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uSuksd.kksa ds nq"izHkkoksa dk vkdyu

jhuk flag ,oa usgk pkS/kjh
ifjogu ;kstuk vkSj i;kZoj.k izHkkx] lh,lvkbZvkj&dsanzh; lM+d vuqla/kku laLFkku eFkqjk jksM] ubZ fnYyh 110025

lkjka'k% uSuksVsDuksykWth ds {ks=k esa izxfr ls LokLF;] Hkkstu] nok] miHkksäk] i;kZoj.k vkSj bysDVªkWfuDl lfgr yxHkx lHkh {ks=kksa esa uokpkj ¼buksoS'ku½ dk ekxZ
iz'kLr gqvk gSA blds vlk/kkj.k HkkSfrd vkSj jklk;fud xq.kksa ds dkj.k uSuks izkS|ksfxdh vk/kkfjr mRiknksa dh ekax gSA bl ekax ds dkj.k bathfu;j uSuksd.kksa
¼bZ,uih½@uSuks lkexzh dk cfgokZg fnu&cs&fnu c<+ jgk gS vkSj blus fufeZr@la'ysf"kr uSuksd.kksa@uSuksikfVZdYl ds foLrkfjr fuekZ.k vkSj mi;ksx dks izsfjr fd;k gSA
uSuks TiO2, flYoj ¼Ag) vkSj xksYM ¼Au) uSuksikfVZdYl ¼,uih½ O;kid :i ls mi;ksx fd, tkus okys bZ,uih gSa D;ksafd 50» ls vf/kd miHkksäk vkSj bysDVªkWfud
mRiknksa esa budk izHkqRo gSA oSf'od cktkj esa] /kkrq vkSj /kkrq vkWDlkbM uSuksikfVZdYl vk/kkfjr mRikn miHkksäk@bysDVªkWfud oLrqvksa dk yxHkx 50» fgLlk gSa
vkSj blfy, ;g v/;;u djus ds fy, bathfu;j uSuksikfVZdYl ¼bZ,uih½ ds egRoiw.kZ oxZ esa gSaA buds la'ys"k.k] ifjogu mi;ksx vkSj fuiVku ds nkSjku] bu bathfu;j
uSuksikfVZdYl ¼bZ,uih½ dk ,d egRoiw.kZ fgLlk i;kZoj.k esa NksM+k ¼fjyht fd;k½ tkrk gS] tks varr% ekuo LokLF; dks izHkkfor djrk gSA

la'ys"k.k ds vykok] bu uSuksd.kksa dk mi;ksx fofHkUUk i;kZoj.kh; izca/ku ds fy, Hkh fd;k tkrk gS] tSls ty izca/ku] Lo;a lQkbZ isaV dk mi;ksx djds ok;q
iznw"k.k dks de djuk] ftlls ;g vutkus esa lzkfor gksrk gS vkSj var esa i;kZoj.k ds nwf"kr gksus dk dkj.k curk gSA vkt rd gekjs ikl i;kZoj.k esa tkjh bu
uSuksikfVZdYl dh ek=kk fu/kkZfjr djus ds fy, i;kZIr vkadM+s ugha gSA gkykafd uSuksVsDuksykWth dh izxfr ,d le; esa cM+h ek=kk esa gqbZ gS] bZ,uih ds fo"kkä izHkkoksa
vkSj [krjksa ds ckjs esa gekjh varǹZf"V muds fuekZ.k vkSj mi;ksx dh xfr ds ihNs ,d yack jkLrk r; djrh gSA buds ikfjfLFkfrd ra=k vkSj ekuo LokLF; ij laHkkfor
izHkko ds dkj.k fofHkUUk tSfod vkSj i;kZoj.kh; iz.kkfy;ksa esa dbZ fo"kkärk tkap dh xbZ gSA orZeku esa bu bZ,uih }kjk ekuo LokLF; dks gksus okys [krjksa ds
ckjs esa cgqr de tkudkjh gSA blfy,] i;kZoj.k esa uSukseSVsfj;Yl ds ,Dlikstj dk ewY;kadu vkSj fo"kkärk dk v/;;u vis{kkÑr ubZ vkSj /;ku nsus okyk ,d
fpark dk fo"k; gS D;ksafd buls mRiUUk i;kZoj.kh; izHkko dks vHkh U;wu leÖkk tkrk gSA bu d.kksa ds laHkkfor LokLF; izHkko dks leÖkus ds fy, bZ,uih ds ekuo
tksf[ke ¼,Dlikst+j½ dks leÖkuk cgqr egRoiw.kZ gS] D;ksafd bu ij vHkh rd cgqr de 'kks/k fd;k x;k gSA bl ys[k esa geus bZ,uih dh nks egRoiw.kZ Jsf.k;ksa dh
fo"kkärk ¼VkfDllVh½ vkSj tksf[ke ewY;kadu ¼bDLiks'kj vlsLeUV½ fd;k gSA
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Abstract
Nanotechnology's advancement has paved the path for innovation in almost all the sectors, including health, food, medicine, consumer,

environment and electronics. There is a demand of nanotechnology based products because of their extraordinary physical and chemical
properties. Because of this demand the outflow of engineered nanoparticles/ nanomaterials (ENPs/ ENMs) is increasing day by day and
has prompted expanded creation and utilization of manufactured/synthesized nanoparticles (NPs). Nano TiO2, silver (Ag) and gold (Au)
nanoparticles are the widely used ENPs because of their dominancy in more than 50% of the consumer and electronic products. In the
global market, metal and metal oxide nanoparticles (MNPs and MONPs) based product constitutes almost 50% of the consumer/elec-
tronic items and therefore they are the important class of ENPs to study. During their synthesis, transportation, usage, and disposal, a
significant portion of these ENPs are released into the environment which finally affects the human health. Besides synthesis, these
nanoparticles are also used for various environmental remediations like in water treatment, reducing air pollution by using self cleaning
paints, which unintentionally led to their release and finally contamination of the environment.  Till date we don't have adequate data to
quantify the amount of these NPs released into the environment. Though the advancement of nanotechnology has progressed huge
amounts at a time, however our insight into the toxicological impacts and dangers of ENPs falls a long ways behind the speed of their



27flag ,oa pkS/kjh% uSuksd.kksa ds nq"izHkkoksa dk vkdyu

creation and use. Numerous toxicity investigations in various biological and environmental systems have been conducted because of their
potential impact on the ecosystem and human health. Little is known about the dangers that these ENPs pose to human health. Therefore,
the exposure assessment and toxicity study of nanomaterials in the environment is a relatively new and pressing concern because their
environmental impact is poorly understood. Understanding the human exposure of these ENPs are therefore very important in order to
understand the possible health effect of these particles, because little research has been done on these ENPs till recently. In this paper we
critically review the toxicity and exposure assessment of two important categories of ENPs: Metal and metal oxide based ENPs (MENPs
and MOENPs) since there are considerable gaps in our knowledge of these ENP's toxicity.

izLrkouk

de ls de ,d vk;ke ¼MkbZesU'ku½ esa 1 ls 100nm dh
vkdkj lhek esa dqN Hkh] uSuksd.kksa dh Js.kh esa vkrk gSA ;s d.k
vius fo'kky vkdj led{kksa ¼cYd dkmaVj ikVZ½ dh rqyuk esa
vlkekU; HkkSfrd vkSj jklk;fud O;ogkj fn[kkrs gSa] tSls
,Y;wehfu;e /kkrq bl Lrj ij lksus dh rjg O;ogkj djuk 'kq:
dj nsrh gS bl iSekus ij, ,Y;wehfu;e dks u;k lksuk Hkh ekuk
tkrk gS] D;ksafd ,Y;wehfu;e ds vkWfIVdy xq.k lksus ds leku
O;ogkj fn[kkrs gSa vkSj blhfy, bl iSekus ij dherh lksus dh
/kkrq dks fofHkUUk IykLeksfud vuqiz;ksxksa ds fy, ,Y;wehfu;e
}kjk izfrLFkkfir fd;k tk ldrk gS vkSj okLro esa vc bls
izfrLFkkfir fd;k tk jgk gSA uSukseSVsfj;Yl dh ;g vlk/kkj.k
xq.k mUgsa yxHkx lHkh {ks=kksa esa mi;ksxh cukrk gS] tSls fd
dVSfylhl] lsaflax] fpfdRlk {ks=k] lkSan;Z izlk/ku] vkWfIVdy
fMokbl] fuekZ.k lkexzh] vkfnA yxHkx lHkh rduhd vc
vius mRikn ds fy, uSuks rduhd dk mi;ksx djrh gS] tSls
lSelax bafM;k jsfÝtjsVj] okWf'kax e'khu] ,;j daMh'kuj esa
flYoj uSuksikfVZdYl ¼Ag NPs) dk mi;ksx djrh gS] D;ksafd

flYoj uSuksikfVZdYl cSDVhfj;k ds 'olu dks jksdrs gSaA blds
vykok :e I;wjhQk;j esa] vYVªk Qkbu ikfVZdYl vkSj oksysVkby
vkWxsZfud daikmaM~l dks gVkus ds fy, flYoj vkSj dkcZu
vk/kkfjr uSuksikfVZdYl dk mi;ksx fd;k tkrk gSA dkWLesfVd
m|ksx luLØhu yks'ku vkSj MsaVy fQfyax ds fy, /kkrq vkWDlkbM
vk/kkfjr uSuksd.kksa tSls fta+d vkWDlkbM (ZnO) vkSj VkbVsfu;e
MkbvkWDlkbM (TiO2) dk mi;ksx djrk gSA gkykafd] dbZ xq.k tks
bZ,uih dks lHkh mfYyf[kr vuqiz;ksxksa ds fy, bruk vuwBk vkSj
mi;ksxh cukrs gSa] lkFk gh ;s lkbVksVksfDld vkSj thuksVkWfDld
izHkko tSls lwtu] Mh,u] {kfr] QsQM+ksa ds Qkbczksfll] dksf'kdk
èR;q  ds dkj.k] ekuo LokLF; dks Hkh uqdlku igqapk ldrs gSaA

ekuoh; xfrfof/k;ka vkSj izkÑfrd izfØ;k,a nksuksa uSuksikfVZdYl
dk mRiknu djrh gSa] tSls Tokykeq[kh dh /kwy] lM+d dh /kwy]
eghu jsr] ok;jl vkSj cSDVhfj;k izkÑfrd :i ls ik, tkus
okys uSuksikfVZdYl dh Jsf.k;ksa esa vkrs gSaA ekuo fufeZr
uSuksikfVZdYl nks Jsf.k;ksa esa vkrs gSa% vkdfLed vkSj bathfu;j
uSuksd.k  ¼fp=k 1½A vkdfLed uSuksikfVZdYl ekuoh;
xfrfof/k;ksa ds miksRikn gSa] tSls Mhty bZa/ku tykus ls CySd

ekuo fufeZr uSuksikfVZdYl dh Jsf.k;ka
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dkcZu] cgqr lkjs ngu mRikn] fuekZ.k vkSj fo/oal xfrfof/k;ka]
vif'k"V mRikn ¼uSuksfMokbl ds fuiVku ls uSuksosLV½] tax
cuuk vkfnA bathfu;j uSuksikfVZdYl dqN fo'ks"k vuqiz;ksxksa ds
fy, ekuo }kjk tkucwÖkdj la'ysf"kr fd;k tkrk gSA fufeZr
uSuksikfVZdYl tSls VkbVsfu;e MkbvkWDlkbM (TiO2), dkcZu
uSuksV~¸kwc ¼CNTs½] flaxy vkSj eYVhokWy dkcZu uSuksV~¸kwc
¼SWNTs and MWNTs½] Qqyjhu] xzsQhu] flYoj ¼Ag½]
,Y;qfefu;e ¼Al½ vkSj xksYM ¼Au½ uSuksikfVZdYl] vkfn gSaA
uSukseVsfj;Yl ds dpjs dks uSuks fMokblsl ds mi;ksx ;k iqupZØ.k
ds nkSjku vkSj lkFk gh uSukseSVsfj;Yl ds fuekZ.k ds nkSjku
i;kZoj.k esa NksM+ fn;k tkrk gSA bu 'kkfey d.kksa ds NksVs
vkdkj vkSj mPp lrg {ks=k ds dkj.k] bl rjg ds fuokj.k
[krjukd gks tkrs gSa D;ksafd os gok esa rSjrs ¼lLisaMsM½ jgrs gSa]
tgka ?k"kZ.k vkSj lrg ruko ¼ljQsl Vsa'ku½ tSls cy vDlj
xq#Rokd"kZ.k cyksa ij gkoh jgrs gSa] jklk;fud :i ls ifjofrZr
gks ldrs gSa] vkSj gok vkSj ikuh dh xq.koÙkk dks izHkkfor dj
ldrs gSaA lkFk gh esa uSukseSVsfj;Yl ds dpjs feV~Vh esa tek gks
tkrs gSaA blds vykok] bathfu;j uSuksikfVZdYl ¼bZ,uih½ dks
lh/ks ;k ijks{k :i ls ekuo] i'kq vkSj ikS/kksa dh dksf'kdkvksa esa
vklkuh ls LFkkukUrj.k  fd;k tk ldrk gS] vkSj ;g vKkr
nq"izHkko iSnk dj ldrk gSA pwafd uSuks VsDuksykWth vHkh viuh
izkjafHkd voLFkk esa gS] blfy, thoksa vkSj i;kZoj.k ij bathfu;j
uSuksd.k ds laHkkfor gkfudkjd izHkkoksa dk fo'ys"k.k djuk
egRoiw.kZ gSA

uSukseSVsfj;Yl dk mRiknu gky ds o"kks± esa ,d ?kkrh; nj ls
c<+ jgk gS] vkSj 2020 ls 2027 rd 13-1 izfr'kr okf"kZd nj
ls foLrkj gksus dh mEehn gSA uSukseSVsfj;Yl ds mRiknu vkSj
mi;ksx es a visf{kr cM+h o`f) ds dkj.k] ifj.kkeLo:i
uSukseSVsfj;Yl ds fy, ekuo vkSj i;kZoj.kh; tksf[ke esa Hkh
o`f) gqbZ gSA bl dkj.k uSuksikfVZdYl  ds laHkkfor udkjkRed
izHkkoksa ds ckjs esa cgl gky ds o"kks± esa rsth ls c<+h gSA fofHkUUk
jklk;fud lajpuk okys uSuksikfVZdYl esa fofHkUUk tSfod izHkko
fn[kkbZ nsrs gSaA fØ;k'khy iztkfr;ksa ¼Lih'kht+½ dks cukus ds
fy, uSuksd.kksa dh izo`fÙk vkSj bldh vkWDlhdj.k voLFkk tSls
jklk;fud ekinaMksa dks Hkh fo"kkärk dks izHkkfor djus ds fy,
fn[kk;k x;k gSA uSuksd.kksa dh ?kqyu'khyrk Hkh fo"kkärk ewY;kadu
¼VkWfDlflVh vlsLesUV½ esa ,d izeq[k Hkwfedk fuHkkrh gSA

bathfu;j uSuksikfVZdYl ¼bZ,uih½ ekiu vkSj bathfu;j
uSuksikfVZdYl ¼bZ,uih½ ds fo"kkä ifj.kkeksa ds chp dh dM+h

dks leÖkuk vko';d gS] gkykafd orZeku esa bldh deh gSA
bathfu;j uSuksikfVZdYl ds fof/k vkSj ifjogu ij fofHkUUk
fjiksVs± cuh gSa] budh fo"kkärk vkSj LokLF; izHkkoksa ij dqN
fooj.k orZeku esa miyC/k gSaA bathfu;j uSuksikfVZdYl ¼bZ,uih½
ds uSuksdpjs dk mi;ksx vkSj izca/ku] mi;ksx esa vkus okys
vf/kdka'k bathfu;j uSuksikfVZdYl dk thou pØ] ekuo Årdksa
dh fo"kkärk ;k tksf[ke ewY;kadu ¼fjLd vlslesaV½ djus ds
fy, mfpr fn'kkfunsZ'k ij tkudkjh dk vHkko gS tSls fd
fofHkUUk bathfu;j uSuksikfVZdYl ¼bZ,uih½ dh fof'k"V fo"kkärk
¼VkfDllVh½ ij lVhd tkudkjh ds ckotwn] dksbZ lqO;ofLFkr
fo"kkärk ¼VkfDllVh½ MsVkcsl ugha gS] ftlls bZ,uih tksf[ke
vkSj lqj{kk ewY;kadu ¼lsVh vlslesaV½ pqukSrhiw.kZ gks tkrk gS]
D;ksafd vf/kdka'k lkefxz;ksa esa O;kolkf;d LFkkuksa ;k vU;
ifjos'k esa bathfu;j uSuksikfVZdYl ds tksf[ke dh tkudkjh ugha
gSA fdlh ds fy, Hkh dksbZ O;kolkf;d tksf[ke lhek
¼vkWD;wis'kuy ,Dlikst+j fyfeV ¼vksbZ,y½ ifjHkkf"kr ugha dh
xbZ gSA urhtu] dk;ZLFky esa] miHkksäk mRiknksa esa bu bathfu;j
uSuksikfVZdYl ¼bZ,uih½ dh lqj{kk vkSj i;kZoj.kh; izHkko mRiUUk
djus dh fpark LokHkkfod gSA tcfd dbZ foLr`r lkefxz;ksa dh
fo"kkärk O;kid :i ls izysf[kr gS] ;g vKkr gS fd fdl
lkanz.k ;k vkdkj esa] ogha lkexzh muds uSuksLdksfid vk;keksa
¼MkbesU'ku½ ds dkj.k u, fo"kkä xq.kksa dks iznf'kZr djuk 'kq:
dj nsrh gSA uSukseSVsfj;Yl mRiknu vkSj fo"kkärk vkdyu ij
orZeku MsVk ds chp ,d egRoiw.kZ folaxfr gSA fo"kkärk MsVk
dk vkHkko uSuksikfVZdYl ds lqjf{kr fMtkbu dks izfrcaf/kr dj
ldrh gSA blfy, bl ys[k  esa] geus i;kZoj.k ds fy, cM+s
iSekus ij vkS|ksfxd vuqiz;ksxksa tSls VkbVsfu;e MkbvkWDlkbM
(TiO2)] /kkrq vk/kkfjr vkSj dqN /kkrq vkWDlkbM ds fy,
mi;ksx fd, tkus okys bathfu;j uSuksikfVZdYl ds fo"kkärk
ewY;kadu dh O;k[;k dh gSA

bathfu;j uSuksikfVZdYl ¼bZ,uih (ENPs½% lzksr vkSj ifjorZu

bathfu;j uSukseSVsfj;Yl ¼bZ,uih½ ,sls uSukseSVsfj;Yl gSa tks
euq";ksa }kjk fufeZr ;k l`ftr fd, x, gSaA uSuks&l{ke oLrqvksa
ds iwjs thou pØ ds nkSjku] bZ,uih dks fcanq ¼ikWbaV½ vkSj
xSj&fcanq ¼ukWu ikWbaV½ lzksrksa ¼fp=k 2½ nksuksa ls vkUrfjd ¼baMksj½
ok;q vkSj ckgjh ¼,fEc,aV½ okrkoj.k esa NksM+k tkrk gSA fofuekZ.k
la;a=k] ifjogu izfØ;k,a] vif'k"V ty mipkj la;a=k] vif'k"V
HkLehdj.k ¼bfUlujs'ku½  vkSj ySaMfQy lkbV bZ,uih ds lHkh
fcanq ¼ikWbaV½ lzksr gSaA bZ,uih eq[; :i ls dkcZu] /kkrq vkSj
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/kkrq&vkWDlkbM] v/kZpkyd ¼DokaVe MkWV~l vkSj ikWyhej ls cus
gksrs gSaA cktkj esa fo'ks"k :i ls bysDVªkWfuDl vkSj miHkksäk
{ks=kksa esa /kkrq vkSj /kkrq vkWDlkbM vk/kkfjr uSukseVsfj;Yl dh
ekax cgqr vf/kd gSA okrkoj.k esa ekStwn gksus ij bZ,uih dks
muds vkdkj vkSj O;ogkj ds vk/kkj ij oxhZÑr fd;k x;k
gSA NksVs d.k ¼20nm ls de½ xqPNs vkSj ladqyu ds fy, izo.k
gksrs gSaA e/;e vkdkj ds d.k ¼>20nm vkSj 2000 nm½
vf/kd le; rd okrkoj.k esa jgrs gSaA cM+s d.k ¼>2,000nm½
eksVs gksrs gSa vkSj volknu ;k xq#Rokd"kZ.k fuiVku ds v/khu
gksrs gSaA

VkbVsfu;e MkbvkWDlkbM (TiO2) vuqiz;ksxksa ds lanHkZ esa
lcls O;kid :i ls mRikfnr vkSj mi;ksx fd;k tkus okyk
bZ,uih gS] ftldh okf"kZd mRiknu ek=kk 60]000 ls 150]000
Vu rd gSA VkbVsfu;e MkbvkWDlkbM (TiO2) vkerkSj ij
fofHkUUk mRiknksa tSls] lsYQ Dyhfuax isaV~l] lsYQ Dyhfuax Xykl]
dkWLesfVDl] ,;j I;wjhfQds'ku] OgkbVfuax ,tsaV~l] lu CykWDl]
vkfn esa QksVksdSVfyfVd lkexzh dk mi;ksx fd;k tkrk gSA
VkbVsfu;e MkbvkWDlkbM (TiO2) ds ckn] flYoj uSuksikfVZdYl
(Ag) vius vf}rh; thok.kqjks/kh vkSj IykLeksfud xq.kksa ds
dkj.k miHkksäk] LokLF; vkSj bysDVªkWfud {ks=k esa O;kid :i ls
mi;ksx fd, tkus okys bZ,uih dk ,d vU; oxZ gSA flYoj
(Ag) bathfu;j uSukseSVsfj;Yl dk vuqekfur oSf'od mRiknu
izfr o"kZ 400 ls 800 Vu gSA i;kZoj.k esa bZ,uih dSls O;ogkj
djrs gSa] ;g fuEufyf[kr dkjdksa ij fuHkZj djrk gS tSls izdkj]
fo'ks"krk] ¼vkdkj vkSj lrg ds xq.k½] uSuksd.kksa dks cukus ds
fy, mi;ksx dh tkus okyh izfØ;k vkSj ftl ek/;e esa bls

QSyk;k tkrk gS vkSj ek/;e ds HkkSfrd&jklk;fud xq.k ¼ih,p
(pH)] vk;fud rkdr vkSj fo?kfVr vkxsZfud dkcZfud lkexzh½
bR;kfnA ;s bZ,uih i;kZoj.k esa fofHkUUk izdkj ds ?kqfyr inkFkZ]
vdkcZfud ;k dkcZfud jlk;uksa ds lkFk ijLij fØ;k djrs gSa]
ftlls uSukseSVsfj;Yl dh ,d=khdj.k xfrdh ¼,sxzxs'ku
Mk;uSfeDl½ vkSj QyLo:i fLFkjrk izHkkfor gksrh gS ¼fp=k 3½A
dbZ ifjorZu i;kZoj.k vkSj tSfod nksuksa iz.kkfy;ksa esa gks ldrs
gSa] ftlesa ck;kseSØksekWyhD;wYl] jsMkWDl izfrfØ;kvksa] ,d=khdj.k
vkSj fo?kVu ds lkFk izfrfØ;k,a 'kkfey gSaA jklk;fud ifjorZu]
,d=khdj.k vkSj i`FkDdj.k dqN ,slh izfØ;k,a gSa ftuls bZ,uih
i;kZoj.k esa le; ds lkFk xqtjrk gSA bZ,uih dk ,Dlikstj
varr%] bldh bdksVkWfDldksykWftdy {kerk bu izfØ;kvksa vkSj
bZ,uih fjyht ds chp ikjLifjd izHkko ls fu/kkZfjr gksrh gSA
buds ifjorZu] ifjogu vkSj tksf[ke dks izHkkfor djus okys
lcls egRoiw.kZ dkjdksa esa ls ,d budh dksykbMy fLFkjrk gSA
i;kZoj.k esa bZ,uih dk ifjogu izkÑfrd dkcZfud inkFkZ
(NOM½ dh mifLFkfr ls izHkkfor gksrk gSA izkÑfrd dkcZfud
inkFkZ (NOM) uSuksd.kksa ds lks[kus ds fy, ,d lrg iznku
djrk gSA bl lks[kus ds ifj.kkeLo:i bZ,uih dk lrg vkos'k
¼ljQsl pktZ½ vkSj vkos'k ¼pktZ MsaflVh½ ?kuRo fHkUUk gksrk gS] tks
muds ifjogu vkSj izfrfØ;k'khyrk dks izHkkfor dj ldrk gSA

buls tqM+s i;kZoj.kh; vkSj ekuo LokLF; [krjksa dh i;kZIr
Hkfo";ok.kh djus ds fy, gesa bZ,uih laØe.kksa@ifjorZuksa dh
viuh leÖk dks O;kid cukuk pkfg,A foy;u]  lYQkbMs'ku]
,d=khdj.k] vkSj eSØksekWyhD;wYl vkSj v.kqvksa@vk;uksa dks lks[kuk]
lkFk gh vkWDlhdj.k vkSj deh ¼jsMkWDl½ ?kVuk,a] i;kZoj.k vkSj
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tSfod iz.kkfy;ksa ¼fp=k 4½ esa lHkh vke gSaA foy;u dk egRo
esVy vkWDlkbM uSuksikfVZdYl ¼MONPs) ds izdkj vkSj mudh
HkkSfrd&jklk;fud fo'ks"krkvksa ls Hkh fu/kkZfjr gksrk gSA dqN
ifjorZuks }kjk i;kZoj.k esa bZ,uih dh n`<+rk dks de djus dh
{kerk gks ldrh gS tSls ZnO uSuksikfVZdYl dk fo?kVu gksukA
buds iwjs thou pØ ij bZ,uih ds tksf[ke vkSj tSfod ifj.kkeksa
nksuksa ij ifjorZuksa dk izHkko vHkh Hkh dkQh gn rd vKkr
gSA bu esVy vkWDlkbM uSuksikfVZdYl ¼MONPs) ds i;kZoj.kh;
vkSj ekuo LokLF; izHkkoksa dk vkdyu djus ds fy, rhoz vkSj
nh?kZdkfyd ,Dlikstj ls fofHkUUk tksf[ke ekxks± ¼,Dlikst+j
:V½ vkSj fo"kkä izHkkoksa dks leÖkuk vko';d gSA mnkgj.k ds
fy,] /kkfRod pkanh ds uSuksikfVZdYl] okrkoj.k esa vkWDlhÑr

gks tk,axs vkSj lfYQMkbTM gks ldrs gSaA lfYQMs'ku d.k dh
,d=khdj.k fLFkfr] lrg vkos'k] lkFk gh lkFk Ag+ vk;uksa dks
NksM+us dh mudh {kerk dks izHkkfor djrk gS] ftlls mudh
LFkkf;Ro vkSj fo"kkärk izHkkfor gksrh gSA lkexzh ds bl oxZ esa
fo"kkärk vDlj fo"kkä /kuk;u ¼VkWfDld dSVkbvu½ ds fo?kVu
vkSj fjyht ds ek/;e ls O;ä dh tkrh gS] ftlds ifj.kkeLo:i
de n`<+rk ysfdu mPp fo"kkärk gksrh gSA tkjh fd, x,
bZ,uih ds i;kZoj.kh; HkkX;] tSomiyC/krk vkSj fo"kkärk dks
leÖkus ds fy,] muds O;ogkj dh tkap djuk egRoiw.kZ gSA

,d QksVksdSVfyfVd /kkrq vkWDlkbM uSuksikfVZdYl tc UV
izdk'k ds laidZ esa vkrs gSa] rks izfrfØ;k'khy vkWDlhtu iztkfr;ka
¼vkjvks,l½ mRiUUk gksrh gSa] ftlls thfor thoksa ij izHkko

uSukseSVsfj;Yl dh ,d=khdj.k xfrdh

tSfod iz.kkfy;ksa esa gksus okys ifjorZu
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iM+rk gSA QksVksvkWDlhMs'ku@fjMD'ku QksVksykf;fll vkSj
QksVksdVSfyfll egRoiw.kZ jklk;fud ifjorZu gSa tks bZ,uih
dksfVax] vkWDlhdj.k voLFkk] Ýh jsfMdy mRiknu vkSj i;kZoj.kh;
n`<+rk dks izHkkfor djrs gSaA izdk'k ds laidZ esa vkus ij vkSj
va/kdkj esa QksVksdSVfyfVd lkexzh dh fo"kkärk cgqr fHkUUk
gksrh gSA UV izdk'k dh mifLFkfr dqN bathfu;j uSuksikfVZdYl
dh fo"kkärk dks Hkh izHkkfor djrh gSA bathfu;j uSuksikfVZdYl
dksfVaXl] vkWDlhdj.k fLFkfr] izfrfØ;k'khy vkWDlhtu iztkfr;ka
¼vkjvks,l½ mRiknu vkSj n`<+rk ij QksVks&izsfjr QksVks bUMwLV]
izfrfØ;kvksa dk izHkko egRoiw.kZ gks ldrk gSA lw;Z ds izdk'k
ds laidZ esa vkus ij dbZ bathfu;j uSuksikfVZdYl QksVks,fDVo
gks tkrs gSa vkSj ¼vkjvks,l½ mRiUUk djrs gSaA QksVksdSVfyfVd
lkexzh dks lw;Z ds izdk'k }kjk vkWDlhÑr ;k de fd;k tk
ldrk gS] ftlls mudh jsMkWDl voLFkk] vkos'k vkSj blfy,
mudh fo"kkärk {kerk  esa ifjorZu gksrk gSA d.k ekinaMksa dk
fu/kkZj.k ¼tSls] d.k vkdkj] dSfiax ,tsaV] vkfn½ vkSj i;kZoj.k
pj tSls] jsMkWDl fLFkfr vkSj eqä lYQkbM dh miyC/krk tks
muds fo?kVu vkSj@;k lYQkbMs'ku njksa dks izHkkfor djrs gSaA
i;kZoj.k ds fy, mudh {kerk dk vkdyu djus ds fy,
egRoiw.kZ gSA bathfu;j uSuksikfVZdYl dk ,d=khdj.k lrg {ks=k
¼ljQsl ,fj;k½ dks vk;ru izHkko rd de dj nsrk gSA dqy
vkdkj esa ;g o`f) fNfnzr ek/;e] volknu ¼lsMesUVs'ku½]
izfrfØ;k'khyrk ¼fj,fDVoVh½] tho vo'kks"k.k ¼vkWxZfut+e
vCt+ k W I'k Zu]½ vk Sj fo"kkärk ¼Vk W fDlflVh½] e s a muds
xfrfof/k ij izHkko Mkyrh gSA blds vykok] miHkksäk mRiknksa
¼TiO2 and ZnO½  esa lcls O;kid :i ls mi;ksx fd, tkus
okys esVy vkWDlkbM uSuksikfVZdYl ¼MONPs½] vkjvks,l
mRiknu gS vkSj /kkrq vk;u fo?kVu ds dkj.k fo'ks"k fpark dk
fo"k; gSaA dqN vkadM+ksa esa ;g ik;k x;k gS fd ,aVhvkWfDlMsaV
ikWyhej ds lkFk ysfir esVy vkWDlkbM uSuksikfVZdYl ¼¼MONPs½
us vkjvks,l ds xBu dks de djds fo"kkärk dks de fd;k
gSA esVy vkWDlkbM uSuksikfVZdYl ds dksfVaXl vkSj vkdkfjdh
¼ekWQkZsykWth½ ds izdkj Hkh thoksa dh fo"kkärk dks izHkkfor
djrs gSaA mi;ksx fd, x, esVy vkWDlkbM uSuksikfVZdYl
(MONPs) ds izdkj] lkFk gh lkFk dYpj ehfM;e lajpuk]
,Dlikst+j le; vkSj MONP lkanz.k] dkWUlUVªs'ku] lfgr vU;
dkjd] ;g fu/kkZfjr djrs gSa fd os dksf'kdkvksa ds fy,
lkbVksVkWfDld ;k thuksVkWfDldA fo"kkärk] esVy vkWDlkbM
uSuksikfVZdYl ls /kkrq vk;uksa ds fudyus] vkjvks,l dh mRifÙk@
;k QksVksfyfll ds dkj.k gSA bl izdkj] tksf[ke dks de djus

ds rjhdksa dh tkap djus ds fy,] fjyht ra=k vkSj ifjorZu
izfØ;kvksa dh leÖk c<+kus ds fy,] vkSj miHkksäk@cktkj mRiknksa
esa vkerkSj ij mi;ksx fd, tkus okys bZ,uih ds fo"kkärk
vkdyu dk leFk Zu djus ds fy, vuql a/kku djuk
vko';d gSA

3- ,Dlikstj vkdyu % bZ,uih euq";ksa ds 'olu vkSj
tBjka=k ¼xSLVªksbUVsLVkbuy½ iz.kkyh ds fy, ,d lh/kk [krjk gSa
D;ksafd bZ,uih tBjka=k ¼xSLVªksbUVsLVkbuy½ vkSj 'olu iz.kkyh
ds ek/;e ls jäizokg esa vo'kksf"kr gksus ds ckn ekuo vaxksa esa
izos'k djrs gSaA ikS/ks] lw{etho vkSj i'kq ds vax lHkh bathfu;j
uSuksikfVZdYl dks tek djrs gSa] ftls iwjs [kk| Jà[kyk esa ys
tk;k vkSj tek fd;k tk ldrk gSA ekuo vkSj tSfod iz.kkfy;ksa
esa vkdfLed izos'k ds vykok] bathfu;j uSuksikfVZdYl dks
tkucwÖkdj fpfdRlh; ¼FksjsI;wfVd]½ vkSj uSnkfud ¼Mk;XukWfLVd½
mís';ksa ds fy, euq";ksa esa batsDV fd;k tkrk gSA urhtru]
tSfod iz.kkfy;ksa ds lkFk bathfu;j uSuksikfVZdYl dk lEcU/k
vfuok;Z gSA bZ,uih ,d vyx&vyx ekxZ ls 'kjhj iz.kkyh esa
izos'k dj ldrs gSa tSls gok esa lkal ysrs le;] [kk| inkFkks± dk
lsou] ihus dk ikuh] dkWLesfVd mRiknksa vkSj nokvksa dks ysus ;k
yxkus lsA rhu eq[; izos'k ek/;e] 'olu iFk ds ek/;e ls
lkal ysuk] Ropk ds ek/;e ls ikjxeu ¼VªSUlqMs'ku½] vkSj ikpu
ra=k ds ek/;e ls varxzZg.k ¼fp=k 5½ gSaA uSuksd.kksa ls laidZ]
fodkl vkSj mRiknu ds lkFk&lkFk flLVe esa izR;{k varxzZg.k
¼bUtsLpu½ ;k var% {ksi.k ¼batsD'ku]½ vkSj vif'k"V fuiVku½
tSls vuqiz;ksxksa ds nkSjku Hkh gks ldrk gSA var%f'kjk ¼bUVªohul½
peM+ s ds uhps ¼lCD;wVsuhvl½ lkal ysuk] varxZHkk Z'k;h
¼baVªkisjhVksfuvy½ vkSj eq[k }kjk laidZ ds dqN vU; rjhds gSa]A
gkykafd euq"; esa laidZ ds lcls vke ekxZ gS lkal ysuk]
varxz Zg.k ¼bUtsLpu½] Ropk ls laidZ] vk Sj var%lzkoh
batsD'ku gSaA

bl rjg ls laidZ mUgsa i;kZoj.k esa cus jgus vkSj fuekZ.k
djus esa l{ke cuk ldrs gSa] ftlls s s s s os [kk| Jà[kyk esa 'kkfey
gks ldrs gS vkSj vtSfod vkSj tSfod nksuksa ?kVdksa dks izHkkfor
dj ldrs gSaA i;kZoj.k esa vU; iztkfr;ka] tSls 'kSoky vkSj
eNyh] esVy uSuksikfVZdYl dks vo'kksf"kr djus dh vf/kd
laHkkouk j[krs gSa] ftls ckn esa tkuojksa vkSj euq";ksa }kjk
miHkksx fd;k tk ldrk gSA uSuksLVªDpj dks izksVhu vkSj
dksf'kdkvksa tSls tSfod ?kVdksa ds lkFk var%fØ;k ds ek/;e ls
'kjhj esa vo'kksf"kr fd;k tk ldrk gS vkSj fQj fofHkUUk vaxksa
esa LFkkukarfjr fd;k tk ldrk gS] tgka os ,d gh lajpuk esa jg
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ldrs gSa ;k ifjofrZr gks ldrs gSaA fp=k 5 fofHkUUk iSekuksa ij
tSfod iz.kkfy;ksa ds lkFk bathfu;j uSuksikfVZdYl dh var%fØ;k
dks n'kkZrk gSA

laHko gS fd iwjs 'kjhj esa mudk forj.k muds vkdkj vkSj
lrg dh fo'ks"krkvksa }kjk fu/kkZfjr gksrk gSA pw¡fd d.k dk
vkdkj ?kVus ds lkFk&lkFk izfr bdkbZ nzO;eku esa lrg {ks=k
c<+rk gS] uSuksd.kksa ds 'kjhj esa vf/kd jklk;fud vkSj tSfod
xfrfof/k gksus dh mEehn gSA NksVs uSuksd.k vius cM+s led{kksa
dh rqyuk esa vf/kd gkfudkjd gks ldrs gSaA ekuk tkrk gS fd
NksVs uSuksd.k cM+h dksf'kdkvksa dh rqyuk esa rsth ls dksf'kdkvksa
}kjk xzg.k fd;k tkrk gSA 'olu ra=k esa d.kksa ds vkdkj dk
'kjhj esa muds lajpukRed QSyko ij vkSj lkFk gh QsQM+ksa esa
muds lap; ij egRoiw.kZ izHkko iM+rk gS ¼fp=k 6½A QsQM+ksa dk
egRo bl rF; ls mitk gS fd bathfu;j uSuksikfVZdYl ,d
,jkslksy ds :i esa 'kjhj esa lcls vklkuh ls izos'k djrk gS]
ftlls os mfpr vkdkj ds gksus ij QsQM+ksa ds ok;qdks'kh; {ks=k
rd igqap ldrs gSaA ~ 34 usuks ehVj ls cM+s uSuksd.k QsQM+ksa esa
yxkrkj cus jgrs gSaA tc O;kl ~ 6 usuks ehVj ls uhps gks
tkrk gS rc yxHkx vk/ks uSuksikfVZdYl ok;qdks'kh; ok;q{ks=k ls
jäizokg esa rsth ls izos'k djrs gSa vkSj T;knkrj o`Dd fuLianu
¼jsuy fQ+YVjjs'ku½ ds ek/;e ls 'kjhj ls lkQ gks tkrs gSaA
dqy feykdj] d.k dk vkdkj forj.k dk ok;qekxZ esa uSuksd.kksa
ds laHkkfor y{; {ks=kksa ij egRoiw.kZ izHkko iM+rk gSA

var esa] d.k vkdkj dk izHkko bl ckr ij iM+rk gS fd d.k
QsQM+ksa esa fdruh xgjkbZ rd izos'k dj ldrs gSaA tc d.k
QsQM+ksa esa tSfod okrkoj.k ds laidZ esa vkrs gSa] rks os lQsZDVsaV
esa ,YC;wfeu vkSj izksVhu tSls tSo&v.kqvksa ls f?kjs gksrs gSA blls
d.k dk O;kl c<+krk gS] ok;qekxZ esa d.k dh dkbuSfVDl dks
izHkkfor djrk gS] tSls fd 'olu ekxZ dh nhokj ;k eSØksQst
esa izHkko iM+rk gS] ;k fQj ok;qdks'kh; {ks=k rd igqaprk gS] tgka
bls ok;qdks'kh; eSØksQst }kjk QSxkslkbV fd;k tk ldrk gS ;k
ok;qdks'kh; nhokj ls gksdj izos'k dj ldrk gS vkSj iz.kkyhxr
ifjlapj.k esa izos'k djrk gS ¼fp=k 6½A cM+s d.kksa dks ukd ;k
Åijh 'olu iFk esa jksd fy;k tkrk gS vkSj eSØksQst }kjk
ok;qekxZ ls fudkyk tkrk gS] vkSj ckn esa fuxy fy;k tkrk gS
¼fp=k 6½A ,;jCyM cSfj;j dks ikj djus ds ckn] lkalkas }kjk
[khps x, uSuksd.k jä ifjlapj.k esa irk yxkus ;ksX; Lrj rd
igqap tkrs gaS vkSj fof'k"V dksf'kdkvksa vkSj Årdksa esa izos'k
djus dks fn[kk;k x;k gS ¼fp=k 6½A Ñard ¼jksMUV½ vkSj ekuo
QsQM+s dk ok;qdks'kh; {ks=k nfl;ksa uSuksehVj dh lhek esa NksVs
bathfu;j uSuksikfVZdYl ds teko dk izeq[k LFky gSA dqN
uSuksehVj dh lhek esa ,fYo;ksyh rd igqapus okyh lcls NksVh
bathfu;j uSuksikfVZdYl] ok;qdks'kh; nhokj ls xqtj ldrh gS
vkSj iz.kkyhxr ifjlapj.k esa izos'k dj ldrh gSA ¼fp=k 6½A
dbZ bathfu;j uSuksikfVZdYl esa mPp lrg izfrfØ;k'khyrk
¼gkbZ ljQsl jsvfDVfoVh½ gksrh gS] tks mÙkstu vkSj teko LFky

fofHkUUk iSekuksa ij tSfod iz.kkfy;ksa ds lkFk bathfu;j uSuksikfVZdYl dh var%fØ;k
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ij izfrfØ;k'khy dkcZfud iztkfr;ka (ROS) ds xBu dk
dkj.k cu ldrh gS] ftlds ifj.kkeLo:i LFkkuh; {kfr gks
ldrh gSA bathfu;j uSuksikfVZdYl dk ,d NksVk izfr'kr tks
ok;qdks'kh; {ks=k rd igqaprk gS] ylhdk ¼fyEQsfVd½ vkSj jä
ds ek/;e ls vkarfjd vaxksa vkSj vax iz.kkfy;ksa rd tk ldrk
gS]  ftlls izR;{k vkSj vizR;{k ekxks± ls uqdlku gks ldrk gSA
blds vykok] ;gka rd fd bathfu;j uSuksikfVZdYl LFkkukUrj.k
dh vuqifLFkfr esa] iz.kkyhxr ifjlapj.k ¼flLVsfed ldqZys'ku½
esa mÙkstd e/;LFkksa dh fuxZeu iz.kkyhxr uqdlku gks ldrk
gSA miHkksäkvksa ds fy,] tksf[ke ¼,Dlikst+j½ dk tBjka=k ekxZ
¼xsLVªks bUVsLVuy½ vf/kd gkoh gSA gkykafd] QqQqlh; ekxZ dh
rqyuk esa] ;g Jfedksa ds fy, de izklafxd ekuk tkrk gSA ;g
/;ku nsus ;ksX; gS fd E;wdksflyjh ,LdsysVj dksf'kdk,a ekSf[kd
xqgk ¼dSfoVh½ esa lkal }kjk vanj fy, uSuksd.kksa ds ,d egRoiw.kZ
fgLls dks lkQ djrh gSa] ftUgsa ckn esa fuxy fy;k tkrk gS vkSj
tBjka=k ¼xsLVªks bUVsLVuy½ laca/kh ekxZ esa vo'kksf"kr dj fy;k
tkrk gSA Ropk ij tek bathfu;j uSuksikfVZdYl laHkkfor :i
ls gkFk ls eqag rd ds laidZ ds ek/;e ls isV ds yqesu esa izos'k
dj ldrs gSaA vkar esa izos'k djus ds ckn bathfu;j uSuksikfVZdYl
ds LFkkuh; gkfudkjd izHkko gks ldrs gSaA pwafd ekuo 'kjhj
dk lcls cM+k vax Ropk gS] blfy, bathfu;j uSuksikfVZdYl ds
Roph; tksf[ke ds laHkkfor egRo dks utjvankt ugha fd;k
tkuk pkfg,A gkykafd] bl ckr dk dksbZ iq[rk lcwr ugha gS
fd bathfu;j uSuksikfVZdYl {kfrxzLr ;k ?kk;y ;k lwtu okyh

Ropk ds ek/;e ls iz.kkyhxr ifjlapj.k esa izos'k dj ldrk gSA
gkykafd] ;g laHko gS fd Ropk dk uSuksd.kksa ls ,Dlikstj
uSuksd.kksa dk Ropk dh lrgh ijrksa esa izos'k] MfeZl esa izos'k dk
dkj.k cusxk] ftlls LFkkuh; mÙkstd ¼bUySeVkWjh½ izfrfØ;k
'kq: gks tk,xhA

ifj.kke ,oa foospuk
bDdhloha lnh esa uSuks rduhd dh ekax ds lkFk] yxHkx gj

{ks=k esa uSuksd.kksa ds la'ys"k.k vkSj vuqiz;ksx esa ukVdh; o`f)
gqbZ gSA blds ifj.kkeLo:i mu O;kolkf;d vuqiz;ksxksa dk
rsth ls fodkl gqvk gS tks fufeZr@bathfu;j uSuksd.kksa (ENPs)
dh ,d foLr`r Jà[kyk dk mi;ksx djrk gSA uSuks&izkS|ksfxdh
ds fy, O;kid Lohdk;Zrk izkIr djus ds fy, uSuksd.kksa ds
fuekZ.k] foi.ku] mi;ksx] tksf[ke ewY;kadu vkSj izca/ku ds chp
larqyu cukuk egRoiw.kZ gSA i;kZIr fu;e vkSj dkuwu ds
vkHkko ls uSuks rduhd ds mi;ksx ls egRoiw.kZ leL;k,a gks
ldrh gSa] ftlls i;kZoj.k vkSj ekuo tkfr dks vifjoR;Z] {kfr
gks ldrh gSA mRikfnr uSuksd.kksa ds fuekZ.k] mi;ksx vkSj
fuiVku ds ifj.kkeLo:i varr% gok] feV~Vh vkSj tyh; iz.kkfy;ksa
esa vuisf{kr fjlko gksxk] ftlls ,d laHkkfor i;kZoj.kh;
[krjk iSnk gksxkA vkÑfr] vkdkj] lrg vkos'k] fØLVy izdkj]
lajpuk tSls HkkSfrd jklk;fud ekinaMksa dh izÑfr dk bldh
fo"kkärk ij izHkko iM+rk gSA fofHkUUk tkuojksa] ikS/kksa vkSj
ekuo dksf'kdkvksa ds lkFk gq, iz;ksxksa us ladsr fn;k gS fd
bathfu;j uSuksikfVZdYl dk fofHkUUk izdkj ds lsyqyj ekxks± ds
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ek/;e ls fo"kkärk dk dkj.k curk gS tks bZ,uih ds vkdkj]
vkÑfr] lrg {ks=k] ,d=khdj.k {ks=k vkSj lrgh vkos'k ls lacaf/
kr gSaA ftu izfØ;kvksa ls uSuksd.kksa dk fofHkUUk ikfjfLFkfrd ra=kksa
rd igqapus ds ckn gkfudkjd izHkko iSnk gksrs gSa] mUgsa Hkfo"; esa
vkSj vf/kd 'kks/k dh vko';drk gksxhA bl isij us ;g leh{kk
dh fd dSls /kkrq vkSj /kkrq vkWDlkbM uSuksd.kksa dh ikS/kksa] euq";ksa
vkSj tkuojksa esa fo"kkärk  ds vyx&vyx ifj.kke gks ldrs gSA
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