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Abstract- The rapid urbanization has resulted in putting excess pressure on infrastructure facilities resulting in low level of services provided'
by local authorities, The sewage flowing tbrough nallahs joins rivers in untreated condition and creates heavy risk of river pollution, The city,
sewage treatment plants also do not produce treated sewage of expected quality standards and is similar to nallahs waste water.
This study investigated the effectiveness and techno economical feasibility for RZTS (Root zone treatment system) along with it's modifica-
tion, Other objective of the study was to work out with BOD, COD and TSS removal efficiency of modified RZTS and trickling bed model.
The suggested modification in RZTS overcomes the limitations of huge area requirement for application of conventional RZTS (Constructed
Wetland) and as such the modified constructed wetland (modified RZTS) can be effectively used within the nallah area to treat incoming
waste water in nallah with techno economical feasible option,
Keywords- Root Zone Treatment System (RZTS ), Biological Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Total Suspend-
ed Solids (TSS), CK.Coefficient.
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Introduction
There is close to 5100 odd municipalities across India wherein the
problem of municipal domestic waste water management has
reached critical dimensions Municipal agencies spend 5 - 25% of
their budget on municipal domestic waste water management,
which is Rs, 75 - 250icapita/year. In India the data indicates dis-
mal scenario of waste water treatment. 71% of the total waste
water generated is collected, only 31,5% of waste water collected
is treated and rest is left without treatment, I.e. about only 23%
generated waste water gets treated and rest 77% waste water
disposed off without any treatment, which pollutes surface water
and ground water aquifers as well. More serious is the issue of
waste water collection and treatment in small and medium towns
(sustainable sanitation solutions 2008). This has resulted in
health problems such as diarrhea, cholera and other epidemics
among the masses, So this is quite important to analyze and
change the methods used by the municipal corporations.

Unfortunately most of the cities in India have under drainage sys-
tem provided to part of the population and lot of sewage flows
unsewered through open drains and nallahs, In case of Kolhapur '
(Maharashtra, India) city the central sewerage system covers only
30% of the city area as per ( City Development Plan) COP report
of Kolhapur Municipal Corporation, The rest of city area is either:
having other sanitation system (septic tank, soak pit) or no system,
at all, With the existing systems there are chances of ground wa- ,
ter contamination or water pollution, The joining of this waste:
water with under drainage system creates significant changes in
the characteristics of waste water due to addition of clay, solid
waste, debris which leads to chocking and malfunctioning of the
system, The maintenance of the sewerage system is again not
satisfactory due to scarcity of funds and requires manpower, re-
quired machines; as a result there is increased load on sewage
treatment plants which degrades its treatment efficiency, Of the
total urban population in Maharashtra spread over 250 cities
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a. About 18% urban citizens resort to open defecation.
b. About 30-35% depends on public toilets and condition of these

public toilets is bad.
c. About 60-72% of fhe latrines is onsite and is not connected to

sewerage networks.
d. About 70-80% of total sewerage generated is disposed in

unsafe manner.
e. Citizens and institutions do not demonstrate full understanding

on the issue and there is an all around apathy to addressing
the issue (proceedings of urban sanitation consultation work-
shop 10th July 2008).

The sewage flowing through nallahs joins rivers in untreated con-
dition and creates heavy risk of river pollution. The city sewage
treatment plants also do not produce treated sewage of expected
quality standards and is similar to nallahs waste water. Moreover
due to extension of city limits. and conversion of old houses into
large population residential complexes there is increased load of
sewage on existing sewerage system this has lead to complete
failure of city sewerage system.
The solution for the improvement of this system is generally con-
sidered in tenms of providing new under drainage system or exten-
sion of existing drainage system on the similar principles. However
replacement of existing drainage system involves huge cost. may
disrupt the roads development and have long project period. Pro-
ject sanction also gets delayed due to various social, legal prob-
lems, again causing increase in estimate of the schemes.
There is necessity to explore the ways to reducing the cost and
time of these projects to' make them techno economically feasible
this can be achieved by using the existing nallahs as sewage,
collection devices by converting them in open channels sanitary
sewers equipped within place treatment options.
The ,Constructed Wetland Treatment system also known as the
reed bed system or root zone treatment system (RZTS) is a
sealed filter bed consisting of a sand / gravel/ soil system, occa-
sionally with a cohesive element, planted with vegetation that can
grow in wetlands. After removal of coarse and floating material,
the wastewater passes through the filter bed where biodegrada-
tion of the wastewater takes place. The functional mechanisms in
the soil matrix that are responsible for the mineralization of biode-
gradable matter are characterized by complex physical, chemical
and biological processes, which result from the combined effects
of the filter bed material, wetland plants, micro-organisms and
wastewater.

Materials and Methods
Dr. D. R. Ranade in his paper entitled 'Industrial and Hazardous
Waste Treatment and Management', have studied Chlorine or
chlorine aided bleaching of pulp in the paper making industry gen-
erates formation of variety of organ chlorines termed as Absorba-
ble organic halides (AOX). In his paper he has developed an eco
friendly method for AOX removal from wastewater.
Sarah Volkman (April 2003) in her paper entitled, 'Sustainable
Wastewater Treatment and Reuse in Urban Areas of the Develop-
ing World' have verified The increasing scarcity of water in the
world along with rapid population increase in urban areas gives
reason for concern and the need for appropriate water manage-
ment practices.

1) No dilution of high strength wastes with clean water.
2) Maximum of recovery and re-use of treated water and by-
products obtained from the pollution substances. (i.e. irrigation,
fertilization)
3) Application of efficient, robust and reliable treatmenUconversion
technologies, which are low cost (in constnuction, operation, and
maintenance), which have a long life-time and are plain in opera-
tion and maintenance.
4) Applicable at any scale, very small and very big as well.
5) Leading to a high self-sufficiency in all respects.
6) Acceptable for the local population.
One approach to sustain ability is through decentralization of the
wastewater management system. This system consists of several
smaller units serving individual houses, clusters of houses or sma'il
communities. Black and gray water can be treated or reused sep~-
rately from the hygienically, more dangerous excreta. Non-
centralized systems are more flexible and can adapt easily to the
local conditions of the urban area as well as grow with the commu-
nity as its population increases. This approach leads to treatment
and reuse of water, nutrients, and byproducts of the technology. In
developing countries, 300 million urban residents have no access
to sanitation and it is mainly low income urban dwellers who are
affected by lack of sanitation infrastructure.

J H. J Ensink, S. Brooker, S. Cairncross and C. A. Scott, In their
paper entitled, 'Wastewater use in India: the impact of irrigation
weirs on water quality and fanmer health', have studied the impact
of irrigation weirs on water quality and farmer health. In 2001 it
was estimated that 73% of India's wastewater was disposed of
untreated into rivers, irrigated canals and other surface water bod-
ies and that an investment of US$ 65 billion wculd be needed to
build the required wastewater treatment facilities
Based on literatu re review & earlier research work on root zone
treatment system(RZTS), RZTS treatment is better low cost waste
water treatment method but going through the designs for calcula-
tion of area requirement of RZTS, it is found that from Bhopal
project design it is about 100 liUm' & from Santa Elena project
deveioped formula for area calculation is

(Q,,,,)(t)

(n)(dw)

Where,
A= Area required for root zone bed to effectively treat grey water
(square meters)
Q,,,, = Average daily input (cubic meters)
t = Retention time (days)
n = effective porosity of root zone bed medium (what percent of
the volume is left for the water after gravel or plastic has been put
in)
dw =Depth of bed (meters)
Going through this formula it is found that from Sant.Elena pro-
ject also the area requirement is about 100 IiUM'
So area requirement is the basic hurdle in using this treatment
system in low cost waste water treatment and this can be over"
come by modifying conventional root zone treatment system.
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Modification suggested
In conventional RZTS to minimize the area requirement which is
major constraint while using conventional RZTS.
1. Lower 0.5 m depth bed will be acting as constructed wetland

(RZTS), as anaerobic treatment.
2. Upper 1.5 m depth bed will be designed as trickling bed, act

as aerobic treatment.
Figure showing Schematic Diagram of the of the experimentai
setup for suggested Modification in conventional constructed wet-
land (RZTS) system.

0.5m root zone bed depth, and is of average 83.07% for total
1.5m combined bed depth.

Developed Mathematical formula
To calculate area requirement for use of modified constructed
wetland system (Modified RZTS) is

A= CK (Oto"t) (t)
( n) (dw)

The suggested modification in RZTS overcomes the limitations of
huge area requirement for application of conventional RZTS
(Constructed Wetland) and as a such the modified constructed
wetland (modified RZTS) can be effectively used within the nallah
area to treat incoming waste water in nallah with techno economi-
cal feasible option.

Where, I
A = Area of treatment bed in nallah area in m2 i

Qtotai= Total waste water flow generated in Kolhapur city
and joining various nallahs in m3.
t = Retention time in days ( 2.5 days)
n = porosity of bed media (0.6) root zone bed.
dw = Depth of root zone bed 0.5 m .
CK = Coefficient (Varies with different nallahs)
(For Kolhapur value of CK is 0.100618, and is calculated
afler analysis of results from various nallahs of Kolhapur.) I

IDiscussion
The present study was undertaken in order to have engineering'
insight, design and cost analysis of RZTS application with modifi-
cation so as to treat waste water incoming to various nallahs of
Kolhapur (Maharashtra, India) city throughout the nallah area
which will aiso prove multiple point waste water treatment ( multi-
stage treatment) in an economic manner to control intense waste
water pollution problem of Kolhapur city. It also gives immediate
& simplified solution to the waste water pollution control. Based on
the outcomes of this study similar type of modified design ot,'
RZTS with trickling bed can be useful to other medium size cities
of India.

Inletgl.llter
through! bed lenglti

Dry filled co~rse ruble masonry supported.
try chiken chain link mesh

I

T
1.5m

j

Fig. 1- shows Typical constructional details of designed module
for waste water treatment within. nallah area.

Hourly variation in waste water flow incoming nallah will help in
spreading wastewater through tricking bed intermittently as hori-
zontai fiow system which is reflected going through the following
graph.

"O~'.OIO",

Fig. 2. shows the flow variation graph

Results
Based on experimental results and its analysis modified construct-
ed wetiand (Modified Root Zone Treatment System), it is seen that
• The average BOD removal efficiency of designed unit

(modified design of RZTS and trickling bed) is 85.25%upto
0.5m root zone bed depth, and is of average 79.45% for total
1.5m combined bed depth.

• The average COD removal efficiency of designed unit
(modified design of RZTS and trickling bed) is 85.25%upto
0.5m root zone bed depth, and is of average 79.45% for total
105mcombined bed depth.

• The average TSS removal efficiency of designed unit
(modified design of RZTS and trickiing bed) is 91.83% up to

Salient features of modified constructed wetland (Modified
Root Zone Treatment) system.
• Require simple construction methods,
• No machinery (pumps, aerators, etc.) and no inputs of ener-

gy or chemicals are.required for the treatment process,
• In the modified constructed wetland (Modified Root Zone

Treatment) system process no sludge is generated, therefore
the sludge handling and disposal problem is restricted only
to primary sludge-this is a unique and remarkable feature of
modified constructed wetland (Modified Root Zone Treatment)
system.

• Can accommodate significant variations in hydraulic and pol-
lution loads without significant loss of efficiency .

• Can handle a large variety of pollutants,
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• Does not require skilled personnel for operation maintenance,
• Low operation and maintenance costs; typically in root zone

systems these are less than 1% of the cost of the system per
year,

• Can be built to suit both decentralized and centralized sewage
treatment systems; in decentralized situations considerable
drainage costs may be saved

• Can be easily and cost-effectively expanded to aceommo-
daie increased loads,

• High efficiency in removal of pathogens; no other treatment
system, v.1thout the use of additional chemicals or physical
processes, can ensure the extensive elimination of pathogen-
ic germs,

• Allows re-cycling and safe re-use of waste water,
• Capital costs comparable to other similar wastewater treat-

ment systems ,
• Long life span of systems,
Thus modified constructed wetland (Modified Root Zone Treat-
ment) system is not only eco-friendly but have low operational
costs, producing high water quality (up to bathing water stand-
ards) suitable for re-use, These features make RZT systems low-
cost, environment-friendly, and reliable in both the short and long
tenm applicability,
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