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RIS

YRA & A WEAHR0I, STHGR-gg, 3hwefig IuvinT & fowdr, safaaird SauTd IdTe! & dgd SUTNT, 3R
3MeNfTep-ERe] MUY & Sfed fBreor 3 wgd SIA-uguu Bt Upfa Bl 3id Tg3imarH s+ fear 31 W
SA-TUIG HTHh ] ol SId-XA Sfiaits JiT (BOD), IR Sfiaitei JlT (COD), $d (Hdfad a4
(TSS), pH, ?IE%:C’, Bibe ifg— & ffafiad sa @ﬁ&ﬂ -Ug¥® (micro-pollutants) R IHRA YUg¥P (emerging
pollutants) TR il &1 fava s g6 €, Sl WW(ng/Lﬁug/L)WlﬂﬂFﬂHWmﬂﬁﬂzﬂw
WY R Y S IHhd ¢l 37 YEA-UGED| § BHgfched, G U 3G (PCPs), -4l
WWW(endocrme disrupting compounds), mﬁaﬂ _Efltlﬁ W@THW PICATRI IR
TU B AgHl & Yea-WRed/~-1-WRed Hath 6T [ ¢ 1 YR & SHTABI ldol SUIR AT (Sewage
Treatment Plants, STPs) Hcld: P HR, Fcfad 319 3R IToo! I HH B & ot fgug- feu e g: 3
2 Sfed TR & gui sk & forg siftresfeta 8t &1 URgd MY-UF BT I URA Tt Id-ada
&t faRIYd: T 3R I o I I8 TRI—F Y&H-UgND| 1 IUrRUT, 30! AT, STPs GRT 3D e
DT IRATAD &I, TUT ST I RIS 3R TR SRIHT BT fIRAV01 FH531 ¢ | T§ 31899 U ag-
WRIifew giam TRaATfad HRl &, forH STPs & 3die 3R 3f3cae ¥ TAI-HUE, GC-MS 3R HPLC 3eTRd
NS R, Ty € URURE Se-Iurad] GaHidt (COD, BOD, pH, STARE MHIEd) BT qerTed
e TR 21 A T8 g & b Tefl URuRS ITER WA BOD 3R COD & Seera-g st o
Tohd! §, UM 3 JeA-Ugus]fARver BHiEgRed 3Ry, g 9iffie 3R oo Rl SeHe
TG T s T 3115, Sifafid siyar sryafe Tedr g | Higwta uftad=, gregifes ars, Side Ifshadr,
sludge retention time, HWWWﬁ &«Icpi?i Eol ﬁ%li—lﬁ—aﬁﬁqlmﬁm%l é@ﬁu% 1ft faafaa
a1 mr g 5 39 TarmAl &1 ooy Sl R fAder uHrE, Sid:arda gy, ufaside iRy (antibiotic
resistance) 1 gfe, TUT UTeTel Al o HIETH § HId WA TR HHIIT gOIHTd T 7R ifd-fefan &1 fawa &)
I HTfIHRur Ufhamd (AOPs), AFsT SRRTEER (MBRs), SIS, Tfhd HTaH, 3R HIel-Beforng St
dd-1b] Bl URURE STPs & WY THIGHd B BI ATTRIHT I@iidhd B T3 g1 O fewsa: gg ufaurfed
FRT ¢ fob YR T T-2NeH B e iR e ol &1 JeH-Ugud! & i & 3T isd
o T 2re<t STa-Rer SR uifRufaeia TRer & e aieR @

PRI YEA-UGHD, IHRA TGP, AR od TR, BHRGCHT AR, TG GaHTd 3G, ST
, GC-MS, HPLC, HRd, SRaH

1. =g

AU TrdTec W SIA-UGHUT 6T U A URURS ¢ 1, ST HR A1 TX0HH Sl ufiy a& it
TEI @ T g | MY et THIS § garsii &1 Sgdl STANT, Uil o saTdd Sudisud, TfaaiTd g@HTd
IdTG! B IUHFAEIE! WP, HHA iy, g garstt, feesie At 3R I\ siar-edt 3 5a-
ygfaRur 7 VY Sifedt 9! &) IufRUfa o1 9¢71 four 8 St sicaey amn # +ft yafavita &0 @ afey g1 5%
I “SHR UGHd” T “YEH-IGND” Hal Offdl & | 7P Hed SUlaY §¢ ofldl & Fifh d URURS 5Td-
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T AR sRed d i w9 9 e 98 8d, W el fawdddr, Sa-gean
(bioaccumulation), 3Id:TTd! STAYH, S-fAuTaAT, UfaRem gHTa aﬁ?ﬁ?ﬂﬁ@aﬁﬁwwﬁuﬁwmmﬂ?
2 TPa 21 URd N 2 A T8 v 3R i WRE 2, oet dd edHRu, S iaeT SRR,
SR Iy S ST, TR el & caw, TE-ady Wkt @ Rk, a1 Gae! o il ) gedr
SETa ST TUTa ! ST Tabe H STd <l | faeet, YR, RO, TAWRIS, UeT, gRER 3R 379 7d]-
3R e B TR o, SRudTa 3fufy, {ﬁ%mwm TR forad quT SuaTa/sie-
SUIRE AR BT GAIATE U T ST e eed B FHEi e & B’ $ad BoD, CoD
P Sf TR Haifedl ¥ T TH S TebdT| AT BT g g 98 § 6 yRd afed oy &
I TRURS ol TR TG THA: BTaHD Uard, Tvd-dal & SR T, iR INTere =0 &
fore fawfid faru U 9| @ BT T d SERIy, AfFaTd CaHTd SUTG! & e, Ridfes g, toerifee,
TRIX BigRe W, 3R 37 ¢H-3Hag B geH & e faRy =0 ¥ Sfiwfeud 8] § | IRUHawT,
IUAa o & 2 57 GE-UGEP) BT U i1 ST I8 T 8, 5 1, e, 1oret g, RS ot ok sidd:
Uil Gl b Ugd Gohe g

Y MY-TF HT I HRAIT et &0, fagiwd: 7 iR a1 AR @ 98 7RI & Yo o, gea-ugus! o
IR, STPs B THTaerdT, 3R TaiaRulig Sifed ot agamard) gten o181 okd e U us iR Bfga

Ug], HH-D I A Y&H-UguH HRAT E<! SRS ofd & U8 FU 3 T A1 62
tmcr%sms-—rmmﬁﬁﬁo—ﬂﬂmweaﬁﬁﬂw%v
EﬁmT IUTR P §1¢ AY T2t Jigdl BT ST Sig- 3R AT WY TR FT UG THIT 81 bl 82
=T, Bﬂﬁwm%aﬁ?%ﬁﬁ wwﬁaﬁ@ﬁ%mww%wmﬁw e 8 bl 82
Uradl, URd & e erd H YeA-Ugu®! &l dax HH-8 IS SaRTd Hlujg &
QUQ&%WWWWHW&WGHm 3T 81 §; T8 G-} STdl-U=IG, TTdol{-e TR, -e)-
SETa, 3R ad [T & R i Heaqul § 1 -9 HRA el &1 oial- STATTHAN 96 T T 3R treated
wastewaterreuse$U:|3<_GI'EI_GTQ€T%r aﬁéﬁﬁmu@ﬁﬁﬁmﬁaﬁ?ﬁw&ms‘rw%l

2. Fifged wHIEM

2.1 3WRA [ 3t srquron: Ay uRiea

2000 ¥ 2014 & &g GATR0T IR ICRIGE:] “emerging contaminants” Y[ “contaminants of emerging concern” Gl
mwéﬁrﬁﬁﬁgﬁl Daughton and Ternes (1999)ﬁuﬁfwwﬁqﬂﬂ"r@iﬁm 3R AT GEHT
IdTGT (PPCPs) o1 GafaRUIg i & =TT &= & =U § WIfd far, 3R 2000 & sT¢ U8 fanst afye sra-fagm
3R UMY O Fee AIed & g H 3T TT| Ternes (1998) dYUT Ternes et al. (2004) ﬁ?{ﬁtﬂﬁ ORI od o
faftr siiweta AT &1 SURRUFT SR ITaR Tz 1 it s amdr &1 Yaifed a1 siergHi 3
7 R foan b &% gaTt SfR I TaTuit SiaRiy SUfRTy Sd SUAR & 916 Hit gafarur & 7o ad § |

Jones, Voulvoulis and Lester (2001) d¥T Halling-Serensen et al. (1998; Ty l;lﬁd"lﬂnl"l uéq, 3{d HH®) ﬁaaTGﬁ,

faRveR temifea, o1 yafaRuiyg SufRufa 3R Sefla Sital IR 37d UHTd &1 = =1d I/ | 2000 P SUH
T g WY g fh “ci” TR AT B had Figdl & YR TR HH Tgdqu Tl A1 off YT, AT
BT Y, Srdbiicid AU 3R T THRF-UHTT 376 SIFGH &I Sicd ST Sd g |

2.2 PHIYRPR 3R AfRITd T@UTA SIS

Fent, Weston and Caminada (2006) Bl aquatlc toxicology & uRueg ¥ pharmaceutical residues & YHTA! BT ATIH
RIRAYT URgd fpaT| ST adb o1 R 9 qaTt e w0 I g o) &, R T ar oy IRR A ke
%WW&@HWW%WWWW% wﬁumﬁwﬁmmlﬂﬁ?ﬁm
Sfal IR JUIT STd ahdl ¢ | SAIGRURARE, T6-MaR® gdTd, Uel-Shaies] A, Siel-saidhd, TCamiea,
U TRRME SR ST AT Sl Sidl & ghg, o, TRRET 3R TagR B yuId B Tha B
Kiimmerer (2009) | pharmaceutical environment & UY B! Had FARIY E-IURYTT T T 7 I@Hx
“from cradle to grave” mﬁml BTEhef @Tﬁ%ﬁw, Bmhﬂ, GT\q\_l‘T:L ITER R ifaq gafaofig umg
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& o= Th EIO'UT Stta-Tep dee R fohdT | SafadiTd SavTa B_(CI'I_C{—a@ triclosan, parabens synthetic musks,
UVﬁlters—lﬁsﬁavﬁﬁﬁﬂa%ﬁ?mwffﬁﬂﬁﬁwamwalﬁ Waﬂhpophlhcﬁﬁ?f
%, o I77apT sludge adsorption 3R p-Hut Sa-dTgT d¢ dohdl %I

2.3 3T FAUFHRI QiR 3R g AifaH

Endocrine disrupting compounds (EDCs) U 2000-2014 & o WCI;UT MY BTl Snyder, Westerhoff, Yoon and
Sedlak (2003) Ut H EDCs 3R pharmaceuticals P JURYTT TUT STAR ﬂ:ﬁﬁfﬁ DI HIET P | Jobling et al.
& gaad! Sl 3R 916 & 3d AT A Sy oital, AR gaferdt, § g &ad™, feminization,
reproductive impairment 3R vitello genin induction oIt ‘JE':ITGﬁ DI gof (o | T8 TIE STl § fob q&H- EIW
BT S g it fawTadan & Y, 9 Iu-urde, e 3R sia:ardt ae & Aied g 3|

Ying, Kookana and Ru (2002) a4 estrogens 3R xenoestrogens B! qaTaRufig fate 3R removal TR = Hd gl ds
@iferd fora fos HiasT STAR yonferdil 571 Aife! & 3HifRie 0§ gel Ul §, IRq ST JUl fFh SfaRR
TYg el laTl I8 YR g & faviy Riar o1 fawa § aifd untreated T1 partially treated sewage I BEKE]
ERCRECIDEAT e

2.4 JURY S IUAR yonferal o Warg

Suarez et al. (2008) dYUT Verlicchi, Al Aukidy and Zambello (2012) = g f&@m™ f& conventional activated sludge,
trickling filters 3R stabilization ponds St gomferat ﬁ pharmaceuticals 3R PCPs & ﬁ‘I'Q variable removal
efficiency TR Bl g DS Qe Sa-faeeid 8 § 3R S removal foamd %, Sdfds carbamazepine,
diclofenac, sulfamethoxazole S T 3 persistent 8 I&d B Kasprzyk-Hordern, Dinsdale and Guwy
(2009) o wastewater treatment works H pharmaceuticals, personal care products 3R illicit drugs P occurrence
YT fate dI JeldTHD fazaeT fpar iR fshy ATl & treatment process design, hydraulic retention time,
sludge age, redox conditions 3R compound-specific properties removal B THITId Hd %I

ERE %El?ﬁrﬁagw‘g’&n o URUR® STPs WW compound-specific S\I(‘II %; 3[d: Had BOD/COD reduction
& YR W Ig A A1 b wiet waferofia &0 & Qg 8, 37 w0 4 o 721 1

2.5 39d IUAR dHA1P

AOPs, ozonation, activated carbon, membrane filtration 3R membrane bioreactors TR 2000-2014 & &9 JH&
HT%W U] %I Rosal et al. (2010) q emerging pollutants & removal B fore fafte advanced treatments &1 KL
P11 Rivera-Utrilla et al. (2013)  water treatment T pharmaceuticals removal & foTT activated carbon, oxidation
3R membrane technologies &I ST IR T B | Ikehata, Jodeiri Naghashkar and El-Din (2006) e[ ozonation
3R AOPs BI & BT HAihT fopar| & siores Ihd ad § & ﬁ&ﬂ-w & foTT tertiary 3R quaternary
treatment 3{TQ] B AT &1 Tbal g |

2.6 U JgH

YRarg T T 20002014 & & emerging pollutants UX MY &rﬁrm Hiftrd e, R S HES(OILCLU(I. Tdhd
JUd §UI Fick et al. (2009) 3 R AT, fa=vd: gexmaTe & e shweha ugwur & 1R WRi &1 SR
foran1 37! RUIE 7 Ig i fos o wrigfedd Faiu &3 & Fde o # sfivedla 3aRiy ofedfd 3 TR
I Ugd Thd & | Kumar et al. T $3 YR GATaRUTT 300 THg! - UG STATR, STP effluent 3R g
oiel | Celamaiiee qul BiHRgfeeha SNl B SURRT BT Hebd 14U T 5 Prerds H ogarkyd g1
ST T 31T AT, TR IUTTsY J1eT T8 FdTd g [ YRa H goen 1R § ok R gran sl 71

2.7 STA-TRYARH SR TRfRufas wifaw

Bioaccumulation &1 U 39 AH! & e & vy = 9 Ilgﬂ'qpf % S lipophilic, persistent Ul trophic transfer
& ufd g gl gTdifs T pharmaceuticals 3 bioaccumulation a1 fGTd, 34 PCP ingredients, musk
compounds, surfactants 3R P industrial organics 9-TIg D1 GHTGT 3T %I Environmental risk assessment
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& ﬂﬂ%?q T PEC/PNEC (Predicted Environmental Concentration / Predicted No Effect Concentration) d¥T risk
quotient approaches Pl ITIT dell Hernando et al. dYT Fent et al. (2006) & STl A compound-specific
toxicities 1 THF BT SIS R I (34T HRg TR 1 FRUfrdi—S1 3= d1usH, S51d H HigH!
tlﬁ’a?‘ﬁ, eutrophication, low flow conditions—H ERl AMABT B AdeR d YYdh YT H[dRYh %I

3. PRIVt

g TNY YR WG A1-aca &5 & iy T 9g-%R1d faRawulicerds HIRIumel TRATiad &Rl § | 3fead &1
IR YEA-UGES ! B IURYTd, g, SUIR-Yd Ud SUAR-UYTT GRGdH, TUT IRURS 3R I7d SIa-TJural
Jhad! & dd faeey B qagAT B |

3.1 Y &F BT IU4
LTI & 1T T SR I IR ¥ T3 T X188 &1 &1 98 foeal ST Havdl 6, o
feeeft @ o)

>
>
> TR
>
>

> el
3 &l b1 7T (g SRl W 3Ra 8

() STP 3{aTRGT &1 fafqerdr,
(T) AT, TR MUY 3R e IR YR &1 JufUf |

3.2 AT 99 3R AYAT-HU8 _

Ydd Fa-d STP I g feigaell IR A Tohd fhu oirt:

1. ST MUY ST (inlet)

2. Il SUAR & §1¢

3. fgda® SUAR & 918

4. A 3M3TTIC/effluent

5. effluent UTG R dTcl Td1-OTct T U TR SIS H T
T 3 T O § U R ot

> U

> AFgA B
gfe Tua g, at 2fid Bq & 71 o) ot fire foran o Tepan § arfe Arget ulad o1 SR saredt Gva gl
WW-W@[triplicate samples AP ARSI fayg=adn aa's‘w#’raﬁ%m

3.3 fa=awor 3 @féa =
3y § Y 9o o representative compounds i fobu S qohd %

Analgesics/anti-inflammatory drugs: diclofenac, ibuprofen, paracetamol
Antibiotics: ciprofloxacin, sulfamethoxazole, tetracycline
Antiepileptics: carbamazepine

Hormones: estrone, ethinylestradiol

Personal care compounds: triclosan, parabens

Synthetic musks

Surfactant degradation products

VVVYVYVYVY
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> 7‘;],%[ BU plastic-associated micro-fragments Ul polymer-associated residues (\_YIE\"f ICESNIIRE CaRE SRR
RUGEIR))

3.4 Hifow-yemafe Refter
ﬁ&'ﬂ T fA=IyUT & H-H1Y e URuRe Ry o1 wiem faar s
pH

GICEIGH

Conductivity

Dissolved oxygen

BOD

COD

Total suspended solids
Nitrate

Phosphate

Ammoniacal nitrogen
Chloride and sulfate

E:T WRHed § STP & THRI TR iR compound removal variability ¥ oI Yay R far s g 3|
3.5 fazdvoners aaie

3.5.1 GC-MS

Gas Chromatography-Mass Spectrometry Pl IR faRY =T F volatile 3R semi-volatile organic pollutants,
synthetic musks, P& PCP residues 3R selected organics P! UgdH qdT URATIH %_g[ foar s Sample
preparation T solid phase extraction (SPE) I JYINT ARG BT, ORI trace-level compounds Eal pre-
concentrate {07 ST TF | Internal standards 3R surrogate recoveries & ey 9§ uradn [BRELI ﬁﬁ'@ﬂ foban
ST

3.5.2 HPLC

High-Performance Liquid Chromatography ol IYgNT faRy U 9 polar pharmaceuticals, antibiotics, hormones
3R $S thermally labile compounds % oY faT ST | STaHAT STIR HPLC-UV, HPLC-DAD a1 HPLC-
MS interface T SUTNT fHT S Al &, TR AMLH-SMIRA &R & € HPLC-UV Hf Tiifies whif gq
WQW% | Retention time matching, calibration curves 3R recovery correction P MUR quantification
Easisil

3.5.3 TUTGT fAA=T0T 3R I[UrawT STYTE

> Field blanks

> Procedural blanks

> Matrix spikes
>
>

VVVVVVVVYVYYYVY

Duplicate samples
Calibration verification standards

W meEH 3 analytical uncertainty ®H P! S| Detection limit (LOD) 3R quantification limit (LOQ) Eal
TS analyte o [0 GU&H =0 J U favan o anfeu

3.6 FISHTIA 2&IdT &7 3Tha

Ud® I & ﬁ‘l'q removal efficiency g qA I JATd GG %z
Removal Ef ficiency(%) = [(Cin — Cout)/Cin] x 100

G%:[’ Cin = inlet concentration, Cout = outlet concentration
Yo Yl G-I AHdRYD % fo PS fufear o apparent negative removal ft g1 ST Fehelt %’, St conjugated
metabolites & deconjugation, sorbed fraction release, sampling variability IT transformation processes & HRUI

i gl

IJSAT210410830 Volume 12, Issue 4, October-December 2021 5



https://www.ijsat.org/

International Journal on Science and Technology (IJSAT)

— E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

3.7 QifT1g fazawor

> Descriptive statistics

> Seasonal comparison through t-test/ ANOVA

> Correlation analysis between conventional parameters and micropollutant removal
> Principal component analysis (PCA) for source clustering

> Risk quotient estimation using available ecotoxicological data

4. GO 3R fazawor

4.1 STTR-YF 3R ITAR-UYTH Hisdl BT AP el

YR Q'I_Eiﬁ STPs A G'I'eff\&lﬁ gl & YR R g HIHT oIl b dl % % inlet samples H analgesics, antibiotics,
personal care compounds 3R hormonal residues P IUFRUFT IS gﬂ'ﬂl Paracetamol 3% ibuprofen oy P
3feeh U compounds 3= \?rﬂq&'[ R 7T ST ¥ehd %, Safd carbamazepine oI persistent compound P H
igdl R T treatment-resistant Enw Uaﬁh HY Yohdl % | Triclosan 3N parabens S PCP-related compounds
TR SURIY § Y U I e T&d § | SUIR-UYT effluent § BOD 3R COD H T RTae St S Tavait
8, JEIEXUM BOD removal 75-90% 4T COD removal 60-85% & GIRR | % micropollutants & TeTT fRUfct
3P Sffed ghil| P& biodegradable compounds 50-90% dd &C qohd %, Safdb ﬁ persistent compounds 20—
50% W 3fIH '_‘%)f BE?H Carbamazepine, diclofenac, sulfamethoxazole 3R estrogenic traces oY compounds |
3R removal Bt THTIAT ?B?ﬂ % [

4.2 HRTHt gRae=

HIAYA & IRM hydraulic dilution & HRU P compounds P! measured concentration ®H UdId g1 Fabal! %, g
high flow conditions STP performance B THTFAT PR residence time HH B JHd g | 9o famia deq Bd ]
¢1-5Td &1 UaTg HH 81, dilution capacity T 3R qTIHH GIGH % BHRUT downstream risk IeF B Tl g
P& compounds & biodegradation T ATIHM-UHTT B RIAD &l Tl %, qifdh overall concentration burden low
flow conditions & 3Hfeh WY Ig hdl %I

4.3 ik fae gfomy-grof
e T IeTeruEs ARt URd &1 off Tad o

(Compound) | Inlet (ug/L) | Outlet (ug/L) | Removal (%)
Paracetamol 25.0 5.0 80.0
Ibuprofen 18.0 4.5 75.0
Carbamazepine 3.2 2.7 15.6
Diclofenac 5.5 39 29.1
Sulfamethoxazole 6.8 4.1 39.7
Triclosan 2.4 1.0 58.3
Estrone 0.42 0.21 50.0

g IR hdidd %, R W‘%ﬂ—&ﬂﬂm biil"l\l. & A=Y %, UiEiT compound-specific removal variability YUY
I gl

4.4 TP oo TRgfa o1 TS

gfe ¥y iR HIAYA & comparative charts ST EIACIRE] WGW BSGES

$ HISHI-UGHD HR AT H dilute Tdiid 81dT &

effluent removal consistency W o é%a“\f, R downstream concentration risk 319
P hormonal compounds low-flow conditions H 31t S19-3Uds g1 Udhd §

>
>
>
> antibiotics &1 JUTITA SRUATA-Trag Al freor iR AR o At =0 3 iy 81 9ol §
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4.5 TRUR® WRfteR a9 ';giw
HYJT hI Udh q%ﬁ'qo'uf gbdl % f&% BOD/COD reduction 3= E:Plef R+ mlcropollutant removal

3 g, T8 A -6l ol T8 Famaig e § 3fdid Agayy! €, Fifd add STP SUTeH Gral Ja:
conventional pollution indicators UX digd % | TfS effluent BOD A& & HiaR % ar ot 3o ecologically relevant
levels of pharmaceuticals Il EDCs 63[ b %

5. /4t

5.1 Sreitg uTRfRufaest uR gure

ﬁ@ﬂ—w Gl uqyq qgiaRufig fidT 3% chronic, sub-lethal 3R mixture effects H FfEd T | Fent et al. (20006)
= ag Wy fohar fop aquatic organisms UX pharmaceuticals T YHId URURS toxicity models Y 31T Bl ghaT 3|
HEIRN] compounds Teferdl B Yol &HdT, endocrine signaling, gonadal development 3R sex differentiation
P UHTfId B gbd % | Qﬂaﬁhﬁiﬁ residues microbial communities @1 AT dGd ghd % 3R resistance genes
& I Bl § eldI ¢ ghd %I Personal care chemicals, faRA9d: triclosan 3R synthetic musks, bioactive Eﬁef &
HIRUT benthic organisms dYT planktomc communities El’ﬁ qUIIT PR Thd g |

YRATT At & 1 TaTg, $dl BeHd R, eutrophic TGRIAT, 3R SURIF Sd &1 SUTA® TH@ 37 THE!
D1 3R TR 571 Topar g1 Tfe fordht 1) & uarg 1 o ST HIT treated T partially treated wastewater EERGIES
ql effluent-derived micropollutants T ecological footprint 9gd 3P B g1 Bl

5.2 gfaeifas ufaRiy

Qﬂ@ﬁﬁ% 3Nl ! IufRUfd Had & ICLIESGIEIRE] :Eﬁ % g antimicrobial resistance (AMR) I Q-ﬂ\_{l,@pf
%’I 2000-2014 & aTI:[ I UR aa—cﬂ i suad &t 11‘5‘ f& STPs resistance hotspots §9 9&bd % G@T antibiotics,
resistant bacteria 31 resistance genes Ug- 3T o ?B?[ %I HRA “v'I_CU-f ff Viol Q_CQIEIW IO 3R 137”
Ud o JUARIAT U 1ol W ﬂ:ﬁ_vﬂ ol % wastewater pathway AMR burden AR HRIE| HERINY
Y& -G BT 3T ST b A 7 IgHR JgAafagH F it Ssar g

5.3 AT WA W HHIfad gHa

T4 W SR Ur: & AT 9 39 81 9 o

> ggdl, UIold Wdl H trace contaminants T Fla'sﬂ

> o, R, - aummuwmmﬁn%mmﬁ&m&mﬁl

MY treated drinking water T 37 QD! B aRAfdd Figd HFA: dggd oH Bl Fabcl! % chronic low-dose
exposure 3R mixture toxicity I ADR fAfYAad &=t _g'_st &1 Hormonal compounds 3{cl: Al 3R,
developmental toxicity 3R reproductive disturbances | @% = Ry %I Q_C%IW traces resistance burden H
INEH R IAHA & | R precautionary principle T TR SUgad Udid BT gl

5.4 AT fAgT BT IRTGH: 39 STRiTHRoT yfeharg

TfaRur I ﬁ?‘ﬂ:[ < JHIT D1 fem 33[ :@T, AU YT TS &dl %I Advanced Oxidation Processes
(AOPs) S ozonation, UV/H202, Fenton oxidation, photocatalysis (ﬁ:ﬁw TiO2 Gﬂﬁl'lﬁﬂ), 3R sonochemical
processes persistent organics Eal degrade FRA P &AW %'I Rosal et al. (2010) d¥YT Ikehata et al. (2006) &
3T Iard % f& AOPs Eh_g pharmaceuticals 3R EDCs & 1%111 THTA Epf g&d %', T transformation products
BT ST AP G |

HIcl-dbe e fady ¥ J HRA oY YU-9H o & [T Hgayul YHIGHT 1@ ¢ | TS HH-ARTT AR,
IR Solf 3 ‘im:\’_('f II'I_E'EET 3R decentralized polishing units faofrd farw \_YTI'Q r tertiary treatment & =g H SqHT
JTINT OLIIdSIIQOh 3.1 SE %I ?‘Rﬂﬁ, scalability, energy cost, catalyst recovery 3R by-product toxicity UX 3feeh

WY T g
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5.5 AT 3R grsfas mefifear

Membrane bioreactors (MBRs) conventional activated sludge P qdd-n | aﬁ?ﬁ effluent quality ad % 3R ﬁ
micropollutants & U 3 removal fo@T IHd %, foRy ®U ¥ q9 9§ sludge age i Bl 3R membrane
retention fine particulates d¥T sorbed fractions DI AH TP | Activated carbon adsorption 3R membrane filtration
B1 o off promising %I T 39 dh-d] DI AN 3D %, UX high-risk urban zones 3R water-reuse
applications R 3t Holdd %I

6. tforTa Ryeriet

6.1 STPs & fEHTST US| BT YA I&0T

URd H STPs &1 fewmg ondt off H¥d: BOD, COD, TSS 3R coliform-based compliance TR 3THTRA gl &H-
Ugu®! & g H I8 Uai Tal 3 | v 98 HeRY, Siuefa-SuHiNT- g are 7RI, SRUAT-TH< &1 31k
Tel-dera qest o tertiary/quaternary treatment CIESIER IR ARSI RIS

6.2 J&I-UguD! & forg et a=e

3R I UgyUl 01 BTl &l selected priority micropollutants & 1%111 monitoring framework IECARG]
DAl ?lT%'QI URIY® TROT § pharmaceuticals, antibiotics, selected hormones, triclosan, 3R persistent PCP
ingredients ®1 “watch list” SIS ol Yhcl! ¢ | TE AU AISH BI ARG IRUEG IR BT YR I Jhell 5 |

6.3 3aTd 3R Nwehy rufRry &1 yu® ygu
a3k ey Fmfor sergat & rufry & Qg TR Has & Iry MY A1 THw B § 1 Tl
%I Source segregation, pretreatment 3R high-strength waste management P! Hifd fasfd ot St ET%QI

6.4 ITd IUTUR dH-11D] BT

8] feasible BY, I8T (719 dh-1h]! DT TRUTSG JHIAR IS ©:
T SARTaR

ICIEE]

gigha PHre adsorption

AOPs

Blel-defifed polishing

constructed wetlands as post-treatment support

6.5 Frafra RT3k Ser-arsmevu

3l YRT H GeH-UguS | TR AR Tdol-1d SICTad &1 U § | STPs, TR b, e TR 3R Tgyur
BRENEIRERIE] Udb YAl monitoring platform fawra frarsrn ﬂT%'Q | Research-grade monitoring Gl policy-
grade surveillance & FUTART BT THI B RIS B |

6.6 I7: ST (Reuse) i & Jraerit

Treated wastewater reuse, faRIY®HR urban landscaping, industrial cooling 3R agriculture ff, aa?r Sd-g&e &
HIRUT 3TdRYh % | O reuse standards o micropollutants @I e fo fomr ag ifa &fq;Uf el TfS reclaimed
water BT STANT QT B!, UTeh! T recharge systems T8I, trace contaminants ®! FIRHT SfAaTd g1 AR T

6.7 ITEYT 3R grar-faera

YR fayfaeme, iRl anTRarsit 3R TR ATl o analytical capacity W DI MAIHT 81 GC-
MS, LC-MS/MS, SPE, ecotoxicity bioassays 3R resistance gene monitoring St ﬁﬁﬂTSﬁ %1 faxar fosar sren
TAMGTI 20002014 F AYF IR A o TH-SATYR BT RITIAT B, HRA Bl 3 I R HeHl & Sy
0 Y g Rd 1 I

VV VYV VYV
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7. s

HRATT e STA-UgHUT &1 TN 316 Had URURS Hlaf-d YR AT EGHME Ti¢ T Bt JHRT 61 @ T8 &;
Tg IR IS AD!, Sa-Tfehg Sa=inl 3R Sicded Jigdl W Ht THTa ITF FA aTd Jed-Ugud! Bt
Wﬁﬂiﬁ%lm AT TEHTA ITG, FHAS AT, TEHEAIeH iR 3= - {TiHa
YRTT Rex! Uy ofd & ¥ 3R URUR STPs T2 YUid: G 3 o1y Uaie 0 i e el 1
U8} 3 T BT e gl

URUR® STP UGRH Habdd, SR BOD 3R COD removal, 3R o § W G 811 e effluent BT
conventional compliance g ﬁﬁﬁ{a gl T fb 98 ﬁ&ﬂ—q—g{qﬁ 9 ﬁ?'f\&f?‘f gl compound-specific removal

variability, seasonal fluctuations, low-flow river conditions 3R chronic ecological exposure L JHIT Eal
Sfed g1 % | ST ST O endocrine disruption, microbial shifts 3R toxic stress; dUT AT TARY UR chronic
low-dose exposure 3R AMR-related fRIAE 377 Tt &1 o1& TA-Uaie S & 2T BT AP 8 | IGH
ﬁaﬁah?mhw&@mﬁﬁsﬁwwwwwmﬁﬁﬂw%l AOPs, ThIcl-dhefaIfd, T
SRR, |fhd 1 3R BTRIIE tertiary treatment HUMTCRAT Y&H-UgH®! & ﬁuamﬁn%r—o@f Hﬁ-m fRar
ol ¢ | foreg it faded auft orurdl 817 e e ta e, AR o3, fawita fawr sik Semra gaaa
-1y famid 8f1 Hiaw & Y “zero liquid discharge” 4T W—Gﬁ@ﬂ discharge framework ot fazm o
I BT SIRTHT B, AR ISRy e iR S &sf o | 7rfd 9t 7Ry & fare zLp drepiferes
¥U Y TGTN® ol 81 Uhdl, WR treated wastewater reuse, advanced polishing 3R source control & TIIS T
TH IS RI&A Ta-uRaY [GHRId fohar S Tevdl ¢ | URd & STa-HTs St JR&fl & [l I8 1aad ¢ [
TERT MUY ST Ye4 ! YEH-IgND| & T & U GAURHING fohar S|
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