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ABSTRACT

The objective of the present study was to assess the quality of drain wastewater in sparsely and
densely populated different types of human settlements in Delhi NCR, in terms of both
conventional and emerging contaminants (ECs) in two summer and two winter seasons and to
investigate the potential of microalgal consortium for the removal of emerging contaminants
from drain wastewater. Wastewater quality of 12 selected drain in Delhi NCR in different rural,
peri-urban and city areas was evaluated in terms physiochemical characteristics — conductivity,
TDS, pH, DO, BOD, COD, PO4, NO3, NH4 and coliforms, as well as emerging contaminants
- heavy metals and pharmaceutical and personal care products (PPCPs). Drain wastewater
characterization was done for the period of two years (December 2016-June 2018) representing
two seasons each year: peak winter and peak summer. The concentration of heavy metals at
the selected drain sites was below the permissible limits of inland surface water discharge, with
zinc and nickel present in highest concentrations. The peri-urban industrial sites were most
contaminated with heavy metals. The abundance of PPCPs in drain wastewater and the highly
polluted Yamuna river is much higher than the pristine Ganga river sites, indicating the human
input of these due to extensive use and disposal. Methyl paraben, diclofenac, triclosan,
ranitidine and carbamazepine were the most abundant PPCP contaminants in drain wastewater.
However, their concentrations were found to be in pg L!. The densely populated city and peri-
urban drain sites showed the highest contamination with PPCPs. The variety of these PPCPs
occurring in wastewater due to non-removal by conventional wastewater treatment systems,
may have potential negative effects on the ecosystem. An environment friendly technology is
required to remove both conventional and emerging contaminants from wastewater. A potential
remediation technology based on microalgal consortium was investigated. For this, a
wastewater obtained microalgal consortium from Hauz Khas lake in Delhi, named HL was
examined for its emerging contaminant removal ability - heavy metal removal in single and
multi-metal solutions; and PPCPs in individual solutions. The results show that under single
metal exposure, HL showed better performance (57-98% removal) as compared to multi metal
exposure (14-85% removal). The maximum removal was observed for Zn, Ni and Cu in both
type of exposures. The biomass productivity for the consortium increased in both types of
heavy metal spiking. For the PPCP removal, it was observed that the consortium was able to
tolerate environmentally high concentrations of the selected drugs. The effective

concentrations with 50% mortality values for the consortium for estradiol (EST), diclofenac
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(DCF) and triclosan (TCS) was 16, 8 and 8 mg L'}, respectively. The consortium grew well in
EST and DCF spiked media but could not tolerate TCS beyond 5 days. Substantial removal of
EST (91.73%), DCF (74.68%) and TCS (78.47%) within the stationary phase of growth was
achieved. It was also observed that the removal by microalgal consortium was higher than
abiotic degradation in the same time. From the adsorption and bio-degradation experiments, it
was concluded that bio-degradation by microalgae was the prominent removal mechanism for
the selected PPCPs, and not adsorption. From SEM studies, it was observed that there were
morphological deformation, clustering and cell disruption in microalgal cells due to the
exposure to the PPCPs. Further, to assess the performance of native microalgal consortium
under environmental concentrations of PPCPs, on-site, an LED based photobioreactor system
(40L) was developed and fed with raw wastewater from the Barapulla drain in Delhi. PBR
performance was assessed for winter and summer season for the removal of both conventional
and emerging contaminants. The PBR was able to remove 41.35% COD, 41.28% PO4 and 100
% NHs with an HRT of 4 days. Additionally, 25.67-59.63% removal of heavy metals and
21.93-100% removal of PPCPs was observed in the PBR. Thus, it can be concluded that
microalgal-based treatment depicts a promising technology for both conventional and
emerging contaminant removal under environmental conditions. The data generated from the
mapping study of ECs occurring in the Delhi NCR is an important step towards understanding
the scope of the problem of ECs in a highly populous country like India. Mapping of various
conventional and emerging contaminants in different types of human settlements had not been
previously done. This information can be useful for the regulatory authorities for making
guidelines for the continuous discharge of the ECs and for investigating the potential to
integrate environment friendly microalgal-based technology as a polishing step in the existing
wastewater treatment systems to target and remove the ECs, along with the conventional

contaminants.



TIAA 31T BT 3227 fioeil TIA3IR ¥ ey 31k Iféal & Bl & yRufe 31k aRd SH
YPHR P gfud garaf & Fe H 3eT-316T 3R g1 S1TaTT aret ATel bl T[OTeRIT BT et AT
YT| ATt & 3UFI STl ¥ 3R gV fvd arelf ol fAesrarn fafi=t artor, 9f-2rgdt 31k ereR
& &l H fewll TR ® 12 IafAd ATel B 379fere quradr &1 Hedidd Hifdd I
faoryaman (S, S, diva, i3, dt3ney, TnEh, dis 4, TI30 3, TITT 4 3R BIefiwid) &
B H 381 g I Hedich ST T AT | 3WRd gfSd (WRT HTg3il 3R PPCPs) | & HieT &l HIGH
&1 U B & foig aT A1e (fERER 2016-5]7F 2018) Y 37afe & feiy J@T 31afere Serdsor
febam T &T: Ui FeT 3R Ui THT | T ATeAt TRIeA] T WRT HTG3AT bl TeRdT 3idceita Jdg &
U7t & g Y 31T AT A B 2ft, oy st 3R e Isaaw JigdT # Hieg a1 9d-ergdt
s A1 vkt T3l & Fad 31fod gfud &ff | A1ell & 3uferse STt # YR /73 H didiidt
3R 37cAfeh UGISd THAT A, Ui T 7 Fiell &bl JorT H dgd 3ifEe §, Sl Arads 3ugnT
3R UM & BRUT S4BT AT S4YC Z2ATdT & | THeTse WRIeH, SrgdrlthbTe, Zrédaiia AT
3R FrEfAEfaT g veR 71 ¥ did) 9ives da &1 g, 396! igdT pg L-1 ¥ °T$ TS|
AT TETET daTel LMY 3R WRI-2redt Arsel 4 MUt & w1 Isadd |yl fe@man| aRaRe
31gforee ST 3UTR VUM GRT 82 b BRUT 3[Uforee STl H 81 dTel 8 UIIIRITY b fafaerdr,
RIS dF IR TUIfad TBERIHS T BT Tdbelt 21 ST, TRUYRS 3R FIRA a1 givd
gerelf ®r 3rdferse St & Adreq & faig o dferd w1 diaifiie! B 3maeadsdr gidl ol
HIShITT BT TR 3THTRT Teb FTIId IURIR debi1eh bl ST bl TS | §8h feiv, TIIue ATHS
e AT BAICIH BT gHbT IR YA B DT &FAT - Ve 3R Tg-UTg FHTHTE! § WIRY
YT &< bl ST @1 T18; 3R AfeRiTTd FHTHTT H PPCPs | TRUTTH SdTd & fob Yebed HTg SIITEH &
J&d UIUA 4 He! W TAUTSN (14-85% M) &l JetT H J8dy Ta2id (57-98% &) femar|
I YBR & TRIASR H Zn, Ni 3R Cu & faQ 1fiiddd s <&@ man daféan & fag
IR 3cTeehdT SHI YR & RT HTg & W18feT H gig g8 1 Tuill gem & iy, ag <&
a7 fob SafEay Tafad <ar3il & yafaroTir 30 FigdT Bl TgT B3 § J&H 27| SUHCT, SRIuE
3R TR & foig AT & fAT 50% Tog &R & J1 YT FigdT e 16, 8 3R 8 fAetum
Td -1 &fT1 SHaIfEam v 3iR SAU® Wige Hifsar W 3res! de § fdefad gam afesd 5 i
37ferp TRATTT Y 9a19d T8I B JabT| fahT & AR TRUT & WaR SUFT (91.73%), SIHUH
(74.68%) 3R CIATTH (78.47%) 1 I b 1T | g it e 77 fob ggHsital o 98 gRT fAshrad
A aREaal ® U & a9 H 31oifads &RUT I 31fUd AT1 Sia-9ieHT 3R Sig-319eed gamm
b, g fspy fAepTett 7T fob TrafAd Tditdt & fig TGl gIRT Sid-3198ed Y@ &¢I dTell
I3 2T 7 fob WIWAT| THSUH 3161 §, Ig @1 737 fob YIdiiTdt & HUeh # 317 & BRUT ggHsig
BIfABT3N H BUTHD fepld, FeReRIT 3R I HGUH 1 REER, T & gaferoia Figdr
& ded <2ff ATShINAA Balfcad & Yael BI 3Mdbad B & oy, oo ¥ IRYedr §7 3
Pl AT ST b AT 3H-AT8C YeTs el ATHTRA Wleidisaex [OeH (40L) fasfad fasar mar
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T YIT3TR &l BT Jexaich=T Afcdl 3R TTHT & AITH & faiy aRuRe 3R 3WRd QM giod garf
1 B b iy febam 7T &1 PBR 4 f&AT & HRT & A1 41.35% COD, 41.28% PO4 3R 100%
NH4 1 fHebTer § Fafd Tl gHdb 3fdRe, 25.67-59.63% YRY Tg3il @1 g 3R UIdidisR &
21.93-100% & BT PBR H T TRT| $F UBR, Tg B fAabTet ST Tapar & fos ArgshIvaTa-
TR ITAR yafaRvity gRREfaa  RuRe 31k R gu QA gfvd uareif #1 gem & fag
Tep 3TRATSTe debitch el GRATdT &1 faeeil THHIR H B dTed SHT & HUT 3768 § 30~ ST
YR S 3AfEd 3TETET dTel 42f W St BT THRIT & SR BT THSA BT G2 H Ueh Ageayof
®eH g1 fafi=1 gpR &1 Aa afeqdl # fafi=1 uRufe 3iR 3wRd gT gfvd ueraf &1 arfesor
U el foaT AT AT| IE STHBRI e wiftaon & fag $6 & R fAdeT & fag
feenfader dar & 31K Aisar 31ufere STt 3uaR gonfedl § yafavuita Bu & fh13 ATk
ITITRT AENfTIhT BT Qeblgpd I BT &HAT DI STid B &b AT 3TN T Habelt &, ST Bl
URYRE Teb Yifci2l BEH & H1e dfaid P AR gfod uereif @l gem & foig.
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