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Prof. H. S. Srivastava Foundation for Science & Society, Lucknow

PHSS Foundation Awardees for Year 2020-21

A meeting of the selection Committee to decide the Awardees of PHSS
Foundation Awards (2020-21) was held on 21st November, 2021 at CSIR-
National Botanical Research Institute, Rana Pratap Marg, Lucknow-
226001 both in online and physical mode. The following nominees were
unanimously selected for different PHSS Awards for Year2020-21.

Name of the Award

Name of the Awardees

PHSS Foundation Life Time
Achievement Award

Professor Sudhir Kumar Sopory,
Former Vice Chancellor, JINU, New
Delhi

PHSS Foundation Award for
Social Contribution

Dr. Gangula V. Ramanjaneyulu, Exe.
Director, Centre for Sustainable
Agriculture, Hyderabad

PHSS Foundation Award For
Science Communication

Dr. Manoj Kumar Patairiya,

Former Adviser/Scientist G, SERC, DST,
New Delhi

&

Mr. Birat Raja Padhan, Distt.
Consultant, Odisha

PHSS Foundation Woman
Leadership Award

Dr. Paramjit Khurana, Professor
University of Delhi, Delhi

&

Dr. Renu Tripathi, Chief Scientist,
CSIR-CDRI, Lucknow

PHSS Foundation Young
Scientist Award

(a) Physical Sciences and
Engineering

Dr. Satyanarayan Patel, Assistant
Professor, IIT, Indore

PHSS Foundation Young
Scientist Award

(b) Life Sciences,
Environmental Sciences and
Agricultural Sciences

Dr. CD Mohan, Assistant Professor
Department of Studies in Molecular
Biology, University of Mysore
Manasagangotri Mysore
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Being unscientific costs heavy; A reminder of Pandemic times

The Corona crisis in repeated waves
has shaken the world, the nation and
the mind of billions and billions
with shocks and helplessness. The
long awaited vaccines have come.
During the second wave of corona
there was alarming upsurge in the
infection and deaths. The experts
have assigned multiple reasons for
it. The more aggressive mutants of
the Corona virus are mutating for its
survival throughout the world and
the various strains are getting
transmitted with the travellers on
the opening of lockdown. In
addition to the genetic mutations in
the causal agent of the disease, we
had massive gatherings in religious
activities, festivals, marriage
celebrations and public rallies
during the various state and local
elections coinciding to the period of
the second wave of this pandemic.

There are talks in the town and
TV channels that responsibilities,
relations and humanitarian concerns
are dying in our societies due to
severe ecosystem of towards the
sick and infected persons fear,
confusions, false propaganda and
selfishness. The helping hands are
requred in the crisis time. The
Governments, after a long denial
were compelled to opt for the
lockdown which was avoided for a
month or so due to the economic
concerns.

The world is divided in the
multiple political and geographical
boundaries with different
socioeconomic, cultural,
educational and scientific temper of
their societies. They have different
perspectives of the governance
systems and the civil societies

which have responded to the crisis
differently after a year of its
existence.

Our behaviour to the infected
people and their families and the
economic sufferers of poverty and
income loss have risen many
unavoidable burning questions. Did
we fail in developing a
humanitarian mindset,
socioeconomic adequacy, national
character, professional honesty and
a scientific ecosystem as a civil
society and a governance system
after seven decades of independent
nation? What has hampered our
preparedness and forecasts even
after a year of this deadly pandemic?
We can't escape from such
questions, if want to prepare
ourselves for the predicted third
wave of corona and such impacts of
the future pandemics, epidemics
and other disasters. It is time to
analyse, understand and prepare to
address the reasons for such failures
and bottlenecks of our
understanding and working for
further disasters as a country , a
huge democracy and an active
partner of the inthe global future.

We are living in a human age
with so many technological
capabilities in the hand obtained
through the underlying principles of
Science and Engineering. Even then
the origin and primary source of this
devastating corona virus is not
known as yet. The dominance of
political and business interests
over the interest of scientific
learning with true scientific
aptitude and societal concerns has
limited the role of science in the
society in this contemporary world

possessing material oriented
developmental pathway with wealth
dominated economic ecosystem. It
lacks scientific approaches for a
sustainable developmental pathway
which could have been more
beneficial and long lasting with a
wholistic perspective of social,
economic and environmental
sustainability approaches. The
technology can be very useful if
used for benefit of larger interest of
people in place of individual
luxuries.

The people in general believe
that science is the source for the
products and services for our
comfort and the useful items we are
getting around us is due to use of
science and its technological
capabilities utilised by the
commercial setups and Industries.
Only a small number of people
understand that the role of science
can be instrumental if adopted in
social behaviour , cultural activities
and addressing of the societal
problems. We need to understand
and spread the history, principles
and methods and all the possible
outcomes of science to develop a
modern scientific outiook to
manage our problems in a more
systematic, pragmatic and rational
way.

Let us understand that the
Science is indeed evolving the
universal principles to know the
knowledge which can be most
nearby the truth of an unknown. It is
a procedure to explore the unknown
, less known or even known
happenings around us with a
systematic set of investigations and
queries and trying to understand the



causes and possible consequences
of the happenings and observations
in a more logical and universal
manner. One can develop
technology, machines and man
made engineered usable from the
scientific perspective, principles
and procedures. However, we must
realise that as the other knowledge
systems, science is also not
independent to the power game,
politics, economic interests and
governance perspectives . Like
other knowledge systems Science is
also governed by the interests of
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society, state and market as its
regulatory forces. The governance
system in entire world, as a principle
of politics, has a mindset of using
everything for its control and capital
gain to achieve power in the next
round and to bear the cost of its
welfare programs.

The public must undestand and
use science in its own benefit.
Scientific aptitute can help us for
more realistic planning more
professional working and more
chance of success in resolving our

problems. Science as a phiosophy
and procedure can help us a lot in
our day to day affairs, our collective
gains and evolution of our societies
more humanistic and more
sustainable in harmony with the
earth's eco systems let us think and
march a head with Science for the
society.

N

(Rana Pratap Singh)

Wwww.ranapratap.in
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Upgrading Farmers Involved in Agriculture Practices
0 Shivom Singh and Kajal S. Rathore

India is bestowed with diversified
climate and also a major portion of
population is vegetarian and hence
dependent of the grains and
vegetables. Undertaken crops,
assumes to provide food security,
agricultural development, self-
dependence & enhancement of
economy of the country. The change
in global climate is now generally
considered to be underway and is
expected to result in a long-term
negative impact on agricultural
practices. There is significant amount
of yield, reduced sugar content, bad
coloration, and reduced storage
stability in fruits; increase of weeds,
blights, and many other harmful
effects on quality and quantity of
agricultural crops.

The agriculture sector in India
employs more than 90 million people
and contributes 15.4 % gross value
addition to the Indian economy. The
performance of the agriculture sector
has remained inconsistent due to low
productivity that is driven by lack of
access to basic inputs as well as
macro-environment issues like
drought, flood, etc. This is
accentuated in the poor socio-
economic condition of the farmers. A
reduction in crop and agriculture land
may result in reduced income for
farmers and agribusiness, increased
prices for food and timber,
unemployment, reduced tax revenues
because of reduced expenditures,
foreclosures on bank loans to farmers
and businesses, migration, and
disaster relief programs.

In current scenario, these

climatic factors are (drought, flood
considered as a foremost factor for
deepen the distress for the cultivators.
These facts represent a serious threat
to sustainable food production and
farm crisis and reports the highest
number of farmer's suicides in the
country. Therefore, the output would
be of direct benefit to small farmers by
increasing on-farm production,
diversifying production options and
increasing farm incomes from
marketed products. Development of
sustainable agriculture, commercial
formulation and delivery system of
potential bioagents for farmers will be
done.

Orienting production options to
market opportunities through value-
added product, such as organically
grown wheat, rice, millet and
vegetables will help farmers move
from subsistence production to
income generating avenues.
Vegetables being cash crops and short
duration crops, need intensive
management. Over the years, low
rain and water stress conditions have
increased steeply input prices and
undermines incomes which shatters
confidence of farmers. Use of
bioagents and its efficacy in
cultivation reveals that intensive
cultivation without complete reliance
on chemical fertilizers is perfectly
feasible. An area wise adoption of
such sustainable practices and
technologies would rebuild
confidence of farmers in the practices
that regenerate agro-biodiversity or
make better use of local natural
resources. The stress tolerance
mechanism of crop, should be studied

for the development of technology.

In the past half-decade Indian
government paying attention in
upgrading the farming segment and
therefore, agriculture has been one of
the key focus areas during successive
Union Budgets. 'PARMPARAGAT
KRISHI VIKAS YOJANA' of Indian
Government (budget 2016-17)
promote organic farming by bringing
awareness in farmers about bioagents.
The last two budgets have seen
increased focus and attention by the
government on these two basic inputs
of agriculture soil and water and is
providing ecosystem support and
incentivise the universities that are
willing to focus on research and
development and innovations in the
agriculture sector.

Sustainable agriculture not only
reduce the demand of chemical
fertilizers but also helps in moving
toward a farming system that is more
sustainable: environmentally,
economically, and socially. Among
other things, this involves: (a)
economic & social benefits would
flow from the increased income of
farmers as a result of improved yield,
reduced impact of chemicals and
contribute towards solving food
security issues in changing climates.
(b) There are a range of potential
environmental benefits, once this
information is available, they can be
evolved in response to different
environmental challenges.

This technology could be
adopted in fields to improve the rate of
growth and enhance productivity and
also helps reducing chemical
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fertilizers use and subsequently
reduces the cost of seedling
production. As well, School drop outs
and less skilled farmer involved in
agriculture practices with poor
economic status will be selected to
training of the technology. Efforts
will also be made to include women
since the hill agriculture is mostly
based on women. On farm field
demonstrations for popularization of
the technology will be organized. For
the awareness and promotion of
farmers towards organic mode of
farming and Indian government
policies, extension booklets/ folders,
posters and charts covering all the
interventions subjects such as
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sustainable and cost-effective
agriculture and women's economic
empowerment will be used for value
addition and to make the programme
most effective.

India is a global agricultural
power house, but still facing
challenges in overall development
and the improved welfare of our
farmers. Even today most of the farms
are operated on a part-time, semi-
commercial basis, and a majority of
local farmers were either unaware of
or lacked access to agricultural
innovations, technologies and
techniques that were common in
many other countries. In an effort to
boost yields, reduce water

consumption, and improve waste and
by-product management, the
government, NGOs should establish
the Farmer's Service Centre, that has a
mandate to provide technical
expertise, marketing and supply chain
support to farmers.

Policy makers will thus need to
initiate and/or conclude policy actions
and public programs to shift the sector
away from the existing policy and
institutional regime that appears to be
no longer viable and build a solid
foundation for a much more
productive, internationally
competitive, and diversified
agricultural sector.
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Methods for Reduction of Arsenic from Cooked Rice

O Apoorv Gupta', Ravi Kumar Tiwari’, Dr. Sanjay Dwivedi’, Dr. Seema Mishra*

1. Introduction

According to International Agency
for Research on Cancer, arsenic (As)
is a well-known non-threshold class 1
carcinogenic element (IARC-2006).
The World Health Organization
(WHO) recognized the arsenic
poisoning calamity as “the largest
poisoning of a population in history”
(Smith et al. 2000). It is well
established that prolong dietary intake
of arsenic causes serious diseases
such as melanosis (dark spots and
white spots on skin), hyperkeratosis
(hardening of skin), gangrene
(bacterial infection), respiratory
diseases (tuberculosis, sarcoidosis),
peripheral vascular disease (black
foot disease), diabetes, hypertension,
cardiovascular diseases, neurological
diseases, metabolic diseases and even
cancer (skin cancer, lung cancer and
bladder cancer) (Guha-Mazumder et
al. 2000; Morales et al. 2000;
Srivastava et al. 2001; Rahman 2002;
Sanchez et al. 2016). Arsenic is a
metalloid which occurs naturally in
combination with many minerals,
particularly sulfide in which
arsenopyrite (FeAsS), orpiment
(As,S,), and realgar (AsS/As,S,) are
the most common As sulfide minerals.
The most abundant of these minerals
is pyrite, commonly containing
0.02-0.5% As, however as high as
upto 5% As content is reported in
pyrite. Due to its natural presence, it
also releases in ground water by
different chemical processes. The
problem of ground water As
contamination is now widespread
throughout the world including parts
of United States, Argentina, Pakistan,

Mexico, Thailand, Chile, Nepal,
Vietnam, Myanmar, China, Germany,
India, Bangladesh and many other
countries (Chowdhury et al. 2000;
Smith et al. 2000; Anawar et al. 2002;
Mitra et al. 2002; Pandey et al. 2002;
Mishra et al 2016). However, the
extent of As contamination is most
severe in Bangladesh and many states
of India (Mishra et al. 2016;
Srivastava et al. 2016). In India,
eighteen states and three union
territories has been found to be arsenic
contaminated to different extents,
mostly due to naturally contaminated
ground water. There are only a few
exceptions of anthropogenic As
contamination. Among these, (Mishra
et al 2016). People inhabiting in these
As affected areas not only consume
As through drinking water but also
from various food sources, such as, As
tainted cereal grains, vegetables, milk
and milk products of animals (Cow,
Buffalo and Goat) (Williams et al.
2005; WHO 2001). The common
range of As accumulation in
agricultural plants has been reported
from 7 ugKg'to 7500 ugKg" around
the world (Liao et al. 2005; Dahal et
al. 2008). While the level of As in
commonly grown agricultural
produce of West Bengal, such as
potato, rice, wheat, cumin, turmeric
ranges from 0.4 to 693 ugKg"
(Roychowdhury et al. 2002). In
which, potato skin and rice are found
to accumulate highest amount of As in
comparison to other agricultural food
produce (Roychowdhury et al. 2002;
Bhattacharya et al. 2010). A two year
field trials was conducted in As
contaminated paddy fields of West

Bengal, India to assess total As
content in rice grains. Eighty nine rice
cultivars were cultivated at three
different sites having variable soil-As
level. The level of As in rice grain
ranged from 89-1196 pgKg'. Study
concluded that both rice genotype and
soil As level play role in grain As
accumulation (Tripathi et al 2015).
Other studies in West Bengal also
showed that the As accumulation in
crops, cereal grains and vegetables are
several fold higher than non-
contaminated areas (Dwivedi et al.
2010; Tripathi et al 2012). The dietary
As exposure has caused severe health
issues to local inhabitants. Rice is
particularly more efficient in
accumulating As in comparison to
other cereal grains. Since half of the
world's population depends on rice-
based diet, thus rice has become the
major source of dietary As intake,
particularly for those living in As
contaminated areas. Several
laboratory and field studies have been
done to minimize As accumulation in
rice grain, these includes agronomic
practices, soil amendments genetic
approaches.

Recent studies have indicated
that the properties of paddy soil, their
microbial activities and rice
genotypes play the major role in the
accumulation of total As in rice grains
(Zhao et al. 2009; Senanayake and
Mukherji 2014; Chen et al. 2017;
Kumarathilaka et al. 2018a &b). The
genotypic variation in rice have
shown possibility for characterization
and selection of low As accumulating
rice varieties (Tripathi et al 2015) or
high root iron plaque formation
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varieties (Dwivedi et al 2010).
Agronomic practices like water
management (aerobic irrigation
system) (Rahman and Sinha 2013;
Mukherjee et al. 2017);
implementing different nutrients viz.
silicon, phosphate, sulfur, and
nitrogen has been suggested to reduce
As accumulation (Senanayake and
Mukherji 2014; Farrow et al. 2015;
Seyfferth et al. 2016; Li et al. 2019;
Dwivedi et al. 2020). Recently,
immobilization of As in soil by the
application of nanoparticles such as,
nanoparticles of iron and zinc oxide in
As-contaminated paddy soils has also
been studied for alleviation of As in
rice (Han et al 2021; Yan et al 2021).
Apart from these, some of the
biological methods like use of
microorganisms and transgenic
approaches for development of low
As accumulating rice have also been
studies (Meng et al. 2011; Li et al.
2016; Gustave et al. 2018). All these
practices have shown potential to
decrease As accumulation in rice
grains to various extent. But
according to calculation of MTDI (2
ugkg"' body weight) on rice based
diet, the level of As, even after use of
above methods, is still higher in the
rice grain. Therefore, other
alternatives, such as post-harvest As
mitigation techniques also needs to be
explored to further minimize As from
the platter.

In this article we have
summarized the different post-
harvest approaches for As mitigation,
which can be applicable in rural areas.
These broadly includes post-harvest
mechanical treatments (dehusking
and polishing), pre-cooking (washing
and soaking), and during cooking
(cooking in different rice to water
ratio) treatments which effect As
levels in cooked rice. During use of
these methods, the effect on other
essential, toxic elements and vitamins
are also discussed.

2. Different method for As
removal from rice grain

2.1 Dehusking and polishing
2.2 Soaking of rice prior to
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cooking

2.3 Washing and cooking in
different rice to water ratio

2.1 Dehusking and polishing

There are several methods for the
dehusking of rice like dry dehusking,
wet dehusking and dehusking after
parboiling. Dry dehusking is a
process in which paddy rice is
dehusked directly without any
treatment, while wet dehusking is a
process in which paddy rice is first
soaked overnight in water in 1:1.5
rice to water ratio and then boiled at
105°C for 1 hour and afterwards
dehusked manually. In this regard,
Signes et al. (2008) compared dry
dehusking and wet dehusking on rice
samples collected from West Bengal,
India. They found that the level of As
in dry dehusked rice grains contains
significantly less As in comparison to
wet dehusked rice. The As content in
dry dehusked rice was found to be of
339 ugkg', while in wet dehusked
rice it was 507 ugkg which is 49.5 %
more as compared to dry dehusked
rice. The increase in the level of As in
wet dehusked rice was due to the use
of As contaminated water (40 pgkg™)
for soaking and boiling. The increase
in As content is wet dehusked rice is
supposed to be due to the use of As
contaminated water for boiling. In
contrast to wet dehusking, the
parboiled (boiling followed by
drying) and dehusked rice showed
31% reduction in As content in
comparison to non-parboiled rice
(Rahman et al. 2007). Therefore,
based on the studies of dehusking of
rice it is evident that dehusking after
parboiling of paddy rice reduces more
As content in rice grain as compared
to other dehusking processes. The
dehusked rice, commonly referred as
brown rice, undergo polishing to get
white rice before marketing or being
used for cooking. It has been
observed that polishing also removes
As from white rice. Naito etal. (2015)
compared different degree of
polishing and observed that 5%
polishing reduces up to 38% As,
whereas 10% polishing reduces up to
50 % of As as compared to brown rice.

Further, Pedron etal. (2019) also found
that increasing the level of polishing,
in terms of polishing time, decreases
the level of As in rice viz., 20, 40 and
60 seconds of polishing reduced 41%,
38% and 55% of As, respectively.
Although, polishing also greatly
reduces the level of essential elements
like Mn, Zn, Fe, Cu, Se and Co in
comparison to unpolishedrice.
2.2 Soaking of rice prior to cooking
Although rinsing and then
soaking of rice prior to cooking is
commonly practiced in many
households to reduce cooking time.
But it has been studied only recently as
an effective method for washing out
As. Based on the various studies we
have categorized soaking treatments in
two subcategories such as: soaking at
different temperature, and soaking at
different pH of the soaking solution.
The efficacy of both treatments is
described briefly below:

a. Soaking with temperature
variation

Chen etal. (2020) studied effect of
soaking on the removal of inorganic As
in rice. They observed that soaking of
rice at room temperature for 1 hour and
8 hour in 1:10 rice to water ratio
reduces inorganic As by 22% and 52%,
respectively. Whereas soaking at 80°C
(above gelatinization temperature)
reduces an average 40% of the
inorganic As in only 10 minutes.
Therefore, it is evident that soaking at
higher temperature is more efficient in
removing As in significantly lesser
time compared to room temperature.

b. Soaking with pH variation

There are several studies for As
removal in rice depending on variation
in the pH of the soaking solution. For
this purpose different easily accessible
edible acids such as acetic acid
(vinegar) and citric acid (Ilemon) has
been used. Use of acetic acid did not
result in removal of As. For instance,
Pedron et al. (2019) studied the effect
of varying concentration of acetic acid
(0, 1 and 5% in rice soaking water and
observed a decrease in the leaching of
As from rice grain with decreasing pH.
Whereas, Zhang et al. (2020) found no



difference in the As content in soaked
rice when compared with unsoaked
rice at different concentration of
acetic acid (0.5%, 1%, 1.5% and 2%).
In contrast, washing with citric acid
resulted in significant amount of As
removal from rice grain. Pogoson et
al. (2021) studied the effect of
cooking rice in excess water (1:5 rice
to water ratio) and pre-soaking at
different pH by using different
concentrations of citric acid (0,
0.0001, 0.001, 0.01, 0.1 and 1 M
solution, in 1:5, rice: water ratio).
Cooking in excess water resulted in
33% reduction in As while, soaking in
citric acid solution for 12 h followed
by cooking in excess water resulted in
54% As reduction. They further
analyzed the effect of calcium
carbonate for neutralizing the pH.
For, this purpose, citric acid soaked
rice was rinsed by double distilled
water and further soaked in 1 M
calcium carbonate solution for 12 hrs.
Afterwards the rice was cooked in
excess water, this treatment resulted
in further decrease in As i.e. 62%
lower As . During these
combinations, reduction of iAs and
DMA was 81% and 66%,
respectively. Cooking in excess water
also resulted in reduction in other
nutrient elements, such as, P (67%),
Zn (33%) and K (83%), pre-soaking
in citric acid further reduces K, Zn
and S but not P and Ca to major
consequence.

2.3 Washing and cooking in
different rice to water ratio

Method of washing and cooking
of rice has been also found to
significantly affect the level of As in
rice grain. Broadly two method ofrice
cooking are in practice, viz., complete
absorption and straining method. In
complete absorption method, rice is
cooked in adequate amount of water
which is completely absorbed by the
rice during the cooking. This is the
most widely used method in India.
While in some part of India rice is
boiled in plenty of water and excess
water is strained after cooking.
Several studies have been done
aiming the reduction of As in rice

—o fasm & 9t afe s

SRS 8 (4) STagaR—faw=R, 2021

through washing and cooking, the
main findings are discussed below:

a. EffectofAscontaminated water
on thelevel of Asin cooked rice

The water used for cooking rice
also effects the level of As in cooked
rice. For instance in As contaminated
areas water used for cooking may also
contain significant amount of As
which would further increase the
level of As in cooked rice. Bae at al.
(2002) observed that cooking in 1:3 or
1:4 rice to water ratios with As
contaminated water (containing 297
ugL"' As) increased the level of As in
cooked rice by 84% as compared to
uncooked rice. Mandal et al., 2019
also found an average 56 = 25%
increase in As in rice grain when
cooked in As contaminated water
(132 + 33 pgL" As), while reduction
of 80% of As was observed in rice
when cooked in As free water in
excess volume. Thus, using
contaminated water for rinsing and
cooking may not be a good option for
removing As fromrice grain.

b. Washing and cooking in
different rice to water ratio

Frequency of washing and
volumes of water for cooking rice has
been found to have significant effect
on the As content in cooked rice.
Washing rice for three times in 1:2
rice to water ratio and cooking in 1:6
rice to water ratio reduces As by 45%
in cooked rice (Mihucz et al. 2007 &
2010). Whereas, cooking rice in 1:2.5
rice to water ratio after washing in 1:6
rice to water ratio result in 6% while
both washing and cooking in excess
water (i.e. 1:6 rice to water ratio for
both) resulted in decrease upto 33%
As in cooked rice (Raab et al. 2009).
Halder et al. (2014) also found 33%
reduction in As content in cooked rice
using 1:6 rice to water ratio both for
washing and cooking. Gray et al.
(2016) used similar rice to water ratio
(1:6) for washing and used different
amounts of water for cooking. They
observed upto 6%, 35% and 48%
reduction in As content in cooked rice
by cookingin 1:2, 1:6 and 1:10 rice to
water ratio. Mwale et al. (2018) also
found up to 30% reduction in As by

using 6 times excess water for cooking.
Increasing the frequency of washing
by five times and the cooking in twice
and four times excess water removed
25% and 44% As (Sharafi et al. 2019).
Washing rice three times in excess
water (1:6 rice to water ratio) and then
cooking in (1:3) rice to water ratio to
complete absorption of water results in
38% As reduction while cooking in
(1:6) rice to water ratio results in 62%
As reduction. Cooking rice in (1:10)
rice to water ratio after washing the
raw rice in (1:6) rice to water ratio
reduces 49% of As in cooked rice
(Atiaga et al. 2020). However, Mandal
et al. (2019) determined the As
concentration in raw and cooked rice
in the household As affected
Chakudanga village of Chakdaha
block in Nadia district, West Bengal, a
one of the high As contaminated
village of Nadia district (Biswas et al.,
2011). In this study rice was cooked
using milli-Q water from laboratory
and ground water in individual
household of the studying region. Rice
was washed 3 to 4 times and soaked for
15 to 20 minutes before cooking in
excess water and water was strained
after cooking. Concentration of As in
ground water used for cooking was
found to be in the range of 90-230 ngL”
' They found that around 1.1-8.0 pg kg’
'of As was removed in washing before
cooking and mean of 56 + 25%
increase of As was found in the rice
grain when cooked in As contaminated
water, while reduction of 80% of As
was observed in rice when cooked in
As free water. From the above
discussion, it was found that all the
studies performed in washing in (1:6)
rice to water ratio and then cooking in
1:6 rice to water ratio reduced 30-35%
As (Raab et al. 2009, Halder et al.
2014, Gray et al. 2016, and Mwale et
al. 2018), and cooking in 1:10 rice to
water ratio reduced about 48-49% of
As (Gray et al. 2016, Atiaga et al.
2020). (Fig.1)

Thus, increasing washing
frequency and using excess water for
washing and cooking may remove 30-
50% of As, however, it also removes
other elements as well, various trace
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elements. The studies discussed
above reported reduction in Fe (20-
64%), Zn (18-57%), Cu (12-30%), Co
(20-30%), P (50%), K (45%), Mg
(17%), Ca (8%), Mn (15-29%), Mo
(52%), Se (21%), Ni (54%), Vitamin
B1 (54-80%), Vitamin B3 (37-81%)
and Vitamin B9 (59-84%), as well as
other toxic elements like Cd (20-
24%), Pb (27-44%).

The percent removal of As with
increasing water volume for washing
and cooking and at different
frequency of cooking has been
detailed in table 1.

3. Conclusion

The results of various studies
carried out in last decades showed
that washing, soaking and cooking in
excess water significantly decreased
the As content in the cooked rice.
Cooking in excess water and straining
extra water is better method than
complete absorption method with
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respect to As removal, however, it
also compromises the nutritional
quality of the cooked rice, the level of
vitamins and nutritional elements
have been found decreased. It should
also be noted that cooking of rice in
As tainted water enhanced the level of
As in the cooked rice. Thus,
contaminated water must not be used
for cooking of rice.
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Extraterrestrial Radiation Dynamics
Over Mango Orchards

U Tarun Adak, Vinod Kumar Singh and Naresh Babu

Scientific analysis of extraterrestrial
radiation in any sites is a pre-requisite
for gaining knowledge on its
dynamics. The radiation which is
being received at a particular zone is
to be estimated for linking climate
change studies. The vast area of
mango orchards in Rehmankhera,
Malihabad, Lucknow, Uttar Pradesh
provides livelihood opportunities to
fruit growers. Farmers are sincerely
engaged in orchard management for
which timely bound cultural
operations are needed. It has been
observed that the extraterrestrial
radiation varied from 21.78 to 40.73
MJ/m’/day over mango orchards. The
summer (32.8 to 40.68 MJ/m’/day),
monsoon (28.94 to 40.14 MJ/m’/day)
and winter (22.04 to 27.53
MJ/m’/day) months had different
levels of radiation attrival.
Histographic diagram showed
widespread variability over the
region. Researchers and scientists
across the globe are interested for
climate change analysis for which
radiation dynamics was also taken
into consideration. In case of
simulation studies, radiation and
radiation use efficiency were
considered as important inputs for
characterizing the role of
management cum weather
interactions for food security. Adak et
al. (2016) systematically and
scientifically estimated heat use
efficiency in Dashehari Mango. Food
productivity, fruit production and
soil-tree radiation interactions are of
immense importance as weather over

the region is changing. Therefore,
these interactions would lead to a
changed environment wherein fruit
tree were supposed to alter their
phenological behaviour. The
response of critical phenophases was
thus linked to radiation received over
those periods. Many a times, it was
felt needed to estimate the GPS based
prediction system and also to develop
apps for easy, portable and cost
effective ways of estimating
extraterrestrial radiation. All these
scientific information would lead to

broader aspect of understanding the
sustainability of ecosystem services.
Students should learn the standard
methodology of estimating the
extraterrestrial radiation at a specific
location. Knowledge of earth-
atmosphere interactions may enhance
their capabilities to understand the
atmospheric circulation vis-a-vis
radiation effects. Students should
keep in mind about important
equation for the estimation of mean
daily values of extraterrestrial
radiation.

Extra terrestrial radiation (MJ/m2/day)
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Fig. 1. Histographic distribution of Extra terrestrial radiation (MJ/m’/day)
over mango orchards of Rehmankhera, Lucknow location
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Equation number 1:

Ra = [(24x60)/mt xGsc x dr x {Wsx
Sin (@) xSin (c) + Cos (@) xCos (0)
xSin(Ws)}]

Ra = Extra terrestrial radiation
(MJ/m’/day), Gsc = Solar Constant =
0.082 MJ/m’*/min

dr = Inverse relative distance earth-
sun,

Equation number 2: dr = {1+0.033
xCos (2n/365 xJ)} Where J is the
Julian day;

Ws = Sunset hour angle, ® = Latitude
(radian) o = Solar declination

For Rehmankhera, Lucknow and the
data of LAT: 26° 54' N, LONG: 80°
45'E, ALT: 127 m are considered for
this scientific analysis.

Results of Ra over mango orchards of
Rehmankhera, Lucknow indicated
variations in frequency levels. It was
inferred from the histographic
diagram that maximum frequency
distribution lies in 132% with class
intervals of 36.94 to 40.72 MJ/m’/day
followed by 90% in 21.78 - 25.56
MJ/m?/day classes (Fig. 1). In
between 42,44, 51% frequency levels
with 29.36 - 33.14, 25.57 - 29.35 and
33.15 - 36.93 MJ/m’/day class
intervals was recorded. The dr values
varied between 0.97 to 1.03 (Fig. 4)
and the Ws had 1.35 to 1.79 values
across 1 to 365 Julian days (Fig. 5).
Radiation influences on the tree
phenology and its response,
evapotranspiration significantly
linked with soil moisture stress and
tree water content. Therefore,
irrigation application and precision
farming in orchards are essentially
dependent on the atmospheric-tree-
soil interactions to optimize moisture
conservation protocols. Fig. 2-3
clearly depicted the role of radiation
regimes on the flowering and fruit set
pattern as well as yield differences in
mango. The radiation use efficiency
under various ecosystems should be
determined for the purpose of
deriving strategy planning of climatic
response and tree phenological
changes to changed atmospheric
environment over the decades. It was
revealed that the flowering in mango
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had an impact as a function of these
dynamics (Adak et al., 2014). Fruit
set could be different under various
solar radiation regimes across
agroecologies and differential fruit
yield could be harvested and
explained by scientific interventions
at a particular place. Baek et al.
(2012) scientifically analyzed the
distribution of solar radiation in
South Korea. Zarate-Valdez et al.

(2015) found correlation of light
interception with almonds yield
prediction of course greater
percentages with foliar nitrogen status
were revealed. Interestingly, tree
canopy models better provides better
opportunity to enhance the efficacy of
radiations through the modified
canopy architecture vis-a-vis high
yield and quality fruits in peach (Tang
etal., 2015). Even, information of long

Fig. 2. Differential flowering and fruit setting in Mango at Rehmankhera,
Lucknow location
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term tree phenology helps in brings
out the heat requirements of almond
(Benmoussa ef al., 2017). Under the
water stressed condition in partial
root zone drying situation, the
response of regimes alters the
physiological responses of citrus also
(Romero-Conde et al., 2014). Thus,
sensor application has tremendous
scope in vast areas of agri-
horticultural systems for efficient
orchard management. Pierce and
Elliott (2008) suggested wireless
sensor networks for on-farm and
regional agricultural systems as well
in Eastern Washington. Riquelme et
al. (2009) recommended the use of
this network for precision
horticulture in southern Spain. Even,
irrigation management point of view,
innovation of low cost weighing
lysimeter is a boon for farmers (Ruiz-
Pedalver et al., 2015). Advanced
technological outcomes in the form of
mobile apps development for easy
and cost effective estimation of
extraterrestrial radiation would
provide easy access of quality data
and may be used in effective orchard
practices, simulation studies and
climate change impact analysis
(Molina-Martinez et al., 2011).
Growers should be sensitizing to gain
knowledge on radiation interception
cum yield attenuation for canopy
development of their orchards to
obtain fruit production.
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Unlike a drop of water which loses its identity when it

joins the ocean, man does not lose his being in the

society in which he lives. Man s life is independent. He

is born not for the development of the society alone, but

for the development of his self.

~ B. R. Ambedkar
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Foldscope: An Eye Behind The Microscopic World

U Rahul Negi, Dr. Rahul Kunwar Singh*

HISTORY: BEHIND THE
MICROSCOPIC WORLD

Microscopic organisms are known to
us since the Vedic period, which
remained unseen until the discovery
of the microscope (Jakhmola, 2010).
During 1" century AD, glasses were
invented by Romans to examine the
quality of fabrics. They had tested
different glasses and found it helpful
inmagnifying the objects.

microscope which improved the
efficiency of the instrument to
visualize the microscopic details of
the tiny objects.

COMPOUND MICROSCOPE

In 17" century, the need of
increasing the magnification power of
simple microscope was realized. The
use of lenses with short focal length
would have solved the purpose but it

ad

Figure-1

In the late 17" century, the Dutch
draper Antony von Leeuwenhoek
took interest in Rome's lenses and
tested more than 500 lenses to observe
the quality of fabrics as well as the
unseen world around him. With these
lenses, he could invent the simple
microscope (Figure 1) that can
magnify the things up to 270 fold (X)
(Fields, 2019). Using this simple
microscope, he could see the
structures, such as blood cells and
bacteria, which no one had secen
before. Due to his contributions,
Leeuwenhoek is regarded as "Father
of Microbiology" (Karamanou et al.,
2010).

Thereafter, many scientists made
their contributions to the microscopic
field and invented different types of

could also affect the see-through of
the lenses. The compound microscope
was invented
to overcome
the low
magnification
power of
simple
microscopes.
Besides better
magnification,
t h e s e
microscopes
do have better
resolution
limit also. The
t e r m
resolution
limit of a ¢
microscope

refers to the “minimum distance at
which two distinct points can be
differentiated by it” (Davey, 2020).

Although the first compound
microscope (Figure 2) was invented
in 1590 by the Dutch glass
manufacturer, Hans Jenssen, and his
son, Zacharias Jenssen, but could not
draw wide attention as it was not
published (Davidson, 2009). Later,
the English scientist, Robert Hooke
showed his interest in the microscope
and spent a lot of his time working
with the microscope and observing
many structures such as fly's eye,
seeds, plant cell, etc. He published his
findings in 1665 in the form of a book
'Micrographia' (Repossi, 2019;
Bennett, 1989).

MODERN COMPOUND
MICROSCOPE

Although compound
microscopes were invented in the 17"
century, but this was not enough to
meet the aspirations of

Figure-2
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microbiologists. To make it a more
powerful instrument, it had been
equipped with features such as
multiple objective lenses (4 X, 10 X,
40 X or 100 X), reflecting mirrors,
condensers, coarse and fine adjuster
knobs as shown in Figure 2.

ADVANCED COMPOUND
MICROSCOPE

These microscopes have built-in
light source and imaging system in
addition to the conventional
compound microscopes. Both stained
and unstained objects and substances
can be easily seen with the aid of this
microscope. Moreover, these
microscopes are fitted with digital
camera and computer, as seen in
Figure 2, to capture and store the
photomicrographs of the objects.
However, these microscopes have
some limitations in visualizing the
unstained live objects that cannot be
clearly distinguished. More
sophisticated microscopes were
therefore developed to troubleshoot
this problem.

PHASE CONTRAST
MICROSCOPE

In 1934, the Dutch physicist Frits
Zernicke invented a phase-contrast
microscope as shown in Figure 3.
This device allowed the researchers
to capture high contrast images of
transparent biological materials
(Zernike, 1942). In order to improve
the contrast of the sample, the system
uses a phase difference between the
scattered light from different sections
of the sample, which can also be
improved by staining the samples
with high contrast material, such as
sliver and gram's stain. On the other
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hand, the further advancement in
microscopy came with invention of
fluorescence microscopes.
FLOURESENSE MICROSCOPE

The significance of fluorescence
was first realized by Oskar
Heimstaedt who described the
Flourescence microscope (Figure 4)
in 1911 (Kasten, 1989). In traditional
fluorescence microscopy, the sample
is illuminated and the light emanating
from it is collected to visualize the
object. Most of the collected light is
from parts of the sample that are out
of focus and its range of resolution
reaches 230-30 nm (Wollman et al.,
2015). For more advanced
illumination, confocal microscopy
came into operation.

Figure-4

CONFOCALMICROSCOPE

Fluorescence optics is used in the
Confocal Microscope (Figure 5)
also. However, instead of lighting the
entire sample at once, the laser light is
centered on a given spot at a particular
depth within the sample. This
contributes to the emission of
fluorescent light at this very stage.

Figure-3

Digital=— "
oot

Halogen
luminator

e £2558
Computs men ng
qu—‘ 2 i Ir vionor sooml‘
s ’i =
[ S f

|

Ny —

Helium/Neon
L " stem Microscope " 1

Figure-5

The pinhole in the optical
path cuts off signals that are
out of sight, enabling the
light detector to enter only
the fluorescence signals
from the illuminated spot. It
also allows for optical
sectioning and three-
dimensional reconstruction,
so even with the dense
specimen, it gives us crisp
images. Marvin Minsky was
the first to invent confocal
microscope in 1957
(Robinson, 2001).

ELECTRON MICROSCOPE

In 1931, Max Knoll and Ernst
Ruska discovered that electron beams
can be used in microscopy rather than
light. In 1938, the first commercial
Electron microscope (Figure 6) was
built. These microscopes could be used
to view structures which cannot be
seen using light microscopes.
Transmission electron microscopy
(TEM) was the early version that was
used as an electron microscope with
resolution limit of 100 pm. In 1965, the
first Scanning electron microscope
(SEM) entered the market, with
resolution limit of 50 pm. The
invention of electron microscopes
revolutionized the field of biological
materials science with incredibly high
magnification and resolution.
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Over the time, the efficiency of
microscopes improved and so as its
size, cost, maintenance and fragility.
Thus, the handling and operation of
microscopes became difficult for the
new researchers or the beginners.
These problems have contributed to
the idea of a handy microscope.

IDEA BEHIND INVENTION OF
FOLDSCOPE

The limited availability, delicacy
and cost of the microscopes were
realized by Manu Prakash and his
research student Jim Cybulski during
one of their field visit. They could not
get the microscope during the visit as
the microscope they carried was
broken during the voyage and were
not appropriate for study (Foldscope
Instruments Inc., 2018). To
troubleshoot such problems, they
constructed a handy microscope
using origami paper and micro-
lenses, which was very similar to
Leeuwenhoek's microscope. As the
instrument was made by folding the
paper, it was named as Foldscope.

The Foldscope comes in the form

SRS 8 (4) STagaR—faw=R, 2021

Figure-6

of'a puzzle on a sheet of paper that can
be solved within seven minutes to
make it a functional instrument. It
may be easily kept in pocket and
transported everywhere. Being made
of paper, it is unbreakable. The
samples mounted on either the glass
or paper slides can be visualized with
this instrument. The instrument uses
sunlight as light source, while it may
also be coupled with a LED light
source for enhancing the object
visualization (Figure 7). Moreover, it
may also be attached with cell phone
using couplers for capturing the
images and videos as well as for
projecting the image on a screen. It
has the magnification power of 140
X. In the nutshell, it is a modern
version of the Leeuwenhoek's
Microscope which is not only handy
or cheaper, but also eco- friendly.

HISTORY OF FOLDSCOPE

Manu Prakash and his team
began the project of making
foldscope by combining "frugal
science" and "origami" in November
2012 (Banerjee, 2018). The project

©

Figure-7

was sponsored by many
organizations including Bill &
Melinda Gates Foundation,
Washington, USA. The
motivational goal around the
project was to develop a best
microscope under $1(Foldscope
Instruments Inc.,2018).

In June 2014, the
technology behind the
development of Foldscope was
published in PLoS ONE journal
(Cybulski et al., 2014). In the
same year, a pilot scale program
financed by the Moore Foundation,
California, USA, was launched for the
distribution of over 60,000 Foldscope
in more than 135 countries. In
exchange for this, they were invited to
publish their findings in the
microcosmos community to
popularize the Foldscope around the
world. Foldscope Instruments, Inc.
was founded in December 2015. The
company was of the opinion that the
instrument should meet the curious
people in each corner of the world. In
this regard, they set their target of
distributing one million Foldscope by
theend 0f2018.

FOLDSCOPE IN INDIA

In September 2015, Department
of Biotechnology (DBT), Government
of India, signed an agreement with
Manu Prakash Lab at Stanford
University, USA, to bring the
Foldscope in India and to stimulate the
scientific curiosity of Indian students.
Foldscopes were distributed to many
college students and a series of
workshops were conducted across
India in December 2015 to popularize
this handy instrument. In May
2017, DBT announced a
program "Foldscope as a
Research Tool" to provide
financial assistance to the
scientists and teachers across
India. In March 2018, more than
three hundred curios scientists
got approval for the use of
Foldscope for various purposes
under the program. They have
been given various forums to
share their ideas and
observations about science, such
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as organizing workshops and sharing
their experiences on the website
microcosmos.foldscope.com. In the
same programme, the authors could
also get the opportunity to use
Foldscope and shared some of our
experiences on the internet (Figure
8).

PROSAND CONS

There are few reasons behind the
advancement of Foldscope in
scientific world. It is a type of modern
portable compound microscope that
is inexpensive, simple to operate,
light weighted and can be used with
cell phones to take live images on
sampling sites. Figure 9 shows the
photomicrographs of cyanobacterial
samples captured with Foldscope and
a compound microscope (Nikon 6
model) generally used in our
classrooms. From the comparison of
these images, it is clear that
Foldscope can be used in classroom
laboratories for teaching the diversity
of microscopic world. However, it
cannot be used for identification of
the small microorganisms like
bacteria, until the improvement of its
magnification power.

According to the Foldscope field
guide, it can be used to see various

unicellular and
multicellular
organisms like
microalgae,
parasites, blood
cells, arthropods
and plant cells.
Thus, it can be
used to diagnose
parasitic
diseases, to
check the pest
contamination in
soil as well as to
determine the
food quality.
(Banerjee, 2018).
CONCLUSION

There is no
doubt that
science seems to
go beyond the
limits of human
beings. In
support of the
microscopic
world, Foldscope
is a major
groundbreaking
and imaginative
invention.
Everyone as a

student needs the cheapest, compact,
and easy-to-use instrument, and all of
this is possible through this. It could
also generate curiosity among students
towards microscopic science.
Everyone could enjoy the microscopic
world around them in future using
Foldscope without any obstacles.
Hence, the colleges and science
institutions should take leading steps
towards the invention and use of
origami paper based instrument like
Foldscope. It will give the opportunity
to the students as well as citizen
scientists for enjoying sciences, not be
afraid ofit.
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Figure legends

Figure 1. The photograph of Antony
von Leeuwenhoek (a)
Leeuwenhoek's microscope and (b).
Images adapted from

https://www.discovermagazine.com/

and https://www.quekett.org.

Figure 2. Photograph of Zacharias
Jansen (a), First compound
microscope (b), Modern compound
microscope (¢), Advanced Compound
microscope (d).Images 'a' and 'b'
adapted from
https://micro.magnet.fsu.edu/ and
https://www.visioneng.com,
respectively. Images 'c' and 'd'" were
taken in Cyano Biotech Lab.

Figure 3. Photograph of Frits Zernicke
(a), Phase-contrast microscope and
path of light image in it (b). Images
adapted from
https://www.nobelprize.org and
https://www.microscope.healthcare.ni
kon.com, respectively.

Figure 4. Image of a Flouresence
Microscope. Image adapted from
https://www.microscope.healthcare.ni
kon.com.

Figure 5. Photograph of Marvin
Minsky (a), and confocal microscope
with complete setup (b). Images
adapted from Getty images and
https://www.microscope.healthcare.ni
kon.com, respectively.

Figure 6. Photograph of Max Knoll
(Left) and Ernst Ruska (Right) (a),
Scanning Electron microscope setup
(b). Images adapted from
https://www.pinterest.com and
https://serc.carleton.edu, respectively.

Figure 7. Photograph showing
Foldscope (a), and LED Light
magnifier (b) Images adapted from
www.foldscope.com

Figure 8. Author's experiences with
Foldscope shared on Foldscope
website

microcosmos.foldscope.com.

Figure 9. Photomicrographs of
different laboratory grown
cyanobacteria captured with
Compound microscope (Nikon 6
model) under 45X (A-D), and
Foldscope (E-H).
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About us:-

Bachpan Creations is an
online and offline forum to
support and strengthen the creative
aspects of the children by providing them
theoretical and technical skills. Apart from
supporting children Bachpan Creations also provides
video, audio, print content on different social and
K}) political issues. The firm i1s in the business of
consultancy as well and provides service
N %6 for il'n‘age lﬁarketing and f‘e.search
?9 which includes political
communication and
’fﬁ% advertising
campaigns.
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