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Introduction 

The surface water and groundwater are contaminated due to various industrial effluent when it is not discharged properly 

[1,2], the paper mill effluents are highly affecting the environment, because of paper mill effluent containing organic matter, 

BOD, COD, TDS, TSS, phenols, sulphate, calcium, magnesium, sodium and colour in high level. The various processes in a 

paper mill contributes the large quantity of effluent, which stands 20
th

 rank in the world. The paper mill effluent may not be 

disposed on any medium with proper treatment, leading to contamination on those medium. The soil medium particularly 

was affected more when compared to water medium and in turn affects the growth of plants [3,4]. Hence, various 

contaminants are to be controlled, before actually being discharged on land and in water bodies. 

 

The various conventional methods used for removing pollutants from paper mill effluent are adsorption [5-12], ion exchange, 

chemical precipitation, electro-chemical methods [13,14], bioremediation [15-19], electro-dialysis and electro-coagulation 

etc. Presently phytoremediation method using aquatic and terrestrial plants is consider more for treating various industrial 

wastewater, because of more advantages include: less cost; more efficiency; minimization of chemical and biological sludge. 

Abstract 

In this present study, Azolla pinnata an aquatic plant was used to remove pollutants from effluent of paper mill. The constructed 

wetland study was conducted against dilution ratio, pH, and biomass of Azolla pinnata. The maximum percentage removal was 

found at the optimum dilution ratio of 6, pH of 8 and biomass 400 g for various parameters from the effluent of paper mill. The 

maximum removal percentage of 84.3%, 90.6% and 82.6% respectively for TDS, BOD, and COD from the effluent of paper mill. 

This study concluded that Azolla pinnata was successfully used for eradicating all properties from the effluent of paper mill. 
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There are several studies conducted on growth rate of the plants stated that the growth rate was diminished when used raw 

paper mill effluent, whereas growth was improved when used in diluted conditions. 

 

The constructed wetland is nowadays highly used for removing more organic oriented industrial effluent than other 

conventional methods. Before implementing, the basic knowledge on processes used in constructed wetland for removing 

various pollutants is required [20,21]. Thus, the present study focused on usage of Azolla pinnata an aquatic plant to remove 

various contaminants in a paper mill effluent [22-24].  

 

Materials and Methods 

Collection of Azolla pinnata 

The aquatic plant Azolla pinnata was collected from aquarium, Chennai, the collected Azolla pinnata were cleaned using 

distilled water and kept for stabilization. The similar local pond conditions were established in the experimental constructed 

wetland by filling gravel and sand. 

 

Collection of waste water sample 

The paper mill effluent from Karur was collected with the help of air tight sterilized bottles. Samples were kept in the 

Environmental Engineering Laboratory for further analyzing the pollutants from paper mill effluent. The pollutant 

concentration was determined by APHA, 2005 [25]. The Physico-Chemical characteristics of paper mill effluent are 

presented in TABLE 1. The various parameters in the effluent from a paper mill are varied in a wide range depending on 

process details and working behaviour in the production step of industry. 

 

TABLE 1. Physico-chemical characteristics of paper mill effluent. 

 

Sl. No. Characteristics Values 

1 pH 8.4 

2 EC 5.63 µS/cm 

3 TDS 2384 mg/l 

4 BOD 1840 mg/l 

5 COD 4560 mg/l 

6 Calcium 358 mg/l 

7 Chloride 542 mg/l 

8 Alkalinity 356 mg/l 

9 Sulphate 473 mg/l 
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Sorption experiments 

For the experiments, 1000 ml of paper mill effluent was filled in experimental constructed wetland tanks. The samples of 

triplicate were collected after treatment. The experimentation was conducted for a period of 7 days with an interval of 1 day 

using Azolla pinnata against various dilution ratio (2, 4, 6, 8, and 10), pH (3, 4, 5, 6, 7, 8 and 9) and biomass (100 g, 200 g, 

300 g, 400 g, and 500 g).  

 

The pH was adjusted by using 0.1 M of NaOH and 0.1 M of HCl. The various parameters concentration from the effluent of 

paper mill before treatment and after treatment with Azolla pinnata were determined [25]. The percentage reduction was 

calculated as:  

 

1 2

1

(C C )
Re 100Percentage duction

C

   (1) 

 

in which C1 and C2 are the concentration of the various parameters before and after treatment with Azolla pinnata.  

 

Results and Discussion 

The dilution ratio, pH, biomass against the contact time were selected as process parameters to remove TDS, BOD, and COD 

in a paper mill effluent rather than other parameters using Azolla pinnata. 

 

Effect of dilution ratio 

FIG.1 indicates the effect on dilution ratio for removing TDS, BOD and COD from the effluent of paper mill using Azolla 

pinnata against the different dilution ratios (day 6 pollutants reduction value only presented, because maximum reduction 

was obtained on day 6 only) with the contact time of day 6, biomass of 200 g, and pH of 5.  

 

The results revealed that the percentage removal for TDS, BOD and COD from the effluent of paper mill is low at the 

starting of the experiment and then increases with dilution ratio. This is because; ions are loosely bonded in less 

concentration than high concentration, as a result, more reduction was completed in maximum dilution ratio by the Azolla 

pinnata. Up to a dilution ratio of 6, the sorption of various parameters from the effluent of paper mill by Azolla pinnata 

increased steadily and the same results were observed for the dilution ratio of 8 and 10, as that of dilution ratio 6.  

 

Thus, optimum dilution for which maximum sorption taken place is 6. Further, the maximum sorption removal percentage 

was found to be 74.9%, 78.6% and 72.5% respectively for TDS, BOD, and COD (FIG.1). 

 

Effect of pH 

FIG. 2 represents the effect of pH to remove TDS, BOD and COD in a paper mill effluent using Azolla pinnata. The selected 

pH ranges from 3 to 9 with an increment of 1 for this study. The percentage reduction of TDS, BOD and COD in a paper mill 

effluent using Azolla pinnata against pH with a contact time of 6 days, biomass of 200 g, and an optimum dilution ratio of 6 

was presented in FIG. 2.  

 



www.tsijournals.com | June-2017 

4 

 

The results revealed that the percentage removal of TDS, BOD and COD in a paper mill effluent is low at less pH than in 

high pH value. At acidic condition, there was good bond between various ions present in the wastewater, thus, Azolla pinnata 

could not be sorbed effectively. As pH increases, some of the ions become neutral and that could be sorbed easily by Azolla 

pinnata.  

 

 

FIG.1. Effect of dilution ratio on removal of TDS, BOD, and COD from paper mill effluent. 

 

 

Further, maximum reduction was found at pH of 8, beyond which (at pH 9 and 10), there was no further reduction as that of 

reduction in pH 8. Thus, optimum pH found in this study is 8 and the maximum sorption removal percentage of 79.8%, 

86.3% and 77.2% respectively was observed for TDS, BOD and COD in a paper mill effluent by Azolla pinnata (FIG. 2). 

 

 

 

                                    FIG. 2. Effect of pH on removal of TDS, BOD, and COD from paper mill effluent. 

Effect of Azolla pinnata biomass 

FIG. 3 indicates the effect of Azolla pinnata Biomass for removing TDS, BOD and COD from effluent of paper mill. The 

selected Azolla pinnata biomass ranges from 100 g to 500 g with an increment of 100 g. The percentage reduction of TDS, 

BOD, and COD from the effluent of paper mill using Azolla pinnata against biomass with a contact time of 6 days, optimum 

dilution ratio of 6, and optimum pH of 8. 
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The percentage reduction of TDS, BOD and COD in a paper mill effluent is low by Azolla pinnata at low biomass, and then 

increases with increased biomass.  

 

The results indicated that at high biomass, the biomass is sufficient to remove the pollutants in a paper mill effluent than at 

low biomass, where biomass is not sufficient to sorb pollutants in a paper mill effluent.  

 

For the biomass of 400 g, the maximum reduction was observed for all selected parameters, beyond which (for 500 g), there 

was no further reduction, as that of reduction observed for 400 g biomass. Hence, optimum biomass found in this study is 400 

g and the maximum sorption removal percentage of 84.3%, 90.6% and 82.6% respectively was observed for TDS, BOD and 

COD from the effluent of paper mill by Azolla pinnata (FIG. 4). 

 

 

FIG. 3. Effect of Azolla pinnata biomass on removal of TDS, BOD, and COD from paper mill effluent. 

 

From FIG. 1 to 3, it may be observed that the order of removal efficiency between TDS, BOD and COD in a paper mill 

effluent is BOD>TDS>COD against the selected process parameters of dilution ratio, pH, and biomass. 

 

Conclusion 

The constructed wetland experiments were done to know the aptness of Azolla pinnata for eradicating TDS, BOD and COD 

in paper mill effluent. The ability of Azolla pinnata was observed for removing TDS, BOD, and COD against the process 

parameters like dilution ratio, biomass, and pH. The results of this study indicated that the maximum removal percentage of 

TDS, BOD, and COD from the effluent of paper mill was found to be 84.3%, 90.6% and 82.6% respectively and it was 

identified at an optimum dilution ratio of 6, biomass of 400 g and pH of 8. Thus, this study concluded that the aquatic plant 

Azolla pinnata might be used as sorbents for removing TDS, BOD, and COD along with other parameters in paper mill 

effluent. Further, this study may extend to remove any pollutant from not only in a paper mill effluent, but also from any 

industrial wastewater. 

 

 

 



www.tsijournals.com | June-2017 

6 

 

REFERENCES 

1. Sivakumar D. Experimental and analytical model studies on leachate volume computation from solid waste. Int J 

Environ Sci Tech. 2013;10(5):903-16. 

2. Sivakumar D. A study on contaminant migration of sugarcane effluent through porous soil medium. Int J Environ 

Sci Tech. 2011;8(3):593-604. 

3. Sivakumar D, Shankar D. Effect of aeration on colour removal from textile industry wastewater. Int J Environ Sci. 

2012;2(3):1386-91. 

4. Sivakumar D, Thandaveswara BS, Chandarasekaran KD. Solid waste leachate quality and its effects on soil 

properties. Pollut Res. 2004;23:69-81. 

5. Sivakumar D, Shankar D. Colour removal from textile industry wastewater using low cost adsorbents. International 

J Chem Environ Pharma Res. 2012;3:52-7. 

6. Sivakumar D, Murugan N, Rajeshwaran R, et al. Role of rice husk silica powder for removing Cr(VI) in a tannery 

industry wastewater. Int J Chemtech Res. 2014;6(9):4373-8. 

7. Shankar D, Sivakumar D, Thiruvengadam M, et al. Colour removal in a textile industry wastewater using coconut 

coir pith. Pollut Res. 2014;33(3):490-503. 

8. Sivakumar D, Balasundaram V, Venkatesan G, et al. Effect of tamarind kernel powder for treating dairy industry 

wastewater. Pollut Res. 2014;33(3):519-523. 

9. Sivakumar D. Role of low cost agro-based adsorbent to treat hospital wastewater. Pollut Research. 2014;33(3):573-

6. 

10. Sivakumar D, Shankar D, Nithya S, et al. Reduction of contaminants from leachate using moringa oleifera– A 

kinetic study. Pollut Res. 2014;33(3):529. 

11. Sivakumar D. Adsorption study on municipal solid waste leachate using moringa oleifera seed. Int J Environ Sci 

Technol. 2013;10(1):113-24. 

12. Sivakumar D. Hexavalent chromium removal in a tannery industry wastewater using rice husk silica. Glob J Environ 

Sci Manage. 2015;1(1):27-40. 

13. Sivakumar D, Shankar D, Kandaswamy AN, et al. Role of electro-dialysis and electro-dialysis cum adsorption for 

chromium (VI) reduction. Pollut Res. 2014;33(3):547-52. 

14. Sivakumar D, Shankar D, Gomathi V, et al. Application of electro-dialysis on removal of heavy metals. Pollut Res. 

2014;33(3):627-37. 

15. Sivakumar D, Kandaswamy AN, Gomathi V, et al. Bioremediation studies on reduction of heavy metals toxicity. 

Pollut Res. 2014;33(3):553-8. 

16. Shankar D, Sivakumar D, Yuvashree R. Chromium (VI) removal from tannery industry wastewater using fungi 

species. Pollut Res. 2014;33(3):505-10.  

17. Sivakumar D, Gayathri G, Nishanthi R, et al. Role of fungi species in colour removal from textile industry 

wastewater. Int J Chemtech Res. 2014;6(9):4366-72. 

18. Sivakumar D. Removal of contaminants in a paper mill effluent by Azolla caroliniana. Glob J Environ Sci Manage. 

2015;1(4):297-304. 

19. Sivakumar D. Biosorption of hexavalent chromium in a tannery industry wastewater using fungi species. Glob J 

Environ Sci Manage. 2016:2(2):105-24. 



www.tsijournals.com | June-2017 

7 

 

20. Amar S, Sasadhar J. Heavy metal pollutant tolerance of Azolla Pinnata. Water Air and Soil Pollut. 1986;27(1):15-8.  

21. Soltan ME, Rashed MN. Laboratory study on the survival of water hyacinth under several conditions of heavy metal 

concentrations. Adv Environ Res. 2003;7(2);82- 91.  

22. Türker OC, Vymazal JV, Türe C. Constructed wetlands for boron removal: A review. Ecol Eng. 2014;64:350-9. 

23. Sivakumar D, Shankar D, Vijaya Prathima AJR, et al. Constructed wetlands treatment of textile industry wastewater 

using aquatic macrophytes. Int J Environ Sci. 2013;3(4):1223-32. 

24. Sivakumar D, Shankar D, Dhivya P, et al. Bioaccumulation study by lemna gibba lin. Pollut Res. 2014;33(3):531-6.  

25. APPA, AWWA, WEF. Standard methods for the examination of water and wastewater, 20th ed. Washington D.C.: 

APHA Publication, USA; 2005. 

 


