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TERMAL ENVIRONMENTAL POLLUTION

Dr. Vandana Kumari
Associate Professor
Govt. P.G. College
Hamirpur (U.P.)

The term ‘thermal pollution” has been used to identify the detrimental effects of heated
discharges . However thermal pollution does not refer to the impairment of purity by the
addition of foreign, matter but denotes the impairment of the quality of environmental air or
water by raising its temperature .

The discharge of hot trade effluents from industries , factories and mills and large
volumes of warm ‘cooling water ’ from electricity generating stations may causes a temperature
rise of several degrees in a river or canal . About 80 per cent of the total water withdrawn for
industrial operations is used for cooling only. The water drawn is discharged substantially
uncharged except for an increase in temperature. The effects of these discharges are dependent
on many factors:

Temperature difference between the discharge and the receiving water ; size of the
receiving stream ; quality of receiving water ; rate of heat dissipation ; downstream uses .

Among the industries that contribute to thermal loading of surface waters, nuclear
power plants and thermal power stations are of prime concern. Normally , the discharged water
from the steam / electric power industry has a higher temperature ranging from 6°to 10°C than
the receiving w’ater . To satisfy the tremendous need for electricity , the generating power of
installations is raised which then needs a larger proportion of stream flow . This results in the
rise of stream temperature to a level at which natural dissipation of heat will be insufficient.
Hence , awareness is necessary . Sometimes negative thermal loading occurs during the
generation of hydroelectric power . A part from electric power industries , various industries
with cooling requirements contribute to thermal loading . It is reported that about 18 percent
heat is given to cooling waters in nuclear power plants than to fossil fuel plants of equivalent
size.

Another contributor to thermal pollution is municipal sewage. Domestic sewage is
usually discharged into rivers, streams or canals with or without treatment. The sewage
normally has a higher temperature than the receiving water . When sewage is discharged in to
water , not only does the stream temperature rises to a measurable extent but also there are
some other effects . the organic matter present in the sewage and other oxidisable matter utilize
the dissolved oxygen present in the surface water for oxidation. When the temperatue of the
receiving water is raised , the dissolved oxygen level decreases .Demand for oxygen increase
and anaerobic conditions set up , resulting in the release of foul gases . Aquatic organisms
which depend on the dissolved oxygen of the surface water die. The same is the case with
heated industrial effluents that contain organic matter.

Now, the question is how it effects the environment-

The life process involve many chemical reactions and the rate of these chemical
reactions various according to the changes in temperature . Apart from biochemical reactions ,
temperature is considered vitally important to physiology and control of reproductive cycles,,
digestion and reparation rates . The effects of thermal pollution are mainly on aquatic animals
, particularly fish . Surface water is the habitat for a wide variety of flora and fauna.
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The existence of these species depends only on the aquatic environment. The
temperatue of water is considered the major feature of the environment since it affects the
concentration of dissolved oxygen , pH, the rate of biochemical reactions and physical activity
of aquatic animals.

Thermal pollution is a potential hazard to fish particularly .

Most species of fish can adapt themselves to a fairly wide range of water temperature
, provide the fairly wide range of water temperature , provided the temperature changes occur
very slowly. Sharp change, such as sudden rise or decrease in temperature is often distinctive .
The temperature changes not only affect fish but the aquatic eco-system. Any disruption of the
food chain, for example , may upset the entire system . If a change of temperature alters the
seasonal variation in the type and abundance of lower organisms., then the fish may lack the
right food at the right time. Both cold -water and warm - water species are found in the same
latitude because of their adaptability to various temperature levels. The reason for this co-
existence is explained as follows : there is a higher level of temperature above which both types
of species can not survive. For example , brook trout lives in a temperature ranging from 4°to
35°C . Both these species survive at temperatures higher than these upper limits but for a
relatively short time . With increase in temperature , fishes can not survive below a particular
temperature to which they have been acclimatised.

When the temperature of the aquatic system increase , the metabolic processes taking
place in the body of the fish are accelearated and its need for oxygen and rate of respiration
rise . Above a particular level of temperature , death occurs due to failure of the nervous system
or respiratory system or essential cell processes. In addition , spawning and other reproductive
mechanisms are also affected during the spring season.

The effect of thermal loading on dissolved oxygen concentrations is a controversial
subject . It is well known that oxygen is slightly soluble in water . As the temperature rises ,
the concentration is dissolved oxygen decreases . For example , the dissolved oxygen
concentration is 14.6 pm and 0° and 7.1 pm at 35° C . It is necessary for healthy stream to have
an adequate supply of dissolved oxygen since aquatic biota live aerobically . Bacteria consume
organic matter as food and the utilization of organic matter is an oxidative process . The extent
of oxidation of organic matter depends on the level of dissolved oxygen. Hence , in the presence
of enough dissolved oxygen, bacteria multiply rapidly which in turn become the food for
protozoan . These protozoans are the food for more advanced aquatic creatures. This is the food
- chian that provides nourishment to the fishes . All the stages of this food - chain need
dissolved oxygen. The dissolved oxygen in streams is replenished by reiteration and
photosynthesis . Thus consumption of oxygen by the food -chain is compensated byh continual
replenishement.

Life in an aquatic eco-system is greatly influenced by the growth of algae. Excess
nutrients from wash -out water from farmlands, combined with thermal pollution cause an
excessive algae growth with consequent acceleration of eutrophic and other undesirable effects
. Moreover , the activities of pathogenic organisms are accelerated by higher temperatures .
Thermal pollution thus makes the pathogens more violent and the fishes less resistant. As a
consequence , pathogens hugeness vigorously attack fishes and a massive fish kill occurs .Such
situations have long been known in the confined environment of farm and hatchery’ ponds
since the wanning up of water is easily possible due to the lesser amount of watger . As the
thennal polluation load in large water courses increase, the potential for increase of fish by
disease also imporoves .
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In an unpolluted stream , diatoms grow best at 18° to 20°C ; green algae at 30° to 35°C
; and blue green algae at 35° to 40°C . Thus , thermal discharge to a water course may favour
the growth of blue - green algae over green algae, resulting in a damage to the eco-system .
Blue green algae constitute poorer food sources and sometimes become toxic for fishes.

Apart from all these, changes in both the physical and chemical properties of water occur due
to a rise in temperature . As the temperature increases, the vapour pressure increases sharply
while viscosity of the water decreases. The solubility of gases in water decreases with
increasing temperature. These properties have important effects on aquatic life . The sediment
load of a stream tends to settle more rapidly, possibly affecting aquatic food supplies . The
relationship between solubility of oxygen and fish life has already been discussed . Since higher
temperatures increase the rates of physiological processes and fovour bacterial growth , the
oxidation of oxygen in speeded up due to the increased rate of oxygen depletion, Thus the
dissolved oxygen problem is aggravated further .

Municipal effluents consisting primarily of sewage are discharged into nearby water
courses . This type of disposal method is acceptable as the degree of treatment confonns with
the volume of diluting water and with the forces of natural purification which include physical
, chemical and biological reactions . Purification is an aerobic oxidation process and complex
organic matter is converted into innocuous substances by bacteria . It is estimated that rate of
biological activity doubles with each 10° C rise in temperature . This rapid activity places a
corresponding burden on the dissolved oxygen resources of the water * When the water
contains a higher amount of dissolved oxygen , a rise in temperature is desirable because
purification occurs more rapidly . But, when the water course contains a higher amount of
dissolved oxygen , a rise in temperature is desirable because purification occurs more rapidly.
But, when the water course contains little oxygen or if the waste to be disposed has a higher
demand than the supply then noxious conditions develop. However , a rise in temperature
generally stimulates the proliferation of photosynthetic organisms, particularly the
phytoplankton, which compensates for the deficit of dissolved oxygen. Thus , warm watger
sometimes is beneficial though detrimental in other cases. It has also to be mentioned that
colder the w’ater ( entering a purification plant) the higher will be treatment cost, Moreover,
warm water is best suited for laundered purposes, but they tend to promote the growth of algae
and produce tastes and odour in the receiving water .

Though the effects of thermal pollution are not so severe, its control is necessary since
in future the effects may be worse. The use of water from a water course for cooling purpose
with subsequent return to the water way after passage through the condenser is termed as ‘once-
through cooling’ . To reduce the magnitude of pollution, the outlet water can be made to give
up some of its heat to the atmosphere and then may be discharged in to the water course. To
make it effective , cooling towers are employed in many power stations and artificial lakes or
cooling ponds are situated in some of the places .

Cooling Towers

Cooling towers transfers some of the heat from cooling water the atmosphere, most
probably through the evaporation of water Evaporative cooling towers are either natural draft
towers or mechanical draft towers.

Natural draft towers : In these cooling towers, hot water is sprayed through a rising
current of air . The water vapour gives its heat to the counter -current air and get cooled . The
cooled wate is collected at the bottom and returned to the water body . Its instatillation and
operation costs are high.
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Mechanical draft cooling towers : In the cooling towers , air flow is forced or induced
by fans. How water during its passage to the water course, gets cooled by the action of air.
However , these are not preferred since an irritating noise is produced due to the operation of
fans; operation costs are also more.

Evaporative cooling towers cool the water by 10°C or more, but evaporate 2 percent
or more of water during the process. One of their demerits is that they form fog under certain
atmospheric and temperature conditions.

Just as there is the evaporative cooling tower, there is also the non- evaporative cooling
tower, in which heat is transferred directly to the air by means of heat exchangers. However,
the cost involved is much higher .

Artificial Lakes or cooling ponds

These are the man made bodies of water which offer one possible alternative to once through
cooling. The heated effluents can be discharged in to the lake at one end and the water for
cooling purposes may be drawn at the other. Sinche the heat would eventually be dissipated
through evaporation . the cooling pond has to be replenished continusoly .

As our future generations will need more and more electricity .Pollution problems will
continue to grow at a sharp rate because of the subsequent increase in electric power production
. In future , the problem of thermal pollution can be alleviated by improving the efficiency of
the electric power generating plant.
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a1 a8 ey urd B1ar @ 6 S9@T S amen, Scdied, SITER, IR iR sl i gRyut
2| IR TN B ARPIID 3 A JAdd fUsel 8T & uRaR # & JdR &1 dahe,
TR 3R faadhd 3 R 3T H 9T &I AR IIAER (ARUIE) $xRd fdhar ST & |

ISSN No. 2277-4963  Vol. 13 (April) 2022  Impact Factor: 5.2 @VIIMST Page 25




VIKAS INTERNATIONAL JOURNAL

& fohaT B TAT (B BT TS AN IREN 41 dT © | FAIISATTD
HE 7 S0 UM & ford &R &I W AT 8 JIWRE BT qa g7
[ a1 efdr Rfd ST 89 & BRUT S96T AHIe WX 37d
T PIfe &1 BraT 2| 3 AFRIe o, AHRIS amar iR I geR & AeRys
I IR 81 O § IR TR & fory URa B € | aRaal # B TR Haiftd & fEer @
Gl Wl TIRTE B AT H GO B RE! © | Yd SEAIT B AT Tl R AW BT
S el 2 Rig B | Rl @l RIfd e @ ford gferd &1 e o fafaa g
2 R oft serY B oIl 2 )

T B8 Gdd © (b ARA H Tl IRl I TR THAT © IR T YD A B
for AR B 39 IRl @ g aRA @ ol @ WReR, TR uiferarelt ud 7 famT
ERT 3%y Y 0 § WRBR 74 IRGAT & S & ford fafr=T Jiorren gRT vy
IR T T | TR B GIRIHD BT & (o WRGR DI 517 A1 a7 8 3 IFARR 2005 BT
Fufdhd AT Ud Ao fdbrd & HRIHH W1 g6 by 10| 39 $RIHH H aredifd spdsar
AT ATSTT 3R ISR FoH [J1 T D1 el faan 1 & | g [Aar Ao &1 3
e IRAAT & AT A & AI—AT g e IR ugdaE fdhy U aRadl | @A
el AR & forg giarel S Sude dRIBR S© @ved AR T8 WY UATeRY Sude
HRMT 2 |

SURTET BT geal g TART B <A 8 I8 UMD AT & AT & b YA 7RTelf
qPb HH HAT S Tl © | IIWREN & o FOR TUS o $H FaRAT T4 69d 2 99 B
H SEHATTAR FeME AT S| BAR QY & B AR b aern =g fba-r
|erq Bl Slfhe] S8R & 991 IURT Bl HH 81 AT ST bl Yol |l AHARITSAT Bl
FRIGRT T FRIRTT QIR WR U ol orafy # €1 awa &1 e 2 |

< -

. QWIE, TR 9 fleets THE— Hor IR SISOl g qrger TbTeH, 1970

a7y
ﬂﬁaﬁﬁ%‘ﬁﬂﬂ%ﬂ\—ﬂaﬁr

-

2. 3ol fdger Ud— "W US QY WadR 3R TS woR WIfoi e a1 8
SIS, 1970

3. T, JISUNETA— 8BRS Tolrd 3t FRIeYR, HIRe dahaR 27 (1—2 o) faeet,
1980

4. ClcddX IRTHH — HRIel ¥ deX, 1980
5. URIGTY Td.Hh— YT AT Ui, 1985
6. 3-II‘€E\\3'II, NTJ— ‘HIHIRYICJO Q‘IH‘{'UI\Q, NMEIS| q@d(b%l"l \IMg‘{, 2000

ISSN No. 2277-4963  Vol. 13 (April) 2022  Impact Factor: 5.2 @VIIMST Page 26




VIKAS INTERNATIONAL JOURNAL

Oxidation of Thiourea by Pyridinium
Chlorochromate in Aqueous DMF Medium: A
Kinetic and Mechanistic Study

Munna Lal Meena
Department of Chemistry,
Govt. P. G. College Pratapgarh, 312605, Rajasthan, India.

ABSTRACT

Oxidation of Thiourea by pyridinium chlorochromate in aqueous DMF medium, containing
perchloric acid has been studied at 27°C. The rate of reaction was found to be of first order
dependence on [PCC], [Thiourea] and [H']. The increase in the rate of oxidation with increase
in acidity indicates the involvement of a protonated chromium(VI) species in the rate-
determining step. the rate of reaction increased with increase in dielectric constant of the
reaction medium., which indicates that there is involvement of an ion—dipole type of interaction
in the rate-determining step. The activation parameters have been evaluated. On the basis of
the experimental findings, a suitable mechanism and rate law has been proposed.

Keywords: kinetics, oxidation, DMF (N, N-dimethylformamide), Thiourea, PCC (pyridinium
chlorochromate).

INTRODUCTION

Pyridinium chlorochromate being one of the most versatile available oxidizing agent!'. A
number of reports on the oxidation of several substrates by pyridinium chlorochromate (PCC)
are available in the literature like methionine?, oximes®, unsaturated acids*,cysteine’, alcohols®.
There seems to be no report on the oxidation of Tyrosine by pyridinium chlorochromate.

Thiourea is an organosulfur compound with the formula SC(NH2): (also called
Thiocarbamide or Sulfourea). It is structurally similar to urea, except that the oxygen atom is
replaced by a sulfur atom, but the properties of urea and thiourea differ significantly. Thiourea
is a reagent in organic synthesis. "Thioureas" refers to a broad class of compounds with the
general structure (R'R?N)(R*R*N)C=S. Thioureas are related to thioamides, e.g. RC(S)NR>,
where R is methyl, ethyl, etc.

1. EXPERIMENTAL
1.1 Materials

In this investigation Thiourea Analar grade (SRL) were used as supplied and purity was cheked
by its melting point. All other chemicals used in this investigation were of analytical reagent
grade. Solution of HCIO4 was prepared by diluting known volume of acid in water. The
prepared solution was standardized by titration with previously standardized NaOH using
phenolphthalein as an indicator. Doubly distilled analytical grade DMF (SRL) was used. And
all other Chemicals used were of analytical grade with 99.9% purity.
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1.2 Synthesis of Pyridinium Chlorochromate

Pyridinium chlorochromate was synthesized by the method of Corey and Suggs’ and
Agrawal®. To 184 ml of 6 M hydrochloric acid (1.1 mol.) was added 100 g (1.0 mol)
of CrOs rapidly with stirring. After 5 min. the homogeneous solution was cooled to
0°C and 79.1 g (1.0 mol) of pyridine was carefully added over 10 min. recooling to
0°C gave a yellow orange solid which was collected on a sintered glass funnel and
dried for 1 hr in vacuum; yield 172.9 g (80 %). The solid is not appreciably
hygroscopic and can be stored for extended periods at room temperature without
change. Purity was checked by iodometrically, melting point, elemental analysis and by the
IR and UV-VIS spectral analysis [U. V. - Amax=354 nm; [. R. - vmax (KBr) = 3066, 2033,
1898, 1599, 1533, 1485, 1033, 949, 750 cm™!]

O
| HCI Il
Cr _ Cl—Cr——OH
VA
O/ (e}
[Chlorochromic Acid]
N i
N /
Cl—Cr—OH - cl——lc;lr—o‘HN+ \>
O
[Chlorochromic Acid] [Pyridinium Chlorochromate]

1.3 Method

The measurements of rate were carried out at 27 + 0.1 °C in 0.3 mole dm™ HClO4 under the
condition [Thiourea] >> [PCC], in the solvent system of 50-50 % (v/v) DMF-H>O. The reaction
was initiated by mixing a calculated amount of thermostatted pyridinium chlorochromate in to
the reaction mixture. The progress of the reaction was followed by measuring the absorbance
of PCC at 354 nm in 1 cm cell placed in the thermostatted compartment of JASCO model 7800
UV/VIS spectrophotometer.

The kinetics run were followed for more then 60-70% completion of the reaction and
good first order kinetics were observed. Pseudo-first order rate constant kobs were obtained from
the slope of the plots of log (absorbance) versus time.

1.4 Stoichiometry and Product analysis:

To determine the stoichiometry of reaction, a known slight excess of pyridinium
chlorochromate was added to a known amount of thiourea, by keeping constant all other
condition of reaction, and after 12 hours the residual pyridinium chlorochromate was
determined spectrophotometrically at 354 nm. The results indicated that one mol of PCC
consumed three mol of thiourea for complete oxidation. The stoichiometry of the reactions was
found correspond to the equation.

At the completion of the reaction between concentrated solutions of H-NCSNH:z and PCC, 200
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ml of ethanol and 60 ml of concentrated HCI were added to the reaction mixture. It resulted in
the formation of white crystals that were filtered, washed and dried in a vacuum desiccator.
These crystals decomposed at 168 °C indicating that the crystals are those of formimidine
dihydrochloride.” The oxidation product of thiourea is formamidine disulfide'® and the
dihydrochloride salt is formed in presence of concentrated hydrochloric acid.!” The other
oxidation product was characterized to be Cr(Il) by comparing the spectra.

The observed Stoichiometry may be represented as

+

2Cr(Vl) 4+ 6SC(NHy), ———— 3NH,(NH)ICSSC(NH)NH, + 2cCr(lll) + 6H

1.5 Test for Free Radicals:

The reaction mixture was treated with required amount of acrylonitrile (pre-washed
with aqueous NaOH followed by washing with distilled water) under nitrogen atmosphere.
Milky appearance in the solution was not observed but rate of reaction decrease drastically
which indicated the presence of free radicals in the reaction.

2.0 Result and Discussion
2.1 Effect of Oxidant Concentration on Rate of Reaction

The reaction has been investigated by varying pyridinium chlorochromate
concentration to see the effect on rate of oxidation by keeping the other conditions constant.
The rate constant did not change with increase in concentration of pyridinium
chlorochromate. Table-1.The logarithm of concentration of pyridinium chlorochromate
decreases linearly with time, thereby showing that the rate law of the reaction is first order
with respect to [PCC].

Tablel. Variation of rate with PCC, Thiourea, perchloric acid concentrations, DMF % and
temperature

10°x [PCC] 10? x | 10 x [H'] Temp. DMF: H>O Kobs X 107 57!
mol dm™ [Thiourea] mol dm™ &) % (V/V)

mol dm™
2.0 2.5 1.0 300 50:50 33.57
2.25 2.5 1.0 300 50:50 31.96
2.50 2.5 1.0 300 50:50 32.62
3.0 2.5 1.0 300 50:50 32.77
2.5 3.0 1.0 300 50:50 39.56
2.5 2.75 1.0 300 50:50 35.30
2.5 2.50 1.0 300 50:50 32.61
2.5 2.25 1.0 300 50:50 31.45
2.5 2.0 1.0 300 50:50 28.78
2.5 2.5 0.0 300 50:50 02.50
2.5 2.5 1.0 300 50:50 32.61
2.5 2.5 2.0 300 50:50 55.64
2.5 2.5 3.0 300 50:50 76.75
2.5 2.5 4.0 300 50:50 95.94
2.5 2.5 7.0 300 50:50 158.51
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2.5 2.5 10.0 300 50:50 217.49
2.5 2.5 1.0 298 50:50 30.37
2.5 2.5 1.0 300 50:50 32.61
2.5 2.5 1.0 303 50:50 35.62
2.5 2.5 1.0 308 50:50 41.56
2.5 2.5 1.0 313 50:50 58.77
2.5 2.5 1.0 318 50:50 76.75
2.5 2.5 1.0 323 50:50 86.36
2.5 2.5 1.0 300 70 :30 64.38
2.5 2.5 1.0 300 60:40 68.13
2.5 2.5 1.0 300 50:50 32.62
2.5 2.5 1.0 300 40:60 70.92
2.5 2.5 1.0 300 30:70 73.12
2.5 2.5 1.0 300 20:80 74.89
2.5 2.5 1.0 300 0.0:100 78.54

2.2 Effect of Substrate Concentration on Rate of Reaction

The effect of thiourea concentration was studied at constant pyridinium chlorochromate
concentration, [H] and temperature, the rate of reaction increased with an increase in the
concentration of thiourea from 2.0 x 10 to 3.0 x 10 mole/dm?® (Table-1). The plot of logkobs
versus log [Thiourea] [Figure-1] was linear with positive slope value =0.848, indicating
fractional order with [Thiourea]. The plot of 1/kops versus 1/[Thiourea], [Figure-2] gives
straight line with positive intercept, which indicates that Michaelis—Menten type kinetics is
followed with respect to thiourea. Complex formation between thiourea and pyridinium
chlorochromate is also indicated by shifting of Amax from 354 to 340nm. Although intercept is
very small it may be due to highly reactive complex.

- +
O PyH
NH K4
o— Cr+—OH 4+ s—c¢C < 2 —— Complex[C]
NH, K.1
Cl
[CI’(V|)] [Thioureal]
( Figure-1 h Figure-2
VARIATION OF RATE WITH VARIATION OF RATE WITH
SUBSTRATE CONCENTRATION SUBSTRATE CONCENTRATION
18 log Kops Versus log[S] 0.045 - 1/K s versus 1/[S]
1.6 M 0.04 -
14 0.035 -
1& l 0.03 -
o
20.6 .
04 10.015 -
[e) gl T (%]
902 - 50.01 -
E 20.005 -
w 0 ' ' ~
0 0.2 0.4 0.6 0 o .
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2.3 Effect of Hydrogen Ion Concentration on Rate of Reaction

The reaction was carried out in the concentration of 1.0 x10 to10 x107? mole/dm? by
keeping remaining other conditions constant of the reaction, to find out the effect of hydrogen
ion concentration on rate of reaction. The results of the effect of perchloric acid concentration
on rate of reaction are summarized in Table-1. In general, rate constant increases with increase
in hydrogen ion concentration. A plots of logkobs versus log[HCIO4] [Figure-3] are a straight
line with a positive slope =1. This shows that reaction is of first order with respect to the
hydrogen ion concentration. The result are similar to the chromium(VI)!!, 12-
tungstocobaltate(I1I) ion'?, methylene blue'® and octacyanomolybdate(V) ion!* oxidation of
thiourea. M. Mehrotra and R. N. Mehrotra! suggested protonated thiourea as reactive species
in oxidation of thiourea by 12-tungstocobaltate(IIl) ion. The formation of a protonated species
of PCC has been also reported!*>!®. Under the present experimental conditions, the possible
protonated species may be either PCC or thiourea. If both PCC and thiourea are the protonated
species, the rate law predicts a second-order dependence of the rate on [H'], which is contrary
to experimental results. So that the PCC is only the protonated species in this reaction and we
also considered protonated pyridinium chlorochromate in the oxidation of amino acids.

- + - +
O PyH O PyH
| . ’ .
O =—Cr —0 -+ H f— (e} :(I,r —OH
Cl Cl

[Protonated PCC]
[ PCC]

In the absence of perchloric acid the reaction is very slow, it shows that the hydrogen ion act
as catalyst in the reaction. Protonated thiourea does not take part in reaction as it will decrease
complex formation & hence will decrease rate which was not observed, with there are large no
of reports which have reported participation of protonated thiourea.

Figure-3
VARIATION OF RATE WITH PERCHLORIC
ACID CONCENTRATION

25 - log Kg,s versus log[H*]

= (]
)

5+lagkops >
= ’

0 0.5 1 1.5
2+log[H*] >

2.4 Effect of Temperature on Rate of Reaction

To find out the effect of temperature on oxidation reaction, the reaction was carried out
at different temperatures. The rate constant of the reaction was found to increase with an
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increase in temperature. The results are given in table-1. The plots of log kobs versus 1/T are
linear (figure -4), this shows that Arrhenius equation is valid for these oxidation reactions.

Figure-4
VARIATION OF RATE WITH TEMPERATURE
logkops Versus 1/T

2.5
2 .
Ms | M
w1
ke
0.5 -
0 T T T 1
3 3.1 3.2 33 34

1/T x

2.5 Effect of Ionic Strength on Rate of Reaction

To determine the effect of ionic strength, the reaction was studied in range of Debye-
Huckel Limiting Law (below 0.01 M) by varying the sodium sulfate concentration. It has
been observed that there was no significant effect of ionic strength on the rate. This indicates
that the reaction may be between an ion and a neutral molecule or between neutral
molecules'’.

Table 2 Variation of rate with ionic strength.

[PCC] = 2.5x10? mol dm? Temperature = 300 K

[HCIO4] = 0.01 mol dm™ DMF = 50 %( v/v)
[Thiourea] = 2.5x102 mol dm™ Water = 50 %(v/v
[Na2S04]x 10° mole/dm’ 5.0 6.0 7.0 8.0 9.0 10.0
Kobs X 10° sec”! 30.15 3070 | 31.80 [32.35 3224 130.90

2.6 Effect of Dielectric Constant on Rate of Reaction

The effect of variation in dielectric constant on rate of reaction has been studied by varying
DMF% in the reacting solution by keeping other conditions constant (table-1). The result shows
the rate of reaction increased with increase in dielectric constant of the reaction medium. The
plots of log kobs versus 1/D are straight lines with negative slope (figure- 5). Amis®* had shown
that in a linear plot of logkebs versus 1/D indicates two dipoles or an ion-dipole reaction. In the
present investigation a plot of logkobs versus 1/D gives a straight, clearly supporting that there
is an involvement of two dipoles or an ion-dipole in the rate determining step.

2.7 Effect of MnSO4 on Rate of Reaction

It was observed that an addition of Mn(II) ions retard the rate of reaction with increase in
concentration of Mn(II) ions(Table-3). The result is similar with the observation of Zaheer
Khan et al'! in the oxidation of thiourea by chromium (VI).Cr(IV) combines with Mn(II) to
give Mn(Ill) & Cr(Il) Mn(III) is slow oxidant than Cr(IV) in this low acidic conditions.

ISSN No. 2277-4963  Vol. 13 (April) 2022  Impact Factor : 5.2 @VIJMST Page 32




VIKAS INTERNATIONAL JOURNAL

Therefore decrease in rate by addition of Mn(Il) supports formation of Cr(IV) in the reaction
course.

Figure-5
VARIATION OF RATE WITH
SOLVENT COMPOSITION
2.5 + logk ., versus 1/D

obs

0 0'11/D » 1d). 0.3

Table- 3: Variation of Rate with MnSO4 Concentration

[PCC] = 2.5x107 mol dm? [HC1O4] = 0.01 mol dm™
[Thiourea] =2.5x102 mol dm? Temperature = 300 K
DMF: Water = 50:50 %( v/v)
[MnSO4]x 10° mole/dm? 0.0 2.0 4.0 5.0 7.0 9.0 10.0
Kobs X 10° sec”! 32.60 [30.80 |28.50 |25.15 2327 ]21.20 ]20.90
3.0 Mechanism

On the basis of above experimental results the following reaction mechanism has
been proposed for the oxidation of thiourea.

- + - +
O PyH O PyH
‘ + k ‘ +
o=Ccr—0 + H = = O=Cr—OH
Cl Cl
[Protonated PCC]
[ PCC]
- +
O PyH
NH K4
o—— Cr+—OH 4+ s—cC < 2 — Complex[C]
NH, K4
Cl
[CI’(V|)] [Thioureal]
rds ) NH .
Complex[C] ——» S—¢C ( + Cr(V) + H
NH,
Free Radicl
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o HN NH
NH Dimerization
25— c& > Ne—s—s—c?
/ AN
NHy H,N NH,

2 Cr(V)

Y

Cr(VI) + Cr(1V)

+

2Cr(Vl) 4 6SC(NH,), ———— 3 NH,(NH)CSSC(NH)NH, + 2Cr(lll) + 6H

4.0 Rate Law

On the basis of above mechanism the rate law can be expressed as:
Rate of reaction = — % a [C]
=k [C] . 1
Concentration of complex, [C] can be calculated by applying steady state concept.

Rate of formation of complex = Rate of disappearance of complex

ki [TU] [PCClprot. = k-1 [C] + k [C] e 2
Since

[PCC]total = [PCC]prot. + [C]

Therefor

[PCClprot. = [PCCliotar — [C] B 3
Hence

ki [TU] {[PCCliot — [C]} = (k-1 +k) [C]
ki [TU] [PCClrotal — k1 [TU] [C] = (ka1 + k) [C]
ki [TU] [PCClJeotar = ki [TU] [C] + (k1 +k) [C]

ki [TU] [PCClooa = {ka1+k +k [TU]} [C]

_ k4 [TU] [PCC]total
[C] = k-1 + K +kq [TU]

_ [TU] [Pcc]total

K+ ok
k—1+ [TU]

_ [TU)[PCCltoral
kp + [TU]
Hence
Rate =k [C]
— 1 [TU] [PCCltotal
km + [TU]

=k [PCCliotal = Kobs [PCCliotal ( when [TU] = constant )

Where
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PR

kobs =k Km + [TU]
1 km 1 1
- mT K

obs

There for km can be calculated by intercept of plot 1/ kobs versus 1/ [TU].

CONCLUSIONS

The reaction is of first order with respect to [PCC], [Thiourea], and [ H] ion. The study on the
oxidation of Thiourea by pyridinium chlorochromate in DMF-water media in the presence of
perchloric acid reveals that the neutral Thiourea take part in the reaction, protonated Thiourea
is not involved in the reaction. The Michaelis—Menten type kinetics is observed with respect to
Thiourea. Although the intercept value is very small but the value indicates the formation of
complex which may be highly reactive so concentration will be very small at any time. The
reaction was carried out at different temperatures. Arrhenius equation is valid for temperature
range Studied. The thermodynamic parameters indicate that the reaction is entropy controlled.
The overall mechanistic sequence described here is consistent with the product analysis and
by kinetic and mechanistic studies.
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ABSTRACT-

On every continent, corporate social responsibility is being practiced in a historical manner
for several decades. 80% of the world’s 250 largest companies actively issues corporate social
responsibility (CSR) reports on their efforts towards sustainability. We’ve come a long way
since companies first started to apply very early forms of CSR in the 1910s. So how did we
get to where we are and how has CSR evolved over the years? The aim of this paper is to
briefly discuss the overall journey CSR from its emergence to present scenario.

KEY WORDS: CSR, Sustainability, Philanthropic approach.
DEFINITIONS-

According to Philip Kotler and Nancy Lee define CSR as “a commitment to improve
community well- being through discretionary business practice and contribution of corporate
resource”

Whereas Mallen Baker refers to CSR as “a way companies manage the business processes to
produce an overall positive impact on society.”

The world business council for sustainable development is defines CSR as “the continuing
commitment business to behave ethically and contribute to economic development while
improving the quality of life of the workforce and their families as well as of the local
community society at large”

PURPOSE OF STUDY-

This paper is mainly concern with the emergence of CSR step by step. Emergence of CSR
globally and in India both aspects are taken together in this paper. The purposes of the paper
are:
* To analyze the need of CSR globally as well as Indian context.
* To analyze various economist and world level originations views about Corporate
Social Responsibility.
* To study the process of a Philanthropic approach of CSR becomes a legal obligation
in India.

* To study the process of a Philanthropic approach of CSR becomes a legal obligation
in India.

* To examine the present position of CSR in India after implementation of New
Companies Act 2013.

* To examine the CSR activities pattern in changing situations.

Briefly discuss the overall journey of CSR from emergence to present scenario.
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SIGNIFICANCE-

This study gives a significance contribution to the work of literature concerning the
development of the concept of Corporate Social Responsibility and the implementation of
socially responsible activities during 19" century to 21° century.

This study provides insights into the corporate strategies in response to various changes in the
environment.

This study discuss that, in order to encourage companies to become more involved in socially
responsible activities, the support of government and regulatory institutions and more active
cooperation with business are necessary.

METHODLOGY-

Looking into requirement of the purpose of the research paper the research design employed
for descriptive type. The secondary data is collected from various sources like journals, news
articles, Books and Websites that have been observed and used which are enumerated and
recorded.

LITERATURE REVIEW-

“Federation of Community Development Learning” in context of community development
put emphasis on educating, enabling and empowering the local people.

The United Nations concentrates on self-reliance and creative features of a society to achieve
its long run or short run aims, along with the roles of CSR in any business. UN explains
“Community Development is an organized effort of individuals in collaboration with external
organization.” These external organizations, involves non-government as well as government
organization, MNCs (Multi-National Corporations) and some Medium scale or Small Scale
Enterprises (SMEs).

Keith Davis, explained “Corporate Social Responsibility” in terms of

“businessman decisions and actions taken for reasons at least partially beyond the firm’s direct
economic or technical interest”. Davis expressed that CSR is responsible in providing financial
profits to a company and its must be referred in decision making situations. Additionally, he
declared that “some socially responsible business decisions can be justified by a long,
complicated process of reasoning as having a good chance of bringing economic gains to the
firm, thus paying it back for its socially responsible viewpoint”.

Horrigan indicated CSR, at the “G8 Summit of World Leaders in 2007, “CSR has emerged
clearly from a secondary global concern into the spotlight as primary international policy issue
listed at par with climate change, international security, sustainable development and free
trade and investment”.

Auginis and Glavas presented a paper “What we know and don’t know about CSR: A review
and research agenda” made use of over 102 books and 588 published journals to form a
structure of CSR activities and its outcomes which can affect the internal and external stake
holders.

Auginis and Glavas, “Corporate Social Responsibility and Employee Engagement: Enable
Employees to Employ More of Their Whole Selves at Work”. The finding of their research
determined the value of originality which means “being able to show ones whole self at work”
which enhance the relation among involvement of employees and CSR.
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HISTORY OF CSR-

Howard Bowen is the father of modern CSR. An American economist, he has been credited
with coining the term “corporate social responsibility”. In his landmark book “Social
Responsibility of Businessmen” in 1953. According to Bowen, “CSR refers to the obligations
of businessmen to pursue those policies which are desirable in terms of the objectives and
values of our society” This has become the backbone by which modern CSR principles are
based.

The seeds of corporate social responsibility (CSR) were starting to be sown, in the 1940s with
the fallout of World War 11, companies like Hormel, known for producing Spam, provided
food supplies for those affected by the War. In 1950s, the Red Scare running rampant,
corporate America was urged to expand business social responsibility as a means of aligning
business interests with the defence of free-market capitalism.

In Atlanta a city in Georgia, in 1964, social conservatives refused to support an integrated
dinner honoring Noble Prise winner Dr. Martin Luther king Jr. CocaCola, puts its foot down
and forever changed Atlanta’s history.

In 1982, an entrepreneur Paul Newman started, “Newman’s Own”, a line of food products.
All of the company’s after tax profits were donated to educational and charitable
organizations. It was the first of its kind to offer consumer the ability to actively participate in
a company’s philanthropic approach through their products.

The 90s and 2000s, it was the start of the digital age, and with it, came greater awareness of
global issues, from poor labour practices in China, to human rights violations in Africa. In
response to these now global issues, President George HW Bush spearheaded a grassroots
movement known as Points of Light, a volunteering program that mobilizes people to take
action on the causes they care about through innovation programs, events, and campaigns.

As we enter the final stages of the 2010s, CSR has seemingly pivoted yet again with
sustainability taking center stage. Climate change and environment has become a defining
issue, and it’s spurred the development of innovative new approaches to CSR strategy.

EMERGENCE OF CSR IN INDIA-

The history of CSR in India has its four phases which run parallel to India’s historical
development and has resulted in different approaches towards CSR.

The First Phase

The first phase (1850-1914) - In the first phase charity and philanthropy were main drivers of
CSR. With the arrival of colonial rule in the India from the 1850s onwards the approach
towards CSR changed, in the 19" century sum industrial families were strongly inclined
towards economic as well as social consideration.

The Second Phase

The second phase (1914-1960) — In the second phase. During independence movement, there
was increased stress on Indian industrialists to demonstrate their dedication towards the
progress of the society. This was when Mahatma Gandhi introduced the nation of
“trusteeship”, according to which the industry leaders had manage their wealth so as to benefit
the common man.

The Third Phase

The third phase (1960-1980)-the third phase of CSR had its relation to the element of “Mixed
economy”’, emergence of public sector undertaking (PSUs) and lows relating labour and
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environmental standards. PSUs were set up by the state to ensure suitable distribution of
resource (wealth, food) to the needy.

The Fourth Phase

The fourth phase (1980 until the present)-In the 1990s the first initiation towards globalization
and economic liberalization were undertaken.

All corporate should try and bring about change in the current social situation in India in order
to have and effective and lasting solution to the social woes. Partnership between companies,
NGOs and the government should be facilitated so that a combination of their skills such as
expertise strategic thinking, manpower and money to initiate extensive social change will put
the socio economic development of India on a fast track.

LEGAL FRAMEWORK OF CSR-

The first formal attempt of Government of India in 2009, by issuing of Corporate Social
Responsibility Voluntary Guidelines by Ministry of Corporate Affairs (MCA). The Guidelines
0f 2009 were followed in 2011 by the National Voluntary Guidelines of Social, Environmental
and Economic Responsibility of Business, issued by Ministry of Corporate Affairs (MCA).

The transition from a voluntary CSR regime to a regulated regime came when the Securities
Exchange Board of India (SEBI) required the top 100 listed companies, as a part of clause 55
of the Listing Agreement, to mandatorily disclose their CSR activities in the Business
Responsibility Reports(BR Reports) accompanying the Annual Reports.

Finally a landmark decision made by Government of India in 2013.India’s new Companies
Act 2013 has introduced the concept of Corporate Social Responsibility in India forefront. In
India, the concept of CSR is governed by clause135 of the Companies Act 2013. With the
implementation of the new Companies Act from April 1, 2014 India has become the only
country in the world with legislated Corporate Social Responsibility (CSR).

The provision within the Act is applicable to companies with-

* An annual turnover of 1000 corers and more or * A net worth of 500
corers and more or

* A net profit of 5 corers and more.

The Act encourage companies to spend at least 2% of their average net profit in the previous
three years on CSR activities , as defines under schedule VII.

As per schedule VII of Companies Act 2013, items (i) to (x) and the entities relating there to,
would qualify as CSR activities :-

1. Eradicating hunger, poverty and malnutrition, promoting preventive health care and
sanitation and making available safe drinking water.
11. Promoting education, including special education and employment enhancing

vocation skill especially among children women elderly, and the differently abled
and livelihood enhancement projects.

1il. Promoting gender equality ,empowering women , setting up homes and hostels for
women endorphins , setting up old age homes day care centers and such other
facilities for senior citizens and measure for reducing inequalities faced by socially
and economically backward groups.

1v. Ensuring environmental sustainability ecological balance protection of flora and
fauna, animal welfare, agro forestry, conservation of natural resources and
maintaining quality of soil, air water.
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V. Protection national heritage , art and culture including restoration of building and
sites of historical importance and work of art ,setting up public libraries ,promotion
and development of traditional and handicrafts.

V. Measure for the benefits of armed forces veterans, war widows and their dependents.

Vil. Training to promote rural sports nationally recognized sports Paralympics sports or
Olympic sports.

viil.  Contribution to the Prime Minister’s National Relief Fund or any other fund set up
by the Central Government for socio-economic development

and relief and welfare of the scheduled caste, the schedule tribe, other backward
classes, minorities and women.

IX. Contribution or funds provided to technology incubators located within academic
institutions which are approved by the Central Government.
X. Rural development projects.

If the corporate fails to pay such amount, the Board shall surrender its report and ask for the
explanation for not spending the amount.

Recently, companies amendment bill 2019 passed in Lok Sabha according to this, if the
company not spend its CSR fund in a fixed time period then that amount is automatically
deposited in central Government special account like clean Ganga fund, PM National Relief
Fund.

Constitution of CSR committee- three or more directors, out of which at least one director
shall be an independent director. If a private company having only two directors on its Board
shall constitute its CSR Committee with two such directors.

Calculation of Net Profit- The CSR rules have clarified that in order to determine the ‘Net
Profit’, divided income received from another Indian company or profits made by the
company from its overseas branches have been excluded. Moreover, the 2% CSR is computed
as 2% of the average net profits made by the company during the preceding three financial
years. Computation of net profit for section 135 is as per section 198 of the Companies Act,
2013 which primarily is

NET PROFIT BEFORE TAX.

Treatment of unspent amount- Unspent amount relating to an ongoing project under the
company’s CSR policy, the amount shall be transferred by the firm in less than 30 days from
the end of the financial year to an exclusive amount to open by a firm in any schedule bank.

The amount shall be designated as ‘Unspent Corporate Social Responsibility Account’, and
the fund shall be used towards its obligations under the CSR policy within a period of three
financial years from the date of transfer.

Fines and Penalties for non-compliance-In case a company fails to comply with the
provision relating to CSR spending, transferring and utilising the unspent amount, the
company will be punishable with a minimum fine of Rs 50,000 which may increase to Rs 25
lakhs. Further, every officer of such company who defaults in the compliance will be liable
for a punishment which is imprisonment for a term which may extend to three years or with a
minimum fine of Rs 50,000 which may increase to Rs 5 lakhs, or both.

CORPORATE SOCIAL RESPONSIBILITY IN PRESENT SCENARIO-

Another notification was issued on March 28, 2020, which specified that companies can
indulge in CSR activities related to COVID-19 by donating the money to Prime Minister’s
Citizen Assistance and Relief India is the first country in the world to make Corporate Social
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Responsibility (CSR) mandatory following an amendment the Companies Act, 2013 in April
2014. The provision of CSR may be said to be successful in India as more and more companies
are now indulging in CSR activities. As per the CRISIL CSR yearbook, 2017, 1,505 of the
listed companies at Bombay Stock Exchange were eligible under the section 135 criteria. 77%
of the companies reported spending of CSR activities in 2016, in contrast to 75% companies
in 2015. The CRISIL CSR Yearbook, 2019, stated that in 2018, 1,913 companies met the
criteria under the section 135 of the Companies Act, 2013; of which 1,246 companies spent
the funds on CSR (more than 2/3" spent over 2% of their net profits and 153 companies, i.e.
12% spent 3% or more).

The PRIME Database reports that the CSR spend has overall increased by 7% to

Rs 9,034 Crores from 2015-2016 to 2016-2017.1t was reported in India’s CSR Reporting
Survey that N100 companies that had spent 2% or more for CSR activities in the year 2018-
2019.

COVID-19 had a significant impact on CSR activities, from policy change to diversion of
funds towards COVID-19 related issues. The following policy changes were implemented by
the government-

1- Funds’ and ‘Chief Minister’s Relief Funds’. It also allowed for 100% tax exemption
for the donated fund under the Income Tax Act, 1961. On March 23, 2020, Ministry
of Corporate Affairs (MCA) introduced the first notification which declared
COVID-19 to be notified disaster and allowed the companies to spent CSR funds
under schedule VII activities related to promoting healthcare, sanitation and disaster
management.

2- In Emergency Fund or PM CARE FUND, This however confusion as to whether
only this fund was a permissible expenditure under schedule VII. Therefore, MCA
issued another notification on April 10, 2020, clarifying the areas will CSR funds
can be utilized and contributions made to the ‘state Relief’.

CSR is taking some burden off frontline health workers by supplementing public health
system, supplying hygiene kits and supporting the establishment of temporary quarantine
facilities. Companies have responded to the needs of frontline workers to stay safe and
equipped to respond to the COVID-19.

CRISIL CSR Yearbook 2020 having the title “Doing good in bad times” mentioned that
about 84 companies contributed Rs 7,537 crores during MarchMay 2020, which can be
classified as CSR spend.

CONCLUSION-

Nowadays it is necessary for corporation to create a fine balance between earning profits and
providing value to the society. This not only helps in making the society better place, but also
ensuring a better brand image and providing competitive advantage to the company. While
the CSR legislation was introduced with a positive motive of helping the society, there is still
a long way to go to successfully implement the provision pertaining to CSR. Therefore, there
is aneed to revisit the legislation from the impact perspective rather than monetary perspective
to ensure a better outcome from CSR activities.

It also should be noted that socially responsibility companies are contributing to the safety and
well being of communities and society in general in time of crisis.
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Abstract:

Climate change has been emerged as a very important force in affecting the lives and
livelihoods of people across the world, specifically for those living at the margins. Extreme
events like drought, cyclone, untimely rain and floods are devastating vast crop areas and the
farmers are suffering loss of crops and livelihoods. Also, water scarcity due to drought or
unserviceability of Water, Sanitation and Hygiene infrastructures due to submergence of the
facilities during flood or damage due to cyclone are causing disruption of basic facilities. The
effects of climate change are most likely not reversible. The situation will worsen due to climate
change because of non-availability of climate resilient infrastructure and inability to adapt
climate resilient practices at the community and household level. To efficiently use the water
resources, one should have robust metrics to measure or assess resilience. The current research
paper emphasis on impact of climate change on agricultural practices in two blocks (Chanditala
I and Jangipara) of Hooghly district in West Bengal considering a critical zone (as per CGWB)
from the groundwater point of view. Agriculture in both the blocks is vulnerable due to climate
change because crop production is influenced by rainfall, availability of water and weather
conditions. The high prevalence of small and marginal landholding in the study area those who
are resource poor to adapt measures to promote resilience can consider to be the high risk group
regarding livelihood context. Also, the farmers of Hooghly district is highly dependent on
abstracting ground water in spite of deepening ground water level and increasing cost of water,
since they have no alternative for their livelihood. The research findings in this paper clearly
indicated that many farmers are aware of possible ways of farming requiring less water but
only a very few practiced that. Those who are aware did not have the technical skill or money
to reduce dependence on water for farming and looking for low cost sustainable solution.

Keywords: Agricultural Practices;, Climate Change, Climate Resilient Infrastructure;
Livelihoods; Water Scarcity.

Background:

Climate change has been emerged as a very important force in affecting the lives and
livelihoods of people across the world, specifically for those living at the margins. The
developing and less developed countries are more prone to vulnerabilities and hazards due to
extreme events as well as variability in climatic parameters like rainfall and temperature. It has
been projected by the experts that by the end of the 21 century the atmosphere of the earth
may become warmer by between 0.3 and 5°C3 (IPC, 2013). With a 2°C global temperature
rise, up to 10 million more people could be affected by coastal flooding each year. With a 4°C
temperature rise, a 50 percent decrease in water availability could occur in East Africa and the
Middle East (Stern, 2007). In developing countries, the incidence of diarrhoea is expected to
increase by around 5 percent for every 1°C increase in temperature (Campbell-Lendrum and
Woodruff, 2007). Since the original Rio Earth Summit in 1992, floods, droughts and storms
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have affected 4.2 billion people (95 percent of all people affected by disasters) and caused
US$1.3 trillion of damage (63 percent of all damage) (GWP and UNICEF, 2014). Climate change
is predicted to affect human civilization in a way which is unprecedented in the recorded history
of the mankind. Extreme events like drought, cyclone, untimely rain and floods are devastating
vast crop areas and the farmers are suffering loss of crops and livelihoods. Also, water scarcity
due to drought or unserviceability of Water, Sanitation and Hygiene (WASH) infrastructures
due to submergence of the facilities during flood or damage due to cyclone are causing
disruption of WASH services. This will have serious implications on the health of the
community, especially children and women, whose drudgery increases many-folds due to
unavailability of water for domestic use and lack of proper sanitation facilities.

Climate change will have most severe impact on the availability of water for human use. There
will be acute conditions of water shortages as well as excess rainfall and flooding (Govt. 2015).
Also, the quality of water resources will worsen. As a result, inequality in access to adequate
and safe water will also exacerbate in future. That will have serious implications for India,
which is already a water stressed country. Per capita water availability in India is now below
1,500 cubic metres. Half a century ago, it was 5200 cubic metres (GWP and UNICEF, 2014).
The increasing usage of water due to population growth is causing pressure on availability of
water, which will be further affected due to climate change. This calls for a need to augment
water supply in water-rich regions lacking infrastructure and to augment water availability as
well as to manage water demand in water-scarce regions. Wise water management will be one
of the key goals to overcome the ensuing problem, as set out in the Paris Agreement!'. Creative
and imaginative governance is needed to manage this precious resource. To avoid impending
catastrophe, India needs to bring in or develop technology to help harness water more
efficiently and build long-term water conservation plans.

The major sources of freshwater in the world are groundwater, surface water and sub-surface
water, which includes river, streams, natural springs and waterfalls. Groundwater is one of the
most important sources of fresh water for the human settlement and is used for all kinds of
domestic and economic purposes (Bhattacharjee, 1982). Globally it is estimated that around
3.2 billion people live in agricultural areas with high to very high water shortages or scarcity,
of whom 1.2 billion people, roughly one-sixth of the world’s population, live in severely water-
constrained agricultural areas (FAO, 2020). Rapid urbanisation and population growth,
especially in developing countries is leading to faster rate of groundwater depletion which is a
serious threat to sustaining human settlement in those areas (Lal, 2009). Worsening water
quality is another problem, which will also be affected by climate change.

The State of West Bengal in India reports a very poor groundwater quality situation and the
state is one of the worst affected in terms of arsenic pollution and iron content in drinking
water. Climate change will affect both availability of water and its quality and there is need for
climate resilience in ensuring sustained water supply services of prescribed water quality.
Within this situational backdrop, the Government of India (GOI) has launched the Jal Jeevan
Mission (JJM) in 2019 for providing Functional Household Tap Connection (FHTC) to every
rural household (HH) by 2024. Further, as per the objective of JJM, it has to be ensured that
minimum of 55 Litre Per Capita Per Day (LPCD) safe water is delivered at the premises of
every HH. Source sustainability, water safety, efficient supply arrangement, responsive service
delivery and resilience to climatic variability will be essential to attain the goal. This initiative

! The PARIS AGREEMENT is a legally binding international treaty on climate change. It was adopted by 196
Parties at COP 21 in Paris, 2015, https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-
agreement
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was preceded by launching the Swachh Bharat Mission (SBM) in 2014 for making the country
Open Defecation Free (ODF) and adopting other sanitary and hygienic practices.

Study area:

The current paper is based on the two blocks in West Bengal. The location of the two study
blocks Chanditala I and Jangipara are located in Hooghly district in West Bengal, which is
shown in Figurel.l below. Chanditala I and Jangipara blocks are situated in the eastern part of
the district. Both the blocks are facing declining ground water level. The areas lies within the
interfluve where the river Hugli flows on the east and the river Damodar on the west. The area
is a meander flood plain which represents the newer alluvium (National Bureau of Soil Survey
and Land Use Planning, 2001). The Flood-plain is an area of land adjacent to a stream or river
which stretches from the banks of its channel to the base of the enclosing valley walls, and
which experiences flooding during periods of high discharge. The soils usually consist of clays,
silts, and sands deposited during floods (Bandyopadhyay, 2007). These are accumulations of
sand, gravel, loam, silt, and/or clay, and are often important aquifers, the water drawn from
them being pre-filtered compared to the water in the river. In the Flood plain groundwater
generally occurs within a thick zone of saturation under water table condition in the entire study
blocks.

Figure 1.1: The Study Area

ocation Map of Kumirmora GP under Location Map of Jangipara GP under
Chanditala | Block Jangipara Block

The areas are prone to flood due to excess
rainfall/ release of DVC water and related
issues. The land use land cover (LULC) in this
two blocks of Hooghly districts have been
worked out from satellite data (Figure 1.2).
The LULCs and its changes show different
patterns. The land-use in both the blocks of
Hooghly (Chanditala I and Hooghly) is
mostly cultivable land and built-up area
(settlement). According to the secondary data
the built-up area has increased by about 4% in
Chanditala I block, whereas cultivable land
has increased by 4.6% in Jangipara during the T ———
period 2017 to 2021. Significant decline is
observed in cultivable land in Chanditala I, while decline in water bodies is observed in
Jangipara (about 8.3%). The higher the vegetation coverage, the greater the chances of
infiltration of precipitation and groundwater recharge after deducting the soil moisture and
evapo-transpiration component. A higher percentage of built-up area indicates lower chance of
infiltration and higher runoff and therefore higher channel flow. The major livelihood of the
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area is agriculture. The main crops of the area are paddy, moong, varieties of Til (Sesame) and
vegetables during kharif and wheat and vegetables during Rabi season.

Situational Assessment: Climate Resilience at Community Level and Farmers Groups:

Many scientific researches’ have been conducted on various dimensions of climate change.
Though adaptation of climate resilient practices has to be embedded in the community but there
is inadequate study on the knowledge, attitude and practice related to climate change at the
community level especially within the farmers groups. So, it is necessary to study the
community level issues of climate resilience and how the community/farmers groups can be
made more climate resilient. Such studies have to incorporate the concept of risk and its
assessment through exploring the hazards, exposures, vulnerability and capacity (coping
mechanisms, adaptive and mitigation measures) of climatic events on WASH services as well
as on agriculture, which is the main source of livelihood in the rural areas of West Bengal.
Keeping this in mind, UNICEF West Bengal in partnership with SIGMA Foundation, a non-
for-profit organization and expert consultant, took up a study to assess the situation related to
various aspects of climate resilience on the ground. The study area was the two blocks of West
Bengal namely, Chanditala I and Jangipara in Hooghly district. These blocks are respectively
categorized as critical and semi-critical from the point of view of exploitation of ground water.
These two blocks are located within the DVCA (Damodar Valley Corporation Area), which
manages one of the oldest irrigation systems in West Bengal.

Objectives of the Study:

The objectives for this study is to know the current status of water availability including that
supplied from DVCA, use of water and the status of knowledge, attitude and practices on
climate change and the coping mechanism followed by the community and farmers groups.
The specific objectives of the study are as follows:

1. To assess the status of Knowledge, Attitude and Practices (KAP) related to climate change
and the existing coping mechanism as well as to understand the communication need in making
the community aware about climate change and adaptation of climate resilient practices related
to water.

2. To assess the status of water availability, including that from DVCA, its use and
sustainability.

3. To understand the status of agriculture in the context of water scarcity and changing climate
scenarios as well as the climate-resilience of agricultural activities.

4. To understand the role of local government, i.e., the Gram Panchayats (GPs) in enabling and
engaging community and farmers groups in ensuring Climate-Resilient Water Management
(CRWM) and Integrated Water Management (IWM) also their level of awareness.

5. To analyse the disaster preparedness of community members and the GP in the study area.

Methodological Approach:

The study adopted a mixed method research design to carry out the situational analysis of
climate-resilient water management within the community and farmers groups in the study
area. The proposed methodology consists of four steps:

i) Desk review;

ii) Designing of samples & survey tools;
iiii) Field survey;

iv) Analysis of data and report preparation.

i) Desk review: The study has reviewed the available secondary sources of information
including published reports and research articles by national and international
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organizations as well as policy documents related to CRWM, socio-economic status and
livelihood pattern. The aim of this review was to assess the current status of availability
and management of water resources, equity in access to water and its use, impacts of
climate change and adaptability of the communities and farmers groups, awareness on
climate change related issues and relevant attitude and practices. The desk review helped
to focus on the specific issues to be probed from different stakeholders.

ii) Sample design: This study adopted a mixed-method approach based on both
quantitative and qualitative data. Appropriate sample sizes were decided for both these
types of survey to ensure representation of the population based on the principles of
statistics.

(a) Samples for quantitative survey: Villages were ranked according to the percentage
of agricultural workforce (% cultivators as defined by Census 2011) to ensure the
selection of both farmer and non-farmer community group. The strata were ranked
according to the percentage of cultivators (among total workers) from highest to lowest
and from each stratum selections were done. Community were also stratified according
to their location within or outside the DVCA to compare the situation in the two
different areas. Combining the two stratification criteria to ensure variability, the four
combinations of villages in each block were considered. The sampling was done in total
10 Gram Panchayats covering a total of 10 villages in the two selected blocks.

(b) Samples for qualitative survey: The qualitative survey for the study was carried out
with the help of semi-structured interview schedules using a purposive sampling
technique. This sampling technique is dominantly used in qualitative studies in order to
reach targeted respondents who would be able to give appropriate responses on the
topic of enquiry. The sample size for the qualitative survey was determined to have in-
depth insights on various aspects as well as to reflect the qualitative aspects of the issues
probed through quantitative survey. This was done through Focus Group Discussions
(FGDs) with various types of water users/managers within the community and Key
Informant Interviews (KlIIs) with the GP functionaries and farmers groups. Since the
type of water related issues covering both availability and use within a block does not
vary much within a block, large number of FGDs may have led to saturation of
responses. Experience shows that a couple of FGDs for each type of stakeholder is
usually enough to get the key insights.

Keeping that in mind, two KIIs were conducted in each block to get useful insights on
the role of Gram Panchayat and also on the farmers’ behaviour from two sample GPs
of the block. For understanding various issues from the perspective of the community
and farmers groups, two FGDs - one with GP Pradhan and one with farmers were
conducted in each GP. FGD with farmers was conducted to assess the water use and
management practices related to farming. The participants were selected from various
social groups. Some of them were farmers and water sellers as well. All types of farmers
having different sizes of agricultural land were considered along with the sharecroppers
and farmers cultivating leased-in lands. There were total 12 FGDs (6 with farmers and
6 with community members), 6 KllIs with Gram Panchayat level Officials
(Pradhan/Upa-Pradhan or Official) and 6 KlIIs with water sellers. Thus, there were total
24 FGDs/KlIs on the qualitative aspects of the study combining all the two blocks in
the study area.
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iii) Field survey: The field survey was done by experienced field investigators and there
were two teams, one for each block. In each team there was one supervisor, an
experienced staff member and two field investigators. The field work took place in two
stages. In the first stage the mapping was conducted to identify targeted beneficiary
exhaustively. Secondly, the field coordinators looked after all types of support,
requirements of the field team members. All the ethical guidelines were maintained
during the field survey. The field survey was carried out simultaneously in two blocks
so that the same could be completed within stipulated time frame.

iv)Data analysis and report writing: The collected data was checked by domain experts.
Quantitative data entry and processing was done before final analysis using statistical
software packages (STATA). The analysis of quantitative data collected from the field
involved descriptive statistics to understand the various components of water supply
management for agricultural practices. On the other hand, the transcripts of the
qualitative data were coded and entered into ATLAS Ti for textual analysis. There was
data triangulation across various stakeholders for better insights.

Research findings from the ground level:

(i) Groundwater Availability and Agricultural Practices: Agriculture is a major
livelihood option in the study area, especially in the two blocks of Hooghly district
because of presence of fertile alluvial soil which is good for cultivation and also because
it can hold more water. Agriculture in both the blocks is vulnerable to climate change
because crop production is influenced by rainfall and availability of water and weather
conditions. Indian agriculture is more vulnerable to climate change because (i) it is highly
dependent on monsoon and (ii) high prevalence of small and marginal landholding who
are resource poor to adapt measures to promote resilience. Lack of water or excess water
may lead to decreased agricultural production. Difficulty in access to water may increase
the price of water and thereby reduce the profit from agriculture. The income losses due
to these vulnerabilities are significant. According to the Economic survey of 2017-2018,
farm income losses are greater (16-18%) for unirrigated areas compared to irrigated
areas.

(ii) Access to irrigation: On asking the farmers whether they bought water for farming
or owned a bore well themselves, it was observed that as much as 61% of the farmers in
the study area bought water for farming, which was found to be the highest in Chanditala
I block (73.5%). Having own source of water was the highest (36.4%) in Jangipara.
Therefore, most farmers had to buy water for irrigation or remained dependent on rain
fed agriculture, which is more vulnerable to climate change.

(iii) Depth of groundwater: The average depth of the well in the study area, as reported by
the farmers, was around 181 feet. That was maximum in Chanditala I (203 feet), followed
by Jangipara (170 feet). It is worth mentioning that Chanditala I is a critical block,
Jangipara is a semi-critical block. We have analysed the last 30 years ground water level
data as observed from one selected ‘Observation Well’ of each of the 2 blocks?. The
variation of ground water level over time shows that in the first two blocks it has been
declining and has reached an unsustainable level in the recent years. Apart from heavy
withdrawal of ground water, the satellite data of Chanditala I block shows that 33.6% of

2 These are the observation wells maintained by the State Water Investigation Directorate at Jangipara points and
the Janai Pz well which is located at the border of Chanditala I and Chanditala II blocks.
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the block area is already built up compared to 26.4% in Jangipara. The built-up area is found
to have increased by 4% annually in the last 4 years.

(iv) Sustainability of groundwater availability: Around 33.3% households in Jangipara
and 11.8% households in Chanditala I reported of the need to increase the depth of the
bore wells during the last 5 years. Abstraction of ground water has increased with more
people using submersible pumps, which can pump out water from deeper depth.
Abstraction of ground water was done through using submersible pumps in 88% cases in
Chanditala I and Jangipara blocks. Importantly, 12.5% farmers in Jangipara reported using
Centrifugal pumps and 5.9% farmers of Chanditala I block reported using of Centrifugal
pumps as well as deep tube wells locally known as Mini. However, as the submersible
pump is placed at a deeper level, consumption of energy and so the cost of water increases.
Climate change will further worsen the situation unless measures for arresting decline in
ground water level is taken immediately. Also, higher cost of irrigation will reduce the
economic viability of agriculture.

(v)Perception of water availability in future: 92.7% farmers in Chanditala I to 69.7%
farmers in Jangipara, reported that water will become scarce in future. So, the people are
aware of the situation they are going to face. However, they neither know how the problem
can be addressed effectively, as was expressed in the FGD (Focus Group Discussion), nor
they are organized or empowered to address the problem. A high percentage of farmers
(84.7%) in these blocks also stated that they will not be able to maintain farming activities
at the same level if the problem of water persists.

Coping Mechanisms Practiced:

Farmers were asked whether they took any measure to reduce use of water to deal with the
water crisis. There were multiple responses to this question. It is observed that the situation
of all the blocks is alarming. There will be need for more intensive cropping in such a
situation and consequently will place more pressure on existing groundwater resources.
Communities will be faced with poverty and hunger, especially during hazardous events
and will be forced to displace themselves in the urban peripheries. It has also been found
in some studies that agricultural irrigation is going to be the main cause behind the rapid
decline of groundwater level in most areas (Ramankutty et al. 2002). Studies have also
found that due to agricultural market dynamics, farmers often shift to cash crops from
traditional food crops which are more water-intensive. In a case study on China, it was
found that water consumption for agricultural land increased from 14 % to 72 % in a period
of only 20 years and there was rapid decline of groundwater table (Zhang et al.2014).
The most popular strategies of reduction in use of water were reduction in cropping area,
switching to crop requiring less water or changes in timing of cultivation. However, there
are differences in the opinions of farmers across the two districts. Most of the farmers
(60%) mentioned of reduction in cropping area or switching to crop requiring less water
(43%). In case of Chanditala I and Jangipara blocks, where more intensive agriculture is
practiced, 29% and 38% farmers in respectively reported not to have taken any measure to
reduce water use. This implies that as long as water is available, even with higher expenses,
farmers are going for water intensive crops which is a non-sustainable practice. Only 3%
to 8% of all farmers across the blocks reported that they would be able to maintain farming
activities at the same level even if there is water scarcity in the future. The various ways
of achieving the purpose as mentioned by them is shown in Table 1below. It is interesting
that adoption of community control has been the least priority and it indicates lack of
community effort and even perception about the same for overcoming water crisis. Further,
all the proposed measures will require external support and additional resources.
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Table 1: The reported methods to maintain the same level of farming in future

% HHs who reported Chanditala- I (n=68) | Jangipara (n=66)
Use seeds of existing crop requiring less water 0.0 60.0

Cultivate crop requiring less water 0.0 60.0

Will adopt micro-irrigation 50.0 100.0

Improve agronomic practice requiring less water 100.0 80.0

Reduce cropping area 00.0 20.0

Community control on growing water intensive 00.0 20.0

crop

Will store more water for farming 50.0 20.0

Source of data: based on primary field survey in Chanditala I and Jangipara blocks of West Bengal.

(a)Regulation of ground water: The West Bengal Ground Water Resources (Management,
Control and Regulation) Act 2005 was introduced to regulate sinking any bore well using
mechanical or electrical power. It may be mentioned that the system of regulation of
groundwater use has become weak after an order was issued vide No. 189 - WRIDD/SECY
dated 03/11/2011 under which exemption was provided in respects of pumps with capacity
below 5 HP or with maximum discharge of 30 cubic meters/hour. It may be mentioned that
submersible pump of 3 HP can abstract water from a depth of 600 feet. The weakening of the
regulation has the potential of pushing the crisis of ground water substantially.

(b)Practice of climate resilience farming: Although the farmers reported various options on
how they will cope in future if water scarcity persists, most of them (around 95.3%) reported
that they did not know the water conserving techniques in agriculture to promote climate
resilient farming. Only 8.6% farmers in Chanditala I block and 6.4% farmers in Jangipara were
aware of water conservation techniques related to water. Farmers who stated they were aware
of the water conserving techniques stated that they have cultivated around 3 acres of land on
an average using such techniques. The coverage was found to be higher in Jangipara (around
5 acres), while in Chanditala I, it was around 2 acres on an average. Thus, only a small portion
of farmers have started thinking on climate resilient agriculture and even less percentage of
farmers are actually practicing water conservation techniques in agriculture and none of them
mentioned of having required skill on the other methods on which they expressed their
awareness. Farmers specifically mentioned that they need training on how to reduce the need
for water in agriculture. So, this is high time to promote more water efficient farming and take
up local interventions for augmentation of ground water availability and controlling its
abstraction. The initiative has to come from the government and support of the GPs will be a
critical need to mobilize the people.

(c) Barriers to adopt climate resilient farming: All the farmers who were aware about climate
resilient farming faced lack of fund to adopt the same. It may be mentioned that farmers
expressed during the discussion that farming has become unremunerated. Therefore, spending
money to adopt climate resilient farming will not be a reality. The other major problem faced
was the lack of manpower having required skill and lack of title on the land is the other problem
reported by 14.3% farmers.

(d) Use of climate tolerant seeds: Only 57.4% farmers in Chanditala I, and 44.4% farmers in
Jangipara reported that they used flood-tolerant seeds and around 55.9% farmers in Chanditala
I, and 44.4% farmers in Jangipara reported using drought-tolerant seeds. Therefore, use of more
suitable seeds seems to be in practice to some extent but the gap is even higher.

(e) Risk perception of the farmers: The risk perception of the farmers was measured on a
Likert scale by asking the question whether they thought that their livelihood will be at risk in
future due to shortage of water. At an aggregate level, most of them (55%) agreed that their
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livelihoods may be at risk, followed by 42.4% who were sure that their livelihoods will be at
risk, reflecting high risk perception of the farmers.

() Willingness to invest in agriculture: Interviews with the farmers revealed the
unsustainability of agriculture as a livelihood, which makes them unwilling to invest in
agriculture. Farmers from both the study blocks mentioned that agriculture has become a
secondary source of income. They are reluctant to invest further on agricultural land, because
they were already incurring heavy losses or their families could not survive out of the meagre
produce that they got from cultivating these lands. The cost of water is also rising over the
years due to increasing cost of electricity and also lowering of the groundwater table, as the
water sellers had already reported. The quality of soil had also declined according to the
farmers. According to them, the same plot of land now yields less quantity of paddy and they
also had to apply more fertilizers.

From the qualitative interviews, it was revealed that the farmers practiced mostly rain fed
agriculture and did not depend on irrigation water. Most of these farmers were smallholders or
share croppers who could not afford to buy irrigation water at Rs 100 - 150 per hour. As such,
their fate was highly uncertain and in cases of monsoon failures or extreme events the crop
yield reduces drastically. Purchased water was mainly used for irrigation of Boro paddy during
the winter months. It was also reported by them that the land under Boro cultivation was not
increasing any more. Most of the land under cultivation were getting transformed to built-up
area (settlements) due to growing population and urbanization.

(g) Other reasons: It was observed from the field investigation that several impacts of climate
change on agriculture are visible. These are listed below with specific narratives derived from
the field.

1. Longer period of droughts/ dryness/water scarcity;

2. Change in seasons, weather becoming abrupt and therefore the sowing and harvesting
seasons were being affected;

3. Both the frequency and intensity of extreme events such a flood, droughts as well as cyclones
have increased over the year;

4. Erratic nature of rainfall and heavy rains have damaged crops on many occasions and,
therefore, farmers could not harvest most of the crops they have sown;

5. New species of pests have emerged which are damaging huge areas of crop. These pests
cannot be controlled even after applying very costly pesticides. Farmers reported that these
pests have emerged in the last 5-7 years and were never seen before.

Arrangement for distribution of water:

It was found that there was no community-level arrangement for distribution of the irrigation
water received from the DVCA. Only 22.6% households in the entire study area reported that
occasionally there was some community-level arrangement. The percentage stating the
presence of community-level arrangement was found to be around 28.1 % in Chanditala I and
14.3% in Jangipara. Among those who reported about the presence of community-level
arrangement of distribution of the DVCA water, everyone reported that the system was
working satisfactorily in their area. However, various problems regarding the same was
reported by the farmers of Jangipara and Chanditala I. Many farmers reported that the
community was not competent in arranging a distribution system and farmers at the upper end
do not allow water to flow down. They also reported that the availability of water was uncertain.
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Around two-third (66.3%) of the respondents agreed that the availability of DVCA water for
irrigation has declined in the last five years. The percentage was found to be maximum (around
84.4%) in Chanditala I, followed by 65.8% in Jangipara. The households living within the
command areas of the DVCA were also asked how they managed water for irrigation in case
of non-availability of water from the DVCA and multiple responses were received. The most
common coping strategy was withdrawing more underground water. That was followed by
switching to other crop varieties which required less water or reduction in farm area. A
significant percentage (30.0%) of the farmers reported that they could not cope and had to
suffer losses. The blocks of Hooghly district, withdrawing more groundwater was the most
common strategy (87.5% and 81.5% for Chanditala I and Jangipara blocks respectively). It
may be mentioned that under the West Bengal Major Irrigation and Flood Management
Programme (WBMIFMP) the irrigation infrastructures of the DVCA is being revamped and
one of the objective is to reduce abstraction of ground water in the command area of the DVCA.

Recommendations Based on Field Level Observation:

Given the high trend of abstracting ground water to cope with the water shortage, particularly
in Hooghly district, there is need for more improvement in distribution of available water as
well as building awareness of the farmers of the dangers of high abstraction of ground water
as well as practicing agriculture with more efficient use of water. That will require good
coordination among Irrigation & Waterways Department, Water Resources Investigation &
Development Department (WRIDD) and the Agriculture Department. In order that the
Panchayats also join the effort there will be also need for involvement of the Panchayat & Rural
Development Department (P&RDD).

The groundwater table is going down deeper and the sources of drinking water are drying up
or the yield of the sources is declining in summer. The situation has worsened in last 5 years,
which makes sustainability of water supply is under threat.

The community people, particularly the farmers, are willing to take local actions but had little
knowhow as to what can be done and who can help. Even the GPs do not have adequate
knowledge and technical skill how to cope with the worsening water availability for
agricultural purposes.

The reliability of water supply services has been found to be affected more by climatic causes
than the mechanical or electrical failures. Making the water supply infrastructure climate
resilient has become a need.

Promotion of social forestry and improving green cover for reduction of carbon di-oxide,
promotion of bio-fertilizer and management of solid and liquid waste to mitigate global
warming. To make people aware of how more tree cover can help recharging of ground water
and to participate in tree plantation in every possible place.

To provide training on roof top rain water harvesting, which should be made a mandatory
practice in areas which are urbanizing faster. Those GPs may be notified and people need to be
encouraged to put such arrangement in place.

To promote grey water management and reusing the water for irrigation and ground water
recharging.

Build capacity of the GP to be able to prepare and implement water security plan and ensure
participation of the people in its preparation and implementation. Plan for water resource
management should be a priority under the Gram Panchayat Development Plan (GPDP).
Farmers to be trained on water efficient farming and adopt climate-resistant practices. Crops
requiring less water but having returns similar to the existing crops need to be introduced. That
will include making appropriate seeds available locally at affordable cost and to promote bio-
fertilizers for reducing the cost of farming.
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9) There should be better communication between DVCA and the farmers directly or through the
GPs for giving prior intimation of irrigation water and release of water during excess rain as
early as possible.

10) There is also need for developing community level institution like farmers clubs/ water user
association etc. for distribution and management of water available from DVCA and that can
be safely exploited from the underground.

11) There is need for coordinated efforts of [&KkWD, WRIDD, Agriculture Department, PHED and
the P&RDD for promotion of integrated water management and climate resilient farming.
There is also need for sensitization of the block and district level officials of those department.

12) There may be specific funding for making the community climate resilient with a guideline on
what activities can be taken up and how. GPs to be encouraged to have convergence by using
various programme funds like MGNREGS and entitled funds like Finance Commission grants
for local interventions towards climate resilient. P&RDD should issue specific Government
Order in this regard.

Application of Soil Moisture Meter — A robust tool for judicious use of irrigation:

Based on various project experience, the use of soil moisture meter has been identified as a
low cost, robust, long-lasting tool easily used by any farmers without any additional cost. More
irrigation not necessarily helps increase in production but reduces production. Better
understanding of when to irrigate and when to stop irrigating the fields was demonstrated by
the project using soil moisture meter. It has helped in creating awareness in the farmers for
judicious use of water. It saves cost of irrigation, electricity & fertilizer which was earlier
getting drained with excess irrigation water. Saving of these may actually be utilized for
additional cropping fields. Observed 18% reduction in electricity charges and 13% increase in
production in mustard fields.

Further, the community and the farmers in the study blocks should adopt an inclusive and
people led approach and followed the principle of ‘do not harm’ along with adoption of best
technology based on traditional knowledge and scientific validation (IISD, 2020). In this
context, smart practices including use of weather information for farming, climate resilient
water management, reduction of carbon emission, less dependence of chemical fertilizer-based
nitrogen, more use of renewable energy and knowledge dissemination at the village level have
to be introduced to enhance community’s and farmers ability to adapt to climate change,
manage risks and reduce emissions for resilience building using pre-tested and context specific
approach.

Conclusion:

The West Bengal Major Irrigation & Flood Management Project (WBMIFMP) on improving
the irrigation water supply services in the command area of the Damodar Valley Corporation
Authority (DVCA) in a climate resilient manner is under implementation by the Irrigation &
Waterways Department (IWD) of the state with support from the World Bank and the Asian
Infrastructure Investment Bank (AIIB). There is need for a parallel intervention at the
community level and agricultural fields to make them aware of the various aspects of the
projects and how they can manage the water better in an integrated manner. They are also to
be made aware of the climate change, likely increase in intensity and duration of water stress
due to climate change, the adaptation measures at community and individual level to cope with
the problems to have synergy with the stakeholders. There will be also need for better
preparedness to reduce the risk of damages of life, property, infrastructures and livelihood due
to climate induced disasters such as flood, drought and frequent cyclone.
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Abstract

This paper examines the theme of diasporic reinvention in the plays of Djanet Sears, focusing
on how her work navigates the complexities of identity, migration, and cultural transformation.
Sears, a prominent Canadian playwright, uses her plays to explore the experiences of Black
individuals within the diaspora, addressing how they reconstruct their identities amidst varying
cultural landscapes. Central to this discussion is the analysis of three key plays: Harlem Duet,
The Adventures of a Black Girl in Search of God, and The Bronzeville Jazz. Through these
works, Sears interrogates the historical and contemporary impacts of migration on identity,
employing innovative narrative techniques and character development to highlight the process
of reinvention. Harlem Duet juxtaposes different historical periods to explore the legacies of
racial identity; The Adventures of a Black Girl in Search of God uses humor and drama to
address personal and spiritual reinvention; and 7he Bronzeville Jazz reflects on the diasporic
experience in a North American context. This paper argues that Sears’s plays provide a nuanced
portrayal of diasporic identity, revealing how individuals continuously negotiate and redefine
their cultural affiliations and personal narratives. By examining these themes, the paper
contributes to a broader understanding of how diasporic experiences are represented in
contemporary theater and underscores Sears’s role in expanding the scope of narrative
possibilities for marginalized voices.

Keywords : Diasporic reinvention, Djanet Sears, identity, migration, contemporary theater,
cultural transformation.

Introduction

In contemporary theater, the exploration of diasporic identities and the complexities of cultural
reinvention have become pivotal themes. One prominent playwright who has significantly
contributed to this discourse is Djanet Sears, a Canadian artist whose works intricately weave
the experiences of Black individuals navigating their diasporic realities. Sears’s plays are
distinguished by their profound engagement with themes of migration, identity, and cultural
transformation, reflecting both historical legacies and contemporary struggles. This
introduction provides an overview of Sears's life and works, setting the stage for a detailed
analysis of her portrayal of diasporic reinvention.

Thematic Exploration in Sears’s Plays

Central to Sears’s body of work is the exploration of diasporic reinvention, a theme that
captures the dynamic process through which individuals reconstruct their identities within new
cultural contexts. This process is particularly significant for diasporic communities, who must
reconcile their heritage with the realities of their new environments. Sears’s plays offer a rich
tapestry of these experiences, using narrative innovation and character development to examine
the intersections of history, culture, and personal identity.
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Premiering in 1997 at Toronto’s Factory Theatre, Harlem Duet is one of Sears’s most
acclaimed works. The play is set during the Harlem Renaissance and explores the complexities
of an interracial relationship. Through its non-linear narrative, the play juxtaposes the 1920s
and the 1960s, revealing how historical racial tensions continue to impact contemporary lives
(Sears 1997). The play’s structure highlights the enduring legacies of racial dynamics and
provides a nuanced examination of how individuals and communities navigate their identities
amidst changing social landscapes.

The innovative use of time and space in Harlem Duet serves to illustrate the persistent influence
of historical injustices on present-day experiences. By intertwining different periods, Sears
foregrounds the ways in which historical and personal narratives converge to shape diasporic
identities.

In The Adventures of a Black Girl in Search of God (2001), Sears combines humor with
profound social commentary to address themes of spiritual and personal reinvention. The play
follows a young Black woman as she navigates the expectations imposed by society and
religion, seeking to define her own path amidst competing pressures (Sears 2001). The comedic
elements in the play provide a counterpoint to its more serious themes, creating a multifaceted
portrayal of the protagonist’s quest for identity and fulfillment.

Sears’s use of humor and drama in this work allows for a nuanced exploration of personal and
cultural reinvention. The play highlights the tension between individual desires and communal
expectations, offering insights into the ways in which diasporic individuals negotiate their
identities.

The Bronzeville Jazz reflects Sears’s continued exploration of diasporic themes, focusing on
the African-American experience in a North American context. Set in a fictionalized version
of the historic Bronzeville neighborhood, the play addresses issues of displacement and
belonging, reflecting on the impact of migration on cultural identity (Sears 2006). The play’s
setting and narrative structure underscore the complexities of maintaining cultural ties while
adapting to new environments.

Through its depiction of the African-American diaspora, The Bronzeville Jazz expands on
Sears’s exploration of how cultural and personal identities are continuously reconstructed. The
play highlights the challenges faced by diasporic communities in preserving their heritage
while integrating into broader societal contexts.

Diasporic Reinvention in the Plays of Djanet Sears: A Critical Analysis

Djanet Sears, a renowned African-Canadian playwright, has made significant contributions to
the Canadian theatre scene by exploring the experiences of African-Canadians and their
diasporic connections (Hall, 1996). Her plays, such as Afrika Solo (1990), Harlem Duet (1997),
and Bluemouth Inc. (2002), are exemplary of diasporic reinvention, where the playwright
reimagines and reinterprets the African diasporic experience.

The concept of diasporic reinvention refers to the process of reimagining and reinterpreting
one's diasporic identity, often through art and creative expression (Sears, 1990). This
theoretical framework is rooted in the work of cultural theorists such as Stuart Hall, who argues
that identity is always in a state of flux, constantly being negotiated and redefined (Hall, 1996).

In Afrika Solo, Sears presents a powerful exploration of the African-Canadian experience
through the character of Afrika Solo, a Trinidadian-Canadian musician who embarks on a
journey to discover his roots (Sears, 1990). The play is a masterclass in diasporic reinvention,
as Afrika Solo navigates the complexities of his identity, struggling to reconcile his Trinidadian
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heritage with his Canadian upbringing (Hall, 1996). Through Afrika Solo's story, Sears
highlights the tension between cultural identity and national belonging (Sears, 1990).

The play's use of music and performance serves as a powerful metaphor for diasporic
reinvention (Sears, 1990). Afrika Solo's music is a fusion of Trinidadian calypso and African
rhythms, reflecting his own cultural hybridity (Sears, 1990). Through his music, Afrika Solo is
able to express and connect with his African-Canadian heritage, reclaiming a sense of identity
that has been lost or suppressed (Hall, 1996). This emphasis on music and performance
highlights the role of art in facilitating diasporic reinvention (Sears, 1990).

In Harlem Duet, Sears explores the complex relationships between generations within the
African-Canadian diaspora (Sears, 1997). The play follows two characters, Langston and Ellen,
who are brought together by their shared experiences as African-Canadians living in Harlem
(Sears, 1997). Through their conversations and interactions, Sears highlights the ways in which
intergenerational connections can facilitate diasporic reinvention (Hall, 1996).

Langston and Ellen's stories serve as a powerful reminder of the importance of preserving
cultural heritage and traditions (Sears, 1997). Langston's struggles to come to terms with his
mixed heritage — his father is African-American, while his mother is African-Canadian —
highlight the challenges faced by individuals who must navigate multiple cultural identities
(Sears, 1997). Ellen's experiences as a black woman living in Canada during the 1950s and
1960s serve as a powerful testament to the resilience and determination of African-Canadian
women (Sears, 1997). Through their stories, Sears underscores the importance of
intergenerational connections in facilitating diasporic reinvention (Hall, 1996).

In Bluemouth Inc., Sears presents a play that is both critically acclaimed and commercially
successful (Sears, 2002). The play follows a group of individuals who come together to form
a blues band, drawing on their diverse cultural backgrounds to create a unique sound (Sears,
2002). Through Bluemouth Inc., Sears explores the ways in which globalization can facilitate
diasporic reinvention (Hall, 1996).

The play's use of music serves as a powerful metaphor for global connection (Sears, 2002).
The characters' diverse musical backgrounds — including blues, jazz, rock, and hip-hop — reflect
their shared experiences as members of a globalized world (Sears, 2002). Through their music,
they are able to transcend cultural boundaries and connect with one another on a deeper level
(Hall, 1996). This emphasis on global connection highlights the ways in which diasporic
individuals can use art and music to bridge gaps between cultures and communities.

Critical Reception and Impact

Djanet Sears' plays The Adventures of a Black Girl in Search of God and Harlem Duet ofter
profound explorations of diasporic reinvention, illustrating how individuals in the diaspora
navigate their cultural identities amidst the pressures of assimilation and historical legacy.
These works reveal the complexity of identity formation and the transformative power of
historical and cultural engagement.

In The Adventures of a Black Girl in Search of God, Sears presents a multifaceted narrative
that blends personal quest with cultural and spiritual exploration. The protagonist, a young
Black woman, embarks on a journey to reconcile her cultural heritage with her contemporary
realities. This quest is portrayed through a series of encounters and experiences that highlight
the tension between maintaining one's cultural roots and adapting to a predominantly Western
society. Sears utilizes a mix of humor and introspection to depict the protagonist's struggles
and triumphs, emphasizing the fluid nature of diasporic identity (Sears, The Adventures of a
Black Girl in Search of God, 2001).
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Central to this play is the theme of spiritual and cultural searching. The protagonist’s journey
reflects a broader exploration of identity that includes examining personal and communal
histories. Through her encounters with various characters and cultural symbols, she engages in
a process of self-discovery that underscores the importance of understanding one's heritage
while navigating the demands of modernity. Sears' use of allegory and symbolic encounters
enriches the narrative, allowing the audience to appreciate the protagonist’s reinvention as a
complex and multifaceted process.

Harlem Duet, on the other hand, offers a historical and cultural commentary on the Black
experience in America, particularly within the context of Harlem’s rich cultural history. The
play explores the life of a Black woman whose personal relationships are deeply affected by
the socio-political climate of Harlem. The title itself alludes to the Harlem Renaissance, a
period of significant cultural and artistic development for African Americans. Sears weaves
historical references into the narrative, linking personal and historical trauma to the character's
present struggles (Sears, Harlem Duet, 1997).

The play examines the impact of historical legacies on individual identity, focusing on the
protagonist's internal conflict between her personal desires and her cultural heritage. By
situating the character's experiences within the broader historical context of Harlem, Sears
highlights how historical and cultural forces shape and complicate the process of diasporic
reinvention. The interplay between past and present in Harlem Duet illustrates how historical
consciousness is integral to understanding and redefining one’s identity in the diaspora.

Both plays demonstrate Sears' adeptness at using theatrical techniques to explore themes of
identity and reinvention. In The Adventures of a Black Girl in Search of God, Sears employs a
narrative structure that allows for a multifaceted exploration of cultural and spiritual themes.
Similarly, in Harlem Duet, the historical and cultural references enrich the narrative, providing
a deeper understanding of the protagonist’s struggles and reinventions.

Djanet Sears’ The Adventures of a Black Girl in Search of God and Harlem Duet offer rich,
nuanced portrayals of diasporic reinvention. Through her intricate use of narrative structure,
symbolism, and historical context, Sears provides a compelling exploration of how individuals
in the diaspora navigate and negotiate their identities. These plays underscore the ongoing
process of identity formation amidst cultural and historical complexities, highlighting the
resilience and adaptability of diasporic communities.

The Bronzeville Jazz is a vibrant and evocative exploration of the rich cultural and musical
heritage of the Bronzeville neighborhood on Chicago's South Side during the early 20th
century. This neighborhood, often celebrated as the epicenter of African American culture and
artistic expression, was renowned for its influential contributions to jazz music and the broader
cultural renaissance known as the "Harlem Renaissance."”

The play intricately weaves historical and fictional elements to capture the essence of the jazz
scene that flourished in Bronzeville. It showcases the lives of musicians, dancers, and
community members who shaped and were shaped by this dynamic cultural milieu. The
narrative explores themes of artistic ambition, racial identity, and socio-economic struggles,
offering a poignant reflection on how jazz served as both an artistic expression and a means of
resistance against systemic oppression.

The Bronzeville Jazz also highlights the vibrant interplay between music and social activism.
Jazz was not only a form of entertainment but also a vehicle for expressing the joys and pains
of the African American experience. Through its rich dialogue and musical interludes, the play
immerses audiences in the sounds and rhythms of the era, offering a sensory journey into a
transformative period of American history.
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Overall, The Bronzeville Jazz is a tribute to the enduring legacy of Bronzeville's jazz scene,
celebrating its role in shaping American music and culture while acknowledging the broader
social struggles of the time.

Sears’s work has been widely acclaimed for its innovative approach to storytelling and its
profound engagement with themes of race and identity. Critics have praised her ability to blend
historical analysis with personal narrative, creating plays that resonate with both historical
significance and contemporary relevance. For instance, Jane Fagan’s analysis in Theatre
Review Quarterly highlights Sears’s unique contribution to Canadian theater, noting her role
in expanding the representation of Black voices and experiences (Fagan 2020).

Alicia Gordon’s study in the Journal of Canadian Theatre Studies further underscores the
impact of Sears’s work, particularly in its examination of race and identity. Gordon argues that
Sears’s plays offer a critical perspective on the diasporic experience, challenging stereotypes
and providing a nuanced portrayal of cultural reinvention (Gordon 2022).

Conclusion

Djanet Sears’s plays represent a significant contribution to the discourse on diasporic identity
and reinvention. Through her exploration of themes such as migration, identity, and cultural
transformation, Sears provides valuable insights into the experiences of Black individuals
navigating their diasporic realities. Her innovative narrative techniques and profound thematic
engagement have established her as a key figure in contemporary theater, influencing both the
representation of diasporic communities and the broader understanding of cultural identity.

Djanet Sears' plays are exemplary examples of diasporic reinvention, offering powerful
explorations of identity, culture, and belonging within the African-Canadian diaspora. Through
her work, Sears highlights the importance of intergenerational connections, global connection,
and artistic expression in facilitating diasporic reinvention. Her plays serve as a testament to
the resilience and creativity of African-Canadians living in Canada, offering a platform for
them to express and reinterpret their cultural identities. The subsequent sections of this paper
will delve deeper into Sears’s exploration of diasporic reinvention, analyzing her key works
and their contributions to the discourse on identity and migration. By examining the thematic
and narrative elements of Sears’s plays, this paper aims to shed light on the ways in which her
work reflects and shapes contemporary understandings of diasporic experiences.
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Abstract

This paper explores the relevance and potential contribution of Vedic Mathematics to
contemporary formal education. Vedic Mathematics is a system of mental calculation based on
16 sutras and 13 sub-sutras — techniques rediscovered from ancient Indian texts. In the era of
globalized education reform and India’s National Education Policy (NEP) 2020, integrating
traditional knowledge systems has gained traction. Through literature review, comparative
analysis, and educational research studies, this paper argues that Vedic Mathematics can
enhance student engagement, computational fluency, and problem-solving skills in modern
classrooms.

Introduction

Mathematics education often struggles with student disengagement, math anxiety, and reliance
on procedural techniques without deep conceptual understanding. Vedic Mathematics refers to
a set of computation techniques originally named and systematized in the early 20th century,
though claimed to be rooted in ancient Indian Vedic literature. These methods offer shortcut
strategies for operations such as multiplication, division, factorization, and square roots, often
making calculations faster and more intuitive.

Significantly, educational reforms in India — particularly under NEP 2020 — emphasize
reintegration of Indian Knowledge Systems (IKS) into mainstream education, advocating
holistic, culturally grounded learning. Vedic Mathematics, as part of IKS efforts, is positioned
as an educational tool that can support cognitive development and enrich existing curricula.

Literature Review
1 Historical and Theoretical Foundations

Vedic Mathematics is built around a collection of sutras which serve as general principles for
mathematical thinking. These sutras provide alternative routes to solving problems that are
often more direct than traditional algorithms. Research suggests that these principles encourage
pattern recognition and conceptual understanding rather than rote memorization.

2 Benefits in Education
Studies have documented several pedagogical benefits:

o Enhanced Calculation Speed and Accuracy — Vedic methods often reduce multi-
step procedures to fewer steps, improving computational speed and accuracy.

o Improved Problem-Solving and Cognitive Skills — Incorporating these techniques
has been linked to better performance in problem-solving tests and increased
confidence.

o Greater Engagement — Research indicates that students taught with Vedic techniques
demonstrate higher interest and active participation in math classes compared to
traditional methods alone.
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Methodology

This paper synthesizes findings from recent educational studies, policy analyses, and
curriculum developments related to Vedic Mathematics. Key sources include journal articles
examining student outcomes, cognitive effects, and curriculum integration reports.
Comparative evaluation with conventional math instruction also informs the discussion.

Integration into Contemporary Education
1 Policy and Curriculum Developments

India has seen concrete steps toward integrating Vedic Mathematics into formal education. For
example, some states have introduced Vedic Mathematics into NCERT textbooks for middle
school, training teachers in these methods to boost numerical skills and reduce math fears.

Higher education institutions are also expanding offerings related to Indian Knowledge
Systems including Vedic Mathematics as part of elective or minor courses — reflecting a
broader curricular shift toward interdisciplinary learning grounded in cultural heritage. (

2 Alignment with NEP 2020 Goals

NEP 2020 promotes a learner-centric, flexible curriculum that connects foundational
knowledge with higher-order thinking and real-world application. Vedic Mathematics supports
this by fostering:

e Critical Thinking
o Mental Agility
e Creativity in Problem Solving

By combining traditional wisdom with modern pedagogical strategies, educators can reduce
math anxiety and build foundational fluency in learners.

Discussion
1 Educational Advantages
Integrating Vedic Mathematics addresses several persistent challenges in math education:

e« Math Anxiety Reduction: Students often experience math anxiety due to perceived
complexity. Vedic techniques’ emphasis on simplicity and mental strategies can reduce
this barrier.

o Development of Logical Skills: By encouraging pattern recognition and diverse
solution strategies, students enhance logical thinking and flexibility.

o Engagement and Participation: Studies show that interactive methods rooted in Vedic
Mathematics increase classroom engagement, enhancing active learning and curiosity.

2 Challenges and Considerations

Despite its benefits, implementing Vedic Mathematics in mainstream education faces
challenges, including:

o Teacher Preparedness: Effective use requires teacher training in Vedic techniques and
pedagogy.

e Curricular Balance: There is a necessity to maintain balance — Vedic methods should
complement, not replace, core mathematics foundations.
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o Acceptance and Research Validation: While research highlights positive trends,
further longitudinal and large-scale studies are needed to assess long-term impact across
diverse educational contexts.

Conclusion

The relevance of Vedic Mathematics in the contemporary education system is significant and
multifaceted. When integrated thoughtfully, it can enrich mathematical learning by enhancing
calculation skills, boosting student engagement, and aligning with holistic educational reforms
like NEP 2020. However, successful integration depends on strategic curriculum planning,
teacher training, and continued empirical research. Ultimately, Vedic Mathematics represents
a bridge between traditional knowledge and modern educational goals, contributing to a more
inclusive and intellectually stimulating learning environment.
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