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Abstract: In wastewater engineering, one of the most sophisticated methods of wastewater treatment is the tertiary treatment and 

biological treatment. A large number of inputs in the form of capital investment and energy have been placed for few decades now for 

meeting up the wastewater treatment objectives. To compensate these costs, natural wastewater treatment technologies, particularly 

the application of aquatic plants for wastewater treatment have been considered for quite long. The ability of aquatic ecosystem, 

mainly the aquatic plants to carry out wastewater purification has been exploited and this forms one of the major principles for natural 

wastewater treatment technologies. This study, constitute of various underlying concepts and principles involved in the wastewater 

treatment using aquatic plants. The study also present the results obtained from the research study carried to investigate the treatment 

or removal efficiency of aquatic plants (water hyacinth and typha angustifolia) to remove pollutants from wastewater via constructed 

wetland technology. 

Keywords- Phytoremediation, root zone technology, domestic wastewater treatment, macrophytes, aquatic plants, constructed 

wetlands. 

I. INTRODUCTION 

Water is a one of the precious natural resources of this planet and it is a basic need for survival of life. Quantity of portable water is 

slowly reducing and it becomes major problem in the world. Population growth, urbanization and industrialisation have lead to 

various types of environmental problems like land pollution, water pollution, air pollution and sound pollution. Major environmental 

pollution occurs due to the outflow of effluents from various domestic and industrial sources. The water of rivers, lakes and oceans is 

also being polluted on a large scale (Chopra et al. 2016). Recycle and reuse of water is extremely important. Treating wastewater is 

the way to overcome water shortage due to the water pollution problems. There are many treatments available for purifying the 

wastewater like primary treatment, secondary treatment and tertiary treatment. Some of the suitable wastewater treatment processes 

for domestic wastewater include biological treatment processes such as activated sludge, trickling filter, and rotating biological 

contractor systems. However, these treatment systems have high operation, investment costs, difficult to operate and maintain with 

stable removal efficiencies. These limitations can be overcome by the application of non-conventional eco-friendly approaches of 

wastewater treatment like Phytoremediation. It is economical and environment friendly (Brix  et. al. 1989, Valipour  et. al. 2011, 

Lakshmi et al. 2017, Kumar et al. 2015). 

II. PHYTOREMEDIATION 

Phytoremediation is a biological process which is used to eliminate pollutants from wastewater by using plants. Its combination of 

two Latin words plant and remedy, gave rise to the term phytoremediation. It is a clean, inexpensive and efficient technology. It is a 

non-invasive alternative technology for engineering based remediation methods. The term “Phyto-remediation Technique” includes 

the life interactions of bacteria, the roots of the wetland plants, soil, air, water and sun. This type of treatment is an engineered method 

of purifying waste water as it passes through artificially constructed wetland area. This treatment is most effective with constructed 

wetland technology. The constructed wetlands are low cost, simple, environmentally non-disruptive, low land requirements and eco-

friendly technology for water purification (Yulinah et al. 2008) 

The principle of phytoremediation process is to clean up contaminated water by growing aquatic plants which have a capacity to 

absorb pollutants. This technology had been used in industrial and domestic effluent and wastewater treatment in removing of 

nutrients, organic chemicals, pesticides, oils, explosives, heavy metals and sewage pollutants. Phytoremediation includes several 

processes like, phytoextraction, phytodegradation, phytofiltration, rhizofiltration, phytostabilization and phytovolatilization (Gupta et 

al. 2012, Lakshmi et al. 2017). 

Phytoremediation technique is highly effective to treat different types of wastewater. Many different types of plants have been used 

variously in phytoremediation. Aquatic plants absorb elements through roots and shoots. Much interest in typha angustifolia, 

duckweeds, water hyacinth, water lettuce, and vetiver grass recently have indicated that the plants have potential for removal of a 

wide range of pollutants such as total suspended solids, dissolved solids, electrical conductivity, hardness, biochemical oxygen 

demand, chemical oxygen demand, nitrogen, phosphorus, heavy metals, and many other contaminants related to wastewater (Gupta et 

al. 2012).  
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2.1. Macrophytes and its role  

The three types of macrophytes are emergent, free- floating and submerged which have been discussed above. Macrophytes play a 

major role in reed beds, influencing biological, chemical and physical treatment processes. Physical effects include: Filtration of 

suspended material, protection against erosion by reducing turbulence and flow velocities stabilization of sediments and providing the 

surface area for micro-organisms. Metabolic functions of macrophytes include nutrient uptake and O2 release from roots into the 

rhizosphere. Macrophytes have adapted to anaerobic conditions by developing internal air spaces which transport O2 to the root zone. 

These air spaces form an extensive system throughout the plant and can occupy 60% of the total tissue volume. Many research studies 

differs on the potential for macrophytes to release O2 from roots to the surrounding rhizosphere thus providing aerobic conditions for 

plant nitrification to occur. A study by concluded that internal O2 movement not only supplied to buried plant tissues but also leaked 

O2 into the rhizosphere. Macrophytes can also provide habitat for flora and fauna and increase aesthetic appeal  (Guo et. al. 2003, 

Klomjek  et. al. 2005, Demirezen et. al. 2014, Hamizah et al. 2015). 

The primary motivation behind the development of phytoremediation technologies is the potential for low – cost remediation. It is the 

use of green plant based system to remediate contaminated soils, sediments and water. Such plants are known as pollution mitigators. 

The key factor for the success of remediation process depends on characteristics to mine water, geo climatics conditions, type of 

amendment used and selection of plant species (Rezania et al. 2015). The most important factor in successful implementation of 

phytoremediation is the selection of appropriate plant which should have high uptake of both organic and inorganic pollutants, grow 

well in polluted environments and easily controlled (Lema et al. 2014). In this study four aquatic plants (Typha angustifolia and 

Eichhornia crassipes) are used for treatment of domestic wastewater.  

 

III. MATERIALS AND METHODS 

3.1. Collection of domestic wastewater and plants 

Domestic wastewater was collected from sewage treatment plant and then analysed in the experimental setup. Wastewater collected 

from inlet chamber. The parameters involved are  pH, Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD). 

Water hyacinth and typha angustifolia were randomly collected from vadtal lake, Anand. These macrophytes were selected on the 

basis of local availability.  

 

3.2. Experimental setup and operation: 

 

Figure 1: Continuous flow reactor 
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Figure 2:  Batch reactor 

Experiments were performed in plastic tubs of 56.5 * 39.5 * 16.5 cm. The experimental system was bucket-reactor based and 

consisted of 2 plastic buckets and a 12 L tank for wastewater storage. The plastic bucket reactors had a capacity of 20 litres. Flow rate 

is 1.5 L/hr.  For continuous flow reactor, water samples were taken every 15 min from each tub for water quality analysis.  For batch 

reactor, water samples were taken at every 1 hour.  pH, DO, COD, BOD were analysed as per standard methods. (APHA). Quantity of 

plants is 50% of area. 

 

IV. RESULTS AND DISCUSSION 

 

Table 1: Removal efficiency of plants  

Type of Reactor Removal efficiency (%) 

Water hyacinth Typha angustifolia 

COD BOD COD BOD 

Continuous flow 

reactor 

75 88 80 89 

Batch reactor 68 84 60 82 

 

Table 1 shows the removal efficiency of both plants in continuous flow reactor and batch reactor. For water hyacinth, COD and BOD 

removal efficiency is very from 68 to 75% and 84 to 88% respectively. And for typha angustifolia COD and BOD removal efficiency 

is very from 60 to 80% and 82 to 89% respectively. 
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Graph 1: COD removal efficiency of water hyacinth 

Graph 1 shows COD removal efficiency in continuous flow reactor. Maximum removal efficiency is 75%. And in time duration of 30 

to 45 minutes, higher removal efficiency is gained.  

 

Graph 2: BOD removal efficiency of water hyacinth 

Graph 2 shows BOD removal efficiency in continuous flow reactor. Maximum removal efficiency is 88%. And in time duration of 15 

to 30 minutes, higher removal efficiency is gained.  
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Graph 3: COD removal efficiency of water hyacinth 

 

Graph 3 shows COD removal efficiency in batch reactor. Maximum removal efficiency is 68%. And in time duration of 2 to 3 hours, 

higher removal efficiency is gained.  

 

Graph 4: BOD removal of water hyacinth 

0

20

37

43

56

62

68

0

10

20

30

40

50

60

70

80

0 2 4 6 8

C
O

D
 r

e
m

o
v

a
l 

ef
fi

ci
en

c
y

(%
)

Time duration(hr)

Water hyacinth- Batch reactor

REMOVAL EFFICIENCY(%)

0

8

35

54

65

77

84

0

10

20

30

40

50

60

70

80

90

0 1 2 3 4 5 6 7

B
O

D
 r

e
m

o
v

a
l 

ef
fi

ci
en

cy
(%

)

Time duration(hr)

Water hyacinth- Batch reactor

REMOVAL EFFICIENCY(%)

http://www.ijcrt.org/


www.ijcrt.org                                         © 2018 IJCRT | Volume 6, Issue 2 April 2018 | ISSN: 2320-2882 

IJCRT1812995 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 979 

 

Graph 1 shows BOD removal efficiency in batch reactor. Maximum removal efficiency is 84%. And in time duration of 2 to 3 hours, 

higher removal efficiency is gained.  

 

Graph 5: COD removal efficiency of typha angustifolia 

Graph 1 shows COD removal efficiency in continuous flow reactor. Maximum removal efficiency is 80%. And in time duration of 15 

to 30 minutes, higher removal efficiency is gained.  

 

Graph 6: BOD removal efficiency of typha angustifolia 
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Graph 1 shows BOD removal efficiency in continuous flow reactor. Maximum removal efficiency is 89%. And in time duration of 15 

to 45 minutes, higher removal efficiency is gained.  

 

Graph 7: COD removal efficiency of typha angustifolia 

Graph 1 shows COD removal efficiency in batch reactor. Maximum removal efficiency is 60%. And in time duration of 3 to 6 hours, 

higher removal efficiency is gained.  

 

Graph 8: BOD removal efficiency of typha angustifolia 

Graph 1 shows BOD removal efficiency in continuous flow reactor. Maximum removal efficiency is 82%. And in time duration of 2 

to 3 hours, higher removal efficiency is gained.  
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V. CONCLUSION 

The concept of natural wastewater treatment technologies involves and exploits the natural ability of ecosystem to purify the 

wastewater. A typical example of these systems is the aquatic ecosystems. One of the most popular natural technologies is the use of 

aquatic based treatment units, particularly the “wetlands”. In the present study, use of aquatic plant for wastewater treatment as a 

means of natural wastewater treatment has been studied and to investigate the performance of the system, constructed wetland for 

wastewater treatment has been adopted. Typha angustifolia is more efficient than the water hyacinth. And BOD removal is higher 

than the COD removal. 
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