
Optimization and biodegradation of chromium present
in leather industrial effluents using indigenous
microorganisms isolated from leather industrial sludge

1*, Dr. J. Caroline Rose2†‡

1 Assistant Professor, Department of Biochemistry Sri Bhagawan Mahaveer
Jain First Grade College, KGF
2 Associate Professor Department of Biotechnology Arignar Anna Arts and
Science College, Krishnagiri

Abstract

Microorganisms Paracoccus pantotrophus (OP288256) and Bacillus velezensis

(OP289289) are used as individual cultures and Co cultures in the biodegradation of

Chromium, under different optimized conditions. Isolated microorganisms from Leather

industrial sludge are used for the biodegradation of Chromium. The Amount of Chromium

degradation individually by Paracoccus pantotrophus, Bacillus velezensis and Co cultures of

P. pantotrophus+B.velezensis was observed at pH 7. There was a maximum degradation

of chromium by P.pantotrophus, B.velezensis and P. pantotrophus+B.velezensis seen at

temperature of 35◦C. Chromium degradation by Paracoccus pantotrophus was higher in

the media supplemented with Fructose as the carbon source, whereas Bacillus velezensis

showed maximum chromium degradation in media that contained Glucose as the carbon

source. Thus, Co cultures showed a significant amount of chromium degradation in media

that used Glucose and Fructose as carbon source. A significant amount of chromium was

degraded by P.pantotrophus in the media containing Yeast Extract as the nitrogen source,

whereas degradation by Bacillus velezensis was higher in the media with Peptone and

P.pantotrophus+B. velezensis showed a maximum degradation in the media with Glucose

and Peptone as the Nitrogen source. More the concentration of the Inoculum added to the

media, the amount of chromium degradation gradually increased by individual culture and

Co cultures . Significant increase in the chromium degradation observed for the incubation

from Day 7 to Day 28, by individual organism and combined cultures. Bioremediation

using Co cultured bacteria is an economical and environmentally better alternative to

conventional remediation methods.
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1 Introduction

Industrial effluent for example leather industrial effluent contains heavy metals and other

pollutants which affects the quality of water. The hexavalent chromium compounds are com-

paratively more toxic than trivalent chromium compounds due to the solubility in water, rapid

permeability through biological membranes and subsequent interaction with intracellular pro-

teins and nucleic acids (3).

Effluents from tanneries contain components of chromium and sulphides in most cases with

a major proportion of dyes (9).Chromium are one of the most toxic elements present in tan-

nery waste. High chromium concentrations ranging from 1 to 50g/kg were reported in soils

surrounding tannery waste disposal sites in India with hexavalent chromium.

Most of the tanneries use chromium (Cr III and Cr IV) during tanning, which are highly toxic

and

poses a severe threat to the environment upon improper disposal of their waste water. The

less concentrations of these salts have a adverse effect on the food chain of fish and inhibits

photosynthesis of aquatic plants (4). (author?) (6) reported heavy metal accumulation in vital

human organs through the consumption of crops after the discharge of tannery effluents for

irrigation purpose. This results in illnesses on acute and chronic exposure, such as cancer,

kidney dysfunction, cholera and skin irritations (10).Heavy metals like Cr, Cu, Zn, Pb and Cd

are mostly absorbed and get accumulated in different parts of the plants as free metals and it

affects the plant growth and metabolism. Major diseases of cattle and human beings are caused

by chromium and nickel (2).

Human when exposed to Cr(VI) they may suffer from several health hazards such as allergic

dermatitis, nasal irritation, renal tubular necrosis, eardrum perforation ulceration, skin irrita-

tion, lung carcinoma, epidermal dermatitis and increase risk of cytotoxic and genotoxic effects

(cell death, cell transformation and gene mutation) and respiratory tract cancer (11).

The regular treatment method of tannery wastes for the purpose of detoxification requires

application of physical and chemical methods, which includes the chrome precipitation and

filtration, specific coagulation, use of activated carbon and chemical flocculation (Olukanni et

al., 2006). The contaminated water is treated using conventional methods for the purpose of
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detoxification of toxic substances from the effluent. But due to associated problems in these

treatment methods such as high cost, intense experimental set-up leading to post treatment

effects (1), the alternative treatment methods can be used by using Bacteria, Fungi and Algae

(Srinivas and Estari, 2013) because it is eco friendly and cost effective. Therefore, the aim of

this study is to utilize bacterial cultures isolated from Leather industrial sludge and optimized

various conditions for biodegradation of Cr .

2 Materials and methods

2.1 Isolation of strains

Serial dilution of the tannery effluent sludge was done and was plated on Peptone Yeast

Extract(PYE) media supplemented with chromium (100g/ml) as potassium dichromate and also

0.5% glucose as a carbon source. The controls also kept without chromium and glucose. The

plates were kept for incubation at 30ºC for 2 days. The pure colonies were maintained in PYE

Agar media plates. (Das, A. P., 2010)

2.2 Determination of Chromium

The samples were taken in 3 tubes each containing 5ml of the test sample. Added 1ml of 1,5-

diphenyl carbazide (DPC) reagent to all the tubes. Then, 1ml of 0.2N Sulphuric Acid was added

to the tubes. After adjusting the volume of each tube to 7ml with distilled water, it was shaken

and kept for incubation for 30 minutes at room temperature. Chromium was used as standard

solution which was supplemented by potassium Chromate. The intensity of the color developed

was measured at 540nm using UV-Visible spectrophotometer. The results of the chromium are

expressed in terms of chromium present in mg/ml of extract. Distilled water is used as blanks

(Kefa et al , 2016).

2.3 Optimization of pH

Minimal salt media with Potassium Dichromate in the concentration of 50mg/100ml was

prepared. 100ml of media was transferred into 24 bottles each and adjusted the pH of the

media as per the conditions- pH 3, 4, 5, 6, 7, 8, 9 and 10 and autoclaved. 3 bottles with the

media was taken for each pH conditions and were inoculated with 5ml of TWI5 (Paracoccus

pantotrophus), TW17 (Bacillus velezensis) and the consortium, TW15 (Paracoccus pantotro-

phus)+TW17(Bacillus velezensis) respectively and kept for incubation at 35°C for 7 days.
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2.4 Optimization of Temperature

Minimal salt media with Potassium dichromate as the heavy metal in the concentration of

50mg/100ml was prepared. 100ml of media was transferred into 15 bottles each and auto-

claved. 3 bottles with the media was taken for each temperature conditions and were inoc-

ulated with 5ml of TWI5(Paracoccus pantotrophus), TW17(Bacillus velezensis) and the con-

sortium, TW15(Paracoccus pantotrophus)+TW17(Bacillus velezensis) respectively. The bottles

then, were kept for incubation at 25°C, 30°C, 35°C, 40°C and 50°C for 7 days.

2.5 Optimization of Carbon Sources

Minimal salt media with various carbon sources containing Potassium Dichromate as the

heavy metal in the concentration of 50mg/100ml was prepared. 100ml of media was transferred

into 15 bottles each and autoclaved. 3 bottles with the media was taken for each carbon source

and were inoculated with 5ml of TWI5 (Paracoccus pantotrophus), TW17 (Bacillus velezensis)

and the consortium, TW15 (Paracoccus pantotrophus)+TW17(Bacillus velezensis) respectively.

The bottles then, were kept for incubation at 35°C for 7 days.

2.6 Optimization of Nitrogen Sources

Minimal salt media with various nitrogen sources containing Potassium dichromate as the

heavy metal in the concentration of 50mg/100ml was prepared. 100ml of media was transferre

2.7 Optimization of Inoculum Concentration

Minimal salt media with Potassium dichromate as the heavy metal in the concentration

of 50mg/100ml was prepared. 100ml of media was transferred into 18 bottles each and

autoclaved. 3 bottles with the media was taken for each inoculum concentrations and

were inoculated with 0.50%, 1.00%, 2.00%, 3.00%, 4.00% and 5.00% of TWI5(Paracoccus

pantotrophus), TW17(Bacillus velezensis) and the consortium, TW15(Paracoccus pantotro-

phus)+TW17(Bacillus velezensis) respectively. The bottles then, were kept for incubation at

35°C for 7 days.

2.8 Optimization of Chromium Concentration

Minimal salt media with various concentratios of Potassium dichromate as the heavy

metal was prepared. The concentrations taken were 15mg/100ml, 25mg/100ml, 50mg/ml,
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75mg/ml and 100mg/100ml. 100ml of media was transferred into 15 bottles each and

autoclaved. 3 bottles with the media was taken for each concentrations and were inoculated

with 5ml of TWI5(Paracoccus pantotrophus), TW17(Bacillus velezensis) and the consortium,

TW15(Paracoccus pantotrophus)+TW17(Bacillus velezensis) respectively. The bottles then,

were kept for incubation at 35°C for 7 days.

2.9 Optimization of Incubation Period

Minimal salt media with Potassium dichromate as the heavy metal in the concentration of

50mg/100ml was prepared. 100ml of media was transferred into 3 bottles each and autoclaved.

3 bottles with the media was taken and were inoculated with 5ml of TWI5(Paracoccus pantotro-

phus), TW17(Bacillus velezensis) and the consortium, TW15(Paracoccus pantotrophus)+TW17

respectively. The bottles then, were kept for incubation at 35°C and assay was performed for

Day 7, Day 14, Day 21 and Day 28.

3 Results and Discussion

In this study, Bacterial isolates were isolated from leather industrial sludge and identified

using biochemical and physiological characteristics of the two strains. The results are summa-

rized in Table 1 and Figure 1

FIGURE 1

Bacteria stained pink Gram’s-negative. Bacteria stained purple, Gram’s-positive.

113



TABLE 1

Biochemical characterization of the strains

S.NO. TEST TW15 TW17

01. CATALASE -VE -VE

02. OXIDASE +VE +VE

03. INDOLE +VE -VE

04. METHYL RED +VE +VE

05. VOGES-PROSKAEUR -VE -VE

06. STARCH HYDROLYSIS -VE +VE

07. SUGAR FERMENTATION

08. MANNITOL SALT AGAR +VE +VE

09. CITRATE +VE -VE

10. TRIPLE SUGAR IRON

11. UREASE -VE +VE

12. NITRATE REDUCTION

13. BLOOD AGAR -VE +VE

14. MOTILITY AGAR -VE -VE

3.1 Determination of Chromium

Concentration of chromium is determined colorimetrically using standard solution which is

depicted in table 2 and Figure 2.

FIGURE 2

STANDARD Curvefor chromium
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TABLE 2

Table 1 Determination of Chromiu

Conc.of Chromium (mg/100ml) Absorbance at 540nm

10 1.223

25 1.303

50 1.342

75 1.408

100 1.466

3.2 Optimization of pH

Significant amount of Chromium degradation by TW15(Paracoccus pantotrophus),

TW17(Bacillus velezensis) and TW15(Paracoccus pantotrophus)+TW17(Bacillus velezensis)

was observed at pH 7 . The amount of chromium degradation seen at pH 5, 6 and pH 8 was

lower but comparatively higher than that of pH 3, 4, 9 and 10.

FIGURE 3

Chromium degradation by TW15,TW17and TW15+TW17 at optimum pH
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3.3 Optimization of Temperature

There was a significant degradation of chromium by TW15(Paracoccus pantotrophus),

TW17(Bacillus velezensis) and TW15(Paracoccus pantotrophus)+TW17(Bacillus velezensis)

seen at temperature of 30◦C and 35◦C, in which maximum degradation took place at 35◦C

FIGURE 4

Optimization of Temperature

3.4 Optimization of Carbon Sources:

Chromium degradation by TW15(Paracoccus pantotrophus) was higher in the media sup-

plemented with Fructose as the carbon source, whereas TW17(Bacillus velezensis) showed

a maximum chromium degradation in media that contained Glucose as the carbon source.

Thus, TW15(Paracoccus pantotrophus)+TW17(Bacillus velezensis) together showed a signif-

icant amount of chromium degradation in media that used Glucose and Fructose as carbon

source.

3.5 Optimization of Nitrogen Sources:

A significant amount of chromium was degraded by TW15(Paracoccus pantotrophus)

in the media containing Yeast Extract as the nitrogen source, whereas degradation by

TW17(Bacillus velezensis) was higher in the media with Peptone and TW15(Paracoccus
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pantotrophus)+TW17(Bacillus velezensis) showed a maximum degradation in the media with

Glucose and Peptone as the Nitrogen source

FIGURE 5

Optimization of Nitrogen Source

3.6 Optimization of Inoculum Concentration

More the concentration of the inoculum added to the media, the amount of chromium degra-

dation seemed to have a gradual increase

3.7 Optimization of Chromium Concentration :

The value of chromium degradation by TWI5(Paracoccus pantotrophus), TW17 and

TW15(Paracoccus pantotrophus)+TW17(Bacillus velezensis) seems show a trend of gradual

decrease with the increase in the concentration of chromium added to the media.1

1
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FIGURE 6

Optimization of inoculum concentration

FIGURE 7

Optimization of Chromium concentration
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3.8 Optimization of Incubation Period

Maximum chromium degradation observed after the incubation from Day 7 to Day 28, by

TW15 (Paracoccus pantotrophus), TW17 (Bacillus velezensis) and TW15 (Paracoccus pantotro-

phus)+TW17 (Bacillus velezensis).

FIGURE 8

Optimization of incubation period
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4 Conclusion

In the present study potent indigenous bacterial species are Paracoccus pantotrophus and

Bacillus velezensis individualy and mixed cultures were used to determine the biodegradation

of chromium in optimized conditions. This study reveals the most significant parameters which

contribute to the maximum chromium removal efficiency of the test micro organism at the

optimal conditions.. Therefore, water to be treated biologically before discharge into water

bodies.
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