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Abstract

A simple and sensitive method for the speciation, separation and preconcentration of Cr(VI) and Cr(IIl) in natural water, soil and sediment
samples was developed. Cr(VI) has been separated from Cr(I1Il) and preconcentrated as Cr(Il)-diphenylcarbazone complex by using Ambersorb
563 resin and determined by spectrophotometric method at 540 nm. Effect of analytical parameters such as sulfuric acid concentration, ligand
volume, type of elution solution, sample volume, amount of resin and foreign ions were investigated. The presented procedure was successfully
applied for the chromium speciation in various environmental samples with successfully results.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

In environmental samples, chromium is one of the pollu-
tants. Chromium exists in the environment as chromium(III) and
chromium(VI) oxidation states. As oxidation states, the chem-
ical properties of these species are different. Chromium is an
indispensable nutrient element for the carbohydrates and lipids
metabolism. While chromium(III) is considered to be essential
nutrition and for the maintenance of normal glucose tolerance,
chromium(VI) can have acute and chronic toxic, including car-
cinogenic effect [1,2]. Chromium is a major water pollutant,
usually as a result of some industrial pollution including tan-
ning factories, steel works, dyeing or chromium plating, wood
preservation, etc. and artificial fertilizers [3,4]. For this reason,
determination of chromium in environmental samples as natural
water, waste water samples and soil samples has become very
important. The US EPA has set the concentration of 0.1 mg L~!
of total chromium for drinking water as “maximum contaminant
level goals”. WHO states that the guideline values of 50 wg L™!
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of Cr(VI) [5]. Because of these importances of the chromium
species, their accurate and facile determinations are an important
point in the chemistry.

Various analytical techniques have been used for deter-
mination of chromium including spectrophotometry [6,7],
atomic absorption spectrometry (AAS) [6,7], inductively cou-
pled plasma atomic emission spectrometry (ICP-AES) [7-10],
high performance liquid chromatography [11], etc. Due to the
levels of chromium species in the natural and waste water
samples are generally at pgL~! and high matrix contents of
the samples, a separation/preconcentration technique is neces-
sary, prior to determination of chromium by an instrumental
technique [12-16]. Diphenylcarbazide (DPC) gives very sen-
sitive color reaction with Cr(VI) in mineral acid medium and
Cr(IlT)-diphenylcarbazone (Cr(HL);*) complex occurs [17].

Ambersorb adsorption resins are synthetic carbonaceous
adsorbents. They are partial pyrolyzed resin of sulfonated
styrene/divinylbenzene polymer. They have good adsorption
properties: high surface area, porosity, durability, uniform pore
distribution and high surface area. They have been used for the
separation, preconcentration and isolation of organic substances
from various media especially natural waters and sediments
[15-18]. Ambersorb 563 has been used for preconcentation
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of traces heavy metals in some studies of our working group
[13,19-21].

In presented study, the conditions for the sorption of
chromium(IIl)-diphenylcarbazone complex on Ambersorb 563
resin for speciation of Cr(IIT) and Cr(VI) in environmental sam-
ples have been investigated.

2. Experimental
2.1. Reagents

Otherwise stated analytical-grade acetone, acids and other
chemicals used obtained from Merck, Darmstadt. Doubly dis-
tilled water was used for the preparation of the reagent solutions.
1,5-diphenylcarbazide solution (1 x 10~*molL~!) was pre-
pared daily by dissolving appropriate amount of DPC (Merck) in
ethanol. Cr(VI) and Cr(III) stock solutions (1000 mgL~!) were
prepared from K>CrO4 and Cr(NO3)3-9H;0.

Ambersorb 563 is carbonaceous resin (20-50 mesh, part
no. 10430-U) that was purchased from Supelco (Bellefonte,
PA, USA). It was purified by washing with methanol, water,
1.0mol L™! nitric acid in acetone, water, 1.0mol L~! NaOH,
water and acetone sequentially, in order to eliminate trace metal
ions and other inorganic and organic contaminants in the resin.

2.2. Instruments

A Shimadzu 160 double beam UV-vis spectrophotometer
with 10mm quartz cells was used for the determination of
chromium at 540 nm. pH measurements were made witha WTW
level 1 digital pH meter. In the aching procedure of sediment and
soil samples an Elektro-Mag 1813 model laboratory oven was
used.

A short glass column with an inner diameter of 10 mm and
a length of 100 mm, equipped with porous frits, was filled up
to a height of about 20 mm with a suspension of 300 mg of
Ambersorb 563 resin in water.

2.3. Procedure for Cr(VI)

For the optimization of column separation and preconcentra-
tion method, 2mL 1 x 10~* mol L~! DPC added into 30 mL of
0.05 mol L~! sulfuric acid solutions containing 0.5 g of Cr(VI).
Total volume of the model solution was 30 mL. After waiting
10 min for complex formation, the solution was passed through
the column at the 2 mL min~! flow rate. The adsorbed diphenyl-
carbazone complex of chromium(VI) on the column was eluted
with 5 mL of acetone. Absorbance of the solution was measured
by UV-vis spectrophotometer at 540 nm.

2.4. Procedure for total chromium

Total chromium was determined after oxidizing Cr(IIl) to
Cr(VI) by the addition of K»S,0Og in acidic medium. For this pur-
pose, 0.5 mL of K»S>0g (1%, w/v) solution added and one drop
of AgNOs3 (0.01%, w/v) and 0.5 mL concentrated HySO4 were
added into 100 mL beaker containing 50 mL of the spiked solu-

tion 5 wgmL~! Cr(III). The beaker was covered with a watch
glass and heated without boiling (=65 °C) for about 45 min to
complete oxidation and to reduce excess of K»S,0g. Then the
method described in Section 2.3 was applied was applied. The
concentration of Cr(IIT) was calculated by subtracting the con-
tent of Cr(VI) from total chromium content.

2.5. Application to the real samples

Waste water sample is filtered from 0.45 pwm cellulose nitrate
filter. For determination of chromium(VI), 10 mL of waste water
diluted 10-fold with deionized water than this solution is acidi-
fied with 5.0 mL 1.0 mol L~'H,S0y4. After cooling for 30 min at
room temperature, the speciation procedures given above were
applied to this solution.

The procedure was also applied for the sediment and soil sam-
ples. For this purpose, the samples dried in an oven at 105 °C
and homogenized with a sieve. Then 0.3000 g sediment or soil
sample was weighed and transferred into porcelain crucible.
The samples were burned in an oven at 450 °C for 3 h and the
resulting inorganic residues dissolved with 5 mL of concentrated
HNO3 [22]. These solutions boiled until dryness and 3 mL of
concentrated HNO3 added again. The final solution was trans-
ferred to 50 mL volumetric flasks and diluted with deionized
water. Then the procedure given above was applied to this solu-
tion.

3. Results and discussion
3.1. Effect of acidity

The effects of acidity of the aqueous solution on the reten-
tion of Cr(VI) and Cr(III) on to the Ambersorb 563 resin were
investigated between ranges of 0.01-0.10 mol L~! sulfuric acid.
As can be seen in Fig. 1, the quantitative recovery (>95%) was
found as 0.05mol L™! sulfuric acid concentration and for the
higher concentrations the recovery of Cr(VI) was quantitative
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Fig. 1. Effect of sulfuric acid concentration on the recoveries of Cr(VI) and
Cr(IIT) on Ambersorb 563 (N=4).
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Table 1
Influences of various eluents on the desorption of chromium—diphenylcarbazone
complex from Ambersorb 563 resin (eluent volume: 5.0 mL, N=4)

Eluent type Recovery (%)
1M HC1 <5
2M HCI <5
1M HNO3 <5
2M HNO3 <5
Acetone 98+ 1
Ethanol 82+4
1M HCl in acetone 90+ 1
2M HCl in acetone 91+£2
1 M HCl in ethanol 7242
2M HCl in ethanol 76+ 1
1M HNOs; in acetone 67+2
2M HNOj3 in acetone 30+2
1M HNOs in ethanol 60+ 1
2 M HNOs3 in ethanol 54+1

while the recovery of Cr(IIl) is rather low (<5%). These results
showed the possibility of separating Cr(VI) from Cr(III). In fur-
ther studies, the acidity of the model solutions was adjusted to
0.05 mol L™! with sulfuric acid.

3.2. Effect of ligand

The effect of volume of ligand solution on the retention
of Cr(VI) on Ambersorb 563 was investigated between ranges
1-10mL of 1 x 107*mol L~! DPC on the kept other param-
eters constant. Chromium(VI) was quantitatively recovered

Table 2
Effect of sample volume on the recovery of Cr(VI) on the Ambersorb 563 resin
N=4

Sample volume (mL) Recovery (%)

25 101 2
50 102 + 4
100 101 + 1
150 98 + 2
200 91 +3
250 90 + 4
100
90
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Fig. 2. Effect of Ambersorb 563 amount on the recoveries of Cr(VI) (N=4).

in 1.0-10.0mL of DPC. For all subsequent works, 2 mL of
1 x 107*mol L~ DPC solution was used.

3.3. Elution

The influence of the eluent type was tested by using various
eluents including hydrochloric acid, nitric acid, acetone, ethanol
and their combinations. The results were given in Table 1.
Chromium(VI) was quantitatively desorbed from the Amber-
sorb 563 column only with acetone. The volume of the acetone
as eluent was also tested. The recoveries of chromium(VI) were
quantitative 5.0-15.0 mL of acetone. In all further works, 5 mL
of acetone was used.

3.4. Effect of sample volume

In order to obtain high preconcentration factor, the sample
volume is one of the important analytical parameter. The influ-
ences of sample volume on the recoveries of Cr(VI) complex
on the Ambersorb 563 resin was investigated between ranges
of 25-250 mL. The results were given in Table 2. The recovery
was quantitative till 150 mL of the sample volume. The highest
preconcentration factor was 30, when the adsorbed complex was
eluted with 5.0 mL acetone.

3.5. Effect of resin amount

The influences of amounts of Ambersorb 563 on the retention
of Cr(VI) were investigated. The results were given in Fig. 2. The
recovery values for chromium were not quantitative till 300 mg
of Ambersorb 563. With more than 300 mg of the resin quanti-
tative recovery values were obtained.

3.6. Effect of interfering ions

The influences of possible matrix ions in the environmen-
tal samples and some transition metals were also examined.
The effect of potential interfering ions on the determination of

Table 3
Tolerable levels of interfering ions for the retention of Cr(VI) on Ambersorb
563 resin (N=3)

Tons Concentration (mg L b Salt added Recovery (%)
Na* 5000 NaCl 97 +4
K* 2000 KCl 98 +2
CaZt 500 CaCl, 97 £2
Mg? 1000 MgCl, 95 + 1
S042- 500 (NHy),S04 99 + 5
cl- 1000 NH4Cl 98 +5
Zn*t 50 ZnSOy4 93 + 1
Ccdx 50 CdSO, 94 + 1
Mn?* 50 MnCl, 101 £ 6
Pb* 50 Pb(NO3), 103 £ 3
Co?* 50 Co(NO3), 95+ 2
Cu?* 50 Cu(NO3), 106 + 4
NiZ* 50 Ni(NO3)» 100 + 2
APt 50 AI(NO;3)3 96 + 3
Fe3* 15 Fe»(S04)3 101 £2
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Table 4
Chromium content of mineral and tap water samples without adding oxidizing reagent K»,S,0g (N=4)
Sample Added chromium Found chromium(VI) (pg) Recovery (%)
Mineral water I - BDL -
1 pg Cr(IIl) + 1 pg Cr(VI) 1.04 + 0.04 104 + 4
Mineral water 11 - BDL -
1 g Cr(1IT) + 1 pg Cr(VI) 1.03 £ 0.02 103 £ 2
Tap water III - BDL -
1 g Cr(1IT) + 1 pg Cr(VI) 1.03 + 0.02 103 £2
Tap water IV - BDL -
1 g Cr(IIl) + 1 pg Cr(VI) 1.00 £+ 0.04 100 £ 4
BDL, below the detection limit.
Table 5
Chromium contents of mineral and tap water samples after oxidizing added Cr(III) to Cr(VI) (N=4)
Sample Added chromium (pg) Total chromium (.g) Found chromium (pg) Recovery (%)
Mineral water I - - BDL -
1.00 Cr(III) + 0.50 Cr(VI) 1.50 1.46 = 0.03 97 £2
Mineral water 11 - - BDL -
1.00 Cr(III) + 0.50 Cr(VI) 1.50 1.47 £ 0.02 98 £ 1
Tap water I - BDL -
1.00 Cr(III) + 0.50 Cr(VI) 1.50 1.62 £ 0.02 108 £ 1
Tap water II - BDL -
1.00 Cr(IIT) + 0.50 Cr(VI) 1.50 1.61 = 0.02 107 £1

BDL, below the detection limit.

chromium species were investigated by adding known concen-
trations of each ion in a solution containing analytes. The results
were summarized in Table 3. The tolerated amounts of each ion
were the concentration values tested that caused less than 5% the
absorbance alteration. Also no influence from the anions such
as sulfate and chloride was observed. This results show that the
proposed preconcentration/separation method could be applied
to the highly saline samples and the samples that contains some
transition metals at wg L~! levels.

3.7. Calibration curve

Using the optimized condition of preconcentration, calibra-
tion graph were prepared for Cr(VI) (0-0.25 pg mL~!). Linear
equations were as follows:

Cr(V) A=0994 C+0.0324 r=10.998 (N :6)

where A is absorbance and C the concentration of chromium(VI)
(pgmL™).

3.8. Figure of merits

In order to estimate the accuracy of the speciation proce-
dure, different amount of chromium(IIl) and chromium(VI)
were added to 50 mL of the mineral and tap water samples. The
procedure described above was applied to the mineral and tap
water samples without adding oxidizing reagent K»S>Og. The
results are show in Table 4. A good agreement was obtained
between the added chromium(VI) and measured chromium(VI)

amount. The recoveries of chromium(VI) were between 100%
and 104%.

The accuracy studies were also performed with the mixture
of chromium species after oxidizing with K»S,0Og. The results
for these works were given in Table 5. Quantitative recoveries
were also obtained for this study.

The limit of detection (LOD) of the proposed method for
the determination of chromium(VI) was studied under optimal
experimental conditions by applying the procedure for blank
solutions. The detection limit of chromium(VI) based on three
times the standard deviations of the blank (N=21, X1, =Xp + 35,
X1 : limit of detection, Xp: blank value) was 3.4 pg L™

3.9. Application to the real samples

The proposed preconcentration method was applied to deter-
mination of chromium in a tannery wastewater sample from the

Table 6
The level of chromium species in the real samples (N=4)

Sample Concentration (ugL™")
Chromium(IIT) Chromium(VI)
Waste water from 524 + 32 BDL

Organised Industrial

Region of Bor-Nigde

Total chromium (pgg~")
Sediment from Tabakhane stream 63.2 + 1.6
Soil from Nigde University 94 £ 1.0

BDL, below the detection limit. Uncertainty at 95% confidence limit.
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Table 7

Comparative data from some recent studies on Cr(IIT) and Cr(VI) speciation

Technique System Media Detection system PF DL (pg L~!) R.S.D.(%) Reference

CPE Cr(IIT)—1-phenyl-3-methyl-4- Triton X-100 ICP-AES 20  0.81 32 [23]
benzoylpyrazol-5-one and
reduction of Cr(VI)

CPE Cr(Il)—N,N'-bis-(alpha-methyl Triton X-100 FAAS - 0.1 2.3 [24]
salicylidene) propane-1,3-diimine
and reduction of Cr(VI)

CPE Cr(IIT)—bis(2-methoxybenz- Triton X-114 FAAS 57  0.17 2.1 [25]
aldehyde) ethylene diimine and
reduction of Cr(VI)

Coprecipitation Cr(VI)—ethyl xanthate complex  — FAAS 100 0.5 3.1 [26]
and oxidation of Cr(III)

Solvent extraction  Cr(VI)—DPC and oxidation of MIBK Spectrophotometry 20 2.22 <1 [27]
Cr(IIT)

SPE Cr(Il)—1,1,1-trifluoroacetyl- Polyimide-coated silica GC - 2 <7 [28]
acetone and reduction of fiber
Cr(VI)

SPE Cr(VI)—cetyltrimethyl C-18 bonded phase silica FAAS 45 1520 <5 [29]
ammonium bromide and SPE disks
oxidation of Cr(III)

SPE Cr(VI)—ADPC and GFAAS Diaion HP-2MG GFAAS - 03 <9 [30]

SPE Cr(IIT) and Cr(VI)—APDC LiChrospher 100 RP-8 and  HPLC-UV detection - 02 2 [31]

LiChrospher 60 RP-18
SPE Cr(VI)—DPC and oxidation of Ambersorb 563 Spectrophotometry 30 34 <6 Present work

Cr(III)

CPE, cloud point extraction; GC, gas chromatography; SPE, solid phase extraction; PF, preconcentration factor; DL, detection limit.

Organized Industrial Region of Bor-Nigde, a sediment sample
from Tabakhane Stream-Nigde and a soil sample from Nigde
University. The results were given in Table 6.

4. Conclusion

The procedure presented is simple, facile and economic for
the speciation and preconcentration of chromium. The resin can
be used all throughout the works without any loss in recovery
values. Comparative data from some recent studies on Cr(III)
and Cr(VI) speciation are given Table 7. The procedure pre-
sented is comparable for the procedure in the literature [30-34]
with quantitative recovery values and lower detection limit for
chromium speciation.
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