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Aloe vera plant offers a sustainable solution for the removal of various pollutants from water. Due to its chemical

composition, Aloe vera has been explored as coagulant/flocculant and biosorbent for water treatment. 
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1. Introduction

Industrial development generates large amounts of polluted effluents. Released in the environment, pollutants damage

the soil, the ground, and the surface water—leading to ecosystem degradation and causing health risks . In order

to reduce the environmental problems associated with these effluents, industries utilize various methods of wastewater

treatments. Depending on the characteristics of the wastewater, a combination of a number of physical, chemical, and

biological processes can be applied to remove various pollutants (carbon, nitrogen, turbidity heavy metals, dyes, etc.) 

. The physical methods include mainly the adsorption, ion exchange, and membrane technologies. The chemical

treatment induces chemical reactions, coagulation, precipitation, oxidation, advanced oxidation, ion exchange,

neutralization, and stabilization, etc. However, the biological treatment systems involve membrane bioreactors, biofilter,

sequential batch reactor, activated sludge, etc. . Although their ability to efficiently remove pollutants from various

effluents, these processes may have some disadvantages such as the use of chemicals in the coagulation–flocculation

technique. For example, aluminum salts and polyacrylamides remain in water after treatment and may cause health

concerns (genotoxicity, neurotoxicity, etc.) for organisms . Besides, the activated carbon used as adsorbent for

wastewater treatment is expensive, non-selective, and needs regeneration after rapid saturation . Therefore,

depending on the characteristics of the industrial effluent, the applied process to remove pollutants may not be

economically justified and sustainable, with a high environmental cost related to the adverse effects of its secondary

effluent on the environment. In order to be sustainable, wastewater treatment should involve biological materials aiming to

minimize energy consumption and negative impacts on the environment. As reported in the literature, the sustainable

strategy involving the use of biological materials constitutes a promising solution for pollutants removal. For example,

biological natural materials such as cactus, moringa, Aloe vera, bean, etc. have been explored for their eventual use for

pollutants removal . Interestingly, the removal of various pollutants (dyes, turbidity, metals, etc.) by Aloe vera (AV)

via its utilization in many processes (adsorption, coagulation–flocculation, degradation, etc.) was reported. AV is

biodegradable, safe, and abundant in various regions over the world.

2. Aloe vera as Coagulant/Flocculant for Wastewater Treatment

Coagulation/flocculation is a common process used for the removal of various pollutants (suspended solids, organic, and

inorganic materials). In this operation, chemicals such as aluminum salts, acrylamides are added to water to destabilize

colloidal materials and allow the agglomeration of small particles into larger settleable flocs . However, these

chemicals remain in treated water leading to various health problems (neurotoxicity, genotoxicity, etc.) . Furthermore,

during the treatment, these chemicals may react with other compounds producing new products with unknown health

risks. Various diseases such as Alzheimer are reported to be related to the use of alum . Therefore, it is necessary to

consider alternative flocculants/coagulants. These alternative materials should be available, cost effective, biodegradable,

and without health risks. Various parts (seeds, leaves, pieces, roots, fruits, etc.) of plants (cactus, moringa, etc.,) were

used as potential sources of flocculants/coagulants . Interestingly, the use of AV as a promising natural material to

substitute chemicals in the coagulation/flocculation process  has

been reported. Various investigations reported the use of AV as coagulant, flocculant, or coagulant/flocculant aid for water

treatment. Figure 1 shows the scheme of Aloe vera preparations and applications for wastewater treatment using various

processes.
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Figure 1. The scheme of Aloe vera preparations and applications for wastewater treatment.

To determine the process efficiency, various water quality parameters (solids, turbidity, color, COD, BOD, dyes, heavy

metal, etc.) were measured. As reported in the literature, biopolymer investigations were designed and implemented in

many stages, including mainly the material preparation and the optimization of the operating parameters (dosage, pH,

temperature, mixing speed, contact time, etc.). Essentially, dosage is an important parameter to be studied and

inadequate dosage could result in low performance of the coagulation/flocculation process . In recent research

conducted on AV, leaves gel was tested as coagulant aid for turbid water (35 NTU) treatment. For this purpose, the gel

was blended and mixed with water (1%) in the presence of Moringa oleifera. The obtained results showed higher level of

turbidity removal (91.42%) . Similarly, 96.5% turbidity removal from Indrayani stream water was reached with 5 mg/L of

liquid AV used as coagulation aid in the presence of alum (56 mg/L). However, for the same water and using the same

quantity of alum (56 mg/L), the use of AV liquid as flocculant aid (10 mg/L) allowed the removal of 96.2% of the turbidity.

Therefore, the use of liquid AV as coagulant aid offers more advantages (higher efficiency and lower quantity) than its use

as flocculant aid. As indicated in the literature, many AV materials were prepared using different methods and applied for

pollutants removal from waters. Sun dried AV offered a good potential as flocculant in reducing the turbidity (92.74%) and

color (95.73%) from crude drinking water . Likewise, textile wastewater was treated using flocculant recuperated after

filtration of mixture of AV gel with distilled water . The use of flocculant dose of 33 mL/L at pH 7.3, under mixing speed

of 61 rpm for 20 min, allowed the removal of 92.3% of turbidity, 76.8% of COD, 83.5% of BOD , and 57.9% of TSS .

Similar work was conducted with high-loaded textile wastewater (1215 mg/L COD and 593.33 mg/L BOD) using powdered

bioflocculant extracted from dehydrated pieces of AV leaves. The treatment of this effluent using bioflocculant dosage of

60 mg/L (at pH 5 and contact time of 180 min) removed 90.53% of COD, 98.19% of TSS, and 98.80% of TDS.

Interestingly, the powdered bioflocculant exhibited significant flocculanting activity (82%) . In the same perspective,

methylene blue was partially removed (50–55%) using a coagulant obtained by physical blending of AV with aluminum

sulphate (10:90%) performed at room temperature for 24 h. The removal rates were obtained at coagulant optimal dosage

of 3000 mg/L and pH 6. The replacement of aluminum sulphate by magnesium sulphate for the preparation of AV

coagulant allowed an enhancement of the removal efficiency of 60–70%, obtained at pH 12.5 and with the same dosage

(3000 mg/L) . Simultaneously to the removal of organic pollutants by the coagulation/flocculation process with AV, the

removal of heavy metal was reported in few studies. For example, the AV powder (AV dried at 330 K) was tested for the

removal of arsenic from aqueous solution (with initial concentration ranging from 0.2 to 1 mg/L). The use of 2 mg/L of the

AV preparation as coagulant in the presence of polyaluminum chloride (3 mg/L) at pH 5 removed 92.63% of As (V) .

Similar preparation (AV powder used as coagulant) removed only 30.59% of Cu from river water (initial concentration

2000 mg/L). This removal rate was obtained with coagulant dose of 1.20 g/L, settling time of 40 min, pH 8, and at 313 K

. Interestingly, filtrate of AV gel was effective in the coagulation/flocculation of Pb (II) ions from textile wastewater. A

removal rate of 77% was obtained with flocculant dosage of 33 mL/L at pH 7.3 . Interestingly, results were comparable

to those achieved when using cactus and Moringa oleifera. Moreover, the optimum AV coagulant/flocculant dose was

found to be comparable to that reported for other used materials .

References

1. Jonathan, M.; Srinivasalu, S.; Thangadurai, N.; Ayyamperumal, T.; Armstrong-Altrin, J.; Ram-Mohan, V. Contamination
of Uppanar River and coastal waters off Cuddalore, Southeast coast of India. Environ. Geol. 2008, 53, 1391–1404.

[20]

[23]

[24]

[25]

5
[25]

[26]

[27]

[28]

[29]

[25]

[18][30]



2. Govil, P.; Sorlie, J.; Murthy, N.; Sujatha, D.; Reddy, G.; Rudolph-Lund, K.; Krishna, A.; Mohan, K.R. Soil contamination
of heavy metals in the Katedan industrial development area, Hyderabad, India. Environ. Monit. Assess. 2008, 140,
313–323.

3. Raju, N.J.; Ram, P.; Dey, S. Groundwater quality in the lower Varuna river basin, Varanasi district, Uttar Pradesh. J.
Geol. Soc. India 2009, 73, 178–192.

4. Kurniawan, T.A.; Lo, W.; Chan, G.; Sillanpää, M.E. Biological processes for treatment of landfill leachate. J. Environ.
Monit. 2010, 12, 2032–2047.

5. Cesaro, A.; Naddeo, V.; Belgiorno, V. Wastewater treatment by combination of advanced oxidation processes and
conventional biological systems. J. Bioremediat. Biodegrad. 2013, 4, 1–8.

6. Amuda, O.; Alade, A. Coagulation/flocculation process in the treatment of abattoir wastewater. Desalination 2006, 196,
22–31.

7. El-Gohary, F.; Tawfik, A.; Mahmoud, U. Comparative study between chemical coagulation/precipitation (C/P) versus
coagulation/dissolved air flotation (C/DAF) for pre-treatment of personal care products (PCPs) wastewater.
Desalination 2010, 252, 106–112.

8. Jimenez, B.; Chavez, A.; Leyva, A.; Tchobanoglous, G. Sand and synthetic medium filtration of advanced primary
treatment effluent from Mexico City. Water Res. 2000, 34, 473–480.

9. Crini, G.; Lichtfouse, E. Advantages and disadvantages of techniques used for wastewater treatment. Environ. Chem.
Lett. 2019, 17, 145–155.

10. Xiong, B.; Loss, R.D.; Shields, D.; Pawlik, T.; Hochreiter, R.; Zydney, A.L.; Kumar, M. Polyacrylamide degradation and
its implications in environmental systems. NPJ Clean Water 2018, 1, 1–9.

11. Weston, D.P.; Lentz, R.D.; Cahn, M.D.; Ogle, R.S.; Rothert, A.K.; Lydy, M.J. Toxicity of anionic polyacrylamide
formulations when used for erosion control in agriculture. J. Environ. Qual. 2009, 38, 238–247.

12. Crini, G.; Badot, P.-M. Application of chitosan, a natural aminopolysaccharide, for dye removal from aqueous solutions
by adsorption processes using batch studies: A review of recent literature. Prog. Polym. Sci. 2008, 33, 399–447.

13. Agrawal, V.R.; Vairagade, V.S.; Kedar, A.P. Activated carbon as adsorbent in advance treatement of wastewater. IOSR
J. Mech. Civ. Eng. 2017, 14, 36–40.

14. Zhang, H. Regeneration of exhausted activated carbon by electrochemical method. Chem. Eng. J. 2002, 85, 81–85.

15. Khadhraoui, M.; Sellami, M.; Zarai, Z.; Saleh, K.; Ben Rebah, F.; Leduc, R. Cacus juice preparation as bioflocculant:
Proerties, characteristics and application. Environ. Eng. Manag. J. 2019, 18, 137–146.

16. Amari, A.; Alalwan, B.; Eldirderi, M.M.; Mnif, W.; Ben Rebah, F. Cactus material-based adsorbents for the removal of
heavy metals and dyes: A review. Mater. Res. Express 2019, 7, 012002.

17. Ben Rebah, F.; Siddeeg, S. Cactus an eco-friendly material for wastewater treatment: A review. J. Mater. Environ. Sci.
2017, 8, 1770–1782.

18. He, W.; Xie, Z.; Lu, W.; Huang, M.; Ma, J. Comparative analysis on floc growth behaviors during ballasted flocculation
by using aluminum sulphate (AS) and polyaluminum chloride (PACl) as coagulants. Sep. Purif. Technol. 2019, 213,
176–185.

19. Wei, N.; Zhang, Z.; Liu, D.; Wu, Y.; Wang, J.; Wang, Q. Coagulation behavior of polyaluminum chloride: Effects of pH
and coagulant dosage. Chin. J. Chem. Eng. 2015, 23, 1041–1046.

20. Edzwald, J.K.; Haarhoff, J. Seawater pretreatment for reverse osmosis: Chemistry, contaminants, and coagulation.
Water Res. 2011, 45, 5428–5440.

21. Martyn, C.N.; Osmonda, C.; Edwardson, J.A.; Barker, D.J.P.; Harris, E.C.; Lacey, R.F. Geographical Relation Between
Alzheimer’s Disease and Aluminum in Drinking Water. Lancet 1989, 333, 59–62.

22. Nkurunziza, T.; Nduwayezu, J.B.; Banadda, E.N.; Nhapi, I. The effect of turbidity levels and Moringa oleifera
concentration on the effectiveness of coagulation in water treatment. Water Sci. Technol. 2009, 59, 1551–1558.

23. Gaikwad, V.; Munavalli, G. Turbidity removal by conventional and ballasted coagulation with natural coagulants. Appl.
Water Sci. 2019, 9, 1–9.

24. Daza, R.; Barajas Solano, A.F.; Epalza Contreras, J.M. Evaluation of the efficiency of bio-polymers derived from
desertic plants as flocculation agents. Chem. Eng. Trans. 2016, 49, 361–366.

25. Adugna, A.T.; Gebresilasie, N.M. Aloe steudneri gel as natural flocculant for textile wastewater treatment. Water Pract.
Technol. 2018, 13, 495–504.



26. Ashwini Prabhakar, S.; Ojha, N.; Das, N. Application of Aloe vera mucilage as bioflocculant for the treatment of textile
wastewater: Process optimization. Water Sci. Technol. 2020, 82, 2446–2459.

27. Lee, K.E.; Hanafiah, M.M.; Halim, A.A.; Mahmud, M.H. Primary treatment of dye wastewater using Aloe vera-aided
aluminium and magnesium hybrid coagulants. Procedia Environ. Sci. 2015, 30, 56–61.

28. Bazrafshan, E.; Mohammadi, L.; Mostafapour, F.K. Survey efficiency of coagulation process with polyaluminum chloride
using aloe vera as coagulant aid for arsenic removal from aqueous solutions. Wulfenia J. 2013, 20, 323–341.

29. Ezeamaku, U.; Chike-Onyegbula, C.; Eze, I.; Iheaturu, N.; Dunu, S.; Osueke, W.; Onuchukwu, S. Removal of Copper
Ions from Waste Water by Coagulation by Using Magnesium Chloride and Aloe Vera Leaves. Futo J. Ser. 2019, 5,
117–126.

30. Jadhav, M.V.; Mahajan, Y.S. Assessment of feasibility of natural coagulants in turbidity removal and modeling of
coagulation process. Desalin. Water Treat. 2014, 52, 5812–5821.

31. Patil, H.S.; Shinde, S.A.; Raut, G.A.; Nawale, N.P.; Hakke, A.; Deosarkar, M. Use of Aloe-vera gel as natural coagulant
in treatment of drinking water. Int. J. Adv. Sci. Res. Eng. Trends 2020, 5, 81–89.

32. Jinna, A.; Anu, M.; Krishnan, N.; Sanal, V.; Das, L. Comparative study of efficiency of local plants in water treatment.
Int. Res. J. Eng. Technol. 2019, 6, 4046–4052.

33. Pallar, B.M.; Abram, P.H.; Ningsih, P. Analysis of Hard Water Coagulation in Water Sources of Kawatuna using Aloe
Vera Plant. J. Akad. Kim. 2020, 9, 125–132.

34. Irma, N.Y.A.E.; Philippe, S.; Abdoukarim, A.; Alassane, Y.A.K.; Pascal, A.C.; Daouda, M.; Dominique, S.K.C. Evaluation
of Aloe vera leaf gel as a Natural Flocculant: Phytochemical Screening and Turbidity removal Trials of water by
Coagulation flocculation. Res. J. Recent Sci. 2016, 5, 9–15.

35. Saratha Priya, S.; Kumar, M.K.S. Physio Chemical Treatment On Municipal Waste Water In Tuticorin Region Using
Natural Coagulants. Int. J. Sci. Eng. Res. 2018, 6, 3221–5687.

36. Da Luz, T.G.; Sales, V.; da Rocha, R.D.C. Evaluation of technology potential of Aloe arborescens biopolymer in
galvanic effluent treatment. Water Sci. Technol. 2018, 2017, 48–57.

37. Abirami, P.; Devi, N.; Sharmila, S. Flocculant effect of Aloe vera L. in removing pollutants from raw and treated dye
industry effluent. Asian J. Environ. Sci. 2010, 5, 5–7.

38. Zin, N.S.B.M.; Kamaruzaman, W.N.B.; Lee, C.S. Study the effectiveness of biocoagulant between Aloe vera (L.). Burm.
F and Okra mucilage in coagulation and flocculation Treatment. In e-Prosiding Seminar ENVIROPOLY 2016; Oleh, D.,
Penerbit, P., Eds.; Politeknik Sultan Idris Shah: Selangor, Malaisie, 2016.

39. Muruganandam, L.; Saravana Kumar, M.P.; Jena, A.; Gulla, S.; Godhwani, B. Treatment of waste water by coagulation
and flocculation using biomaterials. IOP Conf. Ser. Mater. Sci. Eng. 2017, 263, 032006.

40. Amruta, G.; Munavalli, G. Use of aloe vera as coagulant aid in turbidity removal. Int. J. Eng. Res. Technol. 2017, 10,
4362–4365.

41. Sellami, M.; Khadraoui, M.; Zarat, Z.; Jdidi, N.; Ben Rebah, F. Cactus juice as flocculant in the coagulation-flocculation
process for industrial wastewater treatment: Comparative study with polyacrylamide. Water Sci. Technol. 2014, 70(7),
1175–1181.

42. Crini, G.; Badot, P.-M. Sorption Processes and Pollution: Conventional and Non-Conventional Sorbents for Pollutant
Removal from Wastewaters; Presses University Franche-Comté: Besançon, France, 2010.

Retrieved from https://encyclopedia.pub/entry/history/show/23203


