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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 TiO,, 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
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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.
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U SAe (FAifeaEg & Mued ¥ SeEw), S
FAT ST | SR SHaTeshed 9 fa9 Suart &
U wMa g/ TMaEer datd fear smar &1 M

B GESET AETF 8, eTlih adue H THB FHT T |
iR e & fafyr o uRges w fafr=r
RUE o 2, 3 faurhar iR @ g el W g9
foamor afue ® Suwey €1 iR SR (Zuadh)

JEheq oF E-aw SEdEEs (Ti0,), HrEd
THegd (CNTs), fTa ofR Aedard &rEd S-egd
(SWNTs and MWNTs), W, TN, R (Ag),
T (Al) R M (Au) AFTERE, T € |
RaT & Ha Bl T SaEad & SUART a1 TR0
® TOE AR T E HeREe & Wi & Ere
wfaRer ¥ B fGar ar 21 39 onfha & & e
MR 3R S=d Tae &F & HROT, TH a8 & [aRIT
AT B A § i 9 BT § oRd (F8eE) @ T,
T HYT 3R T a9 (ARhE I9F) O 9 TR
TEATHYT Jai U El @ 8, TEEe &9 aiatid
2 "ehd &, ST BT X Ul &l orT & JHiad &2
qohd &1 W & H R & Ay el ¥ wm a
A TN THH STE], AT SR (U
AT a1 T w9 F 9E, 99 S 9ref @y st 9
M F TERRY fhar o dahar 8, 3R I8 3
THHE YaT Y Gl & | Db 1 SaAart oTH ST
IR ST § 8, ST Sl ST JafaweT W e
JHET & guifad efeRe g9Et & fasawer &
TEa |

FAHRI HT SR B & auf § Uk =g @ 9
% T &, 3R 2020 § 2027 T 13.1 Uiaswd i &2
¥ fomr 89 # SHiE 31 SAEeRae & a3
AT H T 921 g & BT, TROTHEEY
FefRae & fou a9 SR vt Sifew § off
FhE T T M BROT AAMIEHTE b QAT AHRID
TG & 9% | 989 B & aut | oot ¥ 997 8 | fafte
TEENE AT ard STehed | Al Sfaew gam
fearg 3 ¥\ franeha wonfaat (fiefer) & 99 &
f =Rt @ yght IR THeT STt ST oy
TS qTaget & A faurhar & gy & & o
fe@mar T & | S geeiiear W kT geie
(el see) § U U@ e MR 2|

THAMIT Saehed  (STAU) HATOT SR ISR
iR (Zuad) & faurs oot & d @ e

% PR HT SUAET SR YEUH, SUART H S ard
SR ofifar SAaTieshed &7 S @56, 99T SHdhi
# faurhar ar difew gt (R shade) &9 &
foo Sfua Ronfdy w AmeEd & s ® 9 fF
faft=r Sofifar Sidapeq (Fumdy) o1 fafrse foomear
(Iferrerdl) W wEE TAER B T, HIE geEEdd
o (arfereel) 3ee @i &, e guadt sifew
ST e Yoo (§37 @@He) gArger e S &,
FiTh STERIYT AMEET § @S S AT T
aRayr § NEY STdhed & SgT &l Sl &8l
g1 fedr & oo oft i =aatas Sifew @
(stferema wadeR fafie (sfgua) ufewnfoa & @
TE | A9, FEIT |, ITHRH SR § 37 o
SR (SUAd) e SR qArEaRelid gHE ST
EE A S I | o M | i M s o i e | D D G
fauThaT =mUeE w9 yafad §, 98 o © i
TET a1 AHR |, g8 qrEl % AAIEhius St
(ST=HS) & HROT U fIurh o0 P YRGB I
H AT & | AR SATe SR [quThdT Stehee 1
FAAE 22T & I UH Aedqol e & | faemhar 2er
T ATHE TSR & e fEoed & gfaafed &Y
kT ¥ | AT 30 w@  H, T qAeRe & fau 93
TN W SR SRt S e SEsiaEs
(TiO,), o1q STenRa iR HB arg AaEs & fag
SN fpT 99 A gfeeR Araiideed & faurRar
I Bl AT Fl |
AR AAIdwed (SR (ENPs): 9id 3R qRad=
AR SAeRae (SuAd) UH SR oo
= g T @ giaa fee o E ) Se-aee aeget
® @ SET T H R, oAl # 9y (dfEe) SR
g (A dige) @l (B 2) e & sl (3R
Y SR qEY (TfFde) ararEReT | Bier S ¢ | fafmter
TR (M) TR oisfha @ge Suadt & aefr
fifg (drde) @@ €1 SuAdt q@F ¥ § FEN, o1 iR
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aTd-SATFEs, s (Fe Sfed oY dfame § ad
B T IR ¥ fa9w w0 4 gaeeiieed SR SukRe
&= H O1g IR a1g SiEs SaRa AameRaed @
HAT TET AMTE & | AT § ANE B W SUAGT Bl
I AR AR FIER & AGR W Fipd fhar T
T 1 B FUT (20nm ¥ FW) T AR HHad & g gaor
B9 &1 U9 R & FO (>20nm 3R 2000 nm)
e F99 q arareRer ® ©d € 1 98 H7 (>2,000nm)
A B € SR AR AT [eEpuvl FMue & oTefie
B 2

i sEeiaEs (Ti0,) Iqyar & dad o
I AF T G IAfEd SR IWART fopar e arer
ot B, e aiftfer Sames 9mEm 60,000 F 150,000
T dF 2| EfEm IrEsieEs (Ti0,) SHaR W
I, T GUhhH, BEeHT TS, a9 i,
MG H wierhefaied AT HT SN fhar Srar 2|
T TESTEES (Ti0,) & 15, fwr SAtdae
(Ag) I+ Al STEmREr iR @S o &
FHROT ITHRH, WA AR AR D & H AUH & T
YA BT I A SuAdT T Uk o A B | fer
(Ag) TR FHRae &1 sEia Afyas S
gfd I 400 & 800 2 ¥ | YATEROT H TUAUT Hd FIER
F 2, 98 ffaiad srel W AR #ar & 59 IR,
fagwar, (SR IR |ag & T°T), A0 & a9 &
o SwEmT @ S At gfear SR o wrem ¥ =9

GATAT ST & AR AW & Hifae-aaEeEs T (dee
(pH), 3T areha iR fqafeq swites Hefe ar)
TS | I UG qgferer # fafsr=1 yer & giaq e,
ST T HIEE A & a1 R 5T & &,
g AaraRaem &1 usstetor afqsr (FUTgT
TR 3R ereaed Rt yarad g & (F 3) 1
T NG YATERT SR SAfde el gomteral o & qehd
3R faeres & arer gfafard enfaa € 1 wemafes aRads,
TR ST JIFRT %Y Ul uiham & e Suady
TERT § 9T % A1 IOl ¢ | Ul T Ui
A, ST TRISIFTRITIoThel &HdT 3 Tisharat 3fY
ol Rl & 9 UReie gua 9 feiia e E
% URacH, URaeT ST WG & JHIad e ard
TIY Aol HREI § F TH AR BT RORaT 8 |
AR § 3UAT T UREed UThiaeh dreEe gare
(NOM) &1 JufRdfer & TIfaa & & | Tihfde Hrdfeh
vared (NOM) JHroi & di@s & foT U ade yae
FAT £ | 3T GG B UROHERT ST H TAE AT
(FR%E TTeT) SR Sy (@t ) g B B &, o
Th URdeT SR UfAThATINEar &l T Y Fehar 2 |

T 2 A0 SR AT @R b g
Alosgarll & & o0 29 AUl FhAv/ARadAl
AT THST T ATIH T A1 | e,  qehrEesm,
TR, AR HeBMTC TR AR ST/ |,
I &Y SATRABIT 3R HHT () HeAT, qgiaior 3
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Sifaes gonfaat & B aret gRad

St gonferat (e 4) & @l o 21 faeas & we
Hea Sfieargs AHuideem (MONPs) & YR 3T I
ATt fasearet & ff it 2 21 FB
qRacEl ERT qataRer § SUAUT Pl gel B FHF B DI
AT B Tehall & I ZnO SHaifded &l e g
T QW A T W U & AiRaT AR S qienE
Tl W RaaHr B g T T B BS dd ST
T\ 3 Hed SifFgs AHmidaed (MONPs) & Tafaroia
3R AT e ITEl T STehee i & fod g 3R
it Taauer 9 faft=r g Amt (TR
%2) SR faurE YuTal &l THSET Savad 8 | I &
fom, enfees aid & SHofdme, amarERer & siriiwd

B ST SR afewsrzss & Aahd & | afcwmsy HT Pl
TFAIHT Rafd, Tae ST, T & qT Agt Al Bl
BIe I ITHI HAT H THIGT T B, forad I
T SR faurhar g it 2| Qv & 59 9 |
Tt St fauTh M (ST derse) & fage
3R Relier & "rezm | =<k 1 I 8, o gRemEsy
FH gedl Wb Ied faumhdr B &1 9 R o
AT % TATRONT 9T, AaeudeErdr S faurhar &
TIF & {0, 9 FFER & AF BT qedYo © |

TF HIerheldies aTg SfeEs "Handhe oa UV
ThIYT & T | 3T 2, dT Trafhanefia siteiios gamfoat
(amsiiud) ST e, s oifad ol w® ogwma
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TS T WISTE R/ NEae™ wranatad S
B fiiad Teayel TEEtE afiade € o guadr
I, SRR ST, T Shal Sare 3R yataReig
TEdl I YHIET B & | GhIsT & 69 H o W AR
SIPR § Frehefaieh Al H faurdhar qgad =
BT & 1 UV Il & SuRefd g 9iiay SHandaned
&7 fomhar &t off i et & | SR SATdahe
HiteTE, it feafa, gfatharefier siterie gortaat
(STR3TITH) IAEA 3R gedl W HRE-IRT Bl 33,
giafsharetl &1 T9E Fe@qel & dhal & | 9F & YR
® FUh § A W HE AR AR Bl
B AT 2 SR (STRSNTH) T i & | BIerhelaidh
ARl ® gF & UHT a0 SAeied ar A fear o
el &, T8 T S ST, AEY S S
T fauhar emar # qfRadsT e € | 69T HIUEs! &
feReT (A9, F07 SRR, HUT THe, 37fE) TR gFieweT
T oW, Er Rafa o I dewes #f Suaedr S
TTh faEed SfR/Aar aehrEsye o & gUad #Rd E |
TATEReT & {0 IFE! SHar dl Shdd dd & fag
HE@o! & | SR HIaTehed 1 UHHIBOT T &
(FXHE TRAT) I AT THE T HT BT ol & | B
FHR H I ghe foloq Arem, sredes (HgdweeM),
gtatskarsfierar (Rufaeead)), sfa sasioor (st
SreqTeerd,) T fasepar (effeafady), & 9%
TATAfer R g1 STl 2 | 59 STarar, SUHHT Sl
(TiO, and ZnO) ® TEH &AUH &I H UGN fhU AW
I TSNS A-ardded (MONPs), STReiTg
I & S o1 e fages & #rer fagw far @
faug €1 %B iwsl § T8 9 m ¢ b udeiitrse
UTRHR & AT A Hed Siferss SHdsed ((MONPs)
T STRSNTH & o Hl B Bl [AURRAT &I HH [har
T HeA SNoTEE SR & HIfeT ST STTehTReb!
(HTRiiretl) & bR of it &t faurhar @ genfaa
Fd £ | A fhU U Hed SifeaiEs SAIdTdaed
(MONPs) & YR, 91 & 19 Hheal HISaq §ET,
TRUGR T99 3R MONP |igv, Hi=a-29M, dfed 3
®NH, 98 e & & 6 7 wifymeeed & fog
qIE2eiadd a1 SAHIeiead | Ourhar, ded SaEs
AR ¥ a1 Al & b, STRSTE & At/
T HIATET & BROT 2 | 36 YHR, AGT Bl HF B

gfshateT & 99 9o & foT, SR SUNIR/ATSR STl
H IR W I T A gl SuAdr & faemehRdn
ATHAT HT LT HH & AT JIFUTT HIAT
MEAEF 2 |

3. THRIUNR AT ¢ SOAYT Al b 98T AR
T (TEEE-eEer3ad) YUl & [0 Ueh Hiem @ad &
Fifh TG T (TEEEerEd) SR @aT Joler
% AT | THYATE | STagiiud & & 918 9Hd S H
JAST B © | G, FEST AR 99 & ST e ISR
SR B T B 8, e W @ gEer § o
AT SR 97 AT ST HeheT & | W9 TR SAfdeh Jomterat
H SRE YA b STAMET, ToWER SAraiidhed i
AR Fafhai (Sgfes,) ot Jarfe (Srmitie)
Sedl & fou agst o fRam Siar €1 A,
Sfoe gonfert & @ry ot AATaiideed w1 dvae
Sifvard 2| Ul U S-St AN H 9RI YT §
JAT X el © oiF BT § F19 A GH, el geret
o, U9 T U, e SATEl ST garstl &l o ar
T H | 9 &I YT 9TedH, 969 99 &% qreAq o
I T, AT & AT F U (3RI9), SR 9T
dF & Aremm g siateer (R 5) 1 SFen & qus,
fam ofR Sares & arg-ag faeen o gae siadeer
(Frea) a1 i@ auer (F9E,) IR sufire fuem)
S SR & SR ot & gehat 2 | SATRRT (3RedieE)
THS A (FeERgEIeTE) @I WA, sanei e
(FeTUdEiera) 3R @ BN §U% & HB 3 a0 &, |
TIAifh AT § HUek b qE W AN & A o,
AU (T=AT), @daT § §UH, MY FA:grel
AR 2 |

Tq TWE F §Up Ie YA § a9 e iR famior
F H TET I b &, A d @ @ § aha
B T & 3R Iiaew SR JAfas T geahl B gitad
F Ghd £ | UIERO § I YOlial, 9F Qa3
qSdl, Hed e Hl AT w @i sifers
AT @A 8, O 9T § JEed o Al EW
IUYTT fHFaT AT FehdT T AEEERR & YN ST
HIERISTT T ATk Tehi & T SFa:har & areny 9
R ¥ @it fhar o @ear & ofiR e fafve=r ot
¥ TiaRa far o dehar 8, Stet F U & 9 § ®
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fafir=T Y9 w Sfaew gonferat & drer efitae Srafdee @ st

qhd & A7 uRafdd & dhd &1 o 5 fafee Tt w
Sfaer gonferat & arer SefifiaR AeTidmed @ stdfRa
I TSI 2|

T & fF Q@ R I faar o SR S
qaE @0 fasuarett gwr MaiRa & g1 e & @
AR T2 & AI-TT Fd IHIE S0 § dae &
Tear 8, AE & iR § it wamafe oiR Sifaw
Tiatafer 29 & IR & | Bie SHH0 37U 98 qHwE!
% A | SAfers BeReE & qehd & | AT Sl © R
BIS A0 q51 HIRRA B AT H il T HISTenra
R BT fohar Arar 21 gaad dF H FO @ SR Hr
R H I HEEEs Bad W TR’ & BwsSl §
T HIT W gedqot gHE gSar & (R 6) | BwEt @
Hed 389 d& ¥ I & fF iy AAaifdee uew
T & &9 § SER § TG99 MEHT § Y9 H 2,
a7 Sfad oeR & 89 W Wl & aighieia &
T UET bl & | ~ 34 I HIeX § T2 46T BHe §
TEAR 99 Td & | 9 A ~ 6 A1 Hied § - &
ST & T TR A ATehed b ageas
THIATE | il & AT B & AR SRR gah fHedas
(o fheee™) & AreA9 § SRR F A% &l AT 2 |
A AT, 0T &I STHR FITRT 0 agAnT | S=ehon
& GUIGT @ & W Aol THTd 9EaT ¢ |

3T H, BT THI BT TG 39 919 TR I3aT & foh Hor
®Hst ¥ fRaT TEUE 9% YA H THhd & 99 H
THEl | Jfae AR & U § ST &, F Thdec
F Ui SR WM S Sa-srpe & R B ¥ 3Es
O FT A qEIT &, AGAFT § FHOT BT BIEAEH B
THIRIT T 8, 9 foh 999 AN & AR a1 Hehithel
H g9TT 92T &, A1 Y A & 9% qgadl &, T8l
TH AHINT Hehlhol ERT BArTEe fhaT ST dehar & a1
AIHIT EaR | T T B qohall & X TOARTT
aREmRer § Ay wear & (= 6) 1| 98 Foi @ A ar
e LU 1 M © = 1 o 0 £ 2 | e 20 e A
AT & T A1 8, S a8 # R foan S @
(= 6) | Ta=ms IRE & IR FRA F 9, WA B
G T 6T W IREERT § 9T @ aRg w1 a6
UET W & AR fafire iy iR Sawi § gast
H ®I feamar @ & (R 6) | Faw (Ase) IR Aa
BES HT AGHINT & R A B A e
A AR & ST & Y@ &d@ | H/S
AT #F W H ufeddiel 9% qga Al qad Biel
Y Sféee, ag@eia dar § R adl §
3R YOI IRE=RT § 9a9r & dahdl &1 (Fr 6)1
FE IAMMER SHUTehed § Sed aas giaihansiedr
(218 TR%H YAfFI) Bl &, T I SR THIE T
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W YARATSiA e garadr (ROS) & e &1
FROT I FaEdl &, fras aRommeey wrg afq &
TRl & | SR A9aidsed &1 U Bier gfaed o
AYHIAT & T qgadr &, adiemr (frhfes) R W
& HIEAW § SNale S SR ST gonfadi qe ST Fehdr
g, Frag g&er SR SIus arT § JHa e dehdr ¢ |
T Saeafd #, yomeig aREeRer (Feefie aeaaem)
H Iaoh HeEdl T 9O JRE 8 Fehdl
T SuurERl & fou, Sifaw (TedeR) @ STeds AR
(T T=eEeAq) AMH el & | BTdlih, RHET AR &
qeT |, T ATl & [0 9 TR 9 S 8 | a8
&I 9 I & fF Rl TEheel Hifre Hifasw
TeT () # |iE &R SeR fa A=ree & U qeayqot
fee &1 916 Ft E, O o # e fovar S ® o)
U (TN TreweAd) qad A H sEeiiud e fomr
AT T | AT U T AR ST ST &
T T Y He q%h & qUP b ATAT § U b A § JdST
T TR & | T § JIT B & I SAIX A raTidehed
® T eeRE I919 & Thd € | gfh AMa JER
TAE ARG & GHIGT A Bl FoXsiar Tel (hdr
ST AT | B, 39 a1 & His &l 99d Tol ©
fop Sofifer Ao afoRrea an J/e a1 gore ardr

AT % AT F YOG qREaReT § Ja97 Y Gl & |
T, T& 9T & fF @1 & @O § THueR
AU BT AT B e WAl § gaw, e § gdsr @
FROT I, O @Y Saus (SEen) gidthan
g% B S |
qRem U faae

TFREE TAl H AT ThAID B AN & G, T &Y
& H O & WU AR YA | Aed gha
g 2| TS IRIHEET S AEEids IR @
astt & faeere gem @ St [fHa SStEY S (ENPs)
I TH T gEar F SUERT FAT & | -G
& fou =me Sedar o B & fau A &
HIT I WE@qYl & | At fEd iR @A &
IMAE & Sl Tl & SUANT § Wedqel gwerd &
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