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ABSTRACT 

The study involves the removal of total chromium (Both Hexavalent and 

Trivalent) from synthetic and industrial effluents by using chemicals in order to 

achieve the 100% removal efficiency.  Ferrous sulphate is used as reducing agent for 

the reduction of hexavalent chromium to trivalent chromium.  Combination of Ca 

(OH) 2 and NaOH is of dose 30 mg/l is used for the precipitation of Cr (III).   

 

KEYWORDS: Wastewater, Chromium, Toxic Metals, Reduction. 

INTRODUCTION 

Environmental pollution has been accepted for a long time as an undesired side 

effect of civilization and progress. Metals environmental contaminants are particularly 

problematic because, unlike most organic contaminants, they are non-biodegradable 

and can accumulate in living tissues, thus becoming concentrated throughout the food 

chain the pollution of heavy metal ions in the environment is a critical problem 

because of their toxicity and other adverse effects on the receiving waters and soils. 

They must be removed from wastewater before discharging them into water bodies. 

Water pollution by chromium is due to both, natural sources and manmade activities. 

Chromium is found in rocks, animals, plants, soils and in volcanic dusts and gases. 

Various industrial processes which involve the use of Cr(VI), such as steel 

production, electroplating, leather tanning, nuclear power plants, textile industries, 

wood preservation, anodizing of aluminum, water-cooling and chromate preparation. 

Oxidation states of chromium range from (–IV) to (+VI), but only the (+III) and (+VI) 

states are stable under most natural environments [3]. Hexavalent chromium is the 

most stable form under oxidizing conditions, whereas trivalent chromium is the most 

stable form under reducing conditions. Chromium usually exists in aqueous systems 
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in both trivalent and hexavalent forms, which are characterized by different toxicity 

and chemical behavior. Cr (VI) is known to be toxic to humans, animals, plants and 

microorganisms, and to have a significant solubility and mobility [4].Cr(III), on the 

other hand, is less toxic and less mobile, because it readily precipitates as Cr(OH)3 

.Chemical reduction to Cr(III) followed by precipitation is the most used technique 

for the decontamination of wastewaters polluted with Cr(VI) compounds. The 

reducing agents commonly used are ferrous sulphate, sulphur Dioxide and sodium 

sulphites.  The major drawback of this conventional treatment method is the high cost 

of chemicals used for the reduction purposes [5]. 

  PROCEDURE 

The procedure measures only Hexavalent chromium colorimetrically by 

reaction with 1-5, Diphenyl carbazide in acid solution using standard method 

absorbance measured at 540nm on visible spectrophotometer. For reduction of 

Cr(VI), Ferrous sulphate as reducing agents is used. 500 ml of synthetic samples 

(potassium dichromate solution) were taken in separate a beaker to which reducing 

agents was added.  The contents of the was stirred by using mechanical stirrer for 80 

mins .As the addition of Ferrous sulphate increases, the pH of the sample decreases 

with the decrease in the Hexavalent chromium concentrations. After reduction of Cr 

(VI), Cr (III) is removed by precipitation by raising the pH of the sample on alkaline 

side using calcium hydroxide, Sodium hydroxide and combination of Calcium and 

Sodium hydroxide. Jar test apparatus was used. Initially 500 ml portions of samples 

containing Cr (III) were taken in six beakers to which combination of calcium 

hydroxide and Sodium hydroxide is added and stirred for 30 mins, precipitation was 

observed at different pH values. After precipitation the samples are allowed to settle 

completely, supernatant was analysed for total chromium analysis by using AAS. 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.  

Materials and Methods 

1 Reagent 

A stock solution of potassium dichromate of concentration 100 mg/l is prepared 

by dissolving 0.283 g of potassium dichromate in 1000 ml demineralised water in a 

standard volumetric flask. The solution is diluted to obtain standard solutions 

containing 10 mg/l of Cr (VI).  
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2 Apparatus and Measurements 

UV- visible spectrophotometer used for the measurement of Cr (VI) ion 

concentration at 540 nm The determination of Cr (VI) was carried out using                                     

1,5- Diphenylcarbazide method as per the standard method. Atomic absorption 

spectrophotometer of version A-400 was used to measure the Total chromium 

concentration. The mathematical subtraction of Total chromium and Hexavalent 

chromium gives the trivalent chromium values.  Calibration of AAS was done 

according to the equipment manual using certified standards and the analysis of 

calibrated standards. 

RESULTS AND DISCUSSION 

1 Reduction of Cr (VI) 

Experiments were conducted on synthetic sample to study the effect of 

ferrous sulphate on the reduction of hexavalent chromium against different pH 

values. From Fig 1 at pH 1.5 the concentration of hexavalent chromium is zero. 

Hexavalent chromium is completely converted to trivalent chromium.  Ferric 

hydroxide formed during reduction reaction appears like precipitate particles 

and it helps to convert hexavalent chromium to trivalent chromium during 

reduction reaction. One mole of dichromate ion requires six moles of electrons.  

2 Precipitation of Cr (III) 

From Fig 2 for Calcium hydroxide and Sodium hydroxide of optimum 

dose 60 mg/l, the % removal of trivalent chromium is 68% and 83% at optimum 

pH 12.1 and 9.1 respectively. Combination of Calcium and Sodium hydroxide 

removes 99.1% at optimum pH value 10.3. This shows that almost 100 % 

removal of chromium can be achieved by using combination of calcium and 

sodium hydroxide at lower pH. From the results of synthetic sample, reduction 

was carried on industrial effluent of chromium concentration 74 mg/l. The 

effluent was diluted to obtain chromium concentration in the range 10 mg/l. 

After complete removal of chromium, precipitation was carried out by using 

combination of calcium and sodium hydroxide of optimum dose 60 mg/l at 

optimum pH value 10.8. 
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Fig1: Effect of pH on Cr (VI) concentration 

 

 
Fig 2: Variation in % removal of Cr (III) in synthetic sample and industrial    waste water  for 

various precipitating agent 

 

 CONCLUSION 

The concentration of Cr (VI) was drastically reduced by using ferrous 

sulphate, which promotes the success of immobilizing the chrome in the environment. 

Calcium hydroxide requires higher pH of 12 .1 to remove Cr (III) whereas Sodium 

hydroxide removes Cr (III) at pH value 9.1. For combination calcium and sodium 

hydroxide, 100% removal of Cr (III) is achieved at lower pH value of 10.3. Hence, 

combination of precipitating agents for the removal of Cr (VI) in industrial effluent 

can be suggested. 
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