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The most common methodology for removal of Cr(VI) in literatures is the combination of reduction and precipitation process. The
disadvantages of this method are presence of high total dissolved solids in the treated water and sludge generation. In order to find a new
solution, efforts have been focussed to convert Cr(VI) present in the groundwater, into the useful products like zinc chromate and barium
chromate under appropriate conditions. The efficiency of these conversions is compared with the efficiency of the reduction and precipitation
process adopted in this study, using sodium metabisulphite. These experimental studies were carried out with stimulated water containing
2000 mg/L of Cr(VI) and then extended to Cr(VI) contaminated groundwater with same concentration. The results are compared and
validated through batch experiments.
Keywords: Contaminated groundwater, Hexavalent chromium, Total chromium, Zinc chromate, Barium chromate.

INTRODUCTION

Industrialization is a basic need for sustained economic
growth for developing countries. Amongst the industries, tanneries are the major consumer of chromium over many years
for the stabilization of hides. During the past two decades, environmental regulations have become more stringent in improving
the quality of treated effluent and remediation of contaminated
site [1]. Chromium has a distinctive geochemical behaviour in
natural water systems due to redox reaction of Cr(VI) into Cr(III)
vice-versa. The concentration of chromium in freshwater and
seawater is reported to be in the range of 0.1-6.0 µg/L and 2-50
µg/L, respectively [2]. Due to anthropogenic activities, Cr(VI)
enter into the environment, exist in aqueous solution in the form
of Cr2O72−, CrO42−, H2CrO4 and HCrO4− and Cr(III) species as
Cr3+, Cr(OH)2+, CrO+, HCrO2 and CrO2− [3].
The occurrence of higher concentration of Cr is not common
due to insolubility of chromite mineral in water [4]. However,
significant amount of Cr(VI) was found in surface as well as
groundwater due to natural weathering of rocks. This type of
contamination has been reported in Sukinda valley of Orissa
and Ghaziabad of Uttar Pradesh provinces of India [5]. Samples

collected in similar sources from Calodina, California, Italy
and Mexico have been reported up to 73 µg/L and soil in Amazon
was in the range of 1864-2346 mg/kg [6].
Apart from mine drainage, the common polluting sources
of Cr(VI) are domestic sewage, weathering of mafic or ultramafic rocks and the wastewater generated from industrial applications including electroplating, tanning, textile mordant and
dye, industrial water cooling and wood preservation [7]. Contamination due to chromium ore processing residue (COPR) is also
a universal problem with significant cases reported in the United
Kingdom, United States, Eastern Europe, India, Pakistan and
China [8].
In recent years, many techniques such as chemical precipitation, adsorption, membrane filtration, electrodialysis, electrochemical deposition and photo catalysis have been developed
for heavy metal removal from contaminated wastewater [9].
Recent study reported that organo-Cr(III) compound is stable
in the environment up to 150 ºC and the conversion of amorphous
organo-Cr(III) into minerals takes place by hydrothermal process,
reduces the risk of chromium contamination [10]. The reconversion of Cr(III) species into Cr(VI) species was noticed on aluminium coating due to the presence of dissolved oxygen and
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The chemicals used in this study were of analytical grade
and purchased from E-Mecrk India Ltd. Synthetic Cr(VI) water
was prepared from AR potassium dichromate salt. Barium
chloride and zinc chloride were utilized for conversion and
sodium metabisulphite was chosen for reduction. Reduction
and precipitation were achieved on addition of 1N H2SO4 and
1 N NaOH, respectively. Elico pH meter 240 (model L1614) was
employed for pH measurement. The initial and residual Cr(VI)
concentrations were determined by recording the absorbance
at 540 nm using UV-visible spectrophotometer (UV-3200, Lab
India). Atomic adsorption spectrometer model Shimadzu 6800
was engaged for accounting total chromium concentration. APHA
methods were endorsed to analyse other necessary parameters.
Chromium contaminated ground water (CGW): Ground
water contaminated with Cr(VI) piled from the wells located
in and around COPR dump site at Ranipet, Vellore district, India
was put in to this work. The samples were filtered before subjected
to analysis. The electrical conductivity, total dissolved solid and
turbidity of the sample containing 2000 mg/L of Cr(VI) were
found to be 7580 µs/cm, 5000 mg/L and 195 NTU, respectively.
Synthetic contaminated water (SCW): The SCW was
prepared by dissolving 5.658 g of K2Cr2O7 in 1000 mL distilled
water to have 2000 mg/L of Cr(VI), so as to match it with the
concentration of Cr(VI) in contaminated groundwater.
RESULTS AND DISCUSSION

The batch experiments were carried out in two different
processes (i) conversion of soluble Cr(VI) in to salts of ZnCrO4
and BaCrO4 and (ii) reduction and precipitation of Cr(VI).
Parameters influencing the conversion of Cr(VI) into
ZnCrO4 in SCW: Mirhabibi et al. [16] reported that the formation
of zinc chromate (yellow pigment) is influenced by the addition
of dosage, pH, rotation speed, reaction temperature and stirring
time.
Effect of pH on SCW: The initial pH of SCW was recorded
at 5.38. In order to find out the effective pH, trial experiments

2000
Concentration of Cr(VI) (mg/L)

EXPERIMENTAL

were executed in SCW by adjusting the pH to 6.5, 7, 8, 9, 10,
11 and 12 using 1 N NaOH. Each trial was carried out in 100
mL of SCW by adding 1 g of zinc chloride and the mixtures
were put on magnetic stirrer for 8 h at 280 rpm in room temperature. The precipitates thus obtained were filtered.
Fig. 1 shows the values of Cr(VI) in the filtrates. It is found
that Cr(VI) in filtrates were decreased to 1878 mg/L at pH 6.5
and 1256 mg/L at pH 12. Since the maximum conversion was
noticed at pH 12, further studies were carried out by adjusting
the pH medium to 12 externally.
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Fig.1. Effect of pH in SCW

Effect of dosage in SCW: Experiments were conducted
to analyse the effects of conversion against various dosages of
zinc chloride. Since maximum precipitation was occurred in
high alkaline medium, studies were executed by varying the
dosages of zinc chloride to1 g, 2 g, 3 g, 4 g and 5 g. The Cr(VI)
present in the filtrates were recorded as 1300 mg/L, 639 mg/
L, 609 mg/L, 509 mg/L and 492 mg/L, respectively.
From Fig. 2, it is implied that the maximum precipitation
was obtained at dosage 3 g. It is apparent evidence that there
is no use in merely increasing the dosage of zinc chloride beyond
a certain limit. Hence, it was decided to adjust the pH medium
to achieve effective conversion. Based on the results obtained
in SCW, further experiments were continued in CGW.
2500
Concentration of Cr(VI) (mg/L)

H2O2 [11]. Bimetallic Cu Ni nano crystals catalyze is very efficient
in the conversion of Cr(VI) to Cr(III) at room temperature in the
presence of formic acid [12]. Aghababazadeh et al. [13] reported
that zinc chromate can be prepared by adding solution of zinc
salt and potassium dichromate with NaOH which can be used
as a corrosion inhibitor. Beyar and Rieman [14] have reported
that a solution containing barium and strontium is separated into
barium chromate and strontium chromate by double precipitation. Sodium meta sulfite is a cheap, easily available reducing
agent, safe to handle and used as preservative for fruits [15].
In this study, works are executed in three ways in the Cr(VI)
contaminated groundwater obtained from COPR site; (i) to
obtain zinc chromate, zinc chloride is added in Cr(VI) contaminated groundwater and precipitated with NaOH; (ii) to obtain
barium chromate, barium chloride is added in Cr(VI) contaminated groundwater and precipitated with NaOH; and (iii) the
contaminated groundwater containing Cr(VI) has been reduced
to Cr(III) using sodium metabisulphite in acidic medium and
precipitated with NaOH. The influential parameters for the above
processes and results are discussed.
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Fig. 2. Level of Cr(VI) in the filtrate after the formation of ZnCrO4
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Effect of dosage, time and precipitation of ZnCrO4 in
CGW: Earlier literature has reported that 2 h stirring is not
adequate for the formation of zinc chromate [16]. In order to
estimate the operational time for the precipitation of ZnCrO4
in CGW, the optimum dosage and pH as obtained in SCW were
taken as bench mark (Fig. 3).

Concentration of Cr(VI) (mg/L)

2500
2000

precipitates thus obtained were filtered and the filtrates were
analyzed for the determination of Cr(VI). The analyzed reports
revealed that considerable amount of Cr(VI) were present in
the filtrate at pH 2.1, 1.47 and 1.38 to the respective dosages
of 1g, 2 g and 3 g.
Earlier report [16] revealed that the quantitative precipitation of barium chromate occurred at pH 4.6. As the study is
focussed to convert all the soluble Cr(VI) into BaCrO4 attempts
were made to raise the pH using NaOH. The data observed
are shown in Table-1.
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TABLE-1
Cr(VI) IN THE FILTRATE OBTAINED
AFTER PRECIPITATION OF BaCrO4
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Fig. 3. Effect of time for the formation of ZnCrO4

Effect of time for the formation of ZnCrO4: To 100 mL
of CGW, 3 g of zinc chloride was added. Then, the mixture was
allowed to run for 1 h, 2 h, 4 h, 6 h and 8 h, and the residual
concentration of Cr(VI) in the filtrates were found to be 1267,
1108, 982.5, 868.9 and 673 mg/L, respectively. Even after
stirring for 8 h, the conversion of Cr(VI) reached to a level of
66.33 %, which is in agreement with earlier report [13].
X-ray diffraction analysis (Fig. 4) for the precipitated zinc
chromate contains diffraction pattern of zinc chromate peaks
at 2θ values 32, 45 and 57 and it matches well with the reported
value [15].

50

Initial pH

Adjusted pH

Cr(VI) (mg/L)

2.1
–
–
–
1.47
–
–
–
–
1.38
–
–
–

–
3.5
4.5
5.0
–
2.5
3.0
3.5
4.0
–
2.0
2.5
3.0

920
725
690
664
123
3.42
1.67
0.89
0.0
59.2
13.8
2.27
0.00

Table-1 revealed that pH medium was strong acidic on
addition of BaCl2 and 100 % removal of Cr(VI) could be noticed
in the filtrate at pH 4 for 2 g and pH 3 for 3 g of barium chloride.
It was also observed that formation of BaCrO4 occurred rapidly
than the formation of ZnCrO4. The XRD recorded for the precipitated BaCrO4 for the dosage of 3 g at pHs 2.5 and 3 are shown
in Figs. 5 and 6, respectively. The diffraction peaks appeared
around 2θ values 20º, 25º, 28º, 40º, 42º, 48º, 55º, 59º and 65º
are in accordance with reported data [17].
Intensity (cps)

15

Intensity (a.u.)

40

30

10
5
0
10

20

20

30

40
2θ (°)

50

60

70

Fig. 5. X-ray diffraction pattern of barium chromate (at pH-2.5)
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Fig. 4. X-ray diffraction pattern of zinc chromate
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Fig. 6. X-ray diffraction pattern of barium chromate (at pH-3)

Conversion of soluble Cr(VI) into insoluble Cr(VI) in
CGW using BaCl2: Attempts were made to find out the suitability of BaCl2 for conversion of BaCrO4. For this conversion
1 g, 2 g and 3 g of BaCl2 was added in 100 mL of CGW and
the mixtures were stirred for 0.5 h at room temperature. The

Reduction of Cr(VI) into Cr(III): In previous work, the
acceptability of sodium dithionite, tin chloride and other reducing agents were discussed [18-20]. Current work employs
sodium metabisulphite as reducing agent.
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Effect of initial pH, dosage and contact time for SCW:
Removal of Cr(VI) depends on pH of the medium [21]. Different
dosage of Na2S2O5 (0.06 g, 0.08 g and 0.10 g) were added to
100 mL of SCW. The observed pH of the solutions was in the
range of 5.2 to 5.4. The level of Cr(VI) after stirring the mixture
continuously for 15, 30, 45 and 60 min were recorded. It is
observed that the maximum amount of Cr(VI) is reduced within
15 min time interval (Fig. 7).

precipitation. Comparison of results showed that the amount
of total chromium is found to be less in pH 2.5 than pH 3 and
meet the disposal standard (< 2 mg/L). Further the amount of
Na2S2O5 consumed at this condition for 100 % reduction of
Cr(VI) is the lowest value. The results thus obtained for the
conversion of BaCrO4, reduction and precipitation process including the presence of parameters such as pH and total dissolved
solids (TDS) present in the filtrate are shown in Table-3.
Conclusion
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An effort to generate useful material from the hazardous
groundwater is met with fruitful results. Even though the amount
of chemicals consumed is 2.5 times higher than the reduction
and precipitation process, generation of application oriented
pigment zinc chromate and barium chromate turns the conventional methods of treating contaminated ground water towards
profit oriented process. Lesser consumption of barium chloride
and lower requirement of alkali for complete conversion focuses
that the salt of barium chromate is better than zinc chromate.
However, the filtrate obtained from zinc chromate need further
treatment for complete removal of Cr(VI). Apart from that the
complications accompanied in the disposal of residue left out
in the precipitation process is totally eliminated.

Time (min)

ACKNOWLEDGEMENTS

Fig. 7. Reduction of Cr(VI) in SCW without pH adjustment

Study on contaminated groundwater (CGW): Earlier
report revealed that pH 9 is the best medium for precipitation
[18-22]. In this study, the results obtained in the attempts to
evaluate the requirement of Na2S2O5 dosage for a CGW sample
containing 1800 mg/L of Cr(VI) and 2166 mg/L of total Cr at
various reduction pH are presented in Table-2.
Table-2 revealed that pH 3 is the optimum pH for complete
reduction of Cr(VI) and pH 9 is the optimum pH for Cr(III)
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TABLE-2
EFFECT OF REDUCTION AND PRECIPITATION pH AND DOSAGE OF Na2S2O5 ON REDUCTION OF Cr(VI)
Weight of
Na2S2O5
(g/L)
2.0
4.0
6.0
8.0
10.0

Cr(VI)
(mg/L)
1009.6
442.0
0.0038
0.0036
0.0422

Reduction at pH-2 and
precipitation at pH-9
Total Cr
Cr(VI)
(mg/L)
reduction (%)
1664.70
43.91
516.55
75.44
4.08
99.88
2.520
99.99
2.780
99.99

Reduction at pH-2.5 and
precipitation at pH-9
Cr(VI)
Total Cr
Cr(VI)
(mg/L)
(mg/L)
reduction (%)
990.85
1670.80
44.95
204.4
564.08
88.66
2.056
2.4848
99.88
0.00
0.3686
100
0.00
0.2792
100

Cr(VI)
(mg/L)
915.5
515
126.2
0.00
0.00

Reduction at pH- 3 and
precipitation at pH-9
Total Cr
Cr(VI)
(mg/L)
reduction (%)
1499.4
49.13
1248.5
71.39
280.4
92.99
1.3577
100.00
0.7629
100.00

TABLE-3
COMPARISON OF CHEMICALS IN THE REMOVAL PROCESS OF Cr(VI)
Dosage of
chemicals used

Optimum pH

Na2S2O5 for reduction
(8 g/L)

pH-2.5 for reduction and
pH-9 for precipitation

BaCl2 for conversion
(20 g/L)
BaCl2 for conversion
(30 g/L)

pH-4 for precipitation
pH-3 for precipitation

Volume of acid/alkali
consumed (mL)
58 mL of 1 N H2SO4 for
reduction and 106 mL of 1 N
NaOH for precipitation
21 mL of 1 N NaOH for
precipitation
22 mL of 1 N NaOH for
precipitation

Conc. of
Cr(VI) in the
filtrate (mL)
0

TDS in the
filtrate
(mg/L)
8400

7.1

Chloride in
the filtrate
(mg/L)
120

0

6000

5.76

7799

0

7500

3.6

9926

pH in the
filtrate
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