. Coniine dithiocarbamate solution (0.01%) was

Table 1
ICP-AES operating parameters

m‘i’é‘;:"t“'tgwg: tE\?\? voltage (V) 7201 prepared by dissolving 0.01 g of the reagent in 100 ml of
Plasma gas ﬂov(v (m)in“) 150 doubly deionized distilled water. Samples were filtered
Auxiliary gas flow (min/l) 15 through a cellulose membrane of pore size @.i%

Observation height (mm) 14.0 Buffer solution of pH 7.0+ 0.2 was prepared by adding
Pump rate (rpm) 15.0 concentrated b50; (3.4 ml) to 250 ml distilled water in
Sample uptake time (s) 25.0 a 500ml flask. The mono sodium dihydrogen phosphate
Wavelength of element Ni(ll) 221.647

monohydrate (25g) was added and the flask shaken until
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CH,CH,CHj3
NaOH 7~
+ CSs, — NC
0-5°C ‘S'Nat
H CH,CH,CHs S'Na
Coniine Carbondisulphide Coniine dithiocarbamate

Fig. 2. Synthesis of coniine dithiocarbamate reagent.

dissolution was completed. The solution was then diluted to

500ml CH,CH,CHs CH,CH,CH CH,CH,CHs
. E) sO©
N=C M v yl
2.3. Column preparation = g

e

A medical syringe (20 ml) was used as column. The sup- @ ®)
port was prepared from Borassus Flabellifer inflorescence Fig. 3. Resonance hybrj ithi ate with metal.
in following manner: 1 cm thick segments with diameter of
2.5cm were cut. The segments were soaked in 0.4 M nitric 4 Regults and
acid for 12h, washed in deionized doubly distilled water
and dried prior to use. The syringes were then filled withthe  cgniin i0
air-dried segments. The column consists of seven to eightific complexing lig
separate segments. Then, 3.0 g of solid coniine dithiocarba-g¢
mate was introduced between the segments. This amounty#ocarbamate when c dmpared with other dithiocarbamate,
of the complex forming agent was necessary to retain the
100p.g of each element in the 200 ml sample.

ensitive, selective and spe-
for analytical determination of Ni(II)

this reagent is a resonance hybrid of the
contributed to stability of metal complexes
. 3. This proposed method was employed for

ent natural water samples collected from Swarnamukhi

2.4. Synthesis of coniine dithiocarbamate reagent

Carbon disulphide (80 g) was slowly added to a solut f (Chandragiri), Kalyanidam reservoir and Ghajula-
coniine (85 g) in 25 ml of water at™ with cog : mandayam area. The samples were used directly to measure
followed by 40 g of sodium hydroxide di the Ni(ll) contents by the proposed method after filtered
water to form coniine dithiocarbamatg@ with cellulose membrane of pore size O%. For each
The product was warmed to roomggmis Waedsample, 200 ml was passed through the column as explained
repeatedly two to three times Macetone. The by the recommended procedure and results were tabulated
reaction product was purified ! in acetone. jn Taple 2 Then, spiked water samples were prepared with
The purified compound h 308 2| of distilled water by adding known amounts of Ni(ll),
at 740 mm pressure. preconcentrated and determined by the standard procedure

discussed earlier and percentage recoveries of Ni(ll) were
presented imable 3and detection limits for determination
3. Procedure of Ni(Il) by ICP-AES after on-line preconcentration on BFI

] . _loaded with coniine dithiocarbamate are 0.002 ng/ml.
The m , odel solutions before its

200 ml 0.046/ml Ni(ll)
.& 0.2 with phosphate buffer

ough the"column by opening the position 1,1y effect on the preconcentration of metal on Boras-
g B at flow rate of 7.0ml/min. After finish-  ¢,,s Flapeliifer inflorescence loaded with coniine dithiocar-

ing the solutioNggosition 1 of the valves A and B is closed pamate was studied by on-line determination of.200f
automatically and position 2 of valves A and B is opened.

Therefore, 5ml of 0.4 M nitric acid was passed through the
column to elute the Ni(ll) ions with a flow rate of 1 ml/min.  Table 2
The acid eluents were collected into a metal free polyethy- Analytical results of nickel(ll) in the natural water samples

4.1. Influence of pH

lene bottle and nebulized into the plasma of ICP-AES. The Sl. no.  Sample Ni(I1) found
percent of metal ions adsorbed on the column for known (ng/mlf (n = 4)
concentration of Ni(ll) was calculated as: 1 Swarnamukhi river belt (Chandragir) ~ 10.690.8
. . Lo 2 Kalyanidam reservoir 17.2& 0.5
amount of N{ll)ions in the initial sample 3 Ghajulamandyam area 25.320.8

amount of N{ll)ions eluted from column 2 For four determinations
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Table 3
Recovery of nickel(ll) from different concentrations of spiked water sam-

ples after preconcentration on Borassus Flabellifer inflorescence loaded
with coniine dithiocarbamate

Concentration of nickel(ll) added (ng/l)

20
Found (ng/) 19.78
Recovery (%) 98.90
R.S.D?2 (%) +2.54
40
Found (ng/) 39.72
Recovery (%) 99.30
R.S.D2 (%) +2.63
60
Found (ng/l) 59.78
Recovery (%) 99.63
R.S.D? (%) +2.70
80
Found (ng/l) 79.91
Recovery (%) 99.88
R.S.D? (%) +2.89

a8 Recovery (%) and R.S.D. (%) for four determinations.

Ni(Il) in the pH range of 1.0-8.0 and by introducing 1.0g
of coniine dithiocarbamate between inflorescence segment
The elution was performed with 0.4 M HNOThe data cor-
responding to pH effect were shownhiig. 4. At pH
0.2, the maximum recovery was obtained.

4.2. Chromatographic support

The optimum amount of the conijg
suring quantitative sorption of t

_ d,
¥ passing throu
ith solid coni-

he Borassu

the column. Experiments
ine dithiocarbamate (1.0
Flabellifer inflorescen

water sample .2 and_subsequent elution was

dous Materials B112 (2004) 233-238

Table 4
Effect of sample volume on the elution of metal

Sl. no Volume of Recovery (%) of
water (ml) nickel(ll) ions
1 50 99.0+ 1.0
2 100 99.6+ 1.1
3 200 99.94+ 0.2
4 300 99.5+ 0.7
5 400 99.14+ 0.7
6 500 98.8+ 1.1

a Recovery (%) for four determinatiog

be regener-
Aring of the Bo-

as a solid support in the column.
imultaneous determination of the preconcen-
y ICP-AES, the elution was performed with

wn inFig. 5 Quantitative multi-element elu-
was achieved for 0.4 M HN® Hence, 5ml of 0.4 M
as chosen as the optimum eluent for the Ni(ll) de-
termination and recoveries were 100%.

4.4. Effect of volume of a sample on elution

gh The effect of the sample volume on the extraction of Ni(ll)

was studied by taking different volumes of water samples
én the range of 50, 100, 200, 300, 400 and 500ml. The

was established thatextraction was carried out as described in procedure and

the efficiency of recovery slightly decreases when the sample

40 -

20 A

Recovery percentage of

pH

Fig. 4. Effect of pH on complexation of Ni(ll)-CDC.
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120

100 A

80 A

60 -

40

Recovery of Elution (%)

20 A

0 T T T T
0 0.1 0.2 0.3 0.4
HNO3; mol/l

Fig. 5. Effect of HNQ concentration on elution of

volume is more than 200 ml. Hence, 200 ml of water sample 5. Conclug
was chosen for the present study.

4.5. Influence of matrix ions vels and ultra trace levels of Ni(ll). The

terial is stable for several treatment of

The influen f matrix ions in water sampl n th . .
€ uence of matrix ions ater samples or t.e ¥ The method is used for preconcentration

recovery of nickel(ll) ions was also investigated. I{gindi-
cates that C®", CL?t (50ug/ml), CrPt, CU** (100ug/
Mg2t, Mn?* (200g/ml), C&* (400ug/ml), 10°~, BrO?
Ct, zr?t, Pt (800wg/ml) and N&, K+, C

iocarbamate. The relative standard deviation for four
ent determination reached values of 2.54-2.89
for Ni(ll) solution of different concentrations. The recov-
ery of Ni(ll) from spiked water samples was in the range
of 98.9-99.9%.

Coniine dithiocarbamate possesses a high electric dipole
moment. The propyl substituent on, @arbon of coni-
ine ring being influences thetl effect, leads to the
free-electron-releasing tendency of the N-group into sul-
elution of Ni(ll) phur atoms, therefore, the electron donating capacity of
les on BFI rial measured at coniine dithiocarbamate increases, permitting the formation

4.6. Effect of volume of an elu
of Ni(ll)

The effect of volume
from various water

30-35°C was sho t can be observed that the  of strong complexes with metal ions.

elution of Ni(ll) reases with increase of vol- The Ni(ll) present in different sources were containing
ume of elue er increasing the vol- different values due to:

ume of al i entage slightly decreases

Thus, for 100% recovery of Ni(ll)

jons. (i) Natural decomposition of Ni(ll) from river bed sedi-

ments.
(i) The catchment area of Swarnamukhi is the Seshacha-
lam Hills, where the weathering process of parent

Effect of volume o rock and soil erosion lead to the contribution of

ent on percent elution of Ni(ll) ions

Sl. no. Volume of Elution (%) of Ni(Il).

eluent (ml) Ni(lf) ions* (iii) Pioneer alloys casting, sugar factory, electro plating in-
1 1.0 60.5+ 2.3 dustries whose industrial effluent are directly let out
2 2.0 80.3+ 1.6 into the stream of Swarnamukhi (water is not treated)
3 3.0 90.6+ 1.7 . i . .
4 40 9574 1.9 causes high concentrations of Ni(ll) at the Ghajula-
5 5.0 99.9+ 0.6 mandyam area.
6 6.0 98.6+ 0.6 (iv) The agricultural by-product BFI acts as an additional
7 7.0 86.3+ 2.1 adsorbent for solid support of CDC for specific adsorp-

2 Elution (%) of four determinations. tion of Ni(ll) from water samples.
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