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Water purification, history

Important milestones in the history of water purification (1800-2007) from the
perspective of noble metal nanoparticles in water treatment (compiled from multiple
sources on the World Wide Web).

Year Milestone

1804 Setup of world's first city-wide municipal water treatment plant
(Scotland, sand-filter technology)
1810 Discovery of chlorine as a disinfectant (H. Davy)
1852 Formulation of Metropolis Water Act (England)
1879 Formulation of Germ Theory (L. Pasteur)
1902 Use of chlorine as a disinfectant in drinking water supply
(calcium hypochlorite, Belgium)
1906 Use of ozone as a disinfectant (France)
1908 Use of chlorine as a disinfectant in municipal supply, New Jersey
1914 Federal regulation of drinking water quality (USPHS)
1916 Use of UV treatment in municipal supplies
1935 Discovery of synthetic ion exchange resin (B. A. Adams, E. L. Holmes)
1948 Nobel Prize to Paul Hermann Muller (insecticidal properties of DDT)
1959 Discovery of synthetic reverse osmosis membrane
(S. Yuster, S. Loeb, S. Sourirajan)
1962 Silent Spring published, first report on harmful effects of DDT (R. Carson)
1965 World's first commercial RO plant launched

1974 Reports on carcinogenic by-products of disinfection with chlorine
Formulation of Safe Drinking Water Act (USEPA)
1975 Development of carbon block for drinking water purification

1994 Report on use of zerovalent iron for degradation of halogenated organics
(R. W. Gillham, S. F. O'Hannesin)

1997 Report on use of zerovalent iron nanoparticles for degradation of
halogenated organics (C-B. Wang, W.-X. Zhang)

1998 Drinking Water Directive applied in EU

2000 Adoption of Millennium Declaration during the UN Millennium Summit
(UN Millennium Development Goals)

2003 Report on use of noble metal nanoparticles for the degradation of pesticides
(A.S. Nair, R. T. Tom, T. Pradeep)

2004 Stockholm Convention, banning the use of persistent organic pollutants

2007 Launch of noble metal nanoparticle-based domestic water purifier
(T. Pradeep, A. S. Nair, Eureka Forbes Limited)

T. Pradeep and Anshup, Thin Solid Films, 2009



Future of water purification: An enigma with some pointers
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W Candidate contaminant list
Contaminants regulated by EPA
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Label for contaminants
(a): Halogenated organic (b): Metal (c): Organochlorine pestict . Inorganic
salt (e): Biological contaminant (f): Nuclear (g): Benzo derivative (h): Carbamate
pesticide (i): Pesticides (others) (j): Unclassified (k): Triazine derivative pesticide
(I): Organophosphorus pesticide (m): Organobromine pesticide (n): Non-metal
(0): Nitrophenol derivative, (p): Dioxin, (q): Benzo and halogenated organic (r):
Organometallics
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Category-wise distribution of contaminants regulated by USEPA and
future contaminants

Noble metal nanopatrticles for water purification: A critical review, T. Pradeep and Anshup, Invited critical review, Thin Solid
Films, 517 (2009) 6441-6478 (DOI: 10.1016/j.tsf.2009.03.195).



World’ s first nanochemistry-based water purifier
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Chemistry Workl

Chemistry world
First ever
nanotechnology
product for clean

A plant to make supported nanomaterials for water
purification; with capacity of 4.5 tons per month, 2007

1. Patents: A method of preparing purified water from water
containing pesticides, Indian patent 200767

2. Extraction of malatheon and chlorpiryhphos from drinking
water by nanoparticles , US 7,968,493 A method for
decontaminating water containing pesticides, EP 17,15,947
Product is marketed now by a Eureka Forbes Ltd.

Several new technologies are now available




Nanomaterials are now atomically precise
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Clean water for everyone

ACS Sustainable Chemistry & Engineering Editorial,
December 2016
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Water positive materials

Blopolymer-remforced synthetlc granular
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What Is special?
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Live/dead staining experiments




No nanotoxicity
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Variety of materials
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By Avula Anil Kumar, Anirban Som, Paclo Longo, Chennu Sudhakar,
Radha Gobinda Bhuin, Soujit Sen Gupta, Anshup, Mohan Udhaya Sankar,
Amrita Chaudhary, Ramesh Kumar, and T. Pradeep™

A. Anil Kumar, et. al. Adv. Mater., 29 (2016) 1604260.



Mechanism — molecular tools
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Modeling surfaces

Chennu Sudhakar, et al. ACS Sustainable Chemistry & Engineering, 6 (2018) 9990-10000.



Lab studies

250
B 4 Arsenic input A As(ill) output
A As(V)output A Total arsenic output
—_
o 200 :
Before As adsorption
Q. ik
& 5| b
150 23
= p -
(o] S 2. o Iron input !
= E oas bt After As adsorption
r
© 100 £1 S v
ﬂ 8 » J
o | e—
O 50 0 300 600 900 1200 2
g Volume of water passed (L) J
/
© 0
T T T T T 2
0 200 400 600 800 1000 1200

Volume of water passed (L)

A. Anil Kumar, et. al. Adv. Mater., 29 (2016) 1604260.




Arsenic poisoning across the world
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Initial pilot studies




Larger pilot studies
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Changing the dynamics in the field

!

= EXxisting unit for iron and arsenic removal — Existing unit for iron and arsenic removal —

20 m3/h 18 m3/h
= Uses activated alumina and iron oxide (old = Uses iron oxyhydroxide (new generation of
generation of adsorbents) adsorbents)

Input arsenic concentration: 168 ppb
Output arsenic concentration: 2 ppb




Now they are across the country




Implementation - From 25 KLD to 1 MLD

Large water supply schemes Retrofitted Water Purification Plant
Capacity: above 1 MLD Capacity: 0.1-1 MLD
5 schemes in use across India Over 180 units in use across India



Clean water at 2.1 paise per litre!

Sr.No.

Calculation for the Tariff to be collected for treated water (Revision if Required)

Design population 1,071

Item/Description Cost / Quantity

Cost of Replacement of Iron removal media 56400
Cost of Replacement of Arsenic removal media 978660
Cost of replacement of Activated Carbon 28560
Total cost of Replacement of media 1063620
Total cost of Replacement of media for one 531810
year

Plant capacity 75000
Design population 1,071

Cost per litr of water 2.1 Paise per Itr

1.36

Cost of replacement of media
40.80

Plant capacity/70 LPCD

Remarks

After minimum two years if Iron concentration is
more than 5 ppm. But iron concentration is more
than 5 ppm at only two to three places. Therefore
media may work for 3 years also.

After minimum two years if Arsenic concentration is
more than 100 ppb. But arsenic concentration is
more than 100 ppb at only two to three places.
Therefore media may work for 3 years also.

After minimum two years.

Itr per day

Plant capacity/70 LPCD

0.025 cents

Rs. per head per day
=Media replacement cost per year/365/Design
population

per head per month for 70 LPCD water



Waste management

« Adsorbents conform to toxicity characteristic leaching procedure
« Elemental waste goes back to local environment

« Safe disposal of arsenic (or any other) laden waste

« Additional protection could be considered, if necessary

« Exploring viable uses



Smart water purifiers and big data

Smart Water Purifiers linked to loT Global Map of Water Health
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loT- enabled sensing for
households and distribution networks

Cost-effective sensor accessory for
point-of-use applications
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Evolution

of materials to products
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Ankit Nagar and T. Pradeep, ACS Nano 14 (2020) 6420-6435.



Cluster-based metal ion sensing
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Decrease in the absorption of Au,. as a biofilm is dipped into the cluster
solution. Inset: Free standing quantum cluster loaded film in visible light and

UV light.

Anu George et al. ACS Applied Materials & Interfaces, 2012



Approaching detection limits of tens of Hg?*

Atanu Ghosh et al. Anal. Chem. 2014.



Mercury quenching experiment using nanofiber




New electrodes - Aligned nanoplates of Co,Sq

343 nm

/\ 425 nm
0.2 \495 nm

1,2-bis(diphenylphesphino)ethane (DPPE)

Absorbance
o
F N
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Electrospray deposition
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Sensing
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Working electrode

Vertically aligned nanoplates

Glassy carbon dropcasted with ESD of Cog cluster( WE)

Working electrode/ P

SuM

Handheld Potentiostat Vertically aligned nanoplates

Anagha Jose et al. ACS Materials Lett., 5 (2023) 893—-899.
33
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Conclusions

Affordable clean water with advanced materials is possible.

Such technologies are implemented at scale.

More work is needed to address all the relevant contaminants at scale.
Advanced materials can also lead to affordable sensors.

Affordable, inclusive, sustainable and contextual excellence
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