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Podgorski et al., Science 368, 845–850 (2020) 22 May 2020

Dübe

Analysis based on machine learning models 

Using 200,000 data points





400,000 measurements, 10% > 1.4 mg/L







Our dreams become reality 

with materials



Water purification, history

T. Pradeep and Anshup, Thin Solid Films, 2009



A plant to make supported nanomaterials for water 

purification; with capacity of 4.5 tons per month, 2007

World’s first nanochemistry-based water purifier

Chemistry world

First ever 

nanotechnology 

product for clean 

water

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
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Candidate contaminant list

Contaminants regulated by EPA

(a): Halogenated organic (b): Metal (c): Organochlorine pesticide (d): Inorganic 

salt (e): Biological contaminant (f): Nuclear (g): Benzo derivative (h): Carbamate 

pesticide (i): Pesticides (others) (j): Unclassified (k): Triazine derivative pesticide 

(l): Organophosphorus pesticide (m): Organobromine pesticide (n): Non-metal 

(o): Nitrophenol derivative, (p): Dioxin, (q): Benzo and halogenated organic (r): 

Organometallics

Category-wise distribution of contaminants regulated by USEPA and

future contaminants

Future of water purification: An enigma with some pointers 

Noble metal nanoparticles 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).



Source: 

Intechopen

Water is incomplete without this table



AB(s) = A+(aq) + B-(aq)

Ksp = [A+][B-]



Pourbaix diagram of iron.

Horizontal line, independent of pH

Happens at 

one pH, 

independent 

of electrode 

potential



Toxic elements

Most popular heavy metals: lead (Pb), zinc (Zn), mercury 

(Hg), nickel (Ni), cadmium (Cd), copper (Cu), chromium 

(Cr), and arsenic (As).

Commonly: arsenic, cadmium, chromium, lead, and 

mercury

Why are they toxic?

Arsenopyrite

FeAsS

Fe3+(AsS)3-or FeAsS



Arsenic species of relevance

Average concentration in soil

1-40 mg/kg

53rd element in 

abundance, 1/5 ppm in 

Earth’s crust





M�ller, K. et al. Water research, 2010, 44, 5660 -

5667. 19

Distribution of arsenite species

aa) b)

c)

C3V

Cs

Cs

As

Inoue, K. Advances in Materials Physics and Chemistry, 2018, 8, 51-70.
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a) b)

c)

M�ller, K. et al. Water research, 2010, 44, 5660 -5667 

C3V

C3v

C2v

Distribution of arsenate species

Sisi Q. et al. J. Environ. Eng., 2013, 139, 368-374



ACS Sustainable Chemistry  & Engineering Editorial, 

December 2016

Clean water for everyone



M. Udhaya Sankar, et. al. Proc. Natl. Acad. Sci., 110 (2013) 8459-8464.

Water positive materials



(i) (ii) (iii) (iv)

OH-

RT

Incubation

RT

(v)

1. Ag+

2. BH4
-, <8 0C

OH-
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How to make?
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What is special?



10µm

A B

Live/dead staining experiments



No nanotoxicity



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

Variety of materials



Mechanism



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

Modeling surfaces



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

Lab studies
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Initial pilot studies



Larger pilot studies



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

33

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 

34





Large water supply schemes

Capacity: above 1 MLD

5 schemes in use across India

Retrofitted Water Purification Plant 

Capacity: 0.1-1 MLD

Over 180 units in use across India

Implementation - From 25 KLD to 1 MLD
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Calculation for the Tariff to be collected for treated water (Revision if Required)

Design population 1,071 Plant capacity/70 LPCD

Sr.No

.
Item/Description Cost / Quantity Remarks

1
Cost of Replacement of Iron removal

media
56400

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.

2
Cost of Replacement of Arsenic removal

media
978660

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.

3 Cost of replacement of Activated Carbon 28560

4 Total cost of Replacement of media 1063620 After minimum two years.

5
Total cost of Replacement of media for

one year
531810

6 Plant capacity 75000 ltr per day

7 Design population 1,071 Plant capacity/70 LPCD

8 Cost per litr of water
2.1 Paise per ltr

9 Cost of replacement of media

1.36 

Rs. per head per day 

=Media replacement cost per year/365/Design 

population

40.80 per head per month for 70 LPCD water

Cleanwater at 2.1 paise per litre!

38

0.025 cents



Across the country
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Smart water purifiers and big data

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



Components of IoT architecture implemented by DWSS, GoP

Typical IoT architecture comprises various sensors and meters, communication gateway, Cloud Server, 

SMS gateway, Webservices and mobile phone application for operator





Pressure Status

Pump Current



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

Design population 1,071 Plant capacity/70 LPCD

Sr.No. Item/Description Cost / Quantity Remarks

1 Cost of Replacement of Iron removal media 56400

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.

2 Cost of Replacement of Arsenic removal media 978660

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.

3 Cost of replacement of Activated Carbon 28560

4 Total cost of Replacement of media 1063620 After minimum two years.

5
Total cost of Replacement of media for one

year
531810

6 Plant capacity 75000 ltr per day

7 Design population 1,071 Plant capacity/70 LPCD

8 Cost per litr of water
2.1 Paise per ltr

9 Cost of replacement of media

1.36 

Rs. per head per day 

=Media replacement cost per year/365/Design 

population

40.80 per head per month for 70 LPCD water

Clean water at 2.1 paise per litre!

0.025 cents



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



500 µM

Co P Sa) b)

c) d)

New electrodes - Aligned nanoplates of Co6S8

46

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



Electrospray deposition

47



Sensing

48



A drop-and-sense reagent free arsenic sensing test strips

IIT Madras patented 

Arsenic sensing technology

Publication and Patents

0 5 10 15 20 25 30 35 40 45 50
0.15

0.16

0.17

C
u

rr
e

n
t 

(µ
A

)

Number of scans

As5+

As3+ As3+ As3+

Fe2+Cu2+ Mn2+

As3+

Reagent free, Reusable test strip with selective arsenic sensing

Drop-and-sense technology with no pretreatment of samples
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Working electrode

Anagha Jose et al. ACS Materials Lett., 5 (2023) 893–899.



EyeNetAqua Solutions Pvt. 

Ltd.
An ICCW incubated company

Eye of internet on quality, quantity and compliance 

for all

Installation model as per NJJM specifications

Tubewell/OHSR (Source node):  

• 1. Flow meter (80-150mm) x 1

• 2. Pressure sensor  x 1

• 3. pH sensor  x 1

• 4. TDS sensor  x 1

• 5. Residual Chlorine sensor x 1

• 6. In-house MVP of Free Residual Chlorine sensor x 1

•
Consumer tap (End tail node): 

• 1. Flow meter (15-20mm)  x 1

• 2. Pressure sensor  x 1

• 3. Residual Chlorine sensor x 1

• 4. In-house MVP of Free Residual Chlorine sensor  x 1

OHSR/Tubewell

Source node

Consumer node

Monitoring in the field



EyeNetAqua Solutions Pvt. 

Ltd.
An ICCW incubated company

Eye of internet on quality, quantity and compliance 

for all

Real time 

water 

quality 

monitoring



Snapshot of water quality analysers





Installations made by four companies

India’s water is being monitored

IITM/IISc



Mobile unit - A reagent free mobile water quality analyser



Smart water purifiers and big data

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



Capacitive Desalination (CDI)

Our new company

58

Soujit Sengupta, Rabiul Islam and others



Various stages of electrode preparation 
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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



Products under implementation

Vijay Sampath and Tullio Servida



Evolution of materials to products

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



https://www.youtube.com/watch?v=fiJyptbXBtM





Algara-Siller, G.; Lehtinen, O.; Wang, F. 
C.; Nair, R. R.; Kaiser, U.; Wu, H. A.; 
Geim, A. K.; Grigorieva, I. V., Square ice 
in graphene nanocapillaries. Nature 
2015, 519 (7544), 443-445. 

Observing water
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