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lkjka’k

—f"k mRiknu esa rsth ls gks jgh o`f) lh/ks rkSj ij oSf'od tula[;k esa gks jgs btkQs ls tqM+h gqbZ gSA
blds ifj.kkeLo:i] —f"k vif'k"V dks uohdj.kh;] fdQk;rh vkSj lrr ck;ks&d‚EiksftV mRiknksa ds fy, ,d
laHkkfor dPps eky ds :i esa ekU;rk çkIr gks jgh gSA vDlj] cM+h ek=k esa —f"k mRikn vi;kZIr çlaLdj.k
lqfo/kkvksa ;k HkaMkj.k <kaps ds vHkko esa cckZn gks tkrs gSaA ;s —f"k vif'k"V dkcksZgkbMªsV~l] fofHkUu dkcZfud
;kSfxdksa vkSj i‚fyefjd çksVhu ls Hkjiwj gksrs gSa] tks ewY;of/kZr vuqç;ksxksa ds fy, vR;f/kd laHkkouk,a çnku
djrs gSaA blh lanHkZ esa] uSuksçkS|ksfxdh ,d ifjorZudkjh –f"Vdks.k ds :i esa mHkjh gS] tks —f"k vif'k"V dks
ewY;oku vkSj i;kZoj.k vuqdwy mRiknksa esa ifjofrZr djus esa l{ke gS& og Hkh fcuk gkfudkjd jlk;uksa ds
mi;ksx ds] tks LokLF; vkSj i;kZoj.k ds fy, xaHkhj [krjs mRiUu dj ldrs gSaA gkfy;k 'kks/kksa us —f"k vif'k"V
ls fudkys x, vdksaZ dk mi;ksx djds gfjr uSuks lkexzh ¼xzhu uSukseSVsfj;y½ la'ys"k.k fof/k;ksa ij fo'ks"k /;ku
dsafær fd;k gSA bu uSuksd.kksa ¼NPs½ dk mi;ksx thok.kqjks/kh mipkjksa] ty 'kqf)dj.k] vkSj vkS|ksfxd jaxksa ds
vi?kVu tSls fofo/k {ks=ksa esa O;kid :i ls fd;k x;k gSA ;g v/;;u —f"k vif'k"V ds lzksrksa] xq.kksa vkSj uSuks
çca/ku dh tkap djrk gS] lkFk gh çkIr uSuks lkefxz;ksa dh laHkkoukvksa vkSj muds fofHkUu {ks=ksa esa vuqç;ksxksa
dks mtkxj djrk gSA

Abstract

The exponential rise in agricultural production is closely tied to the growing global population.
As a result, agricultural waste has gained recognition as a promising raw material for creating
renewable, cost-effective, and sustainable bio-composite products. Large quantities of agricultural
produce are often wasted due to inadequate processing facilities or storage infrastructure. These
agro-wastes are rich in carbohydrates, various organic compounds, and polymeric proteins, offering
considerable potential for value-added applications. In this context, nanotechnology has emerged as
a transformative approach to converting agricultural waste into valuable and environment friendly
products without the need for harmful chemicals, which can pose significant health and environmental
risks. Recent research has increasingly focused on green nanomaterial (NM) synthesis methods
that utilize agricultural waste extracts. These nanoparticles (NPs) have been widely explored for
diverse applications, such as antibacterial treatments, water purification, and the degradation of
industrial dyes. This aims to explore the sources, properties, and nanomanagement of agro-waste,
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highlighting the potential of the derived NMs and
their diverse applications in various fields.

eq[; 'kCn% —f"k vif'k"V] gfjr uSuks lkexzh]
la'ys"k.k] uohdj.kh;] lrrA

Key words: Agricultural waste, Green
nanomaterials, Synthesis, Renewable,
Sustainable.

ifjp;

—f"k mRiknu esa rsth ls gks jgh o`f) ds
lkFk&lkFk —f"k vif'k"V dh ek=k esa Hkh mYys[kuh;
o`f) gqbZ gS] ftlls blds vuqfpr fuiVku tSls fd
tykuk vkSj ySaMfQfyax ds dkj.k i;kZoj.kh;
pqukSfr;k¡ mRiUu gks jgh gSaA ;s rjhds çnw"k.k vkSj
xzhugkml xSlksa ds mRltZu esa ;ksxnku djrs gSa]
ftlls lrr vif'k"V çca/ku j.kuhfr;ksa dh
vko';drk vkSj vf/kd c<+ tkrh gSA uSuksçkS|ksfxdh
esa gky dh çxfr us —f"k vif'k"V dks ewY;oku uSuks
lkexzh esa ifjofrZr djus ds fy, laHkkoukvksa ds u,
}kj [kksys gSa] tks ifjiFkh; vFkZO;oLFkk ¼Circular

Economy½ ds fl)karksa ds vuq:i gSa vkSj i;kZoj.kh;
fLFkjrk dks c<+kok nsrs gSaA

—f"k vo'ks"k tSls fd lsywykst] fyfXuu vkSj
dkbfVu tSls ck;ksi‚yhej ls Hkjiwj gksrs gSa] tks
fofHkUu uSuks lkexzh ds la'ys"k.k ds fy, vkn'kZ çkjafHkd
inkFkZ ekus tkrs gSaA mnkgj.kLo:i] —f"k vif'k"V ls
fudkyh xbZ uSukslsywykst esa mR—"V ;kaf=d xq.k vkSj
tSo vi?kVu'khyrk gksrh gS] tks bls ck;ksd‚EiksftV]
vkS"kf/k fMyhojh ç.kkfy;ksa vkSj [kk| iSdsftax lkefxz;ksa
esa ç;ksx ds fy, mi;qä cukrh gSA blh rjg] /kku
dh Hkwlh ls çkIr flfydk uSuksd.kksa dk çHkkoh :i ls
ty 'kqf)dj.k ç.kkfy;ksa esa Hkkjh /kkrqvksa vkSj dkcZfud
çnw"kdksa dks gVkus ds fy, mi;ksx fd;k x;k gSA

—f"k vif'k"V ls uSuksd.kksa dk gfjr la'ys"k.k u
dsoy i;kZoj.k çnw"k.k dks de djrk gS] cfYd
ikjaifjd uSuks lkexzh mRiknu esa ç;qä [krjukd
jlk;uksa ij fuHkZjrk dks Hkh ?kVkrk gSA ck;kstsfud
la'ys"k.k fof/k;k¡ ikS/kksa ds vdksaZ esa mifLFkr çk—frd

vipk;d ¼reducing½ vkSj fLFkjhdkjd ¼stabilizing½
,tsaV~l dk mi;ksx djrh gSa] ftlls ;g çfØ;k
i;kZoj.k&vuqdwy vkSj fdQk;rh curh gSA blds
vfrfjä] —f"k vif'k"V dks uSuks lkexzh esa ifjofrZr
djus ls u dsoy vif'k"V esa deh vkrh gS] cfYd
—f"k miksRiknksa dks vkfFkZd ewY; Hkh çkIr gksrk gS]
ftlls lrr fodkl dks c<+kok feyrk gSA

thok'e lalk/kuksa ds vR;f/kd nksgu ds dkj.k
mRiUu i;kZoj.kh; vkSj lkekftd çHkkoksa us gky ds
o"kksaZ esa lrr vkSj i;kZoj.k&vuqdwy fodYiksa dh
[kkst dks rst fd;k gS [1]A buesa fyXukslsywyksfld
inkFkZ mPp ewY; of/kZr lkexzh vkSj ck;ksi‚yhej ds
mRiknu ds fy, ,d çeq[k çk—frd lzksr ds :i esa
mHkjs gSaA ;s inkFkZ viuh tSo vi?kVu'khyrk] de
?kuRo vkSj mR—"V ;kaf=d xq.kksa ds dkj.k fo'ks"k :i
ls vkd"kZd gSa [2][3]A orZeku 'kks/k eq[;r% —f"k
vif'k"V ds mi;ksx ij dsafær gS] tks eq[; :i ls
lsywykst] gsehlsywykst vkSj fyfXuu ls cuk
fyXukslsywyksfld inkFkksaZ ls lè) gksrk gSA

lsywykst] tks ç—fr esa ik;k tkus okyk lcls
çpqj tSfod i‚fyej gS [4]] ,d uohdj.kh; vkSj tSo
vi?kVu'khy lalk/ku gS] ftls ikS/ks çdk'k la'ys"k.k
ds ek/;e ls dkcZu Mkbv‚DlkbM] ty vkSj lw;Z ds
çdk'k ls mRiUu djrs gSaA bldh jklk;fud lajpuk
lk/kkj.k gksrs gq, Hkh la'kksf/kr dh tk ldrh gS]
ftlls ;g js'ks] fQYe vkSj dk;kZRed i‚fyej tSls
dbZ vuqç;ksxksa ds fy, mi;ksxh curh gSA bldh
;kaf=d 'kfä blds fØLVyh; i‚fyefjd lajpuk ls
vkrh gSA

fyXukslsywyksfld ck;ksekl ¼LCB½ dk v/;;u
eq[; :i ls tSo bZa/ku vkSj ck;ksi‚yhej tSls ewY;of/kZr
mRiknksa ds mRiknu dh laHkkoukvksa ds fy, fd;k x;k gS
[5][6][7]A blds çeq[k lzksrksa esa —f"k] okfudh vkSj vkS|ksfxd
vo'ks"k 'kkfey gSaA LCB dk ,d çeq[k ?kVd] lsywykst]
Xywdkst bdkb;ksa ls cuk ,d ljy vkSj lh/kk çk—frd
i‚fyej gSA tSrwu ds isM+ksa dh NaVkbZ] vxZu çsl dsd] lsc
dk js'kk] vaxwj dh csyksa dh Vgfu;k¡] vkSj dikl tSls
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vo'ks"kksa dks fofHkUu çfØ;kvksa }kjk lsywykst uSuksfØLVy
¼CNC½ vkSj lsywykst uSuksQkbcj ¼CNF½ esa ifjofrZr
fd;k x;k gSA

uSukslsywykst vk/kkfjr lkefxz;k¡ [kk| iSdsftax]
ck;ksesfMflu] eSfVªDl lq–<+hdj.k vkSj f>Yyh fuLianu
tSls m|ksxksa esa O;kid :i ls ç;qä gks jgh gSa [8]A
gkfy;k çxfr us blds mi;ksx dks uSuksd‚EiksftV]
tSy] ,;jkstsy] fpifpikgV fu;a=d] fQYe] vojks/kd
ijr] Qkbcj] Qkse] ÅtkZ HkaMkj.k ç.kkyh vkSj fuLianu
f>Yyh tSls mRiknksa rd foLrkfjr dj fn;k gS [9]A
lsywykst dh vuwBh lajpuk LCB ls uSukslsywykst ds
fu"d"kZ.k dks l{ke cukrh gS] ftlesa ç;qä fof/k;ksa ds
vuqlkj mls CNC ;k CNF esa ifjofrZr fd;k tk
ldrk gS [10]A

CNC vkSj CNF ds mRiknu ds fy, vEyh;
tyvi?kVu ¼acid hydrolysis½ vkSj ;kaf=d mipkj
çeq[k fof/k;k¡ gSa] ysfdu buesa ÅtkZ [kir vkSj ty
vko';drk dh pqukSfr;k¡ cuh jgrh gSa] fo'ks"kdj
U;wVªykbts'ku ds nkSjku [11]A ,atkbfed tyvi?kVu
,d vk'kktud vkSj lrr fodYi çnku djrk gS]
tks lsywykst dks QkbfczysV djus ds fy, ,atkbeksa ds
ykHkksa dk mi;ksx djrk gS vkSj ÅtkZ dh [kir dks
de djrk gSA gkykafd] ,atkbeksa dh mPp ykxr ,d
çeq[k ck/kk gSA bl pqukSrh dks nwj djus ds fy,] dqN
v/;;uksa us ,atkbfed vkSj ;kaf=d fof/k;ksa dks tksM+dj
csgrj Qkbfczys'ku vkSj de ÅtkZ vko';drkvksa ds
fy, lek/kku lq>k;k gS [12][13]A

^^uSukslsywykst+̂ ^ 'kCn fofHkUu uSuks vkSj lw{e vkdkj
dh lsywyksftd d.kksa dks n'kkZrk gS [14]A bldh
lajpuk ds vk/kkj ij uSukslsywykst dks rhu çeq[k
çdkjksa esa oxhZ—r fd;k x;k gS%

1- lsywykst uSuksQkbcj ¼CNF½ & lkekU;r%
,atkbfed vkSj@;k ;kaf=d fo?kVu }kjk rS;kj fd;k
tkrk gSA

2- lsywykst uSuksfØLVy ¼CNC½ & vEyh;
tyvi?kVu }kjk çkIr NM+h&vkdkj dh fØLVyh;
d.kA

3- cSDVhfj;y uSukslsywykst ¼BNC½ & eq[;
:i ls Gluconoacetobacter xylinus tSls
cSDVhfj;k }kjk la'ysf"krA

AI vkSj dseksesfVªDl dk ,dhdj.k% gkfy;k
#>kuksa esa uSuks lkexzh ds la'ys"k.k dks vuqdwfyr
djus ds fy, AI&vk/kkfjr dseksesfVªd fof/k;ksa dk
lekos'k ns[kk x;k gSA mUur ,YxksfjFe vkSj
lkaf[;dh; fo'ys"k.kksa ds ek/;e ls] 'kks/kdrkZ fofHkUu
çfØ;kRed ekunaMksa ¼tSls rkieku] çfrfØ;k le;
vkSj jklk;fud lkaærk½ ds çHkko dks e‚My dj
ldrs gSa] ftlls uSukslsywykst daiksftV dh xq.koÙkk
vkSj mRikndrk dk iwokZuqeku vkSj lq/kkj laHko gksrk
gSA ;g –f"Vdks.k u dsoy ç;ksxkRed fMtkbu dks
rst djrk gS] cfYd cM+s iSekus ij mRiknu ds fy,
iwokZuqekukRed var–Zf"V Hkh çnku djrk gSA

mnkgj.kLo:i] cVyj ,oa vU; }kjk dh xbZ
leh{kk esa e'khu yfuaZx rduhdksa dk inkFkZ foKku
esa ç;ksx dh laHkkoukvksa ij çdk'k Mkyk x;k gS
[15]A blh rjg] jSdqfXy;k ,oa vU; us lQy vkSj
vlQy nksuksa ç;ksxksa ls lh[kdj la'ys"k.k fLFkfr;ksa
dks vuqdwfyr djus esa e'khu yfuaZx dh lgk;rk
çnf'kZr dh [16]A blds vykok] fde ,oa vU; us
;g n'kkZ;k fd fdl çdkj MsVk&vk/kkfjr rduhdsa
inkFkZ lwpuk foKku ¼materials informatics½ dks
u;k vkdkj ns jgh gSa] tks uSuks lkexzh fMtkbu esa
dseksesfVªd –f"Vdks.kksa dh vk/kkjf'kyk gSa [17]A

;g 'kks/ki= —f"k vif'k"V dks dk;kZRed uSuks
lkexzh esa cnyus ds uohu –f"Vdks.kksa dh tkap djrk
gS] lkFk gh la'ys"k.k çfØ;kvksa dks vuqdwfyr djus
vkSj iwokZuqeku fo'ys"k.k ds fy, —f=e cqf)eÙkk
¼AI½ ds ,dhdj.k dh iM+rky djrk gSA ;g v/;;u
AI&lgkf;r uSuks lkexzh la'ys"k.k dh dk;Zç.kkfy;ksa
dh foospuk djrk gS vkSj fofHkUu m|ksxksa esa blds
O;kogkfjd ykHkksa dk ewY;kadu djrs gq, lrr
lek/kku çLrqr djus dk mís'; j[krk gS] tks vif'k"V
çca/ku vkSj lalk/ku mi;ksx dh pqukSfr;ksa dks çHkkoh
<ax ls lacksf/kr dj ldrs gSaA
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lkfgR; leh{kk

—f"k vif'k"V ¼Agro-waste½ dks ewY;oku
uSukseSVsfj;Yl ¼Nanomaterials½ esa :ikarfjr djuk
,d uohu vkSj lrr rduhdh lek/kku ds :i esa
n`f"Vxr gqvk gSA ikjaifjd vif'k"V çca/ku tSls
tykuk ;k ySaMfQy esa Mkyuk] i;kZoj.k ij xaHkhj
çHkko Mkyrk gS vkSj xzhugkml xSlksa ds mRltZu dks
c<+krk gSA bu leL;kvksa ls fuiVus ds fy, oSKkfud
leqnk; vc —f"k vif'k"V dks mi;ksxh mRiknksa esa
cnyus ds ç;kl dj jgk gSA

—f"k vif'k"V esa lsY;wykst] fyfXuu] gsehlsY;wykst
tSls ck;ksi‚yhej çpqj ek=k esa ik, tkrs gSa] tks
uSukslkexzh fuekZ.k ds fy, mR—"V dPpk eky gSa
[18]A mnkgj.k ds fy,] pkoy dh Hkwlh ¼rice husk½
ls flfydk uSuksd.k cuk, tkrs gSa ftudk mi;ksx
ty 'kks/ku vkSj Hkkjh /kkrqvksa dks gVkus esa fd;k tkrk
gS [19]A

gfjr uSuksçkS|ksfxdh ¼Green nanotechnology½
esa ikS/kksa ds vdZ dk mi;ksx djds uSuksd.kksa dk
tSfod la'ys"k.k ¼biogenic synthesis½ fd;k tkrk
gS] ftlls gkfudkjd jklk;fud fj,DVsaV~l dh
vko';drk ugha gksrh [20]A bl çfØ;k esa ekStwn
çk—frd vo;o tSls i‚yhQsuksYl vkSj ,aVhv‚DlhMsaV
uSuksd.kksa ds fuekZ.k esa lgk;d gksrs gSaA

lsY;wykst uSuksd.kksa ¼Nanocellulose½ dk
mi;ksx [kk| iSdsftax] vkS"k/k forj.k ç.kkyh vkSj
tSo&fpfdRlk vuqç;ksxksa esa gks jgk gS [21]A
uSukslsY;wykst dks ,flM gkbMªksfyfll ;k ;kaf=d
çfØ;k }kjk —f"k vif'k"V ls fudkyk tk ldrk gSA
gkykafd] bu çfØ;kvksa esa ÅtkZ vkSj ty dh [kir
,d cM+h pqukSrh gS] ftls ,atkbe vk/kkfjr fof/k;ksa
}kjk de fd;k tk ldrk gSA

vkfVZfQf'k;y baVsfytsal ¼AI½ vkSj dseksfVªDl
¼chemometrics½ dk mi;ksx vc uSukseVsfj;y
la'ys"k.k çfØ;k dks vuqdwfyr djus ds fy, fd;k

tk jgk gSA AI vk/kkfjr e‚My rkieku] le; vkSj
jlk;u dh lkaærk tSls dkjdksa dk fo'ys"k.k djds
la'ys"k.k dh mit vkSj xq.koÙkk dh Hkfo";ok.kh dj
ldrs gSa [22]A blls u dsoy ykxr de gksrh gS]
cfYd i;kZoj.kh; çHkko Hkh ?kVrk gS [23] A

gky ds v/;;uksa esa ;g Li"V gqvk gS fd —f"k
vif'k"V ls cus uSukseVsfj;y ty 'kks/ku] jax gVkus]
thok.kqjks/kh xfrfof/k;ksa vkSj [kk| laj{k.k esa vR;ar
çHkkoh gSa [24]A ;g rduhd lrr fodkl y{;ksa
¼SDGs½ ds lkFk esy [kkrh gS D;ksafd ;g vif'k"V
dks ewY;oku mRiknksa esa cnyrh gS vkSj i;kZoj.kh;
çHkko dks U;wure djrh gS [25]A

lkexzh ,oa fof/k;k¡

1- —f"k vif'k"V laxzg.k

'kDdj xUus dh [kksbZ ¼Sugarcane Bagasse½]
/kku dh ijkyh ¼Rice Straw½ vkSj ukfj;y dk
fNydk ¼Coconut Husk½ dks bankSj vkSj mlds
vkl&ikl ds xzkeh.k {ks=ksa esa fLFkr fefyax m|ksxksa
vkSj LFkkuh; cktkjksa ls ,d= fd;k x;k rkfd
rktk çlaL—r —f"k vo'ks"kksa dh miyC/krk lqfuf'pr
dh tk ldsA

xUus dh [kksbZ vkSj /kku dh ijkyh dks 20&22
vxLr] 2024 dks LFkkuh; feyksa esa Qly dVkbZ ds
ckn dh çfØ;k ds nkSjku laxzfgr fd;k x;k] tcfd
ukfj;y ds fNyds 5&6 flracj] 2024 dks mu cktkjksa
ls fy, x, tgk¡ ukfj;y çlaLdj.k dh xfrfof/k;k¡
çeq[k FkhaA lHkh uewuksa dks feêh] iRFkj ;k vU; Qly
vif'k"V tSls lanw"kdksa ls eqä j[kk x;kA ,df=r
vo'ks"kksa dks lkQ vkSj yscy fd, x, i‚yhbfFkyhu
cSx esa j[kk x;k rkfd çnw"k.k u gksA

uewuksa dks vfrfjä ueh gVkus gsrq lw;Z dh
jks'kuh esa lq[kk;k x;kA blds fy, vo'ks"kksa dks lkQ
frjiky ij 3&4 fnuksa rd ¼23&26 vxLr] 2024
rd xUus dh [kksbZ o /kku dh ijkyh( 7&10 flracj]
2024 rd ukfj;y dk fNydk½ QSyk fn;k x;k vkSj
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fu;fer varjky ij iyVk x;kA tc vo'ks"k HkqjHkqjk gks x;k] ftlls i;kZIr ueh gVus dh iqf"V gqbZ] rc mUgsa
,;j&VkbV daVsujksa esa laxzfgr fd;k x;kA

2- uewuk rS;kjh ¼Sample Preparation½

lq[kk, x, —f"k vif'k"Vksa ¼xUus dh [kksbZ] /kku dh ijkyh] ukfj;y fNydk½ dks ;kaf=d xzkbaMj ls eghu
pw.kZ esa ihlk x;kA fQj pw.kZ dks 40 ;k 60&es'k pyuh ls Nkuk x;k rkfd ,dleku d.k vkdkj fey ldsA

{kkj mipkj ¼Alkali Treatment½ ds fy, 10 xzke çR;sd uewuk 150&200 feyhyhVj 5% lksfM;e
gkbMª‚DlkbM ¼NaOH½ esa j[kk x;k vkSj 80&100°C ij 3 ?kaVs rd pqacdh; g‚VfLVjj ij xeZ fd;k x;kA
bl çfØ;k ls fyfXuu vkSj gsehlsY;qykst gV x;k] tcfd lsY;qykst lajf{kr jgkA feJ.k dks oSD;we fQYVj
ls Nkuk x;k vkSj vklqr ty ls vPNh rjg /kks;k x;kA fQj uewuksa dks 60°C ij 5&6 ?kaVs rd ,;j&ldqZysfVax
vksou esa lq[kk;k x;kA

3- vifyXuhdj.k çfØ;k ¼Delignification Process½

bl çfØ;k esa igys dh rjg xzkbafMax vkSj pyuh çfØ;k ds ckn] uewuksa dks fQj ls 5% NaOH ds lkFk
80&100°C ij 3 ?kaVs rd xeZ fd;k x;kA /kksus vkSj lq[kkus dh fof/k leku jgh] ftlls 'kq) lsY;qykst QkbclZ
çkIr fd, x, [25]A

4- lsY;qykst uSuksdksEiksft+V~l dh rS;kjh

'kq) lsY;qykst Qkbcj dks ;kaf=d] jklk;fud ;k la;qä rduhdksa ls uSuksLrj ij rksM+k x;kA çkIr
uSuksdksEiksft+V~l dh lajpukRed o :ikRed fo'ks"krkvksa dk ewY;kadu fd;k x;kA

uSukseSVsfj;Yl dh fo'ks"krk tkap ¼Characterization Techniques½

1- LdSfuax bysDVª‚u ekbØksLdksih ¼SEM½ fo'ys"k.k

uewuksa ij lksus ;k IysfVue dh iryh ijr p<+kbZ xbZ vkSj SEM }kjk mPp&fjt‚Y;w'ku Nfo;k¡ çkIr dh
xbZa rkfd muds d.kksa ds vkdkj vkSj ,d:irk dh iqf"V gks lds [27]A

2- Hkkjh /kkrq lks[kus dh {kerk ijh{k.k

Øksfe;e vk;u lanw"k.k dh udy ds fy, iksVSf'k;e ØksesV ¼K
2
CrO

4
½ dh —f=e ?kksysa rS;kj dh xbZa ¼Cr–

1 ls Cr–4 rd½A fu/kkZfjr ek=k esa lsY;qykst uSuksdksEiksftV dks bu ?kksyksa esa feykdj 1 ?kaVs rd ?kqek;k x;kA
ckn esa ?kksy dks fQYVj dj Øksfe;e vk;uksa dh 'ks"k ek=k dks Atomic Absorption Spectrophotometry

¼AAS&200½ }kjk ekik x;k [27]A

3- lks[kus dh n{krk ¼Adsorption Efficiency½

Øksfe;e lks[kus dh çfr'kr {kerk bl lw= ls x.kuk dh xbZ%

% 100 
¼izkjfa Hkd Øksfe;e lkna rz k&vof'k"V Økfs e;e lkanzrk½

Økfs e;e vo'kk"s k.k n{krk ¼ ½
izkjfa Hkd Økfs e;e lkna zrk
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ifj.kke

,vkbZ vkSj dseksesfVªd fo'ys"k.k ¼AI and Chemometric Analysis½%

,d ,vkbZ&lapkfyr dseksesfVªd –f"Vdks.k dk mi;ksx uSuksdksEiksft+V~l ds la'ys"k.k ekinaMksa dks vuqdwfyr
djus vkSj muds vo'kks"k.k {kerk dh iwokZuqeku yxkus ds fy, fd;k x;kA

SEM ¼LdSfuax bysDVª‚u ekbØksLdksih½] jklk;fud lajpuk] vkSj Øksfe;e vo'kks"k.k ijh{k.kksa ls çkIr
vkadM+ksa dks e'khu yfuaZx e‚MYl esa buiqV ds :i esa Mkyk x;kA bu e‚Myksa us fofHkUu çkslsflax iSjkehVlZ ¼tSls
rkieku] çfrfØ;k le;] NaOH dh lkaærk vkfn½ ds çHkko dk fo'ys"k.k fd;k vkSj lcls mi;qä 'krksaZ dh
igpku dhA

bl –f"Vdks.k us u dsoy ç;ksxkRed fMtkbu dks vf/kd dq'ky cuk;k] cfYd blus ;g Hkh iwokZuqeku
yxk;k fd fdu ifjfLFkfr;ksa esa uSuksdksEiksft+V~l loksZÙke çn'kZu djsaxsA

bl çdkj] ;g rduhd u dsoy le; vkSj lalk/kuksa dh cpr djrh gS] cfYd mPp xq.koÙkk okys mRikn
çkIr djus esa Hkh lgk;rk djrh gSA

1- —f"k vif'k"V laxzg.k vkSj lq[kkus dh çfØ;k ¼Agricultural Waste Collection and

Drying – fganh esa½

lsyqykst uSuksdksEiksftV~l ds la'ys"k.k ds fy, xUus dh [kksbZ ¼Sugarcane Bagasse½] /kku dk iqvky
¼Rice Straw½ vkSj ukfj;y dk ckgjh [kksy ¼Coconut Husk½ bankSj vkSj vklikl ds xzkeh.k {ks=ksa ls ,df=r
fd, x,A ,d= fd, x, vo'ks"kksa dh lko/kkuhiwoZd tk¡p dh xbZ rkfd feêh] iRFkj ;k vU; Qly dpjs tSls
v'kqf);ksa dks gVk;k tk ldsA

 xUus dh [kksbZ LFkkuh; 'kqxj feyksa ls]
 /kku dk iqvky pkoy feyksa ls]
 vkSj ukfj;y dk [kksy LFkkuh; cktkjksa ls çkIr fd;k x;kA

çR;sd çdkj ds —f"k vif'k"V dks lwjt dh jks'kuh esa pkj fnuksa rd lq[kk;k x;k rkfd muesa ekStwn ueh
dks çHkkoh <ax ls gVk;k tk ldsA tc ;s lkexzh i;kZIr :i ls lw[k xbZ vkSj HkqjHkqjh gks xbZ] rc mUgsa jklk;fud
mipkj ds fy, rS;kj djus gsrq eghu pw.kZ esa ihl fy;k x;kA

2- —f"k vo'ks"kksa dh çkslsflax vkSj fo'ys"k.k ¼Agricultural Waste Processing and Analysis½

lw[kkus] ihlus vkSj {kkjh; mipkj ¼alkali treatment½ dh çfØ;kvksa ds ckn xUus dh [kksbZ] /kku dk iqvky
vkSj ukfj;y ds [kksy ls mPp&'kq)rk okys lsyqykst Qkbcj çkIr fd, x,A bu QkbclZ dks vkxs uSuksdEiksftV
la'ys"k.k ds fy, mi;ksx fd;k x;kA
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rkfydk 1% —f"k vo'ks"k çkslsflax ds ekinaMksa dk lkjka'k

iSjkehVj xUus dh [kksbZ /kku dh ijkyh ukfj;y dh Hkwlh 

laxzg lzksr ’kqxj feYl jkbl feYl LFkkuh; cktkj 

lq[kkus dh fof/k /kwi esa lq[kkuk /kwi esa lq[kkuk /kwi esa lq[kkuk 

lq[kkus dh vof/k 4 fnu 4 fnu 4 fnu 

iz;qDr tkyh vkdkj 50&es’k 40&es’k 60&es’k 

d.k vkdkj lhek 0-30&0-60 feeh 0-42&0-84 feeh 0-25&0-50 feeh 

{kkjh; mipkj 5% NaOH, 80–100ºC, 
3 ?kaVs 

5% NaOH, 80–100ºC, 
3 ?kaVs 

5% NaOH, 80–100ºC, 
3 ?kaVs 

mipkj ds ckn lq[kkuk 60ºC ij 5–6 ?kaVs 60ºC ij 5–6 ?kaVs 60ºC ij 5–6 ?kaVs 
 2- ihlus vkSj Nkuus ds ckn d.k vkdkj forj.k

ihls x, vo'ks"kksa dks leku d.k vkdkj çkIr djus ds fy, Nkuk x;k] ftlls lsY;wykst fu"d"kZ.k ds
fy, mi;qä vkdkj lqfuf'pr gks ldsA xUus dh [kksbZ dks 50&es'k Nyuh ls Nkuk x;k] ftlls 0-30 ls 0-
60 feeh ds d.k vkdkj çkIr gq,A /kku dh ijkyh dks ihlus ds ckn 40&es'k Nyuh ls xqtkjk x;k] ftlls
0-42 ls 0-84 feeh ds d.k vkdkj çkIr gq,A ukfj;y dh Hkwlh] tks fd js'ksnkj ç—fr dh gksrh gS] dks 60&es'k
Nyuh ls Nkuk x;k] ftlls 0-25 ls 0-50 feeh ds d.k vkdkj çkIr gq,A

bu Nus gq, ikmMjksa dks vkxs 5% lksfM;e gkbMª‚DlkbM ¼NaOH½ ?kksy ls mipkfjr fd;k x;k] ftlls
fyfXuu vkSj gsfelsyqykst dks gVk;k tk lds vkSj uSuksd‚EiksftV la'ys"k.k ds fy, 'kq) lsY;wykst Qkbcj çkIr
fd, tk ldsaA

3- {kkjh; mipkj vkSj fyfXuu gVkuk ¼MsfyfXufQds'ku½

{kkjh; mipkj dks 80&100°C ds rkieku ij rhu ?kaVs rd fd;k x;k rkfd —f"k vif'k"Vksa esa ekStwn
fyfXuu vkSj gsfelsyqykst dks rksM+k tk ldsA mipkfjr uewuksa dks mlds ckn fQYVj fd;k x;k vkSj 'ks"k
jklk;fud vo'ks"kksa dks gVkus ds fy, vklqr ty ¼fMfLVYM o‚Vj½ ls vPNh rjg /kks;k x;kA çkIr
lsY;wykst&le)̀ js'kksa dks 60°C ij ,;j&ldqZysfVax vksou esa 5&6 ?kaVs rd lq[kk;k x;k rkfd xSj&lsY;wykst
?kVdksa dks iwjh rjg ls gVk;k tk ldsA bl çfØ;k us lsY;wykst js'kksa dh 'kq)rk dks çHkkoh :i ls c<+k;k]
ftlls os uSuksd‚EiksftV la'ys"k.k ds fy, mi;qä gks x,A

1- uSuksd‚EiksftV la'ys"k.k vkSj fo'ys"k.k

lsY;wykst js'kksa dks lQyrkiwoZd uSuksd‚EiksftV esa ifjofrZr fd;k x;kA SEM ¼LdSfuax bysDVª‚u
ekbØksLdksih½ fo'ys"k.k ls ;g Kkr gqvk fd buesa ,d leku js'ksnkj lajpuk gS] ftldh eki uSuks Lrj ¼60&90
nm½ ij gSA rkfydk 2 esa blds fo'ys"k.k laca/kh fooj.k fn, x, gSaA
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rkfydk 2% uSuksd‚EiksftV fo'ks"k.k MsVk

lzksr vkSlr d.k vkdkj 
(nm) 

lrgh lajpuk fVIif.k;k¡ 

xUUks dh [kksbZ 60–85 
leku] js’ksnkj 

tkfydk 
fyfXuu dh izHkkoh :i ls lQkbZ dh 

iqf"V 

/kku dh ijkyh 70–90 leku] js’ksnkj 
tkfydk 

d.kksa dk lqlaxr forj.k 

Ukkfj;y dh Hkwlh 65–88 leku] js’ksnkj 
tkfydk 

mPp 'kq)rk vkSj U;wure ,d=hdj.k 
¼,Xyksesjs’ku½ 

 ifj'kksf/kr lsY;wykst js'kksa dks ;kaf=d vkSj jklk;fud mipkjksa ds ek/;e ls uSuks Lrj ds
lsY;wykst d.kksa esa ifjofrZr fd;k x;kA

LdSfuax bysDVª‚u ekbØksLdksih ¼SEM½ dk mi;ksx la'ysf"kr uSuksd‚EiksftV dh lrgh lajpuk vkSj
d.k vkdkj forj.k dk fo'ys"k.k djus ds fy, fd;k x;kA SEM Nfo;ksa ls ;g Li"V gqvk fd lsY;wykst
uSuksd‚EiksftV esa ,d leku vkSj vkil esa tqM+k gqvk js'ksnkj usVodZ Fkk] ftlesa d.k vkdkj eq[;r% 60&90
uSuksehVj dh lhek esa ik, x,A

 xUus dh [kksbZ% d.k vkdkj lhek 60&85 uSuksehVj

 /kku dh ijkyh% d.k vkdkj lhek 70&90 uSuksehVj

 ukfj;y dh Hkwlh% d.k vkdkj lhek 65&88 uSuksehVj

lsY;wykst uSuksd‚EiksftV dh fpduh vkSj ,dleku lrg ls ;g ladsr feyrk gS fd {kkjh; mipkj vkSj
MsfyfXufQds'ku ds ek/;e ls v'kqf);ksa dks lQyrkiwoZd gVk;k x;k gSA

;s fu"d"kZ iqf"V djrs gSa fd la'ysf"kr uSuksd‚EiksftV esa okaNuh; lajpukRed xq.k ekStwn gSa] ftlls os
vf/k'kks"kd ¼adsorbents½ vkSj daiksftV fuekZ.k esa lq–<hdj.k lkexzh tSls fofHkUu vuqç;ksxksa ds fy,
mi;qä gSaA

5- Øksfe;e vo'kks"k.k n{krk

lsY;wykst+ uSuksd‚Eiksft+V dh vo'kks"k.k {kerk dk ewY;kadu djus ds fy,] iksVsf'k;e ØksesV ¼K
2
CrO

4
½

ds —f=e ?kksy fofHkUu Øksfe;e lkaæ.kksa ds lkFk rS;kj fd, x,A çR;sd ?kksy esa fuf'pr ek=k esa lsY;wykst
uSuksd‚Eiksft+V feyk;k x;k] vkSj ,d ?kaVs rd vo'kks"k.k çfØ;k pykbZ xbZA blds ckn ?kksy dks fQYVj
fd;k x;k vkSj 'ks"k Øksfe;e vk;u dh lkaærk dks ,V‚fed ,Ct‚I'kZu LisDVªksQksVksehVj ¼AAS&200½ ds
ek/;e ls ekik x;kA

K
2
CrO

4
 vk/kkfjr Øksfe;e vo'kks"k.k ç;ksxksa ls ;g fl) gqvk fd bu uSuksd‚EiksftV~l dh vo'kks"k.k

n{krk mPp jghA fofHkUu çkjafHkd lkaæ.kksa ds fy, Øksfe;e esa çfr'kr deh dh x.kuk dh xbZA bldk fooj.k
rkfydk 3 esa çLrqr gSA
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rkfydk 3% fofHkUu —f"k vif'k"V&vk/kkfjr uSuksd‚Eiksft+V~l ds fy, Øksfe;e vo'kks"k.k n{krk

Ñf"k vif’k"V lzksr izkjafHkd Øksfe;e lkanzrk 
(mg/L) 

izfr'kr deh 
(%) 

xUus dh [kksbZ 15 65.3 

/kku dh ijkyh 20 60.8 

ukfj;y dh Hkwlh 30 57.3 

 ifj.kkeksa dk fo'ys"k.k vkSj fu"d"kZ

ifj.kkeksa ls ;g fl) gqvk fd lsY;wykst uSuksd‚EiksftV~l esa Øksfe;e ds çfr mPp vo'kks"k.k n{krk ekStwn
gSA Øksfe;e dh çkjafHkd lkaærk ds vuqlkj vo'kks"k.k n{krk esa varj ns[kk x;kA de çkjafHkd lkaærk ¼15 mg/

L½ ij Øksfe;e esa 65-3% dh deh ntZ dh xbZ] tcfd mPp lkaærk ¼30 mg/L½ ij ;g n{krk ?kVdj 57-3%

jg xbZA

;g çof̀Ùk n'kkZrh gS fd uSuksd‚Eiksft+V~l dh vo'kks"k.k {kerk de lkaæ.k ij vf/kd çHkkoh gksrh gS] tcfd
Øksfe;e dh ek=k c<+us ij mlesa FkksM+h deh vk tkrh gSA

;s fu"d"kZ bl ckr ij çdk'k Mkyrs gSa fd —f"k vif'k"V ls çkIr lsY;wykst uSuksd‚Eiksft+V~l Hkkjh /kkrqvksa
dks gVkus ds fy, çHkkoh vo'kks"kd ds :i esa dk;Z dj ldrs gSaA

la'ysf"kr uSuksd‚Eiksft+V~l esa mR—"V vo'kks"k.k {kerk,a gSa] tks mUgsa i;kZoj.kh; 'kks/ku ¼environmental

remediation½ vuqç;ksxksa ds fy, mi;qä cukrh gSaA

ç;ksxkRed ifj.kkeksa ls ;g Hkh fl) gksrk gS fd —f"k vif'k"V dks mPp xq.koÙkk okys lsY;wykst
uSuksd‚Eiksft+V~l esa çHkkoh :i ls ifjofrZr fd;k tk ldrk gS] ftuesa i;kZoj.kh; 'kks/ku dh egRoiw.kZ
laHkkouk,a gSaA

bl v/;;u esa AI ¼—f=e cqf)eÙkk½ vkSj dseksesfVªd rduhdksa ds mi;ksx us ;g xgjkbZ ls le>us esa enn
dh fd fofHkUu çfØ;k ekinaM uSuksd‚Eiksft+V ds xq.kksa dks dSls çHkkfor djrs gSaA

iwokZuqekukRed e‚My ¼predictive models½ us la'ys"k.k çfØ;k dks csgrj cukus esa enn dh] ftlls
lqlaxr d.k vkdkj forj.k vkSj csgrj Hkkjh /kkrq vo'kks"k.k n{krk lqfuf'pr gqbZA

SEM Nfo;ksa esa fn[kkbZ nsus okyk leku js'ksnkj usVodZ bl ckr dh iqf"V djrk gS fd {kkjh; mipkj vkSj
MsfyfXufQds'ku çfØ;k,a çHkkoh jgh gSaA

mPp Øksfe;e vo'kks"k.k n{krk ;g ladsr nsrh gS fd ;s lsY;wykst uSuksd‚Eiksft+V~l lrr ¼sustainable½]
de ykxr okys vkSj çHkko'kkyh ty 'kqf)dj.k ,oa i;kZoj.kh; lQkbZ lek/kku çnku dj ldrs gSaA

6- fu"d"kZ

bl v/;;u esa —f"k vif'k"V&xUus dh [kksbZ] /kku dh ijkyh vkSj ukfj;y dh Hkwlh&ls lsY;wykst
uSuksd‚Eiksft+V~l dk lQyrkiwoZd la'ys"k.k fd;k x;k vkSj bUgsa Øksfe;e vk;uksa ds tyh; ?kksy ls vo'kks"k.k
esa çHkkoh ik;k x;kA vo'kks"k.k n{krk Øe'k% xUus dh [kksbZ ¼65-3%½] /kku dh ijkyh ¼60-8%½] vkSj ukfj;y
dh Hkwlh ¼57-3%½ ds fy, ntZ dh xbZA ;s fu"d"kZ bl vksj ladsr djrs gSa fd —f"k vif'k"V ls çkIr lsY;wykst
uSuksd‚Eiksft+V~l Hkkjh /kkrqvksa dks nwf"kr ty lzksrksa ls gVkus esa vR;f/kd çHkkoh gks ldrs gSaA
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çkIr vo'kks"k.k n{krk,a lsY;wykst+&vk/kkfjr
lkefxz;ksa ij fd, x, iwoZ 'kks/k ds vuq:i gSa%

v'kjQh ,oa vU; ¼2022½ [28] us lksMk cxkl
iYi ls çkIr lsY;wykst+ uSuksfØLVYl ¼CNCs½ ds
ek/;e ls Cd2+ vkSj Pb2+ tSls Hkkjh /kkrq vk;uksa dks
gVkus dk çn'kZu fd;kA mUgksaus lfDlfud ,ugkbMªkbM
ls la'kksf/kr CNCs dh vf/kdre vo'kks"k.k {kerk
dks pH 6 ij js[kkafdr fd;kA Pb2+ vk;uksa ds çfr
vf/kd >qdko gekjs v/;;u esa ns[ks x, Cr6+ vo'kks"k.k
O;ogkj ls esy [kkrk gSA

ftvkax ,oa vU; ¼2023½ [29] us —f"k ijkyh
ls la'ysf"kr i‚yhik;jksy&la'kksf/kr uSukslsY;wykst+ ds
ek/;e ls Hg2+ vk;uksa dh vR;f/kd vo'kks"k.k {kerk
crkbZA ;g {kerk d‚EiksftV dh lrg ij çpqj
dk;kZRed lewgksa ds dkj.k Fkh] tks Hkkjh /kkrqvksa dks
çHkkoh :i ls gVkus esa lgk;d gksrs gSaA

'kekZ ,oa vU; (2021) [30] us fyXukslsY;wyksfld
ck;ksekl ls çkIr uSukslsY;wykst+ ij vk/kkfjr ,d
leh{kk esa crk;k fd bu inkFkksaZ dh mPp lrg {ks=]
jklk;fud la'kks/ku {kerk vkSj de ykxr mUgsa ty
mipkj ds fy, mi;qä cukrh gSA

bl v/;;u us ;g fl) fd;k fd —f"k vif'k"V
ls çkIr uSuksd‚Eiksft+V~l u dsoy Hkkjh /kkrqvksa ds
'kks/ku ds fy, dkjxj gSa] cfYd AI&vk/kkfjr
dseksesfVªd fo'ys"k.k ds lkFk leUo; djds çfØ;k
vuqdwyu vkSj fo'ys"k.k esa Hkh egRoiw.kZ lq/kkj çkIr
fd, tk ldrs gSaA

blds vfrfjä] bu uSuksd‚Eiksft+V~l dk mi;ksx
IykfLVd ds ikjaifjd fodYi ds :i esa djus dh
laHkkouk,a mHkjrh gSa] ftlls IykfLVd çnw"k.k dks
de djus vkSj i;kZoj.kh; fLFkjrk dks c<+kok nsus esa
lgk;rk fey ldrh gSA

Hkfo"; dh laHkkouk,a

1- IykfLVd esa deh dh j.kuhfr;ksa ds
lkFk ,dhdj.k% ty 'kqf)dj.k ls vkxs c<+rs gq,]
—f"k vif'k"V ls çkIr lsY;wykst uSuksd‚Eiksft+V~l

ikjaifjd IykfLVd ds çHkko'kkyh fodYi çLrqr
djrs gSaA budh ck;ksfMxzsMsfcfyVh ¼tSo&vi?kVu
{kerk½ vkSj etcwr ;kaf=d xq.k bUgsa bZdks&ÝsaMyh
ck;ksIykfLVd vkSj fVdkÅ iSdsftax lkexzh ds fodkl
ds fy, mi;qä cukrs gSaA bu lkefxz;ksa dks fofHkUu
d‚Eiksft+V Q‚ewZyksa esa 'kkfey djds IykfLVd mi;ksx
dks ?kVk;k tk ldrk gS vkSj —f=e i‚fyej ls lacaf/
kr çnw"k.k dks de fd;k tk ldrk gSA

2- AI&vk/kkfjr vuqdwyu esa çxfr% Hkfo";
ds vuqla/kku esa AI vkSj dseksesfVªd fo'ys"k.k dk vkSj
vf/kd mi;ksx djds u dsoy la'ys"k.k çfØ;k dks
ifj"—r fd;k tk ldrk gS] cfYd uSuksd‚Eiksft+V~l
dks fo'ks"k vkS|ksfxd vuqç;ksxksa ds fy, vuqdwfyr Hkh
fd;k tk ldrk gSA

;g j.kuhfr mu lkefxz;ksa ds fodkl dh vksj
ys tk ldrh gS tks okrkoj.kh; 'kks/ku ls ysdj
tSofpfdRlk vuqç;ksxksa rd foLrr̀ {ks=ksa esa mPp
çn'kZu çnku dj ldsaA

vkHkkj

ys[kd jlk;u foHkkx] ekuljksoj Xykscy
fo'ofo|ky;] Hkksiky ¼e-ç-½] dk bl 'kks/k dk;Z ds
nkSjku lalk/ku vkSj lg;ksx çnku djus ds fy,
gkfnZd vkHkkj O;ä djrs gSaA fo'ks"k /kU;okn mu
lg;ksfx;ksa vkSj lgdfeZ;ksa dks] ftUgksaus bl v/;;u
esa vius egRoiw.kZ fopkjksa vkSj fo'ks"kKrk ds ek/;e ls
vewY; ;ksxnku fn;kA

fgrksa dk Vdjko fooj.k % ys[kd ;g ?kks"k.kk
djrs gSa fd mudk dksbZ LokFkZflf) ;k fgrksa dk
Vdjko ugha gSA
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