W) Check for updates

PUBLISHING

© 2023 The Authors Water Practice & Technology Vol 00 No 0, 1 doi: 10.2166/wpt.2023.087

TERI advanced oxidation technology (TADOX®) for treatment and rejuvenation of
open drains and surface water hodies: making habitats sustainable

Nupur Bahadur @2ab.* Nipun Bhargava?®, Shyamal Kumar Sarkara? and Vibha Dhawanab

aTADOX® Technology Centre for Water Reuse, Environment and Waste Division, The Energy and Resources Institute (TERI), Darbari Lal Seth
Complex, Core 6C, India Habitat Centre, Lodhi Road, New Delhi, Delhi, India, 110003

® NMCG-TERI Centre of Excellence on Water Reuse, Environment and Waste Division, The Energy and Resources Institute (TERI), Darbari Lal Seth
Complex, Core 6C, India Habitat Centre, Lodhi Road, New Delhi, Delhi, India, 110003

*Corresponding author. E-mail: nupur.bahadur@teri.res.in

NB, 0000-0001-7124-860X

ABSTRACT

Open drains contain sewage waste and find route to surface water bodies mainly due to the absence of dedicated conveyance
of wastewater to centralized wastewater treatment facilities. This poses severe environmental, public health and occupational
health hazard and there is an urgent need for onsite treatment of open drains. TADOX® (TERI Advanced Oxidation Technology)
from TERI (The Energy and Resources Institute, New Delhi) is an advanced approach treat drains using photocatalysis as an
advanced oxidation process. This paper presents a case study of an open drain, which when treated with TADOX® Technology,
improved water quality parameters meeting the regulatory norms. The untreated open drain did not meet Class E of the Water
Quiality Criteria laid down by the regulatory body, and attained Class A Water Quality Criteria after end-to-end treatment within
5h. TADOX® treatment resulted in the removal of 63.5% chemical oxygen demand, 99% biochemical oxygen demand, 96%
phosphate, 61% nitrogen, 3 log reduction in E. coli and 4 log reduction in total coliform values with a doubling in dissolved
oxygen levels. Micropollutant load reduction of 93.5% in acetaminophen, 96% in sulfamethoxazole, 96% in ibuprofen and
89% in caffeine was also recorded in the study.
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HIGHLIGHTS

® TADOX treatment of open drain bypassed biological treatment and resultant treated water complied with Class A of Desig-
nated water reuse criteria defined by CPCB, India.

® The overall 5-hour end-to-end treatment resulted in significant removal of primary pollutants like 63.5% COD, 99% BOD, 96%
phosphate and 61% TKN.

® 3 |og reduction in E. coli and 4 log reduction in total coliform values.

1. INTRODUCTION

Larger towns and modern-day cities in developing countries have the requisite infrastructure to tackle sewage
management and managing water resources; however, rural areas, villages and satellite towns lack resources
for efficient wastewater treatment and management of water resources. Many of these villages are adjoining
big cities and are developing very fast into peri-urban areas where economic activities are prevalent but there
are also rural community areas where there are typical issues such as open defecation, animal husbandry and
allied activities, agricultural activities, common bathing and washing areas that lead to multiple sources of pol-
lution into nearby lakes, and surface water bodies.

Open drains also face continuous ecological and climatic effects and experience anthropogenic activities lead-
ing to a high risk of infection and transmission of communicable diseases. In this regard, microbiology
parameters like Escherichia coliform, total coliform and total aerobic count are important to be investigated
and treated suitably. Open drains from such peri-urban areas also contain high biochemical oxygen demand
(BOD), chemical oxygen demand (COD), total suspended solids (TSS), sulfides, nitrates, ammonical nitrogen
and phosphates, and micropollutants such as steroids, antihistamines, analgesics, antibiotics, pesticides and
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fertilizers (Giannakis ef al. 2015; Bagheri et al. 2017; Fawzi Suleiman Khasawneh & Palaniandy 2019; Liang
et al. 2019; Khasawneh & Palaniandy 2021; Krishnan et al. 2021; Yacouba et al. 2021; Yin & Shang 2020;
Zylla et al. 2019). Such open drains easily find their way based on natural topology and drainage patterns into
natural ponds, lakes and rivers which are important water resources.

Moreover, several of these peri-urban areas have small-scale industries, cottage industries and small-scale work-
shops that are insignificant polluters on an individual basis however cumulatively account for a large pollution load
into the water bodies, thus leading to a quality which is highly heterogeneous and difficult to treat. Therefore, it is of
utmost importance to treat these drains before they join the natural water bodies; however, it is a difficult challenge
as open drains are mostly untraceable and are easily created based on the topography of the area, climate of the area,
etc. Furthermore, open drains could also be seasonal (only visible in monsoon season), could be prone to shock
loads in terms of quality/quantity and could have the ability to alter water course with slight changes in drainage
pattern of the area due to anthropogenic activities. Therefore, these open drains are difficult to be tapped into
the centralized as well as decentralized wastewater treatment plants (STPs/DWWT) being run by the urban local
bodies (ULBs). Severely contaminated open drains could percolate several micropollutants, dissolved organics
or toxic compounds into the groundwater of the area causing immediate exposure/ingestion by the population.
This situation is potentially hazardous for human health, occupational health and ecological health.

Conventional treatment technologies like chemical coagulation treatment followed by anaerobic-aerobic bio-
logical treatment systems cannot be directly integrated into such drains and streams with the intermittent flow
and seasonal variations. These technologies require a homogenous flow and load influent on the treatment sys-
tems. For this reason, Shrivastava et al. (2020) supported the installation of either decentralized approaches or an
in situ constructed wetland (CW) as an approach for enhancing the self-purification of surface water bodies; CW
is also a promising approach given that there is limited operation and maintenance. Though this may be a poten-
tial abatement plan, CW may not efficiently remove low biodegradable organics, and micropollutants and cannot
disinfect coliforms from sewage water. Several researchers have published reports on various technological inter-
ventions in mitigating these challenges, such as Wang et al. reported use of diffused aeration by placement of
aerators into the Qing River, Beijing, China (Md Anawar & Chowdhury 2020); while another report evaluated
the use of physicochemical treatment in Lake Rusalka, Poland through systematic addition of FeSO, to the
lake (Md Anawar & Chowdhury 2020).

Advanced oxidation processes (AOPs) have shown to be promising in simultaneous removal of microbial tox-
icity and micropollutants wherein a significant removal was observed in 2 h, and the authors concluded that AOP
could be a viable strategy to facilitate drain disposal of contaminated waters (Phillips ef al. 2020). While not many
advanced oxidation-based treatments have been used at a large scale for the abatement of polluted rivers, lakes
and water bodies. A recent report by Tabla-Hernandez et al. (2020) discussed continuous diffused O, and O3 pur-
ging directly through a floating reactor system into the Valsequillo reservoir in Puebla, Mexico for 5 months to
reduce COD, BOD and increase DO levels. To the best of our knowledge, this has been the most recent and
large-scale non-point-source pollution abatement strategy at this real scale. Whereas there are limited reports
available on realtime treatment of a flowing open drain; none of the reports study the treatment of these
small open drains/nallahs.

This report shows a case study where an open untreated drain passing through The Energy and Resources Insti-
tute (TERI) Gwal Pahari campus at Gurugram, Haryana, India has been treated using TERI Advanced Oxidation
Technology (TADOX™); this drain is highly discoloured and has a strong and pungent odour throughout its flow
in TERI campus. TADOX® utilizes an advanced coagulation—flocculation-based primary treatment, nanotechnol-
ogy-enabled heterogeneous photocatalysis (UV/n-TiO,) and nanomaterial recovery as tertiary treatment
(Bahadur 2015, 2021; Bahadur & Bhargava 2019, 2022; Bahadur ef al. 2020; Das et al. 2020). The treatment effi-
ciency has been evaluated in terms of physicochemical characteristics; pathogens like E. coli and faecal
coliforms; micropollutants like caffeine, acetaminophen, ibuprofen, naproxen, sulfamethoxazole, diclofenac,
bisphenol-A (BPA) and pesticides.

2. MATERIALS AND METHODS
2.1. Sample selection and collection

Untreated drain with an average depth of 3 m with an average velocity of 1 m/s, originating about 100 m north
direction from the Mandi village (shown in Figure 1). It passes daily in a continuous manner through the TERI
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Figure 1 | Satellite imagery showing the location of Mandi village nearby the TERI campus and the open drain entering the TERI
campus.

campus comprising of raw sewage, domestic, agricultural and veterinary wastewater. It may be considered as
naturally aerated and follows the natural contour and drainage of the area with a horizontal span of 4-6 m
within the campus (as shown in Figure 2). From this open drain, a grab sample was collected around Noon
on a weekday, the sample was collected from the middle of the flowing stream at about 1.5 m depth with a
simple 20 L Polypropylene jar. Water from the polypropylene jar was decanted into two 10 L glass bottles and
sealed with a metallic cap ensuring that there was no space for air. Pilot testing on the TADOX® plant on the
same day and all samples were sent for testing and characterization to an accredited laboratory within 6 h in
an ice box maintained at 4 °C.

As shown in Figure 2, the wastewater is slightly discoloured and there is intermittent flow at the point of
collection of wastewater. About 5,000 L of sewage flows every day from the village and is only naturally

Figure 2 | Photos of the drain flowing through the TERI campus containing untreated sewage from nearby villages.
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aerated, ultimately the drain joins the city drain channelized to the common sewage treatment plant of
Gurugram.

2.2. Operation of the plant

Technical information and detailed methodology of the TADOX® technology-based pilot scale plant treating
100 litres per day (LPD) and its operation has been published in another recent article. Details of plant oper-
ation, analysis of the wastewater quality parameters, computation of energy requirements and evaluation of
the figures of merit have been already given in the earlier publication of this series of case studies (Kumar &
Mathur 2004, 2006; Bahadur 2015, 2021; Bahadur & Bhargava 2019, 2022; Bahadur et al. 2020; Das et al.
2020). It involves UV/TiO, photocatalysis as the secondary treatment followed by nanomaterial recovery at
the source. Such a photocatalytic treatment has been established to be useful in dye intermediates, basic organ-
ics, dye molecules, synthetic textile effluent, real textile and dyeing wastewater treatment systems and has been
successful in eliminating the need of biological treatment at any stage (Kumar & Mathur 2004, 2006; Bahadur
et al. 2010, 2020; Kumar et al. 2014; Bahadur 2015, 2021; George ef al. 2016; Bahadur & Bhargava 2019, 2022;
Das et al. 2020).

2.3. Analysis of wastewater quality characteristics

pH, electrical conductivity and total dissolved solids (TDS) were analysed by Pocket Pro Plus multi-tester by
HACH, USA. UV-Vis spectra were recorded on UV-Vis spectrophotometer model DR6000 by HACH,
USA. Analysis of other wastewater quality parameters was carried out at National Accreditation Board for
Testing and Calibration Laboratories, India (NABL) Accredited laboratory as per ISO/IEC 17025:2017. Micro-
pollutants and pathogens were analysed as per standard methods given in Standard Methods for the Examination
of Water and Wastewater by American Public Health Association (APHA) 23 edition 2017 (Rice ef al. 2017). The
analysis took place in triplicates so that relative standard deviation (RSD) and other statistical inferences could be
drawn.
The extent of degradation of COD and BOD are computed as per Equations (1) and (2) shown below:
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where C,, B; refer to the concentration of COD and BOD for the untreated sample in mg per litre and Cj, By refer
to the COD and BOD of treated sample in mg per litre, respectively.

3. RESULTS AND DISCUSSION

Figure 3 represents the comparative UV-visible spectra of untreated and TADOX® treated open drain samples
(a, b) along with the visual images of the same in the inset. The picture of the untreated drain clearly depicts
the presence of enormous pollutants in the form of TSS and colour. While complete decolourization of the
untreated drain is clearly visible in the pre- and post-treated pictures of the sample after TADOX® treatment,
which was also supported by the trend obtained in UV spectra of the pre- and post-treated samples, where
almost complete reduction of dissolved organic content in the untreated drain was seen, which is indicated by
the reduction in absorbance around 280 nm.

The wastewater characteristics of the untreated and TADOX™ treated open drain have been given in Table 1,
which clearly indicates a significant reduction in various physicochemical parameters like COD, BOD, TDS,
TKN - total Kjeldahl nitrogen and phosphates along with microbiological parameters and hazardous micropollu-
tants like caffeine, acetaminophen, ibuprofen, naproxen, sulfamethoxazole, diclofenac, bisphenol-A and pesticides.

Tabulated data in Table 1 clearly shows that TADOX® was able to reduce all primary pollutants such as COD,
BOD, TSS, etc. This quality of water also meets the regulatory requirements laid down by the Central Pollution
Control Board (CPCB), Government of India and National Green Tribunal (NGT) which requires COD less than
50 mg/L and BOD less than 10 mg/L with TSS below 20 mg/L before the treated water can be discharged onto
surface water bodies (Ministry of Environment & Forests 1986a, 1986b; Kumar & Goyal 2020).
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Figure 3 | UV spectra of the untreated drain (a) and post-TADOX® (b).
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TADOX also led to a substantial reduction in total nitrogen and phosphorus content of untreated drain water,
which are the potential reasons for downstream eutrophication in water bodies, where total nitrogen reduction of
61% and phosphate reduction of 96% was observed within 5 h of treatment. In addition, a nitrate reduction of
249% was also found, while there was a marginal increase in the level of nitrite after the treatment. Reduction

Table 1 | Water quality characteristics of the untreated drain and post-TADOX treated samples

Parameter Untreated drain (a) Post-TADOX® (b) % Change
Physicochemical parameters

pH value 7.3 8.4 -
Conductivity (umho/cm) 1,276.0 271.3 79
Total dissolved solids (mg/L) 637.0 135.6 79
COD (mg/L) 96.0 35.0 63.5
BOD (mg/L) 27.0 <1 99.9
DO (mg/L) 3.2 6.3 -
Nitrate nitrogen (mg/L) 45.1 31.8 29
Nitrite nitrogen (mg/L) 1.4 52 -
TKN (mg/L) 9.3 3.6 61
Phosphate (mg/L) 2.6 0.1 96
Pathogens

E. coli (MPN/100 ml) 30.1 x 10° 16 99.9
Total coliform bacteria (MPN/100 ml) 28 x 10* 30 99.9
Total count (CFU x 103/100 ml) 10,600 0.4 99.9
Micropollutants

Caffeine (CFF) (ug/L) 8.7 0.92 89
Acetaminophen (ACT) (ug/L) 142.4 9.2 93.5
Ibuprofen (IBU) (ug/L) 80.3 32 96
Naproxen (NPX) (ug/L) 10.1 7.2 28
Sulfamethoxazole (SMZ) (ug/L) 6.0 0.2 96.5
Diclofenac (DCF) (ug/L) 3.6 0.8 77
Bisphenol-A (BPA) (ug/L) 2.1 0.4 80.5
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in nitrate level and increase in nitrite level might have occurred due to the photolysis of nitrates under UV light
that causes the generation of hydroxyl ions and nitrite ions as a by-product (Vinge ef al. 2020).

Moreover, TADOX® treatment resulted in a 3 log unit E. coli reduction and 4 log unit total coliform bacteria
reduction and a 4 log unit reduction in the total count (CFU/ml). Significance of these reported values are shown
in Table 2 which shows the designated best use of the surface water bodies as per the regulatory body, i.e. Central
Pollution Control Board, India (CPCB) (Central Pollution Control Board n.d.; Ministry of Environment & Forests
1986a, 1986b). The extent of pathogen inactivation is an essential parameter to decide the end use of the
untreated and treated stream. Due to the promising pathogen inactivation presented in this work, the treated
water quality as shown in Table 1 has been compared to the Class A quality as per water quality criteria
shown in Table 2.

TADOX® treatment may be directly compared with several other studies that report the rejuvenation of surface
water bodies in different ways. One such study evaluated the use of direct placement of aerators into the Qing
River in Beijing, China; this resulted in 60% removal of BOD while the DO concentration increased from neg-
ligible to 6 mg/L which led to improvement in aquatic life in the water body (Md Anawar & Chowdhury
2020). Another study has also evaluated the use of chemical coagulation and flocculation to reduce phosphorus
and nitrogen concentration in water to avoid eutrophication in Lake Rusalka, Poland through the systematic
addition of FeSO, to the lake (Tabla-Hernandez et al. 2020). Another interesting report from Swarzedzkie
Lake, Poland shows a 38% reduction in phosphorus and improvement in aquatic life indicated by cyanobacteria
through a chemical-cum-biological treatment (Md Anawar & Chowdhury 2020; Tabla-Hernandez et al. 2020).

A more recent laboratory-scale study on feasibility of sequential batch (SBR) operation under aerobic (SBRAe)
and aerobic-anoxic (SBRAex) microenvironments was done in Siripuram village, Telangana, India showed 76.2%
of organic fraction, 73.3% of phosphate and 81.6% of nitrate removal and concluded that the modified biological
treatment systems could be utilized as a decentralized treatment system to implement community-level ZLD
(Kopperi et al. 2023).

AOP has been utilized for similar compounds degradation on a laboratory scale study by Phillips et al. (2020)
wherein three different AOPs UV/H,0,, O3/H,0, and electrochemical oxidation (boron-doped diamond (BDD)

Table 2 | Designated best use water quality criteria as defined by Central Pollution Control Board (CPCB) (CPCB 1974)

Class of
Designated best use water Criteria Value
Drinking water source without conventional treatment but A Total coliform 50 MPN/100 ml or less
after disinfection pH 6.5-8.5
DO 6 mg/L or more
BOD 2 mg/L or less
Outdoor bathing (organized) B Total coliform 500 MPN/100 ml or
less
pH 6.5-8.5
DO 5 mg/L or more
BOD 3 mg/L or less
Drinking water source after conventional treatment and C Total coliform 5,000 MPN/100 ml or
disinfection less
pH 6.0-9.0
DO 4 mg/L or more
BOD 3 mg/L or less
Propagation of Wildlife and Fisheries D pH 6.5-8.5
DO 4 mg/L or more
Free ammonia 1.2 mg/L or less
Irrigation, industrial cooling, controlled waste disposal E pH 6.0-8.5
Electrical 2,250 umho/cm or less
conductivity
Sodium absorption 26 or less
ratio
Boron upto 2 mg/L
Below E Not meeting any of the above
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anode) have been compared to treat herbicides, pesticides, pharmaceuticals and flame retardant (Phillips et al.
2020). For most of the contaminants, AOPs were able to degrade about 100% parent compounds within 2 h
of treatment which showed a viable strategy towards AOP as an approach to pretreat contaminated water
prior to biological treatment. This study was only done for tap water and had the usual background matrix,
which does not emulate the actual sample treatment (Phillips et al. 2020).

While not many advanced oxidation-based treatments have been used at a large scale for the abatement of pol-
luted rivers, lakes and water bodies but a recent report from Valsequillo reservoir in Puebla, Mexico which is a
highly polluted body of water shows the use of a combined O, + O3 purging as a promising method (Tabla-
Hernandez et al. 2020). The study shows the use of three large vessels, which injected 144 tons of Oz and 300
tons of O, in 5 months at various locations in the reservoir. This led to oxidative degradation of various alkenes
and phenols with successful degradation of 20-65% in heavy metal content and reduction of up to 20% in terms
of COD and BOD. The study is very crucial as this is the only report of AOP-based non-point-source abatement of
surface water (Tabla-Hernandez ef al. 2020).

In comparison with the global trends in surface water pollution abatement, TADOX®™ can degrade primary pol-
lutants such as COD, BOD and TSS in a much more efficient and easy manner while at the same time requiring
less space, deployment time, residence time and treatment time. One of the major challenges that TADOX® was
able to overcome is the mobility of the system and its speed of deployment. TADOX® is designed to be modular
and can be manoeuvred within the surface water body as per requirements, while other technologies require a lot
of plant and machinery, and it may be difficult for these plants to manoeuvre. For treatment of open drains,
TADOX® plant could be installed adjacent to the drain and the upstream flow could be channelized to the
TADOX™ system and the downstream flow could be sent back to the surface body thereby tapping, cleaning
and restoring the drain simultaneously. Therefore, the presented study opens tremendous scope for non-point
water pollution abatement in an affordable, easy and sustainable manner. This could influence policymakers
to come out with specific policies and action plans to restore/rejuvenate surface water bodies while laying special
emphasis on the permissible levels of physicochemical, microbiological, specific contaminants and micropollu-
tants in the surface water body.

4. CONCLUSION

This study shows that the flowing open drains containing raw sewage and other mixed wastewater pose a serious
environmental and occupational health hazard. Most importantly, the TADOX treatment was end-to-end, bypass-
ing the requirement of any biological treatment technology. The overall 5-h end-to-end treatment resulted in
significant removal of primary pollutants such as 63.5% COD, 99% BOD, 96% phosphate and 61% TKN with
a double increase in DO concentration. It simultaneously led to a 3 log reduction in E. coli and a 4 log reduction
in total coliform values, which represent microbial contamination load in the open drain. This results in treated
water complying to Class A of designated water reuse criteria defined by CPCB, India. Moreover, TADOX treat-
ment led to a reduction in micropollutant (MP) pollution load by 93.5% in acetaminophen, 96% in
sulfamethoxazole, 96% in ibuprofen and 89% in caffeine. This reduction has not been reported elsewhere
during surface water rejuvenation using AOPs. The remarkable reduction in persistent organic pollutants
(POPs), pathogens, hazardous micropollutants and contaminants of emerging concern (CECs) shows that
modern-day wastewater challenges need advanced interventions. TADOX Technology based on heterogeneous
photocatalysis utilizing UV/TiO, holds tremendous potential as highly efficient, clean, green and future ready
technology for wastewater treatment. Such a study will also open avenues for bringing in regulatory compliance
and policy norms for the discharge of MPs in open drains and surface water bodies.

ACKNOWLEDGEMENTS

Authors gratefully acknowledge the support of Perfact Researchers Pvt Ltd, New Delhi and Sigma Test &
Research Centre, New Delhi in collection, preservation, transportation and analysis of all wastewater samples.
National Mission for Clean Ganga (NMCG), Ministry of Jal Shakti, Government of India, is acknowledged for
funding such studies on pollution abatement under the NMCG-TERI Centre of Excellence (CoE) on Water
Reuse [Ref. No: Mi/31/2021-PMC-NMCG].

Downloaded from http://iwaponline.com/wpt/article-pdf/doi/10.2166/wpt.2023.087/1234875/wpt2023087.pdf

bv auest



Water Practice & Technology Vol 00 No 0, 8

STATEMENTS & DECLARATIONS

National Mission for Clean Ganga (NMCG), Ministry of Jal Shakti, Government of India, is acknowledged for
funding such studies on pollution abatement under the NMCG-TERI Centre of Excellence (CoE) on Water
Reuse [Ref. No: Mi/31/2021-PMC-NMCG].

DATA AVAILABILITY STATEMENT

Data cannot be made publicly available; readers should contact the corresponding author for details.

CONFLICT OF INTEREST

The authors declare there is no conflict.

REFERENCES

Bahadur, N. 2015 Design and development of photocatalytic reactor for treatment of industrial effluent as well as sludge using
recently patented technology. In: Proceedings of the India International Science Festival - Young Scientists. Department of
Science and Technology, Government of India, pp. 1-5, 71.

Bahadur, N. 2021 TERI Advanced Oxidation Technology (TADOX) to Treat Textile and Dyeing Wastewater, Achieve Zero
Liquid Discharge, and Enhance Water Reuse: R&D-Based Policy Recommendations. The Energy and Resources Institute
Policy Brief.

Bahadur, N. & Bhargava, N. 2019 Novel pilot scale photocatalytic treatment of textile & dyeing industry wastewater to achieve
process water quality and enabling zero liquid discharge. J. Water Process Eng. 32, 100934.

Bahadur, N. & Bhargava, N. 2022 TERI advanced oxidation technology (TADOX®) to treat industrial wastewater with
integration at pre and post biological stage: case studies from India. Water Pract. Technol. 17 (8), 1692-1705. https://
doi.org/10.2166/wpt.2022.065.

Bahadur, N, Jain, K., Srivastava, A. K., Govind, Gakhar, R., Haranath, D. & Dulat, M. S. 2010 Effect of nominal doping of Ag
and Ni on the crystalline structure and photo-catalytic properties of mesoporous titania. Materials Chemistry and Physics
124 (1), 600-608. ISSN 0254-0584. https://doi.org/10.1016/j.matchemphys.2010.07.020. (https://www.sciencedirect.
com/science/article/pii/S0254058410005675).

Bahadur, N., Das, P. & Bhargava, N. 2020 Improving energy efficiency and economic feasibility of photocatalytic treatment of
synthetic and real textile wastewater using bagasse fly ash modified TiO,. Chem. Eng. J. Adv. 2. https://doi.org/10.1016/
j.ceja.2020.100012.

Central Pollution Control Board (CPCB) n.d. CPCB ENVIS. Control of Pollution Publications.

Central Pollution Control Board (CPCB) 1974 Designated Best Use Water Quality Criteria.

Das, P., Bahadur, N. & Dhawan, V. 2020 Surfactant-modified titania for cadmium removal and textile effluent treatment
together being environmentally safe for seed germination and growth of Vigna radiata. Environ. Sci. Pollut. Res. Int. 27,
7795-7811.

Fawzi Suleiman Khasawneh, O. & Palaniandy, P. 2019 Photocatalytic degradation of pharmaceuticals using TiO, based
nanocomposite catalyst — review. Res. Rep. Dept. Civ. Environ. Eng. Fac. Eng Saitama Univ. 29, 1-33.

George, R., Bahadur, N., Singh, N., Singh, R., Verma, A. & Shukla, A. K. 2016 Environmentally benign TiO, nanomaterials for
removal of heavy metal ions with interfering ions present in tap water. Mater. Today Proc. 3, 162-166.

Giannakis, S., Gamarra Vives, F. A., Grandjean, D., Magnet, A., De Alencastro, L. F. & Pulgarin, C. 2015 Effect of advanced
oxidation processes on the micropollutants and the effluent organic matter contained in municipal wastewater previously
treated by three different secondary methods. Water Res. 84, 295-306.

Khasawneh, O. F. S. & Palaniandy, P. 2021 Occurrence and removal of pharmaceuticals in wastewater treatment plants.
Process Saf. Environ. Prot. 150, 532-556.

Kopperi, H., Hemalatha, M., Ravi Kiran, B., Santhosh, J. & Venkata Mohan, S. 2023 Sustainable consideration for traditional
textile handloom cluster/village in pollution abatement — a case study. Environ. Pollut. 324. https://doi.org/10.1016/
j-envpol.2023.121320.

Krishnan, R. Y., Sivasubramanian, M., Subbaiya, R., Biruntha, M., Govarthanan, M. & Karmegam, N. 2021 Removal of
emerging micropollutants originating from pharmaceuticals and personal care products (PPCPs) in water and wastewater
by advanced oxidation processes: a review. Environ. Technol. Innov. 23, 101757.

Kumar, A. & Goyal, K. 2020 Chapter Two - Water reuse in India: Current perspective and future potential, Editor(s): Paola
Verlicchi, Advances in Chemical Pollution, Environmental Management and Protection, Elsevier, 6, pp. 33-63, ISSN
2468-9289, ISBN 9780323856843, https://doi.org/10.1016/bs.apmp.2020.07.011.

Kumar, A. & Mathur, N. 2004 Photocatalytic oxidation of aniline using Ag*-loaded TiO, suspensions. Appl. Catal. A 275, 189-
197. https://doi.org/10.1016/j.apcata.2004.07.033.

Kumar, A. & Mathur, N. 2006 Photocatalytic degradation of aniline at the interface of TiO, suspensions containing carbonate
ions. J. Colloid Interface Sci. 300, 244-252. https://doi.org/10.1016/j.jcis.2006.03.046.

Downloaded from http://iwaponline.com/wpt/article-pdf/doi/10.2166/wpt.2023.087/1234875/wpt2023087.pdf

bv auest


http://dx.doi.org/10.1016/j.jwpe.2019.100934
http://dx.doi.org/10.1016/j.jwpe.2019.100934
http://dx.doi.org/10.1016/j.matchemphys.2010.07.020
http://dx.doi.org/10.1016/j.matchemphys.2010.07.020
http://dx.doi.org/10.1016/j.ceja.2020.100012
http://dx.doi.org/10.1016/j.ceja.2020.100012
http://dx.doi.org/10.1007/s11356-019-07480-1
http://dx.doi.org/10.1007/s11356-019-07480-1
http://dx.doi.org/10.1016/j.matpr.2016.01.051
http://dx.doi.org/10.1016/j.matpr.2016.01.051
http://dx.doi.org/10.1016/j.matpr.2016.01.051
http://dx.doi.org/10.1016/j.watres.2015.07.030
http://dx.doi.org/10.1016/j.watres.2015.07.030
http://dx.doi.org/10.1016/j.watres.2015.07.030
http://dx.doi.org/10.1016/j.psep.2021.04.045
http://dx.doi.org/10.1016/j.envpol.2023.121320
http://dx.doi.org/10.1016/j.envpol.2023.121320
http://dx.doi.org/10.1016/j.eti.2021.101757
http://dx.doi.org/10.1016/j.eti.2021.101757
http://dx.doi.org/10.1016/j.eti.2021.101757
http://dx.doi.org/10.1016/j.apcata.2004.07.033
http://dx.doi.org/10.1016/j.apcata.2004.07.033
http://dx.doi.org/10.1016/j.apcata.2004.07.033
http://dx.doi.org/10.1016/j.jcis.2006.03.046
http://dx.doi.org/10.1016/j.jcis.2006.03.046
http://dx.doi.org/10.1016/j.jcis.2006.03.046

Water Practice & Technology Vol 00 No 0, 9

Kumar, V., Bahadur, N., Sachdev, D., Gupta, S., Reddy, G. B. & Pasricha, R. 2014 Restructural confirmation and photocatalytic
applications of graphene oxide-gold composites synthesized by Langmuir-Blodgett method. Carbon N. Y. 80, 290-304.
https://doi.org/10.1016/j.carbon.2014.08.067.

Liang, R., Van Leuwen, J. C., Bragg, L. M., Arlos, M. J., Li Chun Fong, L. C. M., Schneider, O. M., Jaciw-Zurakowsky, I.,
Fattahi, A., Rathod, S., Peng, P., Servos, M. R. & Zhou, Y. N. 2019 Utilizing UV-LED pulse width modulation on TiO,
advanced oxidation processes to enhance the decomposition efficiency of pharmaceutical micropollutants. Chem. Eng. J.
361, 439-449.

Md Anawar, H. & Chowdhury, R. 2020 Remediation of polluted river water by biological, chemical, ecological and engineering
processes. Sustainability 12, 7017.

Ministry of Environment & Forests 1986a General Standards for Discharge of Environmental Pollutants.

Ministry of Environment & Forests 1986b The Environment (Protection) Rules, 1986. Gazette of India.

Phillips, R. B., James, R. R. & Magnuson, M. L. 2020 Functional categories of microbial toxicity resulting from three advanced
oxidation process treatments during management and disposal of contaminated water. Chemosphere 238, 124550. https://
doi.org/10.1016/j.chemosphere.2019.124550.

Rice, A., Baird, E. W. & Eaton, R. B. 2017 APHA 2017 Standard Methods for Examination of Water and Wastewater. American
Public Health Association, American Water Works Association, Water Environment Federation ISBN, Washington.

Shrivastava, K. K., Shrivastava, R. K. & Jain, S. V. 2020 Pollution abatement strategies in a stretch of River Kahn at Indore,
India. J. Inst. Eng. (India): Ser. A 101, 829-834. https://doi.org/10.1007/s40030-020-00479-9.

Tabla-Hernandez, J., Hernandez-Ramirez, A. G., Martinez-Tavera, E., Rodriguez-Espinosa, P. F. & Mangas-Ramirez, E. 2020
Impacts on water quality by in situ induced ozone-oxygen oxidation in a polluted urban reservoir. Sci. Total Environ. 735,
139364.

Vinge, S. L., Shaheen, S. W., Sharpless Charles, M. & Linden, K. G. 2020 Nitrate with benefits: optimizing radical production
during UV water treatment. Environ. Sci.: Water Res. Technol. 6, 1163-1175.

Yacouba, Z. A., Mendret, J., Lesage, G., Zaviska, F. & Brosillon, S. 2021 Removal of organic micropollutants from domestic
wastewater: the effect of ozone-based advanced oxidation process on nanofiltration. J. Water Proc. Eng. 39, 101869.

Yin, R. & Shang, C. 2020 Removal of micropollutants in drinking water using UV-LED/chlorine advanced oxidation process
followed by activated carbon adsorption. Water Res. 185, 116297.

Zylla, R., Boruta, T., Gmurek, M., Milala, R. & Ledakowicz, S. 2019 Integration of advanced oxidation and membrane filtration
for removal of micropollutants of emerging concern. Process Saf. Environ. Prot. 130, 67-76.

First received 25 December 2022; accepted in revised form 14 May 2023. Available online 23 May 2023

Downloaded from http://iwaponline.com/wpt/article-pdf/doi/10.2166/wpt.2023.087/1234875/wpt2023087.pdf

bv auest


http://dx.doi.org/10.1016/j.carbon.2014.08.067
http://dx.doi.org/10.1016/j.carbon.2014.08.067
http://dx.doi.org/10.1016/j.cej.2018.12.065
http://dx.doi.org/10.1016/j.cej.2018.12.065
http://dx.doi.org/10.3390/su12177017
http://dx.doi.org/10.3390/su12177017
http://dx.doi.org/10.1016/j.chemosphere.2019.124550
http://dx.doi.org/10.1016/j.chemosphere.2019.124550
http://dx.doi.org/10.1007/s40030-020-00479-9
http://dx.doi.org/10.1007/s40030-020-00479-9
http://dx.doi.org/10.1016/j.scitotenv.2020.139364
http://dx.doi.org/10.1016/j.jwpe.2020.101869
http://dx.doi.org/10.1016/j.jwpe.2020.101869
http://dx.doi.org/10.1016/j.watres.2020.116297
http://dx.doi.org/10.1016/j.watres.2020.116297
http://dx.doi.org/10.1016/j.psep.2019.07.021
http://dx.doi.org/10.1016/j.psep.2019.07.021

	TERI advanced oxidation technology (TADOX&reg;) for treatment and rejuvenation of open drains and surface water bodies: making habitats sustainable
	INTRODUCTION
	MATERIALS AND METHODS
	Sample selection and collection
	Operation of the plant
	Analysis of wastewater quality characteristics

	RESULTS AND DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENTS
	STATEMENTS &'; DECLARATIONS
	DATA AVAILABILITY STATEMENT
	CONFLICT OF INTEREST
	REFERENCES


