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INTRODUCTION 

In India tanning industry occupies an important position 

in export earnings. Tanneries are a very important 

industry in Tamil Nadu. The total production capacity is 

expected to increase 2 or 3 times in the coming years in 

order to achieve 10% global market share (Subramanian 

and Sastry, 1999).A wide variety of  both organic and 

inorganic pollutants are present in effluents from 

tanneries, paper and pulp mills, steel industries, sugar 

factories, fertilizer, dyeing and textile units 

etc.,(Amin,1990).Phycoremediation is the use of 

macroalgae or microalgae for the removal or 

biotransformation of pollutants, including nutrients and 

xenobiotics, from wastewater and CO2 from polluted air 

(Olguin, 2003).Microalgae have received more attention 

in recent years, especially in tropical and subtropical 

regions, as an alternative biosystem for wastewater 

treatment (Fallowfield& Garrett, 1985; de la Noueet al., 

1992).Algal systems have traditionally been employed as 

a tertiary treatment process (Lavoie & de la Noueet al., 

1985; Oswald, 1988) and have recently proposed as a 

potential secondary treatment system (Tam & Wong, 

1989). Algal systems are further credited by their 

potential biomass production as sources of fine 

chemicals or animal feed (Borowitzka&Borowitzka, 

1988). Regardless of the operating system or the level of 

wastewater treatment concerned, the success of an algal 

system relies on the ability to take up inorganic nutrients 

such as N and P from the wastewater and assimilate them 

for their growth.Microalgae offer a low-cost and 

effective approach to remove excess nutrients and other 

contaminants in tertiary wastewater treatment, while 

producing potentially valuable biomass, because of a 

high capacity for inorganic nutrient uptake (Bolan et al., 

2004; Muñoz and Guieyssea, 2006). In a study by Zhang 

et al., (2008), Scendesmussp. showed high removal 

efficiency for inorganic nutrients from artificial and real 

domestic secondary effluents. In addition, microalgae 

play an important role during the tertiary treatment of 

domestic wastewater in maturation ponds or the 

treatment of small to medium -scale municipal 

wastewater in facultative or aerobic ponds (Aziz and Ng, 
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ABSTRACT 

The leather industry represents an important economic sector in many countries.  On the other hand, it generates 

large amounts of wastewater containing ammonium ion, sulphides, surfactants, acids, dyes, sulfonated oils and 

organic substances including natural or synthetic tannins agents. Tannery wastewater treatment is very complex, 

due to the addition of large number of chemicals in several concentrations. The treatments of these effluents using 

physical - chemical methods alone are quite expensive technologies. Hence the present work is focused on 

biological treatment to reduce the pollutants of tannery effluents and through micro algal treatment process taken 

from the tannery industries Peranampattuand AmburPalar River effluents, Tamil Nadu, India.  The effluent 

samples were characterized by measurements of Physico – chemical properties, such as, BOD, COD, etc.,. In our 

findings we observed that the consortium of Microalgal species such as Chlorella vulgaris 

andScenedesmusdimorphusat various ratios (Control, 100:400, 200:300, 250:250, 300:200, 400:100 of algae and 

effluent concentration respectively) effectively reduces the TDS, COD and BOD level of effluents which was 

confirmed by the Physico-Chemical measurements at regular interval of 7 days for a period of 21 days. The 

concentration of algal consortium and effluent 250:250 was found to effectively reduce TDS, BOD and COD 

levels when compared to individuals. Hence this technology avoids use of chemicals and the whole process of 

effluent treatment is simplified to make it and eco-friendly & economical. 

 

KEYWORDS: Leather Waste water, Biological Treatment, Consortium, Chlorella vulgaris, 

Scenedesmusdimorphus. 
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1993; Mara and Pearson, 1986; Oswald, 1995).Using 

microalgae in continuous treatment processes would be 

of great advantage, because most industries are in direct 

exigency for implementing cost-effective continuous 

treatment processes. Algal species are relatively easy to 

grow, adapt and manipulate within a laboratory setting 

and appear to be ideal organisms for use in remediation 

studies (Dresbacket al., 2001).Hence the present work is 

focused on biological treatment to reduce the pollutants 

of tannery effluents through micro algal treatment 

process taken from the leather industries. 

 

MATERIALS AND METHODS 

Isolation and culturing of microalgae 

Chlorella vulgaris andScenedesmusdimorphus, were 

isolated from the tannery industries Peranampattuand 

AmburPalar River effluentsusingserial dilution, standard 

plating, colony isolation and culturetechniques. The 

algae were identified with the help ofstandard 

monographs and recent available literature(Philipose, 

1967), (Butcher 1959). 

 

Source of raw wastewater 

The wastewater used in the present investigation was 

obtained from a tannery processing raw skins intosemi 

finished leather. The steps involved in the process are 

soaking, liming, pickling and tanning. Thewastewater 

from soaking and pickling operations were collected in a 

separate drain. The coarse solidssuch as fleshing, 

trimmings and hair are screened through a metal screen 

of aperture 5mm. Thescreened effluent was collected in a 

tank. 

 

Experimental Design 

Chlorella vulgaris andScendesmesdimorphus was grown 

in appropriate medium(Kanz T, Bold HC, 1969), along 

with the consortiums of these algae by altering pH 

slightly. On reaching the exponential phase the culture 

was transferred with the different Concentrations of the 

effluent in the ratio of 100:400, 200: 300, 250: 250, 

300:200 and 400:100 respectively. 

 

Physico-chemical analysis of the wastewater 

The wastewater samples were analysed for pH, BOD 

(biochemicaloxygen demand), COD (chemical oxygen 

demand),total organic carbon and total dissolved solids, 

in accordancewith standard methods of analysis of 

wastewater (AmericanPublic Health Association 2000). 

 

Stastistical Analysis 

Values of all data are expressed as mean ± SD. The one-

tailed paired Student’s t-test was used to determine 

statistical significance between the untreated and treated 

parameters at P < 0.05. All analyses were carried out in 

triplicate. 

 

RESULTS 

Among the physico-chemical parameters studied in 

leather industrial effluents treatment TDS, TSS, BOD, 

COD, Nitrogen,  Phosphorus, Chloride, Sulphate, 

Sulphide, Calcium, Sodium and Chromium (Table 2, 

3)showed reduced concentrations significantly; whereas 

pH and dissolved oxygen showed increased 

concentration after the treatment with microalgae and its 

consortium.  

 

The high level tolerance of various pollutants and large 

surface area offered by the tiny cells make microalgae 

highly suitable for effluent treatment.   

 

In the present study it was observed that the selected 

microalgae with its consortium treated effluents showed 

the reduction of various physico-chemical parameters. 

 

The complete breakdown of organic and inorganic matter 

should be the desired outcome to avoid persistence of 

potentially hazardous compounds in the environment 

(Bumpus, 1987). The breakdown of organic matter 

which directly leads to the reduction of total dissolved 

solids in the Tannery, Peranampattu, Tamil Nadu, India 

and AmburPalar River treated effluents. The present 

study reveals the significant reduction in the total 

dissolved solids of the effluents treated with the 

microalgae and its consortium. The equal concentration 

of tannery, Peranampattu algae and effluent system 

shows the highest reduction of TDS in all the treatment 

flasks. About 25.03%, 46.31%, and 65.09% of reduction 

in Chlorella vulgaris treated effluents on 7
th

, 14
th

 and 21
st
 

days respectively. Scenedesmusdimorphus shows 

13.65%, 43.84% and 58.81% reduction. Above all 

28.35%, 49.54% and 67.37% reduction were recorded in 

the consortium of these algae (Table 1 and    Fig 1). The 

equal concentration of AmburPalar River algae and 

effluent system shows the highest reduction of TDS in all 

the treatment flasks. About 23.48%, 46.25%, and 66.54% 

of reduction in Chlorella vulgaris treated effluents on 7
th

, 

14
th

 and 21
st
 days respectively. Scenedesmusdimorphus 

shows 12.80%, 43.90% and 58.90% reduction. Above all 

30.48%, 57.32% and 67.67% reduction were recorded in 

the consortium of these algae (Table 2 & Fig 2). Hence 

this study has demonstrated the successful reduction of 

TDS by using algal cultures to remove nutrients from 

industrial effluents. 

 

The consistent reduction in the BOD levels were 

recorded in the Tannery, Peranampattu and AmburPalar 

River algae treated effluents. The equal concentration of 

OMHT algae and effluent system shows the highest 

reduction of BOD in all the treatment flasks. About 

48.26%, 77.08%, and 90.71% of reduction in Chlorella 

vulgaris treated effluents on 7
th

, 14
th

 and 21
st
 days 

respectively. Scenedesmusdimorphus shows 42.01%, 

70.76% and 88.81% reduction. Above all 56.25%, 

78.61% and 91.60% reduction were recorded in the 

consortium of these algae (Table 3 and Fig 3). The equal 

concentration of AmburPalar River algae and effluent 

system shows the highest reduction of BOD in all the 

treatment flasks. About 41.20%, 72.75%, and 89.65% of 

reduction in Chlorella vulgaris treated effluents on 7
th

, 

14
th

 and 21
st
 days respectively. Scenedesmusdimorphus 
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shows 28.77%, 65.44% and 86.78% reduction. Above all 

45.52%, 73.92% and 90.58% reduction were recorded in 

the consortium of these algae (Table 4 and Fig 4). Hence 

this study has demonstrated the successful reduction of 

BOD by using algal cultures to remove nutrients from 

industrial effluents. 

 

The consistent reduction in the COD levels were 

recorded in the Tannery, Peranampattu and AmburPalar 

River algae treated effluents. The equal concentration of 

tannery, Peranampattu algae and effluent system shows 

the highest reduction of COD in all the treatment flasks. 

About 58.94%, 80.13%, and 93.57% of reduction in 

Chlorella vulgaris treated effluents on 7
th

, 14
th

 and 21
st
 

days respectively. Scenedesmusdimorphus shows 

59.01%, 79.87% and 93.96% reduction. Above all 

64.86%, 81.39% and 94.30% reduction were recorded in 

the consortium of these algae (Table 5 and Fig 5). The 

equal concentration of AmburPalar River algae and 

effluent system shows the highest reduction of COD in 

all the treatment flasks. About 55.02%, 77.77%, and 

93.33% of reduction in Chlorella vulgaris treated 

effluents on 7
th

, 14
th

 and 21
st
 days respectively. 

Scenedesmusdimorphus shows 56.29%, 81.43% and 

93.40% reduction. Above all 63.75%, 83.14% and 

94.03% reduction were recorded in the consortium of 

these algae (Table 6 and Fig 6). Hence this study has 

demonstrated the successful reduction of COD by using 

algal cultures to remove nutrients from industrial 

effluents. 

 

Table 1. Total Dissolved Solids of Treated Effluent in different concentrations Tannery, Peranampattu, Tamil 

Nadu, India. 

 
 

 
Fig:1. Total Dissolved Solids of Treated Effluent in different concentrations Tannery, Peranampattu, Tamil 

Nadu, India. 

 

Table 2. Total Dissolved Solids of Treated Effluent in different concentrations (AmburPalar River) 
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Fig 2. Total Dissolved Solids of Treated Effluent in different concentrations (AmburPalar River) 

 

Table 3. BOD of Treated Effluent in different concentrations Tannery, Peranampattu, Tamil Nadu, India. 

 
 

 
Fig 3. BOD of Treated Effluent in different concentrations Tannery, Peranampattu, Tamil Nadu, India.  

 

Table 4. BOD of Treated Effluent in different concentrations (AmburPalar River) 
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Fig 4. BOD of Treated Effluent in different concentrations (AmburPalar River) 

 

Table 5. Chemical Oxygen Demand (COD) of Treated Effluent in different concentrations Tannery, 

Peranampattu, Tamil Nadu, India. 

 
 

 
Fig:5. Chemical Oxygen Demand (COD) of Treated Effluent in different concentrations Tannery, 

Peranampattu, Tamil Nadu, India. 

 

Table 6. Chemical Oxygen Demand (COD) of Treated Effluent in different concentrations (AmburPalar River) 
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Fig 6. Chemical Oxygen Demand (COD) of Treated Effluent in different concentrations (AmburPalar River) 

 

DISCUSSIONS 

In this study, Chlorella vulgaris and 

Scenedesmusdimorphus has been shown to possess 

excellent nutrient scavenging capability. Being treated 

alone in the effluents the consortium showed a very high 

rate on utilization of nutrients. During the 

Phycoremediation process, pH levels increased initially 

and thereafter remained around 9. The microalga reduces 

dissolved CO2 concentrations through photosynthesis 

which, in turn, raises the pH level.The inorganic 

compounds normally used by the microalgae are CO2 

and bicarbonate (Borowitzka, 1998), the latter requiring 

the enzyme carbonic anhydrase to convert it to CO2.  

 

The total dissolved solids content of the effluent 

decreased upon treatment, which is due to the utilization 

of various nutrients by Chlorella vulgaris and 

Scenedesmusdimorphus from Tannery, Peranampattu 

and AmburPalar River. The quantification might project 

reduced reduction levels because there could be a 

conversion of the total suspended solids already present 

in the effluent into dissolved materials for algal uptake 

and assimilation. 

 

During Phycoremediation using all these algae is a 

drastic reduction in magnesium levels and moderate 

decrease in potassium levels was observed. Although 

sodium levels did not show appreciable change, there 

was a significant reduction in calcium concentrations. 

This is aided by the carbonate ions, which not only 

decrease the crystallinity of calcium phosphates and 

promote the formation of amorphous calcium phosphates 

but also compete with phosphates in precipitating with 

calcium to form calcite (CaCO3) at pH values above 8 

(Arvin, 1983). However, sodium levels were reduced due 

to the tendency of the microalga for bioaccumulation. In 

addition, C. vulgaris and S.dimorphusinduced 

progressive reduction in both BOD and COD values of 

the effluent and this could be attributed to the high algal 

growth rate and intense photosynthetic activity (Colak 

and Kaya, 1988). 

 

Many studies have demonstrated the success of using 

algal cultures to remove nutrients from waste waters rich 

in nitrogenous and phosphorus compounds (de la Noue 

and Proulux, 1988).The was a drastic reduction in the 

BOD and COD content of effluent treated with 

microalgae. As stated by Nandanet al., 1990 microbial 

methods are being increasingly used for the reduction of 

BOD and COD. More than 95% reduction of BOD has 

already been reported by Manoharan and Subramaniam, 

1993 in ossein effluents and paper mill effluents by using 

Oscillatoriapsuedogeminitavargranulata. Similar results 

have been reported by Govindan (1983, 1984) using 

algal culture. He reported that there was considerable 

reduction of BOD & COD in soya, paper tannery, sugar 

and dairy mill effluents after treatment. A significant 

colour reduction was observed on 7
th

, 14
th

 and 21
st
 day of 

the Tannery, Peranampattu, Tamil Nadu, India and 

AmburPalar River treatment. On treating with Chlorella 

vulgaris andScenedesmusdimorphusthe acidic pH level 

in the tannery effluents was changed to neutral in the 14
th

 

day and on the 21
st
 day it was changed to alkaline. 

 

REFERENCES 

1. American Public Health Association (APHA) 

(2000). Standard Methods for examination of water 

and waste water. Washington DC USA. 21st 

Edition.   

2. Amin P M (1990). Studies on certain aspects of 

sewage purification Ph.D Thesis M.S. university of 

Baroda, Baroda 

3. Arvin E. Observations supporting phosphate 

removal by biologically mediated chemical 

precipitation – a review. Water Sci. Technol, 1983; 

15: 43-63.  

4. Borowitzka, M. A. &Borowitzka, L. J. Micro-Algal 

Biotechnology. Cambridge University Press, 

Cambridge, 1988; 477. 

http://www.ejbps.com/


Sakthivel et al.                                                                European Journal of Biomedical and Pharmaceutical Sciences 

 

www.ejbps.com 

 

 

266 

5. Colak O and Kaya Z. A study on the possibilities of 

biological wastewater treatment using algae. 

DogaBiyolojiSerisi, 1988; 12: 18-29. 

6. De La Noüe J, Laliberte G and Proulx D. Algae and 

wastewater. J. Appl. Phycol, 1992; 4: 247-254.  

7. Fallowfield, H. J. & Garrett, M. K. The treatment of 

wastes by algal culture. J. Appl. Bact. Symp. Suppl., 

1985; 187-205. 

8. Kanz T, Bold HC. Publication No. In: Physiological 

studies, morphological and taxonomical 

investigation of nostoc and anabaenainculture 

.Austin, TX:UniversityofTexas, 1969; 6924. 

9. Lavoie, A. & de la Notie, J. Hyperconcentrated 

cultures of Scenedesmus obliquus: A new approach 

for wastewater biological tertiary treatment. Water 

Res., 1985; 19(11): 1437-42. 

10. Olguín EJ. Phycoremediation: key issues for cost-

effective nutrient removal processes. Biotechnol. 

Adv, 2003; 22: 81-91.  

11. Oswald WJ. Micro-algae and waste-water treatment. 

In: Borowitzka MA and Borowitzka LJ (eds.) 

Micro-Algal Biotechnology. Cambridge University 

Press, Cambridge, 1988; 305-328.  

12. Phillipose, M.T. ChlorococcalesICAR, 

KrishiBhawan, New Delhi, 1967; 1-356. 

13. Subramanian and Sastry, Primary treatment of 

tannery wastes, Laboratory and Field study at 

Kanpur. Environ health, 1999; 9: 162-171  

14. Tam, N. F. Y. & Wong, Y. S. Wastewater nutrient 

removal by Chlorella pyrenoidosand 

Scenedesmussp. Environ. Pollut., 1989; 58: 19-34. 

 

http://www.ejbps.com/

