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ABSTRACT

Chemical speciation and separation of inorganic chromium species in environmental samples
were performed using a newly synthesised chelating ligand, N,N-(Bis-acetato) L-methionine.
The ligand can bind very efficiently with Cr(III) and Cr(VI) at two different pH. The ligand
loaded on alumina can be reused several times without any significant loss of the ligating
group. The maximum adsorption capacity for Cr(III) at any pH above 4.0 is 0.5663mmol g�1

and for Cr(VI) at pH 2.0 is 1.23mmol g�1. About 3.0mol L�1 HCl can completely desorb both
chromium species from the polymeric matrix. The detection limit (three times the standard
deviation of the blank, as obtained from flame atomic absorption spectroscopic (FAAS)
method) for Cr(III) and Cr(VI) were found to be 45 and 46 ngmL�1, respectively. The sorp-
tion of both Cr(III) and Cr(VI) was found to follow a second-order rate law. The developed
method is used for the chemical speciation and removal of chromium species from different
environmental samples and validated by comparing with some standard samples as well as
by comparing with results using previously developed method. The concentration of
chromium was monitored using FAAS.
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1. Introduction

Studies on trace level chemical speciation of some
elements have found paramount importance as they
are not only involved in different physical and biologi-
cal functions but also impose toxicity to the environ-
ment depending on their chemical form. Chromium is
one of them. Cr(VI) compounds are carcinogenic [1],
whereas Cr(III) is considered to be an essential nutrient
for the maintenance of normal glucose tolerance factor

[2]. Hence, speciation of chromium in environmental
samples is very vital and also a long-standing analyti-
cal challenge. Steel factories, tanning industries,
electroplating industries, dying industries, chemical
and pharmaceutical industries, artificial fertilisers,
cooling water towers, combustion of fossil fuels and
incineration of municipal wastes contribute to the
emission and dispersion of chromium in the environ-
ment [3]. Low level (lgL�1) of chromium in natural
water and severe matrix interferences restrict its direct
determination with sufficient sensitivity and accuracy.
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Very few instrumental techniques like electro-analyti-
cal method [4,5] can directly determine Cr(III) and
Cr(VI) simultaneously in real samples. That is why
researchers used solvent extraction [6], co-precipitation
[7,8] and solid-phase extraction (SPE) [9–13] for prior
separation and pre-concentration of the different
chromium species. Among these, SPE has advantages
over others as it can be reused for many cycles (so rela-
tively cheaper), easy to handle and reasonably fast pro-
cess. Costly and sophisticated instruments like ICP-MS
or ICP-AES being unavailable in many laboratories,
much cheaper instrument like AAS has been used
for the determination of chromium species. US EPA
and WHO has set the threshold value for total Cr as
0.1mg L�1 for drinking water and 50lgL�1 Cr(VI) as
tolerance level, respectively [14]. Reports on pH-depen-
dent Cr speciation, using a chelating sorbent, are still a
few [15–18]. Herein, we report the pH-dependent Cr
speciation in environmental samples using a new che-
lating resin containing N,N-(Bis-acetato) L-methionine.

2. Experimental

2.1. Reagents and solutions

All chemicals were analytical reagent (AR) grade,
and all solutions were prepared in double-distilled
water (DDW). Cr(III) and Cr(VI) stock solutions
were prepared from Cr(NO3)3·9H2O (Merck) and
K2Cr2O7 (Merck). Their solutions (50mgL�1) were
prepared in 0.5mol L�1 HNO3 and DDW, respectively.
These solutions were standardised against standard
stock solutions of Cr(III) (50mgL�1) supplied by
SOLUTIONS plus Inc. (Missouri, USA) which was
tested vs. NIST SRM # 3108a using flame atomic
absorption spectroscopic (FAAS). The solutions of
metal ions were prepared from AR grade metal salts.
Different buffer solutions were used for adjusting the
pH and prepared as per the literature procedure [13],
that is, HCl–KCl buffer (pH 1, 2), citrate buffer (pH 3,
4, 5, 6), phosphate buffer (pH 7, 8), boric acid–borax
buffer (pH 9) and glycine/NaOH buffer (pH 10)
solutions.

2.2. Instrumentation and apparatus

A VARIAN (Spectra AA 55) flame atomic absorp-
tion spectrophotometer (Australia) was used. All
measurements were performed using integrated
absorbance (peak area). Hollow cathode lamp for Cr
was operated at 7.0mA at wavelength 357.9 nm and
at slit width 0.2 nm. Air and acetylene flow rates
were 3.5 and 1.5 Lmin�1, respectively. Fourier trans-
form infra red (FTIR) spectra were recorded on a

JASCO FTIR spectrophotometer (model: FTIR-H20).
Thermogravimetric analysis was performed on a Per-
kin Elmer TG/DTA laboratory system l (Technology
by SII). pH measurements were performed using
Systronics digital pH meter (model 335). UV–vis
spectra were obtained from a Shimadzu spectropho-
tometer (model: UV2101PC). A Kratos MALDI-TOF 1
mass spectrometer using the matrix a-ACHC and an
extraction voltage of 4 kV was used for mass
spectrometry. 1H-NMR and 13C-NMR spectra were
recorded on a 200 and 50MHz Varian Gemini 200.
Glass apparatus were soaked with 9.0mol L�1 HNO3

overnight and cleaned with DDW. A short glass col-
umn with an inner diameter of 10mm and a length
of 100mm, equipped with porous frits, was filled up
to a height of 30mm with a suspension of 1 g of the
chelating resin in DDW.

2.3. Sampling [19]

Wastewater samples from different sources like
tannery industrial water at Kolkata, industrial waste
water at Durgapur, West Bengal, India, were collected
in well-cleaned polyethylene bottles. pH of the real
samples was noted using a pen pH meter. Then, the
samples were acidified with 0.05mol L�1 H2SO4 to
prevent any unwanted precipitation of the metal
hydroxide. The samples were filtered through a
0.45-lm Millipore membrane filter.

2.4. Preparation of the resin

2.4.1. Synthesis of N,N-(Bis-acetato) L-methionine
methyl ester (BAMME, 1) (Scheme 1)

Ethylbromoacetate (3.34 g, 20.04mmol) was dis-
solved in 60mL DMF. To this solution, L-methionine
methyl ester hydrochloride (2 g, 10.02mmol) was
added followed by the addition of NaHCO3 (13 g,
154.8mmol). The resulting mixture was refluxed at
110–112˚C for 24 h. Upon evaporation of solvent,
a solid remained which was dissolved in water–
methylene chloride mixture. Organic layer was
collected by solvent extraction method, dried over
anhydrous K2CO3 and subjected to column chroma-
tography (ethyl acetate/ methylene chloride = 1:1) to
yield 4.25 g (55%) of N,N-(Bis-acetato) L-methionine
methyl ester as a light-yellow oil .

1H NMR (CDCl3, 200MHz): d: 1.32 (6H, t, CH3);
1.99 (3H, s, CH3); 2.12 (2H, m, CH2); 2.50 (2H, m,
CH2); 3.60 (1H, t, CH, JCH–CH2 = 6.88Hz); 3.70 (3H, s,
CH3); 3.87 (4H, s, CH2), 4.12 (4H, m, CH2);

13C-NMR
(CDCl3, 50MHz): d: 13.8, 15.45, 29.46, 31.11, 50.5,
54.71, 57.55, 61.81, 173.21. Maldi-Tof: [M+H]+ = 336.2.
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2.4.2. Synthesis of N,N-(Bis-acetato) L-methionine
(BAM,2) loaded on alumina (Scheme 1)

To a solution of BAMME (1) (2.0 g, 5.96mmol in
50mL tetrahydrofuran), 0.5N aqueous LiOH (20mL)
solution was added under stirring at room tempera-
ture and the stirring was continued for 4 h. The
solvent was removed under reduced pressure. The
residue was dissolved in minimum amount of water,
and the pH was adjusted to 7.0. As the extraction of
the chelating ligand, N,N-(Bis-acetato) L-methionine
(2) from water to any non-polar solvent was unsuc-
cessful, the aqueous solution of BAM (2) was refluxed
with 2 g alumina for 6 h for its complete sorption on
alumina. Excess solvent was slowly evaporated on a
water bath. Finally, alumina-loaded BAM (2) (here
after sorbent) was dried under vacuum and used for
analytical studies. FTIR data of selected functional

groups (cm�1): m (CO) 1,636; m (OH) 3,448. The colour
of the sorbent was white (same as alumina). The bead
size of the resin is 80–120 mesh.

2.5. Stability of the resin

About 250mg sorbent was shaken with 100mL of
acid or alkaline solutions of different ionic strengths
for 7 days, then filtered and washed with de-ionised
water to free from acid or alkali and dried under
vacuum. The metal’s ion-exchange capacity was mea-
sured. The thermal stability of the sorbent was studied
by thermogravimetry.

2.6. Water regain

Air-dried sorbent in basic form was stirred in
DDW for 48 h, then filtered off by suction, weighed,
dried at 1,00˚C for 48 h and reweighed.
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Scheme 1. Synthesis of the BAM-loaded alumina.
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2.7. Hydrogen ion capacity

About 1.0 g sorbent was first converted into its
acidic form by treating with 6mol L�1 HCl. The sor-
bent was first filtered off, washed with water and then
dried at 100˚C for 6 h to remove free HCl. The acidic
hydrogen content of the sorbent was then determined
by back titration with a standard alkali solution. The
acidic form of the sorbent was equilibrated with 20mL
of 0.1mol L�1 sodium hydroxide solution for 6 h at
room temperature under stirring condition. Then, the
solution was filtered under suction, washed with
de-ionised water, and the excess alkali was titrated
with standard solution of 0.1mol L�1 HCl acid.

2.8. Chromium ion uptake as a function of pH

A batch technique was used, taking metal ion in
excess to the sorbent. Capacities were determined in
the pH range 2.0–10.0. To a glass-stoppered centrifuge
tube (diameter 2.0 cm) containing 100mg of the dry
sorbent in basic form, 10mL of the desired pH solu-
tion was added. After equilibration of this mixture,
30mL of 100 lgmL�1 metal ion solution was added,
and the mixture was shaken for 24 h. The pH of the
equilibrating solution was adjusted by appropriate
buffer solution. After 24 h, the solutions were filtered
under suction, washed with de-ionised water to
remove adhering metal ions. Then, the adsorbed metal
ion was eluted with suitable eluting agent. The con-
centration of the eluted metal ions was measured by
FAAS using air/acetylene flame.

2.9. Desorption of metal ions

Sorbent thus obtained after uptake of chromium
ion in the above-mentioned batch technique was
shaken with 30mL of different eluents (1–3mol L�1

HNO3, 1–3mol L�1 CH3COOH and 1–3mol L�1 HCl)
for 24 h and filtered. The concentrations of metal ions
in the filtrate were determined.

2.10. Kinetic studies

The concentrations of Cr(III) and Cr(VI) sorbed by
the sorbent at the pH where maximum adsorption took
place were monitored at different time intervals. From
that data, different kinetic parameters such as rate con-
stant etc., were determined for the sorption of Cr(III)
and Cr(VI) on the sorbent using batch technique.

2.11. Column preparation

Air-dried sorbent (3.0 g) was immersed in DDW
for 24 h. A glass column (100� 10mm) was packed

with the sorbent to a bed volume of 2mL. Before
starting the experiment, the sorbent bed was thor-
oughly washed with 0.1mol L�1 HNO3 followed by
DDW, till the effluent was free from acid. Sorption
and desorption characteristics for Cr(III) and Cr(VI) in
the column were studied at the optimum flow rate.
Any adhering metal ions (not adsorbed) were com-
pletely washed out by using solutions of appropriate
pH. The sorbed Cr(III) and Cr(VI) were completely
eluted by suitable eluting agent. Concentrations
of each chromium species thus eluted were measured
as described earlier. Exchange capacities for the
BMA-unloaded sorbent was measured at the respec-
tive pH to ascertain that it has no absorption for
Cr(III) and Cr(VI) at those pH’s, respectively.

2.12. Effect of flow rate

The sample flow rate had a significant effect not
only on the retention of chromium species on to the
sorbent, but also on their desorption by suitable elut-
ing agents The sample flow rate was varied in the
range 0.5–15mLmin�1. The recovery of chromium
species from the sorbent was monitored using FAAS.

2.13. Effect of sample volume

Sample volume was one of the important analyti-
cal parameter to be studied to obtain the maximum
pre-concentration factor. About 50–1000mL of sample
solutions containing 50mgL�1of Cr(VI) (as it had
higher sorption over Cr(III)) was passed through the
column containing 250mg sorbent under the optimum
conditions. The concentration of Cr(VI) in the effluent
was monitored by FAAS.

2.14. Procedure for Cr speciation

About 50mL solution containing 50mgL�1 chro-
mium species, made in appropriate buffer (pH range
from 2 to 10), was passed through 1 g of the sorbent,
preconditioned at the requisite pH, at a optimal flow
rate. Then, the column was thoroughly washed with
DDW to remove adhering species followed by elution
with suitable eluting agents. The concentration of Cr
species was measured using FAAS. The total Cr
species in the solution was a sum total of those
obtained at two different pH.

2.15. Applications

Wastewater samples from different sources viz.
tannery water from Kolkata and industrial water from
Durgapur, West Bengal, India were collected and
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filtered through a 0.45-lm Millipore membrane filter.
pH of the filtrate was adjusted to the optimum value
and allowed to flow through the preconditioned
column. After elution with suitable eluant, the concen-
tration of Cr species was measured by FAAS.
BAM-loaded sorbent allowed to determine two indi-
vidual Cr species at widely different pH and hence
the total inorganic chromium present in the sample.
The results have been compared with a reference
method [20].

3. Results and discussion

3.1. Synthesis and characterisation of the resin

N,N-(Bis-acetato)-L-methionine (BAM, 2) was syn-
thesised according to Scheme 1. Elemental analysis,

NMR, mass spectral data, FTIR and UV–vis spectra
confirm the structure of BAM ligand, whereas the
FTIR spectra of the final BAM loaded on alumina
(Fig. 1) showed all the characteristic stretching fre-
quencies present in compound 2; m (CO) 1,636 cm�1; m
(OH) 3,448 cm�1, indicated the loading of the BAM
moiety to the alumina.

The chemical stability of the sorbent in
0.01–3mol L�1 HNO3 and 0.1 to 3mol L�1 NaOH was
examined. No significant change in the structure of
the resin was observed (as evident from comparison
of the FTIR spectra as well as metal ion and hydrogen
ion exchange capacities). Thus, the resin was fairly
stable in both acidic and alkaline conditions. Thermo-
gravimetric analysis (Fig. 2) showed that the resin was
fairly stable up to 237˚C, although a initial weight
loss (�6%) in between 28.55 and 78.23˚C might be
attributed to the loss of adhering moisture. The
water regain value for the resin was 12, which was
satisfactory for column operation.

3.2. Effect of eluent type and volume

In order to elute sorbed Cr(III) and Cr(VI) from
the sorbent, different eluting agents like hydrochloric
acid, nitric acid and acetic acid were employed. The
results were presented in Table 1. It was found that
4.5mL of 3.0mol L�1 HCl could be used to desorb
both Cr(III) and Cr(VI) (50mgL�1, 1 g of the sorbent)
from the sorbent.

Fig. 1. FTIR spectra of BAM loaded alumina.

Fig. 2. Effect of temperature on the stability of BAM loaded alumina.
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3.3. Effect of sample volume

Sample breakthrough volume is an important
parameter to study the volume of real sample that
may be allowed to pass through the sorbent over
which no sorption will occur. About 300mL solution
(concentration 50mgL�1) of Cr(VI) was allowed to
pass through the column containing 1 g sorbent under
optimum condition. Recovery of Cr(VI) was quantita-
tive (96%) up to 81.0mL of sample volume after
which the recovery decreased quickly.

3.4. Sorption and desorption of Cr species as a function of
pH

The hydrogen ion capacity of the sorbent was
found to be 0.52mmol g�1. The effect of pH on the
retention of Cr(III) and Cr(VI) on the sorbent had been
investigated separately. pH of the solution was

adjusted in the range of 1–10 for Cr(III) and 2.5–10 for
Cr(VI), respectively, by using appropriate buffer solu-
tion. Effect of pH on the sorption of Cr(III) and Cr(VI)
onto the sorbent was shown in Fig. 3. It was clear that
the sorption of Cr(III) increased with pH to a maxi-
mum at pH 4.0 with no further change up to pH 10.0.
Sorption of Cr(VI) was highest at pH 2.0 and then
decreased with increasing pH. Thus, separation and
simultaneous estimation of Cr(III) and Cr(VI) was
possible by mere adjustment of pH using the same sor-
bent. The sorption of Cr(III) was established from the
FTIR spectra of the Cr(III)-loaded sorbent (Fig. 4) [21].

3.5. Effect of temperature

It has been found that with increasing temperature
sorption capacity of the sorbent increases to a
maximum value at 50˚C (Fig. 5).

Table 1
Effect of different eluents on the desorption of chromium
species from the resin

Eluent
Recovery (%) of
Cr(III)

Recovery (%) of
Cr(VI)

1.0mol L�1HNO3 45± 2 10.9 ± 1

2.0mol L�1HNO3 47.06 ± 5 10.37 ± 4

3.0mol L�1HNO3 42.24 ± 4 7.96 ± 5

1.0mol L�1HCl 60.96 ± 2 28.0 ± 2

2.0mol L�1 HCl 61.12 ± 3 32.7 ± 3

3.0mol L�1 HCl 101.32 ± 4 100.7 ± 4

1.0mol L�1AcOH 17.9 ± 5 22.8 ± 5

2.0mol L�1AcOH 21.7 ± 5 18.05 ± 5

3.0mol L�1AcOH 21.6 ± 3 22.8 ± 5
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Fig. 3. Effect of pH on the sorption of Cr species by BAM
loaded alumina.

Fig. 4. FTIR spectra of BAM–Cr(III) complex loaded on
alumina.
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M. Dutta and D. Das / Desalination and Water Treatment 51 (2013) 6882–6891 6887



3.6. Kinetic parameters

The rate of exchange of metal ion by a chelating
resin was controlled by a second-order kinetic
equation [22]. Using the equation lnZ ¼ 2kQ0ðQ0 �QaÞ
t=Qa;where Z ¼ ½QtðQ0 � 2QaÞ þQ0Qa�=Q0ðQa �QtÞ
developed by Turse and Riemen [23]. The rate constant
k was calculated from the slope S from the equation:
S ¼ 2kQ0ðQ0 �QaÞ=Qa, where Qt was the amount of
metal ion exchanged at time t, Qa, was the maximum
exchange capacity at equilibrium and Q0 was the
amount of chelating resin, in terms of milimoles of
Na+ exchanged after 24 h. A plot of ln Z vs. t (time)
was presented in Fig. 6 and Fig. 7 for Cr(III) and Cr(VI), respectively. Different kinetic parameters were

presented in Table 2.

3.7. Effect of diverse ions

In column operation, the presence of macro
amounts (40-fold) of alkali, alkaline earth and transi-
tion metal ions (Cu(II), Hg(II), Cd(II), Pb(II), Al(III)
and Fe(III) interfere to some extent) did not interfere.
Effect of different anions has also been recorded. In
each case of binary mixtures, 5mgL�1 each of Cr(III)
or Cr(VI) were taken along with other ions having con-
centration 200mgL�1. The results were summarised in
Table 3.

1 2 3 4 5 6
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Fig. 6. Second order plot for the absorption of Cr(III) on
BAM loaded alumina.

0 5 10 15 20 25

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

ln
Z

Time(hours)

Fig. 7. Second order plot for the adsorption of Cr(VI) on
BAM loaded alumina.

Table 2
Kinetics parameters of exchange rates of Cr(III) and Cr(VI)
with the resin

Kinetic parameters Cr(III) Cr(VI)

pH 5.0 3.0

Q0 (mmolg�1) 1.15 1.15

Qa (mmolg�1) 0.597 1.02

S 0.32 0.99

K (mmol min�1) 0.20 0.23

Table 3
Effect of diverse ions on the sorption of Cr(III) and Cr(VI)
on to the resin

Foreign iona % Recovery of Cr(III) % Recovery of Cr(VI)

Al(III) 89.2 –

Fe(III) 93.1 –

Cu(II) 92.99 –

Hg(II) 91.5 –

Ni(II) 98.6 –

Cd(II) 94.07 –

Pb(II) 91.3 –

Li(I) 99.9 –

Zn(II) 98.6 –

Mn(II) 98.9 –

Mg(II) 99.25 –

Co(II) 99.8 –

AsO4
3� – 97.5

MoO4
2� – 98.3

VO3
� – 92.0

Cl� – 99.0

NO3
� – 99.5

PO4
3� – 98.7

aIn each case the amount of foreign ion was added 40-fold excess

with respect to Cr(III) and Cr(VI).
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3.8. Influence of flow rate

The flow rate of the sample solution not only
affected the retention of Cr species on the sorbent but
also the duration of complete analysis. Therefore, the
effect of the flow rate of sample solution was exam-
ined under the optimum conditions. The flow rate of
the sample solution was adjusted in a range 0.5 to
15.0mLmin�1. It was found that the retention of Cr
species practically remains unaltered up to a flow rate
of 7.0mLmin�1. Above this value, the recoveries
decreased gradually.

3.9. Evaluation of method performance

Calibration curve for quantitative analysis was lin-
ear up to 50mgL�1 with a regression coefficient (R) of
0.997. Detection limit (3r of the blank signal; N= 20)
was found to be 4.5 lgmL�1 for Cr(III) and
4.6lgmL�1 for Cr(VI). Precision of the method was
evaluated by successive retention and elution cycle
with 0.1 g of Cr(VI) in 100mL of solution. Recovery
was 97.4 ± 2.6% at 95% confidence level. An enrich-
ment factor of 150 for Cr(III) and 130 for Cr(VI) was
achieved.

4. Applications

4.1. Separation of Cr(III) and Cr(VI) from the binary
synthetic mixtures

Several sets (each set in duplicate) of synthetic
mixtures containing both Cr(III) and Cr(VI) have been
prepared, where measured amounts of Cr(III) and Cr
(VI) were mixed with a total volume of 100mL. The
pH of the solutions of one set was adjusted to 2.0,
whereas the pH of the other set was maintained to
10.0 in order to enable their complete separation (as
evident from Fig. 3). After elution with 3.0mol L�1

HCl, the concentrations of Cr species were measured
using FAAS. The results were summarised in Table 4.

4.2. Real samples analysis

The wastewater samples from different sources
(three samples from tannery industrial area, Kolkata
and three samples from Durgapur Industrial belt,
West Bengal, India) were treated and analysed as
described in Section 2.14. The results were presented
in Table 5. The results were compared with a refer-
ence method [20], and a good agreement was found
between the two (t-test, p= 0.05).

Table 4
Applications towards separation of Cr(III) and Cr(VI)) from synthetic mixtures (volume of the solution: 5mL)

No. of observations Amount taken (lg) Amount found (lg) Error (%)

1. Cr(III) – 100 Cr(III) – 100.26 ± 0.02 0.026

Cr(VI) – 100 Cr(VI) – 98.08 ± 0.01 1.92

2. Cr(III) – 50 Cr(III) – 48.5 ± 0.03 1.5

Cr(VI) – 100 Cr(VI) – 102.6 ± 0.2 2.6

3. Cr(III) – 100 Cr(III) – 101.2 ± 0.01 1.2

Cr(VI) – 50 Cr(VI) – 49.5 ± 0.03 0.05

4. Cr(III) – 20 Cr(III) – 22.01 ± 0.02 2.01

Cr(VI) – 300 C(VI) – 298.6 ± 0.01 1.4

5. Cr(III) – 300 Cr(III) – 301.4 ± 0.4 1.4

Cr(VI) – 20 Cr(VI) – 19.1 ± 0.5 1.0

Table 5
Level of chromium species in environmental samples as determined by the present method (N= 4)

Sample no.

Present method (ngmL�1) Reference method [20] (ngmL�1)

Cr(III) Cr(VI) Cr(III) Cr(VI)

1a 681.2 ± 0.2 595± 2 684.2 ± 1 598 ± 3

2a 575 ± 3 512± 4 570± 4 509 ± 5

3a 467 ± 1 411± 3 472± 3 415 ± 2

4b 65.3 ± 3 54.3 ± 1 62.3 ± 3 51.3 ± 1

5b 43.1 ± 3 41.2 ± 4 41.1 ± 2 43.2 ± 4

6b 35.5 ± 4 37.5 ± 5 33.5 ± 0.8 36.0 ± 5

aTannery water; bIndustrial water.
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5. Conclusions

It is found that BAM-loaded alumina can be used
for selective removal and chemical speciation of inor-
ganic chromium species as a function of pH from
environmental samples. The developed method is
reproducible and has a very competitive detection
limit. The maximum sorption capacity for Cr(III) at
pH 4.0 is 0.5663mmol g�1 and for Cr(VI) at pH 2.0 is
1.23mmol g�1. About 3.0mol L�1 HCl can completely
desorb both chromium species from the sorbent. The
detection limit (three times the standard deviation of
the blank, as obtained from FAAS method) for Cr(III)
and Cr(VI) is found to be 45 and 46 ngmL�1, respec-
tively. A comparison of the present method with the
promising existing methods [11,14,24–30] has been
presented as Table 6. We believe that three carboxyl-
ate anions [21] and one tertiary nitrogen moiety of the
sorbent molecule are responsible for binding to Cr(III)
at higher pH, whereas at lower pH (acidic) nitrogen
centre gets protonated and act as an anion exchanger
to bind with Cr(VI).
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