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ABSTRACT

In this study a sensitive, easy to operate, robust and reproducible column preconcentration method
was developed for the determination of Cr(VI) by flow injection system coupled with spectropho-
tometer. The proposed method is based on the retention of the analyte in a column containing
potassium-benzoic acid hydrazide dithiocarbamate from buffered solution of pH 4.0 at a flow rate
of 15 mL-min™!, and then its elution from the column with 7.0 mol-dm= nitric acid solution. The
eluted Cr(VI) solution was then mixed with 0.25% solution of 1,5-diphenylcarbazide (DPC) and pur-
ple-red Cr(VI)-DPC complex was determined spectrophotometrically at 545 nm in acidic medium.
The parameters studied include volume, pH, flow rate and concentration of the sample solution,
different eluents and their concentration. The proposed method has a linear calibration range from
3-15 mg-L" of Cr(VI) with the regression y = 0.0467C + 0.0013, R* = 0.9984. The 30 detection limit
of Cr(VI) is 1 pg-L™" with enrichment factor of 4, sampling frequency of 6 samples-h™ and relative
standard deviation of 1.82% at 10 mg-L™. The adsorbent used has a good adsorption potential as
well as appreciable recovery. The column had a constant performance during all experiments except
2%-3% loss during flow rate optimization. The developed method was effectively employed for the
determination of Cr(VI) from standard reference material (CRM Cul/3 Cu alloy).

Keywords: Cr(VI); Potassium-benzoic acid hydrazide dithiocarbamate; Column; Preconcentration;
Spectrophotometry; 1,5-diphenylcarbazide

1. Introduction from natural and artificial sources such as industrial efflu-
ents, atmospheric emission, fossil fuels, waste stream and
urban habitation into the environment makes the life more
complicated as the higher concentration of these metals in

The pollution caused by heavy metals is of great envi-
ronmental concern. The release of metals continuously
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living species results in mutagenic, carcinogenic and other
toxic effects [1]. Chromium is a heavy metal, that is being
introduced into the ecosystem by various industries such
as steel, alloys, tannery of hides, galvano plasty, treatment
of wood and the dying industry [2] etc. Cr mostly exists as
Cr(Ill) and Cr(VI) in the aquatic environment as its stable
forms. Cr(IIl) in trace amounts is considered as a nutrition-
ally essential trace element for carbohydrate and fat metab-
olism. Cr(Ill) is less toxic compared to Cr(VI). However,
some diseases like eczematous dermatitis are caused as a
result of Cr(III) exposure [3,4]. Cr(VI) poses a serious threat
to human health and the environment because of its bio
accumulation in living tissues, toxicity and potential car-
cinogenic nature [5]. The maximum acceptable concentra-
tion values for Cr are reported to be 50 pg-L™ [6,7]. Short-
term exposure to Cr(VI) causes skin and stomach irritation
or ulceration however, long-term exposure cause derma-
titis, liver damage, kidney failure, nerve tissue damage,
and cancer [8,9]. Therefore, the discharge control of Cr(VI)
and its removal from the aquatic environment is a matter
of great importance and has drawn tremendous attention
over the years. Various techniques have been studied for
the efficient removal of Cr(VI) ions from solutions such
as ion exchange [10], chemical precipitation [11], coagula-
tion—flocculation [12], adsorption [13], reverse osmosis [14]
and electrochemical technologies [15].

Although the development of these techniques has
enabled progress in many aspects of analytical chemistry,
the detection techniques available do not present sufficient
sensitivity for low concentration of chromium. It is some-
times necessary to carry out preconcentration in a prelim-
inary fashion to quantify the metal from different matrices
to resolve this limitation [16-18]. The batch and manual
methods suggested for preconcentration of chromium needs
greater time manipulation. Therefore, the online preconcen-
tration methods were used using flow injection analyzer that
has additional advantages of high sample throughput, bet-
ter repeatability, low consumption of reagent and samples,
no chance of contamination during analysis, highly sensitive
as well as comparatively low cost of instrumentation [19].
Several flow injection online preconcentration methods have
been developed for the determination of chromium(VI) by
using column packed with stationary phases like activated
carbon [20], activated alumina [21], granular activated car-
bon [7], cellulose sorbent cellexT [22], magnetic polythio-
phene nanoparticle [23], Amberlite XAD-16 loaded with
salicylic acid [24] and triazole derivative [25] etc.

Potassium-benzoic acid hydrazide dithiocarbamate is
a derivative of dithiocarbamate (DTCs) that is completely
insoluble in water at room temperature and stable in acidic/
basic medium [23]. Due to its insolubility and stability it
can be used in column of flow injection analyzer. In con-
tinuous to our previous work [26-32], another effort was
made to develop a fast, sensitive, selective and low cost
preconcentration method for Cr(VI) by using the potassi-
um-benzoic acid hydrazide dithiocarbamate in a column
of flow injection analyzer. The 1,5-diphenylcarbazide solu-
tion was used as the chromogenic reagent for the spectro-
photometric determination of Cr(VI) due to its fast complex
formation kinetics with Cr(IV) [30]. Various parameters
affecting the online preconcentration and determination of

Cr(IV) were optimized. Then the developed method was
also applied on standard reference material (CRM Cu I/III)
for the determination of Cr(IV).

2. Experimental setup
2.1. Chemicals and reagents

All chemicals used were of analytical reagent grade.
For the preparation of standard and sample solutions dis-
tilled deionized water (DDW) and high purity reagents
were used. The Cr(VI) stock solution (500 mg-L™?) was
prepared by dissolving 0.05 g of dried K,CrO, (E. Merck,
Darmstadt, Germany, >99% purity) in 100 mL of DDW.
The working Cr(VI) solutions were prepared in the range
of 10-60 mg-L? immediately before use by stepwise dilu-
tion of Cr(VI) stock solution. All the dilutions were made
with pH 4 buffer solution prepared by mixing an appro-
priate volume of equimolar (0.1 mol-L™) solution of acetic
acid (E. Merck, Darmstadt, Germany) and sodium acetate
(E. Merck, Darmstadt, Germany). A 1,5-diphenylcarbazide
(DPC) solution (0.25%) was prepared by first dissolving
250 mg of DPC in 10 mL of ethanol by thorough stirring and
then dilution with sulfuric acid (0.2 mol-L™) upto 100 mL.
The 0.2 mol-L™ sulphuric acid solution was prepared from
98% sulphuric acid (10.88 mol-L™) which is used as a car-
rier. Different eluents were prepared for the desorption
of Cr(VI) from the column. Hydrochloric acid solutions
(1-7 mol-dm™) were prepared from concentrated (37%) HCl
(E. Merck, Darmstadt, Germany) by its dilution in DDW.
Similarly nitric acid solutions (1-7 mol-dm=) were prepared
from concentrated (37%) nitric acid (E. Merck, Darmstadt,
Germany) by dilution with DDW. 2 mol-dm™ ammonium
nitrate (16.01 g/100 mL) was also tried as an eluent (E).

2.2. Instruments and apparatus

A spectrophotometer (Model Shimadzu UV-1800 UV,
Japan) equipped with flow through cell (30 uL volume and
10 mm path length) was used for absorbance measurement.
A flow injection system (Ismatec Reglo, USA) consists of one
peristaltic pump (Rheodyne RH 5020, Luton, Bedfordshire,
UK) and six channel multifunctional valve was used. For
the propulsion of sample through the column with the per-
istaltic pump, acid resistant tubes (Tygon) of 1.02 mm (i.e.),
whereas for chromogenic reagent (CR) solution Teflon tubes
were used. All the connections were made from Teflon tubing.
The volume of injection loops was 100 puL. A pH meter model
Hanna 211 (microprocess pH meter) was used. Magnetic
stirrer and electric hot plate (Griffin & George, USA) was
used for dissolution of various salts and reagents during the
formation of solution. A column (5 cm length, 1.5 cm i.d.)
made of glass was used. Then the column was packed with
potassium-benzoic acid hydrazide dithiocarbamate (50 mg)
that was soaked in DDW. Glass wool was used on both side
of column to prevent the loss of adsorbent from the column.

2.3. Methodology

The complete cycle of determination of Cr(VI) after
online preconcentration in the column containing potas-
sium-benzoic acid hydrazide dithiocarbamate by flow
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injection-spectrophotometry using DPC as a chromogenic
reagent consists of three steps, that is, preconcentration,
washing and elution. During preconcentration, the Cr(VI)
solution of pH 4.0 (15 mL) was passed through the col-
umn using peristaltic pump at a flow rate of 2 mL-min™ for
7.5 min. In this step, Cr(VI) ions were retained in the column
by forming Cr(VI)-potassium-benzoic acid hydrazide dith-
iocarbamate complex. In order to remove the un-adsorbed
chromium from the column and that retained in the tubes,
2 min washing was done with buffer solution of pH 4.0.
After washing step 7.0 mol-dm™ HNO, was used as eluent
to desorb Cr(VI) from the column. Then DPC was injected
and mixed with eluent solution containing desorbed Cr(VI).
DPC form the purple red colored complex with Cr(VI) while
flowing through the flow through cell of spectrophotometer.
Then the absorbance of complex was recorded spectrophoto-
metrically at 545 nm. The complex was formed as a result of
reduction of Cr(VI) to Cr(Ill) and oxidation of 1,5-diphenyl-
carbazide into 1,5-diphenylcarbazone as shown in Eq. (1).

CrO; +3H,L+8H" ©[Cr(H,L), | +Crf + H,L+8H,0 (1)

HL:

and 5

where H,L:
diphenylcarbazone.

1,5-diphenylcarbazide

2.4. Pretreatment of certified reference material (CRM Cul/3
Cu alloy)

For the analysis of chromium in real samples, a portion
(0.04 g) of the certified reference material (CRM Cul/3 Cu
alloy from China) was weighed into a 50 mL beaker and
added 0.5 mL of concentrated nitric acid into it. The bea-
ker was covered with a watch-glass and the mixture was
evaporated to near dryness on a hot plate. The solution
was then cooled and diluted to 10 mL with DDW. Finally,
the preconcentration procedure given above was applied to
the final diluted solution. The same procedure was applied
to the blank solution.

3. Results and discussion
3.1. Optimization of parameters

The FI on-line preconcentration system was optimized
in order to establish the best chemical and flow condi-
tions for the determination of hexavalent chromium with
good sensitivity and precision. The parameters studied
include volume, pH, flow rate and sample concentration,
different eluents and eluent concentration.

3.1.1. Effect of pH

The pH value of the sample solution is important as
it controls the adsorption of specific metal ions onto the
adsorbent surface. In order to explore the pH effect on
the preconcentration of Cr(VI) on potassium-benzoic acid
hydrazide dithiocarbamate, 15 mL of 10 mg-L™" of Cr(VI)
solutions in the pH range of 2-6 were passed through the
column for 7 min and absorbance of DPC-Cr(VI) complex
was recorded at 545 nm. The obtained results are recorded
in Fig. 1. The results showed that absorbance increases
with increasing pH from 2-4 after that there is a sharp

decrease at pH 5.0 and 6.0. Better adsorption was achieved
at pH 4.0 which may be attributed to the strong binding
of the metal ion upon the surface of potassium-benzoic
acid hydrazide in acidic conditions [7]. So, pH 4.0 was
selected for further studies.

3.1.2. Effect of sample flow rate

The sample flow rate is the variable that controls
the amount of material that passes through the column.
Therefore, the influence of the sample flow rate was inves-
tigated in order to allow the maximum mass transfer from
the liquid to solid phase. The effect of the sample flow
rate was studied from 2-10 mL-min™ and the results are
shown in Fig. 2. The results showed that peak absorbance
was maximum at slower flow rate because dispersion
increases with increase in flow rate resulting in decreased
peak absorbance. At higher flow rate, back pressure
also increased that caused leakage at connection points.
Therefore, flow rate of 2 mL-min™ was selected for sample
loading in further experimental work.
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Fig. 1. Plot of sample pH vs. peak absorbance. Cr(VI) =10 mg-L™,
pH =4.0, sample flow rate =2 mL-min™, E =7.0 mol-dm~ HNO,,
CR =0.25% DPC, preconcentration time = 7.5 min.
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Fig. 2. Plot of sample flow rate vs. peak absorbance.
Cr(VI) =10 mg-L™, pH=4.0, E =7.0 mol-dm~ HNO,, CR =0.25%
DPC, preconcentration time = 7.5 min.
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3.1.3. Effect of different eluents

During all these experiments Cr(VI) solution (10 mg-L™)
was allowed to pass through the column for 7.5 min at flow
rate of 2.0 mL-min, eluted with different eluents of vary-
ing concentrations (0.5-3.0 mol-dm™) and absorbance was
recorded. As is clear from Fig. 3 that peak absorbance (0.133)
was observed when ammonium nitrate (2 mol-L™') was used
as an eluent. A small increase in absorbance (0.162) was
observed when NaOH (0.5 mol-L!) was used as an eluent.
Again, small increase in absorbance was observed by using
equi-molar mixture (2 mol-L™) of HNO, and NH,NO, (1:1).
Using HNO, (7.0 mol-L™) as an eluent a significant increase
in the absorbance (0.8) was observed. Therefore, 7.0 mol-L*
HNO, was selected for further studies.

3.1.4. Effect of selected eluent concentration

Since too low eluent concentration would elute Cr(VI)
incompletely from the column while too high eluent con-
centration would waste the reagent so optimum eluent con-
centration was needed. In the study 2.0-7.0 mol-L™" of HNO,
were tried to elute the Cr(VI) that was adsorbed on a column
and the results are given in Fig. 4. The results showed that
absorbance increased with the increasing eluent molar-
ity and maximum absorbance was achieved for 7.0 mol-L~!
HNO,. This may be due to the reason that stronger Cr(VI)-
DTC complex is formed at pH 4.0, so a highly acidic solution
(7 mol-L") was required to break this complex. Therefore,
7 mol'L™ of HNO, was selected for further studies.

3.1.5. Effect of sample volume

The effectiveness of the preconcentration of the ana-
lyte in the column depends on the sample volume. The
effect of sample volume on peak absorbance was examined
by changing 10 mg-L™ sample (pH 4.0) volume from 10 to
30 mL. Peak absorbance increased with increasing sample
volume as shown in Fig. 5. The initial increase in absorbance
is due to the fact that free adsorbent sites are available for
adsorption of Cr(VI). The slow increase in absorbance for
greater sample volume may be due to the partially avail-
able sites of DTC for adsorption of chromium. At 25 mL
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Fig. 3. Effect of different eluents on elution of Cr(VI) (10 mg-L™).
pH =4.0, sample flow rate =2 mL-min™, E =7.0 mol-dm= HNO,,
CR =0.25% DPC, preconcentration time = 7.5 min.

loading the curve becomes linear because the adsorbent is
completely saturated and no more sites are available for the
sample. Since there is no significant increase in absorbance
after 15 mL sample, so 15 mL sample volume was selected
for further studies.

3.2. Features of the method

Under the above optimized condition of preconcentra-
tion and elution, calibration curves were constructed with
and without preconcentration. The calibration curve of
Cr(VI) without preconcentration was constructed by vary-
ing the concentration of Cr(VI) from 10 and 60 mg-L™ that
resulted in Eq. (2).

A =0.0116C + 0.0007 R?=0.9958 n=18 2)

where “A” is peak absorbance, “C” is concentration of

Cr(VI) in mg-L7, “R” is correlation coefficient and ‘n’ is the
number of readings including triplicate.
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Fig. 4. Effect of concentration of eluent on peak absorbance.

Cr(VI) = 10 mg-L?, pH = 4.0, sample flow rate = 2 mL-min’,

E = 7.0 mol-dm™ HNO,, CR = 0.25% DPC, preconcentration

time =7.5 min.
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Fig. 5. Plot of sample volume vs. peak absorbance.
Cr(VI) = 10 mg-L?, pH = 4.0, sample flow rate = 2 mL-min’,
E = 7.0 mol-dm™ HNO,, CR = 0.25% DPC, preconcentration
time =7.5 min.
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For 7.5 min preconcentration time, 15 mL sample was
used. Under this condition, the system showed linear-
ity for concentration of Cr(VI) between 3-15 mg-L* and
resulted in Eq. (2).

A=0.0467C +0.0013 R?>=0.9984 n=15 3)

The enrichment factor was calculated by using the
following formula:

Enrichment factor (EF) = slope of the calibration curve
with preconcentration/slope of the calibration curve
without preconcentration [33].

The enrichment factor was calculated by using the
above relation and was found to be 4 indicates that the
adsorbent has a good adsorption potential for Cr(VI).

At optimized flow injection system, the performance of
flow injection spectrophotometer for the preconcentration
of Cr(VI) is shown in Table 1. For 7.5 min preconcentration
time 15 mL sample volume was used. The detection limit
corresponding to 30 of the blank was found to be 1 pg-L™.
The relative standard deviation was calculated by taking
ten measurements of 10 mg-L™ solution of Cr(VI) and was
found to be 1.82%. The sample throughput achieved under
the optimized experimental condition was 6 samples-h™".

To evaluate the potassium-benzoic acid hydrazide
dithiocarbamate loaded column stability, several load-
ing and elution column operations were carried out. The
sorption capacity of the column was reproducible after
many preconcentration-elution cycles except 2%-3% loss
during flow rate optimization. This showed an excellent
stability of column. The reason may be the insolubility of
the potassium-benzoic acid hydrazide dithiocarbamate in
aqueous solutions [34].

3.3. Application of the method to real sample

The accuracy of the developed method was examined
by the determination of total chromium in certified copper

Table 1
Performance of flow injection spectrophotometric system for
online preconcentration and determination of Cr(VI)

Performance parameters Determined value

Detection limit (ug-L™) 1

Precision (n =10, % RSD) 1.82

Enrichment factor 4.0

Sample throughput (f, h™) 6

Sample consumption (mL) 15

Calibration equation (1 = 18) A=0.0467C + 0.0013
R?=0.994

Table 2
Determination of Cr from standard reference materials (CRM
Cu I/III)

Elements Concentration (w/w) %
Certified value Determined value
Cr 2.20 x 1072 (2.12+0.01) x 102

sample (CRM Cu I/III alloy from China) and the results are
given in Table 2. The results showed that the determined
value is in good agreement with the reported value.

3.4. Possible mechanism of reaction

In order to determine the binding of Cr(VI) with DTCs
IR studies of DTCs have been taken before and after pre-
concentration From the results the following two types of
mechanisms have been proposed.

Mechanism 1:

The most possible mechanism is shown in Fig. 6.
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Fig. 6. Possible mechanism of the reaction.

Mechanism 2:
Another possible mechanism is shown in Fig. 7.
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Fig. 7. Possible mechanism of the reaction.

4. Conclusions

This paper is the first report on the use of potassi-
um-benzoic acid hydrazide dithiocarbamate filled col-
umn for the preconcentration of Cr(VI) in continuous flow
system. High accuracy, high precision (1.82%) and low-
detection limit (1 ug-L™) and fully automated analysis were
some of the advantages of the proposed method. The pro-
posed method was applicable to the determination of Cr(VI)
in samples having complex matrix like CRM Cu I/II alloy.
This showed that developed method can be applied on
real samples with good accuracy.
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