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ABSTRACT 

In order to maintain health and to prevent, diagnose, or to treat physical and mental illness, traditional medicine 

plays key role. These traditional medicine practices can include plants and herbs. The current study focused on 

the preliminary quantitative and qualitative analysis with antimicrobial activity of various extract of different 

bits of wild Calycopteries Floribunda plants. plant parts include leaves, flowers, stem etc. Calycopteris 

Floribunda is a rich source of secondary metabolites as well as this study is also includes the investigation of 

antimicrobial potential of n-hexane, Methanolic, acetone and aqueous extract of given plant species. The various 

extract of C. Floribundawas tasted against pathogenic bacteria such as E. coli and P. Vulgaris. The maximum 

zone of inhibition was shown by the Methanolic and aqueous extract. As Calycopteries Floribunda is rich 

source of biochemical constituents and therefor to be considered as an important medicinal plant with 

antimicrobial property. 

Keywords-Antimicrobial activity, Calycopteris Floribunda, Phytochemical analysis, Qualitative and 

Quantitative analysis, Secondary metabolites 

 

1. INTRODUCTION

Our biological ecosystem composed of number of known and unknown variety of plant species includes 

poisonous, medicinal and non-poisonous. [1] The plant has been an important source of medicine used by man 

from prehistoric time for relieving, diagnosis, treatment and ailments. [2,3] Medicinal plants play vital role in 

disease prevention [4,5]. 

C. Floribunda is a climbing shrub and found in low laying tropical region forest of western ghat and rarely in 

the eastern ghat of India. This plant species having various name in distinct region. It is commonly known as 

Ukshi, kokkarai in Hindi, minnarakoti in Tamil, adivijama in Telugu. C. Floribunda is also grown in central and 

southern parts of india also in the vidharbha region of Maharashtra. Plant synthesize diverse range of bioactive 

molecule make them rich source of different type of medicine. Higher medicinal plant consists of rich source of 

natural product play a dominant role in drug development program in pharmaceutical studies. [6,7]. 
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    Methods of treatments and effect of medicinal plants on human health were known till 18 th century, but the 

presence of bioactive molecules was unknown. [8,9]. The use of medicine was gradually expanded until today, 

in modern medicine, medicinal plants displaced from direct used and therefor they are used as raw material in 

many cases. [10]. The large area of world continues to use traditional medicine based on direct used of 

medicinal plant due to their low cost [11]. 

C. Indicum belonging to same family as C. Floribunda. Phytochemical study of C. Indicum reveals the 

occurrence of proteins, carbohydrate, tannins, steroids, etc. as well as quantitative analysis determined ash 

percentage in it. [12]. Similarly,T. Arjuna is one of the important medicinal plant of combretaceae family also 

exhibit bioactive molecule therefor it makes this plant as potential medicinal species. [13,14]. Terminalia 

Catappa is native to southern Asia which used traditionally by villagers due to its strong antimicrobial activity 

against P. aeruginosa, P. testosterone, P. Vulgaris, etc. The further investigation also indicates its wound 

healing and antidiabetic activity [15]. 

There are several species are found in combretacea family, most of the species exhibit numerous secondary 

metabolites and shows antimicrobial properties against pathogenic bacteria. [16,17] Among these species 

C.Floribunda is unrevealed species in combretacea family. The current research investigation is based on C. 

Floribunda, that reveals the presence of natural product present in it with the help of various solvent extract as 

well as its antimicrobial activity. 

 

2.MATERIAL AND METHOD  

2.1. COLLECTION OF PLANT 

Healthy and disease free various segments of C. Floribunda were collected from forest region of Bramhapuri 

taluka dist. Chandrapur and the identification of collected species were doing through professors of department 

of botany N.H. college Bramhapuri. The accumulated plants bits i.e. leave, flowers and stem was thoroughly 

washed 2 to 3 times with deionized water and kept in shaded area for drying purpose at room temperature for 10 

to 15 days. 

2.1. PREPARATION OF LEAVE, FLOWER AND STEM EXTRACT 

     Different solvent like n-hexane, acetone, chloroform, methanol, and water used for extract preparation. Dried 

plant segments were separately pulverized into medium fine powder using grinder. 10 to 15 g powder of each 

segments of selected plant were taken in different thimbles made up of filter paper and was put into soxhlet 

extractor. All material was extracted using soxhlet extraction apparatus for approximately 10 to 12 hours using 

following solvents.[18,19,20]

i. n-hexane – 10 to 12 hrs. (leaves, flowers and stem) 

ii. Acetone – 6 to 8 hours (leaves, flowers and stem). 

iii. Chloroform - 10 to 12 hours. (leaves, flowers and stem). 

iv. Methanol – 10 to 12 hours. (leaves, flowers and stem). 

v. Water - 10 to 12 hours. (leaves, flowers and stem). 

Leaf, flower and stem extract in different solvent appears different colour as shown in fig.1.
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leave   extract               flower extract                   stem extract 

Fig. 1: Different solvent extract of leaf, flower and stem 

3.PRELIMINARY PHYTOCHEMICAL SCREENING: 

3.1. QUALITATIVE ANALYSIS  

In order to perform qualitative analysis, miniature portion of extract was used for phytochemical test 

which shows the presence of anthocyanin, Saponins, carbohydrates, terpenoids, proteins, flavonoids, in 

various extract. The test of presence of these bioactive molecule was done by method given by Rahul 

S. Patil et.at. [2015] [21]. The result analysis of above study is given in the table no 1.

Table no 1: Observation table of phytochemical test showing presence of secondary metabolites in C. 

Floribunda plant extract 

 

Solvent  Extract Phytochemical 

Constituent 

Leaf Flower Stem 

 

 

 

 

n-hexane  Extract 

Flavonoid + + - 

Tannin + - - 

Carotenoid + + - 

Saponins + + + 

Alkaloid + - + 

Cardiac glycoside + - - 

Protein + - - 

Fatty acid + - - 

Volatile oil + + + 

terpenoids - + + 

    

 

 

 

 

 

Tannin + + - 

Carotenoid + + + 

Saponins - + + 

Alkaloid - + + 

Cardiac glycoside + - - 
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Acetone Extract Protein - - + 

Fatty acid + - - 

Volatile oil + + + 

terpenoids + + + 

    

 

 

 

 

Methanol Extract 

Flavonoid - + - 

Saponins - + - 

Alkaloid + + + 

Cardiac glycoside + + - 

Volatile oil + + + 

terpenoids + + + 

Phenolic - + + 

    

 

 

Chloroform Extract 

Flavonoid + - - 

Carotenoid + - + 

Saponins + - + 

Alkaloid + + + 

Volatile oil + + + 

terpenoids + - + 

    

 

 

 

 

Water Extract 

Flavonoid + + + 

Tannin + + + 

Carotenoid + + - 

Saponins + + + 

Alkaloid + + + 

Cardiac glycoside + - - 

Phenolic + - + 

terpenoids + + - 

 

3.2 QUANTITATIVE ESTIMATION 

  3.2.1 ALKALOIDS: -   

Alkaloids estimation was performed by taking 1gram of plant material was weighed into 250ml beaker 

and 40ml of 10% acetic acid in ethanol was added and covered and allowed to stand for 4 hours. This 

was filtered and the extract was concentrated on water bath to one quarter of the original volume. 

Concentrated ammonium hydroxide was added drop wise to the extract until the precipitation was 

complete. The whole solution was allowed to settle and the precipitate was collected and washed with 

dilute ammonium hydroxide and then filtered. The residue is the alkaloid, As shown in fig.2. Which 
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was transferred into a pre-weighed beaker and weight the alkaloid present in material. And it was found 

that 1 gm of leaf contained 0.013 g of alkaloids. 

 

Leaves   Flower Stem 

Fig.2 :The quantitative estimation of alkaloid observes green solid precipitate. 

 

3.2.2FLAVONOIDS: - 

1 gm of leaf powder was taken in a soxhlet extractor and the compounds were extracted with methanol 

for 48 hrs. till it becomes colourless. The Methanolic extract was concentrated and filtered. 5-10 ml of water 

was added to the filtrate and lead acetate was added in the solution. The flavonoids get precipitate as lead 

phenolate. The precipitate was taken and suspended in ethyl alcohol. Through this alcohol filtrate, H2S was 

passed for 5-10 minutes. The lead Sulphide gets precipitate out as black solid as shown in fig.3. The solution 

was filtered through filter paper and filtrate was concentrated in after transferring into a pre-weighed beaker. 

The beaker and its constituents were dried and the increase in weight was noted. After weighing the amount of 

flavonoid contained found to be 0.0203 g.  

 

 

LeaveFlower                               Stem 

Fig 3: The quantitative estimation of flavonoid observes black solid precipitate 

 

4. ANTIMICROBIAL ACTIVITY OF PLANT EXTRACT 

Along with phytochemical study the aim of the current study was also focused on antimicrobial activity of C. 

Floribunda plant bits’ extract. Antimicrobial activity of n-hexane. acetone, methanol, chloroform and water 

extract of leave, flower and stem of C. floribunda were determining by using well diffusion method against 

gram negative bacteria i.e. E. coli and P. Vulgaris. 

       Antimicrobial test was carried out by using nutrient broth and Muller-Hinton agar media. Nutrient broth 

was prepared using method given by P. Poovendram et.al. [2011] [22] spread on Petri plates, after solidify 
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bacterial culture was spread by using spread plate techniques. The agar was carefully punched using cork-borer 

of 5 mm in diameter. 0.5 ml of prepared extract was dispensed into the well of agar using micropipette. The 

positive antibacterial activity was established by the presence of assessable zone of inhibition after the 24 hours 

of incubation at 36 oC temperature. 

 

 

 

 

Fig. 4. Antibacterial activity against P. Vulgaris of n-hexane, chloroform, methanol, acetone and water extracts 

of C. Floribunda plant extract. 

 

 

 

Fig. 5. Antibacterial activity against E. coli of n-hexane, chloroform, methanol, acetone and water extracts of C. 

Floribunda plant extract. 
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Table no 2: Observation table indicates zone of inhibition by various solvent plant extract against gram negative 

bacteria. [ (-) –  Show no zone of inhibition]. 

 

Antimicrobial activity of each extract against given gram negative microorganism was detected by calculating 

their zone of inhibition in mm and cm. The obtained analysis shows that n-hexane extract of leaf, flower, and 

stem does not show any activity against E. Coli, while n-hexane extract of leaf show little inhibition of 0.5mm 

diameter against P. Vulgaris. as well as chloroform extract leaf also gives the zone of inhibition against the 

same microorganism. 

    Concerning solvent of extraction,it was observed that Methanolic, acetone, and aqueous extract had the 

maximum significant antimicrobial activity and while of chloroform and n-hexane extract had least 

antimicrobial property against E. coli and P.Vulgaris.  

 

5. CONCLUSION 

     Result of phytochemical test of different extract of C. Floribunda plant were summarized in table no. 1. In 

natural product screening n-hexane extract of leaf, flower, and stem yielded flavonoids, tannins, carotenoids, 

Saponins, alkaloids, proteins, terpenoids etc. During the analysis of Methanolic extract and aqueous extract 

detect flavonoids, volatile oil, cardiac glycosides, phenolic compound, tannin, terpenoids, Saponin in all sections 

Solvent extract Plant section Zone of inhibition 

(indiameter) 

E.coli P.Vulgaris 

n-Hexane Leaf - 0.5 mm 

Flower - - 

Stem - - 

Methanol Leaf 1.5cm 1.6 cm 

Flower 1.3 cm 1.2 cm 

Stem 0.2 cm 1 cm 

Acetone Leaf 0.5 mm 0.7 mm 

Flower 0.6 mm 0.9 mm 

Stem 0.8 mm 0.1 mm 

Chloroform Leaf - 1 cm 

Flower - - 

Stem - - 

Water Leaf 0.6 mm 1.5 cm 

Flower 0.3 mm 0.7 mm 

Stem 0.2 mm - 
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of C. Floribunda, moreover detection of acetone and chloroform extract shows least results compared to other. 

The presence of such active ingredients makes C. Floribunda as one of the essential medicinal species in 

combretaceae family. This plant was observed to be rich source of alkaloids and flavonoids as major component 

in quantitative analysis. 0.013 g and 0.0203 g of alkaloids and flavonoids was extracted from 1 g leaf extract 

using quantitative analysis. 

       The scientist in recent year has made attempt to reveal the effectiveness of better known plant having 

certain medicinal value, mainly to determine their antibacterial phenomenon against different pathogenic 

microbes [23]. The objectives of current study focused on phytochemical evaluation for presence of natural 

product and antimicrobial activity of given plant and has disclose the capability higher plant look as new anti-

epidemic agent as serving drug discovered from natural product. The study prefers E. Coli and P. Vulgaris a 

gram negative microbes for its antimicrobial activity were used against n-hexane, acetone, Methanolic, 

chloroform and aqueous extract. The inhibitory action was observed in terms of inhibition zone. the 

antimicrobial activity was maximum of Methanolic and acetone extract as they show highest zone of inhibition 

while that of others extract i.e. n-hexane and chloroform show minimum activity. Amongs this aqueous extract 

of Calycopteris Floribunda shows moderate activity against given microorganism. 

      Now a day’speoples irrespective of the region are in search of the herbal are to avoid the obnoxious effect of 

the commonly available treatment modalities. Calycopteries floribunda is one of the unexplored plant with 

various phytochemical constituents and antimicrobial potential so as to derived novel antimicrobial agents for 

the treatment of various infection for developing new medicine. 
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Introduction: 
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Climate change ensues due to Global Warming causing decreases in agricultural 
production. it possibly began with development which was followed by a fast growth of fossil 
petroleum ingesting. This question has drawn international attention since the 1970 and it has 
been extensively recognized by scientists that the Greenhouse gas formations are the reason of 
global warning. Global warming and climate change can effect agriculture in a variety of ways. 
This paper means to deliberate about the causes and impact of Global warming on agriculture 
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The impact of Global Warming can affect Agriculture production and food security. The 
research hence looks into how adaptation can take place along with alleviation and how these 
steps can integrate into the overall development methods and program. It is the fact that 
agriculture still offers a livelihood for the most of the people particularly the underprivileged 
throughout the world. 15% population lives in India out of the world population. Agriculture 
performs a vital role in the comprehensive economic and social progress of India. The most 
approaching weather changes in present time is the increase in the atmospheric temperature due 
to increased level of Greenhouse gases Carbon -dioxide, methane nitrous -oxide and 
chlorofluorocarbons. There is a wonderful growth in the temperature of earth surface and sea 
water. During 1951 to 2005 the normal temperature of the earth was 0.74° to 1.33° Fahrenheit, do 
climate change. 

Agricultural facilities add to around 20% of the yearly rise in anthropogenic greenhouse 
gas issue. Agricultural sector adds to giobal warming through carbon-dioxide, methane, sulpher 
dioxide, nitrous-oxide and chlorofluorocarbon [cfcs]. The growing attentions of those dangerous 
or Green House gases, there is much nervousness about future variations in our weather and 
direct or indirect influence on farming. 

1% To determine the variation of crop Production. 
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2% To calculate the changing in Ecosystem. 
3% To determine the Climatic effects on food Production. 

Evidence of climate change 

The most convincing climate change evidence scientists have of climate change is 

long term data connecting atmospheric C02 levels and global temperature. sea level. the area of 

ice, the relic record and the distribution of types. 

This data, which goes back billions of years, shows a robust corelation between C02 

levels and temperature. Recent data shows a trend of increasing temperature and growing C02 

levels start in the early 19th century. Because all parts of the global climate are connected, 

scientists have been able to generate models of how changes produced by heating should work 

their way through the whole system and appear in different areas, for example. sea level. 

intemperate weather, the movement of fish species in the ocean. 

Testing whether or not forecast alterations have occurred is an important way to 

confirm important theory. This can be done in two ways.First, it is imaginable to load a model 

with important data and request.How well does this model forecast what we know happened. A 

second way to test is to use the model to forecast upcoming changes and then to see if emerging 

reality turns. It is possible to way the rapid departure of glaciers and observe the summer melting 

of the Polar Ice Cap. Sea levels are rising evidently, the temperature of the world's oceans is 

clearly rising and consequently many fish type are moving to follow waters that are the right 

temperature for them.Relating these changes to the timing of rises in C02 levels and temperature 

suggests relationship. In specific occurrences, for example, CO2 levels, temperature and ocean 

pH, the chemical progresses are noticeable showing finished fundamental connection. 

Visual Effects of Climate Change Evidence 

Melting Glaciers 

Rising Sea Levels 
Before After 
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Changing in ecosystems 

IONAL. JOUKA 

As the world warms, whole biomes will transfer. Before increasing temperatures at the 

equator consume lacking such main crops as rice north into once cooler areas, many fish types 
have migrated long distances to stay in waters that are the proper temperature for them. 

In once colder waters, this may increase fishermen's catches; in warmer waters, it may 

eliminate fishing; in many places, such as on the East Coast of the US, it will need fishermen to 

go further near feast angling lands. Farmers in temperate regions are conclusion drier 
environments hard for crops such as slop and wheat, and once main rising regions are now weak. 

Some areas may see complete ecological transformation. In California and on the East Coast, for 

example, climate change impacts and warming will soon fundamentally change the forests; in 

Europe, hundreds of plants species will disappear and hundreds more will move thousands of 

miles. 

How climate affects : 
Climate change can distressed farming in several ways. Outside a definite range of 

temperature, warming inclines to decrease crops because crop speed through their progress, 
creating a reduced amount of grain in the procedure. The greater temperature, also restrict the 
aptitude of plants to get and use humidity. Evaporation from the soil hastens when temperature 
increase and plants growth transpiration. That is dropping wetness from their leaves. Because 

worldwide warming is perhaps to increase rainfall, the net influence of advanced temperatures on 
water availability is a competition between better evapotranspiration and greater precipitation. 

Usually, that race is accomplished by increased evapotranspiration. 
Finally the climatic change could upset agricultural in numerous manners: 

Production, in terms of number and standard of crops. 
Agricultural practices, through variations of water consumption [Irrigation] and agricultural. 
Contributions such as herbicides, pesticides and fertilizers. 
Environmental effects, in specific in relation of frequency and intensity of soil. Drainage, soil 
erosion, reduction of crop change. 
Rural space, over the loss and gain of cultivated land, land conjecture, land renunciation, and 
hydraulic amenities. 

Adaptation, organisms can develop more or less competitive, as well as humans may 
develop urgency to develop more competitive, organisms, such as flood resistant or salt resistant 
varieties of rice. 

1LIFANS 
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The big misgivings to find, particularly because there is lack of information on countless 
particular, local regions and contain the uncertainties on greatness of climate change, the impacts 

of technological changes on efficiency, global food demands, and the several capabilities of 

variation. 

Most of the agronomists believe that, agricultural production will be regularly affected by 

the harshness and place of climate change, not so much measured trends in climate. If change is 

measured, there may be adequate time for biota adjustment. Rapid climate change, however, 

could harm agricultural in many countries, especially those that are already suffering form rather 

poor soil and climate conditions, because there is less time for optimum natural selection and 

change. 
India and Global Warming affects: 

In India different produce are developed by varied farming means in fifteen Agro-climate 

regions these farming crops are intensely affected by global warming that take to climate 

variations. It is fact that Indian agriculture is based on rainwater for irrigation. Indian agriculture 

regularly go through that, certain area of is scarcity disposed to and the other sectors are inclined 

to inundating initial part of many parts in India, have been fighting with drought and 

simultaneously, agrarian soil is drenched with inundations. In such a nation, the impact of Global 

Warming will be hazardous as weather change is supposed to influence on agrarian output and 

changing crop system. As a developing country India is poorly prepared to face Global Warming 

which exaggerated such dangerous weather change. The lassitude in government technology will 

turn it harder to deal with this question. The issue will be more critical and it is understandable 

from the point that, if the normal temperature is a by one degree Celsius it takes to augmented 

melting of the glaciers of Himalaya. 
Climate change and Food Production: 

One of the maximum attractive impacts of increasing temperatures is touched 

in World agriculture, though these effects are touched very differently in the largely temperate 

developed world and in the more tropical developing world. Different crops grow best at quite 

exact temperatures and when those temperatures change, their production changes meaningfully. 

In North America, for example, growing temperatures may decrease corn and wheat productivity 

in the US mid-west, but increase production and production north of the border in Canada. The 

productivity of rice, the main food of more than one third of the world's population, failures 10% 

with each 1° C growth in temperature. Previous climate persuaded problems have been balance 

by major advances in rice technology and always larger applications of fertilizer; prospects are 

that in Thailand, the world's largest exporter of rice, though, upcoming increases in temperatures 

may decrease production 25% by 2050. At the equal period, global population models suggest 

that developed world will add 3 billion people by 2050 and that developing world food producers 

must dual main food crop production by then just to uphold present levels of food ingesting. 
Climatic inconsistency and occurrence of dangerous actions are key doubts for the Indian 

subcontinents. In India, the study of recurring and yearly outside air temperatures has uncovered 

a important warming leaning of 0.57° Cen. per hundred years. The warming is seen to be 
principally added by the post-monsoon and winter seasons. The monsoon temperatures do not 

display a important leaning in any main area of the nation. Like warming leaning has also 

remained understood in Pakistan, Nepal, Srilanka, and Bangladesh. The rainwater differences in 

India take remained typically chance over a Century, with no systematic difference obvious in 
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Abstract: 
Ferrites belong to the class of materials which are best known for their wide range of 
application. Among ferrites, structurally Spinel Ferrite is simplest of them which crystallize 
into the spinel structure with excellent properties like high saturation magnetization, coercivity, 
and better thermal and electrical properties. Among spinel ferrites, Cobalt-Nickel ferrites find 
their space in a variety of applications because of their unique properties when compared to 
other ferrite family members. Co-Ni ferrites possess high magnetocrystalline anisotropy, 
unique magnetic structure and high correlation between the coercivity, crystallite sizes and 
sample preparation pressure due to their significant magnetostriction properties cobalt-based 
compositions are one of the most promising candidates for applications in magnetomechanical 
and magnetoelectric sensors. Co-Ni ferrites are the key electronic materials used high-
frequency applications in the telecommunication field and also in high-density digital recording 
disks, audio/video tapes, high-quality filters, rod antenna radio frequency circuits, transformer 
cores, read/write heads for high-speed digital tape, operating device etc. This review work 
offered a versatile way in which the structural, electrical and magnetic properties of Cobalt 
Nickel nanoferrites can be influenced by the substitution of various divalent dopant ions. 
Keywords: Ferrites, Spinel Ferrite, Cobalt-Nickel ferrites, Saturation Magnetization, 
Coercivity, magnetocrystalline anisotropy. 
  
1. INTRODUCTION: 
The structural, magnetic and electrical properties of the spinel ferrites are typically determined 
by the nature, valency and amount of dopant, their site preference and the distribution of iron 
and metal ions in the octahedral and tetrahedral sites of the spinel lattice [1,2]. The aspects 
which regulate the distribution of cations in spinel ferrite are the cations ionic radii, site 
preference of ions, Madelung energy and crystal field effects [3,4]. 
CoFe2O4 is one of the most significant ferrites that find its place under the class of hard 
magnetic materials. It has reportedly illustrated very high value of saturation magnetization 
and coercive field along with its exceptional thermal stability and high anisotropy field [5–8]. 
However, NiFe2O4 belong to the class of soft magnetic material exhibiting low saturation 
magnetization and coercivity, low electrical conductivity and thus low eddy current losses 
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along with high electrochemical stability [9–12]. Nickel ferrite exhibits high corrosion 
resistivity, magnetostriction, magneto crystalline anisotropy and magneto-optic properties; 
which make this material beneficial in many applications like recording media with optical 
wave guide, magnetic static wave devices and surface acoustic wave transducers [13]. 
CoFe2O4 and NiFe2O4 are prominent materials for numerous applications such as microwave 
devices, recording media, gas sensors, drug delivery, computer memory cores, high density 
information storage, telecommunication, low energy inductors, medical instruments, catalysts, 
high frequency transformers, microwave and dye absorbers [14–18]. As a consequence, the 
substitution of Ni ions in CoFe2O4 ferrite results in a magnetic compound that would have the 
characteristic of both spinels and inspires its use in many other potential applications. Their 
physical properties can be modified by altering the chemical composition, grain size, 
morphology and lattice strain [19–22]  According to the exchange-coupling theory, 
nanocomposites permanent material can possess the high coercivity of hard phase and the high 
remanence of soft phase at the same time [23]. Insertion of Co2+ in NiFe2O4 produces mixed 
CoNiFe2O4 ferrite, usually, with both Co2+ and Ni2+ cations in octahedral (B) sites, slightly 
changing the cell parameter of the cubic spinel NiFe2O4. On the other hand, doping of cobalt 
(Co) in NiFe2O4 makes improvements in (i) the magnetocrystalline anisotropy (and 
consequently the magnetization) and (ii) the coercivity (Hc) enhancing its application potential 
in magnetic recording [24]. 
Earlier studies established that embedded Ni-Co ferrites possess high magnetocrystalline 
anisotropy, unique magnetic structure and high correlation between the coercivity, crystallite 
sizes and sample preparation pressure [25]. Amongst all spinel ferrites, due to their significant 
magnetostriction properties cobalt-based compositions are one of the most promising 
candidates for applications in magnetomechanical and magnetoelectric sensors [26,27]. 
Moreover, Ni-Co ferrites are vital electronic materials employed in electronic devices suited 
for high-frequency applications in the telecommunication field [28]  and also suitable for many 
practical applications such as high-density digital recording disks, audio/video tapes and so on. 
These materials are commercially used in high-quality filters, rod antenna radio frequency 
circuits, transformer cores, read/write heads for high-speed digital tape and operating devices 
[29,30]. 
In order to synthesis Cobalt Nickel ferrite nanoparticles, researchers used various techniques 
and methods like, Sol–gel [31], Micro-emulsion [32], Reverse emulsion-assisted hydrothermal 
process [33], Combustion synthesis [34], High energy ball milling [35]  and Hydrothermal 
method [36]. In the present study we are going to review substitutional effect of divalent ions 
on structural, magnetic and electrical properties of Co-Ni Ferrite. 
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Figure 1: Structure of Spinel Ferrite 

  
2. STRUCTURE OF SPINEL AND CO-NI FERRITE: 
Ferrites are basically mixed metal oxides with iron (III) oxides as their principal component 
broadly crystallize in three crystalline structures; spinels (AB2O4), garnet (A3Fe5O12) and 
magneto plumbite (AFe12O19) where A and B are metal ions. Structurally Spinel Ferrite is 
simplest of them which crystallize into the spinel structure and determined by the oxygen ion 
lattice. Spinel ferrites are oxides that have a cubic crystal structure, where the oxygen anions 
form a face-centered cubic (FCC) lattice. Spinel ferrites have a general formula 𝐴𝐹𝑒 𝑂 , where 𝐴 represent divalent ions, such as Fe 2+, Cu2+, Mg 2+, Zn 2+ etc. The crystal structure can be 
considered as a cubic close-packed arrangement of O2- anions, with cations occupying the 
tetrahedral and octahedral sites. In normal spinels, divalent cations reside on one-eighth of the 
tetrahedral sites and one-half of the octahedral sites are occupied by Fe3+ ions. Whereas the 
Inverse spinel ferrites are better expressed as 𝐹𝑒   (𝐴𝐹𝑒  ) 𝑂 , indicating that half of the 
Fe3+ ions occupy tetrahedral sites and the remaining half, together with the A2+ ions, occupy 
the octahedral interstitials. Between these two structural models there exist spinel ferrites with 
a variable cation distribution and the stoichiometry of which can be represented by the general 
formula  (𝐴 ( ) , 𝐹𝑒 )  [𝐴 , 𝐹𝑒 ( )]   𝑂  , 
where parentheses denote the tetrahedral interstitial sites; brackets signify the octahedral 
interstitial sites 𝛿 is the inversion degree of the spinel [37]. 

Normally, in AB2O4 structure divalent ion is bigger in size than that of trivalent ion. Former 
occupies octahedral site while latter occupies tetrahedral site with some exceptions. In nickel 
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and cobalt ferrite divalent metal ion (Co 2+ and Ni 2+) occupies octahedral site and Fe3+ ions 
occupy half at tetrahedral and octahedral each forms inverse spinel structure. The cation 
distribution between A- and B-site depends on the ionic radii, the type of bonding and the 
preparation method. This cation distribution decides the structural, electrical and magnetic 
properties for a particular ferrite system at and well above room temperature [38]. 

The Nickel ferrite is a well- known cubic spinel ferrite, which lies under the class of inverse 
spinel ferrite. The general formula of inverse nickel ferrite is [𝐹𝑒 ]  [𝑁𝑖 𝐹𝑒 ] 𝑂  where 
‘δ’ is the degree of inversion. It is normal spinel if 𝛿 = 0 and inverse spinel structure when 𝛿 = 1. The Fe3+ cations are distributed between A-site and B-site but Ni2+ reside only at B-site. 
The ferric ions ratio (𝐹𝑒 )/ (𝐹𝑒  ) indicates the degree of inversion [39]. CoFe2O4 has a 
partially inverse structure and it is a well-known hard magnetic material, with relatively high 
values of saturation magnetization and coercivity. NiFe2O4 is a completely inverse spinel and 
it behaves as a soft magnetic material (with high saturation magnetization and low coercivity) 
[40]. These properties make these ferrites very promising candidates for a variety of 
applications in biomedical, electronic as well as recording technology [41–43].  

The unit cell of spinel cubic structures contains 32 oxygen atoms with 8 tetrahedral (A) and 16 
octahedral (B) occupied sites [44]. Usually, Co and Fe ions accommodate both at A and B-sites 
while Ni ion occupy B sites. Hashim et al. [45] have reported synthesis of Co-Ni Ferrite and 
observed distribution of Co2+ and Fe3+ over both tetrahedral and octahedral site while Ni2+ 
preferentially occupying octahedral site. However, Kumar et al. [46]  reported most of the 
octahedral site are occupied by Ni, Co and Fe ions and tetrahedral site are occupied by only Fe 
ion in Co1-xNixFe2O4.  

 

3. DIFFERENT DIVALENT DOPINGS IN CO-NI FERRITE: 
3.1 Copper 

Many researchers have reported effect of Cu on structural, dielectric and magnetic properties 
of Co-Ni Ferrite. In 2011, Ghazi et al. [47] studied Ni-Co-Cu nanofilms grown on phosphor-
doped Si substrate by electrodeposition technique at different electrolyte temperatures. All the 
films with FCC structure show increasing grain size with raising electrolyte temperature. 
Saturation magnetization show significant upsurge at the electrolyte temperature of 65 °C and 
decrease in coercive field with increase in the electrolyte temperature. Babu et al. in 2018 [48] 
synthesized single phased Ni0.7 Co0.3-x Cux Fe2 O4 (x = 0.0, 0.05, 0.1, 0.15 and 0.2) 
nanocrystalline ferrites using the sol–gel method. They observed that the difference in the ionic 
radii of Co2+ and Cu2+ led lattice constant to increase from 8.3442 to 8.3693 Å with increasing 
doping concentration. The average crystallite size found to be ranged from 10.92 to 12.61 nm 
with average grain size of approximately 10 µm. The cation distribution studies confirmed that 
copper ions occupied the octahedral site. The dielectric study confirms normal dielectric 
behaviour of spinel ferrite where dielectric constant and dielectric loss tangent and the initial 
permeability are found to decrease with increasing frequency attributed to hopping mechanism. 
They found increase in DC resistivity with the frequency up to 6 MHz and then decreased 
gradually, indicating a change in the magnetic ordering from ferrimagnetism to paramagnetism. 
The resistivity increased as the dopant concentration increased. The observed g-value 
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determined by ESR reduced linearly with increasing the magnetic field and dopant 
concentration. Balavijayalakshmi et al. (2014) [49] prepared Co0.4 Ni0.4 Cu0.2 Fe2 O4 
nanoparticles co-precipitation method with different sintering temperatures and studied its 
structural and magnetic properties. FTIR studies confirm absorption bands at around 590 cm-1 
and 435–427 cm-1 respectively. Their observation suggests enhanced crystallinity, increased 
particle size and shifting of absorption bands toward lower values with increasing sintering 
temperatures. It is observed that the saturation magnetization (Ms), remanent magnetization 
(Mr) and coercivity (Hc) values of samples are increasing the sintering temperature. A 
saturation magnetization of 48 emu/g and coercivity of 1151Oe are obtained for the samples 
sintered at 900 0C. 

Abdelmajid et al. [50]  reported synthesis of single-phase Cu x Co 0.5-x Ni 0.5 Fe 2 O 4 with x= 
(0.1, 0.2, 0.3, 0.4) ferrites by the co- precipitation method. Both lattice constant and crystallite 
sizes are found to be decreasing with respect to Cu2+ doping content and lie in the range 8.294 
to 8.346 Å and 38 to 21 nm respectively. The morphological study confirmed the presence of 
uniform and cubic-shaped and agglomerated samples. It is observed that increasing copper 
content enhance magnetic properties due to the increase in B–B exchange interaction induced 
anti-parallel spin coupling. Rajasekhar Babu et al. (2017) [51] reported study of single-phase 
Co 0.5 Ni 0.5-x Cu x Fe 2 O 4 (x=0.0, 0.1, 0.2, 0.3 and 0.4) ferrite nanoparticles prepared through 
Sol-gel auto combustion method. The observed values of lattice constant show increasing trend 
with respect to Cu content, but no significant change on crystallite size. Grain size ranges from 
0.391 µm to 2.752 µm. Grain size, Bulk density, X-ray density increases while the porosity 
decreases with the substitution of Cu concentration. Magnetic study reveals the increase in 
Saturation magnetization and the magnetic permeability with increase in doping concentration. 
In their study, it is seen that the magnetic coercivity (H )  decreases from 885 to 191 Oe due to 
the reducing magnetocrystalline anisotropy with the copper incorporation. Dielectric study 
reflects semiconducting nature of ferrite with augmented DC resistivity and activation energy 
due to lowering of hopping of charge carriers between ferrous and ferric ions at octahedral B 
sites. 

Ramakrishna et al. (2018) [52]  fabricated Co0.5 Ni0.1 Cu0.4 Fe2 O4 using the sol-gel auto 
combustion technique and found to have lattice constant 8.4773 Å and crystalline size of 43 
nm. SEM study reveals smooth, well-arranged grains of polygonal structure having clear grain 
boundaries. Saturation magnetization and remanent magnetisation of the sample Co 0.5 Ni 0.1 
Cu 0.4 Fe 2 O 4 is found to be 59.55 emu/gm and 7.92 emu/gm respectively. While the Coercivity 
is recorded to be 197.5 Oe. Devan et al. [53] synthesized Ni0.93Co0.02Cu0.05Fe2O4 as a ferrite 
phase and BaTiO3 as a ferroelectric phase by normal ceramic method and studied the effect of 
temperature on dielectric properties of the prepared sample. The observed improved dielectric 
properties and hysteresis behavior suggested its potential to be useful in making the memory 
devices more stable and reliable for spintronic application and magnetic sensors.  Shakir et al. 
[54]  investigated Cu2+ and Mg2+ co-substituted CoNiFe2O4 and found lattice constant and 
crystalline size to be improved with respect to doping concentration. Crystalline size ranged in 
18.71-29.93 nm. They observed increase in electrical conductivity due to the replacement of 
less conductive transition metals (Co and Ni) with well conducting metals such as Mg 2+ and 
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Cu 2+ ions making conductivity 2.6 times better than observed before doping. was obtained 
after the replacement of Co and Ni with Mg and Cu respectively. 
3.2 Magnesium 

In 2020, Bhandare et al. [55]  synthesized Mg doped Co0.5Ni0.5Fe2O4, (x = 0, 0.1, 0.2, 0.3, 0.4) 
and reported Co2+ inhabits both the A and B sites in the ratio 2:3 while the rest of the A and B 
sites by Fe3+ cations and confirmed it with the Mossbauer spectroscopy studies. XRD analysis 
confirmed average crystallite size (D) in the range 30-38 nm. SEM studies confirms irregular 
shaped, agglomerated particles having porous structure due to release of gases during the 
combustion process. A small decrease in saturation magnetization and magnetic moment of the 
samples is observed when Mg-substitutes for Ni due to the substitution of non-magnetic Mg2+ 
cations at the tetrahedral site.  The high value of coercivity is observed due to hard magnetic 
property possessed by cobalt that did not vary significantly with respect to doping 
concentration. Rosnan et al. [56]  used co-precipitation method to synthesize Co–Ni–Mg ferrite 
powders with composition Co0.5 Ni0.5-x Mgx Fe2 O4. It is observed that increase in doping 
concentration leads to shift 2θ toward lower angle side and causes increase in lattice parameter, 
particle size and higher degree of crystallinity. It is seen that X-ray density and Bulk density is 
decreasing while the porosity increases with increasing Mg2+ substitution. Morphological 
studies revealed particles obtained have homogenous morphology, uniform size, but partially 
agglomerate due to interactions between magnetic particles. Magnetic studies showed that both 
saturation magnetization and coercivity first increases upto x=0.1 concentration and then 
decreases with further increase in Mg substitution. The values of squareness ratio confirm the 
single magnetic domain nature of the samples. They recommended the prepared samples to be 
useful in high density recording media for obtaining the suitable signal-to-noise ratio. Selmi et 
al (2017) [57] prepared single-phase Ni0.4Co0.4Mg0.2Fe2O4 composition by sol-gel method 
having lattice constant 8.310 Å, average particle size of 0.47 μm and X-ray density of 5.265 
g/cm3. Dielectric study confirms semiconducting nature of ferrite where dielectric constant 
increases with rising temperature since the hopping of charge carriers is thermally activated. 
Frequency dependent study exhibit decrease in dielectric constant, loss tangent and the real 
part of impedance (Z') with increase in frequency. Improvement in AC conductivity with 
temperature is attributed to increase in electron hopping between Fe 2+ and Fe 3+. Moreover, 
the study of spectra of Z′′, characterized by the appearance of peaks which shift to higher 
frequencies with increasing temperature, point to the existence of relaxation phenomenon in 
prepared material. 
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Table 1- Various reported methods of synthesis of divalent ion doped Co-Ni Ferrite and related 
structural, Magnetic and     Electric Properties. Ms stands for Saturation Magnetization, Mr for 
Remanent Magnetization, Hc for Coercivity, ε for dielectric constant, ΔE for Activation 
Energy, σAC for AC Conductivity, ρ for resistivity, Tc= Curie Temperature 
Composition Synthesis 

Method 
Sinteri
ng 
Temp. 
(OC) 

Crystall
ite Size 
(nm) 

Studied Properties Referen
ce Magneti

c 
Electric 

Ni0.8-

xCo0.2CdxFe2O4 
(x=0.1, 0.2, 0.3) 

Ceramic  1100 -
12h 

18.49-
33.07 
nm 

 - ρdc 

=4.31-
8.74х10
9 Ω-cm 
Tc=710-
730 oC 
ε'=3547
-11368 
(1kHz) 
ΔE=0.5
7-0.8 
eV 

[58] 

Ni0.17Co0.35Cu0.48F
e2O4 
Ni0.21Co0.34Cu0.45F
e2O4 
Ni0.25Co0.33Cu0.42F
e2O4 

Electrodeposit
ion technique 

- 47-103 
nm 

Hc=29-
42.5 Oe 
Ms=0.002
9-0.126 
emu/cm2, 
Mr= 
0.0021- 
0.0095 
emu/cm2 

- [47] 

Co0.4Ni0.4Cu0.2Fe2

O4 
Co-
precipitation 

130, 
600, 
900 

12-32 
nm 

Ms= 0.61, 
38.8, 
48.4 
emu/g,  
Mr=0.022
, 15.7, 
20.8 
emu/g 
Hc= 
421.4, 
1091, 
1151.3 
Oe 
 

- [49] 
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Ni0.93Co0.02Cu0.05F
e2O4 

Ceramic 1250-
12h 

1.21-
1.28 μm 

Ms=5-15 
emu/g,  
Mr=1.5-
5.5 
emu/g. 
 

ε'=6200
-10400 
(1kHz) 
 

[53] 

Co0.5Ni0.5-

xCuxFe2O4 (x 
=0.1, 0.2, 0.3 
and0.4) 

Sol-gel auto 
combustion 

1050-
4h 

53-95 
nm 

Ms=40-
60 
emu/g,  
Hc= 196-
885 Oe 
 

ΔE=0.5
6-0.60 
eV 

[51] 

Co0.5Ni0.1Cu0.4Fe2

O4 
Sol-gel auto-
combustion 

1000-
3h 

43 nm Ms= 
59.55 
emu/g, 
Mr=7.92 
emu/g 
Hc=197.5 
Oe 
 

- [52] 

Co0.5MgxNi0.5-

xFe2O4 (x =0, 0.1, 
0.2, 0.3, 0.4) 

Sol-gel auto 
combustion 

600-2h 30.4-
37.7 nm 

Ms= 33-
41emu/g,  
Mr= 
27.19-
31.01 
emu/g 
Hc= 
931.11-
1032.7 
Oe 
μB= 1.29-
1.68 

- [55] 

Co0.5Ni0.5-xMgxFe2 

O4 (x=0.1, 0.2, 
0.3, 0.4 and 0.5) 

Co-
precipitation 

900-
10h 

32.6-
35.8 nm 

Ms=26.4
1- 34.05 
emu/g 
Mr=47.3
4-61.49 
emu/g 
Hc=603.
26-
684.11 
603.26 

- [56] 
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Ni0.4Co0.4Mg0.2Fe2 

O4  
Sol-gel 1050-

48h 
- - ΔE=0.2

68 eV 
[57] 

Ni0.2MnxCo0.8− 

xFe2O4 (x = 0.0, 
0.1, 0.2, 0.3, 0.4) 

Sol-gel auto 
combustion 

950-3h 48.50-
52.13 
nm 

Ms= 
63.39-
73.81 
emu/g 
Mr= 
21.51-
35.23 
emu/g 
Hc= 
441.07- 
1116.89 
Oe 

- [59] 

Ni0.5Co0.5-

xZnxFe2O4 (x = 0, 
0.02, 0.04 and 
0.06) 

Sol-gel 1200-
5h 

1.50-
1.61 nm. 

- σAC = 
6.95x10
-9 -
8.22x10
-6 S/cm 

[60] 

Ni0.8Co0.2-

2xCuxMnx 

Fe2O4 (with x = 
0.01,0.03, 0.05, 
0.07 and 0.09) 

Solution 
Combustion 

700-2h 39-51 
nm 

Ms= 
50.97-
145.3 
emu/cc 
Mr= 21-
57.83 
emu/cc 
Hc= 
22.42-
365.94 
Oe 

ρdc= 
(2.10-
4.16) 
x1013 
Ω-cm 
ΔE= 
0.14-
0.27 eV 

[61] 

 

Zhao et al. [62] reported effects of Mg Substitution on the structural and magnetic properties 
of Ni0.2MgxCo0.8−xFe2O4 (x = 0.0, 0.2, 0.4, and 0.6) nanoferrites. XRD study detected the 
samples with higher crystallinity with polycrystalline nature. Lattice constant, X-ray density, 
Bulk Density found to be decreasing with respect to doping concentration. Difference in ionic 
radii of Co2+ and Mg2 cause lattice constant to decrease from 8.3681 Å to 8.3665 Å and 
crystallite size to increase from 48 to 50 nm. Magnetic studies reveal that saturation 
magnetization (Ms) and a residual magnetization (Mr) decreases from 70.16 to 39.77 emu/g 
and 36.40 to 20.20 emu/g respectively with the increasing of magnesium ion content since Mg 
2+ preferentially occupy the B-site reducing the density of Co 2+ on the B-site. But most 
noteworthy change occurred in coercivity which reduced significantly from 1032.61 to 378.50 O . The squareness ratio (M  /M  ) of above 0.50 designates a single magnetic domain 
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formation. They have suggested samples above 600 O  potentially useful in high-density 
recording medium. 

 

3.3 Zinc 

Ni-Co-Zn spinel ferrite is another variant of divalent substituted Co-Ni ferrites which is 
exploited by the researchers for their possible applications. Azhagushanmugam et al. [63] 
investigated effect of cation distribution on Structural and Magnetic properties of Nickel Cobalt 
Zinc Ferrites synthesized by chemical Coprecipitation method. It is observed that lattice 
parameter increases while the particle size and X-ray density decreases with the increase in 
zinc concentration. This increase of lattice parameter can attributed be to the greater ionic 
radius of Zn2+ (0.83 Å) ions compared to Ni 2+ (0.78 Å), against which it is substituted. TEM 
investigation indicates the nanostructured nature and spherical morphology having particle size 
17 nm of the prepared samples with uniform size. 

 
Figure 2. Variation of particle size and Lattice parameter with Zn in Ni-Co Ferrite as reported 

by Azhagushanmugam et al. [63] 
  

Zhao et al. [64] prepared and investigated Ni0.2ZnxCo0.8-xFe2O4 (x = 0.0, 0.2, 0.4, 0.6 and 0.8) 
using sol-gel method for the better understanding of zinc doping on the structural and magnetic 
properties. The larger Zn2+ (0.74Å) ionic size led to the increase in the lattice constant of the 
Ni-Co Ferrite from 8.3761 Å to 8.4222 Å. Porosity and X-ray density also increased with Zn 
content. The average crystallite size found to be within the range 103-130 nm with nonlinear 
behaviour with respect to Zn2+ concentration. The results of morphological study confirmed 
forming of spherical agglomerated very fine particles. As the zinc ion content increases, Ms 
and Mr increase first upto x = 0.02 and then decrease thereafter upto concentration x=0.1. 
Sample with doping concentration of x=0.02 exhibited best magnetic properties. Observed 
values of coercivity decreases from 1003.96 O  to 0.64 O  due to replacement of Cobalt with 
high coercive value by Zn2+ ion. The low value of Mr/Ms ratio confirmed the 
superparamagnetic nature of the prepared samples.  In 2018, Vijaya Babu et al. [60]  
investigated the structural, electrical and magnetic properties of nano-structured Ni 0.5 Co 0.5-x 
Zn x Fe 2 O 4 (x = 0, 0.02, 0.04 and 0.06) ferrites prepared by sol-gel method. Crystallite size 
was found to increase with increase in Zn attributed to the increased pore mobility due to the 
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creation of excess cation vacancies. However, the lattice constant decreases from 8.3485 Å to 
8.3323 Å due to slight variances in the ionic radii of Co2+ (0.745 Å) and Zn 2+ (0.74 Å) ions. 
Morphological studies confirmed spherical shaped but agglomerated grains to some extent with 
an average grain size 5-10 nm. Their dielectric study reported decreasing dielectric constant 
and dielectric loss tangent with increase in frequency approaching a constant value at higher 
frequencies.  This typical dielectric behaviour of the ferrites is the consequence of hopping 
mechanism between Fe 3+-Fe 2+ ions which decrease with increasing frequency since the 
hopping frequency of charge carriers cannot follow the changes to the externally applied 
electric field at higher frequencies. AC conductivity is also seen increasing with rising 
frequency since hopping frequency increases with applied frequency. Studies also reported 
substitutional effect on dielectric properties where zinc substitution concentration causes 
dielectric constant to decrease in the low frequency range. This is due to migration of Fe 3+ ions 
from B- site to A- site which decreases the hopping between Fe 3+-Fe 2+ ions in B site causing 
lower polarization and hence lower dielectric constant. It is also observed that the initial 
permeability and the g-value reducing with increasing Zn 2+ dopant concentration. 
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Synthesis of Zn 0.35 Ni 0.57 Co 0.03 Fe 2.05 O 4 was reported by Ghodake et al. (2015) [65] using 
a chemical combustion route and reported increase in crystallite size with increasing 
temperature. The real part of initial permeability was also seen surging and loss factor 
decreasing with increasing sintering attributed to increase in grain size with increasing sintering 
temperature. Their study indicates the shifting of material from ferrimagnetic to paramagnetic 
state at Curie temperature. In 2012, Bhise et al. (2012) [66]  reported synthesis of Ni-Co-Zn 
ferrite by Sol-gel Auto-Combustion Method and observed increase in lattice parameter, grain 
size, porosity but decreased densification with increase in temperature. Substitutional effects 
of Zn on structural and magnetic properties of Co-Ni Ferrite were investigated by Raju et al. 
(2014) [67]. Rietveld refined XRD study revealed sample with cubic structure, Fd-3m space 
group and the lattice constant which increases linearly with surging Zn concentration obeying 
Vegard’s law. In this investigation, for low doping concentrations of Zn with x ≤  0.3, Ms 
increased from 57.12 to 76.78 emu/g and decreased thereafter to a value 64.89 emu/g when x 
was increased further upto x = 0.5. This increase of 𝑀  upto x = 0.3 with the Zn concentration 
is in accordance with Neel’s Sublattice model; however, the decrease in 𝑀   after x > 0.3 is 
attributed to the three-sub-lattice model suggested by Yafet and Kittel. Remanent 
magnetization (M ), Squareness ratio (M /M ), Coercivity (H ) and magnetic anisotropy are 
found to be decreasing with increasing Zn concentration and lowering Co2+ ions. The observed 
high coercivity is driven by the large anisotropy of the cobalt ions due to spin orbit coupling.  
Rani et al. [68]  employed co-precipitation method for synthesis and investigation of physico-
chemical properties of zinc substituted Co–Ni mixed ferrites. They observed appreciable 
increase in lattice constant with Zn substitution. The average crystallite size of the samples 
found in the range 11.59-21.20 nm. The SEM image of the product reveals rock like particle 
morphology with agglomeration in 2 μm scale. Thakur et al. (2012) [69]  studied 
superparamagnetic behavior of Ni0.4 Zn0.6 Co0.1 Fe1.9 O4 nanoferrites, synthesized by a co- 
precipitation method. Magnetic studies done by them found almost zero coercivity, which 
proposes a superparamagnetic behavior at 300 K. Tian et al. (2009) [70]  fabricated Ni 0.11 Zn 
x Co 0.03 Fe 2.86-x O 4 spinel ferrite films using wet chemical method to study structural and 
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magnetic properties. They found no significant effect on grain size but increase in lattice 
constant due to doping. Average grain size observed to be 40±2 nm and lattice constant in the 
range 0.8383 to 0.8425 nm attributed to the larger ionic radius of Zn 2+ (0.074 nm) as compared 
to Fe 3+ (0.067 nm). Magnetic studies revealed nonlinear change in saturation magnetization 
which increased upto x=0.35 due to addition of non-magnetic Zn decreasing magnetic moment 
of tetrahedral site MA thereby increasing overall magnetization and then decreases with further 
increase of Zn due to spin canting effect. It is observed that Coercivity and magnetocrystalline 
anisotropy declines monotonically with the growing Zn content x from 0 to 0.51.  
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3.4 Cadmium  
Aldar et al. [58]  prepared Ni 0.8-x Co 0.2 Cd x Fe 2 O 4 (x=0.1, 0.2 and 0.3) by standard double 
sintering ceramic method and confirmed single phase samples with the Fd-3m space group. 
Lattice parameter and grain size are found to be increased with increase in Cd doping due to 
larger ionic radius of Cd ion (0.97Å). Temperature dependent dielectric study confirmed the 
semiconducting behaviour and increase in dielectric constant and then declining signifying 
phase transition from ferromagnetic to paramagnetic state. Activation energy and curie 
temperature showed declining nature with respect to increasing Cd content. Frequency 
dependent studies indicate AC conductivity increases with increasing frequency and dielectric 
constant show dielectric dispersion at lower frequencies. Alahmari et al.[72] investigated 
Ni0.5Co0.5−xCdxFe2O4 (x ≤ 0.20) to study its structural and magnetic properties and reported the 
enhanced value of saturation magnetization (Ms) ascribed to the effects of surface spins, the 
cations distribution, the evolution of magneto-crystalline anisotropy, and the variation of 
magnetic moment (𝑛 ).   The greatest Ms of about 38.5 emu/g was obtained for x = 0.20 NFs.  
All prepared samples with squareness ratio below 0.5 show the single-magnetic domain 
structure. Kulkarni et al. [73]  reported structural properties of cadmium doped cobalt nickel 
ferrite (Co0.5Ni0.5CdxFe2-xO4) (x = 0, 0.1, 0.2, 0.3, 0.4, 0.5) and found the single-phase cubic 
spinel structure with lattice parameter in the range 8.39 to 8.33 Å that showed shrinkage with 
increase in doping. The crystallite size is confirmed by Debye Scherrer method, WH and SS 
plots are to be varying in the range of 35–160 nm. SEM study confirmed granular and flower 
structured grains. The FTIR study found the absorption bands in the range of 580–600 cm−1 
and another below 400 cm−1 corresponding to octahedral and tetrahedral sites.  
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3.5 Other (Mixed) 
In 2015, Jadhav et al. [61]  reported preparation of Ni 0.8 Co 0.2-2x Cu x Mn x Fe 2 O 4 ferrites 
(with x = 0.01, 0.03, 0.05, 0.07 and 0.09) through solution combustion route. Crystallite size 
follow unusual trend as a function of doping concentration and found to increase up to 0.03 
doping concentration and then reduce thereafter. However, the lattice constant was found 
unaffected with doping concentration and remains constant at around 8.34 Å for all the 
samples. SEM study confirmed formation of porous structured agglomerates with submicron 
sized grains. Observed values of saturation magnetization showing non-linear increase with 
respect to Cu and Mn doping concentration due surface spin disorder of the grains. Reported 
results indicate sample with x=0.7 composition yields improved magnetic as well as 
magnetomechanical properties signifying its potential use in transducer application. Jadhav et 
al. (2016) [74] reported structural, electrical and magnetic properties Mn and Cu Co-substituted 
Ni-Co ferrite thick films for screen printing technique. Magnetic observations display no 
substantial change in saturation magnetization with doping concentration. Dielectric study 
show reduction in DC resistivity with increase in temperature which confirms the 
semiconducting nature of prepared samples. The reported resistivity values of the thick films 
are of the order of 1013 Ω-cm at room temperature. Resistivity values are observed to be almost 
3 orders greater than its bulk counterpart. 
 
4. CONCLUSION: 
In a nutshell, this review work presented a versatile way in which Cobalt Nickel nanoferrites 
can be fabricated and the influence of the various divalent dopant ions on the structural, 
electrical and magnetic properties of the materials.  Different parameters that contribute to 
structural, electric and magnetic properties are clearly summarised in tabular form which gave 
more insight to the researchers about the effect of divalent ions on Co-Ni ferrites. The particle 
size of spinel ferrites is found to be a function of the selected synthesis method and the 
associated metal nature. In present overview, we have found Divalent metal ion doped Co-Ni 
ferrite particles possess different sizes, from ultrasmall 2 nm to 100 nm. They can be fabricated 
mostly by sol-gel auto combustion and co-precipitation methods however other methods like 
the Electrodeposition technique and even combination of these methods with high-temperature 
calcination are also frequently employed. A series of diverse shapes for ferrite nanoparticles 
have been observed, from spherical to nanorods or nanotubes which are considerably affected 
by the type of doping atoms, level of impurity, specific surface area, etc. 
  
Different divalent dopants have been added to the CoNiFe2O4 nanoparticles with the aim of 
modification in its saturation magnetization (Ms). Increase or decrease of Ms largely decided 
by the nature and concentration of doped ion as well as cation distribution and surface spin 
effects. Furthermore, it was clear that the magnetic properties are strongly dependent on the 
microstructure of the samples where the porosity and density also play crucial roles on the 
magnetic properties. Cobalt Nickel ferrites with divalent doping of elements have excellent 
electrical and magnetic properties which result in a wide range of applications such as high-
density recording media for obtaining the suitable signal-to-noise ratio, transducer application, 
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gas sensors, drug delivery, computer memory cores, high frequency transformers, stable 
memory devices, spintronics, magnetic sensors etc. 
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ABSTRACT 

Cassia fistula is the medicinal plant which is used in Ayurveda, Unani and traditional medicine since long time. 
The plant parts of the species used for the treatment of around more than forty diseases. Almost every Indian 
knows this species and it is commonly used in traditional medicine. People of India have great knowledge about 
this species. The present review compiled the ethnomedicinal data concern Cassia fistula which will be helpful 
for Indians, other than Indians as well as researcher communities those are involved in research of 
pharmacognosy, phytochemistry, phytomedicine and phytoneutraceutical industries. 

KEY WORDS  

Cassia fistula, traditional medicine, ethnomedicine 

INTRODUCTION 

Cassia fistula L. is the ethnomedicinal plant which belonging to family Leguminosae. Some synonyms are as 
follows, 1. Bactyrilobium fistula Willd, 2. Cassia bonplandiana DC, 3. Cassia excelsa Kunch, 4. Cassia 
fistuloides Collad., 5. Cassia rhombifolia Roxb., 6. Cathartocarpus excelsus G. Don, 7. Cathartocarpus fistula 
Pers., 8. Cathartocarpus fistuloides (Collad.) G. Don, 9. Cathartocarpus rhombifolius G. Don. Golden shower, 
purging cassia, Indian laburnum, pudding- pipe tree are the English names of this species. In Sanskrit, it is 
known by names vyadhighat, nripdrum, Aaragwadh and Karnikar. In Hindi, it is known by name as Amaltas 
and in Marathi by Bahawa.  

 

MATERIAL AND METHODS 

Literature survey was carried via Google search engine. Related research papers were downloaded and 
scrutinized and shortlisted. All shortlisted 51 relevant articles directly reported traditional and ethno medicinal 
uses were finalized for the study. Articles were screened and studied for this investigation.  

BOTANICAL DESCRIPTION 

Trees, about 8- 10 m tall. Leaflets 4-8 pairs, 5.0-12.5 x 2.5-6.0 cm, ovate. Flowers yellow, in 24-40 cm long, 
lax, drooping racemes. Pods 2.0-2.5 cm across, indehiscent. Seeds numerous, embedded in dark coloured pulp. 
Fls. & Frts. : April- October1. 
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TAXONOMIC POSITION  

Kingdom: Plantae 
Division : Magnoliophyta 
Class      : Magnoliopsida 
Order      : Fabales 
Family    : Leguminosae 
Genus    : Cassia 
Species  : fistula 
 

ETHNOMEDICINAL USES 

For the present review fifty one research papers were studied and compiled ethnomedicinal information in the 
following paragraphs. 

Amoebiasis: For the treatment of Amoebiasis seed powder used by tribals of Nankura districts of West 
Bengal2. Anemia: Traditional healers (Vaidya, Hakim, Janata and Maharaj) of Nanded district used root 
powder for treatment of anemic disorders3. Asthma: Fruits are used in asthmatic troubles in Srikakulam district 
of Andhra Pradesh4. One to two seeds are taken for the treatment of asthma and also bark is chewed for the 
same5. Breast cancer and wounds: Fruit crushed in water and applied at the affected parts till cure by people 
of Bidar district of Karnataka6.  

Burns: Leaves grounded with Coconut oil and paste is applied externally for a week for the treatment of burns7. 
Constipation: About 2gm tamarind (mucilaginous pulp surrounding the seeds) given to children and pregnant 
woman to remove constipation by local people of Panurti taluk of Cudallore district of Tamil Nadu whose 
inhabited near sacred groves8. Tribes of Kalahandi district take in small quantity to cure constipation9. Ripe 
pulp also used by tribal and rural communities of Rajasthan10. Leaves and fruits used in constipation are 
reported from Ajoydha Hill region of Purulia district of West Bengal11. Cough: Ash of the pod given with 
honey to cure cough of children by local people of Solan district of Himachal Pradesh12. Cuts and wounds: 
Leaf juice is applied to clearing cuts and wounds by people of Chatara region of Sonebhadra district of Uttar 
Pradesh13.  

Diabetes: For treatment of diabetes, people of Dhar district of Madhya Pradesh given fruit pulp14. Dye: Trunk 
bark is used as dye with bark of Terminallia bellirica, Pterocarpus masupium by local people of Aravalli Hills 
of North Gujrat15. Dysentery and diarrhea: Konda Reddi and Koyas tribes of Khammam district of Andhra 
Pradesh crushed stem bark with five pepper grains and extract is given for three days to cure dysentery and 
diarrhea16. Khasis tribe of Meghalaya used fruit pulp for the treatment of dysentery occurs in new born babies17. 
Dysentery and indigestion: Paste of fruit with sugar used to control dysentery and indigestion problems by 
local people of Udayagiri forest in Eastern Ghat, Odisha18.  

Earache: Fruit pulp extract dropped into ear to the treatment of ear pain by Billa tribe of Maharashtra19. 
Enlargement of The stomach: Paste of pods grinded with tamarind and given to cattle for the treatment of 
enlargement of stomach by Gond tribe of Bhandara district of Maharashtra20. Erysipelas: Leaves are used for 
the treatment of erysipelas by the people of Jawadhu hills in Tamil Nadu21. Fever: People of Rajouri Poonch 
district of Jammu and Kashmir used plant for the treatment of fever22. Fever in Infants: Seed powder is given 
for the treatment of fewer in infants by local people of Mokhada, Thane district of Maharashtra23.  

Gonorrhoea: Gond and Baiga tribe women of Achanakmar wildlife sanctuary of Bilaspur, C.G. applied 
flowers on the affected part to the treatment of Gonorrhoea24. Headache: Stem bark applied on forehead to 
relief pain in head by People of Thuamul Rampur area of Kakahandi district25. Indigestion: Leaf extract of this 
plant is used in indigestion by Khamptis tribe of Arunachal Pradesh26. Seed decoction used with honey to cure 
indigestion problems in children by local people of Katei Baba sacred grove of Akole taluk of Ahmednagar 
district of Maharashtra27.  

Indigestion in Children: Decoction of seed with honey given for the treatment of indigestion in children by 
villagers of Adhalwadi who living near Katei Baba sacrred grove in Akole taluka in Ahmednagar district27. 
Infantile diarrhea or irregular bowels in newborns: In Meghalaya, Khasis people used fruit pulp to the 
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treatment of germs in infantile diarrhea or irregular bowels in newborns28. Jaundice: Root powder given in the 
treatment of jaundice by traditional practioners of Nanded district29. Laxative: Rella chettu is the local name of 
Cassia fistula in Srikakulam district of Andhra Pradesh. Local medicine men used root bark and leaves as 
laxative30.  

Leprosy: Seeds used in the treatment of Leprosy by tribals of Sonebhadra district of Uttar Pradesh31. Neck 
pain: Leaf extract applied in neck pain by ethnic people of Sheshachala hill range of Kadapa district of Andhra 
Pradesh32. Nervous disorder: Root bark pounded with root of Cryptolepis buchanani and used to revival of 
nervous system paralysed by alcoholic intoxication by Malamalasar tribe of Parambikulam wildlife sanctuary of 
Kerala33. Nose infection: Leaf paste and bark applied in the treatment of nose infection by tribal of Amrawati 
district34. Reduce bitter taste: Garasia tribe of Rajasthan put mango fruits with flowers of the same plant to 
reduce bitter taste35.  

Rheumatism: Thuamul Rampur block is coming under Kalahandi district of Orissa. Paraja, Kutia Khdnha, 
Tekeria and Jhadia are the tribes inhabited in the same block. These tribes used fruit decoction for the treatment 
of rheumatism36. Ringworm and Skin diseases: Leaf paste is applied on ringworm by inhabitants of Solan 
district of Himalchal Pradesh37. Leaves and flowers are used in ringworm by tribes of Satpuda region of Dhule 
and Jalgaon districts of Maharashtra38. Kanikkar tribe of Kanyakumari district uses this plant for the skin 
diseases39. Scorpion bite: Seeds are used as antidotes by tribals of Sonebhadra district of Uttar Pradesh13. 
Smelling mouth: Young leaves of Casssia fistula given for the treatment of foetid smell of mouth by local 
people of Ivanur Panchayat of Cuddalore district of Tamil Nadu40. Leaf extract given orally for the treatment of 
jaundice by tribals of Mayurbhanj district of North Orissa41.  

Snakebite: For the treatment of snake bite, one teaspoonful fruit powder given internally by Halakki, 
Kadukurba and Lambani tribes of Bidar district of Karnatka42. Sahariya tribe of Gwalior applied seed extract on 
snakebite and Gond tribe of Bastar applied fruit pulp, seeds and leaves in snakebite43. Roots are used for 
snakebite by people of Kalrayan and Shervarayan Hills, Eastern Ghats of Tamil Nadu44. Stomach pain: Gond, 
Halba and Kawar tribe of Darekasa hill range of Gondia district Maharashtra used fruit pulp for the treatment of 
Stomach pain in adults as well as infants45. Stomachache: Traditional healers (Vaidya, Hakim, Janata and 
Maharaj) of Nanded district used fruit pulp as purgative46. Bark decoction given with garlic and pepper powder 
to cattle as purgative by local healers of Madurai, Dindigul and Theni districts of Tamil Nadu47.  

Stomachache and stomach tumor: Seeds are boiled and taken orally to cure stomachache and stomach tumor 
by the people of Sanchor and Mount Abu regions of Sirohi district of Rajasthan48. Typhoid: Bhil, Menna, 
Garasia, Damor, Sahariya, Gujar, Kathodia, Dindor, Ahari, Raot are the tribes of Rajasthan. These tribes used 
pods decoction for the treatment of Typhoid49. Urinary disorders: Poultice of fruit pulp applied externally in 
the treatment of urinary problems by tribals of Balaghat district of  Madhya Pradesh50. Weakness: Gonds of 
Adilabad district of Andhra Pradesh used fruit pulp with crushed paste of pepper, garlic and tamarind as tonic in 
weaknesses51. Wound healing: Stem bark decoction employed to wash wound healing by the people of Solan 
district of Himachal Pradesh52. 

CONCLUSION 

Cassia fistula L. is tremendously used plant species for traditional medicine since long decades by Indian tribes. 
Near about all parts of the plant species have medicinal properties. People of the Indian continents have great 
knowledge about this plant to cure the diseases. 
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ABSTRACT  

Heavy metals exist in maximum of the industrial wastewaters and water components are amongst 

the maximum severe environmental contaminants. As such, elimination of those metals from water 

and wastewater is a vital technique for protective public health and the environment. Thanks to its 

biocompatibility, flexibility, low cost, and excellent results, the adsorption approach has been widely 

used for this kind of purpose, making it essential to increase cheaper adsorbents in eliminating those 

metallic contaminants. In latest years, using magnetic adsorbents has received interest due to the fact 

of their magnetic property, which enables the separation and elimination of the adsorbent the usage 

of an outside magnetic composites, mainly the nano-sized ones, show off superiority over different 

adsorbents. Given their excessive adsorption yields, those were used as green and cost-powerful 

adsorbents for eliminating heavy metallic contaminants. 

 

KEYWORDS: Adsorption, waste water, Magnetic Nanoparticle, Heavy metals 

 

INTRODUCTION 

Water is important and essential part of the universe and it plays a vital role within the 

proper functioning of the earth' ecosystems. Water stocks on earth can be divided into two 

categories i.e. salt water and fresh water. The total volume of water on earth is about 1386 

million cubic km. Only 2.5 % of the total volume of water is fresh water and less than 1 % of 

all fresh water is directly available for human use (Amin et al., 2014). From a global point of 

view, water is unevenly distributed, with great natural variations in availability at the local 

level. Water pollutants are one of the most important modern-day issues which could pose 

a hazard to human health and the environment. The presence of poisonous chemical 

substances and organic agents above natural ranges maybe described as water pollutants. 

Pollutants contained in wastewater can be chemical contaminants which include heavy 

metals, natural and inorganic particles, toxins, pharmaceuticals, and hormones, or other 

risky substances. (Unuabonah & Taubert, 2014). Despite the presence of vast bodies of 
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water, drinking water is not readily available in most parts of the world. This is most 

dramatic in regions with rapid industrialization and population growth like large cities. 

Over seven hundred organic and inorganic micro pollutants are mostly toxic and 

carcinogenic while some have long residence times in the environment and are neither 

biodegradable nor bio transformable. Drought and desertification are day-to-day realities 

for many people and have a devastating impact on people’s livelihoods. Availability of 

water for purposes like drinking, irrigation and industrial use are the major concerns. 

Several techniques available to remove these and other micro pollutants from water and 

industrial wastewater: chemical precipitation, ion-exchange, electrodialysis, electrolysis and 

adsorption (Da browski et al., 2004; Demirbas, 2008; Leta, 2017). Among these, ion- exchange 

is expensive technique and chemical precipitation leave behind secondary pollutants 

however adsorption is a less expensive technique that removes both organic and inorganic 

pollutants from water (Demirbas, 2008). It is therefore extremely engaging for water 

treatment, particularly within the developing countries that are most heavily plagued by 

water contamination. 

 

 

 

Fig. 1: (a) Water Distribution on the Earth and (b) Freshwater Distribution on the Earth. 

TYPES OF WATER CONTAMINATION 

Water resources in most developing countries are being impure on the so much aspect their 

capability to sustain ancient uses as a result of high increase rates. Increasing urbanization 

and manufacture have exacerbated the case by creating really big purpose sources of 

pollution. Major centres of population and rural agro-industry have seriously broken 
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surface water quality, even in very massive rivers and groundwater has together been 

contaminated. There are varied ways of water contaminations a number of them at intervals 

the subsequent subsections are shortly mentioned. 

AGRICULTURE  

The agricultural sector is the most important consumer of worldwide fresh resources, with 

farming and livestock production exploitation concerning 70 % of the earth’s surface water 

supplies, however it’s conjointly a heavy water polluter. Round the world, agriculture is the 

leading reason for water degradation. When it rains, fertilizers, pesticides, and animal waste 

from farms and cattle operations wash nutrients and pathogens—such micro-organism and 

viruses—into our waterways. Nutrient pollution, caused by excess element and phosphorus 

in water or air, is the number-one threat to water quality worldwide and may cause algal 

blooms, a cyanogenetic soup of blue-green algae which will be harmful to people and 

wildlife.  

SEWAGE AND WASTEWATER  

Used water is also one kind of wastewater. Wastewater comes from our sinks, showers, and 

toilets (suppose sewage) and from commercial, industrial, and agricultural activities 

(suppose metals, solvents, and poisonous sludge). The time period additionally consists of 

storm water runoff, which happens whilst rainfall contains street salts, oil, grease, chemical 

substances, and particles from impermeable surfaces into our waterways More than eighty 

percent of the world’s wastewater flows returned into the surroundings without being dealt 

with or reused, in step with the United Nations; in a few least-evolved countries, the discern 

tops ninety five percentage. These centers lessen the quantity of pollution which includes 

pathogens, phosphorus, and nitrogen in sewage, in addition to heavy metals and poisonous 

chemical substances in commercial waste, before discharging the treated waters returned 

into waterways.  

RADIOACTIVE WASTEWATER  

Radioactive waste is produced from industrial, medical and scientific processes that use 

radioactive material. Radioactive waste can have detrimental effects on groundwater, 

surface water and marine resources. Radioactive waste comes from many sources like 

operations conducted by nuclear power stations produce radioactive waste, mining and 

refining of uranium and thorium are also causes of marine radioactive waste, waste is also 

produced in the nuclear fuel cycle which is used in many industrial, medical and scientific 

processes and many more. 
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Fig. 2: Major source of water contamination 

  

HEAVY METALS  

Heavy metals are the most non-unusual maximum contaminants that can be found in 

industrial wastewater, these cause damage to the nearby environment and pose various 

health risks to humans (Ruthiraan et al., 2019). Such metals are non- decomposable with 

inside the surroundings and generally tend to modify the physical, chemical and organic 

qualities of water. The supply through which metals are launched into the ecosystem 

consist of volcanic eruption, soil, and rock weathering and human activities which include 

using polluting chemical compounds from metals, mining, manufacturing, etc. 

Additionally, heavy metal storage is found at significant depths in surface waters which are 

followed by streams / springs to lakes / rivers. However, factors contributing to the 

concentration and identity of heavy metals in surface water involves chemical aspects 

containing oxyhydroxides / aquatic vegetation scavenges heavy metals causes 

bioaccumulation in living organisms (Khan et al., 2015). Metals with density more than 5 

g/cm3 are referred to as heavy metals, for instance, lead, mercury, arsenic, zinc and 

chromium are few of the heavy metals. In 1987, United States Environmental Protection 

Agency (USEPA) posted a listing of the contaminants discovered in wastewater that impose 

critical dangers into the human health, which include antimony, arsenic, beryllium, 

cadmium, chromium, copper, lead, mercury, nickel, zinc, silver, thallium, and 

selenium(Ramos et al., 2002). In fact, the systems present in these metals can impose 

excessive damage and trouble on features of the cardiovascular system, liver, kidneys, 
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blood, skin, glands, reproductive system, immune system, nervous system, urine and 

digestive system(‚Heavy Metal in Drinking Water Its Effect on Human Health and Its 

Treatment Techniques – a Review,‛ 2018). These metals have been classified based on their 

atomic weight, density, chemical properties, and toxicity. Based on the periodic table, one 

can categorize heavy metals under three general classes 

 

Fig. 3: Classification of Heavy Metals by Toxicity (Tamjidi et al., 2019) 

 

ARSENIC 

Environmental pollution by arsenic is due to natural phenomena such as volcanic eruptions, 

soil erosion and human activities (Ungureanu et al., 2015). Inorganic arsenic may be a 

confirmed substance and is that the most vital chemical stuff in drinking-water globally. 

Arsenic may also occur in an organic form. Inorganic arsenic compounds (such as those 

found in water) are extremely toxic whereas organic arsenic compounds (such as those 

found in seafood) are less harmful to health. The on the spot signs and symptoms of acute 

arsenic poisoning encompass vomiting, stomach ache and diarrhoea. These are observed 

with the aid of using numbness and tingling of the extremities, muscle cramping and death, 

in intense cases.  

CADMIUM 

Cadmium (non-degradable) ions particularly maintain big toxicities in addition to 

accessibly developed to organism through food that makes it tough to rip off and causes 

organic damage. Cadmium introduces into the surroundings via gradual erosion and rocks 
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and soil abrasions, along with volcanic eruptions. Furthermore, cadmium is a pollutant that 

immediately affects human health in numerous methods along with limiting cell growth, 

bone infections and lung damage. Due to these kind of health issues, WHO (World Health 

Organization) has said that the restriction of cadmium in blood need to now no longer be 

greater than 0.005mg/L(Boparai et al., 2011).  

CHROMIUM 

Chromium is widely distributed in the earth's crust. It can exist in oxidation states of +2 to 

+6. Wastewater contamination by chromium is of great concern because of its widespread 

29 applications in industrial processes such as metallurgy, tanning industries, refractories 

and 30 foundries and its high toxicity. In fact, hexavalent chromium Cr (VI) has significant 

toxic 31 effects on humans and animals (Jobby et al., 2018). Moreover, Cr (VI) compounds 

have been classified by the 32 International Agency for Research on Cancer (IARC) as 

carcinogenic to humans. The 33 World Health Organization (WHO) fixed the upper limit 

value for Cr (VI) compounds in drinking water to 0.05 mg L-1 34 (Cadmium in Drinking-

Water Background Document for Development of WHO Guidelines for Drinking-Water Quality, 

2011). 

WATER-TREATMENT TECHNOLOGIES 

A multiple number of techniques are available for waste water treatments Fig. 3 shows list 

of important techniques used for water treatment and their classification on the basis of 

conventional techniques, established techniques and ongoing research techniques.  

 

Each method has its personal benefits and barriers in time period of the nature of pollutant 

it could treat, cost, performance and environmental impact. Combination of various 

strategies for powerful and monetary elimination of contaminants is a primary studies 

vicinity those days. This section discusses about various treatment techniques mentioning 

their recent use in the removal of heavy metal with the help of nano-magnetic material by 

adsorption methods. 
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NANO-MAGNETIC ADSORPTION 

In the past decade, nanoscale solid materials became vital as a result of their special 

properties and therefore the nanomaterials field has gained increasing attention from 

scientists and engineers. A key reason for the modification within the chemical and physical 

properties of tiny particles as their size decreases is that the increased fraction of the 

‚surface‛ atoms, that happens beneath conditions (coordination number, symmetry of the 

local environment, and so forth) that are totally different from those of the bulk from the 

energy purpose of view, a decrease in the size of a particle ends up in a rise of the surface 

energy fraction. Nanomaterials possess a series of distinctive physical and chemical 

properties. A very vital one is that the majority of the atoms that have high chemical activity 

and adsorption capability to several metal ions are on the surface of the nanomaterials. The 

surface atoms are unsaturated and are so subject to combination with different component 

ions by static electricity. Therefore, nanomaterials will powerfully sorb many substances as 

well as trace metals and polar organic compounds (Mercury in Drinking-Water Background 

Document for Development of WHO Guidelines for Drinking-Water Quality, 2005). Presently, the 

distinctive physical properties of nanomaterials are becoming vital attention, specially the 

salient magnetic properties. Alteration within the characteristics of nanoparticle such as 

size, composition, shape and structure will enhance the material’s magnetic properties.  

Magnetic nanoparticles are extremely recyclable, non-toxic, reusable associated possess 

magnetic characteristics that provide advantages of convenient separation upon using an 

external magnetic field (Ambashta & Sillanpää, 2010). The sorption on the surface of solid 

adsorbents demonstrates an excellent perspective for the treatment of heavy metal ion 

contaminated water. It’s a lot of advantageous than alternative ways as a result of its simple 

design and low investment in terms of initial cost and space needed. 

The adsorption method becomes extremely cost effective if the adsorbent used is recyclable. 

Because of these properties, adsorption process is gaining a great deal of attention from 

researchers within the treatment of industrial waste water contaminated with heavy metal 

ions (Wang & Chen, 2009). Ideally an adsorbent need to offer enough binding sites for 

suitable adsorption of heavy metal ions. Main traditional adsorbents used for heavy metal 

ion removal are activated carbon, metal oxides, clay etc. to name a few (Moreno-Piraján & 

Giraldo, n.d.; Sharma et al., 2018). These traditional adsorbents suffer from certain 

constraints comparable to low sorption capacities, lack of functional tunability, reusability 

and recyclability. To beat such limitations, new sorbents in nano dimensions are being 

synthesized and adopted for water decontamination.  

The advantages of support magnetic nanoparticles, in addition to changed magnetic 

nanoparticles as an appropriate candidate for adsorption, are indexed as follows: (1) a huge 

variety of particles produced the usage of easy and convenient methods. (2) The capability 
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of adsorption is significant because of the huge surface area. (3) Toxicity is decrease and 

offers precise magnetic strength, and (4) metal-weighted down sorbents conveniently 

separate from processed wastewater via an external magnetic field. However, water 

pollution are ordinarily non-magnetic. Therefore, it's far most efficient that the magnetic 

nanoparticles blend at the side of the pollution competently, and captured cautiously with 

pollution because of their maximum ferromagnetism. 
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Abstract: Nig6sZno 3sFe,O, spinel ferrite was prepared by using sol-gel auto combustion route. The 

sample were characterize with XRD, FE-SEM, TEM, Magnetic, Electrical and optical properties. Particle 

size, lattice constant, porosity, induced lattice strain, X-ray density, Bulk density were calculated. Particle 

size of synthesized sample is 18.09 nm confirmed from SEM images. A slight agglomeration is observed 

in SEM image. The saturation magnetization, remenance, anisotropy constant (K) and Coercivity (Hc) of 

the NiZn ferrite sample were determined from vibrating sample magnetometer study. The dielectric loss 

tangent and dielectric constant of ferrites sample have been investigated in the high-frequency range 

1000H, -1 MH, 

Keywords: Spinel ferrite, Magnetic material, XRD, FESEM, TEM. 

I. Introduction 

Nickel zinc ferrites are scientifically important class of soft magnetic materials for their 

widespread industrial applications, ranging from microwave to radio frequencies such as 

microwave devices, computer memories, and magnetic recording (1). During the last few 

decades, ferrites have achieved very much importance within the family of magnetic materials 

because of their excellent physical properties. In all TV sets have ferrite cores, while in portable 

radios make use ofa pencil of ferrite as an antenna core. Long-distance carrier telephone circuits 

are employing ferrite cores in high-quality filter coils and transformers. The various properties of 

nano-crystalline ferrites were highly influenced by the cations distribution among the sub 

lattices, nature of the grain, grain boundaries, in homogeneities, voids, surface layers, contacts. 

etc. [21. One of the important characteristics of ferrites is their high values of resistivity and 

lowest eddy current losses 3), which make them ideal for high-frequency applications. For 

microwave applications, dielectric properties such as dielectric loss and dielectric constant are 

very important as the dielectric constant affects the thickness of the microwave absorbine aver 

and the dielectric loss factor (tanò) of a material deternmines dissipation of the electrical energy. 
There are so many researchers who studied the magnetic properties of Ni-Zn ferrites but non 
magnetic properties such as dielectric properties and electrical conductivity are seldom reported. 
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In this work. a chemical route technique has been selected for the synthesis of Nio6sZno sFe.o nanoparticles. The various techniques such as XRD, FE-SEM, Magnetic and dielectric measurements have been used to study their structural, electrical and magnetic properties [41 

II. Expcrimental Procedure 

Ni-Zn ferrite powders with compositions of Nio65Zno3sFe204 was synthesized by so-gel auto combustion method. The analytical grade Fe(NO;);9H,0, Zn(NO:))6H0, Ni(N0;)26H,0 and citric acid (CçH_O,·H,0) was used as raw materials. The appropriate amount of nitrates and citric acid is first dissolved into deionized water to form a mixed solution with molar ratio of nitrates to citric acid 1:1. The pH value of solution is adjusted to about 7 using ammonia. Then. the mixed solution is poured into a bicker and heated at 80 C. The appropriate amount of nitrates and citric acid is first dissolved into deionized water to form a mixed solution with molar ratio of nitrates to citric acid 1:1 and constant stirring with magnetic needle transform into a dried gel. Being ignited, the dried gel burnt and form loose powder. The solutions were evaporated by continuous heating at 100 °C with agitation until the formation of viscous gel [5]. The detail process is as shown in Fig. 1 [61. The samples are dried and the dried powders were sintered in air furnace at 700 °C for 7 hrs. Then slowly cooled to the room temperature. Finally, the sintered powder was ground using the mortar and pestle. The equation used for calculating the stoichiometric values of the metal nitrates is as follows: 

0.65[Ni(NO;).6H20] +0.35[ Zn(NO3)2.6H,0] + 2[ Fe(NO3),.9H,0]= Nio 6sZno 3sFe;O4 + H;0 + Volatile 

The Structure, microstructure and the chemical composition of the samples are investigated by X-ray diffraction using Cu K, (=1.5406 Ä), scanning electron microscopy (FESEM) and TEM. The values of the coercive fields, saturation and remnant magnetizations are obtained trom the hysteresis loops obtained from a vibrating sample magnetometer (VSM). The dielectric properties of Nio6sZno3sFe04ferrites were studied using impedance analyzer [Wayne Kerr, 6500 series] depending on the various frequency ranges. In this study, electrical AC conductivity was measured in the temperature range from 30K to 673K. The dielectric, AC conductivity ano mpedance spectroscopy measurements were carried out in the frequency range 1000Hz--IMHZ and in the temperature range of 303K to 673K. 
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The XRD pattern of the samples under investigation is shown in Fig. 2. Higher intensity peaks in pattern show the peaks which are indexed corresponding to (220), (311), (222), (400), (422), (511) and (440). All XRD patterns show the single phase structure of the Ni-Zn spinel nanoferrites. These spectra were confirmed from JCPDS card no's 008-0234. The crystallite size is estimated by using the Debey Scherrer's formula [7, 8]. 
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Fig.l sol-gel method for the synthesis of Nin6sZno 3sFe,O4 spinel ferrite. 
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Where D is the particle size, B is the full-width at half-maximum; is the wavelength of x-ray (1.S406A); and 9 the angle of diffraction. The particle size for this sample obtained is 18.09 nm. Ihe x- ray density of the samples is calculated by relation 

MNCA:1 
Cirie acid 

Where M is the molecular weight of the sample, N the Avogadro's number and a' the volume of the cubic unit cell. The measured density is calculated by using relation, 

() 
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Induced strain in the NiZn ferrite was calculated from Williamson -Hall method |91. 

(2) 

(3) 

(4) 
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Where D is particle size. à is wavelength of X-ray, ß is FWIIM measure in radian, [ is the 
induced lattice strain ande is the Bragg angle. The induced lattice strain obtained using above 
formula is shown in table 1. 

Table 1. Shows the structural parameters 
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2. SEM and TEM study 

(311) 

Grain size 
(nm) 
31.4 

(400) 
(511) | (440) 

Dx 

2 Theta 

(gm/em') 
S.20 

NL66Zn.35sFe204 

-JCPOS fle no.08-0234 

Porosity 

Fig.2 Shows the XRD pattern of Nio6sZno3sFe,O, spinel ferrite. 
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Strain % 

The microstructure of the studied ferrite samples is analyzed using SEM micrographs as shown 
in Fig. 3. The micrographs show the agglomerated grainy structure [10]. Nanosized of the 

particle is confirmed from SEM and TEM images. The SEM image revealed that the grains have 
an almost regular shape and homogeneous distribution. 

0.145 
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Fig. 3 SEM micrograph of NincsZno sFe,O, spinel ferrite. 

Fig. 4 TEM micrograph of NinsZno3sFe,O, spinel ferrite. 

3. Magnetic Properties 

The Room temperature hysteresis loops of NiosZno 3sFe,0, nanoferrites are recorded under the 
maximum applied field of 15000 Gauss. The magnetic loops as shown in the Fig. 4. Table.2 

depicts the magnetic parameters which are calculated from M-H loops. The saturation 
magnetization and magnetic remanence decreases with the Gd substitution and also the 

coercivity decreased accordingly [1]. It is noticed that the magnetic parameters are influenced 
by the extrinsic factors such as porosity, homogeneity, morphology, density and distribution of 
cations at lattice [12). The Bohr magneton, magneto erystalline anisotropy constant (K) and 
Initial permeability are also calculated using the following relations [13]. 

Anisotropy constant (K) = 

OSEAMBooks 

H;xMs 

Initial Permeability (4;) = Msx 

MXM; 

5585 Bohr magneton(g)= 

0.96 

, D 

(5) 
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(6) 

Where, M. is the saturation magnetization, M is the molecular weight of the samples, D is the 
$aln size and H, is the coercivity. Table 2 shows the magnetic parameters of the sample. 

(7) 

Page 179 



Advances in Material Scicnce 

Mr 

(emu/ 
g) 

6.119 

Table 2: magnetic parameters of Nin sZnoss Fe,O, ferrite. 
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4. Electrical Properties 
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Fig. 5 Variation of saturation magnetization of Ni 6sZno3sFe,O, 
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The variations in the conductivity may be explained by Verwey's hopping mechanism According 
to Verwey, the electrical conductivity in ferrites is mainly due to hopping electron between ions 
of the same element present in more than one valance state and distributed randomly over 
crystallographically equivalent lattice sites [14]. Ferrite structurally from cubic close packed 
oxygen lattice with the cation at the octahedral [B] and the tetrahedral (A) sites. The distance 
between two metal ions on [B] sites smaller than the distance between two metals ions on (] 
and (A) site, therefore the hopping between A and B has very small probability compared wn 
that for [B}-{B] hopping. The hopping between (A)HA) sites does not exist, because there ae 
only Fe ions at A sites and any Fe ions formed during processing preferentially occupy (D] 
sites only [15]. The temperature dependence of GAC shown in Figure 6, as the temperatue 
increases, OAC is also increases indicating that the studied samples have the semiconductor 

20000 

Apphed fheld ( Ganss) 

behaviour. This behaviour was observed earlier for Mn-Zn ferrites [l6]. The increase m 

the thermally activated charge carriers (electron and hole) according to hopping 
conduction electrical conductivity as temperature increases may be related to the increase in drift mobility 

of 

mechanism. The important dielectric and electrical parameters were determined using the 
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Initial Permeability( } 

4.4265 

(8) 

(9) 
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Fig. 9 Variation of dielectric constant 

Where, Co represents capacitance without the sample in between the parallel electrodes, f is the 

frequency of the applied field and Eo represents the permittivity of vacuum equal to 8.85 x 10* 

Flcm [17). Spinel Ni-Zn ferrites are considered good dielectric materials and the high frequency 

dielectric behaviour is mainly dependent upon the particle size and method of synthesis of nano 

particles [18]. Dielectric parameters (real and imaginary parts of relative permittivity, dielectric 

loss tangent) for the prepared sample Nio6sZno 3sFe,0, have been studied in the frequency range 

1000 Hz to IMHz at room temperature. The effect of frequency (Hz) on dielectric loss factor tan 

Ò and each of the real dielectric constant [' at room temperatures is illustrated in figures 8 and 9 

respectively. Both E' and tan S decreases as the frequency increases, this is the normal dielectric 

behaviour in ferrites. The decrease is rapid at lower frequencies and becomes slow at higher 

Irequencies. The decrease in [' and tan takes place when the jumping frequency of electric 

Charge carriers cannot follow the alternation of applied AC electric field beyond a certain 

Critical frequency (19,20]. The high values of [' could be explained on the basis of MaxwelI 

Wagner theory which is a result of the inhomogeneous nature of dielectric structure (21]. 
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IV. Conclusion 

ferrites. In this method gel exhibits a self-propagating behaviour after ignition in air. XRD and 

The sol-gel auto combustion method is very convenient for synthesis of nano-sized Nii-Zn spinel 
SEM micrographs confirm crystalline nature of synthesized sample and confirmed 
nanoparticle size of the sample. The sintered Ni-Zn ferrites samples possess fine--grained microstructures as well as good electromagnetic properties, making them good materiale f electronic applications with high performance and low cost. Zn content has significant infuen on the electromagnetic properties, such as dielectric constant, dielectric loss tangent and magnetic properties for Ni-Zn ferrites. 
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Chapter 6

Lacustrine Records of Anthropogenic

Change and Precipitation in the Monsoonal

Core Zone of Central India since the Last

Century

Samaya S. Humane, Sumedh K. Humane, and Snehal Juare

Abstract A sediment core from the Navegaon Bandh Lake (NBL) was studied for

diatoms and sediment geochemistry to investigate the anthropogenic impact and

climatic variability over the past century. The declined geochemical concentrations

show three major impacts on the NBL coinciding with the drought events in the

foremost parts of India around 1918, 1975, 1965 and 1991. The rise in the geo-

chemical content of the NBL core was evident in the post dam construction period

(i.e., ~1917–1919) with the two major peaks around 1975 and 1998. These major

peaks are indicators of the higher rate of soil erosion and improved precipitation in

the catchment of the NBL. Anthropogenic activities have caused five major changes

in diatom assemblages and ecology in the NBL around 1946, 1956, 1972, 1978 and

2006. The increased agricultural activities in the catchment of the NBL are evident

since ~1906–1966 as the fertilizers (K, P) are mainly derived other than soil particles

of the catchment. Similarly, deforestation in the region was evident during

~1967–1975 coinciding with the period of the highest soil erosion. Another major

phase of soil erosion caused by anthropogenic activities was noticed during

~1992–1998. The hypolimnetic oxygen of the NBL has declined for the past

~80 years indicating increased eutrophication in the lake till the present. The nutrient

input in response to climatic conditions and anthropogenic activities has played a

vital role in the diatom shift of the NBL. Aulacoseira granulata was predominant

during ~1906–1914, ~1920–1922, ~1941–1943, ~1948–1956, ~1972–1976

and ~1973–1982 in the NBL signifying the increased soil erosion and flux, persistent

wet period and increased nutrient levels. While the major period of the profusion of

Rhopaloidea musculus in the NBL core was during ~1919–1921, ~1933–1940,

~1956–1972 and ~1978–2004, respectively, indicating a mesotrophic, Meso
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euhyaline and alkalibiontic condition of the lake linked with the long dry period/less

rainfall prevailed in the NBL watershed. The planktonic form Discostella stelligera

was common during ~2007–2012 and indicates the existence of alkaline lake waters

with moderate nutrients coinciding with the comparatively dry period/less rainfall

and changing water level and deforestation in the catchment of the NBL. Overall, the

investigation of the past evidence shows the importance of the study of fossil

diatoms and geochemistry to understand the anthropogenic and precipitation

changes along with the trophic status of the lake, which may be used for the

management of the tropical wetlands in India.

Keywords Diatoms · Geochemistry · Soil erosion · Tropical Lake sediments ·

Eutrophication · Central India

Introduction

The sediments deposited at the bottom of a lake provide a variety of information that

can be used to understand the past conditions of a lake, its watershed, and climate

(Meyers and Teranes 2001). Lakes are mostly fed by some rivers or streams and

hence the lake consists of autochthonous and allochthonous sediments (Smol 2008).

A stream serves as the major source of allochthonous sediments. The allochthonous

sediments carry with them the dissolved chemicals and particulate inorganic and

organic matter (OM). The autochthonous sediments on the other hand have with

them a significant assemblage of remains of macrophytes, phytoplankton, zooplank-

ton, bacteria, microorganism and aquatic invertebrates, which thrive in that environ-

ment. Hence, the source of autochthonous material includes biological activity and

chemical precipitation within the lake (Smol 2008). The geology of the lake’s

watershed, climate and land use, including anthropogenic activities, directly affect

the quality and quantity of material that enters a lake ecosystem (Cohen 2003). The

past changes in the pH, salinity, nutrient status, climatic changes and lake level

fluctuations can be inferred by studying the sediment geochemistry and diatoms

from the core extracted from the lakes/reservoirs (McFadden et al. 2005; Mullins

et al. 2011). The paleolimnological studies were also done using diatoms owing to

their sensitivity to environmental changes (Batterbee et al. 1999; Bennion et al.

1995; Liu et al. 2012; Schroeder et al. 2016).

The Indian economy is mainly based on agricultural production which depends

upon favourable monsoonal conditions. The central Indian region has been

experiencing unreliable climatic conditions with low precipitations for the past few

decades affecting the farmers depending upon agricultural produce. The increasing

agricultural practices in the region have also been impacting the water quality of the

area. Thus, the present chapter provides a good insight into the shift in the past

climatic patterns mainly the hydrologic conditions in the parts of the central Indian

region determined based on the study of sediment geochemistry and diatoms from

the core sediments of the Navegoan Bandh Lake (NBL), Central India. The NBL is

one of the major lakes of the Gondia district present in the eastern part of the
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Fig. 6.1 (a) Map of Maharashtra State, India, showing the location of Gondia District, (b) Map of

Gondia District showing the location of Navegaon Bandh Lake (NBL), (c) Satellite Image of NBL

and (d) Bathymetric map of the NBL

Maharashtra state, India (Fig. 6.1a–c). The NBL (latitude 20°53′ to 20°56′N and

longitude 80°06′ to 80°09′E) has a circumference of ~27 km and a water surface of

~20 km2. The average depth of the lake is about 21 m with a catchment area of about

90 km2 (Fig. 6.1d). Various factors such as adjoining lithology, soils, agricultural

practices, animal excrements, aquatic plants and vegetal matter influence the water

quality of the Navegaon Bandh Lake.

Climate and Rainfall

The Gondia district has tropical climatic conditions and experiences very hot

summers and cold winters with temperature variations from ~7 °C to 48 °C,

respectively. The summer starts in March and continues till mid-June, while the

winter begins in October end and continues till February with December being the

coldest month. The district receives rainfall from southwest summer monsoonal

winds mainly from June to September. The maximum rainfall generally occurs

during July and August with an average annual rainfall of 1197 mm (Gondia District

Gazetteer 2013).
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Land Use Pattern

The land use pattern of the major portion of the NBL watershed shows the presence

of the deciduous forest, agricultural land (mainly used for kharip crop and a very

small part used for rabi crops), some wastelands associated with the dense scrubs and

very little land is covered by rural build-up (Fig. 6.1c). Fishing takes place in the lake

with no other human activities. However, a zoological garden was developed near

the lake and has been used as a recreational centre which attracts tourists thereby

increasing the plastic pollutants around the lake.

Geological Setting

The Navegaon Bandh Lake is geologically surrounded by the granitic gneiss of the

Tirodi gneissic complex, quartzite-gritty quartzite, amphibolites and hornblende

schist of the Amgaon gneissic complex. It is also surrounded by the meta gabbros

and quartz veins of the Mesoproterozoic age. There are occurrences of phyllites,

pelitic schist and basic tuffaceous andesite of the Khairagarh group around it. The

pockets of laterites are also distinctly seen around the lake (DRM 2000).

Materials and Methods

Core Sampling, Processing and Chronology

In January 2013, a sediment core (Latitude: N 20° 54′ 55.8″ and Longitude: E 80° 7′

3.4″) of 78 cm length was recovered in the polycarbonate barrel from the deepest

part of the NBL using a gravity corer. The total weight of the retrieved sediment core

was calculated in the laboratory. Further, the sediment core was vertically cut into

two halves and photographed in addition to the description of the core profile. One of

the halves of the core was sub sectioned at an interval of 1 cm for the bottom sections

and an interval of 0.5 cm for the top 20 cm. It was used for diatom processing and

other analyses. The other half of the core was retained as an archive in the laboratory.

The chronology for the present study of the NBL follows the already published paper

(Humane et al. 2016). The results of the Constant Rate Supply (CRS) model for the

sediments of each depth of the NBL core were further used to calculate the bulk

sediment accumulation rates of the geochemical elements (g/m2/year) by the related

amount (mg/g) of each component in the bulk sediment (Fig. 6.2; Garrison and

Laliberte 2010). The uncertainty of the age prevails in the older sediments deeper

than ~50 cm of the core. Therefore, the ages of the NBL sediment core up to 48 cm

were considered for the calculation of the accumulation rate of geochemical ele-

ments at various depths and discussed in this chapter (Fig. 6.3). Diatom analysis was



6 Lacustrine Records of Anthropogenic Change and Precipitation in. . . 113

Fig. 6.2 Sediment
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done by processing some uncrushed core samples. The accumulation rate of geo-

chemical elements for a sediment core is shown in the vertical diagram prepared by

the computer program C2, version 1.5 (Juggins 2007).

Maceration for Diatom Study

About 1 gm of a core sample obtained through conning and quartering at 1 cm

intervals was used for the maceration to prepare diatom slides following the standard

methods (Batterbee et al. 2001). The prepared slides were studied for diatom

identification and enumeration under a Leica microscope (DM-350) at 630× and

1000× (oil immersion) along with the microphotography of each species. Minimum

300 valves were measured wherever possible in the slides. The occurrences of

individual species were converted into a percentage. The identification of diatom

species was done with the help of important literature (John 2012; Karthick et al.

2013; Liu et al. 2017; Metzeltin et al. 2005; Metzeltin and Lange-Bertalot 2007).

The recognition of the diatom groups was made based on their division in the

complete length of the core and the constrained incremental sum of squares

(CONISS) by the computer program TILIA (Grimm 1991).
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Fig. 6.3 Distribution of sand, silt and clay in the sediment cores of NBL

Results

Description of NBL Core Section

The colour of the entire core varies from light brown to dark brown with a smooth

transition. The overall grain size of the core lies in between clayey silt, with

intermediate variation from slight sandy-silt to silty clay (Fig. 6.4). The higher

organic matter content in the core was demarcated by dark bands representing

increased soil erosion coinciding with the wet periods. A few fragments of rotten

plant roots/stems are also observed along with a few fish scales and shell fragments.

The annual laminations are quite distinct in the core, although not very prominent in

the photograph.
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Fig. 6.4 Vertical profile of accumulation rate of the geochemical element in a sediment core of

NBL (M – moderate; C – Calamitous)

Geochemical Analysis

The trophic status and changing precipitation patterns were investigated using major

and trace elemental content of the NBL core. The past changes in the precipitation

trends and the trophic condition of the NBL have been inferred employing the

varying accumulation of geochemical elements. The impact of anthropogenic activ-

ities other than soil erosion on the trophic status of the NBL is also interpreted

(Fig. 6.5).

Chemical Weathering Intensity (CWI)

The deforestation and the enhanced agricultural practices in the catchment have

affected the NBL by augmenting the weathering and erosion of soils of the region. In

this context, the chemical weathering intensity (CWI) in the catchment of this lake is

calculated using the formula {(CaO+MgO+Na2O)/Al2O3} to know the strength of

weathering and soil erosion (Sun et al. 2009; Fig. 6.6).

Diatom Stratigraphy

The stratigraphic data shows the abundant diatom species in the NBL (Fig. 6.7). The

four diatom assemblage zones (DAZ)/units and ten sub-zones were identified for

major species abundance and the constrained cluster analysis for the NBL core using
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Fig. 6.5 Vertical profile of sediment core of NBL showing K: Al, P: Al, Zn: Al and Fe: Mn

Fig. 6.6 Chemical weathering intensity (CWI) and CaO/MgO ratio of sediment core of NBL
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Fig. 6.7 Diatom succession in NBL between (1906 and 2012 A. D.). Only the major taxa (Species

with ≥1% in at least one sample) were shown. The right is the constrained incremental sum of

squares (CONISS)

the program TILIA (Grimm 1991). A total of 62 diatom taxa were observed in the

NBL core of which 20 attained a maximum abundance of >1% in at least one

sample. Diatom assemblages were categorized as 1) Planktonic diatoms, such as

Aulacoseira granulata (Ehr.) Simonsen (4–65%), Discostella stelligera (Cleve &

Grun.) Houk & Klee (2–14%), Aulacoseira distans (Ehr.) Simonsen (1–12%),

Stephanodiscus niagarae Ehrenberg (0.8–13%) and 2) with benthic diatoms such

as Rhopalodia musculus Müllar (6–57%), Rhopalodia gibberula Müllar (3–35%),

Gomphonema undulatum Hustedt (3–25%), Fragilaria rumpens (Kutzing) Carlson

(3–18%), Nitzschia palea (3–10%), Encyonema minutum (Hilse) Mann (4–26%),

Gomphonema parvulum Kutzing (2–25%), Navicula cryptocephala Kutzing

(0.6–10%) and Eunotia bilunaris (Ehr.) Schaarschmidt (1–15%).

The planktonic diatoms were dominated by A. granulata (Fig. 6.8a, b) and

D. stelligera (Fig. 6.8k), whereas benthic diatoms were represented by

R. musculus (Fig. 6.8e, i), R. gibberula (Fig. 6.8j), Gomphonema undulatum

(Fig. 6.8g), Encyonema minutum (Fig. 6.8h), Amphora ovalis (Fig. 6.8c), Diploneis

ovalis (Hilse) Cleve (Fig. 6.8f, g) and Cocconeis placentula Ehrenberg (Fig. 6.8d).

A. granulata was abundant during ~1906–1980 and progressively decreased on the

top of the core (~1983 and above), while R. musculus dominated the core with the

decline in A. granulata. The other benthic diatoms present in the NBL core are

Ulneria ulnabiseriata Liu et al., C. placentula, D. ovalis, A. ovalis Kutzing,

Epithemia adnata (Kutzing) Brebisson, Cymbella affines Kutzing, Cymbella

lanceolata (Agardh) Kirchner and Rhopalodia gibba Müllar. There are four Diatom

Assemblage Zones (DAZ)/units identified in the NBL core (Fig. 6.7).

Unit I (48–43 cm; ~1906–1922) was categorized into two sub-zones. This zone is

characterized by the dominance of planktonic diatoms in the entire core. Unit I-a

(48–46 cm; ~1906–1918) shows an abundance of the planktonic species A. granulata

https://www.algaebase.org/search/species/detail/?species_id=31608
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Fig. 6.8 (a) Aulacoseira granulata; (b) Aulacoseira granulata; (c) Amphora ovalis; (d) Cocconeis

placentula; (e) Rhopaloidea musculus; (f) Diploneis ovalis; (g) Gomphonema undulatum; (h)

Encyonema minutum; (i) Rhopaloidea musculus; (j) Rhopaloidea gibberula; (k) Discostella

stelligera

(~13% on average) and benthic species (~10%) present in this zone. The ratio of

Planktonic and benthic taxa (P/B) had an average of 2.63. Unit I-2 (45–43 cm;

~1919–1922) was represented by an abundance of benthic diatom species

R. musculus (~10% on average) and G. undulatum (~8% on average). The plank-

tonic diatoms present are A. granulata (~6%), A. distans (~7%) and Discostella

stelligera (~2%). The ratio of Planktonic and benthic taxa (P/B) had an average of

0.82. Unit II (42–32 cm; ~1921–1956) is classified into three subzones. Unit II-a

(42–40 cm; ~1921–1933) represents the abundance of benthic diatom taxa
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G. undulatum (~14%), R. gibberula (~ 7%) and Eunotia bilunaris (~4%). The only

planktonic diatom species present in this zone is A. granulata (~12%). The ratio of

Planktonic and benthic taxa (P/B) had an average of 1. Unit II-b (39–36 cm;

~1932–1946) shows the dominance of benthic diatom taxa R. gibberula (~14%),

R. musculus (~13%) and Encyonema minutum (~9%). The planktonic diatom spe-

cies present in this zone are A. granulata (~13%) and Stephanodiscus niagarae (~

4%). The ratio of Planktonic and benthic taxa (P/B) had an average of 0.76. Unit II-c

(35–32 cm; ~1945–1956) has an abundance of planktonic diatom taxa A. granulata

(~ 30%) and A. distans (~12%). The benthic diatom species present in this zone is

G. undulatum (~23%). The ratio of Planktonic and benthic taxa (P/B) had an average

of 1.71. Unit III (31–20 cm; ~1955–1983) is represented by the four subzones. Unit

III-a (31–29 cm; ~1955–1966) shows an abundance of benthic diatom taxa such as

G. undulatum (~17%), R. gibberula (~ 17%) and R. musculus (~11%). The other

benthic diatom taxa are Nitschia palea and Eunotia bilunaris. The planktonic diatom

species present in this zone is A. granulata (~23%). The ratio of Planktonic and

benthic taxa (P/B) had an average of 0.29. Unit III-b (28–25 cm; ~1967–1972) has

an abundance of the benthic diatom taxa R. gibberula (~ 15%), R. musculus (~33%)

and Fragilaria rumpens (~5%). The common planktonic diatoms present in this

zone are A. granulata (~23%) and Stephanodiscus niagarae (~11%). The ratio of

Planktonic and benthic taxa (P/B) had an average of 0.52. Unit III-c (24–22 cm;

~1973–1978) shows the presence of the abundant planktonic diatom taxa such as

A. granulata (~40%). The benthic diatom species present in this zone is E. minutum

(~16%). The ratio of Planktonic and benthic taxa (P/B) had an average of 1.71. Unit

III-d (21–19 cm; ~1979–1983) shows the dominance of the benthic diatom taxa

R. musculus (~ 16%) and R. gibberula (31%). The other associated benthic diatom

taxa are F. rumpens, N. palea and G. parvulum. The planktonic diatom species

present in this zone is A. granuata (~16%). The ratio of Planktonic and benthic taxa

(P/B) had an average of 0.18. Unit IV (18-0 cm; ~1982–2012) is divided into four

subzones. This zone shows the maximum concentration of benthic diatom species.

Unit IV-a (18–16 cm; ~1982–1991) indicates an increase in R. musculus (~38% on

average) with a decrease in A. granulata (~ 13% on average). The other prominent

benthic diatom species are N. palea (~11% on average) and E. binularia (~7% on

average) and the other planktonic species commonly present is A. distans. The

Planktonic and benthic ratio of taxa (P/B) had an average of 0.28. Unit IV-b

(15–12 cm; ~1990–1998) was characterized by dominant benthic species

R. musculus (~33% on average) and planktonic diatom species A. granulata

(~19% on average). The second dominant benthic diatom species was Encyonema

minutum (~18% on average) followed by Fragilaria rumpens (~10% on average)

and Navicula cryptocephala (~10% on average). The planktonic and benthic (P/B)

ratio is 0.21. Unit IV-c (11–6 cm; ~1999–2006) prominently shows an abundance of

the benthic species R. musculus (~40% on average) and planktonic species

A. granulata (~18% on average). The other benthic diatom taxa present in this

zone are R. gibberula, G. undulatum, F. rumpens, N. palea, E. minutum,

G. parvulum and E. binularis. The other planktonic diatom species present in this

zone are D. stelligera and S. niagarae. The ratio of P/B is 0.34. Unit IV-d (5–0 cm;
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~2007–2012) indicates a decline in R. musculus (~17% on average) and

A. granulata (~6% on average). Other planktonic species D. stelligera (~11% on

average), A. distans (~2% on average) and S. niagarae (~3% on average). The other

benthic forms present in this zone are R. gibberula (~7% on average), G. undulatum

(~3% on average), F. rumpens (~12% on average) and N. palea (~6% on average).

The ratio of planktonic and benthic taxa (P/B) had an average of 0.27.

Discussion

The sediment core of the NBL, Central India is studied to investigate soil erosion,

trophic state and past rainfall since the last century using some proxies. The

watershed of the NBL is present in the tropical region and has had a nearly stable

temperature since the last century. Hence, the amount of rainfall in the catchment

area of the lake has been the controlling factor for the soil erosion, accumulation of

geochemical elements and diatom assemblage. Therefore, various proxies such as

(1) Geochemical elements and their normalized ratio with erosional indicators,

(2) Chemical weathering intensity (CWI) and (3) Diatoms are studied from the

sediment core of the NBL of Central India.

Soil Erosion and Trophic State

The intensity of the impact on the lakes of a different watershed can be analysed

using geochemical variables (Table 6.1; Garrison and Laliberte 2007, 2010). The

chemical elements titanium (Ti) and aluminium (Al) are derived from detrital

aluminosilicates and thereby the fluctuations in their profiles will suggest the

transformation in the rate of soil erosion (Garrison and Laliberte 2010). Phosphorous

and nitrogen are important nutrients for the growth of aquatic plants and algae. The

synthetic fertilizers and soils contain potassium (K). Thus, soil erosion and the input

of commercial fertilizers in the watershed can be distinguished from the variation in

the profile of potassium (K) (Garrison and Laliberte 2010). The urban runoff is

mostly accompanied by zinc (Zn) as it is a component of galvanized roofs and tires

Table 6.1 Important chemi-

cal indicators of catchment or

lake processes

Process Chemical elements

Soil erosion Aluminium, potassium, titanium

Synthetic fertilizer Potassium

Urban Zinc, copper

Ore smelting Zinc, cadmium, copper

Nutrients Phosphorus, nitrogen

Lake productivity Organic matter

After Garrison and Laliberte (2010)
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(Garrison and Laliberte 2007). The addition from the smelting of lead–zinc ores is

seen in the zinc (Zn) profile of the cores (Dean 2002). Similarly, the use of soil

modifications for the development of amenities is reflected in the calcium

(Ca) profiles and the changes in the oxygen levels in the bottom waters are indicated

by the manganese (Mn) profiles (Garrison 2008).

The accumulation rate gives information about the impact of watershed processes

on the lake ecosystem (Garrison and Laliberte 2010). The calculation of the rate of

accumulation of some geochemical elements of the NBL was done by adding the

geochemical concentrations with the rate of sedimentation (Calculation by 210Pb

dating and CRS model). The elemental deposition in the NBL through time was

determined from the accumulation rate. The accumulation rate of phosphorous was

similar to the erosional indicators (Ti, Al) in the NBL. The phosphorus content has

been progressively increased since ~1919 and reached its highest level in ~1998,

with its further decline since ~2000 till present at the top of the core (Fig. 6.4).

Therefore, it can be surmised that the phosphorous content of the NBL is mostly

derived from the sediment and soils from the watershed and played an important role

as a major source of the nutrient. The profile of phosphorous and nitrogen may not

reflect the lakes eutrophication history due to diagenesis (Anderson and Rippey 1994

and Fitzpatrick et al. 2003) and the breakdown of phosphorous and nitrogen into the

inorganic components with some of the material then recycled into the water column

and removed out of the sediments (Garrison and Laliberte 2010). The calcium

content of the NBL is similar to the titanium till the top of the core and indicates

that the major part of it was derived from the sediments and soils of the watershed

(Fig. 6.4). The geochemical elements such as silica, manganese and sodium also

show a similar increasing trend like Ti and Al, which reflects that the major

concentration of these elements is derived from the sediments and soils in the

watershed of the NBL (Fig. 6.4).

The selected geochemical elements from the NBL are normalized to aluminium

(Al) to distinguish the anthropogenic inputs other than mineral sediments. Thus, the

factors which influence the lake in addition to sediment/soil input from the water-

shed can be known. The anthropogenic impact both from the concerned watershed

and atmospheric transport through time on the sediments of the NBL have been

observed from the elemental profiles normalized to Al (Fig. 6.5). The ratio of these

elements would be the same throughout the core if soil particles/sediments were the

only sources of potassium, as both aluminium (Al) and potassium (K) are found in

sediments/soil particles in the watershed (Garrison and Laliberte 2007). There is a

gradual depletion in the K: Al ratio in the NBL since ~1906–1966(Fig. 6.5). This

decline in the ratio till ~1966 indicates that potassium was not mainly derived by the

erosional processes in the watershed considering the increase in the concentration of

erosional indicators (Ti and Al) (Fig. 6.4) and other anthropogenic sources in the

form of potash fertilizers in the nearby agricultural lands of the NBL. The K: Al

shows an increasing trend during ~1967–~1975 similar to the profile of Al. This

indicates that K is an important source derived from soil particles or sediments from

the catchment of the NBL. The phosphorous content shows a declining trend, while

the K: Al ratio slightly increased during ~1976–1991 indicating the mixed source
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of K, i.e. from soil particles along with some anthropogenic origin. The K: Al ratio

once again shows a rising trend during ~1992–1998 similar to the profile of K. This

points to the increased maximum rate of soil erosion in the NBL watershed. From

~1999 till ~2009 the rise and decline in K: Al ratio indicates mix origin of K, i.e. soil

particles and potash fertilizers used in the agricultural lands in the catchment of the

NBL (Figs. 6.4 and 6.5).

Phosphorous and nitrogen are important nutrients for algal growth (Garrison and

Laliberte 2010). The ratio of phosphorous to aluminium (P: Al) shows a continuous

decline from ~1906 to ~1956, while the P profile shows a continuous rise in its

content during this period. It shows that during this period P was mainly derived

through the excessive use of synthetic fertilizers in the agricultural land of the

catchment area of the NBL rather than soil particles mainly after the construction

of the rockfill dam in ~1917. The P: Al ratio shows a peak during ~1957–1975 more

or less similar to the P profile indicating its origin through soil particles or sediments

of the catchment area of the NBL. There is little rise in the ratio of P: Al during

~1976–1991 in contrast to the major decline of the P profile suggesting the possible

mixed origin of the P. The trend of the P: Al ratio has declined from ~1992 till

~1998 with the highest peak of the P profile. It indicates that most of the P was

derived from the erosion of soils or sediments from the catchment of the NBL during

this period. The P: Al ratio from ~1999 to ~2009 shows a mixed origin of the P

(Figs. 6.4 and 6.5).

The Zn: Al ratio in the NBL core is highest post ~1917 coinciding with the year of

the dam construction till ~1933 similar to the Zn profile indicating an increased rate

of soil erosion in the catchment area (Figs. 6.4 and 6.5). The increased rate of soil

erosion could be attributable to the clearing of forest area for the development of the

agricultural fields in the catchment of the NBL. A more or less uniform profile of

the Zn: Al ratio is observed from ~1934 to ~1991 pointing to a consistent moderate

level of supply of Zn mainly through soil erosion in the catchment. The profile of the

Zinc concentration remained highest from ~1992 to ~2009 with its highest content in

~1998. The Zn: Al ratio declined a little from ~1992 to ~1998 indicating some part

of the Zn could have derived from a source other than the soil particles. This Zn

could have possibly derived from unknown sources and transported through the air

and precipitated in the NBL basin during this period. The increasing trend of the Zn:

Al ratio post ~1999 similar to a higher Zn profile could be attributed to a rise in soil

erosion in the catchment of the NBL (Figs. 6.4 and 6.5).

The manganese (Mn) preferentially migrates to iron once the bottom water loses

oxygen (Engstrom et al. 1985). This manganese generally moves from the sediments

into the deepest water causing the environment of manganese in the deeper waters

sediments (Garrison 2008). The iron and manganese tend to remain in suspension for

a long period with their preferential movement together (Jones and Bowser 1978).

Thus, the ratio of iron to manganese (Fe: Mn) declines (Mn increases) with the loss

of oxygen (Garrison 2008). The profile of iron (Fe) to manganese (Mn) in the core of

the NBL shows an increasing trend from ~1906 to ~1933 (Fig. 6.5), which shows the

existence of a fairly good oxygenated environment during this period. However, the

ratio of Fe: Mn started showing a declining trend after ~1933 till ~2009. This
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indicates that the bottom water of NBL had started losing oxygen progressively after

~1933 and the lake bottom became more and more anoxic till ~2009. Thus, the

hypolimnetic oxygen of the NBL has declined for the past 80 years indicating

increased eutrophication in the lake till the present.

Paleo-Rainfall and Droughts

The Indian sub-continent experiences >80% of rainfall as a result of the seasonal

monsoon, which is the lifeline of Indian agriculture (IPCC 2007). Therefore, it is

vital to forecast the future climate, particularly rainfall trends considering global

warming and its adverse effects (Church and white 2006). Hence, the investigation

of the past monsoonal fluctuations is highly essential to forecasting rainfall and

understanding past extreme weather events. The paleoclimatic studies in India

particularly from the last ice age to the present add comprehensive knowledge on

rainfall and droughts (Singhvi and Kale 2008). The different proxies have been used

by the various workers to investigate past monsoonal fluctuations. The responses of

the diatom community to climate change have been studied by several workers

(Anderson et al. 2012; Chen et al. 2014). The other proxies used are chemical

weathering intensity and geochemical ratios normalized with erosional indicators

like Ti and Al (Colin et al. 1998; Achyuthan et al. 2007; Kotlia et al. 2010 and Veena

et al. 2014).

The sediment accumulation rate of the NBL was increased after the construction

of a small rockfill dam in ~1917 (Fig. 6.4). The sediment input in the NBL is

dependent upon the amount of rainfall that occurred in its catchment area. A higher

rainfall is coupled with an enhanced deposition of sediments into the lake. The

reduced deposition of sediments in the NBL till ~1919 is coeval with calamitous and

moderate drought events that occurred in major parts of India during 1918 and 1920,

respectively (De et al. 2005; Fig. 6.4). The exceptional flood in India in ~1933 coin-

cides with the initial rise in the concentration of the geochemical elements of the

NBL (Fig. 6.4). The gradual rise in the accumulation of the majority of the geo-

chemical elements was continued and reached peaked in ~1956. This continuous rise

of the geochemical elements could be attributed to improved precipitation in the

catchment of the NBL. There was a gradual decline in the geochemical content from

~1957 till ~1966. The maximum fall in the concentration of a geochemical element

in ~1966 is again coinciding with the other moderate drought event in India in

~1965. Another rise in the geochemical content started in ~1967 and reached its

peak in ~1975 (Fig. 6.4). Another decline in the concentrations of geochemical

elements of the NBL was noticed after ~1976 and the same trend was continued till

~1991. Many parts of India experienced severe drought in 1987 (De et al. 2005).

Thus, the central Indian region in general and the catchment area of the NBL, in

particular, had suffered a major drought from ~1987 to ~1991. The highest level of

deposition of the geochemical elements in the NBL was observed in ~1998 and

possibly could be attributed to the occurrence of maximum rainfall or flood event in
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the eastern part of the Vidarbha region of Maharashtra, Central India (Fig. 6.4). The

post ~1998 period showed a gradual reduction in the rainfall till ~2004 and the low

rainfall condition prevailed up to ~2009 (Fig. 6.4). The peaks of the geochemical

elemental content also suggest the increased soil erosion in the catchment of the

NBL during ~1933, ~1956, 1975 and 1998, respectively (Fig. 6.4). The increased

agricultural practices have led to deforestation in the NBL catchment resulting in a

rise in soil erosion coupled with varying strength of rainfall in the monsoonal core

zone of Central India.

The Chemical Weathering Intensity (CWI)

The oxide such as Al2O3, TiO2 and SiO2 is used as the most resistant and insoluble

elements in the environment during weathering and erosion, whereas CaO, MgO and

Na2O are more soluble and mobile (Engstrom and Wright 1984; Veena et al. 2014;

Garrison and Laliberte 2007). The chemical weathering intensity (CWI) is calculated

to know the fluctuations in weathering intensity (Sun et al. 2009). The higher value

CWI points to more weathering. This corresponds to wetter conditions and heavy

monsoonal rainfall in the study area (Central India). The more intense development

of anthropogenic carbonate in the soil of the sediment source area corresponds to

higher CaO/MgO ratios in sediment, which points to warm climate with alternating

wet and dry periods (Veena et al. 2014; Wang et al. 1990; Wang 1992).

The CWI and CaO/MgO ratio with the depth (cm) of the NBL core are compared

for the past 100 years (Fig. 6.6). The CWI and CaO/MgO ratio started declining after

~1918 till ~1933 coinciding with the one calamitous drought event in ~1918 and a

moderate drought event in ~1920 in many parts of India. The further decline in the

ratio of the CWI and CaO/MgO after ~1920 till ~1933 points to a gradual reduction

of rainfall (dry period) in Central India. The further decline in this ratio from

~1934 to ~1975 indicates the prevalence of low rainfall in the catchment of the

NBL. The moderate drought event of ~1965 and the severe drought event of

~1972 in India (De et al. 2005) also corroborate our findings of low rainfall

conditions from ~1934 to ~1975. The CWI, CaO/MgO ratio further shows a

declining trend after ~1984 indicating the reduction in the rainfall till ~1991. The

severe drought event in India during ~1987 also supports the present finding. The

CWI and CaO/MgO ratios show increasing trends after ~1992 indicating moderate

to high rainfall in Central India till ~2009 (De et al. 2005; Fig. 6.6).

Diatom Analysis

The significant shift of diatoms from benthic to planktonic assemblage has been

attributed to climate warming (Chen et al. 2014). Lake sediments from stratification

during summer and climate warming periods and thus more stratification would
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point to increased length and strength of warm/dry periods (Wang 2012). The small

size and fast-growing planktonic diatoms in the sediment cores indicate longer and

stronger thermal stratification (Smol et al. 2005; Rühland et al. 2010; Chen et al.

2014). The NBL falls in the tropical climatic region. Thus, the temperature variation

in the region has not been significant since the last century. However, the diatom

species may respond to fluctuations in the precipitation (rainfall) and dry periods

(droughts) existing in the region. The changing patterns of planktonic to benthic

diatom assemblage (P/B) are recorded in the NBL core from ~1906 to

~2012 (Fig. 6.7). The planktonic diatom A. granulata is dominate throughout the

NBL core along with the appearance of another planktonic diatom taxa D. stelligera

after ~2004. However, the comparative decline in abundance of A. granulata was

associated with the increase in the concentration of benthic diatoms such as

R. musculus, R. gibberula and G. undulatum. The concentration of A. granulata

remained higher since ~1906 and more or less constant till ~1961. A major shift in

speciation was seen at ~1920, ~1933, ~1966 and ~ 1983 till ~2005 with the

preponderance of the benthic species R. musculus coeval with a decline in planktonic

forms. The abrupt disappearance of R. gibberula was observed from ~1983 to

~2005. The nutrient input in response to climatic conditions and anthropogenic

activities has played a vital role in the diatom shift of the NBL. The aridity/low

rainfall mainly affects the water chemistry and inflicts salinity (Winder et al. 2009).

D. stelligera indicates changing water levels and deforestation, while A. granulata

exists in varying trophic status (Costa-Bödeker et al. 2012). R. musculus is a

mesohalobus and alkalibiontic species found in the swamp, swampy lakes, springs

and oozing areas (You et al. 2009). The major period of the profusion of R. musculus

in the NBL core was during ~1919–1921, ~1933–1940,

~1956–1972 and ~ 1978–2004, respectively. Thus, the NBL water was mainly

mesotrophic, Meso euhyaline and alkalibiontic. The longer dry/less rainfall period

that prevailed in the NBL watershed could have possibly developed swampy

conditions in the lake during these years. The existence of a low rainfall/dry period

also corroborates several drought events recorded in India, for example, in ~1918,

~1920, ~1965, ~1972 and ~1987 (De et al. 2005; Fig. 6.7). A. granulata was

predominant during ~1906–1914, ~1920–1922, ~1941–1943, ~1948–1956,

~1972–1976 and ~ 1973–1982. The increased concentration of A. granulata during

these periods in the NBL mainly points to the accelerated soil erosion and flux,

persistent wet period and increased nutrient levels. It also clearly signifies that the

NBL was highly eutrophic with high phosphorus and nitrogen values. A decline in

the A. granulata population is linked with an increase in the population of

R. gibberula and G. undulatum also coincides with dry/low rainfall periods

(De et al. 2005; Fig. 6.7). The major dominance of R. musculus was observed on

the top of the core during ~1983–2006. The prevalence of the longer dry/low rainfall

periods could have again led to swampy conditions in the NBL with the mesotrophic

waters. R. musculus and A. granulata both decreased drastically at the top of the core

during ~2007–2012, while other small benthic and planktonic forms became pre-

dominant during this period (Fig. 6.7). D. stelligera was the common abundant form

observed during this period. Diatom assemblages dominated by D. stelligera
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indicate a thermally stable environment and alkaline conditions (Cardozo et al.

2014). The abundance of D. stelligera also indicates a decline in the nutrient

concentration due to enhanced stratification in response to the warming trend in

the region (Stone et al. 2010). Thus, the abundance of planktonic diatom species,

D. stelligera during this period suggests low nutrient, mesotrophic, alkaline lake

waters with comparatively dry/less rainfall period indicating changing water level

and deforestation in the catchment of the NBL. Thus, differences in aquatic habitat,

duration and strength of dry and wet periods could have resulted in the different

diatom responses in the NBL.

Conclusions

Nutrients such as phosphorous are mostly derived from the sediment and soils from

the watershed of the NBL. The concentration of geochemical elements like K, Si, Fe,

Mn, Zn and Na are also mainly derived from the sediments and soils in the watershed

of the NBL. From ~1906 to ~1956, P was mainly derived through the excessive use

of synthetic fertilizers in the agricultural land of the catchment area of the NBL rather

than soil particles mainly after the construction of the rockfill dam, i.e. ~1917. The

hypolimnetic oxygen of the NBL has declined for the past 80 years indicating

increased eutrophication in the lake till the present. The decline in the deposition

of the geochemical elements till ~1919 was coeval with the calamitous and moderate

drought events that occurred in major parts of India during 1918 and 1920. Similarly,

the exceptional flood in India in ~1933 coincides with the initial rise in the concen-

tration of the geochemical elements of the NBL. The gradual rise in the accumulation

of the majority of the geochemical elements till ~1956 could be attributed to

improved precipitation in the catchment of the NBL. The maximum fall in the

concentration of a geochemical element in ~1966 again coincides with the other

moderate drought event in India in ~1965. The central Indian region in general and

the catchment area of the NBL, in particular, had suffered a major drought period

from ~1987 to ~1991. The highest level of deposition of the geochemical elements

in the NBL in ~ 1998 possibly could be attributed to the occurrence of maximum

rainfall or flood event over Central India. The post ~1998 period showed a gradual

reduction in rainfall till ~2004 and the low rainfall conditions existed up to ~2009.

The CWI record of the NBL shows that the accumulation of the geochemical

elements was mainly controlled by the changing climatic conditions, namely wet

and dry periods in the catchment area along with the enhanced soil erosion caused by

anthropogenic activities. The changes in the aquatic conditions are mainly caused by

varying duration and strength of dry and wet periods over the central Indian region

and enhanced anthropogenic activities such as deforestation, use of synthetic fertil-

izers, etc., in the catchment area and could have resulted in the diverse diatom

responses in the NBL.
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ABSTRACT  
Convincing evidence that the Earth's climate is changing dramatically and alarmingly has built 

quickly in recent years, particularly during the last three decades. Global warming, on the other 

hand, is a fact backed up by a massive body of evidence from a variety of sources. Indeed, scientific 

efforts have switched away from proving the presence of global warming and toward determining its 

causes. Although the precise level of damage caused by global warming is difficult to estimate at this 

time, it can be argued with certainty that the negative impacts of global warming on the climate will 

far outweigh any potential advantages. The chances are highly high that human-made greenhouse 

gases, particularly carbon dioxide, are the principal cause of today's well-documented global 

warming and climate change. Climate change has a number of negative consequences for agriculture, 

water resources, forests and biodiversity, health, coastal management, and temperature rise. Climate 

change would add to the stress placed on natural and socioeconomic systems, which are already 

under immense strain as a result of rapid industrialization, urbanization, and economic expansion. 

This study discusses the impact of climate change and its many components. 

 

KEYWORDS: Global warming, Climate change, Carbon dioxide, Methane, Sea level rise, 

Greenhouse gas. 

 

INTRODUCTION 

Human beings have had a long history of influencing the environment. However, human 

activities have only recently begun to have a worldwide impact since the beginning of the 

industrial revolution. As a result of scientific evidence about the increasing concentration of 

greenhouse gases in the atmosphere and the changing temperature of the Earth, 
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environmental issues have become the most pressing concern of humanity today. The 

amount and distribution of rainfall are changing globally as the temperature rises. Global 

warming and climate change have become a major global problem that transcends national 

and geographical boundaries. As a result of the continued overproduction of greenhouse 

gases, more and more heat is trapped in the earth's atmosphere, causing us to heat up. 

Global warming is the term for this situation. 

The world's temperature continues to rise, which is extremely distressing. When sunlight 

reaches the Earth, global warming begins. About 30% of sunlight is reflected back into 

space by clouds, atmospheric particles, reflective ground surfaces, and ocean surfaces, 

while the rest is absorbed by seas, air, and land. As a result, the planet's surface and 

atmosphere heat up, making life possible. As the Earth warms, solar energy is radiated 

through thermal radiation and infrared rays, which travel directly into space and cool the 

planet. Some of the emitted radiation, however, is re-absorbed by carbon dioxide, water 

vapors, ozone, methane, and other gases in the atmosphere and radiated back to the Earth's 

surface. Because of their ability to trap heat, these gases are frequently referred to as 

greenhouse gases. It should be mentioned that this re-absorption process is beneficial since 

without greenhouse gases, the Earth's average surface temperature would be extremely 

cold. The problem began when people began to artificially increase the quantity of 

greenhouse gases in the atmosphere at an alarming rate over the last two centuries.The 

earth's temperature has risen by 0.7 degrees since industrialization, and if we do nothing 

soon, temperatures could rise by up to 5 degrees by 2100. This rise in temperature will have 

a significant and disastrous impact on the environment around us, causing more extreme 

weather occurrences and the extinction of many animal and plant species. 
 

WHAT CAUSES CLIMATE CHANGE? 

Climate change is triggered by a shift in the earth's energy balance, or how much of the 

sun's energy enters the planet and is released back into space. Human activities have sent 

massive amounts of greenhouse gases (GHG) into the atmosphere since the Industrial 

Revolution began over 200 years ago. Instead of allowing the sun's energy and heat to 

reflect back into space, these GHG behave as a greenhouse, trapping it. When GHG 

concentrations are too high, too much heat is trapped, and the earth's temperature rises 

above its usual range. 

Carbon dioxide (CO2) is the GHG that has caused the most warming to yet. The majority of 

CO2 is produced by incomplete combustion of fossil fuels such as coal, oil, and gas, which 

are utilized in electricity generation, transportation, and industrial activities. Methane, 

nitrous oxide, black carbon, and other fluorinated gases are all important GHGs. Despite 

the fact that these gases are emitted in lower quantities than CO2, they trap more heat in the 

atmosphere. 
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Global Warming Potential is a measurement of the ability to trap heat (GWP). (See table 1). 

 
Table 1: GWP Values and Lifetimes 

Greenhouse Gas Lifetime (years) GWP time Horizon 100 years 

Methane  12.4 34 

HFC-134a (hydro fluorocarbon)  13.4 1550 

CFC-11 (chlorofluorocarbon)  45.0 5350 

Nitrous oxide (N2O)  121.0 298 

Carbon tetra fluoride (CF4)  50000 7350 

(Source: Myhreet al., 2013) 

 

CO2 has a GWP of 1 since it is the most prevalent and plentiful greenhouse gas, therefore all 

other GHG warming potentials are compared to it. Fluorinated gases, for example, have 

GWPs thousands of times bigger than CO2, implying that they have a considerably greater 

impact on climate change pound-for-pound than CO2.  

 
Table 2: GWP Values and Sources 

Name % of U.S. 

GHG 

Emissions 

2013 

 

Sources 

Lifetime in the 

Atmosphere 

Global 

Warming 

Potential 

(GWP) 

Carbon 

Dioxide (CO2)  

82% Electricity production, 

transportation, numerous 

industrial processes. 

Approximately 50-

200 years. Poorly 

defined because 

CO2 is not 

destroyed over time; 

it moves among 

different parts of the 

ocean–atmosphere– 

land system. 

1 

Methane 

(CH4)  

10% Livestock manure, food 

decomposition; extraction, 

distribution and use of 

natural gas 

12 years 25 

Nitrous oxide 

(N2O)  

5% Vehicles, power plant 

emissions 

115 years 298 

Black carbon >1% Diesel engines, wildfires Days to weeks  3,200 
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(soot, PM) biomass in household cook 

stoves (developing 

countries) 

Fluorinated 

gases: PFCs, 

HFCs, NF3, 

SF6  

>5% No natural sources. These 

are synthetic pollutants 

found in coolants, aerosols, 

pesticides, solvents, fire 

extinguishers. Also used in 

the transmission electricity. 

PFCs: 2600 – 50,000 

years HFCs: 1-270 

years NF3: 740 years 

SF6: 3200 years 

PFCs: 

7,000–
12,000 

HFCs: 12–
14,000 NF3: 

17,2000 SF6: 

22,800 

 

GLOBAL WARMING  

The term "global warming" or "climate change" refers to an increase in average worldwide 

temperatures caused by an increase in the greenhouse effect caused by increased 

greenhouse gas emissions. Forest fires, volcanic eruptions, methane release from thawing 

permafrost on the ocean floor and release of methane gas from cattle, wet lands and 

anthropogenic sources of exhausts from all types of combustion, industrial production of 

greenhouse gases, agricultural water lodging activities such as paddy cultivation, artificial 

wet lands, and deforestation are examples of natural events. As the earth warms, pre-

existing weather patterns change quickly. There are various signs that changes with the 

warming earth, according to the National Oceanic and Atmospheric Administration 

(NOAA). 

FACTORS INCREASES WITH GLOBAL WARMING 

 Temperature of land 

 Sea surface temperature 

 Troposphere temperature 

 Temperature over oceans 

 Ocean heat content 

 Sea level 

 Humidity 

FACTORS DECREASES WITH GLOBAL WARMING  

 Glaciers  

 Snow cover  

 Sea ice 

GREENHOUSE GASES  

Greenhouse gases are the primary cause of climate change. Greenhouse gases are gases that 

trap heat energy; all greenhouse gases are positive radioactive forcing agents capable of 
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disrupting the energy balance in the atmosphere. Many greenhouse gases are emitted 

primarily as a result of human activities. 

Table 3: Major Sources of Greenhouse Gases 

Sector Activities Gases 

Energy Forest fuel combustion Natural gas 

leakage Industrial activities Biomass 

burning 

CO2, CH4, N2O, O3 

Forest Harvesting Clearing Burning CO2, CH4, N2O 

Agriculture Paddy fields Animal husbandry 

(ruminants) Fertilizer usage 

CO2, CH4, N2O 

Waste management Sanitary landfill 

Incineration Biomass decay 

CO2, CH4, N2O, O3, CFCs 

Industrial Metal smelting & processing Cement 

production Petrochemical production 

Miscellaneous 

CO2, CH4, N2O, CFCs, SF6, CF4, 

C2F6 

(Source: Kemp, 2004) 
 

IMPACTS OF CLIMATE CHANGE ON ENVIRONMENT  

 
Fig. 1: Causes and Effect of Global Warming and Climate Change. 
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IMPACT ON AGRICULTURE 

Climate change and its variability are causing widespread worry about their effects on 

agricultural production. While crops would respond positively to increase CO2 in the 

absence of climate change, the associated effects of high temperatures, altered precipitation 

patterns, and possibly increased frequency of extreme events such as drought and floods 

will most likely depress yields and increase production risks in many world regions, 

widening the gap between rich and poor countries. 

Because of the dominance of agriculture in their economies, the scarcity of capital for 

adaptation measures, their warmer baseline climates, and their heightened exposure to 

extreme events, a consensus has emerged that developing countries are more vulnerable to 

climate change than developed countries. As a result, climate change might have a 

particularly negative impact in the developing world, where 800 million people are 

undernourished. A group of more than 40 'least-developed' countries, mostly in Sub-

Saharan Africa, is of particular concern, with domestic per capita food production falling by 

10% in the last 20 years. 

Plants have evolved to maximize yields in specific temperature and humidity conditions. 

The rate at which a plant develops is influenced by the amount of CO2 and the temperature 

in the environment. The rate of development in plants alters when temperatures and CO2 

concentrations rise, impacting the plants or crops growing time. Rice productivity is 

expected to decline by 10% for every 1% increase in growing season mean temperature 

between 30 and 400 degrees Celsius. The effect of a rise in the minimum temperature on rice 

grain output will be greater than the effect of a rise in the maximum temperature, which 

will be negligible. 

Rabi crops are likely to lose more than Kharif crops. Wheat and other hypothermophilic 

crops such as cauliflower and cabbage are anticipated to be affected by global warming in 

Central India, whereas temperate crops such as cherry, apple, plum, and peach are likely to 

be harmed in Northern India. In Northern India, frost damage is likely to be less frequent. 

Global warming may threaten the viability of indigenous crops such as Basmati rice and 

litchi. Food trade imbalance due to favorable effects in Europe and North America and 

negative effects in tropical and subtropical nations such as India, Brazil, and Mexico. 
 

IMPACT ON BIODIVERSITY  

Increased land and ocean temperatures shifted the home ranges of numerous species pole 

ward or upward from their current location, with droughts and deserts speeding up the 

process. Species with a limited habitat requirement or that are stationary (coral reefs) or that 

have a limited climatic or geographic range (mountain top or island habitats) are more 

vulnerable to climate change. As atmospheric CO2 levels rise and opportunists (weeds) win 

the competition, this may also boost net primary productivity. Sea turtles, crocodiles, 



56 SCIENCE OF ENVIRONMENT - III 
 

 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

amphibians with permeable skin, and eggs are more prone to temperature-dependent sex 

determination. Many habitats, such as marshes, beaches, grasslands, and sea grass beds, are 

disappearing, and species that are already endangered face extinction. Climate change-

related reductions in Arctic and Antarctic ice affect marine mammals' seasonal distribution, 

migratory patterns, nutritional and reproductive status, as well as plankton distribution. 

This has an impact on the marine food chain, and the loss of a keystone species causes the 

entire food chain to collapse. Long-lived plants, such as perennial trees, display signs of 

climate change over time and gradually recover. Phenology, breeding seasons, behavioural 

changes, and migration patterns (in birds, for example) have all been documented. 
 

IMPACT ON HEALTH  

Heat and cold have direct physiological effects; high heat killed several people in Indian 

states in early 2015; continuous exposure can cause skin damage, eye disease, adverse 

effects on the immune system, and skin cancer; temperature raises blood pressure, viscosity, 

and pulse; thus, death from cardio vascular disease rises; and increased stress and 

malnutrition also have negative effects on health. 

 

Fig. 2: Impact of Climate Change on Human Health 
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Flooding increases mosquito vector breeding sites, and damage in water pipes, septic tanks, 

sewers, drainage, and storm water causes leaks and pollution in portable water sources, 

resulting in epidemics of water-borne and vector-borne diseases. 

Diarrhea, cholera, and dysentery are all waterborne diseases. 

Falciparum malaria, vivax malaria, dengue fever, elephantiasis, yellow fever, and west Nile 

fever, rodent-borne infections plaque, Lyme disease, and tick-borne encephalitis, and 

hanata virus pulmonary syndrome are examples of vector-borne diseases. 

CONCLUSION  

Global warming and climate change have received some attention in the preceding analysis. 

Greenhouse gas emissions are thought to be the cause of global warming and climate 

change. CO2, CFCs, CH4, and N2O are four primary gases that contribute significantly to 

global warming and climate change. Natural and man-made activities both release these 

gases into the atmosphere. The long-term consequences of global warming and climate 

change on the environment may be seen in the late twentieth and early twenty-first 

centuries. Changes in sea level, global average temperature, ice cap melting, altering 

weather patterns, impact on agricultural productivity, heat wave intensity, and drought 

conditions are all frequent repercussions of global warming and climate change on our 

planet. It disrupts the lives, property, farmland, and ecosystem of millions of people. Future 

generations should focus on comprehending the phenomenon of climate change and its 

consequences. 
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