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ABSTRACT
Chromium is one of the heavy metal coming from various industries having high

toxicity. The compounds of chromium especially Cr (VI) are known to be detrimental to
human beings and animals. The main objective is to adopt appropriate methods and to
develop suitable techniques either to prevent metal pollution or to reduce it to very low
levels with due consideration to cost optimization. Extensive chemical analysis was done
to detoxify Cr (VI) by reducing it to Cr (III)  by using reducing agents such as  ferrous
sulphate and sodium metabisulphite, and the precipitation of chromium hydroxide by addi-
tion of base. Also experiments were conducted to study the effect of reduction time and pH
on the reduction of chromium for various doses of reducing agents. In this paper, efforts
have been made to highlight the cost economics of removal and recovery of chromium.

Key Words : Heavy metal, Pollution, Reducing agents, Chromium removal, Recovery,
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INTRODUCTION
The extensive use of chromium in leather

tanning, metallurgy, electroplating and other
industries has resulted in the release of aqueous
chromium to the subsurface at numerous sites.
Chromium can occur at several different
oxidation states ranging from –2 to 6. Out of
which only Cr (III) and Cr (VI) are the stable
forms in the natural environments. However
Cr (VI) is rarely naturally occurring, relatively
soluble in aqueous systems and is readily
transformed in groundwater1.Exposure to Cr
(VI) poses an acute health risk because it is
highly toxic and chronic exposure can lead to
mutagenesis and carcinogenesis. On the
contrary Cr (III) is naturally occurring, is much

less toxic and even essential to human glucidic
metabolism, contributing to the glucose
tolerance factor necessary for insulin-regulated
metabolism2.

Chemical precipitation of Cr (III) using
lime from spent chrome tan liquor was 98.2%
at a pH value of 6.6.While removal is possible
in the form of hydroxide using alkalies like
NaOH, Na2C03 and NH4OH , lime appears to
be the cheapest alkali for the economical
removal of Cr (20,000mg/1)3 .Optimum doses
of precipitation using sodium sulphide
(110 mg/l) and ferrous sulphate (300mg/l) were
in the ratio 1: 3 at pH  8.0.  Also reduction Cr
(VI)  to Cr(III) can be obtained at pH 2.0 using
SO2

4.  Study on heavy metals removal reported
that, Cr(III) was precipitated when the pH of*Author for correspondence
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solution reached 7.0 without adding any
coagulant aid with a chromium conc. of 100
mg/15. Similar study using spent chrome tan
liquor from the Tannery whose Cr content was
3940mg/l showed Optimum dose of NaOH
as11000mg/1 and the residual Cr conc. as
32 mg/1. For synthetic waste containing initial
Cr. conc.of 3000,4000 and 6000mg/l,the actual
NaOH dose required was 3,7 and 10%
respectively, more than stoichiometric dose and
for spent chrome tan liquor(10000mg/l) it was
20% more6. Results from the electroplating
industry by using activated carbon in the pH
range of 5.5 to 8.0 showed that the removal of
chromium decreases with increase in pH and
a sudden decrease in removal from 88% to
about 40%, when the pH increase from 5.5 to
7.0. This was further reduced from 40 to 27%
,when the pH was raised from 7.5 to 8.07.  By
using bituminous coal  with doses varying from
0.5 to 10.0g/l, the amount of chromium adsorbed
at different pH ranges from 1.0 to 6.0 was
observed and found that removal was maximum
at a pH of 2.08. Similarly 80 % removal of
Cr(VI) was observed by using activated
groundnut husk carbon at pH 2.0.Optimum
dose of absorbent for the maximum removal
(100%) was 2400mg/l for an initial chromium
conc. of  10 mg/19. Blast furnace flue dust
ranging from 10 to 15mg/l gives 90% removal
efficiency for Cr(VI) conc. between 2.0 to
5.0mg/l.10.

The economic recovery of chromium
from wastewater is essential in minimising its
environmental impact Use of 60 ml conc.
H2SO4   gives 89%   recovery of Cr (III) from
Cr (OH)3 sludge3. Various physico-chemical
methods have been studied for the removal of
hexavalent chromium. Among these are ion-
exchange, solvent extraction, liquid membrane
and adsorption useful in recovery of chromium.
Liquid–liquid extraction is the most effective
conventional method extensively used including
metal recovery.

OBJECTIVES
 In present scenario it is necessary to

adopt appropriate methods and to develop
suitable techniques either to prevent the metal
pollution or to reduce it to very low levels. There
are two options available ; (a) use of substitutes
instead of metallic compounds during
manufacturing process,(b)Application of
various methods for the removal and recovery.
Hence majority of industries do not adopt much
innovative techniques, so necessity of second
option, wherein the aim is to first detoxify Cr
(VI) by reducing it to Cr (III) by using reducing
agents such as ferrous sulphate and sodium
metabisulphite at different pH values and then
precipitation of chromium hydroxide by the
addition of base. In addition to this the aim is to
recover chromium from Cr(OH)3 sludge with
due consideration to cost optimization.

MATERIAL AND METHODS
Reagents

A stock solution of chromium [1mL =
50 µg of Cr (VI)] was prepared by dissolving
141.345 mg of potassium dichromate
(K2Cr2O7) in distilled water and diluting to
1000mL, standard chromium solution was
prepared by diluting 10 ml stock chromium
solution to 100 ml so that 1 ml sample
corresponds to 5 µg chromium. Potassium
permanganate solution prepared by dissolving
4g KMnO4 in 100 ml distilled water. Sodium
azide solution prepared by dissolving 0.5 g NaN3
in 100 ml distilled water. Diphenyl carbazide
solution prepared by dissolving 250mg 1,5-
Diphenyl carbazide in 50 ml acetone.1.0M
solution of sodium hydroxide was prepared by
dissolving NaOH in distilled water. Conc.
sulphuric acid and lime were also used. All the
reagents were AR grade.
Apparatus and Measurements

TVS-25 visible spectrophotometer used
for the measurement of Cr(VI) ion
concentration  at 540nm with a light path of
1cm..pH was measured with pH
meter(systronics make) The determination of
Cr(VI) was carried out using diphenylcarbazide
method as per the standard method
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Procedure
The procedure measures only

Hexavalent chromium colorimetrically by
reaction with Diphenyl carbazide in acid
solution. A series of chrome samples with
concentration ranging from 20 to 120 µg were
prepared for calibration curve and using
standard method absorbance was measured at
540nm on visible spectrophotometer. For
reduction of Cr(VI), Ferrous sulphate and
sodium metabisulphite were used individually
as reducing agents.250ml of samples were
taken in separate beakers to which one of the
reducing agents was added. To decide the dose,
theoretical guidelines were followed.
Accordingly varying dose of reducing agent
was added to each beaker and aliquots were
taken to check the % reduction. In order to
determine efficiency, %reduction at different
pH values was noted.

After reduction of Cr (VI), Cr (III) is
removed by precipitation by raising the pH of
the sample on alkaline side using sodium
hydroxide and lime combinations.  For this
purpose Jar test apparatus was used. Initially
300ml portions of samples containing Cr (III)

were taken in six beakers to which using sodium
hydroxide , precipitation was observed at
different pH values. In the second set,
combination of sodium hydroxide and lime was
used and corresponding removal of Cr (III) at
varying pH values was noted. Lastly
precipitation studies using only lime were
conducted at different pH values. It is to be
noted that the supernatant was analysed after
subsequent 30, 45 and 60 mins. of settling time
and the optimum dose and optimum pH of
precipitation are determined. The supernatant
was decanted from the beakers and the volume
of sludge in all the beakers was noted. To the
settled chromium hydroxide sludge, varying
amounts of 1N sulphuric acid was added and
stirred until the sludge dissolves into a green
solution of chromium sulphate. The mixture was
then filtered and the filtrate was analysed to
check % recovery.

RESULTS AND DISCUSSION
Reduction of Cr (VI)

Experiments were conducted to study
the effect of Reduction time on the Reduction
of Chromium against various doses of Reducing

Table 1 : Statistical representation of % Reduction of Chromium with varying doses
of Ferrous Sulphate at different pH values.

WpH* pH = 2.0 
Dose, mg/l Reduction 

time, mins 
% Reduction % Reduction 

1800/1900 45±15 (36.78±1.15)/(41.95±1.725) (68.78±0.96)/(72.98±1.34) 

2000/2100 45±15 (51.71±2.29)/(53.46±2.86) (76.82±1.72)/(80.27±1.73) 

2200 45±15 (55.17±2.3) (81.035±1.725) 

1800/1900 45±15 (86.78±1.145)/(90.03±1.15) (92.53±0.97)/(94.82±0.96) 

2000/2100 45±15 (94.82±1.34)/(95.205±1.34) (98.85±1.15)/--- 

2200 45±15 (96.155±1.155) 
 

 WpH*- %Reduction was noted without using sulphuric acid for pH adjustment
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WpH* pH=2.0 
Dose, 
mg/l 

Reduction 
time,mins % Reduction % Reduction 

280/300 45±15 (49.435±1.165)/(51.16± 0.56) (90±0)/(92±0) 

320/340 45±15 (59.75±2.25)/(64.945±1.725) (95.8±0)/(95.46±0) 

360/380 45±15 (72.41±1.15)/(74.71±1.15) (100±0)/(100±0) 

 

Table  2 : Statistical representation of % Reduction of Chromium with varying doses
of Sodium Metabisulphate at different pH values.
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Fig. 1 :  Effect of ferrous sulphate dose and pH on Reduction of Cr(VI).

agents viz.; Ferrous Sulphate and Sodium
metabisulphite. For Ferrous Sulphate it was
seen that for a dose varying from 1800 to
2000mg/l, the change in %Reduction was rapid
in first 30mins and then it tapers towards the
end. Same was observed for Sodium
metabisulphite corresponding to the dose of 280
to 340 mg/1. In case of Ferrous Sulphate the
Reduction process is slow between 45 to 60min.
Therefore 60min was regarded as the Optimum
Reduction period for comparison between

various doses of Ferrous Sulphate. Similarly for
Sodium metabisulphite 30min should be
regarded as the Optimum Reduction period.

As from fig.1, it can be seen that the
Reduction of 54.00% can be obtained
corresponding to a dose of 2000mg/1. When
the dose was increased to 2100 and 2200mg/l,
% Reduction of only 56.32 and 57.47 %
respectively were obtained. This shows that
%Reduction depends upon the conc. of
chromium remaining in the solution Secondly
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Sodium metabisulphite dose was varied from
280 mg/1. From fig .2 we can make out that as
compared to Ferrous Sulphate, %Reduction
obtained by using sodium metabisulphite was
more. It increased from 50.6 to 75.86% as the
dose increased from 280 to 380mg/1 resp..
Moreover the Reduction process of Sodium
metabisulphite completes within 45mins while
that of Ferrous Sulphate takes 60mins for
completion.

Merely increasing the dose beyond a
certain limit is of no use. Hence it is better to
go for pH adjustment. So the pH was adjusted
and its effect on % Reduction was observed,
which increased from 57.47 % (FS 2200mg/l)
to 100% (FS 2000mg/l).corresponding to pH
value from 2.5 to 1.0 respectively.

From fig.2 we can see that using sodium
metabisulphite100% Reduction can be obtained
at a dose of 360mg/1 after only 30mins of
reduction time. This %Reduction was faster
than that obtained using Ferrous Sulphate. One
more point to be noted is that the Reduction
process is over after 30mins compared to
60mins for ferrous sulphate. Thus we can take
30min as the Optimum Reduction time.
Precipitation of Cr (III)

For removal by precipitation, the pH of
the sample after reduction was again adjusted
and three sets of trials using sodium hydroxide,

Lime-Sodium Hydroxide combination and only.
Lime were tried.

From fig. 3 we can see decrease in
Residual Cr (III) conc. with increase in pH
and settling time. It can be seen that after
45mins of settling much of the Cr (III) is
precipitated. A look at the fig shows that after
pH 12.5, the Residua) Cr (III) cone. increases.
This may be due to redissolution of Cr (III).
Moreover 100% Precipitation cannot be
obtained using only Sodium Hydroxide; So
Lime was tried along with Sodium Hydroxide.

Maximum precipitation can be obtained
in the pH range of 9 to 12.5. But as compared
to NaOH, the % precipitation observed was
more corresponding to a lime dose of 300mg/l

In order to check for 100% removal,
dose of lime was varied keeping value of
pH = 12.5.

From fig. 4. , it is observed that Cr (III)
can be precipitated completely at a lime dose
of 450mg/1 followed by raising the pH on
alkaline side with the help of Sodium Hydroxide.
Lastly, experiments were carried out using
Lime alone. So from fig.3. , it can be seen that
100% precipitation can be achieved using a lime
dose of 1850mg/l at pH of 9.5. The pH here is
lesser than that obtained from using NaOH and
lime NaOH combination.
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Fig. 2 : Graph showing effect of Sodium metabisulphite dose and pH on Reduction of Cr (VI).
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Fig. 3 : Effect of pH on precipitation of chromium using lime, lime-NaOH and NaOH
(*Settling time=30mins, ** settling time 60 mins.)
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Fig. 4 :  Effect of lime on precipitation for lime-NaOH combination
at pH 12.5

Recovery
Recovery analysis was carried out from

the precipitated Cr (III) sludge. For an initial
sample volume of 300 ml, 90 ml sludge was
observed. Conc. IN Sulphuric Acid was used
for Recovery. Fig.5 shows that 90% of
precipitated Cr (III) can be recovered using
35ml of Conc.1N Sulphuric Acid. In other
words we can say that near about 400ml of
Conc. I N Sulphuric Acid is required per liter
of sludge to obtain a recovery of 90%.

Cost optimization
It is necessary for every organisation to

give special emphasis on cost optimization by
implementing innovative techniques such as
recovery and reuse. However most of the
industries consider it to be as the last option. In
present study, therefore, efforts are made to
optimize this option by recovering chromium
from sludge which can be reused in the form
of chromium sulphate.

The cost optimization study shows that
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Fig. 5 :  Recovery of chromium from sludge by using 1N sulphuric acid.

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40

1N conc.Su lphur ic acid, m l

%
 R

ec
o

ve
ry

the cost of reduction using  ferrous sulphate
and sodium metabisulphite is Rs 1258/-* and
Rs 415/-* resp. per m3 of wastewater
containing chromium concentration of 87mg/l
.However the cost of sodium metabisulphite is
considered as optimum because, use of ferrous
sulphate generates large amount of sludge along
with acidic supernanent (pH =1.0).Similarly cost
required for precipitation using sodium
hydroxide, Lime+ sodium hydroxide and only
lime gives Rs 100/-*,Rs 110/-* and Rs 35/-*
resp., it therefore implies that lime gives
optimum cost for precipitation. Thus the
optimum cost of removal comes out to be Rs
450/-*.Further the recovery analysis shows that
90% of chromium can be recovered   in the
form of chromium sulphate which nearly
eliminates the cost of removal(*cost may vary
from place to place).

CONCLUSION
 As compared to Ferrous Sulphate,

Sodium metabisulphite is more efficient in
Reducing Cr (VI) to Cr (III). Optimum Dose
requirement of Ferrous Sulphate is more about
2000 mg/l, while that of Sodium metabisulphite

is only 360mg/1.Moreover Ferrous Sulphate
requires pH =1.0 for complete Reduction as
compared to Sodium metabisulphite which
requires a pH of about 2.0.

Without adjusting the pH Ferrous
Sulphate reduces about 57.47% of Cr (VI) to
Cr (III) while Sodium metabisulphite reduces
75.86% of Cr (VI) to Cr (III).Reduction time
required for Sodium metabisulphite is only
30 mins whereas for Ferrous Sulphate at least
60 mins reduction time is required.  Lime alone
is the most efficient for precipitation of Cr (III)
to Cr (OH)3 at pH 9.5. Its Optimum Dose being
1850 mg/1. Sodium Hydroxide (NaOH) alone
cannot precipitate Cr(III) completely. Its
Optimum dose and Optimum pH are 372 mg/l
and 12.5 respectively. Above that pH Residual
Cr (III) increases due to redissolvement of Cr
(III). Lime and Sodium Hydroxide together can
precipitate Cr (III) more than Sodium
Hydroxide alone but are less efficient when
compared with lime alone. About 90% of
Chromium can be recovered using 400ml of
cone 1N Sulphuric acid per liter of Chromium
sludge. Thus nearly eliminates cost of removal.
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