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Environmental Science
Unit —IV Research, and Policies related to Environment

(Recent research on detection of water and air pollution using various nanostructures,
Environment protection Act, national forest policies, wildlife protection act.)

)

By
Prof. Anurag Srivastava
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ABV-Indian Institute of Information Technology and Management, Gwalior, Madhya Pradesh, India
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5 survival needs of humans: . oo e
= s 9}‘ Foodé =
7 g and®
The truth is, there are five basic needs; ~A-Ae _drink ﬁ

Clean Air, » d.,mr' " We need all these WO
oy o things to help us

Water, ¥\ stay healthy.
good ™

Nutrients, hygiene

Shelter and

Sleep. 8

sleep

exercise

Beyond our health, the simple fact is that our entire society is based primarily on the existence
and leveraging of these five factors.

They are the basis for concepts like family, wealth, health and, at times, governments.
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Challenges of World
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Pollution

Pollution is Hazardous to Environment

“Any undesirable change in the physical, chemical,
biological characteristics of any component of the
environment which can cause harm to life and property”

o Air pollution | e Water pollution | e Soil pollution | o Noise pollution
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£ e Challenges and Opportunities: Air and Water Pollution

Before
are: Nitrogen oxide ‘ Sulphur oxide ‘ Mercury ‘ Particulate Lockdc

- After
~ Lockdown

- -"-..1.:'

The harmful pollutants responsible for polluting the environment
o

matter | Chlorofluorocarbon | Volatile organic compounds

Primary pollutants
AgTopianas Carbon monoaide Secon dar}r pﬂ”utﬂlﬂ.ﬁ
co

"‘“:;“'“ Eaulphur tripxide Nitric acid
Sulphur dicasde Sy HRiO3
A0g
Milrogen dioxida Sulphuric acid .
Ammania L Ho80y Hyd nu:n%pemwdr
i3 Particulalss -
Welranoes. [P ne )
B Vel erganic comjpaunds “’“H“‘:"J""" T Pasticulates
VOICE i (P

Air pollution in India is responsible for 12.5 percnt of all deaths in the country, accordinglto the
State of India's Environment (SoE) report, 2019. 8.5 out of every 10,000 children in India die
' ' aiT,

|9}
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S5 Air nollution

Air pollution in India is responsible for 12.5 percent of all deaths in the country,
according to the State of India's Environment (SoE) report, 2019. 8.5 out of every
10,000 children in India die before they turn five due to poor air.

A study by the Health Effects Institute found that unhealthy levels of PM 2.5 led to
roughly 852,000 premature deaths in China in 2017.
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Latest India Air quality reports on worldmap

India Environment Portal

KNOWLEDGE FOR CHANGE

BROWSE BY
SUBJECTS

Environment
Water Pollution
Alr Pollution
Forests

Land
Agriculture
Animal Care
Food Policy
Mining

Water Resources
Dams/ Irrigation
Fisheries

Atmosphers And
Ozone Layer

Climate Change
Matural Disasters
Health

Economy

Transport

2018 world air quality report

ShareThis Facebook a Tweat E Email

01/03/2019 | 1QAIr Air\isual

News | Tags

Directory Sub Portals Resources

India's national capital region (NCR)
emerged as the most polluted region in
the world in 2018, according to this
new report. Gurugram is the worst
affected followed by Ghaziabad,
Faridabad and Moida are amongst the
top six most worst-affected cities.

Delhi has been ranked the most
polluted capital in the world, while
Gurugram is the most polluted city,
according to a Greenpeace report.
According to the latest data compiled
in the 12 Air Visual 2018 World Air

Quality Report and interactive world’s most polluted cities ranking, which is prepared in
collaboration with Greenpeace Southeast Asia in order to reveal the state of particulate matter
(PIM2.5) pollution in 2018, Delhi had an average yearly PM2.5 concentration at 113.5 micrograms
per cubic metre. The report is based on air quality data collected in 2018 from public monitoring
sources, with a special focus on data which has been published in real-time or near real-time.

i 22 out of 30 most
polluted cities of

i the world are from
i India

13 out of 20 most
polluted cities of
the world are from
India in 2016
WHO report
Gwalior in top 3

*http://www.indiaenvironmentportal.org.in/content/461648/2018-world-air-quality-report/
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Manufacturing Plants st

Atmospheric Pollution,
Industrialization, Automobile NOX

Air Pollution,
Indoor Air quality VOCs

Animals, Agriculture ,
Industrial processes NH3

- CO
Greenhouse Emission, %
Agriculture/Bicl~~i~=1 Process
CO,

Incineration plants,
CFC Atmosphere, Accidental HCL
emission

Globalization,

Greenhouse emissions
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Food Packaging,
Quality control,
optoelectronic devices

- Atal Bihari Vajpayee

QR  'ndion institute of Information Technology NAAC Accredited 'A' Grade Institute

and Management (ABV-1IITM), Guwalior

. S {.-'.m Institute of MHational Importance establEshed by MHRED, Gowernment of1m:|i=.}

of National Importance

(T WEE T W, O S e O arE S & )




.’\‘; AMRG

WATER POLLUTION

Water pollution occurs when harmful pollutants and
particulate matter are introduced into a water body. These
contaminants are generally introduced by human activities
. like improper sewage treatment, oil spills. However, even

natural processes such as eutrophication can cause water
pollution.

Other significant causes of water pollution include:
®Dumping solid wastes in water bodies
*Disposing untreated industrial sewage into water bodies
*Human and animal wastes

®Agricultural runoff containing pesticides and fertilisers

The effects of water pollution are very pronounced in our environment. Furthermore, toxic chemicals can bioaccumulate in living beings, and

these chemicals can travel their way up the food chain, ultimately reaching humans.

- Atal Bihari Vajpayee e Fagrt et

QU  'dion Institute of Information Technology ~ NAAC Accredited 'A’ Grade Institute oy gemr Wt wa weierm wear, marfaas
and Management (ABV-IIITM), Gwalior of National Importance (T vEeE =T HeT, WIS WA e S A T )

- e [0 Institute of Mational Inpartance es s hed by BAHRD, of India)




g
q T AMRGI

WATER

42 rivers have extremely high concentration of neurotoxic
heavy metals

Ganga was found to be polluted with five heavy metals, namely chromium, copper, nickel, lead and iron

By Kiran Pandey, Rajit Sengupta, Isha Bajpai
Published: Tuesday 15 May 2018

Out of Total 400 Rivers

Number of rivers polluted with
unacceptable levels of heavy metals

Contaminant ‘ Permissible limit No of rivers
Lead 10 pg/L 69
Nickel 20 IJQ/L 25
iron 300 pg/L 137
Copper 50 pg/L 10
Chromium 50 pg/L 21
Cadmium 3 pg/L 25

Atal Bihari Vajpayee
m Indion Institute of nformation Technology

and Management (ABV-1IITM), Guwalior
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HEAVY METALS AT WORRYING LEVELS

L Affected
Prese"c-.s.ff* No. of affected districts states\UTs

vitrate I ;3o €D

Fluoride T 335 0]

tron [ 301 (26)
salinity [ N Nk 212 15)
Arsenic | N 153 o1
Lead [ 93 (4]
Chromium [} 30 i
Cadmium[jjj 24 ©

* Presence of these elements in ground No. of Districts
water beyond permissible limits in India

» Lead, Cadmium and Chromium are
heavy metals) 7].8
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NEWS | 0% DF KOS SURFACE WATER MAY BE POLLUTED, REPORT BY INTERNATIONAL BODY SAYS.

co P [SPONSORED|Samswng Galixy MS1 with BAMP Guad Cam | Mo-B surrenders x

PR 15 FROM JUNE 28 2015

80% of India’s surface water may be
polluted, report by international body
says

better. An alarming 80%
India’s surfz

HMASKINDIA
polluted, a late: ssment |

WaterAid, an international

anization werking for water

ane,

itation and hyg

https://timesoﬁndia.indiatimés:éb&i/hémé/environment/pollution
/80-of-Indias-surface-water-may-be-polluted-report-by-
international-body-says/articleshow/47848532.cms

T o T
A Global Ecology and Conservation
journal hemepage: htiai//www.alasviar.cam/icaata/aaaas

Original Research Article

Total concentrations and sources of heavy metal pollution in

Zlobal river and lake water bodies from 1972 to 2017

Qiaogiac Zhou
Bian

Nan Yang "7 Youzhi Li 7, Bo Ren *, Xiaohui Ding *
Hualin B Yao *

by, iy, 413000, Cluim

Abstract: This study collected past sampling data on total concentrations of 12 heavy metals (Cd
Po. Cr. Hg. Zn. Cu. Ni. Al Fe. Mn. As and Co) in surface water bodies, ie . 168 rivers and 71
lakes. from 1972 to 2017. The intent was 1o investigate the levels and sources of heavy naetal
pollution across five decades and five continents, Mean heavy metal concentrations in global river

and lake water, and the munber of heavy metals with c ons @ than the

threshold limits as pes the standards of both the World Health Ooeanizat; THIC ) and the Tlnitec

States Environmental Protection Agency (USEPA) were generally lower in the 1970s and 1980s

than in the 1990s, 2000s and 2010s. Over time, heavy metal pollufion i susface water has

changed from single metal pollution fo mixed metal pollution. Heavy metal concentrations in
water, and the number of heavy metals with concemtrations above the threshold limits for both
WHO hnd USEPA standards were lower in the developed countries of Europe and Morth America

and higher in the developing countries of Africa, Asia, and South America. Owver time, the main

of metal ion have from mining and manufacturing to rock weathering and
waste discharge. The main metal sources differed across the five continents. with fertilizer and

pesticide use, along with rock Being i inn A frica ini ane Facturing

along with rock weathering. were dominant in Asia and Europe. Mining and manufacturing. along

with fertilizer and pesticide use, were dominant sources in MNorth America. while four sources

Indian Waters: Past and Present

Senthil Kumar Kurunthachalam®
Departmant of Medvral Sosoces, Sararaat Ste Linmrsty; Sacarmat G4 37404 152

are affected by waterborne diseases every year, 1.5 million children are
estimated to die of diarrhea alone [1]. In order to reduce such a fatal

Rarractasr
]

L S0

fpen Acc

cverely affected. Arsenic (As) contamination was reported in ground

impact, there must be a definite goal for reducing the withdrawal of
fresh water from water sources, by means of water recycling and re-use.
Though the government is encouraging water recycling and re-use, it
is not implemented effectively in India. At present, even for gardening,
vehicle washing, fire protection etc., fresh/potable water is used. More
than 70% of the water drawn from the source is used and let into sewer
lines as waste water. If the same is properly treated and recycled then
there will be little reduction in drawing the fresh water.

Water Pollution in India
General

Water pollution in India can be classified in different ways which
is highlighted from the following section. First, bacterial pollution
is widespread in India which produce fatal illness of death (through
waterborne diseases) of almost 40 million peoples/year [22]. Second,
more than 90% of the sewage generated by rural municipalities and
more than 50% of sewage discharged by urban municipal go untreated
and discharged to the fresh water ecosystem [27,32]. Third, industry
produces pollutants that are extremely harmful to people, wildlife and
the environment. Furthermore several of industrial facilities in India
use freshwater to carry away waste from the plant and into rivers, lakes
and oceans. Especially, industries produce nearly 31,000 million cubic
meters of effluent which is discharged into our fresh water bodies [28]
Fourth. in India. the estimated fecal load is 200.000 tones are venerated

fwater in several parts of the country in which West Bengal is heavily

inated (60% of the districts are cnnrameﬂing 26
knillion people [33]. The presence of arsenic, a poison and a carcinogen,
n the groundwater of the Ganges delta causes health risks to 35-60
nillion people in West Benga[ and Bibar. Researchers have found
levated levels of arsenic in the soil and groundwater near a gold mine
n Karnataka (Kiradalli Tanda village of Yadgir district), India [34].
[The research also highlights health hazards associated (arsenic induced
kin disease and cancer) with mining because of arsenic contamination
in groundwater found to 30 to 200 times higher than the limit of 10
barts per billion (ppb), prescribed by the WHO [23]. An clevated
Foncentration of total chromium (Cr) and hexavalent chromium (Cr-

e

V) is observed in wells in the industrial area in Chennai, Tamil Nadu
35]. The concentration of Cr in these wells varies between 3 to 250 mg/l
hereas the concentration of Cr-IV ranged from 2 to 210 mg/l which
far exceed the concentration of 0.05 mg/l prescribed under the Indian
tandard specification for drinking water quality [26]. In areas where
fvater has high load of minerals like fluoride, arsenic and chrom ..
bhiternative sources (canal water, rain water harvesting) would hay ™"
be provided not only for drinking water but also in farming. Periodic
kxamination of water quality, particularly for the detection of fluorid=
hrsenic and chromium is necessary in newer alluvium and flood 4
hireas in different parts of India. Water supplied by urban municipab. .-
hnd rural Panchayats should be free of biotic and abiotic toxir- -+
ncluding micro elements and minerals. —

Kurunthachalam et al, Indian Waters: Past and Present, Hydrol Current Res

2013, S10 DOI: 10.4172/2157-7587.510-001
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WATER

42 rivers have extremely high concentration of neurotoxic

heavy metals

Ganga was found to be polluted with five heavy metals, namely chromium, copper, nickel, lead and iron

| GobarTimes | smwgart

NEXT NEWS >

it Sengupta, Isha Bajpai
June 2013

By d
Last Updated: Toesday!

India’s 42 rivers have at least two toxic heavy metals beyend the permissible limit, says a research conducted by

Central Water Commission.

The study,

winter and meonseon—found huge amount of lead in 69 rivers. The study also showed that mest rivers (137) had

iron beyond permissible limits.

https://www.downtoearth.org.in/news/water/huge-amounts-of-toxic-heavy-

vhich tested samples of river water collected from 16 river basins during three seasons—summer,

metals-swim-in-indian-rivers-60545
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Tuesday, 10 November 2020
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]-1--.13-15".600/0 Punjab groundwater fit for use

CAG says it's laden with toxic chemicals, heavy metals

According to sources in the Department of Water Resources, the 26-page report will be tabled In the upcoming Budget
session of the Punjab Vidhan Sabha from Thursday.

The CAG report says 40 per cent of the groundwater in the state is contaminated with chemicals and heavy metals beyond

permissible limits. While 10 per cent of it is unsafe even for irrigation purposes. 30 per cent is marginally to moderately
saline/alkaline, but can’ be used by humans.

Heavy metal contamination

Lead: Amritsar. Bathinda. Ferozepur, Gurdaspur, Muktsar

Cadmiurm: Fatehgarh Sahib, Ludhiana. Nawanshahr, Patiala . . C .
s https://www.tribuneindia.com/news/punjab/just-60-punjab-

Chromium: Sangrur, SAS Nagar, Tarn Taran. Amritsar, groundwater-fit-for-use-43185

Barnala, Bathinda, Gurdaspur. Kapurthala. Mansa., Fopar.
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53 Major Categories of Water Pollutants

Infectious Agents

Bacteria, Viruses, Protozoa, Parasitic Plant Nutrients

Worms Nitrates, Phosphates,

Source: Human and animal waste Source: Sewage, manure, agricultural
Oxygen-Demanding Waste and landscaping runoff

Organic debris & waste + aerobic Organic Chemicals

bacteria Qil, Gasoline, Plastics, Pesticides,

Source: Sewage, feedlots, paper- Solvents, detergents

mills, food processing Sources: Industrial effluent, Household
Inorganic Chemicals cleansers, runoff from farms and yards

ks, Matals. Salts Eroded Sediment

Sources: Surface runoff, Industrial Soil, Silt

effluent, household cleansers

Radioactive Materials
lodine, radon, uranium, cesium, thorium

Source: Coal & Nuclear Power plants,
mining, weapons production, natural

Heat/Thermal Pollution
Source: Power plants, Industrial
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S E More than 50% of the population has no access to safe drinking water
and about 200,000 people die every year for lack of access to safe

water:
NITI Ayog Report 2020

Sign In

THE EcoNnoMIc TIMES News

Special Offer on ET Prime

English Edition = | E-Paper
= Home [PETPrime Markets News Industry RISE Politics Wealth MF Tech Jobs Opinion NRI Lifestyle ET NOW More » Q
Morning Brief Podcast Economy » Industry  Politics and Nation Company » Defence » International = ET Evoke Elections » More
Paolicy » Times Water Summit 2020: It's still not late in saving India from becoming a waterless country if we start acting on it now!

ADVERTORIAL

Times Water Summit 2020: It’s still not late in
saving India from becoming a waterless country if
we start acting on it now!

The Times Water Summit 2020, a Times of India initiative under the banner of
‘Make India Water Positive’, is spearheading the need for stronger and unified
water infrastructure by bringing key stakeholders of the ecosystem —

the people, the policymakers, the corporates, and the agricultural community
- all under one roof.
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Permissible limits for the Hazards in Environment
* Permissible limits standardized by organizations like WHO, JECFA, OHSA etc.

Permissible limits (ppm) Effect of toxic elements on human health

Arsenic toxicity causes different diseases. High

Arsenic 0.01 ; . . .
concentration Of AI'SGIIIC 1S carcmogemc.

High concentration of cadmium causes kidney and liver
Cadmium 0.003 damage, anemia, carcinogenic, retard growth and also causes
renal arterial hypertension.

Chromium is carcinogenic, causes lung cancer and genotoxic

Chromium 0.05 :
in nature.

Affects peripheral nervous system and central nervous

Eer el metabolism. High concentration of lead is carcinogenic.

Inorganic Mercury compounds affect kidney and nervous
Mercury 0.001 system disorders, oral poisoning causes haemorrhagic
gastritis and colitis. Carcinogenic on high concentration

— Singh et al 2018, Water purification by using Adsorbents: A Review S2352-1864 (17)30266-3
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Permissible limits for the Hazards in Environment

Extrapolated
TICs PEL (ppm) LOD (ppm)
Ammonia 50 0.08
Arsine 0.05 0.01
Chlorine 1 0.01
Diborane 0.1 0.01
Dimethylamine 10 0.01
Fluorine 0.1 0.01
Formaldehyde 0.75 0.12
Hydrogen chloride 5 0.02
Hydrogen cyanide 10 0.02
Hydrogen fluoride 3 0.02
Hydrogen sulfide 20 0.08
Hydrazine 1 0.01
Methylamine 10 0.01
Methyl hydrazine 0.2 0.01
Nitric acid 2 0.02
Nitrogen dioxide 5 0.03
Phosgene 0.1 0.01
Phosphine 0.3 0.01
Sulfur dioxide 5 0.06
Trimethylamine 10 0.03
- Atal Bihari Vajpauee e fagrit araadt

m Indion Institute of nformation Technology

and Management (ABV-1IITM), Guwalior

Ee e

[#n Institute of Mational Tnpartance establEshed by MHRD, Gowernment of India))

MNAAC Accredited 'A' Grade Institute

of National Importance

(TT=a WA R HeE, O S fEms S umE Oren & T




A sensor is a device that detects events or changes in
quantities and provides a corresponding output, generally
as an electrical or optical signal.

RN

One might consider the ears, eyes, nose and )
fingers to be physical sensors as they detect
physical sensations of sound, light, smell and

heat respectively.
- /

- Atal Bihari Vajpayee . - . e Tagrit aranrt
QU  'dion Institute of Information Technology ~ NAAC Accredited 'A’ Grade Institute oy gemr Wt wa weierm wear, marfaas
and Management (ABV-IIITM), Gwalior of National Importance (T uEe T ST, HTE SR FaETe ST WA wET S A

- e [ Institute of Mational Inpartance established by MHRD, Government of India)




@ Understanding Sensor:

A device for sensing a physical variable of a physical system for an
environment.

Mechanical parameter: Displacement, Strain, Rotation velocity, Acceleration,
Pressure, Force/Torque, Twisting, Weight, Flow
Thermal parameter: Temperature, Heat.

Electromagnetic/optical
parameter : Voltage, Current, Frequency phase, Visual/lmages, Light, Magnetism.

Chemical parameter : Moisture, pH value

Sensors are required in many areas:

________________________
- ~~

Environment PoIIuhor?«O.ux_Focus is On Toxjc.Gases

-——-=

Water Pollution: ¢~ “Heavy metals in watér:
Noise Pollution: B

—’
_——————————_

-
-~
~

-~ -
ey -
o -
i ——
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&% nwrs Gases

~” Nanostructured metal/Metal Oxides
—» Nanostructured Polymers

Reaction at Sensing Surface

Substrate } Gas Sensing Materials
(@m —> Hybrid Nanocomposites
Elect-rli-c': I‘(I)St(i:cl:; :ri:erh g —» Metal-Metal Oxides Hybrid Nanocomposites
ek i —» Polymer-Polymer Hybrid Nanocomposites
JJ( \U’ \U/ lL lL \”’ —» Organic-Inorganic Hybrid Nanocomposites
Signal \
Applications
Electrochemical = Physical _ Optical, :ges{dential  Emission Controfl
Amperometric, Piezoelectric, Photometric, . hvironment Cmission Lontro
Potentiometric, Thermometric. Spectroscopy, / Corporate Commercial
Impedimetric. Surface Plasmon Resonance. " Industral
* Appliance
/ * Education Facilities
l * Forensic Science
* Security
Data Processing * gg;giﬁgzi

Kaushik A, Kumar R, Arya SK, Nair M, Malhotra B, Bhansali S. Organic-Inorganic Hybrid Nanocomposite-Based Gas
Sensors for Environmental Monitoring. Chemical reviews 2015;115(11):4571-606.
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Various gas sensors
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The canary, normally a very1
songful bird, is more
susceptible than humans to
low oxygen, methane gas, or
CO gas. Because of its highly
sensitive nature towards
gases, people used them to
detect poisonous gases in
mines. They would stop
singing and eventually die in
the presence of these gases. b

- Atal Bihari Vajpayee . - . e Tagrit aranrt .
i Indian Institute of Information Technology NAAC Accredited 'A' Grade Institute W’!T-ﬂﬂ"{ﬁ?T wrenfent ud uEys Ser, TarferaT
and Management (ABV-IIITM), Gwalior of National Importance (e e =T W, T ST AT WA WA A & A
o B of

i e [ Institute of Mational Impartance by RAHRD, Imdiia’)




g.(
r 8 AMRG

Application: Gas/Chemical sensor

¥~ Safety in Domestic, Industrial and Strategic sectors
Detection of flammable gases like LPG, CNG, methane, hydrogen
Detection of toxic gases like CO, NH;, H,S
Fire /Smoke detection
Explosive Detection
Nerve Gas / Poison Gas Detection

& Monitoring Environmental (Air/water) Pollution and Control
SO0, NO,, CO, HC, CO, etc.
Halocarbons like CFC
Heavy Metals (As, Cd, Zn, Pb etc.)

“®”  Food and Agriculture

Food Quality Detection (Freshness of Fruits, Fishes etc.)
Odor Detection (Sulphides, Amines etc.)

¥~ Advance biomedical application
Breath Alcohol Analyzers
Diabetes Sensors
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o Sensitivity
S\

Manufact- NS

Qabilit\; i

ot

Selectivity |

Reliability | of a GOOD

Sensor

Rate of

Aesthetics

\Ergonomics L

Response  §
\

Sensitivity is a change of
measured signal per analyte
concentration unit, i.e., the slope
of a calibration graph. This
parameter is sometimes confused
with the detection limit.

Selectivity refers to characteristics
that determine whether a sensor
can respond selectively to a group
of analytes or even specifically to a
single analyte.

Stability is the ability of a sensor
to provide reproducible results for
a certain period of time. This
includes retaining the sensitivity,
selectivity, response, and recovery
time.

Response time is the time
required for sensor to respond to a
step concentration change from
zero to a certain concentration
value.
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Popular sensing Materials:
High operational
Temperature, low
sensitivity
and selectivity

Low cost, Short response
time

temperature,
sensitive
towards air

Fast response time and
High sensitivity

Instability,
irreversibility,
poor selectivity

Works at room (
tempera’Fu.re, better Ultra-sensitive, Great
selectivity and : :
. adsorptive capacity,
response time : .
Quick response time

And Low weight

and repeatability, High
cost
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0-D 1-b E'DD dimension (t) at |
All dimensions (x,y2) at nanoscale Two dimensions (x,¥) at nancscale, o o gﬁ:?:ns{é ss'“ﬁ”;“ff;re o
A other dimension (L) is not L 3 '
-!f“.;f-: d < 100 nm x y
0e E = / Y
= 20, / H
Manoparticles T X t <100 nm
d E 1':":' I 1"\.‘_'-'"' L T
nm Nanocoatings and nanofilms
Manowires, nanorods, and
nanotubes
® Atal Bihari Vajpayee ) o i | e faft et
m Indion Institute of nformation Technology NAAC Accredited 'A' Grade Institute mwm U\a. TS HEEmA, Tarferat

and Management (ABV-1IITM), Guwalior of National Importance " = ) . F - & w0

. S {.-'.m Institute of MHational Importance establEshed by MHRED, Gowernment of1m:|i=.}




g
q r‘_*i AMRGI

Two Reasons makes difference:

Nanopatrticles
A wavelength
< C
o o0
00
% 2
o'l
Energy Level

Quantum Confinement

Bulk Material

Vuwavslannth
W Wavelengin

00

Energy Level

l

Quantum Confinement

Band Gap (eV)

231

15+

Fs 3
Surface area to Volume Ratio (1/nm)

4

Surface to volume ratio

- Atal Bihari Vajpayee

m Indion Institute of nformation Technology
and Management {AEW-IIITM} Guwalior

-0 o [an Institute of Mational Impartance es d by MMHRD,

F]'n:ﬁ:}

NAAC Accredited 'A' Grade Institute
of National Importance

ez fardt At
WA o1 Wreient U aee 96, aifead

(TT=FTa wEE T Hea, T Sana e ST uE T & T




.’\‘; AMRG

Nanomaterials: Applications

Liquid-state

N ) E Solid-state ;
. N Flexible i
AMOLED ~ \  template | Sensing
=, & Super. Caps . materials | elements
DSSCs | i
Sensor
\. materials
“\ Pressing
; E Stretching
Bovalomiare Flexible & wearable —
Integration — thSical sensing ensing
. mechanisms
Y2 platforms
Bending
........ ' o ‘\‘n Twisting
applications
H, ' Hagho foadhac
e Haplic feedback - "
Uman ll"lteri;\':i‘-"\"“"i Gefatural activation ’,“ Artificial Ry
- electronic skin Therapeutic & drug
delivery platforms
Arokia Nathan, Arman Ahnood, Matthew T. Cole, et al., Physiological monitoring
Proceedings of the IEEE, Vol. 100, (2012) & assessment systems
Kenry, Joo Chuan Yeo & Chwee Teck
Lim, Microsystems & Nanoengineering Vol 2,
Article number: 16043 (2016).
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https://www.nature.com/articles/micronano201643
https://www.nature.com/articles/micronano201643
https://www.nature.com/articles/micronano201643
https://www.nature.com/articles/micronano201643

Carbon: a material of interest

Carbon is a basic element of life

Carbon is special because of its ability to bond to
many elements in many different ways

It iIs the sixth most abundant element in the
universe

The most known types of carbon materials:
diamond;
graphite;
fullerenes; and
Carbon nanotubes
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Most known Carbon: From Early 1500 to1866 - 2010

a) diamond

b) graphite

¢) lonsdaleite
(hexagonal
diamond)

d) - f) fullerenes
(C60, €540,
C70);

g) amorphous
carbon

h) carbon

nanotube

2D =222

2004, Prof. Andre Geim and
Prof. Konstantin Novoselov
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Graphene is a 2D building material for carbon materials of all other dimensionalities. It can be
wrapped up into 0D buckyballs, rolled into 1D nanotubes or stacked into 3D graphite.
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2D-Nanostructure

Grpahene Sheet (0-Gap semiconductor)
Boron Nitride Sheet (~4.8eV)

Flattened

Silicene

Germenene Buckled/ Puckered

Phospherene

1)Black Phospherene : single layer (Direct Band-Gap) (~1.88eV)
On increasing layers it goes upto 0.3eV (2014)

2)Blue Phospherene (Indirect Band-Gap) (~2eV) 2015

(displacement of some atoms from crystal phospherene - blue
phospherene)

Arsenene (Theoretically simulated but experimentally not verified) Buckled
Antimonene (Theoretically simulated but experimentally not verified)
Borophene (Theoretically simulated but experimentally not verified)
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Graphene

* Two carbon atom are present per unit *"**
cell Sublattice B

ENERGY

* Large surface area reported upto 2,630 ;...
m2g~!

* High carrier mobility is measured to be
experimentally ~15,000 cm?V-!s~! and £ 25
theoretically ~2,00,000 cm?V-1s™! i

* Zero gap semiconductor in which
valance band

Nanoribbon with
ARMCHAIR edges

Nanoritbbon with

LIGELAG edges

and conduction band meets at Dirac
point.

K. S. Novoseloy, A. K. Geim, N. M. R. Peres, F. Guinea and A. H. Castro Neto Reviews of Modern Phy, Vol 81,

(2009).
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CNT as Sensor in 2013

Carbon nanotubes offer a powerful new way to detect
harmful gases in the environment.

But Challenge!!!
Methods typically used to build carbon nanotube
Sensors are challenging.

MIT’s Carbon Nanotube
Pencil Draws Delicate
Sensors onto Paper (2013)
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nature
materials

Letter abstract

Nature Materials &, 652 - 655 (2007)

Subject Categories: Electronic materials | Sensors and biosensors | Nanoscale
materials

Detection of individual gas molecules adsorbed on

graphene

F. Schedint, A. K. Geimi, S. V. MorozovE, E. W. Hillt, P. Blakel, M. 1.
Katsnelson2 & K. 5. Novoselovl

The ultimate aim of any detection method is to achieve such a top #
level of sensitivity that individual gquanta of a measured entity

can be resolved. In the case of chemical sensors, the quantum is one
atom or molecule. Such resolution has so far been beyond the reach of
any detection technique, including solid-state gas sensors hailed for
their exceptional sensitivityl-2:3: 2 The fundamental reason limiting
the resolution of such sensors is fluctuations due to thermal motion of

charges and defects2, which lead to intrinsic noise exceeding the
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e The density functional theory (DFT) is presently the most successfull (and also the most
promising) approach to compute the electronic structure of matter.

e Its applicability ranges from atoms, molecules and solids to nuclei and quantum and
classical fluids.

e In its original formulation, the density functional theory provides the ground state prop-
erties of a system, and the electron density plays a key role.

e An example: chemistry. DFT predicts a great variety of molecular properties: molecular
structures, vibrational frequencies, atomization energies, ionization energies, electric and
magnetic properties, reaction paths, etc.

e The original density functional theoy has been generalized to deal with many different
situations: spin polarized systems, multicomponent systems such as nuclei and electron
hole droplets, free energy at finite temperatures, superconductors with electronic pairing
mechanisms, relativistic electrons, time-dependent phenomena and excited states, bosons,
molecular dynamics, etc.
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Material Modeling for
Air and water Pollution

@
AMRG, IIITM Gwalior
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Research Gaps

Sensor related Challenges

>Low conductivity and stability of most common and studied metal
oxide and polymer based sensors.

>Issues on Sensitivity to the extremely low concentration of
gases/pollutants in environment-> early detection is not possible

> Operational temperature of the existing sensing devices very high

> Selectivity and Recovery time are other important challenges in
existing sensors.

> Recent efforts on using carbon materials are not enough and have
their own challenges in manufacturability etc.
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= [ARGETED ADSORBENTS
Carbon Nanostructures
Carbon nanostructures
Nanotubes [ Diamond like carbon ]
sp?/sp?
Several structures such as Single-walled tubes Various forms such as Amorphous
C60, C70, C76, C78 and Multi-walled tubes Monolayer, Multilayers Hydrogenated amorphous
Cc84 Nanoribbons, Quantum dots
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Sensor Modelling through ab-initio Approach.

1. Structural Stability

2. Adsorption Energy

3. Band structure and Density of State Analysis
4. Charge Transfer Analysis (Mullikan and NBO)
5. Conductance Analysis

6. Current Voltage Analysis

/. Sensitivity and response time

Air and water Pollution : Few 1D and 2D materials Analysis
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Considered Parameters to test the performance of modeled Sensor

Adsorption energy (Stability, Endo/Exothermic nature)

T(surface+molecule T(surface) ET(molecule)

Adsorption Mechanism (Physisorption / Chemisorption)
Charge transfer (through Mulliken Population)

Q(e) = Q(surface + molecule)-Q(surface)
Variation in electronic Properties (Band structure and DOS)

Inter Frontial Orbital analysis (through HOMO-LUMO profiles)

(B-Hg)
[egT

Conductance Analysis (Range of detection) ¢ = [ dE T(E) —z

(1+s /RgTyz

Current-Voltage characteristics [ = ?E' I;:R[T( EWf,(E) — fr(E)}]dE
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Recent Research on Detection of Water And Air Pollution Using Various

Nanostructures

- Graphene and its derivatives are used for the detection of carcinogenic heavy metals (Arsenic,
Cadmium, Chromium, Mercury, and Lead in water.

- Graphene and its derivatives are used for the detection green house gases CO,, toxic gases like
NH;, Hydrogen halides, H,S, etc.

. CNSTS and its derivatives for the detection of toxic gases NH;, Hydrogen halides (HF, HBr, HCI),
H,S, etc.

- Different Co-Polymers have been explored for sensing cancer drugs.

- Graphene and its derivatives are employed as a biosensors, like for the detection of diabetes,
breast cancer.

- Defected Graphenes as an supercapacitor, Single elearon devices,

- Spintronic areas have also been explored.

- Different 1D materials for their application as Interconnects.
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Suitability of Graphene Monolayer as Sensor for

Carcinogenic Heavy Metals in Water:
A DFT Investigation

44

Atal Bihari Vajpauee e fagrit araadt

indian Institute of Information Technology  NAAC Accredited 'A’ Grade Institute g e drehfirent ©a wais e, arferat
and Management (ABV-1IITM), Guwalio of National Importance (TTeEra e T WeaT, HTTE Waree FaT W WA W & A

An Institute of Mational nportance established by MHRD, Gowernment of1m:|i=.].




45

Findings related to Detection of Heavy metals

Optimized Configuration of Heavy metal-Graphene complexes in Vacuum
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(d) (e) (0
Optimized structures of (a) As, (b) Cd, (c¢) Cr, (d) Hg, (e) Pb and (f) H,0, adsorbed graphene in Vacuum.

M. Srivastava et al, Appl. Surf. Sci. 517 (2020) 146021. doi:10.1016/j.apsusc.2020.146021
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Energetics of Heavy metal-Graphene complexes in Vacuum

Table 1

Adsorption energy (E,qs), Binding distance** of heavy metal from graphene
sheet (d), and Charge transfer (Qy).

In Vacuum In Water Environment

Adsorbate E.g (V) d(A)  Bader Charge E.g. (eV) d(A)" Bader Charge

Qpr (2) Qgr (€)
As —-1.39 2 —0.47 —-0.97 2.08 —0.44
Cd —0.23 3.08 —0.04 —-0.31 3.14 —0.09
Cr — 255 1.55 —0.96 —2.14 1.54 —0.99
Hg —0.26 311 —0.006 —0.32 3.17 —0.006
Pb —-0.91 253 —0.51 —-0.97 2.18 —0.62
H,0 —-0.21 252 0.02* - -

* Positive charge transfer means charge transfer took place from an ad-
sorbent to adsorbate.

** Binding distance is defined as the minimum distance between the sheet
and the adsorbate.

M. Srivastava et al, Appl. Surf. Sci. 517 (2020) 146021. doi:10.1016/j.apsusc.2020.146021
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Electronic Band Structure Analysis
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20

G K M G

(d) (e) ®
Band structure of graphene after adsorption of (a) As, (b) Cd, (¢) Cr, (d) Hg, (e) Pb in Vacuum

M. Srivastava et al, Appl. Surf. Sci. 517 (2020) 146021. doi:10.1016/j.apsusc.2020.146021
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Comparison of Density of states Before and after adsorption of Heavy metal
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Partial Density of states profiles
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Electron Transport in Vacuum Environment
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Sensing Parameter
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Optimized Configuration of Heavy metal-Graphene complexes in Aqueous Environment
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Electronic Band Structure Analysis
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Comparison of Density of

states in Vacuum and Aqueous Environment
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Partial Density of states profiles of the system

55

80 — TDOS_As Adsorbed Graphene in water 00 ——TDOS_Cd Adsorbed Graphpne in water = ——TDOS_Cr Adsorbed [Graphene in water
|~ Arsenic_s - —— Cadmium_s 1 —chromium_s :
70 4—— Arsenic_p ——Cadmium_p s " 70 4 —— Chromium_p :
—— Arsenic_d 500 o —— Cadmium_d b | ] —— Chromium_d
-~ Carbon_s ~——— Carbon_s E ] ——carbon_s
60 4—— carbon_p —— Carbon_p g | 60 4 — carbon_p
—— Hydrogen_s 400 ] — Hydrogen_s 3 il ‘ " ] = Hydrogen_s
50 Oxygen_s - —— Oxygen_s : Ll ) g 50 ] —— Oxygen_s
E -~ Oxygen_p i ~—— Oxygen_p . _“F /./ | g ——— Oxygen_p
» 9 o 300 W e | 3 404
8 o] Erargriev (o] 1
30 ] =] a
200 -
20
100
103
0 4 0 T T T T T T T IA% 5 [(
3 2 A 30 25 20 1.5 1.0 0.5 00 05 1.0 15 20 25 3.0 3.0 25 20 -15 1.0 0.5 00 05 10 15 20 25 30
Energy(eV) Energy(eV) Energy(eV)
(a) (b) (c)
180 L :
——— TDOS_Hg Adsorbed Graphene in water ===TOOR PR AN QRIRIAS I8 ol -
——Mercury_s :
160  —— Mercury_p i _I—'—‘
= Mercury_d — 50
140 4 — Carbon_s i ‘
—— Carbon_p : i
120 §—Hydrogen_s e 40 ]
—— Oxygen_s -
% 100 3 e : g
= - 30
pr 0
g 8
20
10
O e e e T e e e e e
30 25 20 A8 40 05 00 05 10 16 20 25 30 30 25 20 15 1.0 05 0.0 05 10 1.5 20 25 3.0
Energy(eV) Energy(eV)
(d) (e)
PDOS of Graphene sheet after adsorption of Heavy metals (a) As, (b) Cd, (c) Cr, (d) Hg, (e) Pb in Water environment
M. Srivastava et al, Appl. Surf. Sci. 517 (2020) 146021. doi:10.1016/j.apsusc.2020.146021
- Atal Bihari Vajpayee e Fagrt et

m Indion Institute of nformation Technology

and Management (ABV-1IITM), Guwalior

- (#n Institute of Mational Inpartance es

d by MMHRD,

of India)

NAAC Accredited 'A' Grade Institute

of National Importance

(T TEE w Wi, UTE HETEA faae W WA BT & A7)




] Pristine Graphene with Water
120000 4 —— Graphene_ Arsenic with Water

4 —— Graphene_ Cadmium with Water
71— Graphene_ Chromium with Water

100000  —— Graphene. Lead with Water
T o000
" oo Chromium 82% at 600mV
01-1:.0 S T b x m |

Voltage (V)
Current- Voltage plot for graphene sheet for

the heavy metals in the Water environment.

How Coverage Effect of Heavy metal Chromium affect the sensing
performance of the device

35000

l—— Graphene + H20
] Graphene with 1 H20 molecule + 1 Chromium atom .
B s e e Improvised
5 P Parameters
25000 7 C - -
z ] Detection Range Increases 1.54 A to 2.04A
£ 200001
- Threshold voltage Decreases by 70mV
3 "™
10000
sono-f M. Srivastava et al, Appl. Surf. Sci. 517 (2020) 146021. doi:10.1016/j.apsusc.2020.146021
- Atal Bihari' D:”..,....,....,....,....,....,,...,.... B . = Fagrit et
Indian Institute of nfor 000 005 o010 015 020 025 030 o035 os:rade Institute mwm -@-WW’ Taiferar
' and Management (Al Voltage (V) wortance (Tt HEA w W, OE WA fa wEEE A T T




g
q r‘_*i AMRGI

Environment Protection Act

The Environment (Protection) Act was enacted in 1986 with the objective
of providing for the protection and improvement of the environment. It
empowers the Central Government to establish authorities [under section
3(3)] charged with the mandate of preventing environmental pollution in
all its forms and to tackle specific environmental problems that are
peculiar to different parts of the country. The Act was last amended in

1991

e The Environment (Protection) Act, 1986 authorizes the central government to
protect and improve environmental quality, control and reduce pollution from all
sources, and prohibit or restrict the setting and /or operation of any industrial
facility on environmental grounds. The Environment (Protection) Act was enacted in
1986 with the objective of providing for the protection and improvement of the
environment. It empowers the Central Government to establish authorities charged
with the mandate of preventing environmental pollution in all its forms and to
tackle specific environmental problems that are peculiar to different parts of the
country. The Act was last amended in 1991.

e The Environment (Protection) Rules lay down procedures for setting standards of

emission or discharge of environmental pollutants.
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Environment Protection Act

® The objective of Hazardous Waste (Management and Handling) Rules, 1989
is to control the generation, collection, treatment, import, storage, and
handling of hazardous waste.

® The Manufacture, Storage, and Import of Hazardous Rules define the terms
used in this context, and sets up an authority to inspect, once a year, the
industrial activity connected with hazardous chemicals and isolated storage
facilities. )

e The Manufacture, Use, Import, Export, and Storage of hazardous Micro-
organisms/ Genetically Engineered Organisms or Cells Rules, 1989 were
introduced with a view to protect the environment, nature, and health, in

connection with the application of gene technology and micro-organisms.
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National Forest policies

India is one of the few countries which has a forest policy since 1894 which was
revised time to time in 1952 and 1988.

Its aims are:
Maintenance of environmental stability” through preservation and restoration of ecological balance.
Conservation of natural heritage.
Checking soil erosion and denudation in catchment areas of rivers, lakes and reservoirs.
Checking extension of sand dunes in desert areas of Rajasthan and along coastal tracts.
Substantially increasing forest/tree cover through massive afforestation and social forestry programs.

Taking steps to meet requirements of fuel, wood, fodder, minor forest produce, soil and timber of rural and tribal
populations;

Increasing productivity of forests to meet national needs;
Encouraging efficient utilization of forest produce and optimum substitution of wood; and

Taking steps to create massive people’s movement with the involvement of women to achieve the objectives and
minimize pressure on existing forests.
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Wildlife Protection Act

The act provides for the protection of wild animals, birds and plants and matters connected with them, with a view to ensuring the
ecological and environmental security of India. The act constitutes a National Board for Wildlife that provides guidelines for
framing policies and advising Central and State Government on promotion of wildlife conservation and controlling poaching and
illegal trade of wildlife and its products;Making recommendations for setting up and managing national parks, sanctuaries and
other protected areas; and Suggesting measures for improvement of wildlife conservation. It also sets up National Tiger
Conservation Authority. The acts sets up various provisions related to trade and penalties for hunting the animals in wild.

Five kinds of protected areas can be notified in the Act. These are:

Sanctuaries- The State or Central Government may by notification declare its intention to constitute any area as a sanctuary for protecting
wildlife and the environment. The government determines the nature and extent of rights of persons in or over the land within the sanctuary.

National Parks: The State or Central Government may declare an area, whether inside a sanctuary or not, as a national park for the purpose of
protecting and developing wildlife and its environment. The State Government cannot alter the boundaries of a national park except on the
recommendation of the National Board for Wildlife. No grazing is allowed inside a national park. All provisions applicable to a sanctuary are
also applicable to a national park.

Conservation Reserves- The State Government after consultations with local communities can declare any area owned by the Government,
particularly areas adjacent to national parks or sanctuaries, as conservation reserves. The government constitutes a Conservation Reserve
Management Committee to manage and conserve the conservation reserve.

Community Reserves- The State Government can, in consultation with the community or an individual who have volunteered to conserve
wildlife, declare any private or community land as community reserve. A Community Reserve Management Committee shall be constituted by
State Government for conserving and managing the reserve.

Tiger Reserve- These areas were reserved for protection tiger in the country. The State Government on the recommendation of the Tiger
Conservation Authority may notify an area as a tiger reserve, for which it has to prepare a Tiger Conservation Plan.
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