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938 qUID] TEUICIETT HBIHRT 0% & SR 9y HRAY R0y DI AIRIS YANRIS W A~ JaH< 3dH gl
Indian Water Works Association T AKiTellel &% I AR I SATSTaIe WANRIS & |Yeh aedeT= H ST
JATYfeT STl T JATURIE STe b Fa=e Td SATERY FRET o Hfcl A< Ud FHI GICah 0T UR IS HIATD] & SURT 9 b DT TBIRIA
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T8l T ORIy 9 R el Ul & WGV & HROT Ud AU UHR B GEIEr Soll &7 WITH Aed BIdT § | T A4 H
el @fesll ol SEI-gfedl & wRor Wi T[0T B & | T § Aow ) SURT & BRI T8 ¢d I qh @RIG Tal
BIAT 3R S B9, T 3R HelRAT S HICU3T B 5 B B &HdT BT © | HF T BT B3 dFT AFRIS R IRIRE
T & foly BRIGHT A9 8 | 98 TR & Il ®I Fafid e iR Jraiatd iR AArd=~e ohifad uee &3 # Aaq oxdl
2| I=fe A9 € b B T Ue widfae d=iie ufhar 8 S anfite vl @ w2 SR WRey ®I qemr <dl 2

e =1 T IFAT e o SR A 99ie JER WR 6 TS 7 MY faee @ S W IRAR g A=
2 O 3RT < ¥ B © U < 9% ugdl MY faee &1 wwd U8 axa favg # ufafed g wRa @1 ARaemel
ﬂﬂ?ﬁﬁ‘cﬁweﬂﬁ?ﬁwwqﬂ Ul @ DR 96 X8 Wbl & (oY MM 10T & | gdr H WIRd g g1 T Aied T99 Py
FST=ATT ST 7 YR JeTad <2 &9 T 8 | T & &A%el Bl al IR 9T - aTell HRA AT A1 dhael 39 g8l
A B arell fawa & ST 98 AT SIEAIT BT UIvoT R el & 3fUg 3P ST b Y] B dlRged T WR ga1g
BN FeH H N WEAN < @ ¢ | SWIh aftfd FT & =i § Sofarg uRadd MR ARl v ffor smufite e
IS NI 0T ST EReTUT U9 o & AWl R I g3 SWRIh g9l & Hoawyd Sl URUMH WHYd & w9 H KA B
ITH W {O BN b H USRI fhaAT O & 2|

AR el [ JAleTed & Saiid Sf g 1 UROM Ud S ¥ & ~IJcd H [37d 3 S2DI I AR ST X8 I
DI G H 59 UHBT BT IAAH 3P BT TBRM IRA & (AW &3 g Aureil § Wl 95 vd FH91el &I Sirsar U8
Jgdl & [qaR, F&Ia, 2Nl Ud TR B SHAM 96 Ugar Ud gdl okgdl & Aiferd [GaRi g ol bl IR o e
TR PR 2G ©IChH T BR BT T © | §9 3P H TP Pl aRaT AT, STeild drsiers, N Ve WRe, Siel Ud JURIe
U, STl AT SR TR BT Siidd 9 JoArgd 9 FHEd o IR © | A9 9l (el & SRR, Ik
Ael Ud URHT & RO Hedl Bl g3l I8 aAR o o §ad U AR | Wi & ARG @Dl Bl S Alhd AN
Bg PIC g=aIg | 39 UMST & YDA H WA 9§11 BT 96 ANTEM Bg 8ed I AR | (AT & HeE" T urssi &
URUIRTE GEITd UIATe 8 Aad I & |

G Aigd AeR —
f&TTi® 30,06.2025

AT S g

faeprT Sardg
BRI RICEY



A A S o

10.

11.

12.

13.

14.
15.

SWADESHI VIGYAN PATRIKA

e s ufSer
Swadeshi Vigyan Patrika

Governing Council & EC
EICER

Editorial Board

NEIEEIR)

Rkl

ST /AN HAR I1ad

Mr. Durgam Vikas
Mr. Pinninti Pavain Kumar
Reddy

Mrs. Navya Mistry
Mr. Shekhar Ramachandran

Sf. wTfr
Mr. Ashish Shukla
Dr. Satyendra Nath

Mr. Ish Kuma

Mr. Vikas Srivastava
Sf. I GSeAdred

<. 3™ gar Tl

Dr. Manoj Kumar Rawat

Guideline For Authors
Membership Form

Contents / fava =i

AP, FEPI AR (A9 : T 3ud
e g8 - URIRE ARG Igdfew siwfEt & fog
TP BT aRE

Hydrological Modelling Of Musi River Using
Hec-Hms

Ecological Restoration Of Pavi Sadakpur Pond:
An Integrated Approach To Decentralized
Wastewater Treatment Using Nbs

N7 Ud AHY WRY — U FHY Siid-Telell dT 3R —

Life-Cycle Assessment And Sustainability Of
Water-Related Infrastructure

Water And Waste Management In Mega-Cities:
Structural And Sustainable Approaches

TG I Thiid adb : Jelol—ImeRa Riear a0l |
WS ol o fae 3§ ®eH

Amla Fruit: An Ancient Traditional Medicinal Plant
As A Powerful Antimutagens And Anticarcinogenic
Agents

Vol.6, Issue-1/January - June -2025/ Page -

Page
Nos.
01
03
05
06
08
10

14

21

29
32

38
42

45

53
55




HEhd, iU 3R FH—FAsH : U Iqw § ™

ART 11
IRgs iy # waa e & smei—g

A g8g Faqy < aul w1 a9 gl Rt |
| A AR MR IS Al il 7T Hig”
AT 12.1.1

JUdde P Yl b BT I8 dfed WA YD JT W WA AP AR Rl @ 9™ Pl fRiE,
ARMETT iR Haftid %+ & U T wRa FEw—E §1 oS o9 A e @ afedwdl SR dflgad Uy W
SRR B, 99 JE WEH TR B A SR ArfeRE M 39 21 9 e A f qR-aR I e & R
f6 e @& RET @ @I Fea BN SgAeE o dEl o, “We cannot solve our problems with the
same thinking we used when we created them” (&9 9 ARG S 9@ 9 8 T8l B Adhd, org A4 9
T 9= oW )| B agfe fiem-fem @& g3 &1 omi-gfe & o wW WRIg) W IR W]
P B AT B P DY IRAY FE-WERT H if¥erwh R 8l Afde wmY aRge waa e @ |
NS AR Arfeeid 9 Had g |

31el TR : BB YRS AR I YD o=

Jrdde H qAN M B URG—IW@ — ‘g8q AW, ST Fd, S, qU, FE AR I TGS BN B AR
TaEIRS 1 2| 3MMSY §¢ FHGBIC HaH § FHsio—

* e 99 — URERIE], Afdedr 8k aedddl vl 9adl R ARG ded | il e’ &1 Adie s
GDP I &= WARAl & [Ty W 8 W IR AP Aueves 9@ 4 @ 8 1 a8 sRemfl &R wREfe a=ar 2|
qEIT T & 91d WRo iR W g— “Earth can provide enough to satisfy every man’s need, but not
one man’s greed” 31T AMTLTIHAT—IMENRT Sia AR ATerd BT FHFAT FAqar @ Ugell Honl = |

& T ®d — TP @ E, IRRAfIS &1 Aged | smyge s 7 99 kd @efa & W) S S, 9
G A gga—<l wh Uz WReg Al P Sected B R B e ok fAus Sieary uRedH, i fafdudr e,
Y &RoT T & ®Y # S | Bd BT T & SEBIAD SHaT—IRT BT GReTT 2 |

* e — AU SR B B ERT ARBR Bl WG| BRI BT ff qE & WL EIA & Sd IqD A
FAA S B Gl BT A T — FF B 9 INF, IVAR & T TR | diedd R e @i fewma §
T4 ANRST # e BT d<d M 81 | 9ad e & oy sffeR 9 d S & Hewd dl W Har 2

& T — G99, O AR gRsM| Ju IRG-RERT H e ok dHEgfe 1 Wiie § 1 STIN—EWHa B
RIS xR HarEl & =mrfad faaver @ forg qu smawas 2 |

* F& — 9T oM, <3 3R fadw | fasm—wefa ot WiR QiR aMa—afsa ot 519 S9aT Arfes= gg—dne
(s, <eife faaw) grT frar STy | o sEredl S & fad, w99 3R fAfeeaad A maea® B |

* Id — IF W Ao WUBR, FAGHA0 AR HAET P gAeced b fhaT § T A el W o
TR J SSaH HH|' IS Dad AfT-—HS T8l Ig 98 GG g @ fO9H |ei Ud STMIT @ a9 ddford
Y FAd § — JYFH TR H T WheR sHHMI AR AR TEiiiar $8 d6d 2 |

IRAE g # gRvem @71 arafdd el gRviEE (Sustainability) ®ad da-ial e TRl ARG Q9 W OAE
SgF—ATEIR BT ARMET B DI Holld RN & | FO qol gl il el A U< by S qobdl 8—

1. weoiad (Interconnectedness) — “Tafd # g fl e 981" — a8 Ifed dqon difgsd aam & o 2|
HIE, 99, STd, a1 3R g U STl & bl Yo oTg b1 faees F¥ul § bl g9 Bl © |

2. fgaffar (Moderation) — 3ifd fRE™ Rawr @M1 @ty IaAr 81 I8 ST QiR Savgdhd—
ek &1 ARt fexamar 21
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3. HereuRe Sitas (Duty & centric living) — f¥GRI & A1 $ded & ARG FHEGH Sildd & GRd faen vd

g T yaT PRar 2 |

4 de—fed R 7 (Collective welfare) — G & o™ & AI—1T FIIA AR Jedi—f2d &1 F9d SedTei
faera & ARt BT eRd wRar 2 |

5, drefwifers @ied (Long term vision) — Jrcuadiferd o &) are # drdadtferd Hae S HR YR da—Afed 2|
JITaRYT IRgdT Il S - FEl, “In nature nothing eists alone” 37 ORI &1 A afdd—fadmdr & g9R forg we
ey <ar 2 & a1 a1 a9 faer W 4 Jeg =2, afed wqfera, =maTd iR WS WHfE ded B A1y | MRA @
U fIaRYRTY WA+, AT STHRT, TTHRARTSI & HedHl, dFadTd SURIR &7 THY AFddre iR @Ml < &
I3} B R ey A B A 2 F Rem @ At It ke, ataarf, ana vd @mme e ok gefo—ame W
fewr g1 @ & 98 9ad 99 96l © |

IIAM fIed — Jg B ARIBT AR AR aTs ¥ UG Afdzard

2141 < BT AfR¥gd IoTIfa # gfogyl ofiR RTHY 9¢ € | GEHl @ folv oiers Ud amTsgare, YUHIfae gdrd iR afeie
ST DI Bl o ST & drd AfAvard HT ardreaRrer UaT wx Qa1 €| g 1 4= FaY B 3MRIHT 9 Had dlcblicld AA™
I T BRI B, IR QrdPblicerd AARAT iR TAiaRoT HI fl gdel a1 Iued ®U | afd ugandl 7 | 91 3R SRRl @
M T @A B drell S § B dTell W WRey, e iR TAiaRer WRevl | g I Ol © — I8 BRI © fb HRefo—
[IeRe e @ Afd®! R IR—IR SR od & | od [Bdl F9r] § WRI4Al °9edl &, 9 98anT & SEan el 8 R
I O ATT—AU G H B ST 2 | f: aRad ifa—ym, arfesd gre vd faeara—fmir € waa e & forg
3raREr garery 2 |

qfdsy Pl eRell B B — U dfdd ghe

e B9 AR—JT B ATHA DA & a1 WA Bl &a=Al {B 39 TPR BliI—

* S fafeudr w9 eBrfa S fAfddfied sk wRRufas w1 & HagTeia 8rft |

* Tl A BRI AR W TR R YA 81 IS URA & [GARISRI A9 AR STAarg—d=merd Se &1
I A TbiId R FHSI—IATTRT ST T |

* AT ARATY S1fde FHTaRl BT fRren ok wared waa forg g 8 |

& 3fefegaRel TP & YUld’ Bl dadl ScUTa el dicd Sia—I[oTad], TIaRU—Rey TT AN IS Hedror | o) |
* Y8 ORAl dacl Hifid wU A AYg o], dich Saa—HI &I IRl AR ATIRD Gl § qw~ 8l |

3fct: Sl @l GAETl aM @ A IR U 6R B | AR AR § fAfed ¢ @raeiRe Surr gorml w9 A Siad
DI U 4G Fhdl © | WReY B WA B T AT 3R g Bl Tl TN, Yedl Bl IARETHA Pl Aeldl ¢ & D
fo i Y T B fAfdEeRe, 49 amg Sa & waia Suaedr & foy ST |Ref0T &l Ureib vd d=iii~e gghodl, arg
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ABSTRACT

Hydrological modelling system represents a part of hydrologic cycle in a simplified and conceptual way.
Hydrological modeling plays a crucial role in understanding and managing water resources. Hydrological models are
primarily used for hydrologic prediction and helps in understanding the hydrologic response of a particular catchment
area. Hydrological modelling and its operations requires a larger set of temporal and spatial data. Due to lack of data
accuracy, efficiency of the model is compromised for hydrological model simulation and its operations like calibration
and validation. The weighted curve numbers (CN), a parameter related to infiltration, were then calculated for land
uses. The extracted CN value, along with physiographic parameters and rainfall- runoff data, was then imported
into the HEC-HMS model to simulate the effect of land use changes on runoff volume. Musi River passing through
Hyderabad, India being one of the major sub basins of Krishna River and is catering various demands. In the recent
past, it is suffering from severe spatial and temporal water availability problem. Thus, there is a need to quantify the
spatial and temporal runoff availability in the Musi River for better water management. A hydrological model helps in
understanding of the hydrological processes and useful to measure water resources for effective water resources
management. Hydrological cycle describes evaporation, condensation, precipitation and collection of earth
water and on again.

Hydrological models have been used in different watersheds across the world. The runoff estimation process
is the most complex in nature that depends on the meteorological data and also on the various watershed physical
parameters. To generate runoff data for a particular watershed it is needed to find out various parameters related to
precipitation models. The HEC HMS (Centre for Hydrological Engineering and Hydrological Modelling Systems
introduced by the US Army Corps of Engineers) is a popularly used watershed model to simulate rainfall runoff
process. The Hydrological Modelling can also be an event based or may be continuous. This model is used to predict
future impacts of the climate changes on the runoff of River basin and it is used to simulate runoff in ungauged
watershed. The Hydrologic Model ling System is designed to simulate the precipitation-runoff processes of watershed
systems. The number of hydrological models has been evolved for simulating runoff from the rainfall data in last 10
years i.e. HEC-HMS . HEC HMS is the hydrological model that has the capability of transforming rainfall into runoff.

KEYWORDS : HEC-HMS, Rainfall-runoff Modelling, Simulation Model, Curve Number (CN), Geographic
Information Systems (GIS).

INTRODUCTION

1.1 General : Water is a rare commodity and an important factor for socio-economic development and food
security particularly in arid and semi-arid regions. Water shortages and poor water management have appeared to be
limitations to the economic development and overall growth of a particular region. For sustainable enlargement and better
management of water resources, a complete understanding of hydrologic response of a particular watershed should be
known. This leads to a trustworthy representation of the rainfall-runoff relation at various spatial and temporal scales.
Effective estimation of runoff values and groundwater recharges from a rainfall event helps in development of all water
resources projects i.e. storage reservoirs of surface water, design of hydraulic structures and flood protection structures,
hydropower and irrigation projects. Now-a-days, hydrologic response of catchment systems are changing due to rapid
increase in urbanization and industrial growth including deforestation, land cover and land use pattern changes. There-
fore to evaluate the impact of these changes, Hydrological models have been developed across the world to study
the hydrologic behaviour of a catchment system. The input variables used by hydrological models are precipitation
characteristics, relativehumidity, wind speed, soil type and theirproperties, topography, watershed properties, hydrogeology
and other parameters. HEC-HMS is the computer application created under the Research and Development
Program of USACE and was first released by the Hydrologic Engineering Center (HEC) in 1992. The HEC-HMS
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can simulate the rainfall-runoff - routing process both in
common as well as in restrained conditions. During rainfall,
some portion of water is retained by the soil depending
on the degree of saturation, some are absorbed by
vegetation, some evaporate and the reminder, which reaches
stream channels, is called runoff. Flood is a high stage
of river, which is caused by high tides, heavy rainfall
and then run off in stream channels and constructed
reservoir. Hydrological models have been developed
across the world to study and understand the hydrologic
response of a catchment (Sintayehu, 2015). To assess and
forecast the water availability of river catchment so, it is
important to use hydrological models. The HEC HMS is a
popularly used watershed model to simulate rainfall runoff
process. The input variables used by hydrological models
are rainfall data, runoff data, wind speed, relative humidity,
soil type, catchment properties, hydrogeology and other
properties.

The decision to use HEC-HMS for a hydrological
modeling project can be influenced by various factors. We
can predict the flood for different rainfall events. The
ability to calibrate the model using historical data is a
key feature of HEC-HMS. The software is versatile
and can be applied to a wide range of hydrological
scenarios. It is used for both small and large-scale water
shed modelling.

Objective of the Project

& To estimate the run off and resulting flood in the
Musi for different ralnhfall events.
-

Fig(1): Location map of study area
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METHODOLOGY

2.1 General

The methodology of the first study on hydrological
modelling using HEC-HMS involved several steps. First,
the study area was identified and the relevant data was
collected. This included information on the topography,
land use, soil type, and precipitation patterns of the area.
Next, a hydrologic model was developed using HEC-
HMS to simulate the flow of water through the study area.

The methodology involves —

’ Data collection

(s

’ Layers preparation
|

’ Executing HEC-HMS model
|2

Results

The data is collected from different sources and
formats which is suitable for the HEC-HMS software.

LAYERS PREPARATION

DEM layer

In order to accurately model and analyze the
hydrological characteristics of the Musi River Basin,
it is essential to have a Digital Elevation Model (DEM)
layer. A DEM is a digital representation of the Earth's
surface topography, which provides elevation data for
different locations within the basin.

This DEM layer can be processed using
Geographic Information Systems (GIS) software.

3.1.1
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Figure(4) : This figure shows DEM in QGIS
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3.1.2 LULC layer
The land use land cover layer of the Musi Basin
provides information about the different land use

categories and land cover types within the basin. It classifies
the land surface into various classes, such as agricultural
land, forested areas, urban and built-up areas, water bodies,
and barren or wasteland. This layer helps in identifying
the spatial distribution and extent of different land use
categories, providing insights into the human activities
and natural ecosystems present within the basin.
The land use land cover layer is valuable for various
applications, including land management, natural resource
planning, habitat mapping, and environmental impact
assessment. It aids in identifying areas prone to erosion,
urban expansion, and deforestation, allowing policymakers
and land managers to implement appropriate measures
for conservation and sustainable land use practices.
It is important to regularly update and monitor the land
use land cover layer, as it can change over time due to
urbanization, agricultural expansion, and other human-
induced factors. Regular monitoring ensures the accuracy
and relevance of the data for informed decision-making
and effective land management strategies within the
Musi Basin.

This LULC layer can be processed using ArcGIS
software.

To classify the Land Use and Land Cover (LULC)
layer in ArcGIS, you can follow these steps: Load the
LULC layer into ArcGIS by adding it as a new layer
in your workspace, .Open the layer's attribute table to
understand the available categories or classes. Decide on the
classification scheme you want to use. This could be based
on your project requirements or the specific goals of your
analysis.Choose an appropriate classification method.
Some commonly used methods include supervised
classification, unsupervised classification, and object-based
classification. Apply the chosen classification method
to the LULC layer. This involves specifying the input
parameters, such as training samples or clustering
algorithms, based on the selected classification method.
Run the classification process, which will assign each pixel
in the LULC layer to a specific land use or land cover class
based on the input parameters and classification method.
Post-process the classified LULC layer, if necessary, by
removing or merging small patches, smoothing edges, or
correcting misclassifications. Export the final classified
LULC layer as a new dataset or overwrite the existing layer.
Land Use and Land Cover (LULC) classification in
ArcGIS involves categorizing the Earth's surface into
different classes based on the types of land use and land
cover present in a given area. The process typically includes
remote sensing data, such as satellite imagery or aerial
photographs, to classify and map different land cover types.
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3.1.3 Soil layer

The soil layer of the Musi Basin provides valuable
information about the soil types and properties within
the basin. It plays a significant role in understanding the
hydrological processes, nutrient availability, and
agricultural potential of the region. The soil layer can be
obtained through various sources, such as soil surveys,
soil sampling, and laboratory analysis. It provides data on
important soil characteristics, including soil texture,
organic matter content, soil moisture retention capacity,
and permeability. The soil types within the Musi Basin
can vary depending on factors such as parent material,
climate, vegetation, and land use practices. Common soil
types found within the basin include sandy soils, clayey
soils, loamy soils, and black cotton soils. Each soil type
has its own unique characteristics and affects the water-
holding capacity and drainage characteristics of the land.
The soil layer is essential for hydrological modeling, as
it helps in estimating parameters related to infiltration,
evapotranspiration, and groundwater recharge. It also
provides valuable information for agricultural planning,
crop selection, and soil fertility management practices.
This Soil layer can be processed using QGIS and ArcGIS
software.Find reliable sources for soil data, such as
national or regional soil databases, online portals, or
specialized organizations. Download the desired soil data
in a compatible format, such as shapefile, geodatabase,
or CSV. Open QGIS and create a new project or open
an existing one. Use the "Add Vector Layer" or "Add
Delimited Text Layer" tool to import the soil data
into your QGIS project. Select the appropriate file or
database and choose the correct coordinate reference
system (CRS) for the soil data. Once the soil layer is
loaded, right-click on the layer in the "Layers" panel
and go to "Properties". In the "Symbology" tab, choose
the desired style for representing the soil attributes. For
example, you can use categorized symbols based on soil
type or continuous color ramp based on soil properties.
Adjust the symbology settings, such as color, size, or
transparency, as needed to enhance the visualization.
In the "Symbology" tab, choose the desired style for
representing the soil attributes. For example, you can use
categorized symbols based on soil type or continuous color
ramp based on soil properties. Adjust the symbology
settings, such as color, size, or transparency, as needed to
enhance the visualization. If you want to add labels to your
soil layer, go to the "Labels" tab in the layer properties.
Enable labeling and choose the attribute field containing
the soil names or relevant information to display as labels.
Customize the label appearance, placement, and format
according to your preferences. Utilize ArcGIS tools and
functionalities to perform spatial analysis on the soil layer,
such as buffering, clipping, or overlay operations with other
layers. Generate derived soil attributes or extract specific
soil classes based on your analytical objectives. If you
need to use the soil layer outside of ArcGIS, you can
export it to a desired format. Right-click on the layer and
select "Export" or "Save As" to save the layer as a new file.
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DELINEATION OF WATERSHED

The process of delineating a drainage basin
involves identifying the boundaries of a specific catchment
area where all surface water runoff converges into
a common outlet, usually a river or a lake. It is an
important step in hydrological analysis and watershed
management, as it helps in understanding the flow of
water within a given area and evaluating the impacts
of land use and land cover changes on water resources.
Watersheds can be delineated from a DEM, and this can
be processed by ArcGIS.

Figure : This figure shows delineation of MUSI river
in ArcGIS

3.1.4 Curve Number (CN) layer
This CN layer is classified by using ArcGIS.

The CN is employed in estimating direct runoff
or rainfall excess, which is a crucial component in
hydrological modeling. In hydrological modeling, the
curve number method is used to estimate the amount of
rainfall that is converted into runoff. The curve number
(CN) represents the combined effect of several factors,
including soil type, land use, and land cover, that
influence the infiltration capacity and runoff generation
of a particular area. It is a dimensionless value
ranging from 0 to 100, with lower values indicating
better soil infiltration and higher values indicating higher
runoff potential. To wutilize the curve number in
hydrological modeling, data on land use, land cover, and
soil type are required. These parameters can be obtained
through field measurements, remote sensing data, or
existing databases. The curve number is then assigned to
different areas within the basin based on these attributes.

3.1.5 Slope layer

ArcGIS provides several tools for analyzing
terrain data, including the calculation of slope. The Slope
tool in ArcGIS calculates the slope values for each cell
in a digital elevation model (DEM) raster. Slope is a
measure of the steepness of the terrain at each location
and is usually represented as a percentage or an angle.

To calculate the slope in ArcGIS, follow these steps:

1. Load your DEM raster into ArcGIS by adding it
as a layer to your map.
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2. Open the Arc Toolbox window by clicking on the
Geoprocessing tab and selecting Arc Toolbox.

3. Expand the Spatial Analyst Tools menu and
navigate to the Surface Analysis toolset.

4. Click on the Slope tool to open the Slope dialog box
5. In the Slope dialog box, select the input raster
layer from the input surface dropdown menu.

6. Choose an output raster layer name and
location for storing the slope results.

7. Specify the slope measurement units as either
degree or percentage, depending on your preference.

8. Adjust any other optional settings as desired.

9. Click OK to run the Slope tool.

After running the Slope tool, a new raster layer
will be created with the slope values calculated for each
cell in the DEM. You can visualize this raster layer
as a slope map, where steeper areas are represented by
higher slope values. Keep in mind that slope values
can vary depending on the resolution and accuracy of
your DEM data, as well as the calculations used in the
tool. It is always a good practice to validate the results
and compare them with field observations if available.

3.2 Executing the HEC-HMS Model
Finally, you have finished perusing the data
involved in creating the Musi basin model. To execute

the HEC-HMS model, follow these steps:

1. Prepare input data :  Gather all necessary input
data, including precipitation data, watershed characteristics,
and land use data. Ensure that the data is in a compatible
format, such as ASCII or text files.

2. Create a new project : Open HEC-HMS and
create a new project file. Set the project properties,
such as project name and location.

3. Define Subbasins And Reaches : Define the
subbasins within your watershed by delineating their
boundaries using the available watershed characteristics
data. Create reaches within each subbasin to represent the
flow paths.

4. Specify Meteorological Data : Input the
precipitation data for each subbasin. This can include
observed data or synthetic rainfall hyetographs. Assign
the appropriate rainfall distribution and frequency
for the selected precipitation data.

5. Assign Land Use Data : Input the land use data
for each subbasin. Specify the land use parameters, such as
Manning's roughness coefficients, for each land use class.

6. Define reservoirs And Diversions
(If Applicable) : If there are any reservoirs or diversions
within your watershed, define them in the model by
specifying their properties and storage capacities.

7. Set Up Hydrologic Modelling Methods :
Choose the appropriate hydrologic modelling methods,
such as unit hydrograph or SCS curve number, for each
subbasin. Specify the required parameters and coefficients
for the selected methods.
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8. Specify Control Specifications Input any control
specifications or regulations that affect the flow or operation
of the system, such as spillway capacities or outlet
restrictions.

9. Run The Model : Perform a trial run of the
model to check for errors or inconsistencies. Adjust
parameters or input data if necessary. Run the final model
simulation to obtain the desired output.

10. Specific Meteorological Data : Input the
precipitation data for each subbasin. This can include
observed data or synthetic rainfall hyetographs. Assign
the appropriate rainfall distribution and frequency for the
selected precipitation data.

I1. Assign Land Use Data : Input the land use data
for each subbasin. Specify the land use parameters, such as
Manning's roughness coefficients, for each land use class.

12. Define Reservoirs And Diversions (If
Applicable) : If there are any reservoirs or diversions
within your watershed, define them in the model by
specifying their properties and storage capacities.

13. Set Up Hydrologic Modelling Methods :
Choose the appropriate hydrologic modelling methods,
such as unit hydrograph or SCS curve number, for each
subbasin. Specify the required parameters and coefficients
for the selected methods.

14. Specify Control Specifications Input any
control specifications or regulations that affect the flow or
operation of the system, such as spillway capacities or
outlet restrictions.

15. Run The Model : Perform a trial run of the model
to check for errors or inconsistencies. Adjust parameters
or input data if necessary.Run the final model simulation
to obtain the desired output.

16. Specify Meteorological Data : Input the
precipitation data for each subbasin. This can include
observed data or synthetic rainfall hyetographs. Assign
the appropriate rainfall distribution and frequency for
the selected precipitation data.

17. Assign Land Use Data : Input the land use data
for each subbasin. Specify the land use parameters, such as
Manning's roughness coefficients, for each land use class.

18. Define Reservoirs And Diversions (If
Applicable) : If there are any reservoirs or diversions
within your watershed, define them in the model by
specifying their properties and storage capacities.

19. Set Up Hydrologic Modelling Methods :Choose
the appropriate hydrologic modelling methods, such as unit
hydrograph or SCS curve number, for each subbasin.
Specify the required parameters and coefficients for the
selected methods.

20. Specify Control Specifications:Input any control
specifications or regulations that affect the flow or
operation of the system, such as spillway capacities or
outlet restrictions.
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21. Run The Model :Perform a trial run of the
model to check for errors or inconsistencies.
Adjust parameters or input data if necessary. Run the
final model simulation to obtain the desired output.

The last step is to run the model.

Select Compute > Create Simulation Run. Accept
the default name for the run (Run 1), click Next to
complete all the steps and finally Click Finish to
complete the run. Now to run the model, select
Compute > Select Run > Run 1, and then go to Compute
> Compute Run [Run 1] to see the following window.

PP MUSI St o |

4.RESULTS & DISCUSSIONS

4.1 General : The HEC-HMS allows you to view
results in tabular or graphical form.

We gave precipitation daily data from 01/06/2016
to 31/05/2020. The peak rainfall occurred on
19th September is 48mm.

The peak discharge is 1589 m3/s It is
occurred on September 25th, 2016. Through analyzing the
reviewed articles, it can be concluded that the HEC-HMS
model predictions accuracy is dependent on the quality
of input data, the parameterization of the model, as well
as the availability of monitoring data during the
simulation periods for performing calibration procedures.
Many the reviewed works relied only on streamflow for
model calibration, mainly due to lack of other observed data.

4.2 HEC-HMS Model Results : The results from
the HEC-HMS model simulation provide valuable
insights into the behavior of the watershed and its
hydrologic response. After running the HEC-HMS model
and completing the simulation, you can analyze the
results to ensure deep and clear understanding into the
hydrological behavior of the watershed.

Examine the generated hydrographs for each subbasin
or reach. Hydrographs show the variation of flow
over time, illustrating how the watershed responds to
precipitation events. Identify the peak flow values in
the hydrographs. Peak flow represents the maximum
discharge rate during a storm event and is crucial for
designing hydraulic structures and assessing flood risks.
Determine the time it takes for the flow to reach its
maximum value (time to peak). This parameter is essential
for understanding the timing of peak flows within the wa-
tershed. Analyze the volume of runoff generated during
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the simulation. This information is valuable for water
resource management and understanding the water balance
in the watershed. If applicable, compare the model results
with observed data from the field. The model results can
be used to analyze the effect of different land use scenarios
on the hydrologic response of the watershed. By inputting
alternative land use data, the model can generate
hydrographs that allow for comparison and assessment
of the impact of land use changes on flooding and runoff
patterns. Calibration involves adjusting model parameters
to improve the match between simulated and observed
data, while validation assesses the model's performance on
independent datasets. Create graphical representations of
the results using plots, charts, and maps. Visualization can
enhance the understanding of complex hydrological
processes. Export the results in various formats for further
analysis or sharing with stakeholders. HEC-HMS
allows you to export hydrographs, tables, and other output
data. Document the results, including the model
configuration, input data, and key findings. This
documentation is essential for transparency, reproducibility,
and communication with others.
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Figure (37); Thisfigure showsunofTwolume after ranning HEC-HMS model

By comparing the above two graphs from
01/06/2016 to 31/05/2020

Year Actual peak | Simulated peak discharge
discharge by HEC-HMS model ( in
(in cumsec ) cumsec )
2016-2017 1963.376 1589
2017-2018 583.546 542.6
2018-2019 343.899 720.3
2019-2020 602.444 538.485
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Gauge discharge data of Damercherla station was used
in calibrating and validating the model. Simulated
discharges were compared with the field observed
discharges at Damercherla. It is found that there are small
differences between the simulated and observed values. By
this model we will estimate future flood discharges for
bigger rainfall events. And we can take suitable measures
to avoid floods. Integrate HEC-HMS with GIS data to
create detailed floodplain maps. Identify areas that are
likely to be affected during different flood scenarios.
Develop and implement early warning systems based on
hydrological models. By monitoring real-time weather
conditions and river/stream flows, you can provide
timely warnings to residents and authorities, allowing
for evacuation or other preparedness measures.

5. CONCLUSION

& After analysing the results from HEC-HMS,
It can be concluded that Considering from 01/06/2016 to
31/05/2017, the estimated peak discharge is 1589 m?/sec
and actual peak discharge is 1963.376 m?/sec. It occurred
on 24th September 2016.

& Considering from 01/06/2017 to 31/05/2018, the
estimated peak discharge is 542.6 m*/sec and actual peak
discharge is 583.546 m’/sec. It is occurred on 4th
October 2017.

& Considering from 01/06/2018 to 31/05/2019, the
estimated peak discharge is 720.3 m?/sec and actual peak
discharge is 343.899 m/sec. It is occurred on 21st
August 2018.

& Considering from 01/06/2019 to 31/05/2020, the
estimated peak discharge is 602.444 m’/sec and actual
peak discharge is 538.485 m’/sec. It is occurred on
7th October 2019.

& With this hydrological modelling approach,
discharge estimation at any river confluence can be issued,
and influence of any tributary can be examined
separately. The simulation shows that the computed
hydrographs match well with the observed hydrographs.
Accuracy in computing peak discharge was 75 percent
approximately when compared to the observed flows.

& For estimating the runoff of Musi River for
different rainfall events is crucial for understanding its
impact on the surrounding environment and communities.
By considering factors such as the amount and intensity
of rainfall, soil type, and topography, we can accurately
estimate the runoff using methods such as the Rational
Method and the SCS Curve Number Method.

> Through our case study, we have seen how these
methods can be applied to estimate runoff for Musi River,
and we have discussed the accuracy and challenges
associated with them. Despite their limitations, these
methods provide valuable insights into the behavior of
Musi River and help us make informed decisions
regarding water management and flood control.
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& By continuing to explore new technologies and
methods, such as remote sensing and machine learning,
we can improve our understanding of runoff and its
impact on Musi River. Ultimately, this knowledge will
enable us to better protect the environment and
communities that rely on this vital resource.
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ABSTRACT

Water pollution and the degradation of natural water bodies present significant
environmental and public health challenges, particularly in rapidly urbanizing regions. The Pavi
Sadakpur Water Body Rejuvenation Project, initiated by Jalchakra Innovations LLP in March
2024, employed Cownomics® Technology, an in-situ, nature-based treatment method to restore
the ecological balance of the pond without mechanical dredging or chemical interventions. This
study evaluates the effectiveness of Cownomics® Technology in improving water quality, air
quality, biodiversity, and community engagement. The treatment process was divided into three
phases—
Resurrection, Restoration, and Rejuvenation—addressing issues such as high biochemical
oxygen demand (BOD), chemical oxygen demand (COD), total dissolved solids (TDS), and
eutrophication. Results indicate a significant improvement in water clarity, dissolved oxygen (DO)
levels, and reduction in airborne pollutants such as methane (CHa4), carbon dioxide (CO2), and
hydrogen sulphide (H2S). The project also facilitated the return of native and migratory species,
enhanced soil fertility for agriculture, and engaged the local community through cleanup drives
and awareness programs. An Environmental Impact Assessment (EIA) by IIT Delhi confirmed
the project's success in improving ecological resilience and reducing pollution levels. The
findings demonstrate that nature-based solutions (NbS) can serve as a scalable, cost-effective
approach for urban waterbody restoration. This study supports the integration of decentralized
wastewater management and eco-dredging techniques into broader water conservation policies.

Keywords: Air Quality, Biodiversity Restoration, Cownomics Technology, Eco-
Dredging, Environmental Sustainability, Integrated Wastewater Management, Nature-Based

Solutions, Waterbody Rejuvenation.
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1. INTRODUCTION

Sustainable Waterbody Rejuvenation: A Case
Study of the Pavi Sadakpur Pond Restoration Using
Cownomics® Technology

Water pollution and the degradation of natural
water bodies pose critical environmental and public
health concerns worldwide. In India, rapid
urbanization, industrial discharge, and untreated
sewage contribute to declining water quality, leading
to ecological imbalances and severe health hazards.
The Pavi Sadakpur Pond in Loni, Ghaziabad,
suffered from extreme contamination due to untreated
sewage inflows and waste accumulation,
necessitating urgent restoration.

Jalchakra Innovations LLP initiated the Pavi
Sadakpur Water Body Rejuvenation Project in March
2024, employing Cownomics® Technology, a
nature-based, IN-SITU treatment approach. Unlike
conventional methods that rely on mechanical
dredging or chemical treatments, Cownomics®
Technology restores the natural microbiota of the
water body, enabling ecological self-recovery.
This initiative represents a scalable and sustainable
model for waterbody rejuvenation, characterized
by zero discharge and zero carbon footprint.
The study examines the methodology, environmental
impact, and community benefits of this restoration
process, contributing to broader discussions on
sustainable water management. With global
wastewater generation reaching approximately 380
billion cubic meters annually, only 20% undergoes
proper treatment (UN-Water, 2023). Conventional
treatment methods remain energy-intensive, costly,
and unsustainable due to sludge disposal challenges.
Integrated  Wastewater Management  Systems
(IWMS) provide a holistic and sustainable approach
by combining decentralized treatment, nature-based
solutions (NbS), and resource recovery mechanisms.
This paper evaluates the effectiveness of
IWMS through the Pavi Sadakpur case study,
demonstrating how Cownomics® Technology—a
chemical-free and energy-efficient methodology—
successfully restored a severely polluted water body.
Additionally, it explores pollution control and
resource recovery strategies, highlighting their role
in achieving long-term water sustainability.

2. LITERATURE REVIEW

2.1 Site Overview And Problem Area
The Pavi Sadakpur Pond, located in Loni,
Ghaziabad, is a stagnant water body historically
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used for multiple purposes, including livestock
watering and agricultural support. However,
prolonged contamination led to poor water quality,
foul odours, and the proliferation of vector-
borne diseases.
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2.2 Pollution Assessment And Environmental
Challenges

Before treatment, the pond exhibited the
following critical issues:

1. Water Quality Degradation

. High Biochemical Oxygen Demand (BOD) &
Chemical Oxygen Demand (COD): Excessive organic
and chemical pollutants reduced oxygen levels,
harming aquatic life.

. Eutrophication: Unchecked nutrient inflow,
especially nitrogen and phosphorus, promoted algal
blooms, further deteriorating water quality.

. Toxic Heavy Metals: Industrial discharge
contributed to lead, arsenic, and chromium
contamination, making the water hazardous for
human and animal contact.

2. Public Health Hazards

c Foul Odor & Airborne Contaminants: Rotting
organic waste and industrial effluents released
hydrogen sulphide (H2.S) and ammonia, affecting
nearby residents' respiratory health.

. Increased Disease Risk: Contaminated water
harboured bacteria (E. coli, Salmonella), posing a risk
of cholera, dysentery, and skin infections.

. Skin & Eye Irritations: Direct contact with
polluted water caused rashes, allergies, and eye
infections among locals and labourers working near
the site.

3. Ecosystem Disruption

. Loss of Aquatic Biodiversity: Fish mortality
increased due to oxygen depletion and toxic effluents.
Native species declined, affecting local ecological
balance.

. Disappearance of Migratory Birds: The
pond, once a habitat for seasonal birds, became
uninhabitable due to contamination and food chain
disruption.
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. Soil Contamination: Seepage of pollutants
into surrounding soil degraded its fertility, affecting
nearby agricultural lands.

4. Socioeconomic Impact

. Decline in Local Livelihoods: Fishermen
and farmers depending on the pond faced economic
losses due to pollution-driven fish kills and soil
infertility.

. Reduced Property Value: The surrounding
area's real estate market suffered as the pond became
a source of pollution rather than a scenic or usable
water body.

. Community Neglect & Health Costs:
Increased medical expenses for waterborne diseases
burdened local residents, while the pond's degradation
discouraged community engagement and recreation.

5. Structural & Management Challenges

. Siltation & Reduced Water Holding Capacity:
Continuous deposition of organic sludge and solid
waste reduced the pond's depth, limiting its ability to
retain water.

. Illegal Dumping & Encroachment:
Unregulated waste disposal and nearby urban
expansion further stressed the pond’s health.

. Lack of  Sustainable  Wastewater
Management: The absence of proper sewage
treatment and drainage planning led to continuous
contamination.

. These issues underscore the urgent need for
comprehensive  restoration, including sewage
treatment, waste management, and ecosystem
rehabilitation  strategies. =~ Would you  like
recommendations for a remediation plan?

3. METHODOLOGY

3.1 Cownomics® Technology

Cownomics® Technology: A Revolutionary
Approach to Waterbody Rejuvenation Cownomics®
Technology is an innovative, Vaidic science-based,
and nature-driven methodology for the IN-SITU
rejuvenation and restoration of waterbodies and
wetlands. This sustainable, result-oriented, and
indigenous technology focuses on the "Resurrection
of Native Ecology", transforming polluted and
degraded water systems into self-sustaining eco
systems without physically removing or diverting
contamination.

Instead of relying on conventional sewage
treatment or physical waste removal, Cownomics®
Technology leverages the principles of resurrected
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aqua-ecology, enabling the natural ecosystem to
"consume and digest" pollutants. This process
converts excess nutrients, organic matter, and
contaminants into raw material that strengthens the
aquatic food chain, leading to a healthier and more
balanced ecosystem.

KEY DELIVERABLES OF OUR TECHNOLOGY
i’ Foul Odor Elimination: Neutralizes toxic
gases like hydrogen sulphide and ammonia.

Vi Mosquito & Pathogen Control: Prevents
breeding grounds, reducing vector-borne diseases.

B Algal Bloom Suppression: Controls
eutrophication by restoring ecological balance.

4. Ecological Dredging: Naturally reduces
sludge accumulation through biological consumption.

S Biodiversity Revitalization: Supports aquatic
life and re-establishes the food chain.

6. Rainwater Harvesting & Soil Restoration:
Enhances water retention, prevents flooding, and
maintains perennial water levels.

A Air Quality Improvement: Increases
oxygenation and reduces harmful emissions from
decomposing waste.

8. Climate Moderation: Regulates ambient
temperature by balancing heat absorption and release
in the surrounding area.

9. Native Flora & Fauna Restoration:
Encourages the return of birds, bees, and butterflies,
boosting ecosystem immunity.

10.  Blue Carbon Sequestration: Aids in carbon
absorption, contributing to climate resilience.

Advantages of Our Technology and NbS:

100% In-Situ Process: No excavation,
mechanical dredging, biological intervention or
chemical intervention required.

Self-Sustaining Solution: Converts pollution
into ecological resources without manual removal.

Zero External Infrastructure Needs: No
dependency on sewage treatment plants or real estate
interventions.

Cost-Effective & Eco-Friendly: Operates
naturally with minimal maintenance and investment.

This breakthrough approach ensures that
polluted waterbodies are not just cleaned but
ecologically resurrected, leading to long-term

sustainability, enhanced biodiversity, and improved
environmental health.
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3.2 Process and Procedure

An extensive physical cleaning operation was
conducted by the Jalchakra Innovation team at the
outset of the project. This effort took approximately
25 days to clear all the physical waste accumulated
in the waterbody, during which we removed daily
between 5 to 12 truckloads of waste. Following this,
on 27th May 2024, we initiated the implementation

of Cownomics® Technology.

The Treatment Process of Pavi Sadakpur
Pond is Divided into Three Phases

Phase 1: The Resurrection

The initial phase of the treatment process
focused on reviving the native microbiota of Pavi
Sadakpur Pond, eliminating foul odours and mosquito
populations, which are often indicators of stagnant
and polluted water bodies. During this three-month
period, we observed a significant reduction in organic
waste accumulation and a decrease in key water
quality indicators such as Total Dissolved Solids
(TDS), Total Suspended Solids (TSS), and Chemical
Oxygen Demand (COD). Laboratory reports
confirmed an increase in water clarity, with the water
taking on a lighter coloration. Additionally, the
formation of continuous wave patterns indicated a
positive shift in water dynamics, reflecting improved
oxygenation and enhanced biological activity.

Phase 2: The Restoration

During this phase, the focus shifted to eco-
dredging, a method designed to remove accumulated
sludge in a natural, sustainable manner. A patent has
been applied for this unique approach, which allows
for the organic breakdown of sediment deposits
through microbial digestion, reducing the need for
mechanical dredging. As a result, the pond’s soil
capillaries re-established connections to the aquifer,
leading to an increase in the pond’s water-holding
capacity. This was a critical milestone, as it enhanced
the filtration ability of natural sediments, further
improving water quality. The visible outcomes of
this phase included a more stable aquatic ecosystem
with many migration birds coming near the vicinity
of the waterbody, and a healthier habitat for native
flora and fauna.

Phase 3: The Rejuvenation (Ongoing Phase)

Currently, Pavi Sadakpur Pond is undergoing
the Rejuvenation Phase, which aims to stabilize
the water body's metabolic rate so that it can digest
incoming pollution loads effectively on a daily basis.
The long-term goal is to develop a self-sustaining
system that minimizes the need for external
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interventions. Expected improvements include
enhanced resistance to seasonal pollution variations,
greater ecological balance, and a permanent
restoration of native biodiversity. Furthermore,
this phase ensures that the pond will be resilient
to future contamination threats, securing its role as
a natural, thriving aquatic ecosystem.

3.3 Monitoring and Environmental Impact
Assessment

IIT Delhi conducted an Environmental
Impact Assessment (EIA) to track changes in water
quality, biodiversity, and air quality throughout the
rejuvenation process. Parameters monitored included:

- Total Dissolved Solids (TDS)

- Total Suspended Solids (TSS)

- Chemical Oxygen Demand (COD)
-pH

- Conductivity at 25°C

- Dissolved oxygen (DO)

- Biological Oxygen Demand(BOD)
- Total Phosphorus

- Total Nitrogen

- Total Ammonia

- Total Hardness

- Boron

- Sodium absorption ratio

- Total Coliform

Water transparency and viscosity, Air quality
and greenhouse gas emissions, Soil health testing, etc.

4 RESULTS AND DISCUSSIONS

- Environmental and Community Impact

The restoration of Pavi Sadakpur Pond has
yielded significant environmental and social benefits,
enhancing both ecological stability and community
well-being. This section elaborates on the key
improvements in air quality, biodiversity, agriculture,
and community engagement.

-Water Quality Improvement: We have enhanced
the water quality to meet CLASS II standards as per
CPCB regulations.

Graphs Study:

pH
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Note: The treatment is 100% IN-SITU therefore Due
to a surge inflow of contaminants, the fluctuations
appear naturally.

Air Quality Improvement

One of the most notable outcomes of the
project was the nullification of greenhouse gases
emitted from the polluted water body. Before the
intervention, the accumulation of organic waste led to
the release of methane (CHa4), carbon dioxide (CO.),
and hydrogen sulphide (H-S), all of which contribute
to poor air quality and unpleasant odours. Through
microbial treatment and eco-dredging, these
emissions were drastically reduced, leading to a
decline in airborne particulate matter (PM2.5 and
PM10), which directly benefits the respiratory health
of nearby residents.

As a result, the Air Quality Index (AQI)
improved, reducing instances of allergic reactions,
respiratory disorders, and discomfort caused by foul
odours. The project also contributed to urban cooling,
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as cleaner water bodies help regulate local

temperatures by reducing heat absorption.

Biodiversity Gains

The pond's restoration has played a crucial
role in re-establishing ecological balance, leading
tothereturnofnativeand migratory species. Previously,
the pond had become inhospitable due to high levels
of pollutants, low oxygen levels, and a disrupted
food chain. With improved water quality and
reconnected groundwater channels, aquatic flora and
fauna have flourished.

Key improvements include:
. Resurgence of fish populations, including
species that were previously on the decline.

. Return of amphibians and reptiles, which play
a critical role in the aquatic food web.

. Reappearance of migratory birds, signalling a
healthier habitat capable of sustaining diverse wildlife.

. Growthofaquaticplantsandriparianvegetation,
leading to better water retention, natural filtration,
and a stable ecosystem.

. These biodiversity gains indicate a successful
ecological  restoration, ensuring  long-term
sustainability for the pond and its surrounding habitats.

Agricultural Benefits

With improved soil capillaries and reduced
sludge deposits, thepondnow serves asavaluable water
source for nearby agricultural lands. Key benefits
include:

Enhanced soil fertility: The natural filtration of
water through organic sediments has replenished
essential nutrients in the surrounding soil, increasing
its productivity.

Sustainable irrigation: The pond now provides
cleaner and nutrient-rich water for irrigation, reducing
dependency on chemical fertilizers.

Resilience to drought: With increased water-holding
capacity, farmers now have a more reliable water
source even during dry seasons.

Improved crop yields: Farmers have reported better
-quality produce, owing to the improved microbial
balance in both soil and water.

This restoration has directly supported local
agricultural economies, reinforcing the
interdependence between water conservation and
sustainable farming.
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Community Engagement and Awareness

A key aspect of the project has been active
community participation, fostering a collective
responsibility towards sustainable water management
these are some of the examples of the initiative taken
by Jalchakra Innovations to cater to community needs:

Cleanup drives: Local volunteers, students engaged
in periodic cleanups to remove waste, and furthermore
avoid putting waste into the waterbody, ensuring the
pond remained pollution-free.

Educational workshops: Awareness programs were
conducted on wetland conservation, pollution control,
and sustainable agriculture to empower residents
with knowledge along with Semi-government
institutes including the Giri institute of development,
ENACTUS, etc

Local employment opportunities: The project
created job opportunities for maintenance, monitoring,
and community mentorship activities, ensuring
long-term engagement.

Cultural and recreational revival: The restored
pond has become a community hub, with residents
now using it for fishing, birdwatching, and cultural
gatherings, reinforcing the emotional and social
connection with the water body.

The Pavi Sadakpur Pond project has not only
restored an important ecological asset but also
transformed the community’s approach to
Environmental Stewardship. Moving forward, this
initiative serves as a model for sustainable urban
wetland management, proving that local action can
drive large-scale ecological impact.

Visual Representation of waterbody After
Intervention:
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CONCLUSION

The Pavi Sadakpur Water Body Rejuvenation Project demonstrates a scalable, cost-effective, and
environmentally sustainable model for waterbody restoration. By leveraging Cownomics® Technology, the
project achieved significant improvements in water quality, biodiversity, and air quality without mechanical
or chemical interventions.

Key takeaways from the study include:

I. Integrated wastewater management systems can maximize treatment efficiency by utilizing
decentralized units like Pavi Sadakpur, which employ Nature-Based Solutions (NbS) to restore water quality
and ecosystem balance.

2. Nature-Based Solutions (NbS) are effective for large-scale ecological restoration.
3. Eco-dredging provides a sustainable alternative to mechanical sludge removal.
4. Community participation enhances the long-term sustainability of water conservation projects.

As the project progresses, further monitoring will assess long-term resilience, providing valuable
insights for replicating similar initiatives across India and beyond.
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ABSTRACT

Life-cycle assessment (LCA) is an essential tool for evaluating the environmental
impact of sustainable water infrastructure systems, considering the entire life span of the
system from design and construction to operation and decommissioning. This assessment
method provides a comprehensive analysis of energy consumption, material usage, green
house gas emissions, and resource depletion, enabling decision-makers to optimize infra
structure development while minimizing negative environmental effects. By integrating LCA
into the planning and implementation of water systems, stakeholders can identify opportunities
for reducing environmental footprints, enhancing efficiency, and promoting sustainability.
The assessment also allows comparison between conventional and innovative water
management technologies, such as green infrastructure, water reuse systems, and low-impact
materials. This abstract discusses the significance of LCA in evaluating the sustainability of
water infrastructure, high lighting its potential to guide policy-making, improve resource
management, and support the transition towards resilient and environmentally friendly water
systems. Furthermore, it addresses challenges such as data availability, system boundary
definition, and the incorporation of long-term environmental impacts into the assessment
process.
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resource depletion.
INTRODUCTION

Life cycle assessment (LCA) is a process
of evaluating the effects that a product has on the
environment over the entire period of its life, thereby
increasing resource-use efficiency and decreasing
liabilities (ISO 14040:2006). It can be used to
study the environmental impact of either a product
or the function the product is designed to perform
(Finnveden et al., 2009). The term emphasizes major
activities in the course of the product’s lifespan,
from its manufacturing, use and maintenance, to its
final disposal, including the raw material acquisition
required to manufacture the product (Baumann&
Tillman, 2004). LCA has been extensively used as
a tool to quantify environmental impacts associated
with urban water infrastructure (wastewater, drinking
water, stormwater, and integrated urban water
systems) (Zimmerman et al., 2013). LCA evaluates
the environmental burdens from the extraction of raw
materials, construction, operation, maintenance, and
disposal phases (Hernandez-Sancho et al., 2010).
Ultimately, leveraging well-established methods
from other disciplinary domains (e.g., public health,
social science) will enable LCA to be a more effective
tool for addressing the functional (e.g., managing
water quantity), environmental (e.g., reducing
impacts to local water bodies), social (e.g., protecting
public health), and economic (e.g., reducing life
cycle costs) sustainability demands of urban water
systems (Hughes et al., 2012; Brand et al., 2015).

LCA can assist in

e Identifying opportunities to accomplish the
sustainability in water infrastructure at various
points in their life cycle.

& Informing decision-makers in industry,
government or non-government —organizations
(e.g. for the purpose of strategic planning, priority
setting, product or process design or redesign).

i The selection of relevant indicators of
sustainability, including measurement techniques, and

e Marketing (e.g. implementing an ecolabelling
scheme, making an environmental claim, or
producing an environmental product declaration)
which only focus in attaining the sustainability.

The key stages of the life cycle assessment are:
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GOAL DEFINITION AND SCOPING:

Establish the context in which the assessment
is to be made and identify the boundaries and
environmental effect to be reviewed. All
environmental concerns are included and which are
excluded are taken into consideration The system
boundaries should be well define to assess the impact
categories. The audience of LCA should be
considering checking whether it will be a public
and peer reviewed documents.

INVENTORY ANALYSIS :

A life cycle inventory is a process of
quantifying energy and raw material requirements,
atmospheric emissions, waterborne emissions, solid
wastes, and other releases for the entire life cycle of a
product, process, or activity.In the life cycle
inventory phase of an LCA all relevant data
is collected and organized.

IMPACT ASSESSMENT :

The impact assessment phase of LCA is
aimed at evaluating the significance of potential
environmental impacts using the LCI results. In
general, this process involves associating inventory
data with specific environmental impact categories
and category indicators, thereby attempting to
understand these impacts. The impacts can be
estimated and communicated either as midpoint
categories (such as climate change potential, ozone
depletion potential, eutrophication potential, and
particulate matter formation), or endpoint categories
(such as human health, ecosystem quality, and
resource depletion), and can optionally include
normalization, grouping, and weighting.

LIFE CYCLE INTERPRETATION :

Interpretation is the phase of LCA in which the
findings from the inventory analysis and the impact
assessment are considered together or, in the case of
LCI studies, the findings of the inventory analysis
only (ISO 14040:2006). The interpretation phase
should deliver results that are consistent with the
defined goal and scope and which reach conclusions,
explain limitations, and provide recommendations
(Finnveden et al., 2009). The interpretation should
reflect the fact that the LCIA results are based on
a relative approach, that they indicate potential
environmental effects, and that they do not predict
actual impacts on category endpoints, the exceeding
of thresholds or safety margins, or risks (Schmidt et
al 22U
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SUSTAINABILITY OF WATER-RELATED
INFRASTRUCTURE:

Sustainable water infrastructure entails the
planning and management of water systems to ensure
the availability, access, quality, and affordability of
water resources in the face of social, environmental,
and economic challenges (UN Water, 2018). Water-
related infrastructure includes systems like water
treatment plants, pipelines, dams, reservoirs, and
stormwater management systems (Goh, 2016). To
evaluate the sustainability of these systems, it's
important to consider environmental, social, and
economic aspects (Gleick, 2003; Savenije & van
derZaag, 2008).

ENVIRONMENTAL SUSTAINABILITY:

. Water Use Efficiency : Ensuring that water
use is optimized, with measures to reduce waste
and improve the efficiency of water distribution
and wusage. This can include technologies for
water recycling, stormwater management, and the
reduction of water losses in distribution systems.

. Energy Consumption : Many water systems,
such as treatment plants and pumping stations, are
energy-intensive. Implementing energy-efficient
technologies and transitioning to renewable energy
sources (e.g., solar, wind) can significantly reduce
the environmental footprint.

. Climate Resilience and Adaptation : Water
infrastructure must be designed to adapt to the effects
of climate change, such as rising sea levels,
changing precipitation patterns, and more frequent
extreme weather events (e.g., floods or droughts).
This includes the construction of flood-resistant
infrastructure and systems that can cope with
water scarcity.

. Material Use and Circular Economy: The
choice of materials for building and maintaining
infrastructure (e.g., pipes, treatment facilities, dams)
has significant environmental impacts. Opting for
sustainable materials with low embodied energy,
recycling materials where possible, and promoting a

circular economy approach can reduce the
environmental footprint.
. Resource Use : Materials such as concrete,

steel, and chemicals used in water infrastructure can
have significant environmental impacts. LCA helps
to assess the embodied environmental impacts of
these materials, promoting sustainable alternatives.

. Emissions and Pollution : Water treatment
processes and transportation may produce pollutants

like greenhouse gases, chemical effluents, or waste
byproducts, which should be considered in an LCA.

Social Sustainability : Social sustainability
focuses on the impact of water infrastructure on
people and communities, ensuring that projects
are inclusive, equitable, and contribute to societal
well-being. Key aspects include:

. Access to Clean Water : Water infrastructure
must provide equitable access to clean, safe drinking
water for all communities, including marginalized or
underserved populations. Addressing water poverty
and improving access in rural or economically
disadvantaged areas is a critical social objective.

. Health and Safety : Ensuring that water
infrastructure promotes public health by preventing
waterborne diseases, improving sanitation, and
reducing pollution. Safe water systems protect
communities from risks associated with poor water
quality and inadequate wastewater management.

. Community Engagement: Water
infrastructure projects must be culturally appropriate
and sensitive to local practices and traditions.
Involving  communities in  planning, and
understanding their values and needs, ensures
greater acceptance and long-term sustainability.

Economic Sustainability: Economic
sustainability involves ensuring that water
infrastructure is financially viable and cost-effective
over its entire lifecycle. Key aspects include:

. Life-Cycle Costing : A holistic economic
evaluation of the total costs of water infrastructure
from construction through operation and eventual
decommissioning. This includes capital expenditures,
operating and maintenance costs, and any potential
costs related to environmental or social impacts.
Life-cycle costing can help identify the most
cost-effective solutions for long-term sustainability.

. Resilience to Future Challenges: Economic
sustainability also includes ensuring that water
infrastructure 1is resilient to future economic
pressures, such as rising energy costs, inflation,
and changing regulatory environments. Designing
systems that can evolve with new technological
innovations and shifting economic conditions is
essential.

. Resource Efficiency and Minimization of
Waste : Reducing the amount of resources required
for building and maintaining infrastructure is an
important economic consideration. Minimizing waste
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generation and improving resource efficiency can
lead to cost savings and more sustainable practices.

Technological Sustainability: Technological
sustainability ensures that water infrastructure utilizes
the latest innovations and techniques to enhance
performance, efficiency, and resilience. Key aspects
include:

. Innovative Technologies: Implementing
advanced technologies, such as smart water meters,
automated systems for leak detection, and data
analytics for monitoring water quality, can greatly
improve the efficiency and reliability of water
infrastructure.

. Sustainable Design and Construction
Practices: Incorporating sustainable practices in
design, such as green building techniques, low-impact
development (LID), and energy-efficient systems,

ensures that the infrastructure aligns with
sustainable goals.
. Maintenance and Monitoring : Developing

systems for regular monitoring, maintenance, and
upgrades can extend the lifespan of water
infrastructure and ensure its ongoing performance.
Principle of Sustainable water infrastructure

. Water efficiency : emphasizing on the water
saving technology i.e. recycling the used water in
township areas, reduce water waste etc.

. Strategic planning : planning that considers
the cost effectiveness, resources efficiency and
community goals of water infrastructure investments

. Pollution prevention Managing and
treating the waste water and reducing the flow of
harmful chemicals into running water reservoirs,
preventing thermal efflux into water etc.

. Community engagement : Involving local
communities in water conservation and management
decision plans which leads to accomplish the
sustainable goals effectively.

. Protection of ecosystem: Preserving and
restoring natural ecosystems such as wetlands
and water shed which is essential for maintain the
water quality and supporting biodiversity.

Why Use LCA in Sustainable Water
Infrastructure?
1. Holistic Impact Assessment: Examines

all stages of the infrastructure's life cycle, from raw
material extraction to disposal.
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2. Environmental Hotspot Identification
Pinpoints phases with the highest impacts (e.g.,

energy use in operation or emissions from
construction).

3. Informed Decision-Making Helps
stakeholders compare design alternatives and
prioritize sustainable solutions.

4. Compliance and Certification Aligns

with sustainability certifications and regulatory
requirements, such as LEED or ISO 14040 standards.
LCA in Water Infrastructure Design and Decision
Making In the design and construction of water-
related infrastructure, LCA allows decision-makers
to evaluate various options and their environmental
impacts across the entire life cycle (ISO 14040:2006).
Common aspects of water-related infrastructure
that are evaluated through LCA include:

. Energy Consumption and Carbon
Footprints: Energy use is a major consideration in the
operation of water systems, particularly for pumping,
treatment, and distribution. LCA can evaluate
which design and material choices minimize energy
consumption and emissions (Crawford & Treloar,
2008).

. Water and Material Use : The sourcing
and consumption of water and raw materials are crit-
ical to the sustainability of infrastructure projects.
LCA can quantify the water and material flows
throughout the system’s life cycle and help identify
areas for improvement (Gellings, 2009).

. Waste Generation and Recycling: Waste-
water treatment and stormwater management systems
generate significant volumes of waste and sludge.
LCA can assess the potential for recycling or reusing
these by-products in other processes, such as

agricultural applications or biogas production
(Mutha et al., 2007).
. Durability and Maintenance : Long-term

sustainability also involves evaluating the durability
and maintenance needs of infrastructure components.
Materials and technologies that require less
maintenance and have longer life cycles contribute
to overall sustainability (Bai & Sarkis, 2016).
Challenges and Limitations of LCA for
Water Infrastructure While LCA provides valuable
insights, its application to water-related infrastructure
faces several challenges:

. Data Availability High-quality data

for all life cycle stages can be difficult to obtain,
especially for maintenance and decommissioning
phases (Dewulf et al., 2010).
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. Complexity : Water systems can be highly
complex, involving many components and variables.
Modeling these systems accurately in an LCA
can be challenging (Zhao et al., 2017).

. Uncertainty and Sensitivity : LCA results
can be sensitive to assumptions made about system
boundaries, data inputs, and impact assessment
methods. Sensitivity analysis is often necessary to
understand how changes in assumptions affect the
outcomes (Venkatesh et al., 2017).

. Regional Differences Environmental
impacts, such as energy consumption and water
availability, can vary significantly by region. Local
conditions need to be carefully considered when
applying LCA to water infrastructure projects (Zhou
et al., 2016).

Despite these challenges, LCA remains a
powerful tool for identifying opportunities to improve
the sustainability of water infrastructure and guiding
the development of more environmentally friendly
and economically viable systems (Saling et al., 2002).

CONCLUSION

In conclusion, Life Cycle Assessment (LCA)
offers a comprehensive framework for evaluating
the environmental, social, and economic impacts of
water infrastructure systems across their entire life
cycle. By considering all stages—from raw material
extraction to construction, operation, maintenance,
and eventual disposal—LCA enables decision-makers
to identify opportunities for improving sustainability
and reducing environmental footprints. Despite
challenges such as data availability, complexity,
uncertainty, and regional differences, LCA remains
an invaluable tool in the design and management of
sustainable water infrastructure. It helps optimize
resource use, minimize energy consumption and
emissions, and improve waste management practices.

Furthermore, by integrating LCA with other
sustainability considerations, such as social equity
and economic feasibility, it supports the development
of water systems that are not only environmentally
friendly but also resilient, cost-effective, and
adaptable to local needs. Ultimately, the application
of LCA can guide the transition towards more
sustainable water management practices, ensuring
the availability and quality of water resources
for future generations.
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ABSTRACT

The rapid growth of mega-cities across the globe presents both significant
challenges and opportunities for urban planning, particularly in the domains of
water and waste management. These cities, with populations exceeding 10
million, are at the forefront of facing issues like water scarcity, pollution, and
inefficient waste management systems. The increasing urbanization
exacerbates environmental and infrastructural pressures, making it essential to
adopt structural and sustainable solutions that focus on resource optimization,
waste reduction, and environmental conservation. This paper explores the vari
ous structural strategies—such as smart water grids, decentralized waste
treatment, and waste-to-energy technologies—while also examining the role of
sustainable practices like the circular economy and green infrastructure.
Through case studies, the paper identifies best practices in water and waste
management and proposes a framework that integrates engineering solutions,
policy development, and community involvement for a more resilient urban

future.
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1. INTRODUCTION

Mega-cities, often defined by their sprawling
urban landscapes and substantial populations, have
become focal points of global development, accounting
for a significant share of the world’s economic output.
However, their rapid expansion poses a series of
challenges to the sustainability of essential services,
particularly water supply and waste management.
Water and waste are inextricably linked, and
inefficiencies in one sector can exacerbate problems
in the other, leading to environmental degradation,
public health risks, and economic losses.
Understanding and addressing these challenges
requires a multi-dimensional approach, integrating
structural solutions and sustainable strategies to
ensure the long-term livability of mega-cities.

1.1 THE NEED FOR EFFECTIVE WATER
AND WASTE MANAGEMENT

The primary drivers for the need for
efficient water and waste management in mega-cities
are urbanization, increased resource consumption,
climate change, and demographic trends. In densely
populated areas, the pressure on water systems and
waste disposal mechanisms is immense. Further-
more, ineffective management of these systems can
result in pollution, flooding, and the depletion of
water resources, exacerbating poverty, inequality,
and disease spread. Therefore, transforming current
practices into sustainable and resilient frameworks
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is crucial for the survival and growth of these cities.

2. STRUCTURAL APPROACHES TO
WATER AND WASTE MANAGEMENT

Structural approaches to water and waste
management involve the development of robust
physical infrastructures designed to handle increasing
demand. These systems aim to maximize the
efficiency of water distribution and waste processing
while minimizing the environmental footprint.

2.1 WATER SUPPLY AND DISTRIBUTION
SYSTEMS

Mega-cities require complex water supply
and distribution systems to meet the needs of their
growing populations. These systems often include
reservoirs, pipelines, treatment plants, and pumping
stations that must be carefully designed and
maintained to ensure efficient service delivery.

. Integrated Water Resource Management
(IWRM):

An approach that promotes coordinated
development and management of water, land, and
related resources. In mega-cities, IWRM can help
manage the complex interplay between urban growth,
water availability, and environmental sustainability.

. Smart Water Networks: The integration
of advanced sensors, metering, and real-time data
analytics into water distribution systems can improve
monitoring, leak detection, and resource management.
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Smart grids can enhance system resilience by
providing quick responses to changing conditions,
such as increased demand or infrastructure failure.

. Desalination Technologies : With freshwater
sources often over-exploited, desalination of seawater
offers an alternative method of increasing the
available water supply. Mega-cities located near
coastlines, such as Dubai and Singapore, have
integrated desalination into their water supply
networks to reduce reliance on freshwater.

2.2 WASTEWATER TREATMENT AND REUSE

The treatment and reuse of wastewater is a
critical component of waste management in mega-
cities, especially in water-scarce regions. Wastewater
treatment systems are designed to remove pollutants
from used water to make it safe for reuse in agriculture,
industrial processes, or even potable water supply.

. Decentralized Wastewater Treatment: In
densely populated mega-cities, decentralized systems,
suchassmall-scaletreatmentplantsandlocal greywater
recycling, can reduce the burden on central treatment
plants while increasing water reuse opportunities.

. Membrane Bioreactor (MBR) Technology:
MBR combines biological treatment with membrane
filtration, resulting in highly treated wastewater that
can be used for non-potable applications, such as
irrigation or industrial cooling.

2.3  WASTE MANAGEMENT
INFRASTRUCTURE

As urban populations grow, the amount of
waste generated increases exponentially. Efficient
collection, sorting, and disposal are essential to
prevent the spread of diseases and environmental
contamination.

. Waste-to-Energy (WTE) Technologies:
Waste incineration can convert non-recyclable waste
into electricity, reducing the amount of waste sent to
landfills. This approach also helps reduce greenhouse

gas emissions by diverting methane production from
landfills.

. Circular Economy : Mega-cities can benefit
from transitioning to a circular economy model, where
waste materials are seen as resources. Implementing
systems to recycle and reuse materials at all stages of
the waste stream—ifrom construction debris to
household waste—can reduce the burden on landfills
and encourage sustainable consumption.

. Zero Waste Cities : Cities like Kamikatsu
(Japan) and Capannori (Italy) have pioneered zero
waste initiatives. By focusing on reducing waste at
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the source and promoting composting, recycling, and
upcycling, these cities have achieved significant
reductions in the amount of waste sent to landfills.

3. SUSTAINABLE APPROACHES TO
WATER AND WASTE MANAGEMENT

Sustainability in water and waste management
goes beyond structural solutions; it also involves
adopting practices that ensure environmental, social,
and economic equity. Sustainable approaches are vital
to achieving long-term urban resilience and reducing
ecological footprints.

3.1. ECOSYSTEM-BASED APPROACHES

Nature-based solutions (NBS) are gaining
traction as part of sustainable water and waste
management in mega-cities. These solutions rely
on the services provided by natural ecosystems to
improve water management, reduce waste, and
mitigate climate impacts.

. Urban Green Infrastructure : Rain gardens,
green roofs, and permeable pavements are examples
of urban green infrastructure that can help absorb
stormwater, reduce urban heat island effects, and
improve water quality. By mimicking natural
processes, these systems reduce the need for costly
and energy-intensive grey infrastructure.

. Constructed Wetlands : These engineered
systems use wetland plants to treat wastewater.
They are particularly useful in treating sewage and
industrial wastewater while also providing ecological
benefits such as habitat creation and biodiversity
preservation.

3.2. COMMUNITY-BASED APPROACHES

Engaging local communities in water and
waste management fosters a sense of ownership
and accountability, leading to better outcomes.
Community-based solutions focus on education,
participation, and local innovation.

. Rainwater Harvesting : In many developing
mega-cities, communities have implemented simple
rainwater harvesting systems to capture and store
rainwater for household use. This decentralized
approach reduces pressure on central water systems
and enhances water security.

. Waste Segregation at Source : In cities
such as Mumbai, community-led initiatives have
successfully implemented waste segregation at
source, leading to higher recycling rates and reduced
landfill waste. These initiatives often include
educational campaigns and incentives to promote
participation.
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. Public-Private Partnerships (PPPs)
Collaborations between governments, private
enterprises, and civil society organizations can
improve water and waste management outcomes.
For example, partnerships in Buenos Aires and Cape
Town have facilitated improved waste collection
services, better recycling programs, and enhanced
water distribution networks.

3.3. POLICY AND GOVERNANCE

Effective governance and policy frameworks
are crucial to the implementation of both structural
and sustainable approaches. Governments must
develop and enforce regulations that incentivize
conservation, waste reduction, and the adoption of
clean technologies.

. Water Pricing : Proper pricing mechanisms
canencourage efficient wateruse. By introducing tiered
pricing models, cities can encourage conservation and
ensure that water is allocated to those who need it most,
rather than being squandered in wasteful practices.

. Extended Producer Responsibility (EPR):
EPR policies can incentivize producers to design
products with less environmental impact, reduce
waste generation, and ensure that products are
recyclable at the end of their lifecycle.

4. CASE STUDIES OF SUCCESSFUL
WATER AND WASTE MANAGEMENT IN
MEGA-CITIES

4.1. SINGAPORE

Singapore is a global leader in water and
waste management. The city-state has integrated
sustainable practices into its water system through
technologies such as NEWater (recycled wastewater),
desalination plants, and advanced water treatment
processes. The city’s commitment to sustainability is
also reflected in its waste management policies, where
it has implemented one of the world’s most efficient
waste-to-energy systems, diverting nearly 60% of its
waste from landfills.

4.2. CURITIBA, BRAZIL

Curitiba is known for its innovative waste
management and urban planning systems. The city
operates a comprehensive recycling program and has
integrated green spaces, such as parks and wetlands,
to manage stormwater and reduce flooding. The waste
management program includes waste segregation
at source, which helps reduce landfill waste and
contributes to the city’s overall sustainability efforts.
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4.3. TOKYO, JAPAN

Tokyo has embraced waste-to-energy technol-
ogies, with more than 20 waste incineration plants that
generate electricity. The city has also invested in
advanced recycling programs and public education
campaigns that encourage citizens to reduce, reuse,
andrecycle. Tokyo’s comprehensive approach to waste
management has led to a recycling rate of over 20%.

44. COPENHAGEN

Copenhagen is committed to becoming a
carbon-neutral city by 2025. Its waste management
approach focuses on reducing waste generation, in-
creasing recycling rates, and utilizing waste-to-energy
plants to generate district heating. The city also inte-
grates green infrastructure solutions to manage water
resources sustainably.

S8 CONCLUSION

The challenges of water and waste
management in mega-cities require a multi-faceted
approach that combines structural solutions with
sustainable practices. By integrating advanced
technologies, community involvement, and policy
innovation, cities can address the pressures of rapid
urbanization ~ while  fostering  environmental
resilience. The case studies of Singapore, Curitiba,
and Tokyo provide valuable insights into how
integrated and forward-thinking strategies can lead to
more sustainable urban environments. In the face of
climate change and growing populations, it is
essential for mega-cities to adopt both structural and
sustainable approaches to ensure the health and
well-being oftheirinhabitants and the planetasawhole.

REFERENCES

. Gupta, A., & Padhy, S. (2018). Smart Water
Management Systems. Water Science and Technology,
77(6), 1552-1564.

. Swilling, M., & Annecke, E. (2012). The Age
of Sustainable Cities: Urban Transformation in the 21st
Century. Earthscan.

. Tchobanoglous, G., & Kreith, F. (2002). Hand-
book of Solid Waste Management. McGraw-Hill.
. United Nations (2018). World Urbanization
Prospects: The2018Revision. UN Population Division.
. World Resources Institute (2017). Water
Stress and the Future of Cities. WRI.org.

EE R R R R o

Vol.6, Issue-1/January - June -2025/ Page - 41



ol W dedie g ad—srERe fe

Email : rakhikhandelwal@gweca.ac.in

EP IR

RIBT g H IoTdr Al SIHIiRel Helfdenery, R & YORA IRA faurr | aRs ureafer @
UE IR BRI & | S d dF 15 W Sf¥e wer o Hfafted IS vd SRS oy ufamrell § yantiid &1 ga € e S
30 9 3AfOd TS R FRISTI GRS Td Al § 37U 2 S IR (Y 2 | Sf. Wseare o I U JeRIs
THRIDI & ATIH ¥ IR GIID] BT olkgd AT & SR 1B R FEIRG I e IRISTN FHeAdrgad o &l & | Sl
AT BT GATERV—3 el IARIfTD Hfsharsil 3R 41 AR & #egH 3 ienfiie e gaiadl & Tarar FHEm
faPpRIT & R Bfed 21

RGP qAH H IISTHR Rerd ST Afger if it #erfaened & Hifaa! favr # aRs ureams 8 | S=i9 o=
freafaene, SR A SiHifE AR ¥a & & § figa Sl @ SUTey I &l € | RIS ufyareil ok IR v Ity
HRIGH! P! NS § S 90 H AS AT THRIA FHIRIG & I & | [ gd S T, MR SRSR gRT SF. IMl
BT AT deA1Tp RIS REBR A N T BT ST gl 2 |

ey

9 9y # getdl (Glycyrrhiza Glabra) &1 S8 @ & &1 SUIRT &xd eark wAravl (AgNPs) & U gRa Heeiyor
faf® 1 IR fbar 7121 | I8 Us 9N TR UATEROT e, UM iR HH AN dretl Ufshar 2, [ Bl Y bR & IR
ycref I BIIBRD [dedd B SRRA T8l 8l | Jefol @ b I 59 Ub (MR Jgurd d Rieer Argge faead & s 4
AT ST & A1 Heldl & 3P H SURT WHidd [ (BrscidHoed) NedR A8ge H Aive Ricar Al $I ST=TRT
XD RIcaR BV H gaold &, TN I RicdR bl H dacidd © | Jelol D H Aloe $B UICH LIS Yoic & B
H BRI A © Ty Il Riear =1 SOl 1 (A7 BT € |

39 AAIE0 B R ergef i sssifags (Ti02) # ferar a1, e sE—diRersse dier e (DSSC) & forg
J8cR BICIVANS g9 ST 9o | $9 2 BT & IeY Feldl DI oIS $ 3 ¥ 8 (A gRT RicaR b0l PT FIITI B
TR e, WK SR fCHrS UfhAr PRI BRAT &1 | 57 vl @l ergcfud srssiaags d Al B SE—
HRICISSe AleR 9o & oy J9Td! BIeIvArs IR by U |1 oY &7 e 9R ol & AAHdd STANT, AN H BHl AR
TITIROT FRETOT BT FARET HRAT o |

Vol.6, Issue-1/ January - June -2025/ Page - 42 SWADESHI VIGYAN PATRIKA




112 GER G |

g g H fava @1 Sriieie ol sTawadang
DI, USITaH iR WTdhfae A S URuRe Aidl | g1 &1 I
eI © | 37 Al BT AP ITINT 7 Bl GATaRT TG 3FR
PTerSH A4l B gig BT BROT 949 38T ©, dfed I AT 7= 4
QU B & BHIROT e & FAT B Bl IR R F | U Rer.
fa # dofeus, w@ws iR TaEReg SHulf Adi ol Wiel
AP B T 8 | AR Holl U AT R GiaRor
Ighe f[dhed & WU H a9 IUYTH FHE Id Rl o |

SE—AdRIegSTs Aok del (DSSC) uruRe iferar=
JMTRT AR A @I o1 # HH AT dlel, Tod, ofdlet 3R
Ul B €, o St SuanT fafayr uRRerfaat # faar
ST AehdT & P S 3TeTdT, A HH AT AT TSl dTed aTdTaxol
H ) g9 @7 W BRI PR B |

39 2 7 T10: eRd WK T &l RicdR A71dvl &
1T AT o T, TIfdh S9h] MehTy ST &9, Soide =
IRTE ST 3R Y Jroll HUIARYT &% H GR foar o1 Fa °°
3 UGR, T AT WS ol & &3 H JIF FHIdt iR
W dee & faert @1 faen 4 ve weayol ded oga
PR B |

ERT HATAYOT SR eqor
’ ﬁl::::::;:te Plant Extract
) Nanosilver colloidal
L] [
. @ o solution with biomolecules
© /9 —  of plant extract
® © Stable AgNPs capped
® ® _"— with biomolecules
l centrifuge
AgNPs | | TiO, paste | == | ABNPs,,/TIO, layer
TiO, blocking layer
FTO

fora 1 AgNPs & forg sRa deervor & e
3R AgNPs - SI€ BIRIgHTS &1 o

qoidl (Glycyrrhiza glabra) @ 3@ @ \Wer™@r ¥
el RicaR 41wl (AgNPs) &1 T8+ fageiyor fafi=y =ia
dEe daeiidl & ArIH A fhar |

UV—Visible WagRpd gRT 372 nm R fafdre
Ade] oA 3gAre (SPR) <=am a1, S Rieer A= &
Aher T B W gfie dRar 2|

X-ray diffraction (XRD) faeersvr & g S1d a1 fh
IR fY 7Y A6 Ba—vex wfds (FCC) e ard €,

o~ o

T ! 37 fheeeld 3R GaMSd HasT & udl Iaidl & |

Transmission Electron Microscopy (TEM)
I W I U AT 6 9 AR BT ATBR T 20 I
50 "I & i 2 |

39D IR, T e YV IR ALY IR T
WY frsy fRdrerr 11 f Gvd 4.6 TR FeIlRT AHI6T Aaifs
Rerar 3R <erar yelRfa oxad & Sefe g9 e a1 &d
pH w19 R A1 & 707 @1 e SiR T[orat H Seeka+
FHH T TE |

9 YR, I8 Efa aRRefel § S=a e aral
RcdR AHTHYT U &R & b T a¥Idl UeTH HRal © |
Gee AR fasieany

IR H U T B gerdl | a1 iR @
(AgNPs) TR # et AR TSR v o fawrE <o 2 |
9 g AAIEU B et Seefiege (Ti0:2) @& |
eI 1T, 1 SHa! |ag 3ffed Usgw (porous) 9 TS | 39
ISAT A AR A § SRIATA B dTell 37 (S1) JeaR ¥ |
ATE W forued FabT, RTI UhTer &7 STaeiyvr 967 3R SHoll &l
9Tl (Seragial &1 JRidIe) BF 83 | $9d URTHAE™RY AR
A B BRI § Ieelkaw GIR <l 17
- 99 05 mg fAeR AHI@er e Ty, ar qear |
T 155% BT IfG E8 |
*

q8l, 1.0 mg I SIS UX Q&I I THIT 35%: TP

g3 TS |

I8 guR Ryeerk AAm@vi & Localized Surface
Plasmon Resonance (LSPR) =& U¥Td @ RO 3T, Sil
TRTT BT 3T AAT H ATBT FaT 2 |

AR A B HRAHAAT A & forg J-v wRieror fhy
Y, f5@ aRUIM ST SRS I8 | IIE0T ¥ I8 udT Fell
fo e crefm sEeifess (Ti0:) # e @
(AgNPs) femu g, a1 §R A &1 fAofell e e 4
W eI B8 |

AR ¥ I DR CLiGI GEIN
(Efficiency)
TTIROT 3.02% =
TiO. DSSC

0.5 mg 3.49% +15.56%
AgNPs - TiO2 DSSC

1.0 mg 4.09% +35.43%
AgNPs - TiO2 DSSC

g9 3retmal, 391 ¥ed &l Fill Factor (FF) T agax
0.64 T Ugd T, S ST & b T H =Tol (Seiagi=) BT
yaTE AfE FATS ®U W I 3R Soll & &M ¥ §S |
Electrochemical Impedance Spectroscopy (EIS)
weror 9 I8 Al g gonm % Ryear Aol aret DSSC #
goldgiAl &1 Ao (energy loss) ST &H BIAT 2 | SH®T
e Aerd 2 5 T el o1fid e 3R S1fie fasTel S
B H A 2 | IR val H, RicaR AT AR At Bl 31
e gdhe” | Ae8 IR &, Y 98 31 fasiell Sca= 9
T B |

SWADESHI VIGYAN PATRIKA Vol.6, Issue-1/ January - June -2025/ Page - 43



SECIER]
20-50 nm AMHR & AgNPs Sharargdd |eefRrd fhy 77|
DSSC @1 gerar 3.02% & dgax 4.09% =1 T8 |
THTRT TIRNYY], SeIagi SiaddTel 3R aTol IIh H GIR Tof gal |
IT Ufshan g0 TR Rd, B AN dTell 3R Hurofi 2 |

oy : W Sl o 8 Q=

"9 fa= IR UHf BT H BT &, T4 TATAR ST ofdl § 1”39 Y o I8 g B A7 b Ferdl Sil Aremor
S-S ¥ N RYFE @R e # GuR fhar o1 daar © | i NIRRT g’ e U RieaR e 9 9 Sad
DSSC @1 <&@ detg, dfcd 9 fftd fedbrss &R qaiaReT agdel, il 9T | Jeid! ¥ a9 3 W9 Riear -=iavll aee
SO D &F H U Iz SIS & | I O Q@ B 6 Wpfdd didi § Al Bl ] 89 A B SHoll FEmall Bl
ITERT e, FAMEN @Il 9hd o |
GEG
1. Khushboo Sharma, Rakhi Khandelwal, Shyam Sunder Sharma, Jaymin Ray and N andu B. Chaure: J
Mater Sci: Mater Electron (2025) 36:1057 https://doi.org/10.1007/s10854-025-15071-9

P.‘"N.—‘b@

2. K. Sharma, V. Sharma, S.S. Sharma, Dye-sensitized solar cells: fundamentals and current status.
Nanoscale Res. Lett. 13(1), 1-46 (2018)
3. G.S. Lotey, N.K. Verma, Synthesis and characterization of BiFeO3 nanowires and their applications

in dye-sensitized solar cells. Mater. Sci. Semicond. Process. 21, 206-211 (2014). https:// doi. org/
10. 1016/j. mssp. 2013. 11. 029

4. N.K. Verma, 1. Kaur, K. Kaur, G.S. Lotey, Enhanced efficiency of Au-deposited BiFeO3
nanoparticles-based dye-sensitized solar cells. Adv. Mater. Res. 856, 184187 (2014). https:// doi. org/
10. 4028/ www. scien tific. net/ AMR. 856. 184

5. F. Khojasteh, M.R. Mersagh, H. Hashemipour, The influences of Ni, Ag-doped TiO2 and SnO2,
Ag-doped SnO2/Ti02 nanocomposites on recombination reduction in dye J Mater Sci: Mater Electron(2025)
36:1057 synthesized solar cells. J. Alloy. Compd. 890, 161709 (2022). https:// doi. org/ 10. 1016/].
jallc om. 2021. 161709

6. M.I. Khan, B. Mehmood, G.M. Mustafa, K. Humaiyoun, N. Alwadai, A.H. Almuqrin, M. Igbal,
Effect of silver (Ag) ions irradiation on the structural, optical and photovoltaic properties of Mn doped
TiO2 thin films based dye sensitized solar cells. Ceram. Int. 47(11), 15801-15806 (2021). https:// doi. org/
10. 1016/j. ceram int. 2021. 02. 152

sk ok o ok sk sk skosk ok

Vol.6, Issue-1/ January - June -2025/ Page - 44 SWADESHI VIGYAN PATRIKA




AMLA FRUIT: AN ANCIENT TRADITIONAL
MEDICINAL PLANT AS A POWERFUL
ANTIMUTAGENS AND ANTICARCINOGENIC
AGENTS

Dr. Manoj Kumar Rawat

Department of Botany

Samrat Prithviraj Chauhan Government College
Ajmer, Rajasthan (India)

Email: manojrwt4@gmail.com

AUTHOR’S INTRODUCTION

Author’s is an associate professor of Botany, presently working at Samrat Prithviraj Chauhan
Government College Ajmer, Rajasthan. He has more than 23 years of teaching experience. He completed
his Ph.D. from the Department of Botany, Maharshi Dayanand Saraswati University, Ajmer (Rajasthan) under
the Supervision of Former Head and Professor Suresh Kumar Mahna, Department of Botany working in the
field of antimutagenicity. He has also completed a Minor Research Project as a principal investigator in the

field of antimutagenic activity of natural fruit extract of Emblica officinalis (Amla) and Terminalia chebula

(Myrobalan or Harar) in the Cicer arietinum (Gram). His areas of interest are Plant Morphology,
Phytotaxonomy, Phytopathology, Microbiology, Genetics and Biotechnology. Dr. Rawat has published a
book entitled “Angiosperm Morphology”, many research papers in national and international peer
reviewed journals. The Society of Life-Sciences, Satna (Madhya Pradesh) has awarded him an honorary
fellowship (F. S. L. Sc.) for his contribution in the field of life sciences. He has participated and
presented research papers in many international and national conferences.

ABSTRACT

Several carcinogens and mutagens are present in the environment, which have potential to trigger
DNA damages, leading to lethal mutations or cancers of many types. These chemicals are alternatively
termed as genotoxins. During the past decades, large numbers of genotoxic chemicals have been detected
in foods, medicines, cosmetics, insecticides and in the potable water, posing direct threats to human health
and biosphere. Thus, a search for antimutagens with potentiality to neutralize or mitigate harmful effects
of the mutagenic agents is inevitable. Further, many of the plant species have certain compounds which
have antimutagenic activity to be tapped against toxicity of mutagens.

Keeping in mind the harmful effects of genotoxin in living cells and potentiality of botanicals to
nullify their adverse impact, present study has been undertaken to evaluate antimutagenic properties of
aqueous fruit extract of Emblica officinalis Gaertn. (Amla) against mutagenicity of sodium azide
(NaN,) in cicer arietinum L.

KEY WORDS : Amla fruit, carcinogens, mutagens, sodium azide (NaN,) and antimutagens.
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INTRODUCTION

During the past few decades, a wide variety of
chemicalmutagensand carcinogens havebeendetected
in foods, medicines, cosmetics, insecticides and even
in the water which are utilized regularly. Some
mutagens act directly on plant and animal cells to
produce mutations and others act after undergoing
their modifications by other factors. Many of the
indirect mutagens are metabolically activated by
enzymes in organs or tissues. Mutations are the cause
of innate metabolic defects in cellular systems,
triggering morbidity and mortality in living
organisms. A plethora of synthetic and natural
substances, apart from various genotoxic physical
and biological agents, are known to act as mutagenic,
co-carcinogenic and carcinogenic agents. The
mutagenic effects of genotoxic chemicals are
additive, cumulative and sometimes irreversible
(Hartl et al., 1994). The group of chemicals that
cause cancer in man and animals are collectively
referred to as carcinogens. Environmental pollution
caused by genotoxic chemicals is also associated
with increased risk of cancer.

There is increasing evidence that mutations
in somatic cells are not only involved in the
carcinogenesis but can also cause genetic disorders
like atherosclerosis, heart diseases and several other
degenerative disorders (De Flora et al, 1996).
The term antimutagen was used originally to describe
those agents that reduce the frequency or rate of
spontaneous or induced mutations independent of
the mechanisms involved (Novick and Szilard, 1952).
Kada (1978), the pioneer in this field reported in
an antimutagenesis study some effective factors in
vegetables and fruits which inactivate the mutagenic
action of products of amino acid pyrolysis and
referred to these as a new term “desmutagens”. These
factors directly inactivate the mutagens or their
precursors and must be considered only as apparent
antimutagens. In succession, the factors which are
included in the process of mutagenesis or damaged
DNA repairing leading to decrease the frequency of
mutation are known as “bio-antimutagens”(Kada,
1983). These are regarded as true antimutagens.
Since the concept of antimutagens developed in the
1950s, about 200 compounds are known to have varied
degrees of antimutagenic property (Clarke and
Shankel, 1975).

A search for antimutagens / anticarcinogens
is quite necessary to neutralize the effects of a large
number of chemicals present in our environment
which are carcinogenic, mutagenic or teratogenic. One
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of the strategies involves the screening of plants for
natural plant based antimutagens (Kada et al., 1982).
The neutralization of a large number of chemicals
in our environment which are carcinogenic,
mutagenic or teratogenic in nature by botanicals is
the main thrust area of the research in the field of
antimutagens / anticarcinogens.

Plants and plant based products are been used
as a source of medicines since long. One of the best
ways to minimize the detrimental effects of mutagens
is the use of natural antimutagens. Naturally
occurring antimutagenic principles present in plants,
human diet and other sources have protective effects
against mutagens. These include flavonoids,
phenolics, coumarins, carotenoids, anthraquinones,
tannins, saponins and many more (Bhattacharya,
2011). Consumption of fruits and vegetables is
considered essential for good health among human
beings. Moreover, scientific studies indicate that
diets high in fruits and vegetables are effective in
protecting humans from a number of diseases
including cancer. Numerous studies have been
carried out in the last few decades in order to identify
compounds that might protect humans against DNA
damage and its consequences. There are continuous
efforts all over the world to explore the rich
biodiversity of edible as well as medicinal plants
and other edible non-toxic plants in pursuit of the
most effective phytoantimutagens which belong
to a variety of chemical groups. Many of these
substances elicit, apart from their antimutagenic and
anticarcinogenic properties, additional beneficial
effects such as activation of the immune systems and
protection against cardiovascular disease (Middleton
and Kandaswami, 1993).

Keeping in mind the antimutagenic and
anticarcinogenics properties of botanicals, present
study is undertaken to explore the antimutagenic
property of fruit of Emblica officinalis Gaertn. (Amla)
against the sodium azide treated mutagenised Cicer
arietinum L. seeds.

MATERIALS AND METHODS

1. EXPERIMENTAL PLANT :
Botanical Name - Cicer arietinum L.
Common Name - Chick pea / Bengal gram
Family - Fabaceae
Sub-Family - Papilionaceae

Cicer arietinum L. is one of the widely grown
and consumed legumes in the world and a cheap
source of high quality protein. It has better protein
quality than other legumes such as pigeon pea, black

SWADESHI VIGYAN PATRIKA




gram and green gram (Kaur and Singh,
2005). Besides proteins, it is a good source of
carbohydrate, minerals and trace elements.

2. CHEMICAL MUTAGEN

Sodium azide (NaN,, pH 6.0), a miscellaneous
nitrogen compound has been used as a chemical
mutagen. Desired concentrations used for seed
treatments, i.e., (0.0004M, 0.0008M, 0.0010M,
0.0020M and 0.0040M) were prepared using
phosphate buffer, pH 6.0 as a solvent.

3. NATURAL ANTIMUTAGEN

In the present investigation fruit extract of
amla is their antimutagenic activity against mutagenic
effects of NaN,. The selected plant species, solvent
used for preparation of desired concentration levels,
the concentration levels used in the experiments
and a brief description of the selected plant species
is as follows-

AMLA (EMBLICA OFFICINALIS GAERTN)
FRUIT EXTRACT

Solvent used - Distilled water.
Concentrations used for seed treatments- 0.50% and
1.00%

Fig 1 : Amla plant

Amla (Figure 1), botanically known as Emblica
officinalis Gaertn. (Syn. Phyllanthus emblica L.),
belongs to the family Euphorbiaceae. It is commonly
known as Indian gooseberry or amla, is a widely
consumed fruit in India and other South Asian
countries for centuries. Amla fruit and its parts (seed
or pulp) are used in cooking to prepare chutneys,
candies, pickles and vegetable dishes. It is a
powerhouse of vitamin C, with amounts ranging from
470 to 700 mg per 100g. Therefore, fruits of this
medicinal plant have many well known therapeutic
properties, viz., anticarcinogenic/antimutagenic,
antidiabetic, antipyretic, antitussive, liver treatment,
heart  trouble, ulcer, anemia, antioxidant,
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immunomodulatory, analgesic, cytoprotective and
gastro-protective. It is often used in the form of
Triphla which is an herbal formulation containing
fruits of E. officinalis, Terminalia chebula
(Myrobalan or Harar) and Terminalia belerica
(Bahera) in equal proportions.

4. METHODOLOGY
1. PREPARATION OF THE FRUIT EXTRACTS

100 g of air dried fruits of Amla was
powdered and soaked separately in 150 ml of
distilled water for 24hrs. The extract was filtered
and centrifuged at 6,000 rpm for 30 minutes and
supernatant was collected and diluted with water to
get its 0.50% and 1.00% concentrations for further
experimentations.

2. MODE OF TREATMENT

Dry pure line viable seeds of C. arietinum
obtained from Agricultural Farm, Bundi were surface
sterilized with 0.1% (w/v) mercuric chloride (HgCl,)
solution for 3 min. The seeds were thoroughly washed
with sterilized distilled water for 8 to 10 times so as
to remove the traces of mercuric chloride and were
pre-soaked in distilled water for 4 h at 25+1°C.

The experiments were designed to have the
following four sets (Figure 2)

(i) Control or untreated - In this set, some
of the presoaked seeds were kept in distilled
water for 12 h at 25+1°C.

(ii) Treated with sodium azide (NaN,; pH 6.0)
alone - In this set, some of the presoaked seeds
were treated with freshly prepared five different
aqueous concentrations of sodium azide (0.0004M,
0.0008M, 0.0010M, 0.0020M and 0.0040M) for a
period of 12 h at 25+1°C.

(ii1) Post-treated with Amla fruit extract - In this
set, some of the treated seeds (seeds treated with
each concentration level of sodium azide) were post-
treated with freshly prepared two different
concentrations of aqueous Amla fruit extract
(0.50% and 1.00%), separately for a period of 12 h
at 25+1°C.

For each set, 30 seeds were used which were
replicated thrice. Seeds of all the experimental
sets were transferred to the sterilized petriplates
containing two layers of moist filter papers.
Mutagenic effects of sodium azide and the

antimutagenic effects of Amla were assessed by
petriplate experiments as follows.
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PETRIPLATE EXPERIMENTS

In petriplate experiments, efficacy of NaN,
alone and antimutagenic properties of the amla
plant extract was evaluated on the basis of three
parameters, namely germination index (GI), percent
abnormal seedling and seedling vigour index (SVI).
Data were regularly recorded for a continuous
period of 15 days. The formulae used for analysis
of the data on the basis of parameters are as under.

Number of seeds germinated

1. Germination index (GI)= %100

Total number of seeds

Total Number of variants

%100

II. Percent abnormal seedling = Total mumber of seedlings survived

__ Germination percentagexSeedling height

III. Seedling vigor mdex (SVI)=

DISCUSSION

Apart from demonstrating  mutagenic
potentiality, a good number of workers such as
Khan et al. (1994), Adamu and Aliyu (2007) &
Al-Qurainy and Khan (2009) have also assessed
the toxic effects of NaN3 in various plant species
using different parameters like germination index,
seedling  vigour index and morphological
abnormalities as also done in the present work which
also corroborate present investigation. Further,
a few reports are available on the impacts of
antimutagens like vitamin-C, butylated
hydroxyanisole, butylated hydroxytoluene, gallicacid,

propyl-gallate and o-tocopherol against
mutagenicity of dimethyl-nitro-amine,
sterigmatocystin,  propiolactone, = N-methyl-N’-

nitro-N-nitrosoguanidine (MNNG), N-hydroxy-2-
acetylaminofluorence, 3-methyl-cholanthrene, benzo
(a) pyrene, cyclophosphamide and mitomycin-C
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in prokaryotic systems (bacterial test) as well as
cultured mouse cells and carcinogenic actions in
human beings [Guttanplan (1977), Lo et al. (1978),
Wattenberg (1978a), Shamberger et al. (1979), Rosin
and Stich (1979), Thorgeirsson et al. (1980), Rosin
etal. (1980) and Waters et al. (1998)]. Aqueous extract
of Emblica officinalis fruit protected mice against
the chromosome damaging effects of the well known
carcinogen 3, 4 benzo-pyrene (Nandi et al. 1997).
Their findings also support present investigation
pertaining to the antimutagenic effects of natural
antimutagen, i.e., fruit extract of Amla in C. arietinum
using germination index, seedling vigour index
and morphological abnormalities as parameters.
Since natural antimutagens are known to be very rich
in vitamin-C (ascorbic acid) therefore in present
work, fruit extract of Amla which are rich in
vitamin-C have been tested as antimutagens
against toxic effects of NaN,. Cancer accounts
for over 7 million deaths per year all over the world
and in human beings 35% of the cancer cases occur
due to dietary carcinogens therefore higher intake
of fruits having antimutagenic properties can reduce
the percentage of cancer. Observations pertaining to
the antimutagenic properties of Amla fruit extract
recorded in the present work clearly suggest that
these fruits should be consumed by human beings
to reduce cancer risks. Further, it is suggested
that attempts should be made to test the antitoxic /
antimutagenic properties of various fruit extracts
of different plant species having several ingredients
such as ascorbic acid (vitamin-C), phenols and
polyphenols as their major components because
antimutagenic/antitoxic ~ properties  of  these
components have also been well demonstrated by
Kahl (1984), Wall et al. (/988 a and b), Sangwan
et al. (1998), Waters et al. (1998) and Nagpal et al.
(2000).

CONCLUSION

After completion of present work which
encompasses  assessment  of  antimutagenic
properties of Amla fruit extract against mutagenicity
of sodium azide (NaN,; pH 6.0), in Cicer
arietinum L., it was found that —

* Sodium azide is a potent mutagen with respect
to the Cicer arietinum L. which belongs to family
- Leguminosae (Fabaceae).

* Amla (Emblica officinalis Gaertn.) possess
significant antimutagenic properties against NaN,
induced toxicity in C. arietinum.
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* Antimutagenic properties of Amla barring
some exceptions are dose dependent, i.e., at higher
concentration levels of fruit extract these plants
exhibit higher antimutagenicity.

* Regular consumption of fruits of these plant
species may prevent human beings against many
diseases such as cancer, caused by genotoxic
chemicals present in our environment.

* Amla has been experimentally shown to
possess antimutagenic effects. It can help prevent or
reduce mutations in DNA. This is partly due to its
ability to scavenge free radicals and reduce oxidative
stress, which can damage DNA and lead to mutations.
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SWADESHI VIGYAN PATRIKA

Guidelines for Authors
Aims & Objectives

Swadeshi Science Movement (SSM) also called Vigyan Bharti is a premier non-profit organisation
devoted to disseminate the scientific advancement, founded by Professor K.I. Vasu & his associates from IISc,
Bengaluru on 7th Nov. 1982. The foundation principle is for the development of Swadeshi Vigyan, integrating
traditional & modern sciences catering to national needs and society. Swadeshi Science Movement of India,
Delhi “SSM’D” (Vigyan Bharti, Delhi) since it’s inception in the capital from 1994 as an independent popular
Science forum has organized numerous National conferences, workshops, Vigyan Melas, lectures and
symposia using National languages for facilitating interaction amongst researchers and foster exchange &
dissemination of the Innovations in Science, Engineering and Technology. Furthering our broader national
perspectives in line with the founding principles of the society to adopt and develop Bharatiya languages
as media of Science, Engineering & Technology (SET) at all levels without opposing English and also
to meet the need of the hour at the time of COVID-19 global crisis, SSM’D has been in the process of
bringing out a new Bi- annual “Online publication”: Swadeshi Vigyan Patrika (SVP) to bring advances in
all aspects of Swadeshi Vigyan- Indigenous Science for national development to the mass, thus building
a more informed scientific society towards attaining self-sufficiency and national re-construction.

Original thoughts, gems of knowledge and experience of experts & researchers are invited on topics related to:

° Innovative Indigenous Inter-Disciplinary Research & Scientific Efforts and Eco-friendly Technology
with human face in Physical/material & Engineering Sciences, Chemistry, Electrochemistry, Botany, Zoology,
Mathematics, Biotechnology, IT & Science journalism, Health care, Water, Agriculture, Geology, Forensic
Sciences, Meteorology, Environmental, Space & Nuclear Sciences and IPR Leveraging.

° Innovations in the Path of Traditional Knowledge, Ayurvigyan, Yog, Indian System of medicines,
Go-vigyan, Uses of Herbal in Modern Therapy, Applied JyotishVigyan & Sankalp Shakti Vidya (Spiritual
Science)

° Innovations in the Path of Sustainable Consumption/Living/Development with Special Focus on Rural
Development through Utilization/Management of Natural Resources vis-a-vis New Economic Environment

It will be our supplementary endeavour to address the innovative human resource of the grass
root level people including artisans, craftsmen, farmers and tribals; promote, preserve & modernize their
skills and make them economically strong through inputs of modern science & technology integrated with
the traditional knowledge who are in fact the true reflection of the spiritual and the material facets of our
culture and civilization. We will also undertake the challenge to connect a vast reservoir of innovations by
the invisible informal sector to the visible formal/established sector that are exposed to modern science and
innovate in a formal way, towards making Bharat innovative and a global leader in sustainable technologies.
SVP will be a biannual publication initially but it may become a quarterly later depending on the response
from the contributors.

Preparation of Manuscript texts

Manuscripts for original articles/papers should be submitted online either in Hindi / Regional languages
preferably or in English of about 3000 words in MS Word & Krutidev 10 font preferably or in any other fonts
like Unicode, etc for Hindi matter to the Editor in vigyanpatrika@swadeshivigyan.org and

swadeshivigyan@swadeshivigyan.org.
Fonts for the title, authors and text should be 18, 14 and 12, respectively. The Figures/Tables caption should

be as : eg. Fig. 1 Farming system of Nagaland.
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A declaration from the author(s) will be procured stating that the submitted manuscript is neither published
nor submitted elsewhere for publication .

The manuscript should be prepared in a concise form and presented in double space and it’s title page
should enlist the title useful in indexing, full names of authors, institutional addresses, email contact of the
author for correspondences with asterisk * mark with the name and brief credentials of the main author like
awards, Honours,etc. in 2 lines. Abstract should not exceed 200 words and should indicate the important
content of the paper highlighting scope and main findings. Prior-art and literature survey should be confined
within the framework of the submitted manuscript. Conclusions should draw significant output of the
manuscript with a clear explanation of it’s importance & relevance for the society.

References may be cited as follows

Normal Paper

D.P. Bhatt, T. Twomey, W. Plieth, R. Schumacher and H. Meyer; Inhibition of the underpotential
deposition of copper on single crystal platinum surfaces, J. Electroanal. Chem. & Interfac. Electrochem. 322
(1992) 279

Papers in Conferences

A and B; Title of the paper; In the Proc. of 4th European Workshop on the Electrodeposition of metals,
Freudenstadt, May 8-10 (1990), p. ...

Books

Wikander 2000, p. 400 Wikander, Orjan (2000), “The Water Mill”, in Wikander Orjan, Handbook of
Ancient Water Technology, Technology and change in History 2, Leiden: Brill, pp. 371-400, ISBN 90-04-
11123-9
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Swadeshi Science Movement of India, Delhi

, (also called as Vigyan Bharti, Delhi)
Registered under Societies Act XXI of 1860, Reg. no. S-28690

. Name: e
2. Date of Birth: === mm e
3.Address:  mmmmm e
4. OCCUPALION: === mmmm e oo
5. Educational Qualification: =~ =mmmmmmmm e
6. Professional Experience: =~ = —mmmemmmmmemm e
7. Member/Life Member/Patron: =~ ——-===-mmmmmmm e

Cheque/D.D. No. cmommmmmeeeee s INR oo
Name of The Bank = — e
Branch & Address: = — ———mmmmmmmmmmmmmm e

Account Name : Swadeshi Science Movement of India

Account No. : SB/10964472430 IFSC Code : SBIN0001282

Bank Name : State Bank of India Branch Name : East Patel Nagar, New Delhi-110008
Or

Please prepare the subscription fee as draft/local cheque in favour of

“SWADESHI SCIENCE MOVEMENT OF INDIA, DELHI” and send to

Dr. D P Bhatt, President, Vigyan Bharati-Delhi, C-376, P3 Pocket, Greater Noida 201310

Annual Member (Individual) : INR 250/- per year
Life Member (Individual) : INR 2000/- ONCE
Life Member (Students/Skilled technicians/

Grassroot Innovators from informal sector) : INR 1000/- ONCE
Annual Member (Corporate/Institutional) : INR 3000/- per year
Life Member (Corporate/Institutional) : INR 15,000/- ONCE
PATRON : INR 30,000/- ONCE

Note: Membership will be bestowed as per the Bye-law & provisions
(Photocopy of this form can be used)



FEW SUCCESS STORIES OF SWADESHI SCIENCE
MOVEMENT OF INDIA

(Registered under the Societies Registration Act XXI, 1860 of Govt. of NCT of Delhi:
Reg. no. S-28690)

L, el fa=e @ IS GAS! § agiitD! 4 FHEn uken A9 $i Hdied #" & ARG Ari— A Report in
e 30 November 1997, p. 15; Book on Electroplating and Metal Finishing, 1997, Editor: Dr. D P Bhatt,
Shipra Publications, Delhi, pp. 1-309; National Conference and Refresher Course on Industrial Metal
Finishing: A Report in J..Seci. Ind. Res. SCI-TECH UPDATE 57 (1998) p. 215-19

o Mdl § Blg caaioll ggdil dios dgin— A Report in HINDUSTAN dailyssNew. Delhi edn. by Vinod
Varshney, 13 Jan. 1997.

5y Conferred with (i) “CLEAN UP THE EARTH AWARD” by the International Association of Educators
for World Peace, USA and associates in recognizing the contribution of SSM’D in the areas of Environmental
Education, Training, Pollution monitoring & Green activities, New Delhi (1998) and (ii) International
felicitation in the 6th World Environment Congress in the capital by Dr. A R Kidwai, His Excellency then
Hon’ble Governor, Haryana (1999)

4. Swadeshi Science Movement of India, Delhi (Vigyan Bharati,Delht): A Report in J. Sci. Ind. Res.
SCI-TECH UPDATE 59 (2000) p.177-79

5 Vigyan Bharati Pradeepika, Vol 6, 2000, Simplex Printing Press, Jabalpur; National Conference on
Swadeshi Vigyan — A Report in CSIR News 51 (30 April 2001), p. 89-92

6. National Symposium on Ancient Indian SET interfaced with Modern Knowledge - A Report in Ind. J.
Traditional knowledge 1 (2002) p. 75-78; CSIR News 51 (30 April 2001), p. 89-92 : It’s highlight published
in INDIA TODAY, 27 Feb. 2002, p. 71

7 TF o W e wesh s A Report in Os{ES 95 @81 e, fd. W, R080,9% AT 2008, Y.10; 3rd Vigyan
Bharati Conference in New Delhi... — Reports in Organiser, Delhi, Vol. LV (34) 7 March 2004, p. 15 & CSIR
News 54 (10) 2004, p. 157; sig7 fazardi § SIRH &g wiF A9 | (dsil ¢d Wi & ufd S Sd $>1 srawasd -
A Report in Weekly EKJAY, Ujjain, 24 January — 1 March 2004, p. 2

8. AR I, it gd Hreiire! # sr=yoll o s e 2006 - A Report in CSIR Samachar Vol. 24
(4), 2007, p. 50-54; “fagm" T 3R HaoH f2dr gfie a1 @1 amawasddn - A Report in Vigyan Pragati Oct. 2009,
p. 17-18 by Irfan Human.

9. fa=m wRel ugen warel - A Report of Godly support to the Village Victims of Uttarakhand National
Tragedy 2013 in Shilpkar Times, New Delhi edn.; 3-9 April 2015; A Report of 3rd National Conference on
Innovations 2013 in CSIR News 63 (7&8), 2013, p.85-86

10.  gmfior e WR s 9T — Reportsiin CSIR  Samachar Vol. 5(6), 2017, p. 81-83; Vigyan Pragati
June: 2017, ps28=3.1

11. 9w d=nfie vd sienfie g ufial @ i faRmie: § HHifRid, Sifdfdr Hurad: aa Haorer v ; Vol. 21(1)
2013; Vol. 19(2) 2011; Vol. 18(1) 2010 ; Vol. 15(1) & Vol. 15(2) 2007; Vol. 12(1) & Vol. 12(2) 2004 and in
the commemorative issues of Journal of Environmental Nanotechnology Vol. 2, 2013; Vol. 6-2,2017

12.  Navati Felicitation & Tribute to Prof. K I Vasu : “Workshop on the Interface of Science & Society
2018”, NPL - SSM’D MEMOIR 2018

13. To commemorate the occasion of 150 years celebration of Mahatma Gandhi Jayanti, organised
Nukkad Road Shows jointly with NIET, Greater Noida on cleanliness drive in G.B. Nagar, U.P. (November
2019)

14. During the Covid 19 time, released the Swadeshi Vigyan Patrika 2020 inaugural issue through Prof.
Praveen Kumar, IIT Roorkee (then Director, NIT Delhi ) in the presence of Invited Guest, Dr. Anjan Ray,
Director, CSIR-IIP Dehradun.
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