


Few GlimpsesFew Glimpses

foKku Hkkjrh ds  v/;{k dk;Zdkjh v/;{k ,oa foKku Hkkjrh ds  v/;{k dk;Zdkjh v/;{k ,oa 
,e,u,uvkbVh ds foHkkxk/;{k ppkZ djrs gq,A,e,u,uvkbVh ds foHkkxk/;{k ppkZ djrs gq,A

foKku Hkkjrh ds v/;{k MkW Mh0 ih0 Hkê foKku Hkkjrh ds v/;{k MkW Mh0 ih0 Hkê 
nhi çTokfyr djrs gq,Anhi çTokfyr djrs gq,A

eq[; vfrfFk dk Lokxr djrs gq, bfUM;u eq[; vfrfFk dk Lokxr djrs gq, bfUM;u 
okVjodZ ,lksfl,”ku ds v/;{k okVjodZ ,lksfl,”ku ds v/;{k 

bZ0 th0 lh0 nqcs thAbZ0 th0 lh0 nqcs thA

foKku Hkkjrh ds v/;{k MkW Mh0 ih0 Hkê dk foKku Hkkjrh ds v/;{k MkW Mh0 ih0 Hkê dk 
lEeku drZO; bfUM;u okVjoDlZ ,lksfl,”ku lEeku drZO; bfUM;u okVjoDlZ ,lksfl,”ku 

ds egklfpo çks0 vkj lh oS”;Ads egklfpo çks0 vkj lh oS”;A

foKku Hkkjrh ds MkW vf³~dr dqekj dk lEeku foKku Hkkjrh ds MkW vf³~dr dqekj dk lEeku 
djrs gq, vfrfFk x.kAdjrs gq, vfrfFk x.kA

bfUM;u HkksVj cDlZ ,lksfl,”ku ds v/;{k dk bfUM;u HkksVj cDlZ ,lksfl,”ku ds v/;{k dk 
lEeku drZO; foKku Hkkjrh; v/;{k lEeku drZO; foKku Hkkjrh; v/;{k 

MkW Mh0 ih0 Hkê }kjkAMkW Mh0 ih0 Hkê }kjkA

 laxks’Bh dh Lekfjdk dk foekspu djrs gq,  laxks’Bh dh Lekfjdk dk foekspu djrs gq, 
eUpkflu vfrfFkx.kAeUpkflu vfrfFkx.kA

ns”k ds fofHkUu Hkkxks ls vk, çfrHkkxh x.kAns”k ds fofHkUu Hkkxks ls vk, çfrHkkxh x.kA
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çkDdFkuçkDdFku
	 ns”k esa Lons”kh lkbal ewoesaV v‚Q bafM;k ds uke ls çfl) ,d cgqpfpZr laLFkk foKku Hkkjrh us lkalkfjd Kku ;kuh vijk fo|k 
(foKku) o ijk fo|k ;kuh vk/;kfRed ije fo|k (loksZPp Kku) ,oa le`) Hkk’kk dh viuh LFkkfir /kjksgj dh cikSrh dk ç;ksx djrs gq,
mls vk/kqfud foKku vfHk;kaf=dh çkS|ksfxdh f”k{kk vkSj lkekftd fodkl ds {ks= esa gks jgh ubZ igyksa ds lkFk leUo; LFkkfir djus dk 
iz;Ru yacs le; ls tkjh j[kk gSA bl lanHkZ esa gekjk ewy mís”; foKku dh ekSfydrk vkSj rF;kRedrk dks [kks;s fcuk bu miyfC/k;ksa dks 
fcuk vaxzsth ds fojks/k ls LoHkk’kk o fganh ds vkf/kdkfjd ç;qä }kjk fiNys n”kdkas esa iqLrdksa] lsehukj izdk”kuksa o bZ & Lons”kh foKku if=dk ds 
l`tu }kjk çLrqr djuk laHko gqvk gSA 

	 blh lanHkZ esa eq>s ;g tkudj g’kZ gqvk gS fd egkdqaHk esyk 2025 ds miy{; esa ty o blds çko/kku fo’k; ij vk;ksftr jk’Vªh; 
lEesyu esa fofo/k fo’k;ksa dks lek;ksftr fd;k x;k o ppkZ ds mijkar p;fur “kks/k i=ksa dks bl vad esa “kkfey fd;k x;k gS ;g Hkh egRoiw.kZ 
jgk fd Mhi lkbal us vyx ls dbZ “kks/k vkfVZdy Hkh çdkf”kr djsa gSA ;fn ge ns”k dh laL—fr laLdkj o fodkl dh ckr djrs gSa rks Hkh 
Hkk’kk dk cgqr egRo gS blfy, ubZ jk’Vªh; ckSf)d laink vf/kdkj uhfr (National IPR Policy) 2016 cukus ls igys Hkh geus Hkkjr 
ljdkj dks isVsaV vkosnuksa ds fy, jkT;ksa dh Hkk’kkvksa dh çklafxdrk ls voxr djk;k Fkk vkSj bldk urhtk ckSf)d laink dks cgqHkk’kh DykWt 
1-2-8 ds :i esa vk;kA blh lanHkZ esa lkbal fjlpZ dh ckr djsa o vkt dh vkbZihvkj i‚fylh o igys dh lkbal i‚fylh ls lkbal 
i‚fylh ls rqyuk djsa rks og fnu tk pqds gSa tc ge lqfo/kktud foykflrk eksM ij çkstsDV djkrs Fks o viuk ck;ksMkVk c<kus ds fy, 
“kks/k i= Nkirs FksA mnkgj.k ds fy, xaxk dh txg vesfjdk dh feflflIih unh ij çkstsDV pykrs Fks o uspj esa isij Nkiuk vafre mís”; 
j[krs Fks- ysfdu vkt dh i‚fylh ds rgr gess lekt dh leL;k dks Qksdl dj mldh t:jrksa dks ns[krs gq, çkstsDV nsus gksaxs vU;Fkk 
os vLohd`r gksxsaA ,slh rjg ges lh[kk;k tkrk gS fd “kks/k “kq: djus ls igys O;kid Prior vkVZ [kkst djuk gS vkSj Lons”kh Prior Art 
“kks/k dbZ ckj Xykscy [kkst ls T;knk egRoiw.kZ Hkh gks tkrk gS- tSls Tky laj{k.k o çko/kku ds fo’k; esa rsyaxkuk fe”ku /ku QkÅaMs”ku dqgy 
flLVe e/; çns”k] xqtjkr] jktLFkku] egkjk’V]ª dukZVd vkfn esa dbZ VªsfM”kuy vkSj vk/kqfudrk dh igyA ufn;ksa esa çnw’k.k ds rgr 
pkgs ç;kxjkt gks ;k okjk.klh gesa irk gS fd fdrus ukys xaxk esa fxjrs gSa ;|fi lhost mipkj ;a= yxk;s x;s gSa vHkh Hkh xans ukyksa dk 
fxjuk tkjh gS ftl ij Hkh vkxs “kks/k o dke djus dh t:jr dkQh gS

	 ;|fi xzkeh.k vkSj “kgjh {ks=ksa esa uy ls ikuh igq¡pkus dh fn”kk esa egRoiw.kZ çxfr gqbZ gS o Hkwty ij vR;f/kd fuHkZjrk] jklk;fud 
lanw’k.k ¼tSls ¶yksjkbM vkSj vklsZfud½ vkSj tyok;q ifjorZu ds dkj.k ikuh ds ruko tSlh pqukSfr;k¡ cuh gqbZ gSa] bu pqukSfr;ksa dk lkeuk 
djus ds fy,] o’kkZ ty lap;u] ikuh ds iqupZØ.k vkSj ,dh—r ty lalk/ku çca/ku tSls lek/kkuksa ij /;ku dsafær djuk vko”;d gSA 
lkFk esa is;ty rd igq¡p vkSj lrr~ fodkl dk laca/k xgjk gS] blhfy, vkRefuHkZjrk ykus gsrq lrr~ fodkl ds ekxZ ij c<+us ds fy,] 
fdl izdkj ge vius izkd`frd lalk/kuksa dk mi;ksx dj u, fopkjksa dks n`f’Vxr djrs gq, Lons”kh lkbal ewoesaV o leku laLFkkvksa }kjk 
fu/kkZfjr ekunaMksa ds vuqlkj lEeqP; Hkkjro’kZ ls ,df=r ljdkjh ,oa futh {ks=ksa ds oSKkfud] Nk=] ;qok] d`’kd ,oa r`.kewy vUos’kd 
fo”ks’k :Ik ls LoHkk’kk esa vius “kks/k dk;Z ,oa fopkj fujURkj O;Dr djsxasA 

	 bl volj ij izfrHkkvksa ds bl dqaHk ls izdkf”kr cgqHkk’kh; vad fuf”pr :Ik ls ehy dk iRFkj fl) gksxk] ,slh eq>s vk”kk gSaA 
foHkk fnYyh dks ifjokj dk fo”ks’kr% blds loksZPp usr`Ro dk I;kj o leFkZu fufoZokn lnSo jgk gS] bldk eq[; dkj.k gekjh Vhe dk 
dk;Z ds izfr leiZ.k] dk;Z mRÑ’Vrk] bZekunkjh o ikjn”khZ Nfo ds dsUnzhHkwr ekun.Mksa dks LFkkfir djuk vkSj muds fu’iknu dks fo”o&
O;kih cukuk gS] ftlds fy, lHkh lk>snkjksa dks lk/kqoknA 
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lEikndh;lEikndh;
	 ƒ†† o’kkSaZdh cgqçfrf{kr egkdqEHk „å„‡ ds nkSjku ƒ‡ Qjojh „å„‡ dks rhFkZjkt ç;kxjkt Lons”kh lkbUl ewoesUV vkWQ bfUM;k 
Indian Water Works Association ,oa eksrhyky usg: jk’Vªh; çfr;ksxh laLFkku bykgkckn ç;kxjkt ds la;qä rÙo/kku es vk;ksftr 
vkiwfrZ ty ,oa vkif”k’V ty ds çcU/ku ,oa vk/kkjHkwr lajpuk ds çfr lrr~ ,oa lexz –f’Vdks.k ij jk’Vªh; laxks’Bh ds mijkUr bl vad dk çdk”ku 
fulUnsg xkSjo”kkyh {k.k gSA çLrqr vad egkdqEHk „å„‡ mijksä jk’Vªh; laxks’Bh ,oa Hkkjrh; Kku i)fr dks lefiZr gSA dqaHk Luku dk /kkfeZd 
egRo gS] ysfdu blds LokLF; laca/kh igyw Hkh gSa] ftuesa /kkfeZd fo”okl] vk/;kfRed ykHk vkSj “kkjhfjd LokLF; “kkfey gSaA /kkfeZd :i ls] 
dqaHk Luku dks ikiksa ls eqfä vkSj vk/;kfRed “kqf)dj.k ekuk tkrk gS] oSKkfud –f’Vdks.k ls] ;g [kxksyh;] Hkw&pqacdh; vkSj çk—frd dkjdksa 
dk la;kstu gS] tSls fd xzgksa dh fLFkfr vkSj ufn;ksa ds [kfut ;qä tyA dYiokl vkSj vU; vuq’Bkuksa ds ek/;e ls vk/;kfRed vuq”kklu 
vkSj ,dkxzrk dks c<+kok feyrk gSA dqaHk esyk mu pkj LFkkuksa ij vk;ksftr gksrk gS tks i`Foh ds v{kka”k 000 vkSj 30030 ds chp fLFkr gSaA 
;gk¡ ,d fo”ks’k le; ij [kxksyh; fiaMksa ds lajs[k.k ds dkj.k ,d fo”ks’k çdkj dk czãkaMh; ÅtkZ dk laxe eglwl gksrk gSA xaxk unh esa
fgeky;h [kfutksa vkSj tM+h&cwfV;ksa ds dkj.k vkS’k/kh; xq.k gksrs gSaA xaxkty esa lYQj dh mifLFkfr ds dkj.k ;g yacs le; rd [kjkc ugha 
gksrk vkSj blesa gStk] Iysx vkSj eysfj;k tSls dhVk.kqvksa dks u’V djus dh {kerk gksrh gSA dqaHk Luku dks dbZ yksx ekufld vkSj “kkjhfjd 
LokLF; ds fy, Qk;nsean ekurs gSaA ;g “kjhj ds pØksa dks fu;fer djus vkSj HkkoukRed vkSj euksoSKkfud “kkafr çnku djus esa enn djrk 
gSA oSKkfud ekurs gSa fd dqaHk Luku ,d çk—frd oSKkfud çfØ;k gS tks /kkfeZd fo”oklksa ls ijs gS vkSj LokLF; dks c<+kok nsrh gSA

	 oSfnd xzUFk dh jpuk xgu fpUru vkSj furkUr oSKkfud vk/kkj ij fd xbZ gS vk/kqfud foKku dh tuuh Hkh Hkkjrh; /keZ foKku  
gS tks vjc ns”kks ls gksrs gS if”peh ns”kks rd igq¡ph vk/kqfud foKku dk Lo:i xzg.k djds fo”o eas çfrf’Br gqbZ Hkkjr dh xkSjo”kkyh
lkaL—frd ijEijk vkt ds bl thou i)fr ds dkj.k c< jgs ladVks ds fy, jke ck.k gSA orZeku es Hkkjr xsagw /kku xUus lfgr reke —f’k 
ftUlksdk nqfu;k es çeq[k mRiknd ns”k cu x;k gSA nqfu;k ds {ks=Qy dk nks çfr”kr HkwHkkx j[kus okyk Hkkjr vkt uk dsoy vius ;gk¡ 
fuokl djus okyh fo”o dh yxHkx ƒˆ çfr”kr tula[;k dk iks’k.k dj jgk gS vfirq vusd mRiknu fd vkiwfrZ dj oSf”od rU= ij ncko 
dks ?kVkus es Hkh lg;ksx ns jgk gSA mijksä of.kZr laxks’Bh fd ppkZ es tyok;q ifjorZu vk/kkjHkwr lkexzh ,oa fuekZ.k vkif”k’V çcU/ku 
vYi ykxr fuekZ.k ty laj{k.k ,oa vU; ds fo’k;ksa ij ppkZ gqbZ mijksä ppkZ ds QyLo:i tks ifj.kke “kks/ki= ds :i eas çLrqr ds 
mUkessa ls dqN dks bl vad esas çdkf”kr fd;k tk jgk gSA

	 Hkkjrh; Lons”kh foKku vkanksyu ds varxZr M‚ oklq dh çsj.kk ,oa M‚ Hkê ds usr`Ro esa foxr … n”kdksa ls pyk;s tk jgs vfHk;ku 
dh Ja`[kyk esa bl if=dk dk orZeku vad dk çdk”ku Hkkjr ds fofHkUu {ks=ks ,oa Hkk’kkvks¡ ls Losn”kh foKku ,oa lekt dks tksM+dj çcq) 
ys[kdksa ds fopkj] fparu] “kks/kksa ,oa ç;ksxksa dks tuekul rd igq¡pkus ,oa ;qok ys[kdksa ds ekSfyd fopkjksa ,oa “kks/kksa dks foLrkj nsus rFkk 
çpkfjr djus gsrq IysVQ‚eZ çnku djus dk ç;kl gSA bl vad esa ç—fr dk ojnku vkaoyk] tyh; eksMfy³] ;ksx ,oa LokLF;] ty ,oa vif”k’V 
çcU/ku] ty lEcfU/kr bUÝkLVªDpj dk thou pØ ewY;k³~du ls lEcaf/kr ys[k çLrqr gSA foKku Hkkjrh fnYyh dh dk;Zdkfj.kh] ofj’B  
lnL;ksa ,oa if=dk ds lEikndh; eaMy dks eq>s ;g volj nsus gsrq ân; ls vkHkkjA lkFk gh lEekfur ys[kdksa dks muds lfØ; ;ksxnku 
gsrq dksfV /kU;oknA bl if=dk ds çdk”ku esa “kkfey lHkh tuksa dk muds ;ksxnku gsrq ân; ls vkHkkjA =qfV;ksa ds la”kks/ku ,oa ikBdksa ds 
çsj.kkLin lq>ko çksRlkgu gsrq lnSo vkeaf=r gSaA

“kqHkdkeukvksa lfgr lknj &&“kqHkdkeukvksa lfgr lknj &&
fnukad 30]06-2025fnukad 30]06-2025
iz;kxjktiz;kxjkt
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laL—r] laL—fr vkSj Kku&foKku % ,d vuqie laxelaL—r] laL—fr vkSj Kku&foKku % ,d vuqie laxe
Hkkx 11Hkkx 11

oSf”od çxfr esa lrr fodkl ds vk”kZ&lw=oSf”od çxfr esa lrr fodkl ds vk”kZ&lw=

ÞlR;a c`gn~ _reqxza nh{kk riks czã ;K% i`fFkoha /kkj;fUrAÞlR;a c`gn~ _reqxza nh{kk riks czã ;K% i`fFkoha /kkj;fUrA
lk uks HkwrL; HkO;L; iRU;q#a yksda i`fFkoh u% —.kksrqßlk uks HkwrL; HkO;L; iRU;q#a yksda i`fFkoh u% —.kksrqß

						      vFkoZosn 12-1-1						      vFkoZosn 12-1-1

	 vFkoZosn ds i`Foh lwä dk ;g oSfnd Lrks= vk/kqfud ;qx esa lrr fodkl vkSj /kjrh ds Hkfo’; dks lqjf{kr] 
lajf{kr vkSj laof/kZr djus ds fy, ,d leqfpr funsZ”k&lw= gSA vkt tc ekuork fodkl ds cfgeqZ[kh vkSj rhozre iFk ij 
vxzlj gS] rc ogh çkphu “kCn gesa psrkouh vkSj ekxZn”kZu nksuksa nsrs gSaA oSKkfud n”kZu us Hkh ckj&ckj ;gh psrkouh nh gS 
fd fodkl dh iqjkuh y; dks cnyuk gksxkA vkbuLVhu us dgk Fkk] “We cannot solve our problems with the 
same thinking we used when we created them” ¼ge os leL;k,¡ mlh lksp ls gy ugha dj ldrs] ftl lksp ls 
geus mUgsa tUe fn;k½A gesa vk/kqfud foKku&fodkl dh lqbZ dks vk”kZ&–f’V ds vk;ke :ih rjktw ij j[kdj ij[kuk 
vko”;d gks x;k gS fd dSls Hkkjrh; Kku&ijEijk esa vfHkO;ä fl)kUr vkSj uSfrd ijke’kZ oSf”od lrr fodkl ds lPps 
iks’kd vkSj ekxZn”kZd cu ldrs gSaA

vk”kZ rÙo % Ng /kkjdrÙo vkSj mudk vk/kqfud fpUru

vFkoZosn esa crk, x, Ng /kkjd&rÙo & Þc`gr~ lR;] mxz _r] nh{kk] ri] czã vkSj ;KßÞc`gr~ lR;] mxz _r] nh{kk] ri] czã vkSj ;Kß çrhdkRed gksus ds lkFk&lkFk 
O;kogkfjd Hkh gSaA vkb, bUgsa ledkyhu lanHkZ esa le>sa:&

*	 c`gr~ lR; c`gr~ lR; & ikjnf”kZrk] uSfrdrk vkSj vko”;drk :ih lR;rk ij vk/kkfjr y{;A vkt Þfodklß dk ekikad dsoy 
GDP ;k dPps lalk/kuksa dh miyfC/k ij gS ij ;fn fodkl ekin.M lR; ls foeq[k gksa rks og vLFkk;h vkSj ijk/khu curk gSA 
egkRek xka/kh dh ckr ljy vkSj Li’V gS& “Earth can provide enough to satisfy every man’s need, but not 
one man’s greed” vFkkZr~ vko”;drk&vk/kkfjr thou vkSj ykyp dk fu;a=.k lrrrk dh igyh dqath gSA

*	 mxz _r mxz _r & ç—fr ds fu;e] ikfjfLFkfrdh dk larqyuA vk/kqfud foKku us tc _r ¼ç—fr ds fu;e½ dks tkuk] rc 
ekuo us cgqr&lh “kfä ikbZ ijUrq fu;eksa dk mYya?ku djus ij gh fo{kksHk vkSj foink,¡ tyok;q ifjorZu] tSo fofo/krk ºzkl] 
Hkwfe {kj.k vkfn ds :i esa vkbZ gSaA _r dk lEeku gh nh?kZdkfyd thou&/kkjk dh lqj{kk gSA

*	 nh{kknh{kk & vuq’kklu vkSj drZO; ds }kjk vf/kdkj dh çkfIrA vf/kdkjksa dk vFkZ rc gh Li’V gksrk gS tc mlds lkFk 
drZO; tqM+s gksaA nh{kk dk rkRi;Z gS & Kku ds lkFk pfj=] vf/kdkj ds lkFk ftEesnkjhA yksdra= vkSj fodkl rHkh fVdrs gSa 
tc ukxfjdksa esa nh{kk dk rÙo fo|eku gksA lrr fodkl ds fy, vf/kdkj ls iwoZ drZO; ds egÙo dks Li’V fd;k gSA

*	 ri &ri & la;e] yxu vkSj ifjJeA ri oSfnd&ijEijk esa vkRela;e vkSj nh?kZ–f’V dk çrhd gSA miHkksx&laL—fr dks 
fu;af=r djus vkSj lalk/kuksa ds U;k;ksfpr forj.k ds fy, ri vko”;d gSA

*	 czã &czã & lexz Kku] n”kZu vkSj foosdA foKku&çxfr rHkh lkSE; vkSj ekuo&dsfUær cusxh tc mldk ekxZn”kZu czã&cks/k 
¼uSfrd] nk”kZfud foosd½ }kjk fd;k tk,A vr% czã:ih Kku dk fpUru] euu vkSj fufn/;klu ije vko”;d gSA

*	 ;K ;K & ;K ls rkRi;Z ijksidkj] lektdY;k.k vkSj lalk/ku ds iqu#Riknu dh fØ;k ls gSA vr% dgk x;k gS& 
Þ;Kks oS Js”Brea deZAÞ;Kks oS Js”Brea deZAß ;K dsoy vfXu&dqaM ugha ;g og lkekftd O;oLFkk gS ftlesa ltZu ,oa miHkksx dk pØ larqfyr 
:i ls pyrk gS & vk/kqfud “kCnksa esa bls ^ldqZyj bdksu‚eh*^ldqZyj bdksu‚eh* vkSj lkeqnkf;d lgHkkfxrk dg ldrs gSaA

Hkkjrh; fpUru esa ^/kkj.k{ke* dk okLrfod vFkZ /kkj.k{ke (Sustainability) dsoy rduhdh “kCn ugha Hkkjrh; n”kZu esa ;g 
thou&vk/kkj dks lajf{kr djus dh ltho vo/kkj.kk gSA dqN ewy fl)kUr tks ;gk¡ ls çkIr fd, tk ldrs gSa&

1-	 lgthoulgthou (Interconnectedness) & Þç—fr esa dqN Hkh vdsyk ughaß & ;g oSfnd rFkk ckSf)d psruk dk ewy gSA 
ekuo] ou] ty] ok;q vkSj tho ,d tky gSa fdlh ,d /kkrq dk fo?kVu lEiw.kZ ra= dks çHkkfor djrk gSA

2-	 ferO;f;rk ¼ferO;f;rk ¼ModerationModeration½½ & vfr fu”ks/k; ftruk gksuk pkfg, mruk ghA ;g miHkksx&fu;U=.k vkSj vko”;drk&
fu/kkZj.k dk ekxZ fn[kkrk gSA
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3-	 drZO;ijd thou ¼drZO;ijd thou ¼Duty & centric livingDuty & centric living½½ & vf/kdkjksa ds lkFk drZO; dk lE;d~ lek;kstu thou dks lE;d~ fn”kk ,oa 
lqLi’V fpUru çnku djrk gSA

4-	 yksd&fgr ij cy ¼yksd&fgr ij cy ¼Collective welfareCollective welfare½½ & [kqn ds ykHk ds lkFk&lkFk leqnk; vkSj i`Foh&fgr dk leUo; nh?kZdkyhu 
fodkl ds ekxZ dks ç”kLr djrk gSA

5-	 nh?kZdkfyd y{; ¼nh?kZdkfyd y{; ¼Long term visionLong term vision½ ½ & vYidkfyd ykHk dh pkg esa nh?kZdkfyd ladV mRiUu djuk Hkkjrh; rdZ&fufUnr gSA
i;kZoj.k ysf[kdk jkpsy dklZu us dgk] “In nature nothing eists alone” bu fopkjksa dk esy oSfnd&uSfrdrk ls gekjs fy, Li’V 
fu’d’kZ nsrk gS fd cM+k ;k rst fodkl Lo;a esa y{; ugha] cfYd larqfyr] U;k;laxr vkSj lkeqnkf;d le`f) y{; gksuh pkfg,A Hkkjr dh 
viuh fopkj/kkjk,¡ LokoyEcu] lhfer miHkksx] xzkeLojkT; dh dYiuk] nhun;ky mik/;k; dk lexz ekuookn vkSj Lokeh n;kuUn ds 
^osnksa dh vksj ykSVks*^osnksa dh vksj ykSVks* ;s lHkh crkrs gSa fd fodkl dk ekxZ ;fn lkewfgdrk] loksZi;ksxh] lk/kqRo ,oa O;kid –f’V vkSj ç—fr&lEeku ij 
fVdk gks rks gh og lrr cu ldrk gSA

orZeku fo”o & ;q) dh vk”kadk vkSj va/kk/kqu nkSM+ ls mitk vfo”okl
21oha lnh dh oSf”od jktuhfr esa çfrLi/kkZ vkSj vleatl c<+s gSaA lalk/kuksa ds fy, yM+kbZ ,oa lkezkT;okn] j.kuhfrd ncko vkSj vkfFkZd 
Js’Brk dh gksM+ us jk’Vªksa ds chp vfo”okl dk okrkoj.k iSnk dj fn;k gSA ;q) ;k lSU; la?k’kZ dh vk”kadk u dsoy rkRdkfyd ekuoh; 
ewY; u’V djrh gS] oju~ nh?kZdkfyd lalk/kuksa vkSj i;kZoj.k dks Hkh çR;{k ;k vçR;{k :i ls {kfr igq¡pkrh gSA lsuk vkSj gfFk;kjksa dh 
dHkh u [kRe gksus okyh nkSM+ esa gksus okyk [kpZ LokLF;] f”k{kk vkSj i;kZoj.k laj{k.k ls gh Nhuk tkrk gS & ;gh dkj.k gS fd laj{k.k&
fopkjd ^fodkl dh uSfrdh* ij ckj&ckj tksj nsrs gSaA tc fdlh lekt esa Hkjkslk ?kVrk gS] rc lg;ksx dh lEHkkouk,¡ lw[krh gSa vkSj 
lc dqN viuh&viuh lqjax esa Q¡l tkrk gSA vr% oSf”od “kkafr&ç;kl] lkewfgd lqj{kk ,oa fo”okl&fuekZ.k gh lrr fodkl ds fy, 
vifjgk;Z iwokZis{kk,¡ gSaA
Hkfo’; dh /kjrh dSlh gks & ,d oSfnd –f’V

;fn ge vk”kZ&lw=ksa dks vkRelkr~ djrs gSa rks Hkfo’; dh /kjrh dqN bl çdkj gksxh&
*	 tSo fofo/krk le`) gksxh; —f”k fofo/kh—r vkSj ikfjfLFkfrd :i ls laosnu”khy gksxhA
*	 ÅtkZ lzksr uohdj.kh; vkSj LFkkuh; Lrj ij miyC/k gksaxs cM+s ifjek.k ds fouk”kdkjh [kuu vkSj tyok;q&fouk”kd m|ksxksa dk 
LFkku lrr rduhd vkSj leqnk;&vk/kkfjr mRiknu ysxkA
*	 lkekftd lajpuk,¡ vf/kd lekos”kh gksaxh f”k{kk vkSj LokLF; lcds fy, lqyHk gksaxsA
*	 vFkZO;oLFkk ̂ fodkl ds xq.kkad* dks dsoy mRiknu ugha cfYd thou&xq.koÙkk] i;kZoj.k&LokLF; rFkk lkeqnkf;d dY;k.k ls vk¡dsxhA
*	 ;g /kjrh dsoy HkkSfrd :i ls le`) ugha] cfYd thou&çkfIr dh xq.koÙkk vkSj vkUrfjd r`fIr esa lEiUu gksxhA
vr% thou dks lqfo/kkiw.kZ cukus ds Js’B Hkkjrh; mik; djus gksaxsA Hkkjrh; pfj= esa fufgr dqN O;kogkfjd mik; ;FkkFkZ :i ls thou 
dh xq.koÙkk c<+k ldrs gSaA LokLF; ds LFkkf;Ro ds fy, ;ksx vkSj vk;qosZn dk lesfdr ç;ksx] i`Foh dh moZj{kerk dks lrr cuk, j[kus ds 
fy, LFkkuh; —f’k o —f’k fofo/khdj.k] ihus ;ksX; ty dh i;kZIr miyC/krk ds fy, ty laj{k.k dh çkphu ,oa oSKkfud i)fr;k¡] ok;q 
vkSj çdk”k ds lnqi;ksx ,oa lkeqnkf;d&Lisl ds laj{k.k ds fy, ijEijkxr okLrq vkSj uxj&fu;kstu] “Vocal for local” ds }kjk 
xzke m|e vkSj LFkkuh; f”kYi dks c<+kok nsus ds fy, lkeqnkf;d vFkZO;oLFkk] vif”k’V dk iqu% mi;ksx] tSo&m|ksxhdj.k] [kir&fu;U=.k 
ds fy, ldqZyj bdksu‚eh vkfn mik; u dsoy thou dks lqfo/kktud cuk,¡xs] cfYd mls vFkZiw.kZ vkSj LFkk;h Hkh cuk;saxsA

	 vr% Hkkjr dh vk’kZ&fopkj/kkjk] ftldk lkj Þleqnk;] la;e vkSj lR;Ek~ß ij fVdk gS] oSf”od uhfr&fuekZ.k esa ,d uSfrd vkSj 
O;kogkfjd fodYi çLrqr dj ldrh gSA ;g usr`Ro dsoy /kkfeZd ;k lkaL—frd xtZuk ugha vfirq Kku&vk/kkfjr] oSKkfud le> ls 
ifjiw.kZ gSA oSf”od eap ij ;fn Hkkjr ^y?kq] lesfdr] vkSj lgthoh* e‚My dk çLrko j[ks rks og dsoy vkn”kZ ugha] ijUrq O;kogkfjd 
lek/kku Hkh ns ldrk gS] fo”ks’kdj mu jk’Vªksa ds fy, tks lalk/ku&ncko vkSj lkekftd vlarqyu esa gSaA

	 vUr esa dg ldrs gSa fd fodkl dh fujUrj /kkjk rHkh çokfgr gksxh] tc fodkl dh lksp O;kid (holistic) lkoZHkkSfed
(universal)] loZlqyHk (Accessible) vkSj loZLohdk;Z ¼Ethically acceptable½ gksA ;g pkj uki&rkSy dsoy uhfr&funsZ”k ugha] 
cfYd ekuork dk uSfrd djkj gSaA ;fn ge c`gr~ lR;] mxz _r] nh{kk] ri] czã vkSj ;K & bu vk”kZ /kkj.kkvksa dks vius O;fäxr 
thou] laLFkkxr uhfr;ksa vkSj oSf”od le> esa LFkku nsa] rks /kjrh dk Hkfo’; lqjf{kr gks ldrk gSA vUr esa] jke ds “kCn ;kn j[ksa Þvfi Þvfi 
Lo.kZe;h yadk u es y{e.k jksprsA tuuh tUeHkwfe’p LoxkZnfi xjh;lhAßLo.kZe;h yadk u es y{e.k jksprsA tuuh tUeHkwfe’p LoxkZnfi xjh;lhAß HkkSfrd oSHko dk eksg gesa viuh tM+ ls vyx djrk gS ij tc 
ge viuh Hkwfe] viuh lw>&cw> vkSj vius vkpkj dk lEeku djsaxs rks gh Hkfo’; dk mTToy vkSj fVdkÅ fodkl laHko gSA vk/kqfud 
foKku vkSj çkphu vk’kZ&cqf) dk leUo; & ;gh gekjh vk”kk gS] ;gh gekjh ftEesnkjh gSA

bfr vyEk~bfr vyEk~
M‚- vk”kqrks’k ikjhd dh ys[kuh lsM‚- vk”kqrks’k ikjhd dh ys[kuh ls
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vkaoyk o`{k % vkaoyk o`{k % 
ikjaifjd Hkkjrh; vk;qosZfnd vkS"kf/k;ksa ds fy, ç—fr dk ojnkuikjaifjd Hkkjrh; vk;qosZfnd vkS"kf/k;ksa ds fy, ç—fr dk ojnku  

M‚- eukst dqekj jkorM‚- eukst dqekj jkor
ouLifr foKku foHkkxouLifr foKku foHkkx

lezkV i`Fohjkt pkSgku jktdh; egkfo|ky;] vtesj& jktLFkkulezkV i`Fohjkt pkSgku jktdh; egkfo|ky;] vtesj& jktLFkku
bZesy% bZesy% manojrwt4@gmail.commanojrwt4@gmail.com

ys[kd ifjp;ys[kd ifjp;

	 ys[kd ouLifr foKku ds lgvkpk;Z gSa vkSj orZeku esa lezkV i`Fohjkt pkSgku jktdh; egkfo|ky; vtesj] jktLFkku esa dk;Zjr 
gSaA mUgsa 23 o"kksaZ ls vf/kd dk f'k{k.k vuqHko gSA mUgksaus egf"kZ n;kuan ljLorh fo'ofo|ky;] vtesj ¼jktLFkku½ ds ouLifr foKku 
foHkkx ds iwoZ foHkkxk/;{k ,oa çksQslj lqjs'k dqekj ekguk ds ekxZn'kZu esa viuh ih,p-Mh- iwjh dh] tks çfrmRifjorZtfurk ds {ks= 
esa dk;Zjr gSaA mUgksaus lkblj ,fjVsfu;e ¼puk½ esa ,fECydk v‚fQflusfyl ¼vk¡oyk½ vkSj VfeZufy;k pscqyk ¼gjM+½ ds çk—frd Qy 
ds lRo dh çfrmRifjorZtu xfrfof/k ds {ks= esa ,d çeq[k vUos"kd ds :i esa ,d y?kq 'kks/k ifj;kstuk Hkh iwjh dh gSA mudh #fp 
ds {ks= ikni vk—fr foKku] ikniofxZdh] iknifo—fr foKku] lw{e tho foKku] vkuqoaf'kdh vkSj tSo çkS|ksfxdh gSaA

	 M‚- jkor us ,aft;ksLieZ eksjQksyksth] ,ukVksseh vkWQ ,aft;ksLieZ uked iqLrds vkSj jk"Vªh; ,oa varjkZ"Vªh; if=dkvksa esa dbZ 'kks/k 
i= çdkf'kr fd, gSaA thou foKku ds {ks= esa muds ;ksxnku ds fy,] lruk ¼e/; çns'k½ fLFkr lkslkbVh v‚Q ykbQ lkbalst us mUgsa 
ekun Qsyksf'ki ¼,Q-,l-,y-,llh-½ ls lEekfur fd;k gSA mUgksaus dbZ varjkZ"Vªh; vkSj jk"Vªh; lEesyuksa esa Hkkx fy;k gS vkSj 'kks/k i= çLrqr 
fd, gSaA

vkaoyk o`{k% ,d ifjp;vkaoyk o`{k% ,d ifjp;

	 vkaoyk ,d i.kZikrh y?kq 'kq"d ns'kh; Hkkjrh; o`{k gS tks çk—frd :i ls Hkkjr ds fofHkUu Hkkxksa esa ik;k tkrk gSSaA bldk Qy 
fuLlansg iks"kd rRoksa dk HkaMkj gSA ;g tM+h&cwVh cgqeq[kh vkSj peRdkjh LokLF; ykHkksa ls Hkjiwj ,d NksVk lk cgqr gh Lokfn"V Qy 
gSA vkaoyk dks Hkkjrh; djkSnk Hkh dgk tkrk gSA oS';] vkeydh] o`";] tkfrQy] f'ko] /kk=hQy] JhQy vkSj ve`rQy bl tM+h cwVh 
ds fofHkUu i;kZ;okph 'kCn gSaA vkaoys dk okuLifrd uke ,fECydk v‚fQfluSfyl flu- fQySaFkl ,fECydk fyuu- gSA ;g nqfu;k 
dh lcls çfl) tM+h&cwVh vkSj foVkfeu lh ls Hkjiwj [kk| Qy gSA vkaoyk bl foVkfeu dk lcls vPNk çk—frd lzksr gS tks Ropk 
dks LoLFk j[kus vkSj 'kjhj dh çfrj{kk ç.kkyh dks etcwr djus esa enn djrk gSA ;g ,d cgqr vPNk ,aVhv‚DlhMsaV Hkh gS tks 
mez c<+us dks jksd ldrk gS vkSj dksf'kdh; lajpuk dks fQj ls thoar djds bls yacs le; rd ;qok vkSj LoLFk j[k ldrk gSA 
;g tM+h&cwVh gekjs 'kjhj dks lnhZ&[kkalh tSlh thok.kq vkSj ok;jy chekfj;ksa ls cpkrh gSA

lkekU; ukelkekU; uke 
**	 /kk=h vkeydk vkfnQyk ¼laL—r½			   **	 vkaoyk] vkefydk] vkaoyk ¼fganh½
**	 usYyh] ekyusYyh ¼rfey½				    **	 veyDdeq] mflfjdkbZ ¼rsyqxq½
**	 veyd] csêkMsusyh ¼dUuM+½				   **	 veyh] vackyk ¼xqtjkrh½
**	 vkaoyk] veydh ¼caxkyh½				    **	 usYyh ¼ey;kye½
**	 Hkkjrh; djkSnk ¼vaxzsth½
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HkkSxksfyd forj.kHkkSxksfyd forj.k
	 vkaoyk fo”o ds m".kdfVca/kh; vkSj miks".kdfVca/kh; rFkk 
e/; çns'k ds i.kZikrh taxyksa esa çpqj ek=k esa çk—frd :i ls 
mxrk gSA ;g {k;xzLr Hkwfe tSls yo.k&çHkkfor feêh] yo.kh; 
vkSj 'kq"d o v/kZ&'kq"d {ks=ksa esa mx tkrk gSA
vkaoys dk oxhZdj.k vkaoys dk oxhZdj.k 
* * txr% IykaVh			   * * izHkkx% ,aft;ksLieZ
* * oxZ% MkbdksfVfyMuh 		  * * fljht% ;wfulSDlq,sfyt
* * dqy% ;wQksZjfc,slh		  * * oa'k% ,fECydk 
* * tkfr% v‚fQfluSfyl	

o`{k dh vk—fr foKku o`{k dh vk—fr foKku 

	 ;g o`{k vkdkj esa NksVs ls e/;e Å¡pkbZ dk gksrk gS] tks 
yxHkx 1 ls 8 ehVj rd gksrh gS ¼fp= 1½A eq[; 'kk[kkvksa ij lQsn 
jax dh Nky gksrh gSaA bldh 'kk[kk,¡ l?ku tks 10&20 lseh yach gksrh 
gSaA ifÙk;k¡ 'kk[kkvksa ds lkFk ?kuh gYds gjs jax dh fiUusV vk;rkdkj 
gksrh gSaA Qwy gjs&ihys jax ds gksrs gSa tks ifÙk;ksa ds uhps xqPNks esa 
yxrs gSaA Qy yxHkx xksykdkj tks yxHkx 1 ls 2 lsaVhehVj ls 
ysdj 4 ls 8 lsaVhehVj O;kl rd gks ldrs gSaA Qyks dk vkSlr 
otu 60&70 xzke gksrk gS vkSj ;g gYds gjs&ihys jax ds tks fn[kus 
esa fpdus vkSj dBksj gksrs gSaA Qy Ng [kM+h /kkfj;k¡ ;k [kkaps okys 
gksrs gSaA Qy ds dasfnz; Hkkx esa xqByh ik;h tkrh gSa tks [kkus ;ksX; 
ugha gSaA xqByh ds vanj cht ik;k tkrk gSaA ;g cht Hkh Qy dh 
rjg Ng [kM+h js”ks;qDr /kkfj;k¡ ;k [kkaps okys gksrs gSaA ;s Qy 'kjn 
_rq esa id dj rS;kj gks tkrs gSa ftUgs Åijh 'kk[kkvksa ij p<+us ds 
ckn gkFk ls rksM+k tkrk gSA vk;qosZn ds vuqlkj vkaoyk ds Qy Lokn 
esa [kêk] dM+ok vkSj dlSyk gksrk gS vkSj ;g dkQh js'ksnkj gksrk gSA 

 
fp= 1 vkaoyk o`{kfp= 1 vkaoyk o`{k

vkaoyk dh ckxokuhvkaoyk dh ckxokuh

	 bldh ckxokuh ds fy, xeZ vkSj 'kq"d tyok;q mi;qä gSA 
blds fy, vPNh ty fudkl okyh] xgjh cyqbZ&nkseV feêh dh 
vko';drk gksrh gSA vkaoyk dh [ksrh tqykbZ ls flracj ds eghus esa 
dh tkrh gSA bl gsrq ebZ&twu ds eghus esa 1 ehVj xgjk oxkZdkj 
xìs [kksnsa vkSj lwjt dh jks'kuh esa 15&20 fnuksa ds fy, [kqyk NksM+ 
nsaA çR;sd xïs esa 20 fdyksxzke tSfod [kkn ¼dsapqos dh [kkn ;k 
dEiksLV [kkn½ 5 fdyksxzke ckyw] 3 fdyksxzke ftIle] 3 fdyksxzke 
uhe dh [kyh vkSj 500 xzke Vªk;dksMekZ ikmMj feykuk pkfg,A 
dfy;ksa okys ikS/kksa dks 5&5 ehVj ds Qklys ij ueh;qä xïs esa 
jksikbZ djsa vkSj fu;fer :i ls flapkbZ djsaA O;kolkf;d [ksrh ds 
fy, vkaoyk dh dbZ mUur fdLesa miyC/k gSa] tks csgrj mit] Qy 
vkdkj vkSj jksx çfrjks/kd {kerk çnku djrh gSaA dqN yksdfç; 
fodYiksa esa pdS¸;k] cukjlh] Ýkafll] —".kk] dapu] ujsaæ vkaoyk 6] 
7] 10] xaxk ,oa Hkokuhlkxj 'kkfey gSaA vkaoyk dk isM jksi.k ds 

nks lky ckn Qy nsuk 'kq: dj nsrk gSA Qyksa dh rqMkbZ Qjojh ds 
nkSjku dh tkrh gS tc os gYds gjs jax ls gYds gjs&ihys jax ds gks 
tkrs gSaA yxHkx 10 o"kZ dk ,d ifjiDo isM 50&70 fdyksxzke Qy 
nsxkA 1 fdyksxzke esa yxHkx 15&20 Qy gksrs gSaA vPNh rjg ls 
j[k j[kko fd;k x;k isM 70 o"kksZ rd mit nsrk gSA

vkaoyk Qy ds ikjaifjd vkS"k/kh; mi;ksxvkaoyk Qy ds ikjaifjd vkS"k/kh; mi;ksx

	 ikjaifjd Hkkjrh; fpfdRlk i)fr esa lcls T;knk vk;qosZfnd 
vkS"kf/k;ksa esa bl oukS’kf/k ikS/ks ds lw[ks vkSj rkts Qyksa dk mi;ksx fd;k 
tkrk gSA Hkkjrh; çkphu xzUFkksa tSls pjd lafgrk] lqJqr lafgrk] fu/k.Vq 
osn iqjk.kkas esa vkaoys dks çeq[k LFkku fn;k x;k gSaA vk;qosZn esa vkaoyk 
dk mi;ksx 'kjhj dh rhu çeq[k 'kfä;ksa ¼f=nks"k½ vFkkZr okr] fiÙk 
vkSj dQ dks larqfyr djus ds fy, fd;k tkrk gS ¼fp= 2½A vkaoyk 
flQZ ,d Qy gha ugh gS vfirq ;g ,aVhv‚DlhMsaV~l] t:jh iks"kd 
[kfut rRoksa tSls dSfY'k;e] Q‚LQksjl vkSj vk;ju] foVkfeu , vkSj 
ch&d‚EIysDl ls Hkjiwj ,d NksVk lk ikoj gkml gSaA ;s 'kjhj dks 
çk—frd lqj{kk dks etcwr djus vkSj le; ds lkFk dksf'kdkvksa dks 
uqdlku igq¡pkus okys gkfudkjd v.kqvksa] eqä d.kksa ls yM+us ds fy, 
,d csgrjhu fodYi gSA vk;qosZn ds vuqlkj ls ;g lexz fl)karksa ds 
lkFk iwjh rjg esy [kkrk gS vkSj gekjs laiw.kZ LokLF; ds fy, ykHkksa dk 
[ktkuk çnku djrk gSA ;g tcjnLr jksx çfrjks/kd {kerk] lqpk# 
ikpu] çlUu ân;] nedrh Ropk] ?kus dkys cky vkSj ;gk¡ rd 
fd csgrj ekufld LokLF; esa vkaoyk okLro esa ,d cgq&dk;Zdkjh 
Qy peRdkjh gSA bl cgqeq[kh lkexzh dks viuh fnup;kZ esa 'kkfey 
djds] bldh iwjh {kerk dk ykHk mBk ldrs gSa vkSj ,d LoLFk] 
larqfyr thou dk vuqHko dj ldrs gSaA ikS/ks ds lHkh Hkkxksa dk 
mi;ksx ftuesa tM] Qy] cht] iÙks] Nky vkSj Qy&Qwy  'kkfey 
gSa budks fofHkUu vk;qosZfnd vkS"kf/k;ksa dks cukus esa fd;k tkrk gSa 
ftlesa lcls mYys[kuh; :i ls P;ouçk'k uked ,d çkphu gcZy 
jlk;u esa ;g çkFkfed ?kVd gSA vkaoys ij fd, x, xgu 'kks/k 
blds yxHkx lHkh ç'kaflr xq.kksa ,aVhv‚DlhMsaV] ,aVhdkjflukstsfud 
¼dSalj uk”kd½] ,aVhE;wVktsfud ¼mRifjorZu uk”kd½] bE;wukse‚MqysVjh] 
ruko&jks/kh dh iqf"V djrs gSaA vkaoyk Qy foVkfeu lh dk ,d 
cgqr le`) lzksr gS ftlesa ,Ld‚fcZd ,flM dh ek=k lokZf/kd ¼700 
feyhxzke izfr 100 xzke½ gksrh gS tks larjs ls 20 xquk T;knk gSaA 
çkphu Hkkjr esa ;g ekuk tkrk Fkk fd vkaoys esa lHkh jl lekfgr 
gksrs gSa] blfy, ;g vejrk çnku dj ldrk gSA blfy,] vkaoys 
dks ,d ^^jlk;u^^ ekuk tkrk gS tks cq<+kik jks/kh xq.kksa ls ;qä gSA 

fo|knkeyds lokZu~ jlkaYyouoftZrkUkAA147AAfo|knkeyds lokZu~ jlkaYyouoftZrkUkAA147AA
:{ka Loknq d’kk;kEya dQfiÙkgja ijEk~A:{ka Loknq d’kk;kEya dQfiÙkgja ijEk~A

	 mijksä 'yksd pjd lafgrk ds lw= LFkku esa dqy 30 v/;k; 
gSa ftlds v/;k; 27 ls fy;k x;k gSA bl 'yksd esa vkaoys dh 
fo'ks"krk crkbZ xbZ gS fd blesa ued dks NksM+dj lHkh ikapksa jl ekStwn 
gSaA ;g dQ vkSj fiÙk dk larqyu cukus esa enn djrk gSA

 
fp= 2 Hkkoizdk”kfu?k.Vq ds “yksd 39 esa vkaoys ds Qy dk fp= 2 Hkkoizdk”kfu?k.Vq ds “yksd 39 esa vkaoys ds Qy dk 

vkS"k/kh; mi;ksxAvkS"k/kh; mi;ksxA
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vkaoyk Qy ds LokLF; ykHk vkaoyk Qy ds LokLF; ykHk 
*	 jksx çfrjks/kd {kerk%jksx çfrjks/kd {kerk% foVkfeu lh ls Hkjiwj ek=k gks us ds 
dkj.k ;g vkidh jksx çfrjks/kd {kerk dks c<+k ldrk gSA ;g 'osr 
jä dksf'kdkvksa dks Hkh c<+krk gS tks 'kjhj ls fo"kkä inkFkksaZ dks ckgj 
fudkyus esa enn djrs gSaA ;g 'kjhj esa ços'k djus okys lw{ethoksa 
dks ekjdj gekjs 'kjhj dks dbZ jksxksa ls lqj{kk çnku djrk gSaA ;g 
gesa fofHkUu ok;jy] Qaxy vkSj cSDVhfj;y laØe.kksa ls cpkrh gSA

*	 ân; LokLF;% ân; LokLF;% ;g gekjs ân; LokLF; ds fy, cgqr vPNk gSA 
D;ksafd ;g gekjs ân; dh /kefu;ksa dks etcwr vkSj eksVk cukrk gSA 

*	 Ropk] elqMksa] nkrksa vkSj ckyksa dk LokLF;% Ropk] elqMksa] nkrksa vkSj ckyksa dk LokLF;% ;g Ropk] 
elqMksa] nkrksa vkSj ckyksa ds LokLF; ds fy, Hkh ykHkizn gSa tks lh/ks gh 
foVkfeu lh ds lsou ij fuHkZj djrk gSA bldh deh ls LdohZ jksx 
gks tkrk gSaA foVkfeu lh dh Hkjiwj ek=k gksus ds dkj.k ;g dksystu 
dks lgh rjhds ls dke djus esa enn djrk gS] ftlls gekjh Ropk] 
elqMs] nkar o ckyksa dh xq.koÙkk esa lq/kkj gksrk gS vksj ;s dlh gqbZ 
curh gSA ;g gesa pednkj >qjhZjfgr Ropk ftlls ge ;qok fn[krs 
gSa bl izdkj ;g >qfjZ;ksa] dkys ?ksjksa vkSj c<+rh mez ds vU; 
y{k.kksa dks de djus esa enn djrk gS ftldh vkt ds le; ges'kk 
ls [okfg'k gksrh gSaA bl gsrq vki Qy ds ikmMj dks ngh esa 
feykdj Qsl ekLd dh rjg yxk ldrs gSaA ckyksa ds fy, czkgeh 
vkaoyk ds”k rSy dk Hkh mi;ksx djrs gSaA

*	 lwtu] cq[kkj de djus esa o jä 'kks/ku%lwtu] cq[kkj de djus esa o jä 'kks/ku% vk;qosZfnd fpfdRlk 
ç.kkyh ds vuqlkj] vkaoys esa ekStwn ,aVhv‚DlhMsaV Ýh jsfMdYl 
dks csvlj djus esa vR;ar vljnkj gSa D;ksafd 'kjhj esa ekStwn Ýh 
jsfMdYl tks ewy :i ls lHkh chekfj;ksa dh tM+ gS ;s jksx çfrjks/kd 
{kerk dks Hkh detksj djus ds lkFk gh lwtu Hkh iSnk djrs gSa 
vr% ;s 'kjhj esa lwtu] cq[kkj de djus esa o jä 'kks/ku esa Hkh 
enn djrs gSaA ;g tM+h&cwVh gekjs 'kjhj dks lnhZ&[kkalh tSlh 
thok.kq vkSj ok;jy chekfj;ksa ls cpkrh gSA

*	 cq<+kik uk”kd% cq<+kik uk”kd% vkaoyk vius ,aVhv‚DlhMsaV xq.kksa ds ek/;e ls 
'kjhj esa Ýh jsfMdYl dh la[;k dks de djrk gSA ;g Ropk dh 
>qfjZ;ksa] vkWa[kksa ij dkys ?ksjksa vkSj c<+rh mez ds vU; y{k.kksa dks de 
djus esa enn djrk gSA ;g 'kjhj dks ijkcSaxuh fofdj.kksa ls Hkh 
cpkrk gSA bl izdkj vkaoyk lcls vPNh ,aVh&,ftax tM+h cwVh gSA

*	 LoLFk ikpu ra=%LoLFk ikpu ra=% vkaoyk dk Qy dkQh js'ksnkj gksrk 
gS tks LoLFk ikpu ra= ds fy, vko”;d gSa ;g dCt] ,flfMVh 
vkSj isV ds vYlj ls gesa cpkrk gSaA

*	 e/kqesg uk”kd% e/kqesg uk”kd% vkaoys esa lw{e rRoksa ds Hkjiwj ek=k gksrh gS 
ftlesa Øksfe;e dk çeq[k LFkku gS tks e/kqesg uk”kd ds :i esa dk;Z 
djrk gSaA ;g jä 'kdZjk ds Lrj dks fLFkj j[kus ds fy, ykHkdkjh 
gaSS] tks Vkbi 2 e/kqesg okys yksxksa ds fy, Qk;nsean gks ldrk gSaaaSA

*	 çfrj{kk esa lq/kkj%çfrj{kk esa lq/kkj% vkaoys ds Qyksa esa thok.kqjks/kh vkSj dlSys 
xq.k ds dkj.k ;g 'kjhj dh çfrj{kk ç.kkyh dks csgrj cukus esa enn 
djrs gSaA vkaoyk 'osr jä dksf'kdkvksa dks Hkh c<+krk gS tks 'kjhj esa 
izos”k djus okys jksxdkjh lw{ethoksa dk Hk{k.k djds gekjs 'kjhj dks 
jksxksa ls cpkusa o fo"kkä inkFkksaZ dks ckgj fudkyus esa enn djrs gSaA

*	 ckyksa dh ns[kHkky% ckyksa dh ns[kHkky% çkphu dky ls gh ikjaifjd Hkkjrh; 
fpfdRlk i)fr esa ckyksa dks LoLFk j[kus ds fy, vkaoyk] jhBk] f'kd-
kdkbZ] Hk`axjkt vkSj xqM+gy ds Qwy ds ikmMj dk ç;ksx dkQh fd;k 
tkrk gS tks lHkh ckyksa ds fy, ,d Vksuj ds :i esa Hkh tkuk tkrk gSaA 

;g ckyksa dh tM+ksa dks etcwr cukrk gS vkSj ckyksa dk jax dkyk cuk, 
j[krk gSA vkaoys ds thok.kqjks/kh xq.k gksus ds dkj.k :lh ls yM+us 
esa enn djrs gSaA ;g :lh vkSj ckyksa ds >M+us dks de djus esa Hkh 
lgk;d gSaA ;g vius ,aVhv‚DlhMsaV vkSj vk;ju ls Hkjiwj gksus ds dkj.k 
dbZ 'kSaiw vkSj daMh'kuj esa bLrseky fd;k tkrk gSA 

*	 ruko fuokjd ds :i esa%ruko fuokjd ds :i esa% foVkfeu lh ls Hkjiwj 
ek=k gksus ds dkj.k vkaoyk ,d csgrjhu ruko fuokjd gS tks uhan 
ykus vkSj fljnnZ ls jkgr fnykus esa enn djrk gSA

*	 vka[k esa lq/kkj%vka[k esa lq/kkj% dSjksVhu dh Hkjiwj ek=k gksus ds dkj.k vkaoyk 
–f"V laca/kh leL;kvksa ij vius 'kfä'kkyh çHkko ds fy, tkuk 
tkrk gSA vkaoys vkSj 'kgn ls cuk ;g feJ.k –f"V] fudV –f"V nks"k 
vkSj eksfr;kfcan esa lq/kkj djus esa enn djrk gSA

*	 'olu LokLF;%'olu LokLF;% ;g [kkalh] Vhch] xys ds laØe.k vkSj ¶yw dks 
de djus esa enn djrk gSA bldk mi;ksx vkokt] xys dh [kjk'k 
vkSj xys ls lacaf/kr fofHkUu fodkjksa ¼daBî½ dks Bhd djus ds fy, 
fd;k tkrk gSA

*	 ,uhfe;k uk”kd%,uhfe;k uk”kd% vk;ju dh Hkjiwj ek=k gksus ds dkj.k 
vkaoyk ,uhfe;k dks de djus esa enn djrk gSA 

*	 ew=o/kZd%ew=o/kZd% vkaoyk ew=o/kZd Hkh gksrk gSA bldk eryc gS fd 
vkaoyk is'kkc dh ek=k vkSj vko`fÙk c<+kus esa enn djrk gS ftlls 
'kjhj ls fo"kkä inkFkksaZ dks ckgj fudkyus esa enn feyrh gSA  

*	 ekufld LokLF;%ekufld LokLF;% vkaoys dk nSfud lsou raf=dk LokLF; 
dks csgrj cukrk gS ftlls jä çokg lqpk: :i ls pyrk gSA vkaoyk 
,dkxzrk vkSj Lej.k 'kfä dks csgrj cukus esa Hkh enn djrk gSA ;g 
euksHkza'k vkSj vYtkbej tSlh chekfj;ksa ls cpko esa enn djrk gSA 

*	 otu çca/ku % otu çca/ku % vkaoyk mikip; dks c<+kok nsus ds fy, 
tkuk tkrk gS ftlls 'kjhj dh pchZ de djus esa enn feyrh 
gSA nSfud vkgkj esa vkaoyk 'kkfey djus dh lykg nh tkrh gSA

*	 ,aVhdkjflukstsfud ¼dSalj uk”kd½ %,aVhdkjflukstsfud ¼dSalj uk”kd½ % vkaoys ij fd, x, xgu 
'kks/k ds vk/kkj ij blds Qy eas dSalj uk”kd xq.k ik;s tkrs gSaA bldk 
Qy vusd ikni&jlk;uksa] ftuesa çk—frd foVkfeu lh ds lkFk 
,ykftd vEy] ,fECykdkfuu ,] ,ECykdkfuu ch] xSfyd vEy] 
fQykaVkbu] DosjlsfVu vkSj fQykafVMkbu 'kkfey gSaA ;s 'kjhj esa 
ekStwn Ýh jsfMdYl dks csvlj djus esa vR;ar vljnkj gSa ftlls 
dksf”kdk lkekU; :Ik ls dk;Z djrh gaSA 

vkaoyk ds Qy dk iks’kd la?kVu vkaoyk ds Qy dk iks’kd la?kVu 
	 vkaoys ij fd, x, xgu 'kks/k ds vk/kkj ij blds Qy 
¼fp= 3½ esa larjs ds Qy dh rqyuk esa yxHkx 20 xquk vf/kd 
foVkfeu lh gksrk gSA çR;sd 100 xzke [kkus ;ksX; Qy esa 700 
feyhxzke foVkfeu lh gksrk gSA Qyksa esa ueh] çksVhu] olk] [kfut 
rRo] js'ks vkSj dkcksZgkbMªsV gksrs gSaA blesas [kfut rRo ds :i 
dSfY'k;e] Øksfe;e] Q‚LQksjl] vk;ju 'kkfey gSaA foVkfeu lh ds 
vykok blesas dSjksVhu] Fkk;feu vkSj jkbcks¶ysfou Hkh ik;s tkrs gSaA 
vkaoyk ij gky gh esa fd, x, ,d v/;;u esa blds etcwr 
,aVhv‚DlhMsaV xq.kksa dk Js; blds NksVs vk.kfod Hkkj okys vusd 
ikni&jlk;uksa] ftuesa çk—frd foVkfeu lh ds lkFk ,ykftd 
vEy] ,fECykdkfuu ,] ,ECykdkfuu ch] xSfyd vEy] fQykaVkbu] 
DosjlsfVu vkSj fQykafVMkbu 'kkfey gS dks fn;k x;k gSA 
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fp= 3 vkaoys dk Qyfp= 3 vkaoys dk Qy

vkaoyk ds Qyks ls cus ewY;of/kZr mRiknvkaoyk ds Qyks ls cus ewY;of/kZr mRikn

	 vkaoyss ds Qy dk mi;ksx blds dbZ LokLF; ykHkksa ds dkj.k 
bldk mi;ksx fofHkUu :iksa esa fd;k tkrk gSA bls vkaoys ds jl] 
pw.kZ ;k iwjs rkts Qy] f=Qyk pw.kZ ¼vkaoyk] VfeZusfy;k pscqyk vkSj 
Vh- csysfjdk dk feJ.k½] czã jlk;u] e/kqes?k pw.kZ] vkaoyk dSaMh] 
eqjCck] Po;uçk'k vkfn ds :i esa bLrseky fd;k tk ldrk gSA ;s 
lHkh mRikn cktkj esa Hkh miyC/k gSaA ijUrq budks ?kj esa Hkh vklkuh 
ls cuk;k tk ldrk gS vr% ;gka ij ?kj esa vklkuh ls cukbZ tkus 
okyh vkaoyk dSaMh dh jsflih çLrqr dh tk jgh gSaA

vkaoyk dSaMh cukus dh vklku fof/kvkaoyk dSaMh cukus dh vklku fof/k
lkexzh
* 	 vkaoyk 1 fdyks
*	 phuh 1 fdyks 
*	 byk;ph ikmMj 1 NksVk pEep
*	 dkyk ued ¼Lokn vuqlkj½
*	 dslj ds /kkxs ¼oSdfYid½ dqN

cukus dh fof/kcukus dh fof/k
	 loZçFke 1 fdyks LoLFk o rktk vkaoys ds csjh Qy tks dh 
vkdkj esa cM+s gks dks lh/ks gh o`{k ls rksM+ fn;k tkrk gS bu Qyksa 
dks vPNh rjhds ls ikuh ls /kks yhft;s rkfd budh ckgjh lrg 
ij /kwy feêh vkfn gks rks lkQ gks tk, blds ckn bu lHkh Qyksa dks 
lkQ diM+s ls iksaN ysrs gSa fQj i‚fyFkhu dh FkSyh esa cka/kdj 
jsfÝtjsVj ds Ýhtj esa ,d lIrkg rd j[k nsrs gS ,d lIrkg ds ckn 
mudks jsfÝtjsVj ls ckgj fudkyk tkrk gS vkSj ,d LVhy ds Vc 
esa mM+sy dj [kqyh /kwi esa pkj ?kaVs rd j[k nsrs gSa ftlls ;s uje 
gks tkrs gSa vc çR;sd Qy ls Qkads vyx&vyx djds xqByh dks 
ckgj fudky fn;k tkrk gS blh çdkj ls lHkh Qyksa dh Qkads cuk 
ysrs gSa blds lkFk gh 1 fdyks phuh ysrs gSa ;fn 5 fdyks vkaoyk 
Qy gs rks 5 fdyks phuh ysrs gSa vr% vuqikr 1%1 fy;k tkrk gS 
fQj Qy dh Qkadks dks phuh dh cjuh Hkj ysrs gSa Åij ls lkjh 
phuh ¼Lokn vuqlkj phuh fefJr djrs le; dkyk ued] byk;ph 
ikmMj vkSj dslj ds /kkxs dk Hkh ç;ksx dj ldrs gSa½ Mky nsrs gS 
bls <d dj ,d lIrkg rd j[k nsrs gSaA blls phuh fi?ky dj rjy 
:i esa vk xbZ gSA pk'kuh esa ls vkaoys dh Qkadks dks fudky ysa 
vkSj ,d lwrh diMs ij mM+sy dj [kqyh /kwi esa jkstkuk pkj ?kaVs 
rd 10&15 fnuksa lw[kus nsrs gSa lw[kus ds ckn vkaoyk dSaMh ¼fp= 4½ 
rS;kj gks tkrh gS vkSj bls lkQ&lqFkjs vkSj lw[ks LVhy ds crZu esa 
LVksj djsaA vkaoyk dSaMh cukus dh fof/k esa Qy dks fdlh Hkh 
:i esa xeZ ugh fd;k tkrk gS ftlls blesa iks"kd rRoksa dh Hkjekj 
jgrh gS blfy;s ;g fof/k lcls ljy o lokZf/kd mi;ksx esa yh tkus 
okyk fof/k gS bl dSaMh ds lw[kk gksus ds dkj.k bldks dgha 
ij Hkh j[k djds mi;ksx esa ys ldrs gSaA 
 

fp= 4 vkaoyk dSaMhfp= 4 vkaoyk dSaMh

fu’d’kZfu’d’kZ
	 vkt dh nkSM+ Hkkx ftanxh esa ekuo dks vius LokLF; dh 
ns[kHkky djus dk le; ugha gS ;s dbZ ?kaVks rd fcuk #ds viuk 
dke djrs jgrs gSa ;qok ih<+h dbZ ?kaVks rd yxkrkj eksckby LØhu 
esa jhYl ns[kus vkSj cukus esa O;Lr gSa bl nkSM+ Hkkx ruko dh ftanxh 
esa ;fn FkksM+k cgqr ikjaifjd çkphu Qy vkaoys dk mi;ksx djas rks 
;g gekjs 'kjhj dks LokLF; ykHk igqapk ldrk gSaA >ViV dk;ksZ 
dks NksM+dj vk;qosZn ds çkphu Kku dks viuk,¡A mÙke LokLF; ds 
ekxZ ij vkaoys dks viuk lg;ksxh cuk,¡A vr% bl isij esa vkaoys 
dk ifjp;] HkkSxksfyd forj.k] vk—fr foKku] ckxokuh] ikjaifjd 
vkS"k/kh; mi;ksx] LokLF; ykHk] Qy dk iks’kd la?kVu o vkaoyk 
ds Qyks ls cus ewY;of/kZr mRikn vkfn dks laf{kIr rFkk ljy Hkk’kk 
esa çLrqr fd;k x;k ftlls vke ekuo tkfr bl o`{k ds izfr 
tkx:d gks lds vkSj blds vkS"k/kh; mi;ksx] LokLF; ykHk ds 
ckjs lVhd tkudkjh fey lds blh ds lkFk vkaoyss dhs vf/kd la[;k 
esa jkSik;h o ns[kHkky dh tk;saA

lUnHkZlUnHkZ
*	 MkW- vYcVZ ,Q- fgy ¼2006½] vkfFkZd ouLifr foKku ist 
uacj 506 vkb- ,l- ch- ,u- 0&07&463645&6-

*	 jktsUnz flag jkor ¼2008½] egRoiw.kZ tMh+ cwfV;kWa ist 
uacj 56 vkb- ,l- ch- ,u- 81&8393&045&,Dl-

*	 d`’.k xksiky xzUFkekyk ¼2010½] jlrU=lkj o fl}iz;ksx 
laxzg ¼f}rh; [k.M½] ist uacj 254 d`’.k xksiky vk;qosZn Hkou }kjk 
izdkf”kr iqLrdA

*	 MkW- oh- flag] MkW- ih- lh- ik.Ms] o MkW- Mh- ds- tSu ¼1994½] 
vko`rchth ouLifr foKku ist uacj 225 vkb- ,l- 
ch- ,u- 81&85711&047&5-

*	 MkW- ,e- ds- jkor ¼2013½] ,fECydk v‚fQfluSfyl 
xkVZu vkSj VfeZufy;k pscqyk jsV~t ds tyh; Qyksa ds vdZ dh 
mRifjofrZr lkblj ,fj,fVue ,y esa ,aVhe;wVktsfud xfrfof/kA 
y?kq 'kks/k ifj;kstuk ifj;kstuk] Hkksiky ¼jktLFkku½A

*	 MkW- ,l- ,y- dksFkj ¼1981½] m".kdfVca/kh; {ks=ksa esa vkfFkZd 
ouLifr foKku ist uacj 374 vkb- ,l- ch- ,u- 33390&409&5-

*********
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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, relative humidity, wind speed, soil type and their properties, 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 rain fall events.

Fig(1): Location map of study area

 
Fig (2): MUSI Watershed

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 –

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

LAYERS PREPARATION
3.1.1	 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.

Figure(3) : This figure shows DEM in QGIS

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.

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 utilize 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.

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.
11.	 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.

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.

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.

 

 
	 By comparing the above two graphs from 

01/06/2016 to 31/05/2020
Year Actual peak 

discharge 
(in cumsec )

Simulated peak discharge 
by HEC-HMS model ( in 

cumsec )
2016-2017 1963.376 1589
2017-2018 583.546 542.6
2018-2019 343.899 720.3
2019-2020 602.444 538.485

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 m3/sec 
and actual peak discharge is 1963.376 m3/sec. It occurred 
on 24th September 2016.
*	 Considering from 01/06/2017 to 31/05/2018, the 
estimated peak discharge is 542.6 m3/sec and actual peak 
discharge is 583.546 m3/sec. It is occurred on 4th 
October 2017.

*	 Considering from 01/06/2018 to 31/05/2019, the 
estimated peak discharge is 720.3 m3/sec and actual peak 
discharge is 343.899 m3/sec. It is occurred on 21st 
August 2018.
*	 Considering from 01/06/2019 to 31/05/2020, the 
estimated peak discharge is 602.444 m3/sec and actual 
peak discharge is 538.485 m3/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 (CH₄), 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 

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
•	 Foul Odor & Airborne Contaminants: Rotting 
organic waste and industrial effluents released 
hydrogen sulphide (H₂S) 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.

•	 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
1. 	 Foul Odor Elimination: Neutralizes toxic 
gases like hydrogen sulphide and ammonia.
2. 	 Mosquito & Pathogen Control: Prevents 
breeding grounds, reducing vector-borne diseases.
3. 	 Algal Bloom Suppression: Controls 
eutrophication by restoring ecological balance.
4. 	 Ecological Dredging: Naturally reduces 
sludge accumulation through biological consumption.
5. 	 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.
7. 	 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.

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:
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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 (CH₄), carbon dioxide (CO₂), 
and hydrogen sulphide (H₂S), 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 
to the return of native and 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.
•	 Growth of aquatic plants and riparian vegetation, 
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, the pond now serves as a valuable 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.

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:

1. 	 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.

REFERENCES

1. 	 UN-Water. (2023). Wastewater Treatment and Sustainable Development Goals.
2. 	 Government of India. (2023). Guidelines on Integrated Water Resource Management.
3. 	 Jalchakra Innovations LLP. (2024). Project Data and Reports.
4. 	 IIT Delhi. (2024). Environmental Impact Assessment for Pavi Sadakpur Pond.
5. 	 Cownomics® Technology Patent Documentation.

********
SWADESHI VIGYAN PATRIKASWADESHI VIGYAN PATRIKAVol.6, Issue-1 / January - June -2025/ Page - 28



;ksx ,oa lexz LokLF;;ksx ,oa lexz LokLF;
& ,d lexz thou”kSyh dh vksj && ,d lexz thou”kSyh dh vksj &

SWADESHI VIGYAN PATRIKASWADESHI VIGYAN PATRIKA Vol.6, Issue-1 / January - June -2025/ Page - 29

M‚- çxfrM‚- çxfr
;ksx ,oa LokLF; fo”ks’kK] ;ksx ,oa LokLF; fo”ks’kK] 
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çLrkoukçLrkouk
	 orZeku le; esa ge lHkh ;ksx “kCn ls HkyhHkk¡fr ifjfpr gSaA pkgs cPpk gks] toku gks] L=h gks ;k iq#’k gks] gj mez dk O;fä 
vius vuqlkj ;ksx “kCn ls dqN uk dqN vFkZ xzg.k djrk gS D;ksafd ;ksx ds egRo blds mi;ksx ls fdlh u fdlh :i esa badkj ugha 
fd;k tk ldrk gS] ;ksx dks ge lPps vFkksaZ esa vius thou esa xzg.k ij O;ogkfjd –f’V ls bls vius fy, mi;ksxh cuk lds blds 
fy, cgqr gh vko”;d gS fd blds lgh vFkZ dks tkuk vkSj le>k tk ldsA ;fn ge ;ksx “kCn dks xgjkbZ ls tkuus le>us o vuqHko 
djus dk ç;Ru djsa rks ge ik,axs fd dksbZ O;fä viuh çfr iwjh rjg ltx gksdj vius fpÙk esa lafpr tUe tUekarj ds tks deZ 
laLdkj vFkok iki iq.; ds :i esa vc rd ds tUeksa es Hkh tks deZ gq, gSa mu lHkh deksZ dk {k; djds] Hkksx djds tc vius vkRek 
Lo:i esa fLFkj gks tkrk gS vFkkZr~ mls ;g cks/k gks tkrk gS fd eSa iapegkHkwrksa ls cuk iapegkHkwr mls cuk u’V gksus okyk “kjhj ugha gw¡] 
vfirq ijekRek dk vfHkUu va”k gw¡S vkRek gw¡] bls gh lPps vFkksaZ esa ;ksx dgk tkrk gSA

	 vkt dh rst j¶rkj thou”kSyh] c<+rk ekufld ruko] vfu;fer [kkuiku vkSj rduhdh fuHkZjrk us ekuo LokLF; ds lkeus ubZ 
pqukSfr;k¡ [kM+h dj nh gSaA ,sls le; esa LokLF; dh ladYiuk dsoy jksx&eqä voLFkk ugha] cfYd ,d lexz voLFkk gS] ftlesa O;fä 
“kkjhfjd] ekufld] lkekftd vkSj vk/;kfRed :i ls larqfyr gksrk gSA
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;ksx % ifjHkk’kk vkSj mís”;;ksx % ifjHkk’kk vkSj mís”;

	 Hkkjrh; n”kZu esa ;ksx fo|k dk egRoiw.kZ LFkku gS fd ;g 
fo|k lHkh fo/kkvksa esa loksZifj o fo”ks’k LFkku j[krh gSA ;ksx fo|k ls 
lacaf/kr Kku lHkh Hkkjrh; xzaFkksa esa vusd LFkkuksa ij ns[kus dks feyrk 
gS osn] iqjk.k] mifu’kn Jhen~Hkkxor xhrk vkfn çkphu xzaFkksa esa 
;ksx fo|k fo|eku~ gSA
;ksx lw= ds ç.ksrk egf’kZ iratfy ds vuqlkj&	

Þ;ksx% fpÙko`fÙkfujks/k%ßÞ;ksx% fpÙko`fÙkfujks/k%ß

vFkkZr~ eu dh papy o`fÙk;ksa dks jksduk gh ;ksx gSA

if.Mr Jhjke “kekZ vkpk;Z th ds vuqlkj &  
thou thus dh dyk gh ;ksx gSAthou thus dh dyk gh ;ksx gSA

	 blh çdkj Jhen~Hkkxor xhrk ds vuqlkj deksaZ dh 
dq”kyrk dk uke gh ;ksx gS deksaZ dh dq”kyrk dk rkRi;Z ;g gS fd 
gesa deZ bl çdkj djus pkfg, fd os ca/ku dk dkj.k u cusA 
vuklä Hkko ls vius drZO; deksaZ dk fuokZgu djuk gh deZ;ksx gSA
;ksx dsoy “kkjhfjd vH;kl ugha] cfYd ,d vkarfjd vuq”kklu gS] 
tks O;fä dks fLFkjrk] ltxrk vkSj vkRe&lk{kkRdkj dh vksj ys 
tkrk gSA

	 ;ksx dk mís”; gekjs thou dk lexz fodkl djuk gS 
;k rks ,sls dg ldrs gSa thou dk lokaZxh.k fodkl djuk gS lokaZxh.k 
fodkl ls rkRi;Z ;g‚a “kkjhfjd] ekufld] lkekftd ,oa vk/;kfRed 
fodkl ls gSA ;ksx thou thus dh dyk gSA ;ksx ,d ,slk lk/kuk 
foKku gS ftlds }kjk tUe tUekarj ds laLdkj {kh.k  gks tkrs gSaA 
“kkjhfjd ,oa ekufld fujksxrk] LoLFkrk] dqfopkjksa] dqlaLdkjksa ls 
eqfä feyrh gSA lq laLdkfjrk] lqfopkj ds }kjk vPNs O;fäRo dk 
fuekZ.k gksrk gS thou esa mPp o fnO; curk gSA

	 vkt ds vk/kqfud ;qx esa Hkkx nkSM+ Hkjh ftanxh esa euq’; 
jksxksa ls t~;knk xzLr gS vkSj ;ksx ,sls esa ekufld ,oa “kkjhfjd 
LokLF; ds lkFk lkFk lkekftd ,oa vk/;kfRed LokLF; Hkh çnku 
djrk gS fodkl ds bl ;qx esa ;ksx dk;Z{ks= vuar O;kid gS o 
;ksx ds vusd {ks=ksa esa bldk fo”ks’k egRo gSA

fo”o LokLF; laxBufo”o LokLF; laxBu  (WHO) (WHO) ds vuqlkj %ds vuqlkj %

	 ÞLokLF; ,d ,slh fLFkfr gS ftlesa O;fä “kkjhfjd] ekufld 
vkSj lkekftd :i ls iw.kZr% LoLFk gksrk gS ,d fd dsoy jksx ;k 
nqcZyrk ls eqäAß

lexz LokLF; % ,d ifjp;lexz LokLF; % ,d ifjp;

	 lexz LokLF; ¼Holistic Health½ og voLFkk gS ftlesa thou 
ds pkj vk;ke &
1-	 “kkjhfjd egRo &“kkjhfjd egRo & ;ksx lk/kuk dk “kkjhfjd LokLF; esa 
egRoiw.kZ ;ksxnku gS ;ksx ds vkB vaxksa esa rhljk pkSFkk vad vklu 
,oa çk.kk;ke gS ftlds ek/;e ls “kkjhfjd LokLF; çkIr fd;k tk 
ldrk gSA fd ;ksxkluksa ls “kkjhfjd “kfä;ksa dk fodkl gksrk gS] 
ftlls “kjhj g’V iq’V curk gSA mlls vax çR;ax dh dk;Z {kerk 
esa o`f) gksrh gS rFkk “kjhj LoLFk o fujksx curk gSA vklu o 
çk.kk;ke ds }kjk lHkh vax lqpk# :i ls dk;Z djus yxrs gSa rFkk 
var% L=kora= Hkh çHkkfor gksrk gS rFkk xzafFk;ksa ds L=ko larqfyr 
gksrs gSa ftlls “kjhj LoLFk jgrk gSA ;ksx ,d LoLFk thou thus 
dh dyk gS ftls viukus ls thou lqO;ofLFkr gks tkrk gS og 
“kkjhfjd LokLF; çkIr gksrk gSA

2-	 ekufld egRo &ekufld egRo & ;ksx ds }kjk “kkjhfjd LokLF; ds lkFk 
lkFk ekufld LokLF; dks Hkh çkIr fd;k tk ldrk gSA vkt ds 
vk/kqfud lekt esa ekufld jksxksa dh o`f) gks jgh gS ftudk 
fujkdj.k djus esa vk/kqfud foKku vleFkZ gSS bl ruko tU; 
ifjfLFkfr;ksa ls fuiVus ds fy, ;ksxkH;kl ,d lQy o dkjxj 
fpfdRlk ckj fpfdRlk i)fr gS] ftlds }kjk lEiw.kZ ekufld 
LokLF; çkIr fd;k tk ldrk gSA ekufld LokLF; ds fy, 
çk.kk;ke dk fo”ks’k egRo crk;k x;k gSA

3-	 lkekftd egRo &lkekftd egRo & fdlh Hkh lekt ds mRFkku esa 
lqlaLdkfjr ifjokj dh vge Hkwfedk gksrh gSA LoLFk ,oa lqlaLdkfjr 
ifjokj ls gh ,d vkn”kZ lekt dh LFkkiuk gksrh gS bl vkn”kZ 
lekt dh LFkkiuk esa ;ksx dh egRoiw.kZ Hkwfedk gS ;ksx euq’;ksa dks 
“kkjhfjd ekufld :i ls LoLFk cukrk gS vkSj ,d LoLFk O;fä 
gh LoLFk lekt dk fuekZ.k dj ldrk gS vk/kqfud lekt esa 
euq’; /ku dekus HkkSfrd lalk/kuksa dks cVksjus rFkk foykflrkiw.kZ 
thou fork jgk gS ftlls udkjkRed fparu dks] lkekftd 
dqjhfr;ksa ;k cqjkbZ dks c<+kok fey jgk gSA ;ksx ds varxZr vklu vkSj 
çk.kk;ke dk vH;kl “kkjhfjd vkSj ekufld jksxksa dk fuokj.k ij 
euq’; dks mPprk dh vksj ys tkrk gS ftlls mlds fopkj mPp gks
tkrs gSa ftldk lh/kk çHkko lekt ij iM+rk gS Kku ;ksx] de 
;ksx] Hkfä;ksx tSls lk/ku gekjs lekt ij lh/kk çHkko Mkyrs gSa] 
deZ] Hkfä vkSj Kku dk leUo; gekjs thou dks mPp cukrk gSA

4-	 vk/;kfRed egRo &vk/;kfRed egRo & euq’; thou dk eq[; mís”; gS eks{k dh 
çkfIrA bl egku y{; dh çkfIr dk ek/;e gekjk eu gSA og eu 
gh gS tks dh ca/ku vkSj eks{k dk dkj.k gS] ;ksx lk/kuk esa eu dks 
bZ”oj mUeq[k cukdj rRo Kku dh çkfIr dh tkrh gSA ;ksx ds }kjk 
vusd tUeksa ds laLdkjksa }kjk efyu gq, fpr dk fueZy gks tkuk 
rFkk vkRe Lo:i dk Kku djk;k tkrk gSA ;g –f’Vdks.k O;fä dks 
iw.kZ ekuo cuus dh fn”kk esa çsfjr djrk gS A

lexz LokLF; ds fy, ;ksxlexz LokLF; ds fy, ;ksx

	 ;ksx fofHkUu Lrjksa ij O;fä dks l”kä cukrk gSA bldk 
ldkjkRed çHkko fuEufyf[kr :iksa esa ns[kk tk ldrk gS &

LokLF; vk;keLokLF; vk;ke ;ksx dk çHkko;ksx dk çHkko

“kkjhfjd LokLF; çfrj{kk ç.kkyh etcwr] ÅtkZ esa o`f)] 
ekalisf”k;ksa dk yphykiuA

ekufld LokLF; ruko vkSj volkn esa deh] ,dkxzrk 
vkSj vkRefo”okl esa o`f)] vkRe&fu;a=.k] 
larqyu] d#.kk] lgu”khyrkA

lkekftd LokLF; laca/kksa esa larqyu] lkekftd ln~HkkoukA

vk/;kfRed LokLF; vkRecks/k] /;ku] thou esa mís”; dh 
Li’VrkA

lexz LokLF; dh çkfIr ds fy, ;ksx ,d laiw.kZ lk/ku gS] ftldh 
O;kogkfjd vfHkO;fä ;ksxkluksa] çk.kk;ke] eqækvksa vkSj /;ku ds 
fu;fer vH;kl ls gksrh gSA ;g la;kstu “kjhj] eu vkSj vkRek 
— rhuksa Lrjksa ij O;fä dks l”kä cukrk gSA

1- 	 ;ksxklu ¼1- 	 ;ksxklu ¼YogasanYogasanaa½½
	 ;ksxkluksa ls “kjhj esa yphykiu] “kfä vkSj larqyu vkrk gSA 
fu;fer vH;kl ls vax&çR;ax lfØ; gksrs gSa] ikpu] jä lapkj o 
raf=dk ra= lqpk# gksrs gSaA



lexz LokLF; gsrq mi;ksxh vklulexz LokLF; gsrq mi;ksxh vklu
& rkM+klu – jh<+ dh gìh dks lh/kk vkSj “kjhj dks larqfyr djrk gS
& f=dks.kklu – ikpu vkSj es#naM ds fy, ykHkdkjhA
& Hkqtaxklu – ihB vkSj “olu ra= dks lq–<+ djrk gSA
& otzklu – ikpu “kfä dks c<+krk gSA
& “koklu – laiw.kZ foJkafr vkSj ruko eqfä gsrqA

2- 	 çk.kk;ke ¼ çk.kk;ke ¼ Pranayama Pranayama ½½

	 çk.kk;ke ds vH;kl ls çk.k”kfä dk lapkj gksrk gS] ftlls 
ekufld fLFkjrk] vkRe&fu;a=.k vkSj HkkoukRed larqyu çkIr 
gksrk gSA

mi;ksxh çk.kk;kemi;ksxh çk.kk;ke

& vuqykse&foykse & ukM+h “kqf)] ruko eqfäA
& HkfL=dk & ÅtkZ o thou”kfä esa o`f)A
& dikyHkkfr & vkarfjd “kqf) vkSj ikpu lq/kkjA
& czãjh & ekufld “kkafr vkSj ,dkxzrkA

3- 	 eqæk ¼  	 eqæk ¼ Mudra Mudra ½½
	 eqæk,¡ gekjs “kjhj dh ÅtkZ dks fu;af=r djus dk lk/ku gSaA 
budk çHkko “kjhj dh lw{e ÅtkZ ç.kkyh ij gksrk gSA

çeq[k LokLF;o/kZd eqæk,¡çeq[k LokLF;o/kZd eqæk,¡
& Kku eqæk & ekufld Li’Vrk o /;ku ds fy,A
& çk.k eqæk & ÅtkZ o`f) o jksx çfrjks/kd {kerk ds fy,A
& ok;q eqæk & okr fodkjksa esa ykHkdkjhA
& viku eqæk & ikpu ,oa “kqf)dj.k gsrq lgk;dA

4- 	 /;ku ¼ /;ku ¼ DhyanaDhyana ½ ½
	 /;ku eu dks ,dkxz djrk gS] Hkhrj dh ;k=k dk }kj [kksyrk 
gS vkSj O;fä dks vkRe&lk{kkRdkj dh fn”kk esa vxzlj djrk gSA

/;ku dh fof/k/;ku dh fof/k
& “kkar okrkoj.k esa cSBdj “okl ij /;ku dsafær djsaA
& fopkjksa dks vkus nsa] ij muls tqM+sa ughaA
& ea= ti ¼tSls Þॐß½ ;k nhi dh ykS ij /;ku Hkh fd;k tk ldrk gSA
& fnu esa de ls de 10&15 feuV /;ku vH;kl djsaA

fu;ferrk vkSj la;e dk egRofu;ferrk vkSj la;e dk egRo
	 ;ksx iSdst dk ykHk rHkh laHko gS tc mldk vH;kl 
fu;fer :i ls] J)k vkSj la;e ds lkFk fd;k tk,A ;g thou esa 
LFkk;h ifjorZu ykrk gSA
;ksx vH;kl Øe ¼lkekU; O;fä gsrq½;ksx vH;kl Øe ¼lkekU; O;fä gsrq½
le; & yxHkx 60 feuV

ØeØe vH;kl dk ukevH;kl dk uke le; o ykHkle; o ykHk

1 çkjafHkd rS;kjh 5 feuV & ekufld ,dkxzrk vkSj “kjhj 
dks ;ksx ds fy, rS;kj djuk

2 lw{e O;k;ke 5 feuV & tksM+ksa dks [kksyuk] 
“kjhj dks ÅtkZoku cukuk

3 ;ksxklu 20 feuV & rkM+klu] f=dks.kklu] 
Hkqtaxklu] ioueqäklu] otzklu] 
“koklu

4 çk.kk;ke 10 feuV & vuqykse&foykse] Hkzkejh] 
dikyHkkfr] “khryh “khrdkjh

5 eqæk vkSj ca/k 10 feuV & Kku eqæk] çk.k eqæk] ewy 
ca/k] mìh;ku ca/k

6 /;ku o “koklu 10 feuV & /;ku ds lkFk iw.kZ foJkafr

oSKkfud çek.k vkSj oSf”od Lohdk;ZrkoSKkfud çek.k vkSj oSf”od Lohdk;Zrk
●	 AIIMS (2021): 12 lIrkg ds ;ksxkH;kl ls ruko] jäpki] 
vkSj “kdZjk esa dehA
●	 Harvard Medical School (2018): çk.kk;ke ls Cortisol 
gkeksZu esa 32% rd dh dehA
●	 NCCIH (USA): ;ksx ân;] uhan vkSj nnZ fu;a=.k esa lgk;dA

●	 UN ¼la;qä jk’Vª½& 21 twu dks varjjk’Vªh; ;ksx fnol ?kksf’kr 
fd;k x;kA
●	 WHO: ;ksx dks “Global Traditional Health System” esa 
ekU;rkA
çsjd m)j.kçsjd m)j.k
& ;ksx dsoy O;k;ke ugha] cfYd vkRek dh vuqHkwfr dk foKku gSAß
& ç/kkuea=h ujsaæ eksnh
& ;ksx ls eu fLFkj gksrk gS] vkSj ‘kjhj esa ÅtkZ vkrh gSAß
& ch-ds-,l- v;axj
& ;ksx gesa gekjs Hkhrj dh nqfu;k ls tksM+rk gS vkSj ckgjh nqfu;k 
ds çfr larqfyr –f’Vdks.k nsrk gSAß
& Lokeh foosdkuan

fu’d’kZfu’d’kZ
	 ;ksx “kCn laL—r O;kdj.k ds Þ;qtß /kkrq ls cuk gS ftldk 
vFkZ gS tqM+ukA tqM+uk ,d ,slh fo/kk ftlls euq’; thou dk lokaZxh.k 
fodkl gksA lexz LokLF; dh çkfIr ds fy, ;ksx ,d iw.kZ] lqyHk 
vkSj çHkkoh ek/;e gSA ;g dsoy “kjhj dk mipkj ugha djrk] cfYd 
eu] Hkkoukvksa vkSj vkRek ds Lrj ij xgjkbZ ls dk;Z djrk gSA 
vkt vko”;drk gS fd ;ksx dks dsoy mRlo ds :i esa ugha] cfYd 
thou dh fnup;kZ ds :i esa viuk;k tk,A
	 ;ksx ds ek/;e ls ge u dsoy Lo;a dks LoLFk cuk ldrs 
gSa] cfYd lekt vkSj jk’Vª ds lexz LokLF; esa Hkh ;ksxnku ns ldrs gSaA

lzksrlzksr
&	 World Health Organization (WHO)
&	 AIIMS, New Delhi
&	 Harvard Medical School
&	 National Center for Complementary and Integrative Health
&	 Patanjali Yoga Sutras
&	 Bhagavad Gita
&	 Kathopanishad
&	 Shvetashvatara Upanishad
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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.



Key Words: Life-cycle assessment, 
sustainable water infrastructure systems and 
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

* 	 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). 
* 	 The selection of relevant indicators of 
sustainability, including measurement techniques, and 
* 	 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: 

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., 2012).
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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 usage. 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 is 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.

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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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 

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, 
such as small-scale treatment plants and local 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—from 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 

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 
can encourage efficient water use. 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, 
and recycle. Tokyo’s comprehensive approach to waste 
management has led to a recycling rate of over 20%.

4.4. 	 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.

5.	 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 of their inhabitants and the planet as a whole.
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ç—fr ls rduhd rd %  eqysBh&vk/kkfjr flYoj ç—fr ls rduhd rd %  eqysBh&vk/kkfjr flYoj 
uSuksd.kksa ls LoPN ÅtkZ dh fn”kk esa dneuSuksd.kksa ls LoPN ÅtkZ dh fn”kk esa dne
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ys[kd ifjp;ys[kd ifjp;
	 ysf[kdk orZeku esa jktdh; efgyk vfHk;kaf=dh egkfo|ky;] vtesj ds jlk;u “kkL= foHkkx esa ofj’B çk/;kfidk ds 
in ij dk;Zjr gSaA muds vc rd 15 ls vf/kd “kks/k i= çfrf’Br jk’Vªh; ,oa varjkZ’Vªh; “kks/k if=dkvksa esa çdkf”kr gks pqds gSa rFkk mUgksaus 
30 ls vf/kd jk’Vªh; vkSj varjkZ’Vªh; laxksf’B;ksa ,oa lEesyuksa esa vius “kks/k dk;Z çLrqr fd, gSaA M‚- [kaMsyoky us jk’Vªh; ,oa varjkZ’Vªh; 
çdk”kdksa ds ek/;e ls pkj iqLrdksa dk ys[ku fd;k gS vkSj uSuksd.kksa ij vk/kkfjr nks “kks/k ifj;kstuk,¡ lQyrkiwoZd iw.kZ dh gSaA mudk 
vuqla/kku dk;Z i;kZoj.k&vuqdwy jklk;fud çfØ;kvksa vkSj uSuks çkS|ksfxdh ds ek/;e ls vkS|ksfxd jklk;fud pqukSfr;ksa ds uokpkjh lek/kku 
fodflr djus ij dsafær gSA

	 ys[kd orZeku esa vtesj fLFkr jktdh; efgyk vfHk;kaf=dh egkfo|ky; esa HkkSfrdh foHkkx esa ofj’B çk/;kid gSaA mUgksaus jktLFkku 
fo”ofo|ky;] t;iqj ls v‚xsZfud lksyj lsy ds {ks= esa ih,p-Mh- dh mikf/k çkIr dh gSA varjkZ’Vªh; if=dkvksa vkSj varjkZ’Vªh; ,oa jk’Vªh; 
lEesyuksa dh laxksf’B;ks esa muds 90 ls vf/kd “kks/k çdk”ku çdkf”kr gks pqds gSaA foKku ,oa çkS|ksfxdh foHkkx] Hkkjr ljdkj }kjk M‚- “kekZ 
dks ;qok oSKkfud ifj;kstuk iqjLdkj ls Hkh lEekfur fd;k tk pqdk gSA

ifjp;ifjp;

	 bl “kks/k esa eqysBh ¼Glycyrrhiza Glabra½ dh tM+ ds vdZ dk mi;ksx djds flYoj uSuksd.kksa ¼AgNPs½ dks ,d gfjr la”ys’k.k 
fof/k ls rS;kj fd;k x;kA ;g ,d iwjh rjg i;kZoj.k vuqdwy] laiks’k.kh; vkSj de ykxr okyh çfØ;k gS] ftlesa fdlh Hkh çdkj ds jklk;fud 
inkFkZ ;k gkfudkjd foyk;d dh t:jr ugha gksrhA eqySBh ds vdZ dks tc ,d fuf”pr vuqikr esa flYoj ukbVªsV foy;u ds lkFk esa 
feyk;k tkrk gS rks eqysBh ds vdZ esa mifLFkr çk—frd jlk;u ¼QkbVksdsfedYl½ flYoj ukbVªsV esa ekStwn flYoj vk;uks dks mipkfjr 
djds flYoj d.kksa esa cnyrs gSa] rRi”pkr ;s flYoj uSuksd.kksa esa cnyrs gSaA eqysBh vdZ esa ekStwn dqN çksVhUl LVscykbftax ,tsaV ds :i 
esa dk;Z djrs gSa ftlls LFkk;h flYoj uSuks d.kksa dk fuekZ.k gksrk gSA  

	 bu uSuksd.kksa dks fQj VkbVsfu;e Mkbv‚DlkbM ¼TiO₂½ esa feyk;k x;k] ftlls MkbZ&lsaflVkbt~M lksyj lsy ¼DSSC½ ds fy, 
csgrj QksVks,suksM cuk, tk ldsA bl “kks/k dk eq[; mís”; eqysBh dh tM+ ds vdZ ls gfjr fof/k }kjk flYoj uSuksd.kksa dk la”ys’k.k dj 
i;kZoj.k vuqdwy] lLrh vkSj fVdkÅ çfØ;k fodflr djuk FkkA bu uSuksd.kksa dks VkbVsfu;e Mkbv‚DlkbM esa lfEefyr dj MkbZ&
lsaflVkbt~M lksyj lsy ds fy, çHkkoh QksVks,suksM rS;kj fd, x,A1 “kks/k dk y{; lkSj ÅtkZ ds vf/kdre mi;ksx] ykxr esa deh vkSj 
i;kZoj.k laj{k.k dks lqfuf”pr djuk FkkA
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“kks/k vko”;drk“kks/k vko”;drk

	 orZeku le; esa fo”o dh vf/kdka”k ÅtkZ vko”;drk,¡ 
dks;yk] isVªksfy;e vkSj çk—frd xSl tSls ikjaifjd lzksrksa ls iwjh dh tk 
jgh gSaA bu lzksrksa dk vR;f/kd mi;ksx u dsoy i;kZoj.k çnw’k.k vkSj 
xzhugkml xSlksa dh o`f) dk dkj.k cu jgk gS] cfYd ;s lhfer ek=k esa 
miyC/k gksus ds dkj.k “kh?kz gh lekIr gksus dh dxkj ij gSaA ,slh fLFk-
fr esa oSdfYid] LoPN vkSj uohdj.kh; ÅtkZ lzksrksa dh [kkst vR;ar 
vko”;d gks xbZ gSA lkSj ÅtkZ ,d vlhfer vkSj i;kZoj.k 
vuqdwy fodYi ds :i esa lcls mi;qä lek/kku çLrqr djrh gSA

	 MkbZ&lsaflVkbt~M lksyj lsy ¼DSSC½ ikjaifjd flfyd‚u 
vk/kkfjr lkSj lsYl dh rqyuk esa de ykxr okys] gYds] yphys vkSj 
v/kZikjn”khZ gksrs gSa] ftlls mudk mi;ksx fofo/k ifjfLFkfr;ksa esa fd;k 
tk ldrk gSA2&4 blds vykok] ;s de jks”kuh ;k cknyksa okys okrkoj.k 
esa Hkh çHkkoh <ax ls dk;Z djrs gSaA

	 bl “kks/k esa TiO₂ vk/kkfjr lkSj lsYl dks flYoj uSuksd.kksa ds 
lkFk la;ksftr fd;k x;k] rkfd mudh çdk’k vo”kks’k.k {kerk] bysDVª‚u 
ifjogu n{krk vkSj lexz ÅtkZ :ikarj.k nj esa lq/kkj fd;k tk ldsA5&6 
bl çdkj] ;g v/;;u LoPN ÅtkZ ds {ks= esa vf/kd dq”ky vkSj 
LFkk;h rduhd ds fodkl dh fn”kk esa ,d egRoiw.kZ dne çLrqr 
djrk gSA
gfjr la”ys’k.k vkSj ijh{k.k
 

fp= 1 fp= 1 AgNPs AgNPs ds fy, gfjr la”ys’k.k dh ;kstuk ds fy, gfjr la”ys’k.k dh ;kstuk 
vkSj vkSj AgNPs - AgNPs - MksIM QksVks,uksM dk fuekZ.kMksIM QksVks,uksM dk fuekZ.k

	 eqysBh ¼Glycyrrhiza glabra½ ds vdZ dh lgk;rk ls 
la”ysf’kr flYoj uSuksd.kksa ¼AgNPs½ dk xgu fo”ys’k.k fofHkUu mUur 
oSKkfud rduhdksa ds ek/;e ls fd;k x;kA

	 UV–Visible LisDVªksLdksih }kjk 372 nm ij fof”k’V 
lrgh IykTeksu vuqukn (SPR) ns[kk x;k] tks flYoj uSuksd.kksa ds 
lQy fuekZ.k dh Li’V iqf’V djrk gSA

	 X-ray diffraction (XRD) fo”ys’k.k ls ;g Kkr gqvk fd 
rS;kj fd, x, uSuksd.k Qsl&lsaVj D;wfcd (FCC) lajpuk okys gSa] 
ftlls mudh mPp fØLVyh; vkSj lqlaxfBr lajpuk dk irk pyrk gSA

	 Transmission Electron Microscopy (TEM)		 Transmission Electron Microscopy (TEM)	
v/;;u ls ;g ik;k x;k fd bu uSuksd.kksa dk vkdkj yxHkx 20 ls 
50 uSuksehVj ds chp gSA

	 blds vfrfjä] vyx vyx ih,p ij la”ys’k.k djds ;g 
Hkh fu’d’kZ fudkyk x;k fd ih,p 4-6 ij la”ysf”kr uSuksd.k lokZf/kd 
fLFkjrk vkSj n{krk çnf”kZr djrs gSa] tcfd blls vf/kd ;k de 
pH eku ij uSuksd.kksa ds fuekZ.k dh {kerk vkSj xq.koÙkk esa mYys[kuh; 
deh ns[kh xbZA

	 bl çdkj] ;g fu;af=r ifjfLFkfr;ksa esa mPp xq.koÙkk okys 
flYoj uSuksd.k çkIr djus dk ,d çHkkoh rjhdk çnku djrk gSA

lajpuk vkSj fo”ks’krk,¡lajpuk vkSj fo”ks’krk,¡
	 v/;;u esa ik;k x;k fd eqysBh ls cus flYoj uSuksd.k 
(AgNPs) vkdkj esa xksy vkSj pednkj fØLVy tSls fn[kkbZ nsrs gSaA 
tc bu uSuksd.kksa dks VkbVsfu;e Mkbv‚DlkbM (TiO₂) ds lkFk 
feyk;k x;k] rks mldh lrg vf/kd fNæ;qä ¼porous½ cu xbZA bl 
cnyko ls lkSj lsy esa bLrseky gksus okyk jax ¼MkbZ½ csgrj rjhds ls 
lrg ij fpid ldk] ftlls çdk”k dk vo”kks’k.k c<+k vkSj ÅtkZ dh 
cckZnh ¼bysDVª‚uksa dk iqulaZ;kstu½ de gqbZA blds ifj.kkeLo:i lkSj 
lsy dh dk;Z{kerk esa mYys[kuh; lq/kkj ns[kk x;k 
*	 tc 0-5 mg flYoj uSuksd.k feyk, x,] rks n{krk esa 
yxHkx 15-5% dh o`f) gqbZA
*	 ogha] 1-0 mg uSuksd.k tksM+us ij n{krk yxHkx 35%% rd 
c<+ xbZA

	 ;g lq/kkj flYoj uSuksd.kksa ds Localized Surface 
Plasmon Resonance (LSPR) uked çHkko ds dkj.k gqvk] tks 
çdk”k dks vf/kd ek=k esa vkdf’kZr djrk gSA 

	 lkSj lsy dh dk;Z{kerk tkuus ds fy, J–V ijh{k.k fd, 
x,] ftuds ifj.kke dkQh mRlkgtud jgsA ijh{k.k ls ;g irk pyk 
fd tc VkbVsfu;e Mkbv‚DlkbM ¼TiO₂½ esa flYoj uSuksd.k 
¼AgNPs½ feyk, x,] rks lkSj lsy dh fctyh mRiknu {kerk esa 
Li’V c<+ksrjh gqbZA

lkSj lsy dk çdkjlkSj lsy dk çdkj n{krk n{krk 
¼¼EfficiencyEfficiency½½

lq/kkjlq/kkj

lk/kkj.k 
TiO₂ DSSC

3.02% -

0.5 mg 
AgNPs - TiO₂ DSSC

3.49%	 +15.56%

1.0 mg 
AgNPs - TiO₂ DSSC

4.09% +35.43%

	 blds vykok] bu lsYl dk Fill Factor (FF) Hkh c<+dj 
0-64 rd igq¡p x;k] tks n”kkZrk gS fd lsy esa pktZ ¼bysDVª‚u½ dk 
çokg vf/kd lqpk: :i ls gqvk vkSj ÅtkZ dh gkfu de gqbZA
Electrochemical Impedance Spectroscopy (EIS) 
ijh{k.k ls ;g Hkh fl) gqvk fd flYoj uSuksd.kksa okys DSSC esa 
bysDVª‚uksa dk iqulaZ;kstu ¼energy loss½ dkQh de gksrk gSA bldk 
lh/kk eryc gS fd ,sls lsYl vf/kd djaV vkSj vf/kd fctyh mRiUu 
djus esa l{ke gSaA ljy “kCnksa esa] flYoj uSuksd.k lkSj lsy dks Þvf/kd 
jks”kuh idM+usß esa enn djrs gSa] ftlls og vf/kd fctyh mRiUu dj 
ikrk gSA
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eq[; miyfC/k;k¡eq[; miyfC/k;k¡
1-	 20–50 nm vkdkj ds AgNPs lQyrkiwoZd la”ysf”kr fd, x,A
2-	 DSSC dh n{krk 3.02% ls c<+dj 4.09% gks xbZA
3-	 çdk”k vo”kks’k.k] bysDVª‚u thoudky vkSj pktZ VªkalQj esa lq/kkj ntZ gqvkA
4-	 ;g çfØ;k iwjh rjg gfjr] de ykxr okyh vkSj laiks’k.kh; gSA

fu”d’kZ % LoPN ÅtkZ dh ubZ fn”kkfu”d’kZ % LoPN ÅtkZ dh ubZ fn”kk

	 Þtc foKku vkSj ç—fr dk laxe gksrk gS] rc uokpkj tUe ysrk gSAß bl “kks/k us ;g fl) dj fn;k fd eqysBh tSlh lk/kkj.k
tM+h&cwVh ls Hkh vR;k/kqfud lkSj rduhd esa lq/kkj fd;k tk ldrk gSA xzhu flaFksfll }kjk cuk, x, flYoj uSuksd.kksa us u dsoy 
DSSC dh n{krk c<+kbZ] cfYd bls vf/kd fVdkÅ vkSj i;kZoj.k vuqdwy] Hkh cuk;kA  eqysBh ls cus ;s xzhu flYoj uSuksd.kksa LoPN 
ÅtkZ ds {ks= esa ,d ubZ mEehn gSaA ;g “kks/k fn[kkrk gS fd çk—frd lzksrksa ls uSuksd.kksa dks cukdj ge Hkfo’; dh ÅtkZ leL;kvksa dk 
i;kZoj.k vuqdwy] lek/kku [kkst ldrs gSaA
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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 
(NaN3) in  cicer arietinum L. 
KEY WORDS : Amla fruit, carcinogens, mutagens, sodium azide (NaN3) and antimutagens.
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INTRODUCTION
	 During the past few decades, a wide variety of 
chemical mutagens and carcinogens have been detected 
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 

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 
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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 (NaN3, 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 NaN3. 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, 

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 (HgCl2) 
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℃.

	 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℃.	 	 	

(ii) Treated with sodium azide (NaN3; 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℃.
(iii) 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℃. 

	 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 NaN3 
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.

  

Fig 2 

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, gallic acid, 
propyl-gallate and ∝-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 

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 
et al. (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 NaN3. 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. (1988 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 (NaN3; 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 NaN3 
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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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 & 
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	 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 
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the invisible informal sector to the visible formal/established sector that are exposed to modern science and 
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from the contributors.
Preparation of Manuscript texts
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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 
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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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1. 	 Lons”kh foKku dh jk’Vªh; laxks’Bh esa oSKkfudksa us dgk% if”peh foKku dks loksZPp ekuus dh ekufldrk R;kxsa– A Report in 
ik¥~ptU; 30 November 1997, p. 15; Book on Electroplating and Metal Finishing, 1997, Editor: Dr. D P Bhatt, 
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Varshney, 13 Jan. 1997.
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4.	 Swadeshi Science Movement of India, Delhi (Vigyan Bharati,Delhi): A Report in J. Sci. Ind. Res. 
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A Report in Weekly EKJAY, Ujjain, 24 January – 1 March 2004, p. 2
8.	 Hkkjrh; foKku] vfHk;kaf=dh ,oa çkS|ksfxdh esa vUos’k.kksa ij jk’Vªh; lEesyu 2006 - A Report in CSIR Samachar Vol. 24 
(4), 2007, p. 50-54; “foKkuß LoLFk vkSj loZtu fgrk; –f’V nsus dh vko”;drk - A Report in Vigyan Pragati Oct. 2009, 
p. 17-18 by Irfan Human.
9.	 foKku Hkkjrh igqaph xqIrdk”kh -  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
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