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Abstract

A method has been developed for the solid phase extraction of chromium(VI) based on the adsorption of its diphenylcarbazide complex on an
Amberlite XAD-4 resin column. The influence of acidity, stability of the column, sample volume, flow rate and interfering ions were studied in
detail. The adsorbed complex could be eluted using acetone—sulfuric acid mixture and the concentration of chromium was determined using visible
spectrophotometry. A detection limit of 6 ug L~! could be achieved. A preconcentration factor of 27 could be obtained for 400 mL sample volume.
The validity of the method was checked in spiked water samples and electroplating wastewater.
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1. Introduction

The considerable emphasis on the removal of toxic metal
ions led to the development of a variety of analytical methodolo-
gies. Hence, there has been considerable growth in the analytical
chemistry of various metal ions. Chromium is not an exception
to this. Among the stable oxidation states of chromium, Cr(III)
is an essential dietary mineral in low doses, whereas Cr(VI) is
carcinogenic [1].

In view of the toxic nature of chromium(VI), develop-
ment of methods in order to establish their levels in the
environment and industrial quality control are quite sig-
nificant. Solid phase extraction has been explored for the
preconcentration of many metal ions [2-5]. A variety of adsor-
bents have been used for the preconcentration of chromium
[6-14].
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A survey of the literature for the preconcentration of
chromium(VI) reveals that solid phase extraction is one of the
versatile methods. The major advantage of solid phase extrac-
tion is the high selectivity and enrichment factor that could be
achieved in this method. Among the various adsorbents, silica
and alumina have been extensively studied for the adsorption
of chromium. Amberlite XAD resins have been widely used for
the solid phase extraction of many metal ions [15,16]. Amberlite
XAD-4 is a cross linked polymer which derives its adsorptive
properties from its macroreticular structure and higher surface
area. This structure imparts excellent physical, chemical and
thermal stability and is a good choice for the removal of a variety
of metal ions.

In this paper, a simple methodology is proposed for the solid
phase extraction of chromium based on the adsorption of its
diphenylcarbazide complex on an Amberlite XAD-4 resin col-
umn. Diphenylcarbazide is a ligand that gives a very sensitive
and selective color reaction with chromium(VI). The adsorbed
complex could be eluted using acetone—sulfuric acid mixture
and the concentration of chromium was determined using vis-
ible spectrophotometry. The influence of various experimental
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parameters such as sample volume, volume of eluent, flow rate,
effect of diverse ions etc were studied in detail. The validity of
the proposed method was checked in spiked water samples and
electroplating wastewater.

2. Experimental
2.1. Instrumentation

A JASCO V-576 (Japan) model double beam UV-vis spec-
trophotometer fitted with tungsten lamp as the source was used
for absorbance measurements. One centimeter matched quartz
cells were used for measuring the absorbance. The pH measure-
ments were performed with an Elico LI-120 (Hyderabad, India)
digital pH meter.

2.2. Chemicals and reagents

Analytical grade reagents were used in the preparation of
all solutions. Triple distilled water was used for the prepara-
tion of solutions. A stock solution of 1000 g mL~! Cr(VI)
was prepared by dissolving 0.372 g of potassium chromate
(Qualigens Fine Chemicals, Mumbai, India) in 100 mL water.
A working solution of 10 wg mL~! was prepared by appropriate
dilution. Amberlite XAD-4 (Himedia Research Laboratories,
Mumbai, India) of surface area 735m?/g and pore diame-
ter 2050 mesh was used for adsorption. Acetone (E. Merck)
was used as such without further purification. 0.25g of
1,5-diphenylcarbazide (Central Drug House Limited, Delhi,
India) was dissolved in minimum amount of acetone and
diluted to 100 mL. Sulfuric acid of the required concentration
was prepared from concentrated sulfuric acid by appropriate
dilution

2.3. Preparation of column

A glass column 1.5 cm in diameter and 15 cm in length was
used for preconcentration. A slurry of 1.2 g of Amberlite XAD-4
resin in 25 mL triple distilled water was prepared and the column
was packed to a height of 4 cm.

The column was washed using triple distilled water followed
by conditioning it using 0.1 mol L™! sulfuric acid. Glass wool
was placed at the bottom and at the top of the column for allowing
the adsorbent to settle properly.

2.4. Procedure for preconcentration

A 1 mL volume of 10 g mL ™! solution of Cr(VI) was mixed
with 3mL of 0.5mol L~" sulfuric acid followed by the addi-
tion of 3 mL of diphenylcarbazide and the resulting volume was
maintained at 100 mL. The sample solution was loaded on to the
column containing Amberlite XAD-4 resin maintaining a flow
rate of 2mL min~!. The reddish violet complex was adsorbed
on to the column, which was evident from the absorbance of the
resulting solution that emerged out of the column. The adsorbed
complex was then eluted using 15 mL of acetone-2.5 mol L~!
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Fig. 1. Effect of variation of volume of 0.5 mol L~ sulfuric acid.

sulfuric acid mixture and the concentration of chromium was
determined by visible spectrophotometry at 580 nm.

3. Results and discussion
3.1. Effect of acidity

The effect of acidity plays a significant role in the pre-
concentration studies. The complex once prepared is stable
even at moderately low pH. The volume of 0.5molL™! sul-
furic acid was varied from 1 to SmL in 100 mL sample
volume. The adsorbed complex was eluted using 10mL of
acetone—sulfuric acid mixture. The results are presented in
Fig. 1. As can be seen from the figure, it is evident that
3.0mL of 0.5 mol L~ sulfuric acid is required to achieve quan-
titative recovery of the chromium—diphenylcarbazide complex.
Beyond 3 mL, there was no change in the percentage recovery of
chromium.

3.2. Choice of eluent

A variety of reagents were tested in order to elute the adsorbed
complex from the column. In order to choose the most effec-
tive eluent for quantitative recovery acetone, methanol, sulfuric
acid, and acetone—sulfuric acid mixture were studied. The elu-
tion studies were carried out maintaining an overall Cr(VI)
concentration of 10 wg in 100 mL sample volume. The recov-
ery of Cr(VI)-diphenylcarbazide complex was quantitative with
acetone—2.5mol L ™! sulfuric acid mixture as the eluting agent.
Lower concentrations of sulfuric acid were not effective in the
elution of the complex.

3.3. Effect of volume of the eluent

The volume of acetone—sulfuric acid mixture as the eluting
agent was varied in the range 5-20 mL. It was observed that
maximum recovery of chromium(VI) was observed with 15 mL
of acetone—2.5mol L™! sulfuric acid mixture. The results are
presented in Fig. 2. The use of acetone alone or sulfuric acid
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Fig. 2. Effect of variation of eluent volume.

of lower concentrations was not effective in the elution of the
complex.

3.4. Effect of the amount of Amberlite XAD-4 resin loaded
on the column

The amount of Amberlite XAD-4 resin loaded on the col-
umn was varied from 0.25 to 1.5g. The concentration of
chromium(VI) was maintained at 10 ug in a 100mL sam-
ple volume. Quantitative recovery of chromium(VI) could be
attained in the range 0.8-1.5g of Amberlite XAD-4. For
amounts less than 0.8 g there was a significant reduction

in the recovery of chromium beyond a sample volume of
100 mL.

3.5. Effect of sample volume

The effect of sample volume on the recovery of the analyte
was investigated in the range 50—1000 mL maintaining on over-
all concentration of 0.025 mol L™! sulfuric acid. The resulting
complex was eluted using 15 mL of acetone—sulfuric acid mix-
ture. The results are presented in Fig. 3. As can be seen from the
figure, it is evident that the recovery of chromium is quantita-
tive (>95%) up to 400 mL sample volume. A preconcentration
factor of 27 could be attained for quantitative recovery (>95%)
of Cr(VI) when the sample volume was 400 mL.

3.6. Effect of flow rate

The flow rate of 1-4mLmin~! was found to be suitable
for optimum loading of the Cr(VI)-diphenylcarbazide complex
on the Amberlite XAD-4 column. At higher flow rates, there
was a reduction in the percentage adsorption of chromium. This
could be probably due to the insufficient contact time between
the sample solution and the Amberlite XAD-4 resin column. A
flow rate of 2mL min~! was maintained for the elution of the
complex.
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Fig. 3. Effect of variation of sample volume on the recovery of chromium.

3.7. Stability of the column

The stability of the column was tested using 10 pg Cr(VI)
maintaining a sample volume of 100mL. The adsorbed
Cr(VI)—diphenylcarbazide complex was eluted using 15 mL of
acetone—sulfuric acid mixture. The column could be used with
good precision and quantitative recovery (>95%) for seven
cycles. Beyond seven cycles, there was a reduction in the recov-
ery of chromium.

3.8. Adsorption capacity

The adsorption capacity was determined by passing increas-
ing amounts of chromium through the column maintaining a
sample volume of 100 mL. The concentration of chromium was
determined as mentioned in Section 2.4. The adsorption capac-
ity of the Amberlite XAD-4 resin for chromium was found to
be 0.85 mg/g.

3.9. Precision studies and limit of detection

The precision studies were carried out at 0.1 pgmL ™! level
of chromium by carrying out ten separate determinations using
the above-mentioned procedure. The sample volume was main-
tained at 100 mL. The relative standard deviation of the method
was found to be 3.6%. The sensitivity of the developed method
is reflected by the limit of detection studies, defined as the low-
est concentration of chromium(VI) below which quantitative
sorption of the metal ion by Amberlite XAD-4 resin is not per-
ceptibly seen. The limit of detection for Cr(VI) was found to be
6pgL~l

3.10. Effect of diverse ions

The effect of diverse ions was studied at varying concen-
trations. The solid phase extraction studies were carried out as
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Table 1
Effect of diverse ions on the recovery of 10 pg chromium in a sample volume
100 mL (Eluent-15 mL acetone—sulfuric acid mixture, flow rate 2mL min~!)

Table 2
Recovery studies in tap water and well water samples (Eluent 15mL
acetone—sulfuric acid mixture, flow rate 2 mL min’l)

Tons Amount (pg) Recovery of chromium (%)
500 98
Mg?* 1000 98
250 99
500 98
CaZt 1000 98
250 99
1000 98
Ni2* 500 99
250 99
1000 99
Cl~ 500 98
250 99
1000 98
NO3~ 500 98
250 98
1000 99
S04~ 500 99
250 99
1000 99
Co2+ 500 99
250 99
500 98
Cu? 250 98
1000 98
150 98
Fe?* 500 75
1000 73

mentioned above using 10 pg Cr(VI) maintaining a sample vol-
ume of 100 mL. The studies indicated that Ca**, Cu®*, SO4*~,
Mg2+, Zn**, Co?*,NiZ*, Fe**, C1~ NO3~ did not cause any sig-
nificant reduction in the recovery of chromium. The results are
presented in Table 1 showing the recovery of chromium with
varying concentrations of metal ions. Except Fe?*, the recov-
ery was found to be quantitative in the concentration range
of the metal ions that was investigated. Since, the ions that
are commonly present in water samples did not affect signif-
icantly the recovery of chromium the method was applied to
study the recovery of chromium in tap water and well water
samples.

Table 3

Sample Cr(VI) added Cr(VI) Sample volume Recovery of
(ng) found (ng) (mL) chromium (%)
5.0 491 100 98
Tap water 2.0 1.95 250 98
10 9.87 400 99
10 9.86 350 99
10 9.82 100 98
10 9.82 250 98
Well water 5.0 4.90 350 98
4.0 391 400 98
2.0 1.94 250 97

3.11. Recovery study in spiked water samples

The proposed method was applied to study the recovery in
tap water and well water samples by spiking known concentra-
tions of chromium in varying sample volumes. The recovery of
chromium was found to be quantitative with an average relative
standard deviation of 3.8% on triplicate measurements and the
results are shown in Table 2.

3.12. Analysis of chromium(VI) in electroplating
wastewater

The proposed method was applied to study the recovery of
chromium(VI) in electroplating wastewater sample. The elec-
troplating wastewater sample had the following characteristics:
pH 2.8, calcium: 65mgL~!, magnesium: 40.5mgL~!, chlo-
ride: 970 mg L~!, sulfate: 780 mg L~!. The wastewater sample
was diluted to the required concentration and the preconcentra-
tion procedure was applied as mentioned above. The recovery
of chromium was found to be quantitative and the results are
presented in Table 3.

3.13. Comparison with other solid phase adsorbents

The proposed methodology was compared to a variety of
solid adsorbents reported recently in the literature. The dis-
tinct features are summarized in Table 4. As can be seen from
the table, it is evident that the preconcentration factor and
the detection limit obtained with Amberlite XAD-4 resin is
comparable to or even better than most of the other chelating
matrices.

Analysis of chromium(VT) in electroplating wastewater (Eluent 15 mL acetone—sulfuric acid mixture, flow rate 2 mL min~')

Sample Concentration of chromium(VI) Concentration of chromium(VI) Relative standard % Recovery
added (mgL~ 1y found (mg L b deviation (%)
0 82.7 37 -
Electroplating wastewater 5.0 86.5 3.8 99
10.0 91.5 34 99
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Table 4
Comparison of the proposed method in terms of preconcentration factor and detection limits with some of the recent methods reported in literature
SPE support/chelating agent Method Preconcentration factor Detection limit (ngL~") Reference
Amberlite XAD-16/1,5-diphenylcarbazone FAAS 25 45 [8]
Naphthalene/potassiumethylxanthate FAAS 100 0.5 [13]
Chitin/1,5-diphenylcarbazide Spectrophotometry - 50 [17]
C-18 bonded silica/CTABr FAAS 45 20 [18]
Ambersorb-563/1,5-diphenylcarbazide Spectrophotometry 30 34 [19]
Amberlite XAD-1180/chromotope 2R FAAS 20 2.59 [20]
Chromosorb 108/dithizone FAAS 71 0.75 [21]
Amberlite XAD-4/1,5-diphenylcarbazide Spectrophotometry 27 6 Present work

FAAS—flame atomic absorption spectrometry.
4. Conclusions

The proposed method for chromium is simple, and could be
effectively used for the solid phase extraction of chromium. The
preconcentration factor was 27 for a 400 mL sample volume.
The method showed minimum interferences with commonly
found ions in real samples and the recovery of chromium was
quantitative. The quantitative recovery of chromium(VI) with
a relative standard deviation of 3.8% reflects the validity and
accuracy of the method when applied to spiked water samples
and electroplating wastewater. The detection limit and the pre-
concentration factor obtained using Amberlite XAD-4 resin is
comparable to most of the metal matrix combinations recently
reported in the literature. The column exhibited good stability
under the experimental conditions. The important features of
the proposed method are its high sorption capacity with good
preconcentration factor. The developed method is sensitive in
detecting chromium(VI) at ppb levels.
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