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ABSTRACT 

In this research work, nanoparticles were green synthesized and it was characterized using 

UV-Visible spectroscopy, SEM, FTIR and XRD in order to know their Optical, Morphological 

and Physical properties. Zinc nitrate Hexahydrate was used as a precursor in green synthesis 

of ZnO nanoparticles. 0.1% concentration of Chlorpyriphos was suspended in water. The 

pesticide has been incorporated to the soil. Then this pesticide was subjected to 

photocatalytic degradation in assistance with synthesized zinc oxide nanoparticles. 

Degradation assessment has been analysed using UV-VIS spectroscopy. Later, Gravimetric 

tests were performed to know the dissolved and suspended solids in the soil after 

degradation. Seed germination studies were performed. Using Vigna radiata (Green gram) as 

a cultivar. The shoot and root length were analysed. The nutritive value and chlorophyll 

content of the plants were estimated. Green synthesized Zinc oxide nanoparticles were 

arbitrated as a virtuous pesticide degradation material. 

KEYWORDS:  Zinc oxide nanoparticles, pesticide degradation, Gravimetric tests, Nutritive 

value prediction, Chlorophyll content estimation. 

INTRODUCTION 

Nowadays the soil and water pollution are due to the widespread availability of organic 

compounds. The chemical production of synthetic organic compounds occupies wide area 
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than any other compounds. Environment and public health are mainly affected by these 

contaminants. The potential threat to environment by these compounds made technologies 

and research to search for alternative ways and controlling methods. All over the world, 

people need an environment free from these hazardous substances and entails contamination 

free zones (Bouwer et al., 1994).  In order to overcome increasing global population and food 

starvation traditional farming methods is altered. It includes the usage of several herbicides, 

pesticides, weedicides and chemical fertilizers. It resulted in increasing the dependence on 

agrochemicals. It made the crops to be free from insects and pests. But resulted in imbalance 

in ecosystem (Samreen heena khan & Bhawana Pathak., 2020). One of the causes for 

agricultural land and water pollution is due to these hazardous pollutants. These pollutants 

result in spoilage of aquatic and social environment (Rogue et al., 2017). Bioremediation acts 

like bio stimulation and bio augmentation that provides great relief from these pollutants. In 

some cases, like environment with increasing concentration of xenobiotic compounds and 

pollutants, this bioremediation has less potential. Thus, implementation of nanotechnology in 

such cases is more efficient and sustainable (Chauhan et al., 2020). Several microbial and 

mutated strains are also used for removal of such xenobiotic compounds from the eco system 

(Edgar Balcazar Lopez et al., 2016). 

In this contemporary world of science and technology Xenobiotics plays an 

imperative role. Usually, the compounds synthesized by humans that is not nature unless it is 

synthetic, is regarded as xenobiotics. These compounds have wide applications in pesticides, 

herbicides, insecticides, explosives, drugs and industrial chemicals. It is harmful to 

environment and aquatic systems due to the disposal of xenobiotics in soil and water. It 

becomes a threat to global eco systems. Our biosphere has some chemical substances like 

these xenobiotics. The composites that have related structural features like xenobiotics are 

triazines, polyaromatic hydrocarbons, azo dyes, nitro aromatic compounds, cyclic phenyls 

etc. The metabolism of human including physiological functions, growth, development and 

cellular pathways are widely disrupted by the xenobiotic compounds. Also due to its 

interaction with metabolic activities, it leads to possess adverse effects. By these compounds, 

eukaryotic organisms are greatly affected due to its toxic nature. The foremost threat to the 

environment is bio-magnification and bio-accumulation. This is mainly due to tireless nature 

of xenobiotic compounds. So in order to degrade such compounds several nanoparticles like 

zinc oxide nanoparticles are used (Jai Godheja et al., 2016).  

Out of different xenobiotic compounds, the major threatening compounds are water-

soluble and soil pesticides. Inadequate management of these xenobiotic compounds lead to 

the pesticide contamination. Pesticides shows high adverse effects. The small number of 

pesticides only destroys the organisms, the major amount of these compounds contaminate 

biosphere and cause ecological imbalance (Hanford et al., 2015). Chlorpyriphos is one of the 

harmful chemicals not only for pests but also for humans and other animals. It was used as 

pesticide widely. Chlorpyriphos is an optically transparent oily liquid formulation used as 

pesticide. Chlorpyriphos is one of the organophosphates that affects the nervous system of an 

organism. The inhibition of certain enzyme like acetyl cholinesterase in pests causes 

acetylcholine, which acts as neuro transmitter, accretion at nerve endings. Thus, causing 

lethal state of pests by enabling too much of nerve impulses. This kind of organophosphate 

not only kills the pests but end up in lethal state of non-targeted organisms (Chen et al., 

2015). 

Nanotechnology mainly focuses on manipulating matters at atomic and molecular 

level. It has great difference from micro scale. The nanoparticles have major role in 

nanoscience and ranges from 1 to 100 nm with large surface to volume ratio, which possess 

unique properties than bulk material as the diminution in its size leads to exhibit different 
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optical, physiochemical and biological properties. Nowadays the approaches like biogenic 

synthesis of nanoparticles has great potential. It emphasis microorganisms and plants in 

nanoparticles synthesis (Ramesh et al., 2014). The precursors of metal nanoparticles like 

metalloids and metals are used for its distinctive properties. Nanoparticles usage in 

environmental waste treatment mainly involves adsorption of toxic compounds on the 

surface. This adsorption property of nanoparticles is associated with capping agents and 

reductants, which is used while synthesizing nanomaterials (Xiaojiao Fang et al., 2019). In 

biogenic synthesis of nanoparticles, one of the pitfalls is usage of metal ions. Because these 

metal ions threaten the microorganisms. However, some microbes have potential to resist 

these ions. The bacterial resistivity causes the nanoparticles formation and garnering (Ahmed 

et al., 2016). The biogenic synthesis method that includes plants usage shows great effort in 

increasing the duration of nanoparticles existence than conventional physical and chemical 

methods. The plants reduce metal ions into nanoparticles and it is because of the presence of 

metabolites, co enzymes, biomolecules, phenols, flavonoids. Plant metabolites also includes 

amine, hydroxyl, and carbonyl functional groups aiding in reduction of metal ions. Mainly 

reduction is due to presence of flavonoids, which usually contains the O-H group. Usually 

alkaloids, sterols and phenolic compounds are used as reducing agents. The high 

biocompatibility and stability of nanoparticles are due to revelations by plant materials 

(Minha Naseer et al., 2020). 

The prevailing photo catalysts are made up of tungsten oxide, Titanium dioxide and 

zinc oxide nanoparticles. These metal nanoparticles own (OH) strong oxidizing radical. 

Especially zinc nanoparticles have vital role in pesticide mineralization. The high capability 

in degradation of chemicals under UV illumination is due to the presence of high number of 

active sites generally seen in Zinc oxide nanoparticles. Zinc oxide nanoparticles shows 

increasing mineralization and reaction rates. It also experiences detoxification of harmful 

compounds in water systems. Zinc oxide nanoparticles production usually requires low cost 

with high beneficial activity (Esrat Jahan Rupa et al., 2019). It shows good oxidizing and 

photocatalytic properties in chemical adsorption and degradation activities in pesticides like 

orthosulfamuron (Gaggara Naveetha et al., 2020). US FDA formulates it as safe metal 

nanoparticles. The zinc oxide nanoparticles also reveal the bio-distribution and bio-

compatibility activities in mammals without high adverse effects (Khawaja Salahuddin 

Siddiqi et al., 2018). The zinc nanoparticles retain inherent antibacterial activity. Hence, it is 

possible to reduce the microbial infections. Generally, these zinc oxide nanoparticles act as 

antibiotics (Khelanand Prasad Singh et al., 2012). In mineralization of pesticide in eco-

friendly material, semiconducting nanoparticles aiding in photocatalytic degradation has great 

potential and is considered as effective technology. Nanoparticles possess high surface to 

volume ratio, catalytic support and becomes a sustainable alternative material. The high 

surface area of nanoparticles enhances the contact between reactant and catalyst. Degradation 

can be efficient, when there is higher surface to volume ratio, as it undergoes redox reaction 

when the contaminant molecule gets absorbed on Photocatalyst surface (Tentu Nageswara 

Rao et al., 2019). 

 The dry regions of India and Sri Lanka has Cassia auriculata, a leguminous tree. It 

belongs to the sub family caesalpinioideae. Each part of this plant has different compounds. 

Mainly it has sennapicrin, which is a cardiac glucoside. In addition to that, it has 

anthraquinones, tannins in leaves and barks. The common fever, urinary infection, diabetes 

control and constipation are treated by consuming the decoction of roots and flowers of this 

plant. It has several medical importance. It is effective against many bacterial species and acts 

as laxatives (Sri Sindhura K et al., 2015). In this research work, the main criteria is to degrade 

xenobiotic compound by using zinc oxide nanoparticles. 
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MATERIALS AND METHODS 

Chemicals 

Zinc oxide was green synthesized using Zinc nitrate hexa hydrate as precursor. 

Analytical grade Zinc nitrate hexa hydrate was used in the degradation of Chlorpyriphos, 

which was commercially available. 

 

 

Fig 1.  0, 0- Diethyl, 0-3, 5, 6- trichlorpyridin, 2-yl Phosphorothioate 

 

 

Methodology 

All reactions were carried out at room temperature. All necessary glass wares were 

sterilized by washing in Teepol detergents. Later it was steam sterilized using autoclave at 

121
0
 C for 15 minutes. The plant Cassia auriculata was collected from Eechanari, 

Coimbatore, Tamil Nadu, India. Nearly 30 grams of floral parts of Cassia auriculata was 

taken. These floral parts were dried under natural sunshade to remove residual moisture and 

fungal spores. Then 100 ml of distilled water was used for homogenization. Homogenization 

was carried out using mortar and pestle. It was kept in incubator overnight. Later on, filter the 

plant mixture using Whatman filter paper. This filtered solution is the extract from floral parts 

of the plant. Zinc oxide nanoparticles were synthesized using zinc metal precursor like zinc 

nitrate. The amount of zinc nitrate added to the floral extract was based on finding the 

normality of zinc nitrate. The colour change from yellow to white colour solution indicates 

the nanoparticles synthesis. It was kept in dark room for nearly 24 hours. It was incubated at 

dark room for complete reduction of metal ions into nanoparticles. The wet nanoparticle was 

made into powdery form by calcination at 300
0
 C using ceramic crucible for one hour. The 

powdered zinc oxide nanoparticles were stored at 4
0
 C for further analysis. Chlorpyriphos 

was used for degradation studies. 1ml of Chlorpyriphos was dissolved in 500ml of water. It 

was incorporated to the soil cautiously. 
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Characterization studies were analyzed to know morphological, physical, chemical 

and biological properties of nanoparticles. The characterization of zinc oxide nanoparticles 

was performed using UV- VIS spectroscopy, SEM, FTIR, and XRD. 

 

PHOTOCATALYTIC DEGRADATION 

The Photocatalytic degradation usually involves natural or artificial light source for 

enhancing the degradation. This current work reveals UV irradiation for photocatalytic 

degradation of pesticide in aqueous dispersion of zinc oxide nanoparticles. Dispersion of 0.5 

gm of treated and untreated soil in 5 ml of distilled water respectively. The aqueous 

dispersion of treated and untreated soil undergoes photocatalytic degradation using the UV 

illumination range at 365 nm followed by natural sunlight. Generally, natural sunlight is the 

source of UV rays on biosphere. The degradation efficiency increases periodically. The Zinc 

oxide nanoparticles exhibit virtuous results in photocatalytic degradation. The degradation 

studies were analyzed using UV-VIS spectrometer by knowing the OD value. 

 

GRAVIMETRIC ANALYSIS 

In analytical chemistry, a collection of techniques, which describes the quantitative 

tenacity of an analyte, predictable on the mass of a solid is generally regarded as gravimetric 

analysis. In this research work, the gravimetric analysis of TDS and TSS of the samples were 

analyzed. 

Total dissolved solids (TDS) 

The organic, inorganic matters that were dissolved in water suspension was predicted 

using total dissolved method. Dissolved solids are matters that are smaller than 2 microns 

while filtering in filter of average size.  Usually, the portable and waste water have different 

dissolved solids. It was noted that TDS of portable water should be 20-1000 mg / L. Two 

clean silica crucible were weighed. Now 1 gm of soil incorporated with pesticide and zinc 

oxide nanoparticle was dissolved in 5 ml of distilled water filtered and transferred to one 

crucible. Another crucible possesses 1gm of soil, which does not have any pesticide is 

dissolved in 5 ml of distilled water. Now the crucible was kept in hot air at 180
0
 C for one 

hour. After drying, the crucibles were weighed and TDS was calculated. TDS for sample and 

control soil mixture was calculated as, 

𝑇𝐷𝑆 =
𝑊2 − 𝑊1

𝑠𝑎𝑚𝑝𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒
× 1000 

Where, W1= Weight of the crucible with sample before drying and W2= Weight of the 

crucible with sample after drying. 

Total suspended solids (TSS) 

The dry weight of the suspended particles, which were trapped in a filter that are not 
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dissolved in water, is regarded as total suspended solids. In water column, any particles, 

which were larger than 2 microns, was considered total suspended solids. TSS concentration 

in the water bodies also depends on organic particle decomposition. In water column, the 

decomposition process in algae, animals and plants made the organic particle to move as 

suspended particles into it. Suspended solids also includes chemical precipitates. TSS is an 

important factor determining the water clarity. The increasing concentration of solids in water 

made the water more impure, i.e. the higher the concentration of solids in water, the less the 

water clarity. 

1 gm of sample soil was dissolved in 5 ml of distilled water. Similarly, 1 gm of 

pesticide treated soil was dissolved in 5 ml of distilled water. Weigh the filter papers before 

filtering. Now filter the soil mixtures using filter papers. After filtering, dry the filter paper, 

which has suspended solids in it. Now, again weigh the filter paper. By using the formula 

given below, calculate the TSS value. 

𝑇𝑆𝑆 =
𝑊2 − 𝑊1

𝑊2
 

Where W1= Weight of the filter paper before filtering and W2= Weight of the filter paper after 

filtering. 

 

SEED GERMINATION 

The germination is very important part after degradation, because the soil should 

assist germination even after various abiotic stresses. Green gram (Vigna radiata) seeds were 

taken for germination process. The seeds were soaked in water for one hour. After that it was 

sowed in both pesticides treated soil and soil that does not have any pesticide respectively. 

The seed germination was observed in both soils after four days of sowing.  

 

NUTRITIVE VALUE DETERMINATION 

Protein estimation 

Fresh leaves from the treated and un-treated plants were collected. It was washed 

using tap water followed by distilled water. It was grinded using mortar and pestle with 

distilled water. Later it was filtered using Whatman filter paper. Now the total protein content 

of untreated and treated plant was estimated using Lowry’s method. It was one of the 

quantitative methods for estimating protein content. 

 

REAGENTS COMPOSITION 

(FOR 10ml) 
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Solution A 2% Sodium bicarbonate in 0.1 N NaOH 

Solution B 0.5% of copper sulphate for 1ml 

Solution C Add solution B in Solution A 

 

For protein estimation, 0.5 ml of treated and untreated plant samples were taken in 

separate test tubes. 2.5 ml of solution C was added in respective test tubes. It was mixed well 

and incubated at room temperature for 10 minutes. 0.20 ml of Folin’s phenol reagent was 

added to the mixtures. The blank does not contain any plant extract other than the reagents. 

Now OD was measured at 660 nm. 

Carbohydrate estimation 

Fresh leaves of treated and untreated plant were taken. It was cleaned using tap water 

followed by distilled water. The leaves were grinded using mortar and pestle with distilled 

water. The extract was collected after filtration using Whatman filter paper. Now standard 

protocol for carbohydrate estimation was performed. Anthrone test, a quantitative test was 

performed for estimating carbohydrate. At first, 0.5 ml of treated and untreated plant extract 

was taken in respective test tubes. 2.5 ml of Anthrone’s reagent was added in both test tubes. 

It was incubated in water bath for 10 minutes. The blank does not contain any plant samples. 

OD was measured at 620 nm. 

Chlorophyll analysis 

Chlorophyll is an important pigment involved in photosynthetic mechanism in plants. 

Chloroplasts present in plants stores chlorophyll pigments. Chlorophyll is one of the 

antioxidant compounds mainly found in green plants. By utilizing natural sunlight 

chlorophyll assist in energy production in plant growth mechanism. There are two main 

chlorophyll pigments namely chlorophyll a and chlorophyll b. usually, chlorophyll a is 

primary pigment that helps in plant photosynthetic mechanism by energy production. The 

concentration of chlorophyll pigment can be calculated at laboratory scale by grinding in 

mortar and pestle using organic solvents like acetone or dimethyl formamide. Chlorophyll 

content was analyzed in order to predict the pigmentation difference between treated and 

untreated plant. 2 gm of leaves were taken from treated and untreated plant respectively. It 

was rinsed using distilled water. Now, the leaves were homogenized with 5 ml of acetone 
respectively. It was incubated in refrigerator at 4

0
 C for 2 hours. After incubation, it was 

centrifuged at 5000 rpm for 5 minutes. The supernatant was collected. Using Labtronics 

Model LT-291 UV-VIS spectrometer, the colour absorbance of treated and untreated plant 

was measured at 645 nm and 663 nm range. 80% Acetone was used as blank. The chlorophyll 

content was estimated using,  

Chl a= 11.75×A662.6 – 2.35×A645.6 

Chl b=18.61×A645.6 – 3.96× A662.6 
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Where, Chl a and Chl b are the chlorophyll a and chlorophyll b for both plants respectively 

and A is absorbance. 

RESULT AND DISCUSSION 

Bouwer et al (1994), states that people around the world needs environment with less 

or no toxic substances and pollution. Xiaojiao Fang et al (2019), Ahmed et al (2016), gave the 

ideas of green synthesis and usage of metal ions in nanoparticle synthesis. Ramesh et al 

(2014) carried out the green synthesis of zinc oxide nanoparticles using Cassia auriculata 

with zinc nitrate as metal precursor. In this research, zinc oxide nanoparticles were green 

synthesized using floral parts of Cassia auriculata with different concentration of Zinc nitrate 

that acts as metal precursor for synthesizing zinc oxide nanoparticles. Calcination was also 

done at different temperature. The Characterizational studies like UV-VIS spectroscopy, 

SEM, FTIR and XRD. 

The UV-VIS spectrometer model used was Labtronics Model LT-291. 400 nm to 800 

nm is the visible wavelength ranges. The zinc oxide and zinc nanoparticle usually show peak 

range from 200 nm to 500 nm. By using UV-VIS spectroscopic analysis, zinc oxide 

nanoparticles were characterized. The wet solvent nanoparticles were centrifuge at 5000 rpm 

for 5 minutes and the supernatant was used for UV spectrometric analysis. 

 According to Sri Sindhura et al (2015) UV-VIS spectroscopy analysis shows 

absorption peak at 362 nm. In this research, UV-Vis spectroscopy analysis were performed 

and the Plasmon peak was observed at 342 nm, 342.7 nm and 352.4 nm. Using a computer 

software origin finder, exact peak was observed at 360 nm. It confirms the Zinc oxide 

nanoparticle presence. 

 

 

 

Fig 2. UV-VIS Spectrometric Analysis 
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Surface morphologies like shape, size and its structure were determined using Vega 3 

Tescan Scanning Electron Microscope model. The magnified SEM images of Zinc oxide 

nanoparticles synthesized from Cassia auriculata was shown in figure 2. The SEM image 

concludes that zinc nanoparticles were evenly distribute on the surface. It was found that 

synthesized nanoparticles are spherical in shape and its size ranges from 20 nm to 90 nm. 

Sometimes the poor dispersion of nanoparticles is due to the agglomeration. This made to 

analyze the individual nanoparticles. 

 

SEM images of zinc nanoparticles shows the morphological features (Sri Sindhura et 

al (2015). The SEM image of Zinc nanoparticles from Cassia auriculata was shown in 

figures 3. The SEM image concludes that zinc nanoparticles were evenly distributed on the 

surface. 

 

 

Fig 3. SEM image of zinc oxide nanoparticles 

The X-Ray Diffraction analysis for zinc oxide nanoparticles was performed using 

Gonio as scan axis. The anode material used in Gonio instrument is copper. The XRD pattern 

of Biogenic synthesis of zinc oxide nanoparticles was observed in figure 4. The absence of 

rutile phase is due to the increased oxygen concentration during the growth, results in 

delaying the conversion from anatase to rutile phase. The XRD analysis of zinc oxide 

nanoparticles were carried out using X- ray diffractometer in the diffraction angles of 2θ 

scanning ranging from 10
0
 to 80

0
. 

 

The Bragg peaks possess various diffraction intensities (2θ angles) at 31.85
0
, 34.47

0
, 

36.31
0
, 47.55

0
, 56.64

0
, 62.88

0
, 66.43

0
, 67.99

0
, 68.02

0
, 72.68

0
 and 77.28

0
 can be attributed to 

(110), (002), (101), (102), (110), (103), (200), (112), (201), (004) and (202) planes 

respectively. The diffraction angel perceived at 36.31
0
 is associated to (101) crystallographic 
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anatase only. In XRD analysis reported by Sri Sindhura et al (2015), the diffraction peaks (2θ 

angles) were appeared at 19
0
,36

0
,39

0
,43

0
 and 54

0
. According to their research work, 2θ angles 

were observed at 31.85
0
, 34.47

0
, 36.31

0
, 47.55

0
, 56.64

0
, 62.88

0
, 66.43

0
, 67.99

0
 and 69.09

0 

with various intensity values. Moreover, it has similar Bragg peak ranges.  

 

 

 

 

Fig 4. XRD image of zinc oxide nanoparticles 

 

The synthesized Zinc nanoparticles using C. auriculata floral extract was estimated 

using FTIR instrument Shimadzu, in which wave number ranges from 400 to 4000 cm
-1

. The 

various phytochemicals present in Cassia auriculata were identified using the FTIR. The 

spectrum bands were observed at 416.62, 447.49, 470.63, 601.79, 678.94, 1087.85, 1165.00, 

1226.73, 1373.32, 1643.35, 1735.93, 2337.72, 2360.87, 3356.14 and 3726.47 cm
-1

. The 

absorption band at 447.49 cm
-1

 denotes the Zn – O Stretching. The strong stretching at 

3356.14 cm
-1

 resembles O-H Stretching bond. The stretch at 470.63 cm
-1

 indicates the 

presence of strong C-I bond. The strong absorption band was recorded at 601.79 and 678.94 

cm
-1

 indicates C-Br. The strong C-F stretch was appeared at 1226.73 and 1373.32 cm
-1

. 

Strong band of C-OH was recorded at 1087.85 and 1165.00 cm
-1

. It was noted that band at 

1226.73 cm
-1

 indicates the presence of C-O-C stretch. The weak alkene C=C bond was 

appeared at 1643.35 cm
-1

. The absorption band at 1735.95 cm
-1 

indicates the presence of 

strong ester and ketone bond. The Stretch at recorded at 2337.72 cm
-1

 represents C=N stretch. 

The presence of absorption band at 335.14 cm
-1

 indicates the N-H stretch. The O-H stretch 

was appeared at 3726.47 cm
-1

. Main functional properties of zinc oxide nanoparticles are 

estimated using FTIR spectra. The FTIR analysis brings out the different function group 

stretches in zinc oxide nanoparticles. Mainly the zinc oxide stretch was observed at 447.49 
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cm
-1

. 

 

 

 

Fig 5. FTIR Analysis of Zinc Oxide Nanoparticles 

 

After green synthesis of zinc oxide nanoparticle and characterization, it was applied 

for degradation studies. Chlorpyriphos was degraded using zinc oxide nanoparticles. Samreen 

heena khan et al (2015) study reveals the Chlorpyriphos properties and its degradation using 

photocatalytic method using zinc nanoparticles. 

The maximum degradation was observed on eighth day after incorporation of 

pesticide and nanoparticle, with 82.46 % degradation under UV illumination followed by 

sunlight. The degradation efficiency was depicted in chart given in Figure.6 

 

Table.1 Photocatalytic Degradation Table 

DAYS % OF DEGRADATION 

1 0 

2 0 

3 18.6 

4 29.3 

5 38.13 
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6 49.6 

7 63.3 

8 82.46 

9 34.9 

10 15.6 

 

After photocatalytic degradation of the pesticide, Gravimetric tests like Total 

Dissolved Solids and Total Suspended Solids were performed. 

TOTAL DISSOLVED SOLIDS 

After drying, the crucibles were weighed and TDS was calculated. TDS for sample 

and control soil mixture was calculated as, 

Control – without pesticide: 
Weight of the empty crucible before drying (W1) = 14.323 gm 

Weight of the crucible with untreated soil after drying (W2) = 15.340 gm 

= [(15.340 – 14.323) gm / 5 ml] × 1000 

= 203.4 gm/ml 

Sample - with pesticide mixture: 
Weight of the empty crucible before drying (W1) = 19.463 gm 

Weight of the crucible with treated soil after drying (W2) = 20.682 gm 

 

 = [(20.682- 19.463) gm / 5 ml] × 1000 

 = 243.8 gm/ml 

From the TDS analysis it was predicted that dissolved solids was higher in pesticide treated 

soil than control. 

TOTAL SUSPENDED SOLIDS 

Filter paper weight (before filtering): 
F1W1 = 0.440 gm 

F2W2 = 0.463 gm 

Control – soil mixture without pesticide: 
Weight of the filter paper before filtering, F1W1 = 0.463 gm 

Weight of the filter paper after filtering, F1W2 = 0.648 gm 

= (0.648 – 0.463) / (0.463) 

TSS = 0.399 

Sample – soil mixture with pesticide: 
Weight of the filter paper before filtering, F1W1 = 0.440 gm 

Weight of the filter paper after filtering, F1W2 = 0.589 gm 

= (0.589 – 0.440) / (0.589) 

TSS = 0.252 

TSS of pesticide treated soil was lesser than the untreated soil. 

In TDS calculation, the untreated soil had 203.4 gm/ml and treated soil possess 243.8 

gm/mL dissolved solids after degradation. It was predicted that dissolved solids in treated soil 

was slightly higher than the untreated soil. Still, it comes under the range of unpolluted soil 

and suitable for agriculture.  The TSS value for untreated soil was about 0.399 and treated 
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soil was about 0.252. The TSS analysis states that treated soil after degradation has less 

suspended solid materials than untreated soil. Hence, it was predicted that soil, which was 

treated with zinc oxide nanoparticles, is more suitable for agriculture than the untreated soil. 

           After TDS and TSS analysis, the soil was used for seed germination analysis. Green 

grams were chosen for the study. The shoot and root length of plant grown in untreated soil 

was about 4.7 cm and 2.4 cm. The shoot and root length of plant grown in nanoparticle 

treated soil after degradation was observed to be 6.3 cm and 4 cm. Comparatively, 

nanoparticle treated soil shows enormous growth than untreated soil. 

 

 

Fig 7. Shoot and Root Length Measurement 

    After germination, the plant was grown and nutritive values were analyzed. According to 

Karabi Das et al (2014), the protein and carbohydrate estimation in different parts of Costus 

specious plants was studied. Similarly, in green gram plant (Vigna radiata), the protein 

content was estimated using Lowry et al method and observing the absorbance at 660 nm in 

UV-VIS. The protein content of treated plant was found to be 0.389 and untreated plant has 

protein content of about 0.401. 

Table.2 Protein Estimation 

Plant sample OD AT 660 nm 

Blank 0.000 



Journal of Science and Technology 
ISSN: 2456-5660 Volume 7, Issue 09 (November 2022) 
www.jst.org.in                                             DOI:https://doi.org/10.46243/jst.2022.v7.i09.pp117-134 

Published by: Longman Publishers www.jst.org.in 
Page | 130  

 

Untreated plant 0.401 

Treated plant 0.389 

 

The same carbohydrate was estimated by following Anthrone’s test and predicting 

UV-Vis absorbance at 620 nm. The estimated carbohydrate value in treated plant was 

observed to be 0.536 and for untreated plant, it was found to be 0.551. Comparatively, after 

giving abiotic stresses there was no huge difference in protein and carbohydrate content. It 

shows that plant possess enough nutritive content.  

Table.3 Carbohydrate Estimation 

Plant sample OD at 620nm 

Blank 0.000 

Untreated plant 0.551 

Treated plant 0.536 

 

In the wavelength range around 650 nm, the ratio of chlorophyll a and b can be 

predicted. Generally, this wavelength range was in between the absorption maxima of 

chlorophyll a and chlorophyll b. The chlorophyll pigment was calculated as, 

Pesticide treated plant: 

Chl a = (11.75 × 0.499) – (2.35 × 0.985) 

= 3.55 mg/ m
3
 

Chl b = (18.61 × 0.985) – (3.96 × 0.499) 

= 16.36 mg/ m
3
 

Untreated plant: 

Chl a = (11.75 × 0.446) – (3.96 × 0.872) 

=1.78 mg/ m
3
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Chl b = (18.61 × 0.872) – (3.96 × 0.446) 

= 14.46 mg/ m
3
 

 

The chlorophyll analysis was performed. According to Pramod Kamble et al (2015), 

the chlorophyll contents of ten different plant leaves Mango (Magnifera indica), Hibiscus 

(Hibiscus rosasinensis), Guava (Psidium guajava), Almond (Prunus dulcis), Bryophyllum 

(Bryophyllum pinnatum), Sapodilla (Manikara zapota), Neem (Azadiracta indica), Ashoka 

(Polyalthia longifolia), Ficus (Ficus benjamina) and Datura (Datura metal) were analyzed. 

They illustrated about chlorophyll (a) and chlorophyll (b). Age factor plays a vital role in 

chlorophyll content. Similarly, factors like abiotic stress have some impacts on chlorophyll 

present in plants. Here, the chlorophyll content in untreated plant was found to be Chl a= 1.78 

mg pigment / m
3 
and Chl b = 14.46 mg pigment / m

3
. The Chlorophyll content in treated plant 

was found to be Chl a = 3.55 mg/ m
3
 and Chl b= 16.36 mg pigment / m

3
. The total 

chlorophyll content of untreated plant was found to be 16.24 mg pigment / m
3
. The total 

chlorophyll content of treated plant is about 19.91 mg pigment / m
3
. It states that nanoparticle 

treated plant have increase chlorophyll content than untreated plant. 

 

Table.4 chlorophyll content of Vigna radiata 

 

S.NO SAMPLE Chl a Chl b TOTAL 

CHLOROPHYLL 

CONTENT 

1. Vigna radiata 

(Untreated plant) 

1.78 14.46 16.24 

2. Vigna radiata 

(Treated plant) 

3.55 16.36 19.91 

 

 

CONCLUSION 

In this recent research, the zinc oxide nanoparticles were green synthesized 

successfully. The bioactive compounds present in Cassia auriculata favors the zinc oxide 

nanoparticles synthesis. Most of the zinc oxide nanoparticles assists in environmental and 

pharmacological implications. The biogenic synthesis of nanoparticles helps in the reduction 

of metal precursor and reduce the usage of toxic substances. It was characterized and applied 

for photocatalytic degradation. The photocatalytic degradation was done using UV 

illumination followed by natural sunlight with assisting zinc oxide nanoparticles. The 

characterization of green synthesized nanoparticles has provided the essential morphological 
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details, presence of different functional groups and its stoichiometric properties. Various 

analytical techniques like UV-Vis, SEM, FTIR and XRD were used for confirmation of zinc 

oxide nanoparticles and to study the different physical and chemical properties of zinc oxide 

nanoparticles. The FTIR analysis brings out the various functional groups present in zinc 

oxide nanoparticles. SEM analysis gives the knowledge of structural properties. XRD 

analysis made to know the crystalline structure of zinc oxide nanoparticles. Thus, the green 

synthesis approach, various Characterizational studies and degradation studies reveal an 

effective capability of zinc oxide nanoparticles. The synthesized nanoparticles were utilized 

for degradation of pesticide Chlorpyriphos. The degradation was known using UV-Vis 

spectroscopy. After photocatalytic degradation, the soil was used for gravimetric analysis. 

The gravimetric analysis discloses that even treated soil and water was potable. At the same 

time, seed germination results concludes that usage of green synthesized nanoparticles aids in 

root and shoot development (Kriti kumara dubey and Fulekar., 2011). Thus, bioremediation 

requires usage of biologically synthesized nanoparticles in order to evade pollution. Zinc 

oxide nanoparticles plays a vital role in environmental pollution control and medical fields. 

Still many different kinds of researches are required to bring revolutionary changes in this 

field. 
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