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ABSTRACT
With the rapid increase in population as well as all round development in India during the recent years, there has been a
competing demand of water for irrigation, domestic use and power generation which are exerting enormous pressure on
the country’s existing water resources ,as the water reserves are also depleting at a fast pace. The precarious balance
between growing demands and supplies has brought forward the importance of recycling and reuse of water and thereby
reducing the fresh water demand supply. The paper highlights the wastewater treatment in the country in the recent
years for the urban and rural areas. The present focus of the paper is the latest trend for wastewater treatment which has
been recently proven as an efficient technology is the adoption of artificial wetlands or constructed wetlands (Shutes,
2001) in developing countries. An attempt has been made to provide an overview on the comparative analysis of various
treatment technologies. In comparison to the conventional treatment systems, the constructed wetlands involve low cost,
and can be operated and maintained easily. In terms of initial cost, operational cost and maintenance cost the
constructed wetlands having the least expenditure amongst the other conventional processes can prove to be the most
suitable option for wastewater treatment for developing countries where cost is the most critical parameter.Times New
Roman, 10 points
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1.0 INTRODUCTION
India is primarily an agricultural dependent developing country where most of the population resides in rural
areas.Water is used in large quantities for domestic supply, irrigation, industries,power generation, navigation,
fishing, wildlife and recreational activities. Over the past few years, Indian population has been increasing at a
rapid rate leading to industrial growth and agricultural expansion which have pushed up the demand for water.
Hence, water conservation has become need of the day. Among the various environmental challenges, India is
also facing water scarcity, especially decline in fresh water reservoirs. There are many reasons attributing to
water shortage. Some of the natural and anthropogenic reasons are uneven geographic distribution of surface
water resources, severe persistent droughts, overuse and contamination of groundwater and water quality
problems due to partially treated and untreated wastewater from urban settlements, industrial establishments,
and run-off from the irrigation sector besides poor management of municipal solid waste and animal dung in
rural areas.

Like urban centres, there has also been a momentum in the development process in the rural areas of the
country.This change may increase water demand and hence generation of huge volume of wastewater.It is
imperative to give some thinking to address wastewater management methods in rural areas, particularly in
areas where energy is in scarce.Contrarily, wastewater treatment is not a cheap option. Public bodies have to
think twice before making huge investment in this sector. Unlike developed nations, wastewater treatment in
developing countries is still not given due priority. However, with deteriorating water resources, water quality
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of natural streams like rivers is degrading at rapid rate which has alarmed the government and as a result the
government is realizing the importance of water conservation.

The conventional methods mostly adopted in developing countries mostly include septic tanks, oxidation
ponds and ditches, activated sludge process, anaerobic systems, trickling filters (Canter et al., 1982; Von
Sperling and Marcos, 1996).Because of low installation costs and low maintenance as well as best suited
tropical conditions found in the developing countries, stabilization ponds have been the most favourable
treatment option. As far as developed nations are concerned their focus is to remove all types of pollutants
(organics, inorganic and toxic chemicals as well as pathogens) (A.K.Kivaisi,2001).

This paper presents the potential of constructed wetlands technology for rural sector in India.An attempt has
been made through this review study to highlightthe wastewater treatment methods in India and their
comparison as well as the need for a green and sustainable wastewater treatment technology for a developing
country like India. The paper also provides the basic introduction about the design of wetlands, their types and
functioning. It further examines the potential of technology of constructed wetlands for the treatment of
wastewater and its implementation in rural India.

2. TRENDS FOR WASTEWATER MANAGEMENT IN INDIA
2.1 Urban Wastewater
In India, the trend for wastewater management is mostly inclined towards the urban areas. It is estimated that
about 38,254 million litres per day (MLD) of wastewater is generated in urban cities comprising Class I cities
and Class II towns having population of more than 50,000 (accounting for more than 70 per cent of the total
urban population) (CPCB, 2005). The municipal wastewater treatment capacity developed according to India
Infrastructure Report 2011 so far is about 11,787 MLD, which is about 31 per cent of wastewater generation
in these two classes of urban centres. With the population increase, freshwater demand will become
unmanageable. It is estimated that the projected wastewater from urban cities may cross 120,000 MLD by
2051 and that rural India will also generate not less than 50,000 MLD. However, the present scenario is that
the wastewater management plans do not address such increasing pace of wastewater generation. Central
Pollution Control Board (CPCB) studies depict that there are 269 sewage treatment plants (STPs) in India, of
which only 231 are operational, thus, the existing treatment capacity is just 21 per cent of the present sewage
generation. The remaining untreated sewage is the main cause of pollution of rivers and lakes. The large
numbers of STPs created under Central Funding schemes such as the Ganga Action Plan and Yamuna Action
Plan of National River Action Plan are not fully operational as well as the operation and maintenance costs of
the typical sewage treatment plants is also high.

The current practices for wastewater treatment for the urban centres include the conventional methods such as
the Activated Sludge Process (ASP), Upflow Anaerobic Sludge Blanket (UASB), Trickling Filter (TF),
Membrane Bio Reactor (MBR), and Sequencing Batch Reactor (SBR).According to CPCB report, in Class I
cities, Activated sludge process (ASP) is the most commonly employed technology, covering 59.5% of total
installed capacity followed by the Upflow Anaerobic Sludge Blanket (UASB) technology, covering 26% of
total installed capacity. These two technologies are mostly used as the main treatment process along with the
other primary or tertiary treatment units.

In Class II towns, series of Waste Stabilization Ponds (WSP) technology is the most commonly employed
technologies, covering 71.9% of total installed capacity and 72.4% of STPs, followed by Upflow Anaerobic
Sludge Blanket (UASB) technology, covering 10.6% of total installed capacity and 10.3% of STPs.

2.2 Rural Wastewater Management
Most of the smaller towns and rural areas of the country have no sewerage and sewage treatment facilities and
are incapable to handle the sewage. Wastewater management is worst in these areas and the sewage is either
directly dumped into rivers or lakes or in open fields. This may be due to the involvement of high treatment
costs and lack of strong environmental pollution control laws
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The other technologies employed for wastewater treatment recently include the waste stabilization ponds,
oxidation ponds and the aerated lagoons.

Properly designed stabilization ponds work satisfactorily and can achieve good results, discharging odourless
effluent suitable for agricultural activities (Shuval et al., 1986). However, if the effluents are not further
treated, it results in contamination of surface water and ground, rendering water unfit for various activities.

3. CONSTRUCTED WETLANDS TECHNOLOGY: A PROMISING WAY
3.1 What are Constructed Wetlands?
Constructed wetlands are treatment systems that use natural processes involving (macrophytes) vegetation,
soils, and their associated microbial assemblages to improve water quality (USEPA). As the name suggests a
constructed wetland is an artificial wetland developed to treat wastewaters from domestic and industrial
discharges. The biologicaldiversity and ecological productivity of these natural wetlands is remarkable.

Compared to conventionalwastewater treatment systems, the constructed wetlands are low cost, relatively
easy to operate and can beconstructed with locally available materials. The technology of constructed
wetlands is cost-effective interms of generation of biofuel from the regular harvesting of plants of the
wetlands and also because ofthe least consumption of energy in its operation .Technique-wise also the
constructed wetlands have anedge over the other treatment options. Wetlands often involve low construction
costs as compared toother conventional wastewater treatment methods and also have low operational and
maintenance cost. The remarkable characteristic of a constructed wetland is that it can handle fluctuation in
water levels andshock loads also. Additionally, as far as aesthetics is concerned they are quite pleasing and
can alsoremove the odour present in wastewater. The CWs can be classified according to their hydraulic
conditions. In the table below the classification is depicted of constructed wetlands in the tabular form
(Vymazal, 2008).

Table 1: Classification of Constructed Wetlands

Constructed Wetlands

Water
level

Free Water Surface Sub-surface

Plants
Free

Floating
Floating

Leaved
Submerged Emergent Emergent

Flow Horizontal Horizontal Vertical

Direction Downflow Upflow

3.2CWsProcess
The wastewater is made to pass through sand, gravel or a combination of both mediums at the top of which
plants is rooted. The gravel medium generally used is limestone and rock lavastone.Some of the popular
wetland plants used arePhragmites australis, Typha or cattails, Sagittaria and Iris having shallow and well
developed roots system. The Constructed subsurface flow wetlands are often used as means of secondary
treatment where thewastewater is first provided with primary treatment techniques such as sand and grit
removal, septic tanksor the most popular, Upflow anaerobic sludge blanket (UASB) reactor.The most
important feature of constructed wetlands is the biological filtration process which is achieved due to
formation of biofilm of aerobic or facultative bacteria on the root sites. Moreover the coarse sand present in
the beds supports growth of microbes, adsorption and filtration process. The effluent coming out of a
constructed wetland isyellowish or brownish if the treated wastewater is domestic in nature.

They are mainly classified into two types:

1.  Surface flow constructed wetland and



401 Umer Mujtaba Khan, Nadeem Khalil

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 4, Issue 6

June 2017

2.  Subsurface flow constructed wetland.

Amongst the two types, subsurface  flow constructed wetlands are mostly adopted all over the world dueto the
main reason of climatic factors(less sensitive to winter conditions of frost and snow) and foul odorsassociated
with the wastewaters. Wastewater flows between the plant roots in a subsurface flow CW. Theplant roots
provide the potential sites for organic activity and breakdown of microbes occurs here, it is in fact a symbiotic
relationship between the plants and microbes present in the wastewater .This type ofconstructed wetland is
more efficient and also attracts less mosquitoes. Further the subsurface flow constructed wetlands are
classified as:

Vertical flow systems: In this type of system the effluent moves in vertical direction through the plantsand
lower down through the substrate and lastly out of the system. This technology is developed to adaptto receive
raw wastewater in contrast to other to primary treated domestic wastewater treatment systems(Molle et al.,
2005). These are typically unsaturated and can be pulse loaded at regular time intervals. Themain filter media
used is sand in this system

Figure 1: Vertical Flow Systems

Horizontal flow systems: Here the effluent moves in horizontal direction and parallel to the surface.
Important feature is saturated flow bed with a saturated gravel depth. In the vertical flow constructedwetland,
the effluent moves vertically from the planted layer down through the substrate and out. In thehorizontal flow
CW the effluent moves horizontally, parallel to the surface. These systems can moreoverwork without the
input of energy.

Figure 2: Horizontal Flows Systems

The constructed wetland technology involves routine monitoring and sampling. Analysis includes BOD,
COD, TSS, and TOC, Total nitrogen, Ammonia, phosphates, turbidity and Total coliform.

3.4 Application in Developed Countries
Many developed countries have recently started a trend for small waste water treatment plants. Constructed
wetlands seem to be particularly well suited for on-site treatment due to their simple construction and large
buffering capacity (Haberletal., 1995).A number of different designs exist in Europe including the subsurface
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flow systems, which have been in use for 20 years. Initially the horizontal type constructed wetlands were
preferred; however, the strict legal policies have led to the development of highly efficient vertical flow
systems in recent years. In order to meet the higher requirements, combined systemsinvolving a hybrid of
constructed wetlands and conventional systems have proved to be successful. Presently, studies are being
carried out on the constructed wetlands and their applications for treatment of groundwater, industrial
wastewater and sludge dewatering.

4. POTENTIAL IN RURAL INDIA
In this present scenario one of the basic and major problems India is facing is that of water pollution which
has adversely affected the public health. More than 70% of India comprises of rural areas and hence cost is
one of the major factors involved in choosing the best appropriate wastewater treatment facility in order to
protect the existing water sources by treating domestic wastewater and reusing it for various agricultural and
economic activities which will ultimately lead to cope up with future water scarcity problems and also help to
promote economic prosperity. As compared to the developed countries which are busy treating wastewater at
micro levels(control and removal of micro pollutants),India is still striving to achieve wastewater treatment at
macro levels (organics, nutrients and pathogens).In other words a technology which is sustainable in itself is
needed  to serve the  purpose.

The technology of constructed wetlands has been accepted globally and has displayed successful treat
organics, nutrients and pathogens .This technology can also lower the content of nutrients and can also serve
the purpose of disinfection making the treated effluent a very good source for irrigation and other recreational
activities. Constructed wetlands are becoming popular not only in developed countries but also in
thedeveloping countries like India because they are a low cost alternative for treating domestic wastewaters as
compared to pre-existing conventional treatment systems. The concept of constructed wetlands has been
successfully implemented in urban regions of India by the joint initiative of European Commission and the
Indian government (DST) under the project of SWINGS (Safeguarding water resources in India with green
and sustainable technologies) .The project has funded for the development and installation of several
constructed wetland plants across the country including the ones set up at the Aligarh Muslim University
(AMU), Aligarh, Uttar Pradesh and at Indira Gandhi National Technical University (IGNTU),Amarkantak,
Madhya Pradesh, Kalyani University, Kalyani, West Bengal. Seeing the success of SWINGS in its projects
the Indian government has also taken initiative for the development of constructed wetlands in rural areas
especially regions along the Ghats of Ganga and Yamuna rivers. The rationale of this paper is to promote the
technology of constructed wetlands for treatment of wastewater and its reuse in  Indian  rural sector where
land is easily available than in urban areas and moreover to create awareness among the societies about the
advantages of this technology.

6. Conclusions
From the comparative analysis done on the basis of previous studies it was found that amongst
theconventional processes, oxidation pond system was a very good wastewater treatment option in terms
ofBOD removal efficiency, energy consumption and cost effectiveness earlier but it had a majordisadvantage
of emission of foul odours, large land requirements, breeding place for mosquitoes and thepossibility of re-
contamination of water sources. As shown in Table 2 all the other conventional systems lacked in basic
consideration of cost and  power and energy consumption which are the most essentialparameters  for the
suitability of choosing wastewater treatment systems for developing countriesespecially the rural sector. Thus
the most suitable option which can be employed in the rural areas are theConstructed wetlands  which require
large land area which can be easily available at low costs in ruralregions, moreover  the wetlands involve low
initial, operational and maintenance costs as compared to the other systems. This technology is not only
capable of meeting high secondary treatment standards butalso removal of nutrients  quite effectively and
makes use of locally available materials and the systemcan operate easily but just  a basic understanding and
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knowledge is required to be imparted to the ruralpeople .The treated wastewater effluent discharge can be
further used for agricultural purposes and otherrecreational activities such as fishing and boating, as a source
of spray water  for golf fields and othersports arenas .Other than this, the main economic advantage is
methane generation(if a UASB reactor isused as a pre-treatment)as well as the generation of bio- fuel obtained
from the regular harvesting ofplants of wetlands .The overall analysis of various wastewater treatment systems
leads to the conclusionthat for developing nations where the majority resides in rural areas, the constructed
wetlands is apromising technology of future.
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