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“Pale blue dot” Voyager 1 Feb. 14, 1990

Water is the most important inheritance of our planet

Our economic, social and cultural 
outcomes can be traced to water. 

Water is the simplest and 
simultaneously the most complex 
problem of humanity.

Everything simplifies to water. 



Challenges  
Every possible need

Every river is contaminated
50% of the microbial diversity is lost for ever

Grooten, M.; Almond, R. E. A. Living Planet Report - 2018:
Aiming Higher; WWF: Switzerland, 2018.

From S. Vishwanath

-45 oC, 15% RH

+45 oC, 99% RH

Arsenic
Fluoride
Uranium
Mercury
Chromium
Perchlorate
Nitrate
Pesticides
Antibiotics
Plastics
Detergents
…..



Indian agriculture
67% of agriculture run on GW

Data from NASA 

Total districts 742
Water stressed >300
256 with critical or overexploited ground water levels
‘India is suffering from its worst water crisis in its history.’



Our dreams become reality with materials



Water purification, history

T. Pradeep and Anshup, Thin Solid Films, 2009
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Affordable clean water is a problem of advanced materials

New adsorbents
New sensors
New catalysts
Novel phenomena
New devices



Au25L18
-

Nanomaterials are now atomically precise 

T. Pradeep et. al. Acc. Chem. Res. 2018; 2019.
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ACS Sustainable Chemistry  & Engineering Editorial, December 2016

Nanomaterials can solve real problems
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New materials
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What is special?



Live/dead staining experiments
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15A. Anil Kumar, et. al. Adv. Mater., 29 (2016) 1604260.
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Mechanism



Chennu Sudhakar, et al. ACS Sustainable Chemistry & Engineering, 6 (2018) 9990-10000
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18A. Anil Kumar, et. al. Adv. Mater., 29 (2016) 1604260.
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Changing the dynamics in the field

 Existing unit for iron and arsenic removal –
20 m3/h

 Uses activated alumina and iron oxide (old
generation of adsorbents)

 Existing unit for iron and arsenic removal –
18 m3/h

 Uses iron oxyhydroxide (new generation of
adsorbents)

 Input arsenic concentration: 168 ppb
 Output arsenic concentration: 2 ppb
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Existing plant in 40 cents New plant in 3 cents 



Completed 3 years maintenance (stipulated: 2 years) 
for 330 bamboo unit project in Nadia, WB

Minimum uptime: 91%, Maximum: 98%
Only 4/330 have reported arsenic above 10 ppb
Benefiting over 100,000 children and villagers 
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Name of the scheme: Mahilan Wala (TW9144), District: Amritsar
Population: 2610, Daily demand@70 LPCD: 188 kLD, OHSR Capacity: 

100 kL

Seeing how the new adsorbents are changing the 
dynamics at the ground level (type 1 of our efforts)
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Calculation for the Tariff to be collected for treated water (Revision if Required)

Plant capacity/70 LPCD1,071 Design population

RemarksCost / QuantityItem/Description
Sr.No

.

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.

56400
Cost of Replacement of Iron removal
media

1

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.

978660
Cost of Replacement of Arsenic removal
media

2

28560Cost of replacement of Activated Carbon3

After minimum two years.1063620Total cost of Replacement of media4

531810
Total cost of Replacement of media for
one year

5

ltr per day75000Plant capacity6

Plant capacity/70 LPCD1,071 Design population7

2.1 Paise per ltr
Cost per litr of water8

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

1.36 

Cost of replacement of media9
per head per month for 70 LPCD water40.80 

Cleanwater at 2.1 paise per litre!
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Smart water purifiers and big data

Ankit Nagar and T. Pradeep 14(2020). ACS Nano, 6420-6435
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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
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Atmospheric water harvesting



Depanjan Sarkar, et. al. Advanced Materials, 28 (11), 2016.
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New harvesters
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5 nm

100 µm

Combination of cactus and Namib desert 
beetle effect

Depanjan Sarkar, et. al. Unpublished.
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Atmospheric humid 
air 

Air filter 
membrane

Filtered 
humid air

Cooled nano-
engineered surface

Peltier
cooler

Condensed 
water drops

Exhaust hot 
air

Ramesh Kumar Soni and Ankit Nagar

VayuJAL Technologies Pvt. Ltd.
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Products in the field

35 LPD     120 LPD                         400 LPD                                                      1000 LPD             2000 LPD

(LPD: Litres per day)



Solar- heat-enabled atmospheric water capture at
a relative humidity as low as 20%

Porous metal-organic framework (MOF-801, Zr6O4(OH)4(fumarate)6)

Kim Hyunho, et al. Science, 356 (6336) 2017

Sustainable atmospheric water harvesting 
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Capacitive Desalination (CDI)

Our new company
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Soujit Sengupta, Rabiul Islam and others



https://www.pmfias.com/wp-content/uploads/2016/01/Coastline-of-
India-–-Indian-Coastline.jpg
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Products under implementation

36

Vijay Sampath and Tullio Servida
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A Covalently Integrated Reduced Graphene Oxide -Ion 
Exchange Resin Electrode for Efficient CDI

Rabiul et al., Adv. Mater. Interfaces 2021, 8, 2001998



Various stages of electrode preparation 



Evolution of materials to products
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Ankit Nagar and T. Pradeep 14(2020). ACS Nano, 6420-6435
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Ainla A., et al. Analytical Chemistry, 90 (10), 2018.
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Analytical devices



Practical graphene-based arsenite sensor at 10 ppb 

S. K. Jana et al. ACS Applied Nanomaterials 2022



(a) LSV response of ERGO6 without and with 1 ppm As3+, (b) Chronograms obtained from ion
chromatography (IC) measurement with the solutions obtained after different number of CV cycles and
same measurement with standard (STD) As5+ solutions of different concentrations. (c) CA measurement
with different concentrations of As3+. (d) Calibration curve showing linearity down to 10 ppb. (e)
Interference study performed with several heavy metal ions with ERGO6 electrode. Concentration of
As3+ was fixed at 200 ppb, while 1 ppm was maintained for interfering ions. (f) Investigation of CA
current response of 1 ppm As3+ spiked in PBS with different ionic conductivity. We prepared PBS
solutions of different conductivity by changing their ionic concentrations and used them further as
electrolytes during CA measurements.



(a) Raman spectra of ERGO6 without (air) and with DI water. (b) Schematic depicts spectro-
electrochemical (SPEC) measurement set-up. During SPEC measurements, the Raman objective was
focused at the surface of ERGO6 strips with and without As3+ containing DI water on it and a DC potential
of 0.2 V was applied to the electrode. (c) Raman spectra of ERGO1 in presence of As3+ without and with
the application of potential (+ 0.2 V). Gaussian peak fitting was performed on the G bands of Raman
spectra of ERGO1 (d) with, and (e) without the application of potential. (f) Raman spectra of ERGO6 in
presence of As3+ without and with application of +0.2 V. Gaussian peak fitting was performed on the G
bands of the Raman spectra of ERGO6 (g) with and (h) without the application of potential. Decrease in the
intensity of D′ is marked with a downward arrow. FTIR spectra of ERGO6 (i) without (purple trace) and with
As3+ (yellow trace), (j) FTIR spectra of the same strip without As3+ (purple trace), with As3+ (yellow trace),
and after electrochemical oxidation (green trace) to show the changes in OH deformation peak at higher
wavenumber.



Origin of selectivity



Analog/Grating
Equipment

$ 5~6 Billion (2017)
a few 100k units  (2017)

Ultra compact Low Cost
Spectral Sensor Module 
~ Billions units ( ? 2027 )

Water quality measurement – In the pipeline

Sensors and new opportunities



Installations made by four companies

India’s water is being monitored

IITM/IISc



Hydroinformatics
Application of computing technologies for efficient, sustainable and equitable water 
management. 

Digital water or water 4.0 will revolutionize water management.

AI  

IoT and 
Cloud

Blockchain

Hydroinformatics

Modelling and 
simulations

VR/AR

Cyber-physical 
systems 
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Policy



Our dreams become reality with materials

H2O       H2O

Clean water

Energy

Affordable, inclusive, sustainable and contextual excellence   
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International Centre for Clean Water



IIT Madras Research Park
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Group during 2018, along with Prof. Graham Cooks 

The AMRIT Team, 2013
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