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Green Roofs for Healthy Living in Cities: 

A New Normal since Covid-19 
 

Phibankhamti Ryngnga* 

Department of Geography, North Eastern Hill University, Shillong, India 

*Corresponding Author: ryngngapk@gmail.com 

Abstract. The concept of green roofs is not new, it has developed long time back, but it has never been spoken largely until the 

sudden manifestation of a pandemic that struck nations worldwide. The pandemic has made urban residents to realize the 

importance of converting their grey to green roofs. The benefits of green roofs is manifold in nature as they not only add to 

aesthetically pleasing landscape but rather absorb rainwater, keeps the building warm, minimize air pollution, decrease stress of the 

people, improved human health and air quality. People now realize that green roof is the need of the hour because it promotes 

healthy living in cities in terms of nutritious food consumption, better air quality, and provide sense of mental peace and an agent 

of destressing busy life of the urban dwellers. Cities have been gradually been a better place since pandemic due to people’s choice 

to opt for gardening due to lockdown. So, in order to kill boredom, the urban residents opted gardening like vegetables, trees, and 

flowers on their grey roofs which in turn contributed to healthy cities. Thus, this paper will accentuate the significance of green 

roofs which in turn betters urban environment that have contributed for healthy living in cities. 

Index Terms: green roof, urban healthy, living, cities, landscape, buildings 

 

I. INTRODUCTION 


In the 21

st
 century, the world has witnessed a rapid 

economic growth which has led to an increased 

urbanization and in turn have put pressure on urban land 

use and standard of living.  The present urban scenario 

often displays bigger picture of induced urban population 

looking for job opportunities, sprawling of new urban 

development etc are being made at the cost of green 

space which resulted in the dearth of greenery and causes 

a decrease in canopy cover within the urban area leading 

to an abnormal change in temperature and decreased air 

quality. The multi-faceted problems of the urban setting 

in terms of green area scarcity can only be reverted again 

by turning grey roofs into green roofs. The introduction 

of growing plants on the unutilized grey rooftop surfaces 

is the only way out for urban dwellers for sustainable 

living.   

What is green roof? It is planting vegetation on rooftops. 

In order to promote the growth of various forms of 

vegetation (vegetables, trees, flowers) on top of 

residential or commercial buildings and thereby offers an 

aesthetical as well as environmental and economic 

benefits.  

The COVID-19 pandemic has brought in countless deal 

of ambiguity to almost all aspects of human life. Since 

early 2020, people cannot leave their homes, they had to 

stay indoors and their homes became all-in all to them. It 

is now their work place, their children’s school and 

playground, spending their past time, leisure, and 

everything pertaining to everyday life which then forced 

them to create a self-sufficient space. A thorough 
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scrutiny through the lens of the pandemic is, therefore, 

very important. The quest is therefore, developing the 

self-sufficient environs has become the key point in the 

analysis of a normal norm in enhancing quality (in terms 

of food supply, air quality, clean and natural spaces) for 

building strong immune system,  

II. EASE OF USE 

2.1 Opting Green Roofs 

In the wake of Covid-19 since early 2020, the world has 

witnessed a drastic change and a fast transformation of 

urban grey roofs into green roofs due to the fact that 

most of the food supplies in urban areas depended 

heavily from other neighboring states or countries. With 

the declaration of long lockdowns for several months, 

urban areas were at the receiving end and felt the heat of 

food supply running out from their local markets and 

stores. Thus, the urban dwellers came out with the 

solution to be self-dependent by opting to convert their 

grey roofs into green roofs or to convert their small 

compound spaces into kitchen garden immediately.  

2.2 Cost and Maintenance of Green roofs 

The initial costs of constructing green roofs and 

maintenance costs are comparatively low as the need of 

the hour demands them to enforce the method 

immediately by availing local materials. The idea of 

green roofs brought an increase in the consciousness of 

economic, social and environmental benefits that can be 

derived from such an initiatives which can be taken up as 

an interest, hobby or even healthy living. 

III. MATERIALS AND METHODS 

The paper is purely based on primary information which 

was put forward during the pandemic times. The crisis at 

http://doi.org/10.36647/978-93-92106-02-6.1
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that point of time was reverted into a challenges and 

opportunity by performing a field-based exercise in 

Shillong, capital city of Meghalaya in North East of 

India. During early 2020, an urban community for 

Sustainability was formed urgently with a team of 5 

members. Taking stock of the situation, the team 

gathered thermacol boxes from a local fish market and 

distributed to urban dwellers randomly. A total of 57 

households were given 5 types of vegetable seeds 

(Carrots, French beans, Lettuce, Arugula/rocket herbs, 

Tomatoes) and thermacol boxes as shown in Fig:1. All 

urban recipients were also instructed the ways to grow 

them and harvesting them.  

 

 

Fig:1. Vegetable Seeds and Thermacol Box distributed to 

urban dwellers 

 

After a period of 8 to 9 months, primary survey has been 

performed on all the 57 recipients to follow up the 

success or failure of the trial run system using open 

ended questionnaire on the time, duration of growing to 

harvesting time, quantity of the harvest etc.  

3.1 Discussion and Results 

From the analysis on the gathered information through 

questionnaire, it is found out that the trial run system 

proved to be successful. The details are discussed as 

under: 

3.1.1 Time Taken to Sow Seeds 

From the table it is seen that out of the total 57 numbers 

of recipients, 45 (more than 80 percent) of them sow the 

distributed seeds in the first month itself, 7 of them (13 

percent) sowed on the 2
nd

 month while only 5 of them (5 

percent) sowed after 2 months. 

Table 1. Time taken by Recipients to sow the distributed 

seeds 

First Month 2
nd

 month After 2 months 

45 7 5 

Field Work, 2020-21 

 

 

Fig:2- Pie diagram highlighting time taken to sow seeds 

From the recipients’ response, it is found that most of the 

people took no time to delay in sowing the distributed 

seeds, whereas the 13 percent recipients informed that 

due to preparation of proper place to keep the thermacol, 

limited availability of soil for planting delayed their 

sowing and only 5 percent said that as they are engaged 

in COVID duty they took time to sow the seeds 

3.1.2 Duration of growing to harvest time  

It is observed that about 8.7 percent get to harvest their 

produce in less than 30 days, whereas 65 percent 

harvested between 1 to 3 months and about 26.3 percent 

harvested after 3 months. 

Table 2. Duration of growing to harvest time 

Less than 30 

days 

1-3 months Above 3 

months 

5 

(8.7 percent) 

37 

(65 percent) 

15 

(26.3 percent) 

Field Work, 2020-21 

Note: the number in parenthesis indicates percentage 

80 % 

13% 
5% 

Time taken by Recipients to sow seeds 

Time taken to sow

seeds 1st month

Time taken to sow

seeds 1-2 months

Time taken to sow

seeds After 2
months
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The factors responsible for variation of percentage is due 

to the soil type, local climatic conditions, the level of 

care given to the plants. Those harvesting in less than 30 

days have favorable conditions for healthy growth and 

the vegetables harvested are French Beans, Lettuce, and 

Arugula herb or better known as Rocket. The category of 

Above 3 months reported that their area faces acute 

water shortage therefore, it affects growth.  

3.1.3 Quantity of Vegetables Harvested in 2020 

When look at quantity of Vegetables harvested, it is 

found that Lettuce, Arugula herb produce less than 2 kg, 

tomatoes fall under 2.5 to 3 Kgs and only French Beans 

and carrots produced above 3 Kgs in a total cycle in 

2020.  

Table 3- Quantity of Vegetables harvested (in Kgs) 

1-2 kg 2-5-3 Kg Above 3 Kgs 

Lettuce, Arugula 

Herb 

Tomatoes French Beans, 

Carrots 

Field Work 20-21. 

It is further observed that all 57 recipients reported that 

they first harvested green leaves whereby they consumed 

as salads for meals and also, they were able to share with 

their relatives and friends. Harvesting is done every 10 to 

15 days which is sufficient for a day or two meals, 

whereas, French beans are harvested after 30 days 

varying around half kg to 1 kg per harvest, but as for 

carrots they could harvest around 3 Kgs above and only 

once when it is fully grown and for tomatoes it varies as 

per its ripening stage.  

3.2 Crises turned into Opportunity 

The positive outlook of the project for a common cause 

by common people without waiting and seeking for any 

government aid is a wonderful story to share amidst 

Covid-19 pandemic that took the world by surprise to 

bombard health, security of mankind. Through these 

uncertainties of the future, the urban dwellers understood 

to take this as a challenge to self-determination to be 

self-reliant in food supply, better environment free of 

pollution, taking concerted effort to develop whatever 

space they have in and around their compound or 

premises to enjoy greeneries, small garden etc.  

 

3.3 The Benefits 

The benefits of green roofs are many, it was only after it 

has been installed that respondent reported that green 

roof provides aesthetic pleasure to them, healthy work 

environment and amenity value, satisfied and heathy 

food production. 

IV. CONCLUSION 

The change of urban outlook after the Covid -19 

pandemic have really been an eye opener to the urban 

dwellers. The post Covid 19 have brought benefits 

through green roofs which facilitates other urban 

residents to take up the challenge of installing green 

roofs. The numbers of them have increased drastically in 

early to mid-2021, whereby various vegetables, fruit 

trees, flowering trees are been planted adding to a more 

luxuriant variety of vegetation thriving in the city of 

Shillong. 
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Electric Vehicle Battery Heat Management using 

A Thermoelectric Cooler Powered by Solar PV 

with MPPT 
 

Amber Negi
1
, Risha Mal

1*
 

1
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*Corresponding Author: risha@ee.nits.ac.in 

Abstract. As environmental emissions and the oil shortage worsen, countries are concentrating their efforts on green energy. 

Electric cars, as part of the alternative energy sector, have drawn worldwide interest due to their environmental friendliness. As a 

safer alternative to traditional combustion engines, electric cars and hybrid electric vehicles (EV/HEV) have gotten a lot of 

recognition around the world and are fast becoming a great alternative to internal combustion engine-powered vehicles. Electric 

vehicles are a great alternative to traditional vehicles. However, various characteristics of electric vehicles, such as performance, 

cost, battery life, and battery safety, restrict their growth. As a result, battery management is required to get optimal performance. A 

Battery Heat Management System is used to remove heat geenrated by the battery pack. The cost of a battery pack used in Electric 

Vehicle is high, which makes research in this area substantial in order to increase the lifespan of the battery pack. A battery heat 

management system that is powered by solar power from Photo-Voltaic with implementation of Maximum Power Point Tracking 

(MPPT) can be very substantial. The paper aims to do the same i.e. show the results of a simulation done to observe the 

effectiveness of the use of a Battery Thermal Management System, employing a Thermoelectric Cooler that is powered by a Photo-

Voltaic with implementation of Maximum Power Point Tracking. The paper further proposes an arrangement of a copper casing 

outside the battery pack which consists of four Peltier devices, cooling the battery pack from four sides, and observe the 

effectiveness of the same via simulation. 

Index Terms: Thermoelectric cooler, Peltier effect, Solar PV, Electric vehicle 

 

I. INTRODUCTION 


An electric vehicle uses an electric motor for propulsion. 

The Electric Vehicle can be powered through a battery, 

fuel cell, solar panels, etc. EVs first came into picture in 

the 19th century. Modern IC engines have been the 

primary choice for almost 100 years now. However, 

electric power has remained the choice for other types of 

vehicles such as trains and other smaller vehicles. 

Electric Vehicles are a great alternative to conventional 

vehicles; features such as immediate torque, silent ride, 

and premium performance make EVs a better option. 

Other than this, EVs also have lower fuel and 

maintenance costs; they also have fewer moving parts 

which means less maintenance. In today’s car industry, 

various levels of hybrid electric vehicle and pure electric 

vehicle mixing are available. Various shapes, forms, and 

numbers of battery cells are installed in respective EVs 

depending on the blending level. There are many types 

of battery reactions available. Li-ion remains the most 

popular battery reaction in the EV field. In comparison to 

fossil petrol, battery cells as an energy source provide 

more stringent requirements in the workplace. However, 

they are very vulnerable to changes in temperature. The 

basic components of an EV are: 
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1. Lithium-ion battery: Charge is stored in the battery 

as DC and the battery acts as supply to run the EV 

after conversion to AC with the help of a power 

inverter. A Li-ion battery is rechargeable and is 

widely used in portable electronic devices. 

2. Power Inverter: Converts the energy from DC to AC 

to power the electric motor and hence, drive the car. 

These are used in electrical power applications where 

conversion of high voltage and current is needed. 

3. Electric Motor: Motor is turned by the AC current to 

run the car. It works by converting electrical energy 

into mechanical energy. 

4. Battery Charger: Charger takes 230 V single phase 

mains supply as input and converts it into DC to 

charge the battery. 

5. Battery Management: Manages the output, charging 

and discharging, and temperature of the battery. 

The performance of electric vehicles (EVs) and hybrid 

electric vehicles (HEVs) is heavily reliant on the battery. 

Battery Thermal Management Systems (BTMS) are used 

to keep track of a battery’s temperature. 

http://doi.org/10.36647/978-93-92106-02-6.2
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Fig. 1. Battery power vs temperature [1] 

The working. performance of a battery is largely 

determined by its temperature. Even though the battery’s 

rated temperature is -30°C to 60°C, the battery’s 

performance fluctuates with temperature. According to 

studies, operating at temperatures above 50°C might 

shorten the battery’s life. It was observed in Fig. 1 that 

the temperature range between 20°C-40°C provides the 

battery with the best conditions and the power is 

maximum in this range [1], in which batteries such as 

such as NiMH, Li-ion, lead-acid, etc get the best 

conditions for operation. Temperature management 

systems for batteries are a must, as they help in achieving 

an optimal range of temperature, take care of battery 

health and help increase the overall lifespan.To 

implement BTMS, different types of cooling are 

implemented: 

1. Air-cooling: A method of heat dissipation which uses 

air as the medium of heat transfer. 

2. Liquid-cooling: A method of heat dissipation which 

uses liquid as the medium of heat transfer which may 

be a refrigerant, distilled water, etc. 

3. Thermoelectric Cooling: A method of heat 

dissipation which uses a Peltier device to dissipate 

heat, which is a semiconductor device that consists of 

n-type and p-type thermoelectric legs that are 

connected electrically in series. 

A Peltier device, also known as a Thermoelectric Cooler, 

operates on the Peltier effect, which states that when 

current travels between the junctions of the device’s two 

conductors, heat is evacuated at one junction and cooling 

occurs, while heat is deposited at the other junction. The 

electrons absorb energy, in this instance heat, when they 

transit from the p-type (low energy) semiconductor 

element to the n-type (high energy) semiconductor 

element at the cold junction. The energy necessary to 

transport the electrons is provided by the electricity 

supply. At the hot junction, energy i.e. heat is transferred 

to a heat sink as electrons move from an n-type to a p-

type. A Peltier device works on DC supply. 

Researches implementing different types of cooling are 

under research. Chuan-Wei Zhang [2] stated that the 

pefor- mance of a battery is easily affected by 

temperature. They suggested a new cooling system with 

a control unit and a modified cooling structure. They 

developed a basic heat generation model for a single cell 

as well as a cooling model based on a battery’s heat 

generation mechanism and a thermoelectric chip’s heat 

generation mechanism. They did this in ANSYS 17.0 

and studied the effects of inlet velocity on the 

performance of different heat exchanger structures. They 

discovered that the U-loop configuration performed best 

and that the flow distribution was the most uniform at 1 

m/s inlet velocity. They discovered that combining liquid 

cooling with thermoelectric cooling improved efficiency. 

They also designed the software and hardware that was 

needed for the control system. It is important to improve 

the methods that are being used traditionally or to find an 

alternative modern approach to increase the battery’s 

overall performance and function They compared the 

efficiency of two separate systems for the liquid cooling 

process. They discovered that the U-shape structure’s 

flow field distribution was much more uniform than the 

Z-shape structure’s. 

Hongguang Sun [3] aimed to suggest a method for 

designing a cooling strategy for a lithium-ion pouch cell 

battery pack in a hybrid electric vehicle’s air-cooled 

battery pack (HEV). They also wrote about the problems 

with battery pack temperature uniformity, as well as 

temperature uniformity in different lithium-ion pack cells 

and the battery’s cooling efficiency. They used the 

Optimal Latin-hypercube methodology to construct a 

DOE design model, a correlated battery pack thermal 

model, and a morphing model using the analytical 

method of experiments (DOE) method. These DOE 

studies were carried out to determine the results of 

various cooling techniques for the cooling tube, cooling 

duct, cooling plate, and thermal behaviour, as well as to 

determine the best design principle for a battery pack 

with air cooling to improve reliability and range. They 

concluded that it was necessary to apply an air cooling 

system to make sure that the operation of the battery 

cells occur in an optimal controlled temperature range 

and uniformly across cells to get maximum capacity and 

durability. They found that the mathematical modeling of 

thermal behavior of the battery for cooling technique can 

be a cost effective and effective tool to achieve good 

performance and good lifespan. 

Zhongming Liu [4], provided a computational shortcut 

for calculating the flow and thermal studies of a parallel 

airflow-cooled battery pack in a short amount of time. To 

compute the thermal dispersal in the battery as impacted 

by airflow and also among cell packs, the suggested 

technique employs a flow resistance network design as 

well as a transient heat transfer design. They presented a 

short-crosscut approach for approximating the flow and 

thermal profiles in a large battery with parallel airflow 

cooling. A flow network model and a transient 18 heat 

transfer m`odel were used in the process. The fl`ow 

network model’s function is to imitate the air-coolng 

system’s flow feld whereas the transient heat transfer 

model calculates the increase in temperature of every 

unit of battery. The non-uniform distribution of airflow 

and uniformity in temperature was considered for the 

simulation. Then, the method was applied to stress on 

structure parameters which aim to improve uniformity of 

temperature in the battery pack. They concluded that the 

scattering of non-uniform airflow was inevitable even if 
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wedge-shaped structures are employed for distribution of 

air. From the flow resistance network model, they 

concluded that the scattering of air flow is affected by 

c`oefficients of pressure loss, which in turn depend on 

the construction of system and the status of flow. As, the 

pressure loss coefficient is much smaller than that of the 

air convergence plenum which is the reason why the 

velocities of airflow and the pressure differences in the 

cooling channels increase as we go from the first channel 

to the ninth. Therefore, the solution was to slow the 

growth of the pressure losses in the plenums which 

would in turn improve the uniformity of the distribution 

of the airflow. This effect could be possible in we adjust 

the structural parameters of the parallel air-cooling 

system. The results they obtained proved that the 

shortcut method and the CFD method results are closely 

approximate. The maximum temperature difference 

calculated only has a difference of 0.5°C. However, the 

shortcut method saves a ton of time, where the CFD 

method took about 10 hours to get the solution; the 

shortcut method proposed took about 2-3 seconds. Both 

methods were implemented using the same desktop 

computer. 

Yuqun Zeng [5] investigated the performance at 

overcharge for Li-ion polymer batteries. This was done 

by analyzing the generated heat and monitoring variation 

in temperature during overcharge. While most researches 

are being focused on the battery management system and 

its improvement, some relevant papers found how big an 

impact this research is likely to cause. Different battery 

reactions are also considered as an option for EV. 

Michael R. Giuliano [6] saw that Lithium-titanate 

batteries are becoming a considerable option for EV as it 

fulfills the need of storing large amounts of energy while 

also keeping large amount of charge and discharge 

currents without taking a toll from the life of the battery. 

They have the ability to be charged very fast due to high 

current thresholds and also to supply the required power 

to operate the EV. However, they discovered a 

significant quantity of waste heat, which they attributed 

to loss processes resulting from the cell’s internal 

chemistry and ohmic resistance. It was mentioned that an 

active cooling mechanism is necessary to keep the cell at 

a safe operating temperature. The study used laboratory 

settings to conduct thermal analysis of lithium-titanate 

cells. To monitor surface temperature, they used 

thermochromic liquid crystals. The information was then 

utilised to determine how efficient the active cooling 

mechanism was in managing heat in lithium-titanate 

cells. 

Rami Sabbah [7] analyzed the efficacy of cooling 

(passive) using phase change materials with active 

cooling (forcd air). The PCM coolng here used a micro 

composite graphite PCM matrx which was surrounding 

the array of cells whereas, the active cooling mode here, 

used air blasted was between the cells through the gaps. 

It was found that the air coolng is not a dependable 

method to retain the temperature in the desired range. On 

the other hand, the passve coolng system was successful 

in providing the desired operation range without any 

need of an additional fan. 

Shahabeddin K. Mohammadian [8] in his paper, analysed 

the thermal performance of an air-cooled battery module 

using a new type of aluminium pin fin heat sink. The 

height of these pins rose linearly in the direction of air 

flow through the channel’s width. Even while heat sinks 

with the same pin fin heights increased the standard 

deviation of the temperature field, the results showed that 

utilising this pin fin helped not only reduce the bulk 

temperature but also the standard deviation of the 

temperature field. They also discovered that increasing 

the input air temperature reduced the standard deviation 

of the temperature field while increasing the battery’s 

maximum temperature. The standard deviation of the 

temperature field grew as the input air velocity was 

raised further until it reached its maximum point, after 

which it decreased. 

Yutao Huo [9] built a BTMS based on a mini-channel 

cold plate to handle the thermals of a rectangular Li-ion 

battery The goal was to ensure safety while also 

prolonging the battery life cycle in electric vehicles. 

They created a three-dimensional thermal model and 

tested various parameters. Number of channels, inflow 

mass flow rate, flow direction, and so on were among the 

characteristics. During the discharge procedure, these 

parameters were recorded. According to their findings, 

the maximum temperature of the battery lowers as the 

number of channels and the incoming mass flow rate 

rise. They also discovered that when the mass flow rate 

increased, the influence of flow direction on cooling 

performance reduced. With the increase in intake mass 

flow rate, they found an improvement in cooling 

performance. The findings of their simulations will be 

beneficial in improving the design of mini-channel cold 

plate based BTMS. Jingzhi Xun [10] in his research, 

created an analytical and numerical model for lithium ion 

battery stack heat control. The goal was to learn more 

about the thermal behaviour of cylindrical and flat plate 

stacks as they were being discharged. When the number 

of channels and channel size were modified with the 

same volume ratio of cooling channel and battery of flat 

plate type design, equal average battery temperatures 

were achieved. It was also discovered that, while 

increasing channel size improves cooling energy 

efficiency, it also results in more unequal temperature 

distribution. As for the cylindrical stacks that were used, 

they were found to be better in terms of energy 

efficiency and were less compact. However, the thermal 

behaviors of these two designs were found to be similar. 

They also suggested that the cooling tubes be arranged in 

a counter-flow configuration. 

Kuahai Yu [11] aimed to dissipate generation of heat 

while also trying to keep the temperature distribution as 

uniform as possible.It was attempted utilising two types 

of air ducts with separate intake and exhaust channels 

and fans. They served slightly different purposes. The 

first was to use the usual channel to cool the batteries, 

while the second used jet cooling to reduce heat 

accumulation in the centre of the battery pack. An 
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anisotropic three-dimensional heat transport model was 

also created to better understand the thermal behaviour 

of the batteries, and it was confirmed by tests and 

simulations. It was found that the minimum temperature 

attained was 33.1°C with improve in temperature 

uniformity. This field of research has even been looked 

from the aspect of arrangement of the battery modules. 

Tao Wang [12] considered a new battery module design 

to take care of temperatures of batteries in operation. The 

study looked at the thermal performance of batteries in a 

variety of cell layouts, including 1 x 24, 3 x 8, and 5 x 5 

rectangular arrays, 19 cells hexagonal arrays, and 28 

cells circular arrays. Aside from that, they looked at 

alternative air conditioning tactics, such as positioning 

fans in different parts of the battery module to promote 

temperature uniformity. They observed the best results 

for the 5 x 5 cubic structure in terms of cooling capacity 

as well as cost. TEC coooling is getting more and more 

involvement in our daily lives. For e.g. - use in PC- 

processors, small storages for food and beverages and 

TEC air-conditioners. There are certain reviews that 

show the advance in thermoelectric materials [13], bulk 

thermoelectric materials [14] and low dimension 

materials [15]. The estimation of the future of EV has 

also been shed light upon by Tianshi Zhang [16]. They 

proposed a heating ventilation air conditioning (HVAC) 

system and estimated the near future of the vehicle 

market. All over the world, EVs are seen as a great 

alternative and the research is being supported 

everywhere. In Europe, the French government has set 

up an EV coordination committee specially to support 

the research. The German government estimated that 

there will be more than one million new energy vehicles 

in 2020. 

Abdul Muhaimin Ismail [17] wrote about the current 

scenario of global energy and how fu´els play a crucial 

part and the problems in environment we are facing. 

Feed in Tariff (FiT) policies are being implemented all 

over the world in order to increase renewable energy 

contribution. We need to reduce our dependence on non-

renewable energy. To make this happen safety issues 

related to RE sources must also be addressed. Solar 

power is particularly a very promising part of RE. 

Tulus. B. Sitorus [18] shed light on the capability of PV 

when they built and investigated a TEC that was 

powered by solar energy in Medan city. They found TEC 

systems to have lesser noise, lesser vibration, and their 

temperature could be controlled along with having lesser 

requirements for continuation. The solar TEC utilizes 

solar power as a proxy and can be applied to decrease the 

temperature of a room or an article. TEC modules, PV 

cells, a cooling box, insulating material, heat sinks, and 

cooling fans are all part of the system. PV cells produce 

electricity and send it to a thermoelectric cooling system. 

The TEC was powered by a pair of batteries in the 

cooler. A solar charge controller (SCC) with a rating of 

12 V and 10 A was used to change the current during 

charging in order to avoid overcharging while also 

monitoring the battery’s thermal health.The cooling 

system’s box was then connected to a data acquisition 

system, the Cole Parmer 18200-40, through a 

thermocouple attached to the component. Weather 

parameters such as radiation intensity, air temperature, 

and relative humidity were also recorded using a data 

recording device. To seal the cooling box, the top cover 

had attached bolts that could be opened and closed. The 

testing were carried out in open areas with access to 

direct sun radiation. The weather was maintained under 

control because it has a direct impact on the PV cells 

utilised. Solar radiation was collected by the PV cells, 

which were then stored in batteries. This electricity was 

also utilised to power the Peltier component. The 

investigation lasted five days. The studies lasted eight 

hours, starting at 09.00 WIB and ending at 17.00 WIB. 

With shifting weather patterns, the temperature 

distribution was observed for five days. The best results 

were seen on the third day as the temperature 

distribution. Temperature, humidity, and solar radiation 

intensity were the variables considered. They arrived to 

the conclusion that solar radiation intensity and the 

temperature difference between the hot and cold sides of 

the TE component are critical to the device’s 

performance. The COP was found to be lesser than in a 

system that employs compressors but the PV scene with 

some improvements has great prospects. 

In this paper, we plan to study and observe the 

effectiveness of a BTMS using a TEC that is powered by 

PV with MPPT. As seen in some of the papers, PV 

system is more than capable of running a Peltier device. 

Here, we aim to observe how effective the proposed 

cooling system turns out to be. Then, we propose a 

copper casing with four Peltier devices outside the 

battery pack to further study the effectiveness of the 

model which can be practically implemented at a later 

point of time. 

II. THEORETICAL FUNDAMENTALS 

1. Lithium-ion Battery:A Li-ion battery is a power 

source with an anode, cathode, and electrolyte, as 

well as a separator. The positive electrode in lithium-

ion batteries is made of a lithium compound, whereas 

the negative electrode is generally made of graphite. 

The energy density of these batteries is great, and 

they have a low self- discharge rate.The separator is 

used to segregate electrodes while the electrolyte is 

utilised to move ions between electrodes inside the 

cell. The electrochemical processes occurring inside a 

Li-ion battery are reversible, making it rechargeable. 

When Li-ions are discharged, they disperse from 

negative to positive, and when they are charged, they 

disperse from positive to negative. The electrode of a 

Li-ion battery is comprised of intercalated lithium 

compound rather than metallic lithium. The 

performance of a Li-ion battery is determined by the 

operating voltage and temperature. When they run 

within a given voltage and temperature range, they 

tend to perform at their best. Temperature has a direct 

effect on the rate of chemical reactions inside the 

battery. When the temperature drops below a specific 

degree, it has an immediate effect since it decreases 
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the response rate and hence the carrying current 

capacity during both charging and discharging. This 

reduces the battery’s power capacity. The reduced 

rate of reaction also makes it difficult for lithium ions 

to reach the intercalation gaps. As a result of the 

lithium plating, there is a drop in power and a loss of 

capacity. On the other hand, when the temperature 

rises, the rate of response rises, meaning a larger 

power output. This process, however, promotes heat 

loss, resulting in even greater temperatures. Thermal 

runaway will occur if the heat created is not dispersed 

quicker than the heat generated after a given period 

of time. Research is already being done on different 

aspects of the battery, such as performance at 

overcharge for Li-ion batteries [19]. Thermal 

runaway gives irreversible damage to cells. The 

battery temperature should be maintained by a 

management system to improve the performance and 

avoid thermal issues. With the increase in capacity 

and charge and discharge rate, security and health of 

battery becomes more important and requires more 

attention [20]. 

2. Battery Thermal Management System:The Battery 

Thermal Management System is critical for removing 

the heat created by the battery pack and ensuring that 

the battery pack operates at the proper temperature. 

[21]. The performance of a battery is easily affected 

by temperature [22]. The BTMS is expected to 

perform these four functions to make sure of the best 

operating conditions for the battery/battery pack: 

(a) Cooling: The battery cells generate electricity as 

well as heat. When the temperature of the battery 

pack surpasses the ideal temperature, this heat is 

meant to be eliminated. Hence, cooling function is 

necessary in BTMS. 

(b) Heating: For the same reasons, in colder climates 

the battery temperature needs to be increased in 

order to reach the optimal temperature range. For 

the battery to achieve the ideal temperature range, a 

heating function, such as a PTC heater, is required. 

(c) Insulation: The temperature differential between 

the interior and exterior of the battery pack is quite 

high in regions where the weather is excessively 

cold or hot. Battery temperature is influenced, and 

effective insulation is a vital function that may slow 

down the fast fall or rise in battery temperature. The 

effect is greatest when the car is parked outside, 

which is true in the majority of situations. 

(d) Ventilation: To exhaust the harmful gases inside 

the battery pack ventilation is a necessary function. 

Different types of cooling arrangements are used, 

many are being researched upon. The aim is to 

dissipate heat from the battery pack, which can be 

done through many techniques. Different 

technologies for heat management are being 

researched. Air cooling, liquid cooling, phase 

change material cooling, and thermoelectric cooling 

are all used by researchers. 

The cooling medium in air-cooled BTMS is air, which 

removes the heat created by the battery cell/pack. The 

cooling performance of the system is determined by the 

airflow pattern; the flow pattern is regulated by the 

BTMS settings. Because of its advantages, such as its 

simple form and inexpensive cost, air cooling is quite 

popular. 

There are three basic types of liquid cooling systems: 

passive cooling, active cooling, and refrigerant cooling. 

In a passive cooling system, heat is dissipated by the 

radiator, which uses the temperature differential between 

the liquid and the ambient temperature to accomplish so. 

3. Thermoelectric Cooler:A thermoelectric cooler is a 

solid-state semiconductor device built up of n-type 

and p-type thermoelectric legs that are electrically 

coupled in serial and thermally coupled in 

parallelism. The Peltier effect asserts that when 

current is conducted through a thermocouple’s 

circuit, heat is created at one junction and absorbed at 

the other. As seen in Fig. 2, this effectively generates 

a temperature differential between the two sides. The 

device has two sides, and when DC current passes 

through it, heat is transferred from one side to the 

other, making one side cooler and the other hotter. 

The ”hot” side is linked or hooked to a heat sink to 

maintain it at room temperature, while the ”cool” side 

is kept below it.Materials with a mix of low heat 

conductivity and strong electrical conductivity are 

ideal for high-efficiency TEC systems. When the 

effects are merged, the combined effect is compared 

using the ZT figure of merit. Some of the benefits of 

a Peltier device are: 

(a) Low maintenance 

(b) Long lifespan 

(c) Can be used in extreme environments 

(d) Capable of cooling far below room temperature 

Peltier devices can be a good choice in applications 

where there is a need to cool an object below ambient 

tem- perature or to maintain a specific temperature. They 

are available in different dimensions such as 15mm, 

20mm, 25mm, 30mm, 45mm and 62mm. 

 

Fig. 2. Thermoelectric cooler 

(Reference: Laird Thermal Systems) 

4. PV: PV stands for Photovoltaic. It is the conversion 

of sunlight into electricity. Photons from the sun, 

strike the surface and ionize the semiconductor 

material on the PV panel which consists of 

photovoltaic cells that possesses photovoltaic effect. 
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When a photon of a sufficient wavelength strikes 

these cells, the photon’s energy is transmitted to an 

electron in the semiconducting material, causing it to 

move to a higher energy state known as the 

conduction band. These electrons are free to flow 

through the material while they are in their excited 

condition in the conduction band, and their travel 

causes an electric current in the cell. As an output, a 

PV generates DC. Solar modules, which are made up 

of solar cells that assist create electricity, make up the 

system. These solar cells are comprised of a variety 

of semiconductor materials and are typically quite 

thin. These cells are sandwiched between protective 

layers made of glass and polymers to resist the harsh 

outside environment for a long time. PV systems may 

be designed to handle any load, large or little. 1000 

watts (W) of light per cubic metre at a temperature of 

25°C are considered ideal solar conditions. Solar PV 

has a variety of advantages including, no pollution 

and no greenhouse gas emissions. 

5. MPPT: Maximum Power Point Tracking is a 

technique that is implemented in PV systems to 

extract maximum power. MPPT is the process of 

finding the maximum power power point (MPP) in 

the load characteristic to improve the system’s 

efficiency. To maintain the power transmission as 

efficient as possible, the load characteristic is altered. 

This is necessary because the operating point of a 

load directly linked to a solar panel is rarely at peak 

power. MPPT uses algorithms to sample the panel 

voltage and currents and alter the duty ratio 

appropriately. The following strategies may be 

employed to optimize the power output of PV: 

(a) Perturb and observe 

(b) Incremental conductance 

(c) Current sweep 

(d) Temperature method 

(e) Constant voltage 

All of them have different advantages and disadvantages. 

However, Perturbation & Observation (P&O) algorithm 

is the most widely used algorithm. It is considered to 

have a good balance between simplicity and 

performance. 

Now, when PV is implemented along with MPPT, the 

gating pulse to the DC-DC boost converter is obtained 

from MPPT function block, in which different MPPT 

algorithms may be employed. For our simulation we 

employed the P&O algorithm. When PV is integrated 

with MPPT, it ensures maximum power output which 

increases the efficiency of the system as a whole. A new 

casing arrangement is further proposed that uses a copper 

casing outside the battery pack. Copper is used because 

of its high thermal conductivity. 

III. METHODOLOGY 

Fig. 3 shows the block diagram of the proposed system. 

PV system with MPPT is modeled using MATLAB 

Simulink. The model consists of a PV panel that is 

connected to a DC-DC boost converter. The gating pulse 

for this DC-DC boost converter comes from the MPPT 

function block which contains the MPPT algorithm to 

ensure maximum power. 

It is further connected to an R-load which is a Peltier 

device in our case. This is further connected to a Li-ion 

battery via a bi-directional converter. This is done to 

guarantee that the load receives consistent power. When 

PV-generated power is less than the load’s necessary 

power, the battery will provide the load, while PV-

generated power is greater than the load’s consumption, 

the battery will charge. The PV findings prior to and 

after MPPT are compared. As seen from previous 

researches, PV system is more than capable of supplying 

a load as small as a Peltier device. The ouput from the 

PV system i.e. 5.2A is then fed to a Peltier device for 

cold side temperature readings. The supply to the Peltier 

device is varied to get more readings in order to better 

observe the effectiveness of the cooling system. A 4x4 

18650 three-dimensional Li-ion battery pack is modeled 

using SolidWorks at 38
◦
C. The Peltier device is then 

used to cool the battery pack and reduction in 

temperature at different temperatures of the Peltier 

device is observed. The heat simulation part is performed 

on SolidWorks. After observing the obtained results, the 

effectiveness of the system is discussed along with future 

research scope. 

Going a step further, a cooling system arrangement is 

proposed that employs a copper casing of thickness 

2mm, outside the 4x4 Li-ion battery pack which consists 

of four Peltier devices on the outer walls of the casing as 

shown in Fig. 4. 

IV. SIMULATION & RESULTS 

The simulation for PV with MPPT is done using 

Simulink in MATLAB. The model in Fig. 5 shows a PV 

panel that is connected to a boost coverter. The gating 

pulse for the boost coverter comes from the PWM 

generator. The duty signal for the PWM generator comes 

from the MPPT function block which contains the MPPT 

algorithm. The algorithm works to determine the 

Maximum Power Points by searching for dP/dV=0 

derivative. The point at which the power and voltage are 

not changing, the derivative will be zero which will be 

the Maximum Power Point. For this simulation, 

Perturbation & Observation (P&O) theorem has been 

employed. This algorithm works to change the duty 

cycle, which changes the gating pulse, and finally the 

voltage, to ensure maximum power. Futher, an R-load is 

connected which is a Peltier device in our case. This is 

now connected to a bi-directional converter which is 

connected to a Li-ion battery. This is done to ensure 

continuous supply to the Peltier device. When PV-

generated power is less than the load’s necessary power, 

the battery will provide the load, while PV-generated 

power is greater than the load’s consumption, the battery 

will charge. For a 6A rated 45mm Peltier device, when a 

supply of 5.2A is supplied, the cold side of the device 

gets to 281.1K i.e. 11.35
◦
C. 

For thermal study, a 4x4 18650, three-dimensional Li-ion 

battery pack was modeled in SolidWorks at 38
◦
C 
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ambient temperature as shown in Fig. 6. As the model 

name of the battery suggests, the dimension of each 

battery is 18x65mm. They are usually connected in 

arrangements of 4x4, 5x5 to form battery packs. For 

simulation purpose a 4x4 battery pack is considered as it 

is close to the size of a 45mm Peltier device. 

 

Fig. 3. Block diagram for the proposed cooling system 

 

Fig. 4. Proposed copper casing arrangement 

The results show the voltage and current from PV before 

MPPT and after MPPT. The voltage and current is 

recorded before MPPT and after MPPT, power is also 

observed after MPPT as shown in Fig. 8-Fig. 10. The 

current was 4.7A before MPPT, and is observed to be 

around 5.2A after MPPT which is then fed to the 45mm, 

6A rated Peltier device. For a single 213W rated PV 

panel that was used for simulation, 210W power ouput 

was observed after MPPT from the results of the 

simulation. For observational purposes, when the supply 

to the Peltier device is varied, we get a variety of 

temperature readings on the cold side and is used to 

better note the effectiveness of the thermal management 

system. Fig. 7 shows the various temperature readings 

got from the Peltier device. Note that the readings are in 

K, and are converted to 
◦
C before thermal simulation. The 

thermal simulation, done in SolidWorks shows results at 

various temperatures of the cold side of the Peltier 

device. Table 1 shows the reduction in temperature. For 

different temperature of the Peltier device. Fig. 11 shows 

all four thermal simulations and reduction in temperature 

for different temperatures of the Peltier device that were 

chosen from the temperature readings of the Peltier 

device in Fig. 7. For different temperatures of Peltier 

device, a significant difference in reduction of 

temperature was observed. As the temperature of the 

Peltier device decreased, the heat reduction increased 

which is the expected behaviour. 

 

Fig. 6. A 4x4 Li-ion battery pack 

 

 

Fig. 7. Temperature graph from TEC when supply is variedat 

38◦C ambient temperature 

 

 

Fig. 8. Voltage and Current output from PV 
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Fig. 5. PV model with MPPT 

 

 

 

Fig. 9. Power output from MPPT 

 

 

Fig. 10. Voltage and Current output from MPPT 
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Fig. 11. Reduction in battery temperature when Peltier device 

is at 4.08◦C, 11.3◦C, 14.32◦C & 32◦C 

 

The average reduction in temperature was observed to be 

5.4
◦
C. However, this system only consists of one Peltier 

device and the cooling only takes place at the end closer 

to the cooling device. To tackle this, a copper casing 

outside the 4x4 Li-ion battery pack is proposed which 

helps increase the cooling as well as improve the 

uniformity of cooling. 

 

 

 

 

 

 

 

Fig. 12. Reduction in battery temperature with copper casing 

for the same temperatures of the Peltier device. 

Across the whole battery pack as shown in Fig. 12. After 

addition of the casing, the average reduction in 

temperature was observed to be 6.1
◦
C. This shows the 

effectiveness of the system, results for a practical 

application may vary a little but there’s no denying that 

the system helps reduce the temperature of the battery 

pack. 

 

Table 1. Comparison of temperature reduction at different 

temperature of TEC 

Ambient 

Temperature 

TEC 

temperature 

Reduction 

in battery 

temperature 

Reduction 

when with 

copper 

casing 

38
◦
C 4.08

◦
C 8.1

◦
C 9.9

◦
C 

38
◦
C 11.3

◦
C 5.9

◦
C 6.5

◦
C 

38
◦
C 14.32

◦
C 5.5

◦
C 6.2

◦
C 

38
◦
C 32

◦
C 2.1

◦
C 1.8

◦
C 



Amber Negi et al.  

14 

V. CONCLUSION 

Finite reserve bulk, disparity in distribution, and the 

rising demand of energy is resulting in an increase in the 

number of green energy replacements to supplement 

fossil-fuel-based energy supplies. Battery temperature 

has a significant effect on the battery pack’s operating 

efficiency. A Battery Heat Management System is 

needed to keep a battery pack’s temperature stable for 

optimum efficiency and longevity. TEC is infamous for 

having a low efficiency; however, it is a good selection 

for the given application. The project successfully 

observed the effectiveness of the proposed method of 

cooling that was done using Thermoelectric cooling that 

is powered by PV with MPPT. The PV with MPPT 

system simulation gave good results. Further, heat 

reduction for different temperatures of the Peltier device 

was observed. The average temperature reduction of the 

battery heat management system came out to be 5.6
◦
C. 

The paper also proposed a model that employed a copper 

casing with four Peltier devices at the four walls of the 

casing around the battery pack was simulated and 

observed. The average temperature reduction here was 

observed to be 6.1
◦
C. Results after a practical application 

may vary a little but the cooling system does help reduce 

the temperature of the battery pack. As a whole, the 

system proves to be effective. The next step could be an 

hardware implementation of the proposed model to 

identify any gaps that may or may not exist and also to 

observe the practical effectiveness of the system. 
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Abstract. Due to the climate change happening on the earth, the immunity of both humans and animals is decreasing along with 

this the plants are also getting affected. The main reason for which is the continuous increase in the temperature of the earth. The 

main reason for the increase in temperature is anthropogenic action, due to which carbon dioxide is emitted in high quantity in the 

atmosphere and this generates greenhouse effect. Due to the excessive emission of carbon dioxide, frequent changes in the climate 

are happening very fast and their ill effects are clearly visible. Due to this, the frequency of natural disasters is also increasing and 

their area is also increasing, due to which the biodiversity is also being lost. Because only natural plants have the amazing ability to 

prevent negative changes in the climate and adjust by absorbing carbon dioxide emitted in large quantities. In this sequence, there 

is an urgent need to implement the possibilities of reducing carbon dioxide emissions by cultivating carbon farming from the dry 

shrub Kheemp (Lepatadenia pyrotechnica), which is found abundantly in the Thar Desert. 

Index Terms: Carbon Dioxide, Thar Desert, Leptadenia Pyrotechnia, Conservation, Carbon Farming 

 

INTRODUCTION 


The main reason for the continuous increase in the 

temperature of the earth is carbon dioxide gases (green 

house gases) emissions into the atmosphere by the 

anthropogenic activities. Due to this increase in 

temperature, ill effects of climate changes on the earth 

are clearly visible and the areas prone and affected by 

natural disasters due to climate changes are expanding 

frequently and widely, as a result the biological diversity 

necessary for the survival of mankind on the Earth is also 

decreasing. That is why it has become necessary to 

reduce the amount of carbon dioxide emissions in the 

atmosphere, So that the negative effects of climate 

changes are eliminated and biological diversity is 

conserved and our future generations can be protected. 

What is carbon farming? 

Large scale plantation of high carbon sequestering plant 

species in the land unfit for the agriculture purposed is 

called carbon farming. 

Role of tree plantation to reduce green house gases 

emissions and carbon farming:-  Nature has blessed trees 

with the amazing ability to absorb carbon dioxide and 

adjust it, that is why trees and plants play an important 

role in preventing the climatic changes and global 

warming caused by greenhouse gases emissions. Eco-
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friendly, cheap and practical method of reducing 

greenhouse gases emissions gas based on conservation 

and plantation of local plant species of larger areas of dry 

and uncultivated land are proposed for various 

geographical regions of the World. One such 

hypothetical carbon farming project was proposed in the 

year 2013 by a German scientist K.Becker. That project 

envisaged plantation of  Jatropha curcas on 10,000Km
2 

coastal land of Saudi Arabia which is unsuitable  for 

agriculture. The computer based outcomes of the project 

was accumulation of 25 tons of carbon dioxide for 20 

consecutive years. 

Inspired by the above said hypothetical project, the 

present theoretical project Kheemp (Leptadenia 

pyrotechnica) conservation and plantation based carbon 

farming in unuseful and wasteland of Thar Desert of 

Rajasthan, India is presented here. 

 

Map of Thar Desert 

http://doi.org/10.36647/978-93-92106-02-6.3
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Thar Desert 

 

Thar Desert with plants 

G r e e n i n g  d e s e r t  w i t h  p l a n t a t i o n s
 

Prosopis cineraria(Khejari or Ghaap)
 

KHEEMP (Leptadenia-pyrotechnica) KHEJARI(Prosopis -cineraria)

JHARBER(Ziziphus-nimmularia) KER(Capparis-decidua)

SOME IMPORTANT MEDICINAL PLANTS OF THAR DESERT, RAJASTHAN

Due to the diversity of the ecosystems, this type of 

carbon farming in Thar desert,Rajasthan  areas may 

make the use of naturally occurring native plant species 

more environmentally suitable for plantations, which 

have higher carbon dioxide capture capacity and which 

can grow successfully in uncultivated landscapes. In 

Thar Desert, Rajasthan, 1,14,19,000 hectares of land are 

becoming uncultivated due to wind erosion. The vast 

area may be used for conservation and plantation of  

multi use shrub Kheemp (Leptadenia pyrotechnica ) 

along with other high carbon capture capacity  species 

for carbon farming. 

Simultaneously greening of earth surface will help to 

check the temperature rise on earth due to solar 

radiations will reduce surface evaporation and thus will 

help to mitigate the bad effects of climate changes. 

 The main points of the proposed project are 

Kheemp conservation and plantation based carbon 

farming:- 

 Leptadenia pyrotechnica (Kheemp) is a versatile arid 

resistant desert shrub, traditionally used for 

medicines, food, animal feed, fiber production, huts 

and ropes, and as fuel. 

 The Kheemp has great potential for carbon capture 

capacity both above and below ground soil 

stabilization, so it plays an important role in the 

environmental balance of the area. 

 The project envisaged in the present project 

incorporates a greater potential for reduction of 

carbon dioxide emissions of kheemp. 

 The project is based on protection from use. It has 

also included the fact of real engagement of farmers 

and partners so that they can get immediate and direct 

benefits, which is necessary for such comprehensive 

public interest schemes. For this, first of all, the 

possibilities of marketing of value added measures 

for industrially useful Kheemp products based on our 

own research at local level have been outlined. 

 Carbon farming based on a single botanical species 

Jatropha curcas is proposed to be done in a vast 

single area of 10,000 Km
2 

in the coastal Arabian 

Desert. But in the present project, carbon based 
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farming is proposed to be done only on the meadows 

of  barren and uncultivated land. For this, it is 

proposed to conserve naturally occurring kheemp in 

the area and plantation of Kheemp in new areas. 

 The root to shoot ratio of  Kheemp is 0.69 and 

Jatropha curcas  is 0.27.  The comparison shows that 

Kheemp has almost 2.5 times higher than Jatropha 

curcas. Thus Kheemp has more below ground carbon 

sequestering capacity than Jatropha curcas  and thus 

Kheemp has more negative carbon foot print than 

Jatropha curcas. 

 Due to the decentralization, carbon farming based on 

Kheemp will benefit in wide areas and if it is possible 

on the vacant land of the farm by growing Kheemp 

on the meadows, then agricultural tax benefits can 

also be obtained. 

 Theoretical calculation of carbon capture in the Thar 

desert of North-West Rajasthan:- 

From the wild plantation of Kheemp:- 

Due to soil erosion in the Thar desert of North-West 

Rajasthan, a lot of land is being affected and agriculture 

is becoming unfit. Based on the research work of 

A.F.R.I.  Jodhpur, it has been concluded that about 

1,14,19, 000 hectares of land is affected by airborne soil 

erosion. Simultaneously, the carbon capture of naturally 

grown Kheemp in the same area has been calculated. 

According to this, the total average availability of 

Kheemp Biomass is 128.77 kg/ha and the average carbon 

content is 44.91%. On the basis of simple mathematical 

calculation, the per hectare carbon capture capacity of 

the Kheemp would be 128.77*44.91/100=58.90 kg. For 

an area of 10000 hectares, its estimated figure will be 

5890.00 kg, which can prove to be very important. 

From the projected cultivation of Kheemp:- 

Assuming only 1% of the Thar desert land unfit for 

agriculture activities for cultivation of Kheemp and 

plantation of 2500 plants/hectare following quantities of 

Co2 gases (Green house gases) emissions may be 

reduced. 

1. Total land of Thar desert unfit for agriculture= 1, 14, 

19,000 hectare 

2. 1% of this land= 1, 14,190 hectare 

3. Kheemp plant / hectare = 2500plants 

4. Total plant of Kheemp in the projected area = 

1,14,190*2500= 28,54,75,000 plants 

5. Approximately average biomass (dry) available 

from/plant/year =4 Kg (above ground 2.5 Kg and below 

1.5 Kg) = .004 tons 

6. Projected biomass/year from the projected area 

=11,41,900 tonnes 

(above ground 685140 tons and below ground  456760 

tons) = 

7. carbon sequestering capacity of Kheemp 

=11,41,900*44.91/100= 5,12,827 tons 

Proposed Kheemp plantation on 10,000 hectare= 

10,000+2500= 2,50,00,000*.004=1,00,000 tons. 

(above ground 60,000 tonnes, below ground 40,000 

tonnes) 

Carbon content capture = above ground  

60,000*44.91/100= 26946 tonnes,  below ground 

40,000*44.91/100= 17964 tonnes) 

Therefore total carbon content capture from 10,000 

hectare Kheemp plantation will be 44910 metric ton. 

Therefore the average carbon content capture /hectare 

=44,910/10,000=4.4 ton/hectare, which is within range 

of perrineal Desert shrubs. 

If only systematic protection of the naturally growing 

Kheemp in this desert area can be done at the initial 

stage, and then its deliberate integration in the present 

agro forestry system along with other trees and crops 

could potentially increase carbon sequestration and 

decrease green house gases (GHG) emission from this 

desert ecosystem annually. 

Simultaneous industrially useful medicines, foods, 

animal feed, fiber and bio fuel will be available. 

Thereby, both the farmer and the participant will get 

immediate and direct benefit and they can practically use 

such broad-based project and stay connected with public 

welfare schemes. In future this project is expected to be 

implemented in Government and Private sectors on real 

basis. 
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Abstract. Purpose of the study: the premise of this paper was to analyze the implementation of the policy of the Minister of 

Education and Culture regarding independent learning in an independent campus. Referring to the Politeknik Negeri Jakarta, and  

BIRN strategic plans regarding the direction of research, it is necessary to research innovations that have economic value through 

collaborative knowledge creation as a strategy in increasing organizational competitiveness, innovation, and the formation of 

Technoparks. The problem in this research is the partnership strategy carried out by educational institutions and industry using the 

concept of collaborative knowledge creation? This research was conducted at Bandung Techno Park and Jakarta State Polytechnic. 

The research method used soft system methodology approach with collection of data used interviews, observations, study 

literature, and documentation. The organizations involved are Bandung Techno Park. Main findings: Bandung Techno Park is a 

business-oriented organization, building networks and partnerships with industry, companies, and educational institutions. PNJ has 

built partnerships with companies, institutions and the concept of collaborative knowledge creation has been implemented to 

improve organizational competitiveness 

Index Terms: Technopark, collaborative knowledge creation, SSM 

 

I. INTRODUCTION 


The speed of information technology has provided 

opportunities and threats to the strategy and pattern of 

Polytechnic education in responding to the needs of 

graduates in the business and industrial world. One of the 

speedy changes in the development of digital technology 

based on IoT and impacts the performance capabilities of 

human resources in the company. Changes and 

developments in IoT provide automation opportunities 

for work that industry must respond quickly. One of the 

impacts of changes in information technology in the 

implementation of education at Polytechnics is how the 

learning process provided can answer the challenges and 

needs of the industry so that the graduates produced are 

competent and professional, also capable of 

entrepreneurship and creating jobs. Techno Park, which 

has become the government flagship program, both 

central and local governments, is projected to bridge 

education, industry, companies, and the community to 

create mutually beneficial collaborations and synergies. 

The purpose of this study is to analyze the synergies and 

collaborations of higher education and industry, whether 

they provide mutual benefits and have an impact on the 

existence of business patterns that can be adopted by 

higher education. 

                                                           
© 2022 Technoarete Publishers 

Iis Mariam, Nidia Sofa, Endah Wartiningsih, Bambang Sugiyono – 
―Technopark: A Strategy to Build Partnership in Educational 

Institutions and Industrial Using Concept of Collaborative Knowledge 

Creation‖, Pg no: 19 – 23. 2022 
doi.org/10.36647/978-93-92106-02-6.4 

II. LITERATURE STUDY 

The changing technology in disruption era, making 

collaboration and building relationships between 

universities, goverment and industry are now changing; 

the problem has exerted enormous resource burdens on 

universities to seek connections with firms to remain at 

the leading edge in all subject areas [1]. Based on 

research before that mounting societal pressure on 

universities as engines for economic growth,  and  more 

minor less as fulfilling the broader social  such as 

educational systems and how knowledge become general 

for they have had in the past [2, 3]. These pressures on 

both parties have led to an increasing stimulus for 

developing UICs that aim to enhance innovation and 

economic competitiveness at institutional levels. 

Referring to the International Society of Science Park 

and Technopark [4]  the concept that must know has the 

following characteristics, namely: (a) created to initiate a 

business based on knowledge and technology, (b) the 

existence of operational activities between universities 

and universities or other educational institutions, (c) the 

establishment of a management structure involved in 

technology transfer and the creation of conditions for 

entrepreneurs in running and streamlining their business 

activities, and (d) the existence of large companies or 

start-ups as commercial actors in responding to customer 

needs. 

Research on university and industry collaboration (UIC) 

has been carried out for a long time, the results show that 

cooperation between education and industry has involved 

http://doi.org/10.36647/978-93-92106-02-6.4
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increasing knowledge and technology [5].  The impact of 

university-industry collaboration is the pressure that 

appears not only on the industry but also on faster 

technological changes, shorter product cycles, and 

radically changing competition that arises from the 

external environment. As for higher education 

(universities), collaboration with industry has impacted 

the formation of innovation and synergy of knowledge 

and skills taught to students to meet industry needs [6, 

7]. Collaboration and the role of universities and research 

and development institutions have resulted in innovative 

products ready to be commercialized because they have a 

high technology readiness level and impact the economy. 

Innovative products produced and developed can be 

carried out by universities, R&D, communities, and 

companies so that the business incubation process occurs 

and results in the commercialization of innovative 

products that have a high selling value in the community 

[8]. The CKC concept refers to a situation where two or 

more people come and work together to create new 

information and knowledge to be used for innovation and 

knowledge development in  organization. Refers to [9] 

described in collaborative knowledge creation (CKC) 

there are four stages implemented in learning 

organization, such as: (a) externalizing and sharing, (b) 

interpreting and analyzing, (c) negotiating and revising, 

and (d) combining and creating. According to [10] in 

collaboration between universities and industry and 

companies have three basic schemes, such as: (1) 

companies request and hire the services of academics 

from universities to conduct research, (2) research results 

conducted by academics will provide added value to the 

company operations in developing its products, and (3) 

companies and universities jointly have ideas or concepts 

and become embryos in the form of offerings of ordered 

products collaboration between higher education and 

companies and industry is a complementary phenomenon 

and shown by the emergence of innovation in knowledge 

and technology used by both parties. 

III. RESEARCH APPROACH 

In this research, the system approach used system 

methodology  refer to [11] and data collection 

techniques use interviews with Head of Bandung Techno 

Park, observations, literature studies, and documentation. 

The organizations involved are Bandung Techno Park 

dan Politeknik Negeri Jakarta.  The study has conducted 

the implementation of Technopark as a form of 

collaboration and synergy between universities and 

industry to produce products and services that are 

mutually beneficial to both parties. Triangulation is 

carried out by checking the validity of the PNJ 

collaboration process with the industry through the 

CATWOE concept (whose the customers, whose the 

actors, how of process transformation, how implication 

of weltanschauung, whose the owner, and how 

environmental constraints come up) so that the results 

can be measured, accepted,  and trusted for validity. 

Techniques in SSM are carried out in the first to fifth 

stages, the sixth stage in SSM is the result of the analysis 

of the discussion of this research,  and the seventh stage 

which is the last stage in SSM (soft system methodology) 

as the implementation stage of how the collaborative 

knowledge creation concept (CKC). The seventh stage 

can be fully implemented if the polytechnic organization 

has actually adopted the concept of an independent 

campus in its entirety in the learning system. The results 

of this research analyzed used (1) considered 

problematic, (2) problem situation expressed, (3) root 

definition of relevant purposeful activity systems, (4) 

conceptual models of the systems (holons) named in the 

root definition, (5) comparison of models and the real 

world, (6) changes systematically desirable culturally 

feasible, and (7) action to improve the problem. 

IV. DISCUSS AND ANALYSIS 

The Indonesian government has encouraged the 

establishment of science and Technopark (STP) as one of 

the flagship programs that involve partnerships and 

collaborations between five elements, namely: 

government, institutions, companies/industry, 

communities, and associations developed by the current 

government  [12, 13].  The synergy and collaboration 

will be realized in organizations that adhere to the 

concept of a learning organization where all members of 

the organization are given the opportunity to develop and 

empower themselves through sources of knowledge. One 

of the activities carried out by Tekno Park is the form of 

cooperation and collaboration between business partners, 

the government, institutions, and the community in 

developing the business sector to increase business 

income. For institutions,  Techno Park is a bridge for the 

realization of business incubation for start-ups from 

universities (Polytechnics) in implementing the theory 

obtained on campus with the real world in business. 

Theories and practical experiences that practitioners 

share with students have made the business incubation 

program successful in producing new aspiring 

entrepreneurs today and in the future [9, 14, 15, 16, 17] 

The results of this study indicate that understanding 

collaboration and synergies that are beneficial between 

parties will determine the quality of business (companies 

and industry) and increase knowledge that is of high 

value for educational institutions and R&D. 

The results of research on the collaboration of 

Technoparks and universities can refer to the soft system 

methodology (SSM) which is explained as follows: 

Step 1: Problem situation considered problematic 

It is at this stage that the process of applying real-world 

situations that are considered problematic where policy 

and decision-makers at the Jakarta State Polytechnic take 

action to change the technopark concept,  which is 

implemented in the form of cooperation with industry 

through business incubation and the existence of 

products and services offered by institutions to 

companies as a result of lecturer research. 
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Step 2: Problem situation expressed 

In this second step, it explains the problem situation that 

is considered problematic in a certain form of 

presentation and is realized with a rich picture. The rich 

picture describes analysis one, analysis two,  and 

analysis three [11]  on industrial collaboration with 

higher education. 

Figure-1. Rich Picture Industry Collaboration with Universities 

 

Resource: primary data, 2021 

 

Step 3: Root Definition 

Table 2 Root Definition (RD) for Industrial Relationship 

ROOT 

DEFINITION 

PROCES SYSTEM 

RD The policy formulation process is in the 

form of establishing collaborative 

collaboration between polytechnics with 

industry and companies in realizing 

collaborative knowledge creation (CKC) 

as a manifestation of the existence of 

Techno Park. 

In this  system owned and operated by Bandung 

Techno Park and Politeknik Negeri Jakarta (P) 

through improved interaction and communication at 

the externalizing and sharing in the organizations 

(Q) to make collaborative knowledge creaion can be 

implemented as a policy formulation process of 

Bandung Techno Park and Politeknik Negeri 

Jakarta. 

Source: primary data, 2021 

 

Referring to the root definition above, it can be explained 

that the Polytechnic is in an effort to answer the needs 

and changes in today's increasingly fast industrial world. 

The following is an explanation of CATWOE and 3E 

[11]), which are relevant to the problem of collaboration 

of institutional knowledge in increasing organizational 

competitiveness in Polytechnics can be seen in the 

following table: 

Steps 4: Conceptual Models 

CONCEPTS ACTIVITIES 

Customers Director, Assistant  to Director for Academic Affairs,  Assistant to Director of Cooperation and 

Industrial Relations 

Actors Director, Assistant  to Director for Academic Affairs,  Assistant to Director of Cooperation and 

Industrial Relations 

Transformasi Business start up in Bandung Techno Park and Politeknik Negeri Jakarta overcoming the 

challenges of building enterprenuership 

Weltanschaung Building strategy for  strengthening the dynamic capabilities of start up of business 

UU No.12- 2012 Higher Education 

Permendikbud Nomor 3 - 2020  SNPT 

 
PNJ  

Industry 

Partnership 

Business Incubator 

Industrial need more complex Relationship between PNJ and Industry 

Science and Techno 

Park in Indonesia 
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Owner Board of Director Bandung Techno Park (BTP) and Directors of Cooperation and Industrial 

Relations of Politeknik Negeri Jakarta (PNJ) 

Environment Limited time and budget in developing business incubation as a form of implementation of 

Techno Park 

E-Efikasi Collaborative knowledge used externalizing and sharing to overcome the challenges of 

information asymmetry in BTP and PNJ for cooperation networks 

E-Efisiensi Optimizing available resources and equipment in the development of cooperation with 

industry/companies 

E-Efektif The realization of the Techno Park concept as an effort to establish institutional collaboration 

with external Polytechnic parties. 

Source of data: primary data, 2021 

Steps 5 (Comparison of models and the real) 

Referring to one of the goals of the establishment of 

Tekno Park, the creation of synergy and collaboration 

between the government, industry, and institutions, the 

role of the Politeknik Negeri Jakarta and Bandung 

Techno Park has responded and implemented the goal of 

Tekno Park with business incubation starting with the 

collaboration of SMEs, entrepreneurs, the government to 

engage in student activities oriented towards business 

and entrepreneurship. These results same with opinions 

from research before  [8, 16]. 

Steps 6 (Changes systematically desirable culturally 

feasible: 

There has been a change in mindset for the pattern of 

education in Politeknik Negeri Jakarta, such as graduates 

who are ready to work and have an entrepreneurial spirit. 

Step (7) action to improve the problem not running 

yet, and can be implementing on the next research. 

V. CONCLUSION 

Science and Teknopark are one of the government 

programs in developing science and Techno Park, which 

aims to build collaboration between government, 

industry, companies, communities, and educational 

institutions. The concept of science and Techno Park 

where business incubation was born has been adopted by 

Politeknik Negeri Jakarta by providing management, 

organization, and business-based courses as well as 

entrepreneurship to students, creating a learning climate 

based on problem-based learning, student and lecturer 

internships in industry, lecturer research and industry 

involving students. 
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Abstract. Biochar is a charcoal like substance produced from organic biomass after pyrolysis. Biochar act as a good soil 

conditioner by increasing microbial activities, soil nutrition and soil structure. Soil microorganisms are involved in litter 

decomposition and soil nutrient mineralization which is important in the sustainable development of plants and trees. The 

functioning of an ecosystem is controlled by biogeochemical cycles driven by microorganisms. The cell membrane of all 

microorganisms is composed of phospholipids that are easily metabolized after the cell death. Hence, phospholipid fatty acid 

(PLFA) analysis of microorganisms can be used for the characterization of living microbial communities. PLFA analysis is a lipid 

based, culture independent biochemical technique.  Therefore, PLFAs can be used for the characterization of soil microbial 

community structure that are not able to cultivated by the conventional methods. This profiling act as a biological register of soil 

health, and as an indicator of soil response to different field management systems like biochar. 

Index Terms: Biochar, pyrolysis, PLFA, microbial communities 

 

I. INTRODUCTION 


Biochar is a highly porous substance produced by the 

pyrolysis of biomasses and inoculated into soil which 

helps to increase the fertility. It also stores carbon for 

many years and helps in its sequestration and mitigate 

climate change [1]. Biochar increases the properties of 

soil which increase the nutritional value of soil and thus 

the number of plant growth promoting organisms [2]. 

Soil microorganisms helps in the shaping of humus, 

modification of soil minerals and biogeochemical cycles 

[3,4]. The microorganisms in soil shows the quality of 

soil and it undergo alterations according to the changes 

in their environment [5]. Soil health can be analyzed 

using the microbial structure in soil [6]. Effect of biochar 

on soil properties are shown in Figure 1. 

 

Figure 1. Effect of biochar on the properties of soil [7]. 
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1.1. Phospholipid Fatty Acids 

Bacterial and eukaryotic cell membranes mainly contain 

phospholipids. The cell membranes of all the three 

domains of life are composed of these phospholipids [8]. 

Each phospholipid molecule consists of a single glycerol 

backbone, a hydrophilic polar head and two hydrophobic 

fatty acid tails.  Phospholipids are formed by replacing 

two OH groups in glycerol by two fatty acid chains (non 

polar tail) and the third OH group by a phosphate group 

(polar head). The membrane fatty acids vary in their 

chain length, microbial fatty acids are of length between 

12 -24 C long. Commonly occurring fatty acids have a 

chin length between 14-20 C long [9]. 

1.2. Phospholipid fatty acids as biomarkers 

PLFAs act as markers for specific communities of 

microorganisms. In other words, lipids of a particular 

group of organisms will be same at a particular 

concentration. But the specificity level is rare [10]. Even 

though most of the lipids are common among different 

organisms, some microbial groups contain a 

characteristic PLFAs and are used as a biomarker. For 

example, 18:2 ɯ 6 is used as a biomarker for fungus 

biomass and number [11]. 18:2 ɯ 5c is used as a 

biomarker for arbuscular mycorrhizal fungi [12]. 

1.3. Nomenclature 

PLFA naming was done in a common manner, in which 

the total number of carbon atoms in the fatty acid chain 

was written followed by the number of double bonds, 

which are separated with the punctuation mark:. The 

symbol Ɯ was used to denote the position of double 

bond in the fatty acid followed by the number of „C‟ 

atoms from the aliphatic end of the fatty acid chain. By 

custom, for example, it is written as 24:1 Ɯ6c [13]. The 

http://doi.org/10.36647/978-93-92106-02-6.5
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prefix „a‟ indicates anteiso branching and the prefix „i‟ 

denotes iso branching. Methyl position, if it is not iso or 

anteiso, is written with the prefix „Me‟ (10Me 22:0). 

„Cyclo‟ represent cyclopropyl PLFAs. „OH‟ indicates 

hydroxyl groups. DMA denotes dimethyl acetal [14,15]. 

II. CONCLUSION 

The profile of PLFA analysis helps in determining the 

microbial community structure and biomass content of 

environmental samples. Phospholipid fatty acid analysis 

helps in the calculation of alterations in the microbial 

communities than molecular methods. Biochar 

application into soil increase the microbial diversity and 

PLFA is a good tool for the calculation of biomass 

content and microbial diversity after the application of 

different types of biochar. 
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Abstract. The swelling and nutrient release behaviors of a novel hydrogel blend of hydroxypropyl cellulose (HPC), carboxymethyl 

cellulose (CMC), and sodium alginate (NaAlg) was investigated to determine its applicability as an agricultural soil conditioner. 

Hydrogel swelling and nutrient release data were obtained over time at varying temperatures and pH conditions. The experimental 

data were fit into the power law, Tsai and Strieder, and Johansson’s models to determine the kinetic parameters for the swelling 

behavior and nutrient release. Under the experimental swelling conditions, the maximum and minimum swelling capacities of the 

hydrogel blend were 322.9245% and 228.0483%, respectively. The data fit to the power law suggested that a pseudo Fickian 

behavior describes the diffusion mechanism. The data fit to the Tsai and Strieder and Johansson’s models provided the 

experimental values for the α and temperature correlation as 3.69×10-5 and 0.0278, respectively, which implies that the diffusion 

behavior within the hydrogel does not vary significantly within the temperature range. Lastly, the inconsistency observed in the 

nutrient release behaviors at varying pH suggested that additional trials may be required in order to establish a clearer relation 

between pH and nutrient release behavior. 

Index Terms: Hydrogels, modeling, swelling, nutrient release 

 

I. INTRODUCTION 


Hydrogels are polymeric materials which are gaining 

interest in the field of agriculture due to their 

superabsorbent properties demonstrated by their high-

water holding capacity and soil moisture retention, as 

well as controlled solute release properties [1]. 

Hydrogels present commercially are made of acrylate 

materials which are non-renewable and could also pose 

toxicity to the environment. Therefore, a hydrogel made 

from renewable and safe materials is desired. 

Renewable materials that could be used for hydrogel 

synthesis are cellulose derivatives such as sodium 

carboxymethyl cellulose (NaCMC) and hydroxypropyl 

cellulose (HPC). NaCMC is a smart cellulose derivative 

as it is sensitive to pH and ionic strength changes [2]. 

NaAlg is the gel forming component in controlled 

proportion of cations [3]. HPC is the temperature 

responsive material which also creates a network based 

on the hydrophilicity and hydrophobicity balance [4]. 

The use of temperature and pH-responsive materials as 

components in hydrogels give the hydrogels even more 

flexibility in terms of applications. It is also important 

especially in studying behaviors or mechanisms in 

fluctuating environmental conditions since these are 
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known to show active responses to small environmental 

changes by exhibiting reversible changes in their 

structure, physiological or chemical properties [5]. 

A hydrogel was synthesized from these cellulose 

derivatives and sodium alginate (NaAlg), with aluminum 

sulfate (Al2(SO4)3) used as the crosslinking agent [6]. 

The optimum blend of the hydrogel was obtained based 

on the properties of swelling capacity and nutrient 

loading capacity. It was found to decrease fertilizer 

runoff by 28% and increase field capacity to 55%. It can 

also accommodate 1585% moisture and 8.39% fertilizer 

on a dry basis. 

Hydrogel performance is affected by factors such as 

varying temperatures and pH [7]. Since the agricultural 

environment is exposed to varying temperatures and pH, 

hydrogels used for agricultural purposes may act 

differently when exposed to these varying parameters. 

The previously developed hydrogel from an optimal 

blend of NaCMC, NaAlg, and HPC is a good alternative 

to current hydrogels in the market due to its renewability. 

No known studies yet have been done on testing this 

hydrogel blend’s performance in varying temperature 

and pH conditions. 

The main objective of this research is to evaluate the 

applicability of the NaCMC/NaAlg/HPC hydrogel in 

agricultural applications. Specifically, the research aims 

to observe the behavior of the hydrogel by gathering 

swelling and solute release data in varying temperature 

and pH, and fit them into existing models, and to 

determine the model parameters from the fitted data. 
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The research will not delve into the effects of different 

blending techniques in the synthesis of hydrogels. The 

different internal structure of each batch of hydrogel will 

also not be accounted in the calculations for the 

parameters of the models. Additionally, the swelling and 

nutrient release parameters of the hydrogel will only be 

tested in laboratory scale experiments. Furthermore, the 

research will be utilizing values for pH, temperature, and 

fertilizer composition parameters based on local 

experience and most common recurrence. 

II. MATERIALS AND METHODS 

2.1 Materials and Equipment 

The preparation of the hydrogel involved the following 

materials: sodium carboxymethyl cellulose (NaCMC), 

hydroxypropyl cellulose (HPC), and sodium alginate 

(NaAlg) for the polymer solution, and calcium chloride 

(CaCl2) for the physical crosslinker solution. NaAlg, 

HPC, and CaCl2 were already available in the laboratory, 

while NaCMC was procured from Kemrad Incorporated. 

For the nutrient release studies, a 30-10-10 NPK 

fertilizer was procured from a local hardware. Phosphate 

buffer of pH 7 and 1.0 M HCl were also used to prepare 

the different buffer solutions needed for the experiment. 

The equipment used in the experiment were analytical 

balance, hot plate, pH meters, thermocouple and 

conductivity meter. 

2.2 Hydrogel Synthesis 

A ratio of NaCMC, NaAlg, and HPC was dissolved to 

form a 3 wt% polymer solution. At ambient temperature, 

the polymer was continuously stirred with the use of a 

magnetic stirrer. Once the solution became 

homogeneous, it was covered and left to settle overnight 

to remove any air bubbles. Simultaneously, the 

crosslinking solution was made. Five (5) wt% CaCl2 was 

dissolved in distilled water and stirred vigorously until 

all CaCl2 was dissolved. 

Once the bubbles of the polymer solution had settled, 20 

mL of the solution was measured and then poured into a 

dry petri dish. The petri dish was tilted several times to 

allow the solution to cover the whole surface area, 

afterwards the crosslinking solution was poured on top of 

the polymer solution. Making sure that the crosslinking 

solution covered the top layer of the polymer solution, 

the sample was left to physically crosslink for an hour. 

Excess solution from crosslinking was then washed off 

and the formed hydrogel was left to air dry for 30 

minutes. 

2.3 Swelling Studies for Hydrogels 

Air-dried hydrogels were weighed using an analytical 

balance to determine their initial weight before swelling, 

afterwards, the hydrogels were immersed in a water bath. 

The samples were kept at room temperature. At certain 

time intervals, the hydrogels were removed from the 

water bath and weighed using an analytical balance. The 

swelling capacity of the sample was then calculated 

using (1), where Ws is the final weight of the swollen 

hydrogel and Wi the initial weight of the air-dried 

hydrogel. 

swelling capacity 100%


 
W Ws i

Wi   (1) 

2.4 Nutrient Release Studies 

For the nutrient release kinetic studies, the hydrogels 

submerged in fertilizer solution were air-dried for an 

hour. Afterwards, the thickness and diameter of the 

hydrogels were measured using a Vernier caliper. 

In determining the rate of the nutrient release of the 

hydrogel, a 200-mL water bath was prepared. The water 

bath was heated to the desired temperature of the system 

using a hot plate. The temperature was varied from 25°C 

to 50°C and was monitored using a thermocouple. Once 

the desired temperature of the water bath has been 

reached, the loaded hydrogel was then submerged inside 

the water bath and the conductivity of the solution was 

monitored over time using a conductivity meter. 

2.5 Data Fitting 

The data gathered from observing the conductivity of the 

solution over time from the nutrient release studies were 

used to plot the fractional release of the hydrogel at 

different temperatures. The data were then fitted into the 

truncated 2-D model that describes the relationship of the 

rate of fractional release and the solute diffusion in a gel 

(Dg) of the hydrogel as shown in (2). 
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Before determining the parameters of the diffusion 

models, the diffusion coefficient of the solute in liquid at 

infinite dilution (D0) was first determined using the 

Stokes-Einstein model as described in (3), where kB is 

the Boltzmann constant, T is temperature, and η is the 

viscosity of water at T, and rs is the hydrodynamic radius 

of the solute. 

0
6


k TBD

rs      (3) 

Finally, the diffusion models used to determine the 

parameters of diffusion of the hydrogels were the 

obstruction model developed by Johansson, et al. (1991), 

and Tsai and Strieder (1985) shown in (4) and (5), 

respectively. 
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III. RESULTS AND DISCUSSION 

3.1. Characteristics of Hydrogel Swelling 

The swelling capacities of the hydrogel samples 

synthesized using CaCl2 were calculated and 

summarized as shown in Table 1. On average, the 

swelling capacity of the novel hydrogels is 264.4051%. 

In contrast to the 1585% swelling capacity achieved by 

the novel hydrogels synthesized previously [6], the 

hydrogels synthesized achieved only up to 16.6817% of 

this value. The difference between the swelling capacity 

of the hydrogels can be attributed to difference in 

geometry as well as the use CaCl2 as a crosslinker. 

Table 1. Initial weight, final weight, and swelling 

capacity of hydrogels 

Trial Initial 

Weight (Wi) 

Final 

Weight 

Swelling 

Capacity 

1 0.2813 0.9228 228.0483% 

2 0.2927 1.2379 322.9245% 

3 0.2533 0.8669 242.2424% 

Mean 264.4051% 

± 0.5117% 

 

The samples used in the three trials were shaped into thin 

disks, as opposed to the spherical hydrogels in the 

previous study. The geometry of the hydrogel can affect 

its swelling capacity [8]. The internal stress fields of the 

center as well as the top and bottom of a hydrogel in thin 

disk are different. The edge of the hydrogels achieve 

equilibrium faster than the center [8], which may explain 

why the hydrogels in thin disks had lower swelling 

capacity compared to the spherical hydrogels. 

The lower swelling capacity can also be attributed to the 

difference in complexation of NaAlg with various 

cations. It can be noted that NaAlg forms stronger 

crosslinked hydrogels with CaCl2 compared to Al2(SO4)3 

[9]. Similarly, in another study, the amount of time the 

polymer solution was left to crosslink also affected the 

water uptake or the hydrogel’s swelling capacity [10]. 

Both novel hydrogels synthesized previously and 

hydrogels synthesized for this experiment were left for 

30 minutes in a crosslinking solution. However, 

hydrogels that use CaCl2 would have a higher swelling 

capacity if allowed to crosslink at lesser time intervals as 

it would prevent the tight structure from forming inside 

the hydrogel [10]. 

It can also be observed that the final weight of the 

hydrogels after 150 hours is not the maximum swelling 

capacity of the hydrogels. As shown in Fig. 1, the 

hydrogels reached their maximum weight after 70 hours 

of swelling. 

 

 

Figure 1. Weight vs. time of hydrogel samples 

Swelling can be described as a continuous process 

wherein hydrogels transition from glassy to partially 

rubbery state, and can be described depending on the 

solvent diffusion rate (Rdiff) and polymer chain 

relaxation rate (Rrelax) [11]. According to the same 

study, slab samples often follow Case I wherein the 

diffusion asymptotically approaches a fixed equilibrium. 

However, when diffusion is more rapid than the 

relaxation of the polymer (Case II), the mass uptake is 

directly proportional to time. A third case called 

anomalous transport can also be observed when the 

diffusion and relaxation rates are comparable. 

In determining the type of mechanism that the swelling 

of hydrogel followed, the power law was utilized [12]. 

The values for the diffusion constant (n) are summarized 

in Table 2. The vast difference in values of the diffusion 

constant between each trial can be traced back to the 

effect of the hydrogel’s geometry in its swelling capacity 

and its polymer network. When the hydrogels were air-

dried before swelling, some of the hydrogels failed to 

maintain their thin disk shape. Due to the loss of 

moisture content, some of the hydrogels curled up and 

their geometries were distorted. 

Another important aspect to consider with the swelling 

of the hydrogel is that the Fickian model is used to 

describe the small volume difference experienced by the 

hydrogel at shorter amount of time. In a similar swelling 

study, the weight of the hydrogel was monitored over an 

hour with 10 minutes interval instead of across the week 

[13]. 

Table 2. Initial weight, final weight, and swelling 

capacity of hydrogels 

Trial Diffusion 

Constant (n) 

ln k Type of 

Transport 

1 -0.0199 0.1466 Less Fickian 

2 0.0605 -0.2114 Less Fickian 

3 0.0028 3.6376 Less Fickian 

 

3.2. Effect of Temperature on Nutrient Release 

Kinetics 

The low correlation of Dg against temperature, as shown 

in Fig. 2, implies that it has no direct relation with 

temperature. This observation may further be verified if a 
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clearer trend could be seen with more data points, e.g., at 

smaller temperature intervals. 

 

Figure 2. Calculated Dg at varying temperatures D0 

(m
2
/s) 

The value of rs for the fertilizer at 25°C was calculated 

from the average ionic D0 values of the constituent ions 

of a model 30-30-30 NPK fertilizer [14]. The density and 

viscosity of water at the temperature range was 

calculated using guidelines provided by IAPWS 2008 

[15]. These values, together with rs, were used in 

extrapolating the values of D0. By fixing these values, 

alpha (α) against temperature was calculated for Tsai and 

Johansson’s models. It was found that for both models, α 

had extremely low correlation with temperature. Since α 

is correlated to the radius of the fibers and the solute, this 

could imply that changing the temperatures in this range 

may not have a significant effect on the diffusion 

behavior of hydrogels. 

Table 3. Calculated α for Tsai and Johansson models 

Temperature 

(°C) 

Tsai and 

Strieder model 

Johansson 

model 

25 15.7319 2.9063 

30 251.5008 6.1047 

35 8.3369 2.2389 

40 95.0151 4.9574 

 

The greatest spread in the data is found in the samples 

recorded at 30°C and 40°C, with 40°C spread about four 

times more than that at 25°C. The runs performed at 

35°C generated Dg values with the least spread in the 

data. The spread of the data can be attributed to several 

factors, such as the instability of heating, and the 

crumpled geometry of the hydrogel. 

Distorted geometry may introduce an additional factor. 

The crumpling of the hydrogel due to drying causes 

deviations from the model being flat, circular disks. 

These variations are minimized by making sure that the 

hydrogels are dried at similar times, and that multiple 

trials are done to average out the values. 

3.3. Effect of pH on Nutrient Release Kinetics 

pH is classified as a chemical stimulus which can cause 

changes on the polymer chains of a hydrogel that leads to 

changes in its swelling and nutrient release [16]. The 

effect of pH on the nutrient release of hydrogels is also 

dependent on other factors such as size, shape, 

crosslinking density, and ionic groups present. Fig. 3 

shows the effect of pH on the nutrient release of the post-

loaded hydrogels. Among the three pH conditions, the 

two trials under pH 6.00 behaved more similarly with 

each other as they had a linear increase at first and 

continued to plateau over time. On the other hand, the 

behavior of the other two trials under pH 5.00 and pH 

4.00 were vastly different from each other. This problem 

can be attributed to: (i) lack of further experimental data, 

and (ii) the nature of natural hydrogels. 

The erratic behavior can be explained through 

understanding the nature of the hydrogel. The hydrogel is 

classified as a polysaccharide-based natural hydrogel. 

Natural hydrogels are ideal for agricultural applications 

due to their biocompatibility and biodegradability; 

however, they have a high batch-to-batch variation and 

lower mechanical properties [17]. These properties of 

natural hydrogels make them harder to control 

experimentally and to produce reproducible data. 

On the other hand, this problem with natural hydrogels 

can be offset with the presence of alginate. The anionic 

nature of alginate allows it to control nutrient release at 

different pH [16]. At lower pH values like 1.2, the acidic 

groups in the blends would remain unionized, which 

slows down the nutrient release. Meanwhile at pH 7.4, 

the acidic pendant groups are ionized and cause the blend 

to swell extensively. 

 

Figure 3. Effect of pH on nutrient release 

IV. CONCLUSION 

Due to the innate properties of natural hydrogels to have 

low mechanical properties and high batch to batch 

variations, the characteristics of the swelling rate of the 

hydrogel were vastly different from one sample to 

another with the highest swelling capacity recorded as 

322.9245% and the lowest being 228.0483%. Moreover, 

in determining the transport mechanism exhibited by the 
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hydrogel, all samples used in the experiment did not 

follow Fickian diffusion. 

On investigating the effect of temperature on the nutrient 

release of the hydrogel, data fitted to Tsai and Strieder, 

and Johansson’s models resulted to low correlation 

values for alpha and temperature at 0.0000369 and 

0.0278, respectively. This implies that temperature may 

not have a significant effect on the diffusion behavior of 

the hydrogel. On the study of varying pH, inconsistent 

nutrient release behaviors of the hydrogel were observed 

for pH 4 and 5 trials while a linear increase eventually 

leading to a plateau behavior was observed for pH 6 

trials. However, due to the limited number of 

experimental trials and data, an overall conclusion on the 

effect of pH on nutrient release cannot be derived. 

Natural hydrogels have a high batch to batch variation; 

therefore, it is recommended to investigate different 

swelling methods such as the tea bag swelling method to 

explore the effect of the hydrogel variation in the results 

of the swelling analysis. Additionally, researchers may 

also explore how the characterization of each hydrogel 

changes overtime using different imaging studies such as 

FTIR and SEM. Future research may also explore other 

novel combinations of hydrogel and determine their 

behavior against pH and temperature in terms of solute 

release behavior and swelling. 
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Abstract. Efficient removal of adsorbed lead ions from the sodium alginate-hydroxypropyl cellulose beads was necessary to 

guarantee their long-term use for repeated adsorption-desorption cycles. In this study, the desorption characteristics of previously 

adsorbed lead ions on sodium alginate-hydroxypropyl (SA-HPC) cellulose adsorbent beads were tested using various eluents such 

as sulfuric acid and ethylenediaminetetraacetic acid (EDTA). SA-HPC adsorption beads were produced using 3:1 ratio of sodium 

alginate to hydroxypropyl cellulose via ionotropic gelation. Generally, using H2SO4 as eluent maintained an exceptional 

adsorption efficiency throughout in each cycle, but showed a weak desorption efficiency performance. The desorption efficiency 

using 0.1M EDTA, on the other hand, was found to be the most effective but resulted to the beads disintegration after the first 

cycle. 

Index Terms: sodium alginate, hydroxypropyl cellulose, adsorption, desorption, eluent, lead 

 

I. INTRODUCTION 


Industries such as electroplating, metal finishing, textile, 

storage batteries, mining, ceramic and glass discharge 

heavy metals along with its wastes. These metal 

contaminants of wastewater are mainly mercury (Hg), 

cadmium (Cd), chromium (Cr), arsenic (As) and lead 

(Pb). Contamination of various water resources by these 

heavy metals is a concern requiring urgent relevant 

action because of their detrimental effect on human, 

animal and plants [1]. Posing serious environmental 

problems worldwide, much attention has been given to 

the methods for their removal from industrial 

wastewaters. Typical procedures used for removing 

metal ions include chemical precipitation, ion exchange, 

membrane separation, reverse osmosis, evaporation and 

electrolysis, lime coagulation and solvent extraction. 

However, these techniques are somehow 

disadvantageous due to incomplete removal of metal 

ions, high reagent requirements, generation of toxic 

sludge and other added wastes products that require 

treatment and disposal [2]. 

The pursuit for advanced and unconventional treatment 

techniques has focused attention on the use of biological 

materials such as algae, fungi, yeast and bacteria for the 

removal and recovery technologies and is continually 
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advancing during recent years because of the better 

performance and low cost of these biological materials 

[3,4,5]. One such strategy is biosorption which is binding 

of metal ions with metal binding proteins present on the 

cell wall. Not only is it exhibited by living organisms, 

but also residuals of dead bodies of microorganisms 

shows biosorbent properties like agricultural wastes 

including husk, seeds, peels and stalks of different crops 

[6]. Technologies on biosorption  based on  the use of 

dead biomass is preferable and expedient because its less 

toxic, no need of nutrient supply and is efficient in the 

recovery of bound metal species provided an appropriate 

desorption method [7].  Wilde and Benemann in 1993 

states the significance of biopolymers in relevance to 

removal of heavy metals apart from its non-toxic 

composition, selectivity, inexpensive and thus highly 

competitive with ion exchange resins and activated 

carbon. 

Knowing biopolymer as an essential tool for biosorption, 

choice of what kind of biopolymer is significant in the 

sorption process especially when utilized for successive 

sorption-desorption process [8]. Various biopolymers 

such as alginate, gluteraldehyde, agarose, cellulose – 

acetate derived from microorganisms and plants are 

known to bind metal ions strongly and could be used for 

heavy metal adsorption [2]. A previous study conducted 

by Alarde et. al [9] in 2019, focused on the adsorption 

process of removing lead ions from aqueous solutions 

using synthetic hydrogel-forming polymer based on 

Hydroxypropyl cellulose (HPC)  and sodium alginate 

(SA) and determined the adsorption capacity and 

percentage of the adsorbents. The feasibility of 
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adsorption behavior of the SA-HPC beads were 

investigated with three varying ratios of 50:50, 75:25 ad 

100:0. The results then declared that the 75:25 or the 3:1 

ratio has the highest adsorption capacity of 47.72 mg/g 

and an adsorption percentage of 94.45% after three (3) 

hours of contact time. Furthermore, having found out 

that the adsorption follows a pseudo-second order 

kinetics, the sole rate-limiting step is only the 

interparticle diffusion. Finally, it was shown that the 

diffusivity is directly proportional to the SA-HPC ratio. 

However, previous studies for that matter haven’t made 

any consideration with respect on the capacity of 

reusability in multiple adsorptions – desorption cycles. 

As a result, this study will investigate the desorption 

profile and reusability of sodium alginate and 

hydroxypropyl cellulose adsorbent beads used in the 

removal of Pb(II) in aqueous solution. 

II. MATERIALS AND METHODS 

2.1 Materials 

Chemicals used in the study were Sodium Alginate (SA) 

from Sterling Galeon Corporation, Philippines; 

Hydroxypropyl Cellulose (HPC) powder from FreyaLab, 

DCI of Bulgaria; Calcium Chloride powder from Sigma-

Aldrich Pte. Ltd., from Singapore with 99.99% trace 

metals basis; and Lead Chloride powder with  99% 

trace metals basis from Uni-Chem Chemical Reagents, 

Philippines. All other reagents were of analytical grade 

and used as received. 

2.2 Methods 

2.2.1 Preparation of Beads 

Solution of two (2) weight percent of the material was 

prepared using the 3:1 ratio of sodium alginate to 

hydroxypropyl cellulose. It was dissolved in distilled 

water and the resulting solution was then stirred at room 

temperature until solution was homogenized. 

The blended sodium alginate and hydroxypropyl 

cellulose solution was extruded through a syringe in the 

form of droplets then cured into a five (5) weight percent 

crosslinking solution (CaCl2) for 15 minutes to form the 

beads. Afterwards, the beads were dried in the oven at 

45℃ for at least five hours. 

2.2.2 Bead Size Measurement 

Different diameters of beads were obtained and were 

calculated according to their mean diameter. Mean 

diameter was used as the initial diameter size of the bead 

upon getting the swelling ratio of the bead after the 

simulation using the following equation: 

               
                          

               
 (1) 

2.2.3 Treatment 

2.2.3.1 Batch Adsorption 

A 0.10xx gram of SA-HPC beads was contained in a 

volumetric flask. Aliquot of 25 ml from the 200 ppm 

lead chloride solution was mixed with the beads in the 

volumetric flask. The mixture was stirred for 180 

minutes at a rate 150 rpm. It was then filtered then 

washed with distilled water to remove surface metal and 

is dried at a temperature of 45℃ for 5 hours. The 

diameter of the beads (before and after adsorption) were 

also measured. 

2.2.3.2 Contact Time for Desorption 

SA-HPC beads used in the adsorption of lead metal ions 

were subjected to desorption using H2SO4 and EDTA 

solutions (all in 0.1 M concentration). Twenty-five 

milliliters of each eluent was added in a volumetric flask 

with the batch of 0.10xx g of beads used from the 

previous adsorption. Contact time for desorption were 

then recorded for 60 minutes, 120 minutes and 180 

minutes at a rate of 150 rpm. Beads after desorption were 

filtered and washed with distilled water to remove 

surface metal and dried at temperature of 45℃ for 5 

hours. Measuring of beads’ diameter were also done. 

2.2.3.3 Recycling of Beads 

After drying, another cycle of adsorption-desorption 

process was done according to the methods 

aforementioned. 

2.2.4 Theoretical Relations 

2.2.4.1 Desorption Efficiency 

The desorption efficiency was calculated from the 

amount of metal ions adsorbed on the adsorbent and the 

final metal ion concentration in the adsorption medium 

using the following equation: 

                       
                            

                            
      (2) 

2.2.4.2 Degree of Reusability 

A simulation for the adsorption-desorption process of 

different eluents of corresponding time for three cycles 

were done. A batch of beads underwent adsorption for 

180 min and then desorption for 60 min. After being 

washed and dried, the process was then repeated for the 

second and third cycle. The other batches of beads were 

treated the same until completion. 

III. RESULTS AND DISCUSSION 

3.1. Adsorbent Size Analysis 

The diameters of the beads were measured before and 

after the adsorption-desorption process. The results can 

be summarized in the figures below. 
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Figure 1. Percent increase in diameter of SA-HPC 

beads for three adsorption-desorption cycles using 

H2SO4 as eluent. 

 

Figure 2. Percent increase in diameter of SA-HPC 

beads for two adsorption-desorption cycles using 

EDTA as eluent. 

During the first cycle in adsorption, the data above 

(Figure 1) shows a negligible difference in terms of 

percent increase of the bead diameter before and after the 

adsorption process. This is expected to happen because 

during adsorption, the beads were treated under the same 

conditions. It is in the second and third cycles that it can 

be seen in the graph an increasing trend of swelling 

percentage. This is because of the effect of being 

immersed in H2SO4 acid solution during desorption 

process. The molecule H2SO4 being a strong acid tend to 

form a hydrogen bond with the crosslinked SA-HPC 

beads which then loosen the bonds and rigidity of the 

beads. The longer the beads are immersed H2SO4 in the 

desorption process, the more it swells during adsorption 

process. 

Meanwhile, the second cycle in adsorption-desorption 

using EDTA as eluent in figure 2 shows a drastic change 

in beads diameter. There is an increase of more than 

200% of the bead’s diameter before the adsorption 

process and reaching the wet beads diameter after the 

crosslinking preparation of beads before drying it in the 

oven. Additionally, after adsorption for time 120 

minutes, it is then impossible to measure the beads 

diameter because it is already feeble and out of shape. 

3.2. Adsorption Efficiency 

The adsorption capacity and efficiency of the beads at 

varying time were calculated using the data based on the 

amount of lead concentration left in the solution after the 

adsorption process.  The results can be summarized as 

shown these figures. 

 

Figure 3. Adsorption efficiencies of SA-HPC beads 

(H2SO4 as eluent) 

This data (figure 3) shows the adsorption efficiency of 

the beads using H2SO4 as eluent, respectively. There is 

about 10% increase of the values from cycle 1 to cycle 2 

and a slight difference from cycle 2 to cycle 3. One 

possible explanation for this is that when the beads are 

immersed in H2SO4, the hydrogen bonding competes the 

ionic crosslinking of the beads that leads to 

disintegration of the beads thus increasing the surface 

area of the beads available for adsorption [10]. 

 

Figure 4. Adsorption efficiencies of SA-HPC beads 

(EDTA as eluent) 

On the other hand, this figure 4 depicts the adsorption 

efficiency of the beads using EDTA as eluent. While the 

adsorbents projected a great adsorption efficiency on its 

first use, there is a drastic decrease of the adsorption 

capacity and efficiency of the beads when it was reused. 

This is mainly due to the fact that when the beads were 

immersed in EDTA, there happens a reversible 

crosslinking that reverted the beads back to its gel-like 

form, barely holding to its spherical shape. Hence, it was 

not suitable to undergo more cycles [11]. 

3.3. Desorption Efficiency 

For the desorption efficiency data, this graph shows the 

desorption efficiency using H2SO4 solution as eluent. 

The graph shown technically does not follow a uniform 

trend of desorption efficiency at different contact time 

within each cycle and at different cycles. However, it 

definitely presents a weak desorption efficiency of using 

sulfuric acid as eluent ranging from around 4-8 % only. 
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Figure 5. Desorption efficiencies of SA-HPC beads 

(H2SO4 as eluent) 

Sulfuric acid (H2SO4) is a strong mineral acid which 

means that it dissociates in water completely as either a 

hydrogen sulfate ion or a sulfate ion, and is capable to 

form hydrogen bonding with the alginate. The H2SO4 can 

then act as a monodentate or bidentate ligand but is 

expected to be a weak field ligand because the available 

atom to bind is oxygen which is one of the most 

electronegative atoms. 

Additionally, for EDTA as eluent, this result depicts that 

there is a slight increasing desorption efficiency with 

increasing contact time. This is because EDTA being a 

strong field ligand maximizes its activity in desorbing 

metal ions as contact time increases. However, it was 

only used for one desorption cycle as it reverted back the 

beads into gel forms. 

 

Figure 6. Desorption efficiencies of SA-HPC beads 

(EDTA as eluent) 

During this desorption process, the ionic crosslinking is 

being altered with hydrogen bonding and chelation of 

metal ions either Ca
2+

 or Pb
2+

 by H2SO4. This occurrence 

validates the observed disintegration of the beads when 

immersed in H2SO4. The H2SO4 as eluent competes the 

ionic crosslinking of the beads. As a result, the structure 

of the beads is altered, it creates pores on the beads, and 

the beads are then broken into small pieces. This 

phenomenon provides more binding site for 

chemisorption of the beads during adsorption. According 

to Petrovic & Simonic [12] in 2016, that chemisorption 

follows three steps. First is where the lead ions are 

bonded to the binding sites containing functional groups 

like the carboxyl group in the alginate. Second is where 

diffusion of lead ions into pores of adsorbent and the last 

step is the diffusion of lead ions into the internal surface 

of the beads. 

3.4. Adsorption-Desorption Profile 

From the data gathered, the adsorption-desorption profile 

of the SA-HPC beads for different eluents are shown in 

Figure 7. 

 

(a) 

 

(b) 

Figure 7. Adsorption-desorption profiles of SA-HPC 

adsorbent beads using (a) H2SO4 and (b) EDTA as 

eluent with respect to desorption’s contact time. 

An identical trend is noticeable in each eluent throughout 

the cycle. Additionally, it can be verified in the figures 

above that adsorption-desorption efficiency is not 

significantly different at various time. However, the 

results exhibit that using H2SO4 as eluent maintains an 

exceptional adsorption efficiency throughout in each 

cycle yet shows a weak desorption efficiency 

performance. On the other hand, when EDTA is being 

used as eluent, the desorption efficiency is way greater 

than using H2SO4 as eluent. Nevertheless, using H2SO4 

as eluent renders to more number of cycle which means a 

greater in degree of reusability than using EDTA as 

eluent. 

IV. CONCLUSION 

In conclusion, the study was successful in establishing 

desorption profiles for the adsorbent beads used in a 

simulation of a lead ion contaminated water using 

sodium alginate and hydroxypropyl adsorbent beads. 

Beads subjected to H2SO4 as eluent generally maintains 

an exceptional adsorption performance. For EDTA as 

eluent, due to the reversal effect, its adsorption capacity 

and efficiency drastically decreases from cycle 1 to cycle 

2 which also means that it is inappropriate to proceed 

more cycles. 

Furthermore, For H2SO4 as eluent, the desorption 

efficiency at different cycle is significant, but the 
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desorption contact time is not. Average desorption 

efficiency recorded is around 5.86%. For EDTA as 

eluent, the desorption efficiency showed average of 

88.58%. However, it is only good for one cycle as it 

tends to disintegrate the beads themselves. using H2SO4 

as eluent renders to more number of cycle which means a 

greater in degree of reusability than using EDTA as 

eluent. 
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Abstract. The current study sought to investigate the variations in the physiological functions such as Photosynthetic rate, Stomata 

conductance, Transpiration rate, Total Chlorophyll and the significant role of enzymatic and non-enzymatic antioxidants in 

eliminating the Reactive Oxygen Species (ROS) generated in response to varying concentration of mercury viz., 0 , 2.5, 5, 10 and 

20 mg kg-1 in Indian mustard (Brassica juncea) and fern (Nephrolepis exaltata). Results revealed a 17.3 and 10.4 per cent reduction 

in chlorophyll content of Indian Mustard and Boston Fern between the 20 mg kg-1 treated plants and the control suggesting 

reduction in photosynthetic rate of the plant Albeit these parameters were affected, plants tolerated 20 mg kg-1 without any visual 

phytotoxicity symptoms. Gaseous parameters were inversely proportional to the mercury concentration whereas oxidative stress 

indicators and antioxidant enzymes exhibited a positive correlation. An average increase of 38 per cent Proline was observed in 

both plants. In B.juncea and N.exaltata, Average catalase activity and peroxidase activity ascended from 2.35 to 5.12 min-1 g-1 and 

3.26 to 6.80  min-1 g-1, and 0.23 to 1.17 min-1 g-1 and 0.30 to 1.27 min-1 g-1, respectively which  assures the phytoremediation 

potential of these plants in mercury contaminated soils. 

Index Terms: Phytoremediation, Total Chlorophyll, Gaseous Exchange parameters, Oxidative stress, Enzymatic and Non-

enzymatic Antioxidants 

 

I. INTRODUCTION 


Entry of heavy metals and metalloids into the 

environment and their escalating toxicity threatens the 

stability of the ecosystem. Increased anthropogenic 

activities have resulted in an uncontrolled and 

unmonitored release of these pollutants in the ecosystem. 

With the advancements in the field of Science and 

technology, several physical and chemical technologies 

were employed in the remediation of contaminated sites. 

Unlike the application of physical and chemical 

approaches currently used in the remediation process, 

phytoremediation is less expensive, less harmful and 

efficient in eliminating pollutants which switched the 

focus of scientific community towards phytoremediation 

(1). The process efficiency is determined by soil and 

plant factors. Plant biomass and heavy metal content in 

various parts of plants are the key factors that influence 

phytoremediation. Low environmental consequences, 

simple to operate and can be implemented on a broad 

scale are the key benefits of this process (2-4).Mercury is 

a ubiquitous environmental toxin which could pose 

major health risk. It is easily oxidized to other forms of 

mercury. High solubility in water and the versatility with 

which Hg shifts to the gaseous phase reflect the capacity 

and efficacy of Hg to travel in different environmental 

matrices and persists in the environment for long periods 
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of time, eventually being deposited in soil or water (5-7). 

Plants may remove a range of metal ions, including Hg, 

from their growing substrates. Mercury exposure causes 

significant phytotoxicity, which is preceded by lipid 

peroxidation, Proline, and rapid hydrogen peroxide 

(H2O2) build up, as well as the activation of enzymatic 

and non-enzymatic defence mechanisms (8,9). The level 

of understanding about the mechanism and extent of Hg 

phytotoxicity is limited. It is essential to understand and 

define the magnitude of Hg-induced phytotoxicity 

because of the recurrence of Hg contamination and also 

the lack of expertise about the effects of this heavy metal 

in plants.  

The primary response of the plants is to generate reactive 

oxygen species (2) under any oxidative stress leading to 

plant growth destruction, inhibition of photosynthesis 

and biochemical processes. Photosynthetic pigments 

(chlorophylls and carotenoids) has been affected (10) by 

the interference of Hg through direct enzyme inhibition 

(11). As a coping mechanism, plants tend to adopt suited 

defense such as ligand formation, activation of stress 

enzyme, proteins and osmolytes etc (12) which entails 

Catalase, Peroxidase, Polyphenol oxidase, Super oxide 

dismutase, Glutathione peroxidase and heat shock 

proteins. Heavy metal toxicity causes a variety of host 

defensive responses in plants, and their effectiveness 

varies depending on dosage, plant species, and other 

factors (13).  

In India, Indian mustard is a significant oil seed crop that 

belongs to the Brassicaceae family. There are currently 

400 plant species in the Asteraceae, Caryophyllaceae, 

http://doi.org/10.36647/978-93-92106-02-6.8
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Brassicaceae, Poaceae, Violaceae, and Fabaceae families 

that can tolerate extremely high heavy metal levels in the 

soil. Various literatures have reported Indian mustard as 

a potential candidate for Mercury and other heavy metal 

remediation because of its dry matter production and 

translocation of heavy metals (14-15). Variations in the 

membrane's lipid composition, combined with increased 

biomass, make it appropriate for phytoextraction of Hg 

and other heavy metals like Pb, Ni, Cd, As, and Se with 

improved removal efficiency (16 ,1 & 17). Mustard has 

developed a unique defence mechanism in response to 

heavy metal stress (18). Binding of metal to cell wall, 

Efflux (17), storage in apoplast (19), conjugation of ionic 

species and subcellular localization onto the vacuole, 

Volatilization and Storage in intracellular location (20), 

release of protective enzymes (21). Pteridophytes or 

Ferns are non-flowering vascular plants which have been 

speculated with high potential in remediating heavy 

metal polluted soils due to their inherent biological 

characteristics and also add aesthetic value to the site 

(22). Pteris vittata with 2.8% of arsenic in its biomass 

has been identified as the first arsenic hyperaccumulator. 

Other ferns were also found to remediate heavy metals, 

such as Nephrolepis cordefolia, Hypolepis muelleri, 

Pteris umbrosa, Pteris cretica,etc.  Ferns are efficient in 

adapting to metal stress conditions by generation of ROS 

which resulted in the accumulation of H2O2 preceded by 

scavenging of H2O2 by antioxidant enzymes (23). The 

current  study was attempted to learn the ecological 

response of Indian mustard and Boston Fern under 

Mercury stress by physiological and biochemical 

changes. 

II. MATERIALS AND METHODS 

The current experiment was done in Factorial 

Completely Randomized Design with two factors (Factor 

1 – Plant (P1,P2) and Factor 2 – Mercury dosage(T1, T2, 

T3,T4,T5)) which embraces a total of 10 variants. Each 

treatment was provided in four replicates. 

Uncontaminated soil collected from Kodaikanal was 

used for the pot culture experiment and it is spiked with 

different known concentration of mercury viz., 0 , 2.5, 5, 

10 and 20 mg kg
-1

  as mercuric chloride salt on weight 

basis. The disease-free seeds of Brassica juncea var. 

pusa tarak and 3 months old Boston Fern (Nephrolepis 

exaltata) were obtained from IARI, New Delhi and Grass 

rootz nursery, Coimbatore, India, respectively. The pots 

contained soil of 2 kg each. The experiment was carried 

out for 45 days. Plant samples were collected at definite 

intervals such as 15
th

 day, 30
th

 day and 45
th

 day after 

mercury treatment and were analysed for physiological 

and biochemical parameters. Total chlorophyll in B. 

juncea and N. exaltata was measured using chlorophyll 

content meter or SPAD meter. Gaseous exchange 

parameters of plants like photosynthetic rate, vapour 

pressure deficit, intercellular CO2 concentration were 

measured with the help of Portable photosynthetic 

system, LC pro-SD. The measurement was performed 

within the time period 10.00-12.00 h maintaining the air 

temperature and air relative humidity at 25°C and 80-

90%, respectively.  

The content of Proline was estimated in the sample as 

defined by Bates et al (1973) at 520 nm. Lipid 

peroxidation and Hydrogen peroxide was quantified by 

at 532 nm (Heath and Packer (1968) and 390 nm as per 

the procedure alluded by Velikova et al. (2000). Catalase 

and Peroxidase  activity was determined at 240  and 420 

nm according to the method given by Aebi (1974) and  

Kar and Mishra (1976), respectively. Experimental 

results were recorded and statistically analyzed as 

suggested by Panse and Sukhatame (29). The standard 

analysis of variance test was performed to compare the 

treatment means at 5% level of significance using Least 

significant difference. Pearson correlation and Linear 

regression analysis was used to assess the influence of 

mercury concentration on physiological and biochemical 

parameters. 

III. RESULTS 

Chlorophyll is an important indicator of photosynthetic 

potential and sensitive to oxidative stress. Photosynthetic 

rate and Chlorophyll levels in the leaves of B. juncea and 

N. exaltata significantly decreased with increasing Hg 

concentration compared to control (F=52.71 ,P<0.05 and 

F=19.41, P<0.05). However, it does not show any visual 

toxicity symptoms. Average Total Chlorophyll content 

significantly reduced from 17.70 (T1) to 16.17 (T5) and 

4.43 (T5) to 5.47(T1) and Average photosynthetic rate 

declined from 9.63 (T1) to 8.38 (T5) and 3.12 (T1) to 2.84 

(T5) in B. juncea and N. exaltata, respectively (Table 1). 

Highest chlorophyll content was observed in control 

plants (26.5 in B.juncea and 6.5 in N.exalata) and the 

least recorded in plants treated with 20 mg kg
-1

 treated 

plants. As far as gaseous exchange parameters are 

concerned, they are inversely proportional to the 

increasing mercury concentration except for intercellular 

CO2 concentration. Mean Transpiration rate decreased 

from  3.45 (T1) to 2.65 (T5) and 1.14 (T1)  to 1.03 (T5)  

and Mean Stomatal conductance recorded from 0.38 (T1)  

to 0.41 (T5) and 0.36 (T1)  to 0.40 (T5)  in B. juncea and 

N. exaltata, respectively (Table 2). 
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Table 1. Effect of increasing mercury concentration on Total Chlorophyll and Photosynthetic rate B. juncea 

and  N. exaltata 

Plant 

Species 
Treatments 

Total Chlorophyll Photosynthetic rate (µ mol CO2 m
-2

 s
-1

) 

15 DMT 
30 

DMT 

45 

DMT 

Mean 
15 DMT 30 DMT 45 DMT 

Mean 

P1 T1 10.6 16.0 26.5 17.70 3.76 9.53 15.60 9.63 

T2 10.4 15.9 25.4 17.23 3.70 8.63 14.80 9.04 

T3 10.2 16.1 24.8 17.03 3.06 8.73 15.20 9.00 

T4 9.90 15.2 23.4 16.17 3.45 8.43 14.40 8.76 

T5 9.90 14.8 23.8 16.17 2.90 8.63 13.60 8.38 

Mean 10.2 15.6 24.8  3.37 8.79 14.72  

P2 T1 4.70 5.20 6.50 5.47 1.24 3.52 4.61 3.12 

T2 4.40 4.60 5.80 4.93 1.16 3.38 4.42 2.99 

T3 4.50 4.70 6.10 5.10 1.21 3.28 4.31 2.93 

T4 3.80 4.30 5.50 4.53 1.22 3.21 4.26 2.90 

T5 3.70 4.40 5.20 4.43 1.18 3.13 4.22 2.84 

Mean 4.22 4.64 5.82  1.20 3.30 4.36  

P 
SE(d) 0.039 0.078 0.084  0.016 0.046 0.040  

CD 0.080 0.161 0.172  0.033 0.094 0.082  

T 
SE(d) 0.062 0.124 0.133  0.025 0.072 0.063  

CD 0.126 0.255 0.273  0.052 0.149 0.130  

PXT 
SE(d) 0.087 0.175 0.189  0.036 0.102 0.089  

CD NS 0.358 0.386  0.073 0.21 0.183  

 

Table 2. Effect of increasing mercury concentration on Transpiration rate and Stomatal Conductance B. 

juncea and N. exaltata 

Plant 

Species 
Treatments 

Transpiration rate (m mol m
−2 

s
−1

) Stomatal conductance (mol m
−2

 s
−1

) 

15 DMT 
30 

DMT 

45 

DMT 

Mean 
15 DMT 30 DMT 45 DMT 

Mean 

P1 T1 3.34 3.2 3.81 3.45 0.07 0.45 0.62 0.38 

T2 3.2 3.15 3.25 3.20 0.07 0.46 0.63 0.39 

T3 3.12 2.74 2.97 2.94 0.08 0.46 0.64 0.39 

T4 2.84 2.16 2.38 2.46 0.08 0.45 0.65 0.39 

T5 2.98 2.36 2.6 2.65 0.09 0.47 0.67 0.41 

Mean 3.10 2.72 3.00  0.08 0.46 0.64  

P2 T1 0.98 1.2 1.24 1.14 0.07 0.42 0.6 0.36 

T2 0.95 1.18 1.21 1.11 0.08 0.43 0.61 0.37 

T3 0.97 1.24 1.18 1.13 0.07 0.44 0.63 0.38 

T4 0.94 1.16 1.1 1.07 0.08 0.45 0.65 0.39 

T5 0.92 1.12 1.04 1.03 0.09 0.45 0.67 0.40 

Mean 0.95 1.18 1.15  0.08 0.44 0.63  

P 
SE(d) 0.020 0.015 0.018  0.000 0.002 0.004  

CD 0.042 0.039 0.036  0.001 0.004 0.009  

T 
SE(d) 0.032 0.023 0.028  0.001 0.003 0.007  

CD 0.066 0.048 0.058  0.001 0.006 0.014  

PXT 
SE(d) 0.046 0.033 0.04  0.001 0.004 0.010  

CD 0.094 0.068 0.082  0.002 0.009 NS  

Plants : P1 - Indian Mustard , P2 – Boston Fern 

Treatments: T1 - 0 mg kg
-1

Hg, T2 - 2.5 mg kg
-1 

Hg,T3 - 5 mg kg
-1

 Hg,T4 - 10 mg kg
-1

 Hg ,T5 - 20 mg kg
-1

 Hg 

 

Average intercellular CO2 concentration varied from 472 

(T1) to 578 (T5) ppm and 472 (T4) to 484 (T3) was 

recorded in B. juncea and N. exaltata, respectively . The 

ratio of photosynthetic rate to intercellular CO2 

concentration is used to calculate carboxylation 

efficiency. Carboxylation efficiency exhibited a gradual 

decline ranging from 2.04 (T1) to 1.41 (T5)  and 0.62 (T1) 

to 0.45 (T5) in B. juncea and N. exaltata, respectively. 

However an increasing trend was observed in the 

analyzed parameters with respect to days after mercury 

treatment. Proline is generally referred as stress enzyme 

and a sensitive plant marker of oxidative stress caused by 

biotic or abiotic factors. Significant difference was 

observed in the production of proline after 15
 

days 
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(F=61.13, P<0.05), 30
 
days (F=82.76, P<0.05) and 45 

days (F=86.83, P<0.05) in response to mercury treatment 

with highest content of 0.441 µ mol proline g
-1

 tissue in 

T5 and the least in T1 with 0.277 µ mol proline g
-1

 tissue. 

Mean Proline content, Mean Lipid peroxidation and 

Mean Hydrogen Peroxide content of 0.19 (T1) to 0.32 

(T5) and 0.10 (T1) to 0.16 (T5) µ mol proline g
-1

 tissue, 

0.39 (T1) to 0.62 (T5) and 0.13 (T1) to 0.22 (T5) µmol g
-1

 

fresh weight, 4.31 to 5.79 and 0.44 to 0.54 µmol g
-1

 fresh 

weight was recorded in B. juncea and N. exaltata, 

respectively (Figure 4). Significant parallel changes were 

observed in antioxidant enzymatic activity between 

mercury treated B. juncea and N. exaltata and control 

(Catalase: After 15 day F=20.61, p<0.05, 30 day 

F=86.60, p<0.05, 45 day F= 10.70, p<0.05 and 

Peroxidase after 45 days F=119.96, p<0.05). In B. juncea 

and N. exaltata, Mean catalase activity accelerated from 

2.35 (T1) to 5.12 (T5) min
-1

 g
-1

 and 3.26 (T1) to 6.80 (T5) 

min
-1

 g
-1

, respectively while mean peroxidase activity 

increased 0.23 (T1) to 1.17 (T5) min
-1

 g
-1

 and 0.30 (T1) to 

1.27 (T5) min
-1

 g
-1

, respectively. There was no significant 

difference in peroxidase generation was observed up to 

30 days but 45 days after mercury treatment marked a 

significant difference. The results of the simple linear 

regression analysis are listed in Table 3 which reveals the 

relationship between Hg and the attributes and the per 

cent variation whereas Table 4 depicts the 

correlationship among all the variables and reveals the 

inter relationship among the variables. 

 

 

 

Figure 4. Effect of increasing mercury concentration 

on Proline, Hydrogen peroxide and  Lipid 

peroxidation in B. juncea and N. exaltata 

Table 3. Linear Regression Model to assess the influence of Hg on Physiological and Biochemical parameters of 

B. juncea and N. exaltata 

Parameter 

Regression Equation Standard Error Coefficient R
2
 

Indian 

Mustard 
Boston Fern 

Indian 

Mustard 

Boston 

Fern 

Indian 

Mustard 

Boston 

Fern 

Total Chlorophyll 
17.46 - 0.086 

Hg 

5.244 - 0.047 

Hg 
0.314 0.240 0.86 0.76 

Photosynthetic 

rate 

9.360 - 0.053 

Hg 

3.044 - 0.012 

Hg 
0.207 0.061 0.84 0.75 

Transpiration rate 
3.239 - 0.040 

Hg 

1.137 - 0.006 

Hg 
0.286 0.016 0.62 0.90 

Stomatal 

Conductance 

0.382 + 0.001 

Hg 

0.366 + 0.002 

Hg 
0.004 0.006 0.88 0.90 
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Intercellular CO2 

concentration 

570.70-5.664 

Hg 

485.023 – 0.57 

Hg 
21.95 1.268 0.84 0.94 

Proline 
0.208 + 0.006 

Hg 

0.114 + 0.003 

Hg 
0.014 0.013 0.93 0.78 

Lipid Peroxidation 
0.447+ 0.010 

Hg 

0.127 + 0.005 

Hg 
0.089 0.010 0.49 0.95 

Hydrogen 

Peroxide 

4.243 + 0.068 

Hg 

0.470 + 0.003 

Hg 
0.289 0.032 0.81 0.42 

Catalase 
2.701 + 0.131 

Hg 

3.730 + 0.167 

Hg 
0.315 0.445 0.93 0.92 

Peroxidase 
0.249 + 0.043 

Hg 

0.338 + 0.048 

Hg 
0.070 0.053 0.98 0.98 

 

Table 4. Pearson Correlation matrix illustrating the relationship among the variables 

 Hg TC PR TR SC ICC CE CAT POX PRO LP HP 

Hg 1            

TC -0.08 1           

PR -0.08 0.98 1          

TR -0.16 0.98 0.98 1         

SC 0.83 0.38 0.38 0.32 1        

ICC 0.47 0.55 0.54 0.44 0.55 1       

CE -0.23 0.97 0.97 0.98 0.25 0.35 1      

CAT 0.82 -0.57 -0.57 -0.62 0.52 0.07 -0.69 1     

POX 0.98 -0.23 -0.23 -0.31 0.76 0.40 -0.38 0.91 1    

PRO 0.45 0.82 0.81 0.74 0.76 0.84 0.68 -0.06 0.32 1   

LP 0.27 0.9 0.89 0.85 0.63 0.82 0.78 -0.23 0.13 0.96 1  

HP 0.30 0.98 0.98 0.96 0.43 0.63 0.93 -0.50 -0.17 0.85 0.95 1 

 

IV. DISCUSSION  

Plants use a variety of mechanisms to regulate heavy 

metal levels in accordance with changes in trace metals 

in the environment, including phytohormones, 

osmolytes, and antioxidant enzymes. (30). When the 

detoxification potential of the plants is less than the 

accumulation, then it is toxic to plants (31 & 32). With 

increasing Hg doses, photosynthesis impairment and fall 

in gaseous exchange measurements were observed. 

When garden cress was exposed to heavy metal, similar 

results were recorded (33). It could be because Mercury 

inhibits Fe and induces chlorosis in leaves, which has a 

deleterious effect on chlorophyll metabolism. Heavy 

metal toxicity reduces micronutrients, which are 

necessary for plant growth and development. As a result 

of the metal stress, the pigment level decreases which is 

one of the primary causes of photosynthesis impairment. 

These findings are consistent with those of Januskaitiene 

(34), who found that with heavy metal stress, 

physiological functions got reduced in pea plants. Hg, 

both organic and inorganic, has been shown to inflict 

potassium, magnesium, and manganese depletion, as 

well as iron accumulation (6). In certain cases, parts of 

chlorophyll can be transformed to pheophytin. Sanmartin 

et al. (35) reported that chlorophyll degradation results in 

the formation of pheophytins by the loss of magnesium 

ions. Pheophytin build up and oxidative stress have been 

seen in plants subjected to high quantities of trace 

elements (36 & 37). Heavy metal toxicity resulted in a 

decreased carbon assimilation due to disruption of 

chloroplast structure and reduced Photosytem II 

photochemical efficiency, which affects plant 

development (38 & 39). 

The production of reactive oxygen species is the basic 

mechanism of plants exposed to stress. Reduced forms of 

atmospheric oxygen are ROS intermediates (O2). 

Excitation of oxygen results in singlet oxygen (
1
O2),  

hydrogen peroxide (H2O2), superoxide radical, and 

hydroxyl radical  (40-42). With higher Hg dosages, the 

level of H2O2 likewise increased in the current study. 

This could be mostly due to membrane instability in 

plants subjected to increasing metal stress. Oxidative 

stress or Haber-Weiss processes produce reactive oxygen 

species (ROS). In plant cells, ROS formed as a result of 

oxidative stress induces a range of negative effects, 

including photosynthetic inhibition, ATP inhibition, lipid 

peroxidation, and DNA damage (31 & 43). Inordinate 

accretion of free radicals has been linked to mercury-

induced plant cellular oxidative damage. As a signal 

molecule, H2O2 is essential for plant development and 

resilience, but excessively H2O2 with ROS damages 

membrane lipids. TBARS can be utilised as a marker of 

lipid peroxidation in tissues since they are generated 
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when certain primary and secondary lipid peroxidation 

products breakdown. Mercury exposure resulted in a 

substantial accumulation of H2O2 but had no effect on 

TBARS, according to statistical analysis (44-45). Plants 

possess both enzymatic and non enzymatic defense 

mechanism to tolerate any abiotic stress. Free radicals 

are scavenged by a variety of antioxidative enzymes. 

Stress protecting proteins, such as heat shock proteins, 

also protect plants from oxidative damage. (46). Plants 

develop a variety of defence responses in response to 

heavy metal toxicity, but their effectiveness is dependent 

on doses, plant species, and other factors. Plants' ability 

to mitigate heavy metal toxicity or to endure stress helps 

them to thrive under such environments (47,48). 

Similarly, metal treatment induced increased activities of 

catalase and peroxidase enzymes, which aided in the 

scavenging of free radicals in the current study. These 

findings align with those of Doganlar et al. (49).The 

plant's antioxidant capacity was increased in a dose-

dependent manner. Catalase directly scavenges H2O2 and 

converts it to H2O and O2. Peroxidase enzymes scavenge 

H2O2 by combining it with antioxidants such as 

ascorbate (50,51), lignin precursors, or secondary 

metabolites. (52). As the concentration of Hg in the plant 

tend to increases, plant cells generate greater amounts of 

those enzymes (53,12). 

V. CONCLUSION 

Since mercury is a critical pollutant, several studies has 

been carried out to get insights into the ecotoxicity of 

mercury. This study documents a reduction in the 

physiological functions (Photosynthetic and Gaseous 

exchange parameters) in B. juncea and N. exaltata with 

increasing Hg concentration leading to slower 

metabolism in association with various factors and 

development of antioxidant defense system against ROS 

generation. Even though ROS has an indispensable role 

in plant system (For instance, as signal molecules for 

stomatal closure), generation of larger quantity would 

result in phytotoxicity. However B. juncea and N. 

exaltata  exhibited tolerance up to 20 mg kg
-1

 without 

any toxic symptoms which might be due to the 

antioxidant defense system. In addition, Proline 

significantly increased from 0.27 (control) to  0.44 (20 

mg kg
-1

 ) and  0.12 (control) to 0.18 (20 mg kg
-1

) µ mol 

proline g
-1

 tissue in B. juncea and N. exaltata which acts 

as an osmoprotectants. While comparing, Proline, 

Catalase and Peroxidase was higher in B. juncea than N. 

exaltata which highlight the ability of B. juncea to 

tolerate the Hg contaminated Soil. 

REFERENCES 

1. Tangahu, B. V., Sheikh Abdullah, S.R., Basri, H., Idris, 

M., Anuar, N. and M. Mukhlisin. A review on heavy 

metals (As, Pb, and Hg) uptake by plants through 

phytoremediation. Int. J Chem. Engg.,2011: 

939161.2011. 

2. Wang, M. C., Chen, Y.T., Chen, S.H., Chien, S.C. and 

S.V.Sunkara. Phytoremediation of pyrene contaminated 

soils amended with compost and planted with ryegrass 

and alfalfa. Chemosphere.,87(3):217-25. 2012. 

3. Wang, K., Huang, H., Zhu, Z., Li, T., He, Z., Yang, X. 

and A. Alva. Phytoextraction of metals and 

rhizoremediation of PAHs in co-contaminated soil by co-

planting of Sedum alfredii with ryegrass (Lolium 

perenne) or castor (Ricinus communis). Int. J. 

Phytoremediation.,15(3):283-98.2013. 

4. Gao, J.J., Shen, X.F., Peng, R.H., Zhu, B., Xu, J., Han, 

HJ. And Q. H.Yao. Phytoremediation and phytosensing 

of chemical contaminant, toluene: identification of the 

required target genes. Mol. Biol. rep.,39(8):8159-67. 

2012. 

5. Yang, D.Y., Chen, Y.W., Gunn, J.M. and N. Belzile. 

Selenium and mercury in organisms: interactions and 

mechanisms. Environ. Rev.,16:71-92. 2008. 

6. Boening,D.W. Ecological effects, transport, and fate of 

mercury: a general review. Chemosphere.,40(12):1335-

51. 2000. 

7. Clarkson, T.W. and L. Magos. The toxicology of mercury 

and its chemical compounds. Crit. Rev. 

toxicol.,36(8):609-62. 2006. 

8. Su, Y., Han, F., Chen, J., Shiyab, S. and D. L. Monts. 

Phytotoxicity and phytoremediation potential of mercury 

in Indian mustard and two ferns with mercury 

contaminated water and oak ridge soil-9241. In the 

proceedings of InWM2009 Conference., pp. 1-5. 2009. 

9. Azevedo, R. and E. Rodriguez. Phytotoxicity of mercury 

in plants: a review. J.  Bot.,pp:1-6. 2012. 

10. Puzon, J.J., Rivero, G.C. and J. E. Serrano. Antioxidant 

responses in the leaves of mercury-treated Eichhornia 

crassipes (Mart.) Solms. Environ.  Monit.  assess., 

186(10):6889-901. 2014. 

11. Smolinska, B. and J. Leszczynska. Photosynthetic 

pigments and peroxidase activity of Lepidium sativum L. 

during assisted Hg phytoextraction. Environ. Sci. Poll. 

Res.,24(15):13384-93. 2017. 

12. Kapoor, D., Kaur, S. and R. Bhardwaj. Physiological and 

biochemical changes in Brassica juncea plants under Cd-

induced stress. BioMed research international. 2014: 

726070. 2014. 

13. Arora, A., Sairam, R. K. and G. C. Srivastava. Oxidative 

stress and antioxidative system in plants. Curr. sci., 

25:1227-38. 2002. 

14. Rathore, S. S., Kapila, S., Premi, O.P. and B. K. Kandpal. 

Water use efficiency, productivity, photosynthesis and 

sustainability of pressurized irrigation systems for Indian 

mustard [Brassica juncea (L.) Czern and Coss.]under 

semi-arid conditions of Rajasthan. Res. Crop.,14(1):140-

50. 2013. 

15. Rathore, S.S., Shekhawat, K., Dass, A., Kandpal, B. K. 

and V. K. Singh. Phytoremediation mechanism in Indian 

mustard (Brassica juncea) and its enhancement through 

agronomic interventions. Proceedings of the National 

Academy of Sciences, India Section B: Biol. 

Sci.,89(2):419-27. 2019. 

16. Mahajan, P. and J. Kaushal. Role of phytoremediation in 

reducing cadmium toxicity in soil and water. 

J. Toxicol..2018:4864365.2018. 

17. Hall, J. A. Cellular mechanisms for heavy metal 

detoxification and tolerance. Journal of experimental  

botany.,53(366):1-1. 2002. 

18. Mani, D., Sharma, B., Kumar, C. and S.Balak. Depth-

wise distribution, mobility and naturally occurring 

glutathione based phytoaccumulation of cadmium and 



Biochemical and Physiological Response of Brassica juncea and Nephrolepis exaltata in Mercury Spiked Soil*  

42 

zinc in sewage-irrigated soil profiles. International 

Environ. Sci. Technol..,10(6):1167-80. 2013. 

19. Boominathan, R. and P. M. Doran. Cadmium tolerance 

and antioxidative defenses in hairy roots of the cadmium 

hyperaccumulator, Thlaspi caerulescens. Biotechnol. 

bioengg.,83(2):158-67. 2003. 

20. Ma, J. F., Ueno, D., Zhao, F. J. and S. P.McGrath. 

Subcellular localisation of Cd and Zn in the leaves of a 

Cd-hyperaccumulating ecotype of Thlaspi caerulescens. 

Planta.,220(5):731-6. 2005. 

21. Yadav, S. K. Heavy metals toxicity in plants: an 

overview on the role of glutathione and phytochelatins in 

heavy metal stress tolerance of plants. S Afr. J 

bot.,76(2):167-79. 2010. 

22. Akomolafe, G. F., Dedeke, O. A. and S. A.Sirajo. 

Tolerance mechanisms in Pteridophytes (ferns) and their 

use as remediators of heavy metal contaminated sites. In 

Proceedings of 37th Annual Conference of Genetics 

Society of Nigeria., (pp. 20-29). 2013. 

23. Su, Y., Han, F.X., Chen, J., Sridhar, B.M. and D. L. 

Monts. Phytoextraction and accumulation of mercury in 

three plant species: Indian mustard (Brassica juncea), 

beard grass (Polypogonmonos peliensis), and Chinese 

brake fern (Pteris vittata). Int. J Phytoremediation., 

10(6):547-60. 2008. 

24. Bates, L.S., Waldren, R.P. and I. D.Teare. Rapid 

determination of free proline for water-stress studies. 

Plant and soil.,39(1):205-7. 1973. 

25. Heath, R.L. and L. Packer. Photoperoxidation in isolated 

chloroplasts: I. Kinetics and stoichiometry of fatty acid 

peroxidation. Arch. Biochem. Biophys.,125(1):189-98. 

1968. 

26. Velikova, V., Yordanov, I. and A. Edreva. Oxidative 

stress and some antioxidant systems in acid rain-treated 

bean plants: protective role of exogenous polyamines. 

Plant sci.,151(1):59-66. 2000. 

27. Aebi, H. Catalase. In: Bergmeyer, H.U., Ed., Methods of 

Enzymatic Analysis, VerlagChemie/Academic Press Inc., 

Weinheim/NewYork p.673-680. 1974. 

28. Kar, M. and D. Mishra. Catalase, peroxidase, and 

polyphenoloxidase activities during rice leaf senescence. 

Plant physiol.,57(2):315-9.1976 . 

29. Panse, V.G., and P.V. Sukhatme. Statistical methods for 

agricultural workers: ICAR, New Delhi. 1985. 

30. Chen, J. and Z. M. Yang. Mercury toxicity, molecular 

response and tolerance in higher plants. 

Biometals.,25(5):847-57. 2012. 

31. Zhang, F. Q., Wang, Y. S., Lou, Z. P. and J. D. Dong. 

Effect of heavy metal stress on antioxidative enzymes 

and lipid peroxidation in leaves and roots of two 

mangrove plant seedlings (Kandelia candel and 

Bruguiera gymnorrhiza). Chemosphere.,67(1):44-

50.2007. 

32. Malar, S., Vikram, S. S., Favas, P. J. and V.Perumal. 

Lead heavy metal toxicity induced changes on growth 

and antioxidative enzymes level in water hyacinths 

[Eichhornia crassipes (Mart.)]. Bot. Stud..,55(1):1-1. 

2016. 

33. Gill, S. S., Khan, N. A. and N. Tuteja. Cadmium at high 

dose perturbs growth, photosynthesis and nitrogen 

metabolism while at low dose it up regulates sulfur 

assimilation and antioxidant machinery in garden cress 

(Lepidium sativum L.). Plant Sci.,182:112-20. 2012. 

34. Janusaitiene, I. Impact of low concentration of cadmium 

on photosynthesis and growth of pea and barley. Environ. 

res. engg. manag.,53(3):24-9. 2010. 

35. Sanmartin, P., Villa, F., Silva, B., Cappitelli, F. and B. 

Prieto. Color measurements as a reliable method for 

estimating chlorophyll degradation to phaeopigments. 

Biodegradation.,22(4):763-71.2011. 

36. Gomes, M. P., Le Manach, S. G., Maccario, S., 

Labrecque, M., Lucotte, M. and P. Juneau. Differential 

effects of glyphosate and aminomethylphosphonic acid 

(AMPA) on photosynthesis and chlorophyll metabolism 

in willow plants. Pestic. Biochem.  phys.,130:65-70. 

2016. 

37. Mobin, M. and N. A. Khan. Photosynthetic activity, 

pigment composition and antioxidative response of two 

mustard (Brassica juncea) cultivars differing in 

photosynthetic capacity subjected to cadmium stress. J. 

Plant Physiol.,164(5):601-10. 2007. 

38. Parmar, P., Kumari, N. and V. Sharma. Structural and 

functional alterations in photosynthetic apparatus of 

plants under cadmium stress. Bot. Stud.,54(1):1-6. 2013. 

39. Asgher, M., Khan, M. I., Anjum, N. A. and N. A. Khan. 

Minimising toxicity of cadmium in plants—role of plant 

growth regulators. Protoplasma.,252(2):399-413. 2015. 

40. Sharma, P., Jha, A. B., Dubey, R.S. and M.Pessarakli. 

Reactive oxygen species, oxidative damage, and 

antioxidative defense mechanism in plants under stressful 

conditions. J. bot. 2012:217037. 2012. 

41. Gimenez, E., Salinas, M. and F.Manzano-Agugliaro. 

Worldwide research on plant defense against biotic 

stresses as improvement for sustainable agriculture. 

Sustainability.,10(2):391. 2018. 

42. Hasanuzzaman, M., Bhuyan, M.H., Zulfiqar, F., Raza, A., 

Mohsin, S. M., Mahmud, J. A., Fujita,M. and V. 

Fotopoulos. Reactive oxygen species and antioxidant 

defense in plants under abiotic stress: revisiting the 

crucial role of a universal defense regulator. 

Antioxidants.,9(8):681. 2020. 

43. Jiang, S.-Y., Z. Ma, and S. Ramachandran. 2010. 

"Evolutionary history and stress regulation of the lectin 

superfamily in higher plants." BMC evolutionary biology 

10 (1):1-24. 

44. Chen, J., Shiyab, S., Han, F. X., Monts, D.L., Waggoner, 

C.A., Yang, Z. and Y. Su. Bioaccumulation and 

physiological effects of mercury in Pteris vittata and 

Nephrolepis exaltata. Ecotoxicology.,18(1):110-21. 2009. 

45. Shiyab, S., Chen, J., Han, F. X., Monts, D. L., Matta, F. 

B., Gu, M., Su, Y. and M. A. Masad. Mercury‐induced 

oxidative stress in Indian mustard (Brassica juncea L.). 

Environ. Toxicol.: An International Journal., 24(5):462-

71. 2009. 

46. Isah, T. Stress and defense responses in plant secondary 

metabolites production. Biol. res.,52. 2019. 

47. Emamverdian, A., Ding, Y., Mokhberdoran, F. and 

Y.Xie. Heavy metal stress and some mechanisms of plant 

defense response. Sci. World J. 2015:756120. 2015. 

48. Raj, D., Kumar, A. and S. K.Maiti. Brassica juncea(L.) 

Czern. (Indian mustard): a putative plant species to 

facilitate the phytoremediation of mercury contaminated 

soils. Int. J. phytoremediation.,22(7):733-44. 2020. 

49. Doganlar, Z. B., Cakmak, S. and T.Yanik. Metal uptake 

and physiological changes in Lemna gibba exposed to 

manganese and nickel. Int. J. Biol.,4(3):148. 2012. 

50. Sofo, A., Scopa, A., Nuzzaci, M. and A.Vitti. Ascorbate 

peroxidase and catalase activities and their genetic 

regulation in plants subjected to drought and salinity 

stresses. Int. J Mol. Sci.,16(6):13561-78. 2015. 

51. Sytar, O., Kumar, A., Latowski, D., Kuczynska, P., 

Strzałka, K. and M. N. Prasad. Heavy metal-induced 



R.Suganthi et al. 

43 

oxidative damage, defense reactions, and detoxification 

mechanisms in plants. Acta physiol. 

plantarum.,35(4):985-99. 2013. 

52. Kim, Y. H., Lee, H.S. and S. S. Kwak. Differential 

responses of sweetpotato peroxidases to heavy metals. 

Chemosphere.,81(1):79-85.2010. 

53. Sahu, G. K., Upadhyay, S. and B. B.Sahoo. Mercury 

induced phytotoxicity and oxidative stress in wheat 

(Triticum aestivum L.) plants. Physiol. Mol. Biol. 

Plants.,18(1):21-31. 2012. 



44 

Silica Supported Copper Nano Particles Design 

from Metal Waste Apply Formation of Various 

Condensation Reaction 
 

Umesh Nitone
1
, Jayaveersinh Mahida

2*
, Seema Agrawal

1
, Ravi Patel

2 

1
Department of chemistry, Dr. A P J Abdul Kalam University, Indore (MP), India. 

2
Applied chemistry, Shree P. M. Patel Institute of P.G. Studies & Research in Science (Sardar Patel university), 

Sardar patel University, Anand ,India 

*Corresponding Author: rsjkmappchem1417@gmail.com 

Abstract. In recent years organic chemist focused on green chemistry  for organic synthesis transformations  because the silica 

supported  catalyst is more  stable, efficient and easy to recover and  reusable after reaction. The silica supported copper catalyst  is  

design  from E-Waste, It  used for formation of benzimidazoles from diamines and aldehydes.it is very deep work done by various 

catalyst, we noted in our research in unique  method develop for synthesis of   benzimidazoles made by condensation diamine and 

aldehydes via   silica supported copper nano particles under EtOH as reaction media . The reactions done at 60° C temperature for 

80 minute by 1:1.2 ratio mixture of diamine and aldehydes in the presence of nano catalyst to give the desired products with high 

purity.. 

Index Terms: Schame: 01 ; Scheme 1. Synthesis of benzimidazole derivatives; 

Waste management, green catalyst, high reusability, Biological evaluation 

 

I. INTRODUCTION 


Currently metal waste, plastic waste and e-waste is 

highest global environment issue ,House hold electronic 

gadgets PCB is made by copper wire, the gadgets are out 

of service its produced electronic waste, our team is 

collected this type house hold e-waste and design it's 

chemical process for formation of nano particles, it nano 

particles apply as a catalyst for formation of various 

know biologically active heterocyclic derivatives like 

benzimidazole, s via solvent free or aqueous media 

condition . Checked efficiency and reusability of 

catalyst. the all derivatives are based on the heterocyclic 

chemistry and highly applicable as lead molecules of 

biological activities of benzimidazole  like anti HBV (1) 

[5], antitubercular (2) [6], non-seadating antihistamine(3) 

[7], (GABAA agonists  [8], anti-viral (3) [9], 

antiinflammatory and analgesic [10], The drug discovery 

application of pyrazolone includes antipyretic activity 

(1,2,3,4) and analgesic activity (1,2,5,7,8,9),12,13,14,15 

antibacterial ,16 anti-inflammatory activity  antitumor 

activity (7,8,9),17,18 aneuroprotective and 

cardiovascular agent. 
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II. MATERIALS AND METHODS 

A mixture of o-phenylenedianmine (5 mmol) and 

sub.aldehyde (5.5 mmol) was stirred for 15 min than add 

novel designed Silica supported copper nano particles as 

catalyst at 28°C and use 5 ml Ethanol as a solvent at 

60°C refluxed 80 to 90 minute and check TLC in 

Hexane: Ethyl acetate: Acetic acid(70:20:10) and 

reaction if complies, clear reaction mass filter by filter 
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paper and remove catalyst than solvent remove from 

product and repurify in Ethanol and check its Melting 

point and TLC, stucture determination by IR by 

FTIR,
1
HNMR,

13
CNMR and mass spectroscopy. 

III. RESULTS AND DISCUSSION 

We initiated our observation by using diamine ( 1.0 

equiv.) and aromatic aldehyde (1.02 equiv.) in presence 

of silica supported copper nano particles (1-3%) in 

ethanol solvent at  55-65°C under reflux condition. the 

reaction goes out forward direction 80-85 % of 

conversion  and 10% KSM and 5% some unknown 

impurities ,  were isolated within 2 h. the amount 

increased  of catalyst to 10 mol% notable significantly 

with 86 % of product and14 % of KSM (Table 1, entry 

2). Furthermore amount of catalyst does not affect on 

yield of the reaction (Table 1, entry 3).other parameters 

like time and Temperatures does not affect on  yield .4b 

and 5 decreased considerable. Increasing temperature 

from 60 °C does not possible in Ethanol solvent. 

Table 1. Optimization of the reaction conditions and EtOH used as a solvent [1]. 

Entry Catalyst(Mole%) Temp(°C) Time Yield Purity KSM impurity 

1 3 60 240 65% 72 08 20 

2 5 60 80 87% 92 05 03 

3 7 60 80 85% 89 05 06 

4 10 60 80 81% 85 04 08 

5 12 60 80 83% 87 05 08 

6 15 60 80 84% 88 04 09 

7 20 60 80 82% 85 12 03 

8 CuCl3 60 240 NR -- -- -- 

9 Cu(OAc) 60 240 NR -- -- -- 

10 Cu(OTf)2 60 240 NR -- -- -- 

11 CuO 60 240 55% 78 16 06 

All experiment purity based on First crop of the reaction and all analysis done by TLC  w/w concretions 

method. NR: No reactions 

After the optimization of reaction condition and catalyst mole 5% and 4 volume solvent EtoH. 

Table 2 optimization of reaction for different derivatives 

Entry Aldehyde Time Yield(%) MP°C MP°C(Reported) 

1 Benzaldehyde 60 84 292 292-294 

2 Isobutyraldehyde 80 89 236 235-236 

3 4-Chlorobenzaldehyde 70 84 266 265-267 

4 trans-Cinnamaldehyde 70 89 202 201-203 

5 Hexanal 90 88 163 164-165 

 

In recent years  organic chemist focused on green 

chemistry  for organic synthesis [29] because the silica 

supported  catalyst is more  stable, efficient and easy to 

recover and  reusable after reaction. The silica supported 

copper catalyst  is  design  from E-Waste, It  formation 

of benzimidazoles from diamines and aldehydes. it is 

very known work for check the catalyst activity [30] , we 

noted in our research in novel method develop for 

formation of  benzimidazoles by the condensation of 

diamine and aldehydes react via catalytic amount of  

silica supported copper nano particles under EtOH as 

reaction media . The reactions done at 60° C temperature 

for 60 to 90  min by taking a 1:1.2 mol ratio mixture of 

diamine and aldehydes in the presence of 5 mol% 

catalyst to give the desired products in and notable 

(Scheme 1). As shown in Table 2, aromatic, aliphatic, 

and unsaturated aldehydes use as substituent for reaction  

react without any difficulty and gave approx same yield 

and near similar time, difference in rates to give the 

corresponding 2-substituted benzimidazoles  superb 

yield.. 

 

Supportive Spectroscopic data: 

Entry 01: 

pale yellow solid, FT-IR (KBr) 3450, 3042, 2910, 2100, 

1630, 1580, 1470, 1423, 1373, 1202, 1118, 980, 821cm-

1 
1
H NMR (400 MHz, DMSO-d6) : 8.17 (2H), 7.70-7.32 

(5H), 7.10-7.00 (1H), 2.47 (3H); 
13

C NMR (100 MHz, 

DMSO-d6) :149.9, 142.2, 141.0, 132.3, 134.0, 132.1, 

130.7, 125.7, 122.4, 117.2, 110.1, 20.4;. MS (ESI) m/z: 

[M+H]+ calcd :209.10, found 211. 

Entry 02: 

Greenish solid, FT-IR (KBr):1630, 1580, 1437, 1434, 

1320,cm-1 
1
H NMR (400 MHz, DMSO-d6) : 7.70-7.12 

(2H), 7.20-7.00 (2H), 3.24(1H)1.27 (6H); 
13

C NMR (100 

MHz, DMSO-d6) : 141.10, 138.2, 128.7,115.2,29.2, 

20.3;. MS (ESI) m/z: [M+H]+ calcd :161.10, found 

160.2. 

Entry 03: 

pale yellow solid; FT-IR (KBr) 3441, 2997, 2949,2110, 

1626, 1585, 1487, 1422, 1310, 1270, 1220, 1108, 

1010cm-1
1
H NMR (400MHz, DMSO-d6) :12.90(1H), 

8.19 (2H), 7.70 (1H), 7.64 (2H), 7.50 (1H), 7.25-7.20 
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(2H); 
13

C NMR (100 MHz, DMSO-d6) :149.1,142.9, 

135.1, 131.4, 130.2, 129.7, 128.1, 121.7, 121.2, 118.1, 

111.4, MS (ESI) m/z:[M+H]+ calcd 229.05, found 

230.23. 
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Abstract. The ongoing trade war between the U.S. and China has devastating effects on the developing nations. The trade war is 

nothing but damaging another country's trade by imposing tariffs and trade barriers on other goods. The impact of this trade war is 

more intensive to the economy of those nations that are all more integrated with the global economy. The developing countries are 

most affected by this ongoing trade war between the U.S. and China.  Its effects are not only limited to the economic slowdown, 

but at the same time, it hampers the environment a lot. The trade war is affecting the forest reserve of the amazon basin and the 

sub-Saharan desert, which is known as the lung of earth. At the same time, excessive industrialization causes wide-scale 

deforestation and desertification in developing and developed countries due to the rise of carbon. This study mainly focuses on the 

US-China trade war and its impact on the economies of the developing nations with the particular reference of south Asian 

countries. Meanwhile, this research work will also analyze its adverse effects on the environment. 

Index Terms: Developing Nations, Trade Barrier, Economic Slowdown, Deforestation, Desertification, Global Warming, Climate 

Change 

 

I. INTRODUCTION 


After the end of the cold war in the 1990s, the USA 

became unipolar, and for a long decade, no country was 

there to challenge the supremacy of the USA. Books like 

End of history and the Last Man(1992) by Francis 

Fukuyama, End of ideology by Daniel Bell(1960), Clash 

of Civilization (1996)by Samuel .P. Huntington and 

many more philosophers echoed the supremacy of the 

USA in the world community. All of these denote that 

the only country is the flagbearer of capitalism at that 

time. During this time, the USA mainly focuses on free 

trade worldwide to establish its hegemony through the 

international organisation WTO, IMF. On the other hand, 

the cultural revolution and the phase of Globalization, 

many third world countries emerged at the world forum. 

In his book 'Return of History and the End of 

Dream,(1996)' Robert Kegan rightly pointed out the 

emergence of third-world countries like India, China, 

Iran, and other third-world countries. These countries are 

challenging the unipolarity of the USA since the 

breakdown of the USSR.  Before the emergence of 

countries like China, India, and Iran, developed countries 

like the USA, Britain, France used to import raw 

materials from these developing and underdeveloped 

countries. At the same time, finished goods were dumped 

in the developing countries. These activities destroy the 
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small industries of the developing nations as pointed out 

by the A.R. DESAI in his book “Social background of 

Indian History (1948)” how the Britishers exploited the 

resources of South Asia for 200 years and played an 

essential role in the destruction of the small-scale 

industry of India, China and other third world nation by 

putting high tariff barrier on their goods and decreasing 

the tariff barrier from their finished products. At the 

same time, China, too, was the culprit of the same thing. 

When Britain opened China for trade, the whole world 

distributed China like watermelon. It exploited their 

resources at mass level America too was part of the 

exploiter. 

As rightly explained in his book “Capitalism and 

Underdevelopment in Latin America: Historical Studies 

of Chile And Brazil(1967)”  coined Dependency theory 

by Andre Gunder Frank that the developed country 

exploited the resources of the underdeveloped country, 

and to establish their hegemony at the world level, their 

intention towards the development of these countries is 

negligible. Britishers justified their Colonisation by 

arguing that they were the only civilized nation; their 

rule would ultimately civilize the third world countries. 

So, during that period of colonization, Britishers were 

the flag bearers of the civilized race. They were ruling to 

civilize others, whereas they exploited the resources at 

most. The same USA took the flag of Democracy, 

Capitalism, and Globalization in the era of indirect 

Colonisation. However, this time the USA was trapped 

in its den as Globalization started threatening its 

supremacy in China. What colonial rulers did during 

colonization the same USA is doing in the phase of 

http://doi.org/10.36647/978-93-92106-02-6.10
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Globalization. However, at the time of colonization, both 

sides were controlled by the colonial masters. Therefore, 

in the era of Globalization, everyone is the master of its 

commodity. Even a tiny country knows how to protect its 

interest above all in the race for advanced technology, 

trade. Major powers were trying to establish their 

hegemony by side-lining the environmental concern. 

They are doing deforestation to develop more industries 

and emit carbon at a high level, which threatens many 

countries' survival. It will increase the water level in the 

ocean. However, at the same time, it is deteriorating the 

quality of water, air and even making the desertification 

of land that led to the outbreak of diseases like 

Bronchitis, Asthma, etc. Lung Cancer, and many more. 

In the globalized world, China emerges as the competitor 

of the USA in the manufacturing goods, which is 

challenging the hegemony of a developed nation. The 

method which was adopted by the European colonial 

master China is doing the same with developing nations. 

The USA forgot the Boston tea party incidence and the 

measures adopted by them to overcome the British 

supremacy in their country. The famous "quote of no 

taxation without representation (1761)" was the 

challenge of British superiority over the USA. The USA 

under which pressure the WTO ready to adopt the policy 

of Globalization, and now the two major manufacturing 

countries are violating the rules and regulation of 

UNCTAD and WTO at a high level to satisfy the interest 

of their country. 

Background of US-China Trade 

In 2017, China's overall trade surplus was 422.5 billion 

US$ with a 7.9 percent jump in exports and a 15.9 

percent rise in imports. Nevertheless, in 2016 China's 

overall trade surplus was 509 billion US$, so there was a 

sharp decline in China's overall trading engagement in 

the following year. 

In 2018 U.S. and China's overall bilateral trade was 

estimated at 737.1 billion US$. Exports were 179.3 

billion US$; imports were 557.9 US$ billion. The U.S. 

trade deficit with China was 378.6 billion US$ in 2018
1
. 

After the Trump administration in the USA was mainly 

focused on minimizing its trade deficit with China. 

Therefore, the USA put a trade barrier mainly on steel 

(25%) and aluminium (10%) imported from China based 

on section 232 of the expansion act of 1962. At the same 

time, China retaliated and increased the tariff barrier on 

the imported product of the USA. This was mainly on the 

grains and soya milk, meat, and other products of the 

same value, on which the U.S. increased the tariff. 

The United Nations believes in the competition and the 

protectionist behaviour of the two largest trading 

countries of the world, taking the world towards the trade 

war among the developed and developing nations. 

                                                           
1
Office of the United States Trade Representative (2019). 

The People's Republic of China Available 
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Growing trade wars between the U.S. and China took the 

world towards the new cold war and the steps were taken 

by the USA to revisit the North American Free-Trade 

Agreement (NAFTA) as the United -States Mexico 

Canada Agreements (USMCA) as the milestone 

agreement that world is again moving towards the 

regional block. In 2018, when the USA announced the 

No-Trade policy with Iran and warned also other 

countries not to trade with Iran; otherwise, the 

government can face problems with relations. At the 

same time, China started attracting the developing nation 

by following different strategies like spreading its 

business in the third world nations and creating its soft 

power diplomacy and depth trap diplomacy. The depth 

trap is a diplomatic tool of China. It makes puppet 

countries like Pakistan, Bangladesh, Srilanka, Maldives, 

African countries, and Central Asian countries where 

China starts vibrantly spreading its wings by using this 

diplomatic tool. China began to extract resources from 

underdeveloped countries and make them dependent on 

Chinese products. They enjoy the profit, but the 

developing country cannot extract their resources due to 

technical and financial support. Chinese companies 

extract resources and also do not follow rules and 

regulations for protecting the environment of the 

particular country wherever they establish their project. 

Their main aim is to gain profit wherever they go. Most 

of the Central Asian countries and African countries are 

examples of this. 

In the globalized world, where the world is moving 

towards economic integration, the trade war between the 

USA and China hampers the trade stability of the 

different nations and the region. The countries that try to 

establish their trade supremacy start making new blocs 

by violating the norms and rules of world trade 

organizations. The trade war between the U.S. and China 

affects the whole world and slows down the economy of 

all the countries of the world. there is a slowdown of the 

gross domestic product of the developing nations, the 

increase of inflation in the south Asian region, and 

unemployment in these developing countries.  

IMPACTS OF TRADE WAR BETWEEN USA AND 

CHINA ON DEVELOPING NATIONS 

IMPACT OF TRADE WAR IN LATIN AMERICA 

The trade war between the USA and China on the Latin 

American countries has sound and harmful effects on the 

economy, environment, and agriculture of the South 

American nations. It is a known fact that Brazil and 

Argentina are the third major exporter of soybean seeds 

in the world .when China puts a tariff on the American 

soybean, the Latin American country got the opportunity 

to export soya in China. So they buy /import the 

American soybeans. However, in the meantime, the 

Chinese government reduces the demand due to the 

illness of white pigs in China, and soya is one of the 

main fodder to the Chinese pig. This creates the 

condition of surplus amount of soya in the south 

American country, which badly affects the farmer due to 

the less demand of the Agri product, which in turn 
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affects ordinary people; most of the trade war started 

between U.S. and China when the U.S. announced in 

April 2018 that it would impose 25% tariff on the 

roughly U.S. $50 billion worth of Chinese goods from 

aircraft to chicken incubators. (Lawdar, 2018). 

The taxes were applied in two phases. The first phase of 

restrictions from July 6, 2018, on 818 Chinese goods 

worth U.S. $34 billion. The second phase during which, 

an additional 25% tariff was levied on 279 goods worth 

another $16 billion, came into effect from August 23, 

2018. These tariffs were imposed due to China's unfair 

trade practices related to the forced transfer of U.S. 

technology and intellectual property. (USTR 2018) 

China retaliated against the U.S. decision by imposing 

similar duties on 333 goods of U.S. origin worth the U.S. 

$16 billion w.e.f August 23, 2018. The list of 333 items 

includes commodities such as coal, copper scrap, fuel, 

buses, and medical equipment. 

China raised the issue with the WTO dispute settlement 

body (Tan 2018). According to the IMF that such 

retaliatory policies will slow down the global growth by 

0.5 percent by 2020, or about $430bn in lost GDP 

worldwide (Partington, 2018). This trade dispute will 

have a detrimental effect on the economies of both 

countries. However, it will open the door for countries 

like India to penetrate deeper into the U.S. and Chinese 

markets. The Latin American country is dependent on 

agriculture, so unemployment prevails, which is putting a 

threat on the stability of the government. The South 

American country identified approximately 1000 

products, but the problem arises on one side they will 

export the goods to the USA and China. On the other 

side, they are in fear that their Chinese counterpart flood 

their market with cheap products which will affect their 

market in South America. This will affect the industrial 

production of the country at large. The environment is 

also affected due to the trade war. There is a threat to the 

great Amazon rainforest. These are losing the earth's 

most enormous treasure once it covered 14% of its land 

surface, but now, they cover only 6 percent of its surface. 

Environmental scientists estimated that the remaining of 

the forest could be consumed in less than 40 years. In 

recent year's deforestation in the Amazon basin, which is 

known as the lungs of the earth, has increased rapidly 

due to commercial farming and to make the grassland 

graze animals to fulfil the demand for meat and other 

products. the deforestation of the amazon basin not only 

harm the condition of the air and water condition of 

south American countries, but also it affects the whole 

world, it increases the melting of the glaciers. It too 

increases the ratio of carbon in the air, which causes 

different respiratory diseases. It worsens the living 

condition on the earth. It has too caused the extinction of 

other living organisms found in the Amazon basin, which 

will also hamper the life cycle. 

IMPACTS OF TRADE WAR ON AFRICAN 

COUNTRIES 

The African continent has a group of 54 nations with a 

population of approximately 130 crores. These countries 

are highly underdeveloped and mainly dependent on 

developed countries like the USA, China, Russia, etc.., 

and developing countries like India, Bangladesh, etc. 

Some African countries play an essential role in these 

regions having greater GDP and economic stability than 

their counterparts, such as South Africa, Ethiopia, Libya, 

Egypt, etc. Chinese and American dominance in the 

African country can be seen vibrantly. China also uses its 

depth trap diplomacy in this region in an exquisite 

manner. It is well-known that African countries have 

ample amounts of gas, oil, gold, and silver reserves, so 

they try to exploit Africa because they know that they 

can quickly enter African countries because of the 

undulation of hunger and unemployment. Due to this 

trade war, African countries also try to come out with the 

depth trap diplomacy of China. However, on the other 

hand, they are dependent upon Chinese financial aid. 

African countries have the producer of food and cotton 

textiles. At the time of the trade war, it could supply to 

America. At the same time, the Chinese government 

flooded the African market with Chinese goods, which 

threatened the industrialization of the African country. 

On the eve of the trade war, the sub-Saharan forest was 

also cleared to make its agricultural land and to use the 

land for industrial purposes. Most of the projects are 

running in the African country by China. They heavily 

cut the forests to make roads establish the industry. To 

minimize the loss of trade war by flooding the African 

country with their goods. However, in the name of 

development, China exploits precious resources and 

hampers the environment by doing the mass level of 

deforestation on the sub-Saharan forest. People of Africa 

benefit from the trade war between the two largest 

manufacturing countries by hampering their 

environment. They may get profit, but they are putting 

their future in danger. 

IMPACTS OF TRADE WAR IN SOUTH ASIA 

South Asia comprises the 8-country having one-fourth 

world population, making it the most populous and 

densely populated region. This region includes the 

Himalayan ranges, and on the other side, it comprises the 

Indian ocean. This region has the world's most extensive 

fertile plain known as the Indo-Gangetic plain. Most of 

the population of this region is dependent upon the Agro-

based industry. The trade war between the U.S. and 

China directly influences this region because China is the 

neighbouring country of South Asia and separately 

affects these countries. 

NEPAL 

Nepal is a country lying between India and China that 

plays a great importance to both nations. It is also known 

as the buffer state. Analyzing the situation in the present 

scenario, the Chinese dominance in Nepal can be seen at 

a mass level. After the communist government in Nepal, 

most of the project was shifted towards China. The 

Chinese government is treating Nepal as its tool to 

counter India. Therefore, Nepal has benefited from the 

trade war between China and the USA, but it is only for 

short time. On the eve of the trade war, China started 
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flooding the market of Nepal with the Chinese 

automobile parts and technologies exported to the USA. 

They may get cheap products, but this will spoil their 

industry and agriculture and threaten their future 

development. China, in recent years, working on 

different projects which drastically affected the 

environment in the country. Nepal is located on the side 

of the Himalayan region. The Himalayan glaciers are 

melting very rapidly due to global warming. The mining 

activities, deforestation, and the construction process in 

the mountain will increase the melting of the glaciers. 

The expansionist policy of China is also a threat to Nepal 

that the time may come when Nepal disappears on the 

map of the world and becomes a part of China as a 

whole. 

BHUTAN 

Bhutan is a landlocked country between India and China, 

sharing its border with the five Indian states. Bhutan has 

its trade relationship with the USA, China, India 

Germany, but till 2018 India was its largest trading 

partner. However, after the election in 2018, the 

government elected is pro-China. This government came 

into power with their manifesto in which they promised 

to decrease the dependency from India as 80 % of the 

Bhutanese trade was dependent on India. At the same 

time, it side-lined the border issue. After the invitation of 

the Bhutanese government in 2018, Chinese Vice 

Foreign Minister Mr Kong Xuanyou visits Bhutan and 

discussed the geographical issues for the first time. At 

the same time, the Chinese counterpart invited the 

Bhutanese govt to the Chinese spring festival with a 

delegation to perform there. The Bhutanese government 

wants to reduce the trade engagement with India. They 

pointed out that their engagement with India is 

hydropower which does not generate much employment. 

Most of the youths are unemployed .at the same time 

Chinese government play its soft power diplomacy by 

giving funds and giving scholarship to the Bhutanese 

students .somehow they try to attract an Asian counter 

past to fill their loss in the trade war and with a newly 

elected government in Bhutan they got fertile land for 

this. With this, the Chinese government started dumping 

technologies and automobiles in the Bhutanese market. 

Bhutan also gave its permission for the belt and road 

initiative. However, it will highly affect the environment 

in Bhutan.  

MALDIVES 

The Maldives is an island country in the Arabian Sea of 

the Indian ocean. The geographical location of Maldives 

is the most important from the strategic aspect for both 

India and China in the Indian Ocean. It is also crucial for 

China for its Belt and Road initiative. Chinese 

government In the Yemen government were the 

maximum project carrier in the Maldives. After the 

defeat of Yemen in the recent election, the new 

government called a meeting to revise the Chinese 

project, which was a significant loss for China. However, 

before the election, the Chinese company dumped their 

product after starting the trade war. China is still the top 

importing partner of the island country with a total of 

$274 million. On the one hand, where China exports 

steel aluminium vehicle's cars and other items, Maldives 

export only the fish items no matter the Maldives will be 

benefited from the trade war as they got cheaper Chinese 

products. However, they must pay in another form 

because China cannot provide anything free. 

SRILANKA 

Srilanka is an island state in the Indian ocean which is 

strategically very important for both countries. The 

newly elected government of Srilanka is pro-China. 

Srilanka benefits from the trade war between the USA 

and China because Srilanka is the major exporter of 

women's undergarments, t-shirts, and tea. Therefore, 

Srilanka buys these things from China at minimal rates 

exports them to the USA. It will benefit the economy of 

Srilanka. 

BANGLADESH 

Bangladesh is a South Asian country embedded in India 

and the other sides of the Indian ocean. It is benefitted 

from the trade war between China and the USA because 

Bangladesh is the most significant exporter of men's 

clothing. The USA-Bangladesh increased the tariff 

barrier on the Chinese cloths to import Chinese products. 

On the other hand, Bangladesh is also an exporter of 

animal meat. China has increased the tariff on the USA 

animal meat so Bangladesh can increase their export 

with China. 

PAKISTAN 

Pakistan is a South Asian country with the sixth-largest 

populous country in the world. After 2000 the graph of 

the Pakistan economy is declining rapidly.  

Nowadays, the whole world isolated Pakistan due to its 

terrorist activity in the Indian territory. Pakistan also 

gives shelter to a terrorist like Osama Bin Laden, Daud 

Ibrahim, and many more. However, after all these 

activities, China supports Pakistan. After the formation 

of Imran's government, Pakistan's condition worsened, 

Pakistan was trapped under the depth trap of China. At 

the same time, the American government stopped giving 

aid to Pakistan. Pakistan is a great supporter of China's 

belt and road initiative. 

 

INDIA 

India is a south Asian country having a significant trade 

relationship with the different countries of the world. 

India has the second-largest population in the world after 

China. India acts as the elder brother in the South Asian 

region, having good trade relations with its neighbouring 

country. India has very high economic engagement with 

China, which is about to cross $100 billion. India can 

benefit from this trade war between US-China and 

exporting engineering appliances, steel, aluminium, and 

automobile parts. At the same time, India can also reduce 

its trade deficit with China by supplying the grains and 

other items on which China increases the tax barrier. On 

the other hand, the trade barrier also decreases the value 
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of rupees. India's economy is the fastest-growing 

economy in the world. 

II. CONCLUSION 

The ongoing trade war between China-US may prove 

beneficial for the economic growth in South Asia; 

nevertheless, the trade war between them harms the 

environment and biodiversity in South Asia. As the 

concluding points. First, China is taking an aggressive 

policy on its dream project, Belt and Road initiative, to 

connect Central Asia and join the African region through 

Silk Route. However, China ignored the environmental 

issues associated with BRI like deforestation and the 

melting of Himalayan glaciers and started mining on the 

courtyard of the Himalayas that have a devastating effect 

on the ecology of South Asia. Second, the road initiative 

comes with the promises of employment generation in 

developing societies. However, only the Chinese 

companies benefit from this BRI. Third, At present, it 

appears quality products are getting cheaper but at the 

same time they are not caring about the industrial 

development of their own country. Fourth, despite 

China’s Debt trap diplomacy being already exposed, 

many developing countries are not aware of the ill 

consequences of debt-trap diplomacy of China. Fifth, 

The growing relations among China, Nepal, and Bhutan 

are rapprochements of China's expansionist policy.   

Many problems like scarcity of water threaten the globe, 

and South Asia is greatly affected by this. The UNFCCC 

report highlights that the Himalayan glaciers are melting 

so rapidly that they will end by 2050.  In this regard, 

Professor Brahma Chalani rightly said that the third 

world war would occur due to the scarcity of water. 

Major powers and the developing nations should come 

together to counter these global issues through 

multilateral engagement. 
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Abstract. The dissolution-precipitation method has been identified as a potentially viable solution to plastic waste recycling in the 

Philippines. In this study, the effect of solvent temperature and composition on the dissolution kinetics of low-density polyethylene 

(LDPE) in D-limonene/xylene were determined. Dissolution temperature was varied within 100°-120°C with solvent composition 

of 0-100 wt% D-limonene for both 2-layer and 3-layer laminates of LDPE and polyethylene terephthalate (PET). The data were 

fitted to the Korsmeyer-Peppas model and the kinetic parameters were determined. Based on the experimental data, it was observed 

that there is no definitive relation between the dissolution rate and temperature for all solvent composition except at pure xylene, 

where the behavior at 110°C and 120°C appeared to be identical. It was also observed that introducing even a small amount of D-

limonene to the solvent solution significantly increases the rate of dissolution, with a 1:3 limonene-to-xylene ratio having a K value 

that is 0.075 higher than that of pure xylene. Dissolution in D-limonene was observed to best fit the Fickian model, while that in 

xylene generally followed the non-Fickian model. Lastly, the 2-layer laminates showed to follow anomalous transport, wherein 

solvent diffusion and disentanglement of chains have comparable rates. 

Index Terms: plastic laminates, dissolution-kinetics, chemical recycling 

 

I. INTRODUCTION 


An estimated 164 million plastic sachets are used daily 

in the Philippines alone according to a 2019 report 

published by the Global Alliance for Incinerator 

Alternatives [1]. The country is often referred to as a 

“sachet economy” wherein consumer products packaged 

in single-use plastic sachets dominate the market due to 

the lower-cost and lower-volume nature of products in 

sachet packaging. As a result of poor general waste 

management, the lack of proper waste destinations [2], 

and the lack of proper enforcement, spent sachets often 

end up as pollutants in both land and water. Sachets, in 

particular, result in waste consisting of multiple non-

biodegradable polymers used in its layered composition, 

including but not limited to: polyethylene terephthalate 

(PET), vacuum metallized PET (VMPET), low density 

polyethylene (LDPE), and polyurethane (PU). 

Contemporarily, majority of developed countries use 

methods such as incineration [3], gasification, pyrolysis, 

and reprocessing in the melt-phase to address the 

problem of plastic waste. These, however, are not 

feasible in the Philippines as they are considered 
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complex, laborious, expensive, energy-intensive, or 

violative of local clean emission legislation [4] [5] [6]. 

One plastic waste reduction method which shows great 

feasibility in the Philippine context is the dissolution-

reprecipitation process. Dissolution-reprecipitation 

involves the selective dissolution of a single polymer in a 

blend of multiple polymer types. Separating the insoluble 

polymers, the dissolved polymer can be reprecipitated 

using a non-solvent. The polymer is then recovered and 

can be reprocessed to be used as near-virgin material. 

Furthermore, it can deal with a complex mixture of 

plastics, bypassing the complicated sorting process, and 

its product quality is already comparable with virgin 

polymers [7]. A study by Escasa, et al. [8] used D-

limonene as a solvent and ethanol as the non-solvent for 

the chemical recycling of plastic laminates. Use of other 

solvents such as Xylene may also be investigated. 

The main objective of the study is to determine the most 

suitable kinetic model and its model parameters that will 

describe the solvent dissolution behavior of LDPE in 

various D-limonene/xylene systems. The study will also 

investigate the effects of temperature, solvent 

composition, and laminate type on the system and its 

model parameters. 
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II. MATERIALS AND METHODS 

The dissolution procedure was executed using 2.5 cm x 

2.5 cm sheets of 2-layer laminate (PET/LDPE) and 3-

layer laminate (PET/VMPET/LDPE) sachets in a 50 mL 

of solution constantly stirred at 180 rpm held at 

temperatures 100 °C, 110 °C, and 120 °C and 

concentrations of v/v% 0%, 25%, 50%, 75%, and 100% 

D-limonene and balance xylene. Per time interval, the 

sheet samples are removed from the solvent, dried, 

weighed, and returned to the solvent. Gravimetric 

measurements were continued until a constant mass was 

obtained. This was taken as the complete dissolution of 

the LDPE layer. 

 

Figure 1. Photographs of the 2-layer laminate sample 

in different stages of dissolution: (a) pre-dissolution; 

(b) mid-dissolution; (c) post-dissolution. 

 

Figure 2. Photographs of the 3-layer laminate sample 

in different stages of dissolution: (a) pre-dissolution; 

(b) mid-dissolution; (c) post-dissolution. 

III. RESULTS AND DISCUSSION 

The fraction of PE dissolved vs. time data will be fitted 

into the Korsmeyers-Peppas model as shown in Equation 

1. The results for a specific temperature, solvent 

composition, and laminate type are compared. 

M nt Kt
M


       (1) 

Mt and M∞ correspond to the amount of polymer 

dissolved and the amount of polymer that can be 

dissolved, that is at equilibrium. The exponent n can vary 

depending on the geometry and mechanism. The 

geometry can either be planar (thin film), cylindrical, or 

spherical. As for the mechanism of dissolution, it can 

follow the Fickian and non-Fickian model. The Fickian 

model is governed by diffusion of the solvent and has an 

exponent n = 0.5. This generally occurs when the 

temperature of the environment is higher than the glass 

transition temperature of the polymer. When the polymer 

is in the rubbery state, the chains have a higher mobility. 

[9]. 

The non-Fickian model, on the other hand, can have an 

exponent of 0.5 < n ≤ 1. The extreme case is having an 

exponent n = 1. This has the solvent diffusing much 

more rapidly and thus the behavior is governed by the 

swelling or disentanglement of polymer chains. If both 

the solvent diffusion and disentanglement of chains have 

comparable rates and both govern the dissolution 

process, it is of anomalous transport and can have 

varying values of n. A rare case is the Super Case II 

model wherein the exponent n > 1. Tension and breaking 

of the polymer occurs in the sorption process. [9] 

The data after the swelling period were fitted into 

Equation 1 and the effect on the rate of dissolution of the 

different variables was observed. The rate of dissolution 

can be compared with the slope parameter K, wherein 

the higher the slope, the faster the rate of dissolution. 

The dissolution starts after the time of swelling, and by 

the end of dissolution, LDPE is approximately 98% 

dissolved. The K values of the graphs for each 

temperature, each solvent, and each laminate type are 

shown in Table 1, with the sample plots for 2-layer 

laminates at 100°C shown in Figure 3. The values of r
2
 

ranged between 0.96 and 0.99 for these data points in 

Table 1. 

 

Figure 3. Fickian Power Law model graph for Two 

Layer Laminates at 100°C 

For 2-layer laminates, for each type of solvent used, the 

rate of dissolution is almost the same for the 

temperatures used with a maximum deviation of 0.045, 

hence no temperature dependence can be seen except for 

100% xylene. The rates of dissolution for 100% D-

limonene are between 0.251-0.256, for 75% D-limonene 

25% xylene are between 0.220-0.254, for 50% D-

limonene 50% xylene are between 0.237-0.282, and for 

25% D-limonene 75% xylene are between 0.207-0.227. 

For the tests using 100% xylene, it exhibited that higher 

temperatures increase rate of dissolution with 100°C 

being significantly lower at K = 0.152, however the 

slopes of the 110°C and 120°C, K = 0.230 and K = 

0.238, are close to each other with only a difference of 

0.008. 

The trends observed with the slopes may show that using 

D-limonene as a solvent has already reached optimum 

rates beyond 100°C with respect to temperature, while 
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using xylene is still temperature dependent within the 

temperature range 100-120°C. It can be suggested that at 

110°C, LDPE in xylene has already reached optimum 

rates and thus does not change its rate of dissolution 

significantly when the test is operated at a higher 

temperature of 120°C. Much like 2-layer laminates, the 

only increasing trend on the slope for 3 can be observed 

for 100% xylene, although insignificantly. It can also be 

observed that slope of the test with 120°C is higher than 

the slope of the tests with 100°C. The only increasing 

trend on the slope found for 3-layer laminate tests can be 

observed for 100% xylene. Deviations from Fickian 

behavior and failure to see some trends can be attributed 

to the difficulty of handling the samples. Some samples 

may roll, which can alter the geometry of the sample and 

leave much of the LDPE unexposed to the solvent. 

For 2-layer laminates, there is a decrease in slope as the 

xylene concentration increases at 100°C, while no trend 

is observable for 3-layer laminates at the same 

temperature. Introducing at least a small composition of 

limonene to the solvent solution at 100°C increases the 

rate of dissolution, with 25% limonene 75% xylene 

having a K value 0.075 higher than 100% xylene. No 

trend is observed at higher temperatures. Xylene 

dissolution is fastest beyond 100°C, and rates are 

comparable to limonene. 

The fit of the data were also optimized by obtaining the 

value of exponent n that results to the best coefficient of 

determination (r
2
). Majority of the tests still operate on 

Fickian model (n = 0.5), with solvent diffusion as the 

main process governing the whole dissolution process. 

All the tests using pure D-limonene operate are best 

fitted using the Fickian model, while those with xylene 

may operate using the non-Fickian model. Some 2-layer 

laminates have better fit for anomalous transport (0.5 < n 

< 1) wherein solvent diffusion and disentanglement of 

chains have comparable rates, while those tests having 3-

layer laminates may have as far as n = 1, or that solvent 

diffusion is very rapid and the dissolution process is 

governed by the disentanglement of polymer chains. One 

test, however, had n = 0.607, meaning it had anomalous 

transport using pure xylene at 110°C. LDPE in 3-layer 

laminates have more dense packing of polymeric chains 

and have higher molecular weights that its 

disentanglement can effectively hinder the rate of 

dissolution [9]. 

 

IV. CONCLUSION 

From fitting the data into the Korsmeyers-Peppas model 

operating under Fickian diffusion, the kinetic parameter 

K was obtained for each trial as a basis for rate of 

dissolution. The slope of Power law models were 

obtained and used to observe the temperature and solvent 

concentration dependence of the rate of dissolution of 

LDPE. For temperature dependence, a trend was only 

observed in 100% xylene and that increasing temperature 

increases the rate of dissolution for both 2-layer and 3-

layer laminates. For two layer laminates, there is a 

decrease in slope as the xylene concentration increases at 

100°C, but has no effect at higher temperatures. Majority 

of the tests operate on Fickian model (n = 0.5), with 

solvent diffusion as the main process governing the 

whole dissolution process. 

Table 1 : K values of Fickian Korsmeyers-Peppas model graphs 

2-Layer Laminates 

 100% L 75% L 25% X 50% L 50% X 25% L 75% X 100% X 

100 °C 0.254 0.254 0.237 0.227 0.152 

110 °C 0.256 0.230 0.282 0.223 0.230 

120 °C 0.251 0.220 0.254 0.207 0.238 

3-Layer Laminates 

 100% L 75% L 25% X 50% L 50% X 25% L 75% X 100% X 

100 °C 0.156 0.107 0.237 0.240 0.193 

110 °C 0.308 0.271 0.222 0.213 0.210 

120 °C 0.213 0.171 0.240 0.314 0.213 

      

Table 2: K values of Fickian Korsmeyers-Peppas model graphs 

2-Layer Laminates 

 100% L 75% L 25% X 50% L 50% X 25% L 75% X 100% X 

100°C 0.500 0.500 0.500 0.500 0.500 

110°C 0.500 0.500 0.731 0.500 0.804 

120°C 0.500 0.591 0.500 0.500 0.500 

3-Layer Laminates 

 100% L 75% L 25% X 50% L 50% X 25% L 75% X 100% X 

100°C 0.500 0.500 1.000 0.500 0.500 

110°C 0.500 0.500 1.000 0.500 0.607 

120°C 0.500 0.500 0.500 1.000 0.500 
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Abstract. With the rapid growth of urbanization, the population coupled with economy of most cities not only in India but globally 

is going through significant changes. One of the significant changes is relating to the fast development of transportation 

infrastructures in these areas which gives rise to a quick change on the travel behaviours. Changing life style along with the city’s 

expansion, increasing population growth in urban areas and vehicular growth demand the design of new transportation system 

which is capable of meeting the free flow of traffic by assessing the carrying capacities of road network to accommodate increasing 

growth of vehicles on a time scale. Carrying capacity is a commonly used concept to represent the maximum flows that can pass 

through the roads without traffic congestion in transportation system. The authors of the present paper have designed a hypothetical 

ideal city having population of 10000 people with projected population up to year 2051 and corresponding estimation of increased 

vehicles through well-defined methods. The authors have also designed the road network to accommodate estimated vehicles to 

ensure free flow of traffic without any congestion by assessing the carrying capacity of such road network through compatible 

simulation models. 

Index Terms: Transportation Networks, Roads carrying capacity, Ideal City 

 

I. INTRODUCTION 


A gradual rise in the population triggering urban sprawl. 

In oxford dictionary, it is defined as “the disorganized 

and unattractive expansion of an urban in an adjoining 

countryside.” A unorganised expansion of the urban area 

and the unevenly distributed road networks have become 

more congested. Urban sprawl is due to the migration 

from the countryside in search of work and the 

movement of people from one city to another. It has 

forcedan increase in the population of the surrounding 

areas of the city and, at the same time the number of 

vehicles has also increased. 

Today, 55% of the world’s population stay in urban areas 

and expected to increase 68% of the world’s population 

by 2050 according to the United Nations. In developing 

countries, the urban population has increased from 446 

million to 903 million (United Nations, 

2000).Therefore,as the urban population increases, the 

number ofvehicle per 1000 population also increases. 

According to records, the average number of motor 

vehicles per 1,000 people in India’s urban population in 

2011-15 was 402 vehicles per 1,000 people, an increase 

of 44% from 1960-65 (9 vehicles per 1,000 people). 

The increase in the number of vehicles will increase the 

traffic congestion, pollution, more fuel consumption and 

energy losses, mainly in developing countries. Therefore, 
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the construction of urban roads should be able to 

accommodate the maximum numbers of vehicles. In this 

research paper, we willdevelop a circular city setup with 

a good road network system. The maximum carrying 

capacity of road is sufficient to accommodate the number 

of vehicles and reduce the carbon footprint and energy 

loss. 

An imaginary urban setting capable of accommodating 

an increased population within 30 years will be created. 

The area of the urban area will be calculated with the 

help of the optimal area per capita of 50 meters specified 

by WHO. And use the population size increase in four 

wheelers and two wheelers.Plan the road network 

accordingto the number of vehicles.In additional, wewill 

show how many houses are needed for each family with 

five members and green open spaces to meet the 

population size. 

This imaginary urban area is going to be planned in such 

a way that can easily solve the problem of uneven urban 

sprawl. The setting of road, buildings and urban areas 

with the maximum carrying capacity. People living in the 

city get open space as well as build-up space. Our 

planning is to develop a city that can meet the 

requirements of Sustainable Development Goal 11 

(Sustainable cities and communities) and make cities a 

sustainable means by providing safe and affordable 

housing, public transportation and green public spaces. 

This can increase employment opportunities and build 

social and economic resilience. 

 

http://doi.org/10.36647/978-93-92106-02-6.12
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Urban Sprawl Effect on Road Networks 

Rapid urbanization has caused population growth to 

exceed the capacity of the city, and local communities 

have begun to expand into rural areas far from the city 

center. These people will start to use their cars more 

frequently, which lead to more road traffic, more 

pollution and accidents [1]. Increased dependence on 

automobiles, worsening air pollution have led to more 

sedentary lives and unhealthy community development 

[8]. According David Suzuki Foundation urban sprawl is 

also wounding precious farm and wildlands, leaving less 

greenspace and wildlands, putting precious wildlife 

habitat and species at risk. 

Traffic appear in two form: recurring congestion and 

non-recurring congestion.Recurring congestion occurs in 

the peak flow period, when vehicle’s lane on the road, 

bridge, or tunnel increases more than the capacity of 

roads.  The occurrence of non-recurring congestion is 

unpredictable, and occurs due to traffic accidents, work 

areas, weather or other activities. The traffic congestion 

leads to energy loss and pollution. According to a 2014 

report, traffic congestion caused American people loss a 

total of 160 billon US dollarsdue to an additional 3.1 

billion gallons of fuel and 6.9 billion hours of travel. It 

releases so much pollution in the air. 

However, congestion is the inevitable result of the 

scarcity of traffic facilities such as road space, parking 

lots, road signals, and good traffic management.  Up to 

80 % of the traffic on urban roads comes from cars, two 

wheelers and three wheelers [3]. The frequency of 

collisions and traffic speed are the main reason for the 

severity of collisions. Due to urban expansion, the 

volume and speed of traffic will cause the frequency and 

severity of collisions [2]. 

Congestion affects society, economy and environment.  

The increasing traffic congestion has increased fuel 

consumption and the release of greenhouse gas 

emissions.  Transportation also reduces the productivity 

in urban areas, which leads to economic losses and 

affects society. An effective transportation system is very 

important for economic growth, and it provides 

connection between localities. It connects to work, 

delivers products to the customers, supports trade and 

helps supply.  In order to avoid traffic jams, we need to 

plan our roads and parking lots and their management. 

Taragin and Eckhardt [6] found that the shoulder of a 

road affect speed and lateral positioning of motor 

vehicles, they also found that the shoulder should be 

constructed with at least 1.2 m of stabilized material 

when lane pavement on the main highway is 6 m in 

width or less, plus additional width of grass and gravel. 

A wide road easily enables free flow of traffic without 

congestion. The green cover along the roads absorbs the 

harmful greenhouse gases and also please the mind of the 

riders. A good road network can keep traffic flowing, 

reduces air pollution, support trading and connect people. 

The Indian Roads Congress [7] guidelines on the 

capacity of urban roads in plain areas gave some 

measures for improve the roads capacity of urban roads. 

Such measures are developing off street parking areas, 

central verge, separate right off way for slow vehicles, 

restriction in the movement of heavy and slow vehicles 

on busy arterial and sub-arterial during some period of a 

day, no roadside commercial business, separate way for 

cycles, controlling cross traffic, improving traffic 

discipline and banning certain conflict movement. The 

result is reduced traffic, reduced air pollution and noise. 

These guild lines would improve the transportation 

network. 

Other Effects of Urban Sprawl 

More population move from rural to urban, which affects 

housing capacity. Some people live in a house or in a 

small apartment with high rent. People from areas 

outside the city came to settle in the periphery, not in the 

planned structure. They build houses on the land, forest, 

swamps, leaving no empty space. Urban Sprawl’s 

negative impacts of unsustainable housing cause global 

warming and environment quality increase. S. Kolte [9] 

state that the design of the house should have a durable 

and timeless spaces and reduce the need to replace it 

every few years. We should use materials with low 

emission of volatile organic compounds and other air 

pollutants. These materialshave moisture-proof 

properties and can adsorb harmful compounds to create a 

healthy living space. 

How Cities Should Be Planned?  

Cities are the engines of national economic growth. It is 

a virtuous cycle of growth and development. A well-

planned city can improve the quality of life and attract 

people and investor to the City. Smart cities promote the 

mixed use of land, everyone has house, creates 

walkability, preserves open spaces, provides real 

transportation options, has a good and citizen friendly 

government, and has better smart solutions. 

The core infrastructure elements a smart city include 

adequate water and electricity supply, solid waste 

management, efficient transportation facilities and public 

transport, affordable housing for each income group, IT 

connectivity and digitalization, good governance, 

sustainable environment, safety and security of citizens, 

health and education facilities. Smart solutions 

applytechnology, information and data to promote cities 

to improve infrastructure and services. It makes cities 

more inclusive by providing quality of life for all people 

(especially the poor), creating jobs and increase income. 

Turcotte [8] stated that a modern form new urbanism will 

produce positive social, economic and environmental 

changes, but complainedthat such changes are limited. 

In Curitiba, Brazil, the road system is designed in the 

trinary system, the central road has two exclusive bus 

lanes in the center connected by two local roads, both the 

sides of the central road there are one way roads with 

high capacity free flowing, one road is for flowing in the 

city and other is for out of the city.  The land attached to 

each axis is used for high-density occupation [10]. 
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Self-reliant cities are organized by local economies, and 

these economies are more self-reliant in meeting local 

needs through local businesses and cooperatives. A self-

reliant economy requires more use of local 

environmental resources, and efforts to reduce and 

redirect waste streams so that we can be absorbed 

efficiently or with minimal ecosystem disturbance [18]. 

The self-reliant city has a considerable political agenda, 

to change moral values away from anthropocentric views 

of nature and toward more decentralised and cooperative 

forms of human endeavour [11]. 

According to G. Haughton [12] in the eco-city, nature 

should be restored to bioregions of the urban area, with 

more open spaces, roof gardens, and good habitat.  

Ravetz, White and Whitney [15] argued that non-

sustainable urban development includes external 

exchanges, the external areas such as resources and 

waste streams are taken away by people without any 

compensation. Approximately 90% of people spend most 

of their time in buildings.  Therefore, in the past ten 

years, indoors shouldbe comfortable, healthy, efficient, 

productive and satisfactory, with less energy 

consumption and carbon dioxide emissions [13]. 

II. METHODOLOGY 

This paper conducts an action research to solve the 

problem of road carrying capacity and urban 

unsustainably. By establishing an imaginary urban 

settlement with population of 10,000. The population 

increases exponentially every year, increasing the 

transfer and migration population. Vehicles will increase 

exponentially according to the number of people, and 

will be divided into a car and a two-wheeler in each 

house. This setting will be multiplied in three decades, in 

which the road diameter and building area are developed 

based on imaginedmeasurements. The city area will be 

estimated by per capita open space and 60% build-up 

area and shownin a quadrangle shape. The calculated 

urban area has a large carrying capacity that can hold the 

population in future. Further, more detailing is done with 

the households’ division as per income group, each 

house five members. Using the households number 

vehicles number and parking area is calculated. 

III. CASE STUDY 

The Ideal City is planned according to the following 

design salient features: 

a) Population forecast 

b) Area estimation to accommodate population 

c) Houses of different income groups 

d) Estimation of number of vehicles 

e) Parking area 

f) Road network planning 

g) Overall ideal city planning 

3.1 Population forecast: 

An imaginary urban setting is designed that capable of 

accommodating an increased population in 30 years is 

created. Here 10,000 populations of the city are taken for 

the base year 2021. Which increases per year with 25% 

of growth rate of population, 70% of transfer of 

population, 40% migrate workers. After adding each 

year, the population will increase approximately 12 lakhs 

or 1.2 million by 2051.The calculation of population is 

shown in the table 1. The table shows the imaginary 

population of years 2021, 2013,2014,2051.  Total 12 

lakhs population include Super-high income group of 2 

lakhs, High Income Group of 4 lakhs, Middle Income 

Group of 3 lakhs and Lower Income group of 3 lakhs. 

 

3.2 Area estimation to accommodate population: 

The optimal are is calculated according to World Health 

Organization recommendation. The green space per 

individual is minimum 9 square meters and ideal is 50 

square meters. The open space is calculated and check in 

all aspect from9 to 50 square meters per capita for 12 

lakhs population, and 60 % of build-up area. Finally, the 

calculation for 50 square meters per capita gave out the 

estimated area of 15,00,00,000 meters square or 150 

square Kms. Thus the urban area is of 15,00,00,000 

square meters with Open space of 6,00,00,000 square 

meters and 9,00,00,000 square meters. Calculation of 

open, build-up and total area as per different square 

meters for 12 lakhs population is given in the Table 2.  

Urban area is quadrangle in shape, surrounded by and 

divided into four equal parts by four lane roads and in 

between everything is connected with two lane roads. 

Table 1: Projected population during different decades 

SL 

No. 

Decadal 

year 

Projected population 

as per growth rate of 

25 percent year 

Transfer of population 

to extent assumed as 70 

per cent 

Migrant workers 

of assumed 40 

percent 

Total projected 

population 

1 2021 10000 (base 

population) 

NIL NIL 10000 

2 2031 12500 21250 17500 51250 

3 2041 64062.5 108906.25 89687.5 262656.25 

4 2051 328320.3125 558144.531 328320.7125 1214785.556 

Therefore, designed population for 2051 is 12 Lakhs. 
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Well covered with greenery,15 storey residence towers 

and bun 

galows, separate commercial area and proper parking 

areas for four and two wheelers etc. 

3.3 Houses of Different Income Group: 

The quadrilateral urban area has well developed 

settlements. The hoses are divided according to four 

different income groups.  Each houses have average 

family member of five. For Super-High Income group 

there are one storey bungalows with beautiful big lawn. 

For High-Income group there are 15 floor towers, each 

floor has six flats of triple bedrooms. For Middle Income 

group there are also 15 floor towers, each floor has eight 

flats of double bedrooms. For Lower income group there 

are 15 floor towers with 24 rooms with a kitchen and 

common bathrooms per floor. Each room can have 

accommodated three people. This tower is mainly for 

migrate workers. The towers are of 5 meters high. Below 

table 3 show the total towers and bungalows that can 

accommodate 12 lakhs population. 

 

 

3.4 Estimation of number of Vehicles: 

Number of vehicles is taken as each house of Super-High 

Income Group, High Income Group and Middle Income 

Group, one 4 wheelers and one 2 wheelers. Thus the four 

and two wheelers for high-income houses (8,1000) is 

3,24,000 vehicles each wheeler. The city also has 50 City 

Buses running with biogas. (Table 4). 

3.5 Parking Area: 

The parking area is calculated according the number of 

vehicles. For two wheelers six square metres each 

parking area and for four wheelers 20 square meters each 

parking area is taken. Whereas for city buses 70 square 

meters per vehicles is taken. Table 5 shows the total area 

of parking in square meters. 

Table 2: Designed Open and Built-up space in m
2
for the city having population of 12 lakhs in 2051 

SL No. open space requirement 

criteria in m
2
/ person 

Population 

in 2051 

Open space 

(m
2
) 

Built-up area (m
2
) 

(50% of open area) 

Total area (m
2
) 

1 9 12,00,000 1,08,00,000 1,62,00,000 2,70,00,000 

2 15 12,00,000 1,80,00,000 2,70,00,000 4,50,00,000 

3 20 12,00,000 2,40,00,000 3,60,00,000 6,00,00,000 

4 25 12,00,000 3,00,00,000 4,50,00,000 7,50,00,000 

5 30 12,00,000 3,60,00,000 5,40,00,000 9,00,00,000 

6 35 12,00,000 4,20,00,000 6,30,00,000 10,50,00,000 

7 40 12,00,000 4,80,00,000 7,20,00,000 12,00,00,000 

8 45 12,00,000 5,40,00,000 8,10,00,000 13,50,00,000 

9 50 12,00,000 6,00,00,000 9,00,00,000 15,00,00,000 

Total area of town to accommodate population of 12 lakhs in the 2051 is 15,00,00,000 m
2
 or 150 sq. KMs 

Table 3: Total Towers/Bungalows 

SL 

No. 

Income-Group Population Member 

can live 

Storey Flats 

in one 

floor 

Total 

Flats 

one tower 

occupied 

by 

Total 

Tower/ 

Bungalow 

1 Supper High Income 

Group 

2,00,000 5 0 0 0 5 40000 

2 High Income Group 4,00,000 5 15 6 19 450 900 

3 Middle Income Group 3,00,000 5 15 8 120 600 500 

4 Lower Income Group 3,00,000 3 15 24 360 1080 278 

Table 4: Vehicles 

Sl No. Groups Houses 4 wheelers 2 wheelers 

1 High-Income 81,000 3,24,000 3,24,000 

2 Super High-Income 40,000 40,000 40,000 

3 Middle-Income 60,000 4,24,000 4,24,000 
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3.6 Road Network: 

Road networks are calculated on the basis of Basic Road 

Statistics (BRS) of India state listed below [17]: 

• Standard Single Lane: carriageway width between 

3.75 M to below 7.0 M. 

• Standard Double Lane: carriageway width between 

7.0 and below 10.5 M. 

• Standard Multi Lane: carriageway width of 10.5 M. 

and above. 

APPENDIX B of Traffic Level of Service Calculation 

Methods shows Free Flow Speed range from 35 to 30 

mph (miles per hour), when there is minimal signal per 

mile and parking permit [16]. Therefore, using the 

standard measurements and speed flow range, the four 

and two lane roads are designed. The area between two 

tower is 150 m which include two lane roads, pedestrian 

pathway, green dividers, green space, children parks, 

gym, open-gym etc. For four lane roads on the border of 

the city include two ways up and two ways down roads, 

pedestrian pathway, green dividers and plants& trees 

along it. The roads are designed for the Free flow of 

traffic 40 km/h. 

The roads planning is taken care that there is less traffic 

congestion so that there would be less energy loss and 

pollution. It will also tackle the problem of fuel shortage. 

The width of two lane roads is 4.5 meters of one lane 

with 1.5 meters’ green divider and 2.5 meters’ pedestrian 

pathway whereas the four lane roads width is of 3.5 

meters one lane with 1.5 green divider and 2.5 meters’ 

pedestrian pathway. 

 

Figure 1 Road Network Planning 

 

Table 5: Parking Space 

Sl No. Wheelers Area in Sq. meters Vehicles  numbers Total area in Sq. meters 

1 2 Wheelers 6 7,88,000 47,28,000 

2 4 wheelers 20 7,88,000 1,57,60,000 

3 City Buses 70 50 3500 
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Figure 2: Ideal City Map 

 

3.7 Overall Ideal City Mapping: 

The urban map is designed in keeping in mind the needs 

of future generation. It can tackle the problem of rise in 

population, carrying capacity, traffic, energy loss, 

pollution, green space, efficient building, waste 

management and economic. The above map is divided 

the resident area and commercial area and both of them 

are well connected with fee flow roads. In the centre 

there is a circular commercial area which is connected 

with four lane roads delated as thick black line. The 

residence area is marked in yellow MIG housing is for 

middle income group and LIG housing for lower income 

group and yellow small boxes are for super high and 

high income group. Each residence areas are connected 

with commercial roads through two lane roads marked 

are thine black line. As defined above the roads are well 

covers with greenery and residence areas have good 

refreshment areas. There are also separate parking areas 

for four and two wheelers. All the green colour showing 

open area which is very essential for free flow of air and 

water percolation to maintain water table. The city also 

has E-waste management house denote as EWS housing 

and Solid waste treatment Plant marked in brown colour. 

The biogas generates from the waste use to run city 

buses in the city and e–waste will use to generate 

electricity. All the characteristics of the ideal city can 

attract many stakeholders such as investors, workers and 

other people which will help in economic development. 

IV. CONCLUSION 

Urban sectors are going to be hard pressed in terms of 

environmental pollution, mainly air, water, noise, solid 

waste etc. Increasing population growth coupled with 

demand and changing life style accelerate the problems 

on a time scale. Transport sector in urban areas is posing 

significant threat to the quality of urban environment. 

Traffic congestion is a normal offshoot of increasing 

automobiles having limited road network which leads to 

increasing air pollution, longer time to reach destination 

and discomfort. Such an alarming situation is being 

witnessed everywhere in the urban areas of the world and 

need to be addressed. The present paper demonstrates the 

need of carrying capacity based road network of an urban 

area with a case study to address such issues. Urban 

planners and regulating authorities should scientifically 

carryout carrying capacity of road network having regard 

to emerging trends of vehicular growth of urban areas in 

order to ensure free flow traffic as has been demonstrated 

and planned in the present paper. 
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Abstract. Through this paper, we are going to propose „SUSTAINED METHOD‟ for the solution of environmental issues and 

problems. This method has two pillars: First one is Economic Development and another one is Social Development (Tangible and 

Intangible Needs of Human Beings), essentially include the development of both the elements in an equivalent manner. Here the 

demanding theory is of “Maslow‟s Need Hierarchy” which contains a set of Tangible needs like food, shelter, clothing‟s etc.at the 

grass root level of hierarchy (closer to animals) and a set of Intangible needs like self-esteem, belongingness, love etc. at the top. In 

a society charged with more Economic Development, which has feature of „economic growth‟ like accumulating wealth more than 

basic needs, adoption of illegal means is controlled by Social Values of an individual. Here the operating question is „why does an 

individual withhold wealth after the fulfilment of his basic needs? Keeping in view, we need to draw the Total Development 

Process as a system, in which both the elements of „Sustainability‟ will work in an integrated manner. Because the Economic 

Development (Economic Behavior) of peoples makes them habitual of capturing economic power, this is the point of misbalancing 

which need to be correct as it creates lots of serious problems with many faces like poverty, hinder redistribution of wealth, 

wastage of environmental property, non-realization of their social duties towards nature, lack of Social Development. So, we must 

need to establish a balancing approach between the two i.e., Tangible (Economic Development) and Intangible need (Social 

Development). This will result in „Balanced Sustainable Development Model‟. 

Index Terms: Sustainable Development, Economic Development, Social Development, Hierarchy, Need, Integrated 

 

I. INTRODUCTION 


When we talked about S.D. a general question related to 

Ecological Ethics and on Eco-Values may be proposed 

because it has a deeper connection with the term 

Sustainable Development. Henrick Skolimouski [1] 

mentioned in his paper, “Dancing Shiva in the Ecological 

Age, (Paperback Education, New Delhi, 1995.) In this 

paper, the author has put light on the Internal Universal 

Relationship between nature and human species. The 3 

features have been raised in the form of „UNIVERSE as 

a Sanctuary, not as a machine, responsibility as revenue 

in action. Third is Frugality, conceived as grace without 

waste. (Chilana & Dewan, 1998) 

The present research paper has been a strong connection 

with the aspiring element of Indian knowledge and 

Indian philosophy „Patanjali Yoga‟, so it is also 

mandatory to check out the base of sustainable 

development in the deeper context of Indian efforts for 

the same in the name of Environment policy and related 

efforts, suggestion. 

In environment policy-2004, first Environment policy of 

country has been suffering from the new dimensions of 

Environment Conservation. In true words, this structure 

of environment policy has also not been unaffected by 

the globalization. It has totally ignored the SOCIETAL 

UNDERSTANDING AND TRADITION. Here the main 

problem lies in the fact that the person attached with the 
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policy are not SUBJECT SPECIALIST but in spite of 

that are scientist because while making environment 

policy the govt. has ignored the person who has done 

enormous reforms for the conservation of environment. 

(Statement of respectable „Rajendra Singh‟ is totally 

correct, “that this policy will be an example of turning 

environment and nature into a business.) (Pirta, 2019) 

II. OBJECTIVES OF THE STUDY 

1. How the Culture of any specific place has worth and 

fruitful solutions for the Understanding of „Regional 

Environment Problems and Issues‟? 

2. How can we sustain this relationship between “Culture 

and Region” for the S.D.? 

2.1 Need and Justification of the Study 

Because we are living in the edge of scientific and 

technologically globally oriented world, we have bound 

our-self in a materially oriented life-style without the 

needed concept of VALUE SYSTEM, this thought 

process gave rise to a no. of problems in the form of 

harassment of Moral Values, Cultural Loss and 

Environmental ethics etc. like „why does an individual 

withhold wealth after the fulfillment of his basic needs‟? 

an aspiring question of my paper. 

This demands a balancing approach between the two i.e., 

Tangible (Economic Development) and Intangible Need 

(Social Development). VALUE is primary in the 

human development system as Life Force to Human 

Living, until and unless we realize the essence of the 

VALUES, Sustainable Human Development remains 

a dream. Keeping in view, we need to draw the Total 

Development Process as a system, in which both the 
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elements of „Sustainability‟ will work in an integrated 

manner. This theory of NEED represents the continuum 

of Physiological Needs at the Bottom and the Self 

Actualization and Self -development and Realization at 

the top. The main battle for preserving the earth and for 

maintains a meaningful future will be a moral one. S.D. 

should be Culture Specific; sensitive to the conditions of 

the culture in which it takes place. 

Culture Specific-Each Culture needs a model of 

development which is suitable to its history and its 

characteristics. Only such a model, which is very 

sensitive to the cultural milieu, can succeed as truly 

SUSTAINABLE MODEL. Seen from a larger 

perspective, S.D. implies sustainable lifestyles and 

sustainable values, which we cherish and want to 

perpetuate. The three realms co-define and support each 

other; they are a trinity within the unity. 

The below mentioned relationship representing the same 

Philosophical issue because Philosophy is the only base 

through which we can rediscover the missing platform of 

SOCIAL VALUE system which will be a working tool 

for the Balanced model of Sustainable Development in 

the long run. (Chilana & Dewan, 1998, pp. 69-75) 

SUSTAINABLE DEVELOPMENT 

SUSTAINABLE VALUE 

SUSTAINABLE LIFESTYLE 

Here the connecting point between S.D. and S. 

LIFESTYLE is SUSTAINABLE VALUES which has 

power to change our ideology in respect of cultural ethics 

on Ecological ethics. The same can be represented with 

the types of ECO-SYSYTEM as suggested by UMA 

SINGH [2] in his book, “ENVIRONMENT 

EDUCATION”. 

 Incomplete eco-system. - One or two elements have 

not presented. 

 Self- sufficient-self adjustment 

 Degraded-due to change in energy flow, food chain, 

self- regulatory in future. 

 Uncontrolled- due to human factor. (Balasati, 2008). 

2.2 Review of Related Literature 

2.2.1 In one of the research articles “SYSTEM 

ANALYSIS OF THE ECONOMY OF SUSTAINABLE 

DEVELOPMENT AS ENVIRONMENTALLY 

BALANCED AND SOCIALLY ORIENTED ONE” by 

VALENTYNA, NATALYA METELENKO, 

VITALINA NIKITENKO, IRYNA SILINA [2,3,4,5]. 

The concept of an environmentally balanced and 

socially-oriented economy attaches great importance to 

"benign" investment, the "in-depth choice of reforms" of 

the developing country towards the creation of an 

environmentally "clean society". The developed 

economic growth model, ecologically balanced and 

socially oriented, is a modern study of the necessity, 

possibilities and benefits of a global transition to 

sustainable development, in order to emphasize the need 

to act immediately to become a path to the future, where 

everybody will live in prosperity and equilibrium. The 

idea of the "New Enlightenment Era" is about to 

establish a balance. For Eastern cultures, its strength is 

better known than the capitalist and colonial countries of 

the West. "New Enlightenment Era" is not only 

necessary but also possible, which will lead us beyond 

the limits of materialism, reductionism and selfishness. 

We must transform all major sectors of the economy in 

order not to go beyond the planetary boundaries. This 

will require a systematic approach and rethinking 

priorities in the long run. Our dominant values need to be 

expanded and called for the "New Enlightenment", the 

ideals of which are laid down in the model of economic 

growth of the economy - Humanities Studies. 

2.2.2. In a research article headed with the theme „Green 

Politics, western rhetoric swamps cold facts of global 

warming‟ by Anil Agarwal and Sunita Narain, the 

demanding element is that global environment 

management has to be built on principles of equity and 

sustainable together. In other words, we have to move 

from a free access resource called the atmosphere to a 

managed common property resource and upper limits 

have to be fixed for the amount of gas we can all emit. 

The principle of this management cannot just be 

sustainability of the atmosphere but also equity in the 

benefits provided by this resource. 

2.2.3. VALUE BASED ENVIRONMENTAL 

EDUCATION- After independence in 1947, there were 

two alternative models of development. (Nasrin, 2008, 

pp. 169,173) 

1. GANDHAIN MODEL 

2. NEHRUVIAN MODEL 

ACC. TO GANDHIAN MODEL, development is not 

simply GDP growth, urbanization and industrialization 

leading to improvement in material standard of living, 

but a means to establish moral values. For such a 

developmental, ECOLOGICAL consideration would 

help the process and not hampers it. Acc. To Mahatma 

Gandhi “economics was not merely a sense of wealth, 

rather it was also meant to serve a moral and spiritual 

purpose. 

NEHRUVIAN MODEL- This model favors rapid 

economic growth in terms of GDP THROUGH RAPID 

INDUSTRILIZATION TO KEEP PACE WITH THE 

REST OF THE WORLD. THE RESULT OF THIS 

MODEL WAS CREATION OF ENVIRONMENTAL 

PROBLEMS. 

Value based environmental education is one of the 

important strategies for transforming our life styles and 

attitude.  According to UNESCO, evaluating a VALUE 

is advanced educational objectives. Evaluating SKILLS 

AND VALUING does not always occur together. NPE 

1986.1992 emphasized the importance of environmental 

education as follows: - there is paramount need to create 

a consciousness of the environment. It must permeate all 
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ages and all sections of the society; beginning with the 

child. Environment consciousness should inform 

teaching in schools and colleges. These aspects are 

INTEGRATED in the entire educational process. 

2.2.4. The article carrying the title „The Real Riddle: 

How safe is my home?‟ By Teri Karush Rogers depicted 

light on the main proposing element of sustainable 

progress at the local level (regional), that there is a 

growing urgency that global warming be understood at a 

local level, right down to the block. Most urban planning 

and environmental groups have just begun grappling 

with how to protect the city‟s property from climate 

change. 

III. MATERIALS AND METHODS 

3.1. Now the present theme goes around the main 

suggestive view „ROLE OF SOCIAL 

ENVIRONMENT IN IMPLANTING „BEHAVIOR 

PATTERN‟. 

Ecological theory is another name of ECOLOGICAL 

PSYCHOLOGY as raised by the eminent scientist 

„BARKER‟. So before starting the GENERALIZATION 

of this theory in S.D. we are putting stress on some 

questions to know about the relative worth of this 

PROPOSED THEORY. Here is the need to understand 

the „COLLECTIVE PATTERN OF BEHAVIOR as 

indicated by the Barker. 

According to Barker‟s ECOLOGICAL THEORY, the 

Collective Pattern of Behavior carried the interaction 

effects of below mentioned 4 factors: - (Singh, Sewani, 

& Aggrewal) 

B=P x S x I 

HERE the short form stands for the below mentioned 

meaning: - 

B- BEHAVIOUR 

P- PHYSICAL ENVIRONMENMNT. (Always stable or 

constant) 

S- SOCIAL ENVIRONMENT. 

(TRANSFORMATIVE) 

I- INDIVIDUAL CHARACTERISTIC. 

INTERACTION RESULT- But the situation will turn 

to change when he makes its interaction with social 

environment, Physical Environment. Society has a 

changing pattern, due to passage of time; it goes on 

changing with its social environment too. 

BARKER has done numerous experiments with Walm, 

Kayarns, Wicker and other psychologists that changes in 

SOCIAL environment of any person bring changed in 

their behavior.  Due to this reason, we find changes in 

“Pattern of Behavior” among south Indians, Bengalis, 

and Punjabis etc. 

3.2. Social Environment 

-Social environment is a combined set of Social Culture, 

Traditions, Beliefs and Values as prescribed by the 

society. It has a deep connection with human nature and 

their Pattern of Behavior. 

-With the change in our environment, our behavior too 

changed i.e., the nature of child in playground found 

completely changed at home. 

- The main aim of Barker‟s ENVIRONMENTAL 

PSYCHOLOGY is to study the effects of 

ENVIRONMENT ON HUMAN BEHAVIOR. So, this 

theory demands for “BEHAVIOR STTINGS” and the 

same theory can be best used for finding out the solution 

of „HUMAN WELFARE‟ like how to develop Mega-

cities, how to set water system in that area, condition of 

post offices, public facilities –like hospitals etc. how to 

develop road in that area, transport facilities etc. 

- Acc. To their specific views, the formulating designing 

and evaluation of ENVIRONMENTAL PROJECTS 

should be based on ENVIRONMENTAL 

PSYCHOLOGY. (Singh, Sewani, & Aggrewal) 

3.3 Research Gap 

There are specifically three types of Environmental 

Ethics: - 

 DEVELOPMENT ETHICS. -It is based on 

materialistic progress that our actions and energies 

are best harnessed in creation work. 

 PRESERVATION ETHICS. - Some preservationists 

have almost religious beliefs regarding nature, 

respect the right of all creatures to live, aesthetic or 

recreational. 

 EQUILIBRIUM ETHICS. - It is related to the 

SCIENTIFIC PRESERVATIONALIST view. It 

recognizes the desirability of decent living standard, 

but it works towards a balance of resources use and 

resources availability. This ethic stresses a balance 

between Total Development and Absolute 

preservation. 

It further stresses that rapid and uncontrolled growth in 

population and economics is self- defeating in the long 

run. To learn to regard spontaneously fire, air, water, 

land and the entire universe permeated with the universal 

spirit i.e., TRUE LEARNING. (R.N. Tagore, Siksha 

Samasya, Siksha,1342, B.S., ad, P.53) 

so accordingly, we are in the conceptual phase that how 

we can propose these changes with the well- defined 

measures of „practicability‟ in the main stream of 

education at the very basic root level of education. So 

here are some suggestions for the best implementation of 

this proposed section research work: - 

 Integration- the concept of environment must be 

used as a basic root approach, at all the levels of 

education. 

 Practicability- the element of Practicability should 

be used as a teaching and learning strategies. All the 

subject must be reflected carrying the Different 

aspects of environment as a LIVING STIMULI in all 

subjects. 
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 Behavior – values are left- the new generation fails 

to understand the concept and power of cooperation, 

sympathy, truthfulness, and other universal values 

etc. as they are unaware about their enriched culture 

and civilization. 

 Environmental Ethics- Equilibrium ethics, a stage 

of perfect balancement in mind regarding their 

aspirations and responsibilities, the source of which 

are only social values. 

Because the Economic Development (Economic 

Behavior) of peoples makes them habitual of capturing 

economic power, this is the point of misbalancing which 

need to be correct as it creates lots of serious problems 

with many faces like poverty, hinder redistribution of 

wealth, wastage of environmental property, non-

realization of their social duties towards nature, lack of 

Social Development. So here we are going to introduce a 

“Balanced Sustainable Development” model with the 

aspiring agent of “Social Value System” as a life 

force. 

IV. CONCLUSION 

Prioritization of aesthetics in and through environment 

education is the need of the hour. The crisis arising out 

of environment hazards is, indeed, the crisis of education 

especially in aesthetic values in life and society indicate 

the fact that we are yet to endear our environment from 

where we actually learn and practice the pulsating lesson 

of love, sympathy, kindness, charity, harmony, tolerance 

forbearance. 

V. NEW RECOMMENDATION OF THE 

PAPER 

A reshuffling of our educational plans and programme in 

different education institutions has been required. The 

crisis of modern society and civilization is the crisis of 

values needed for apposite socialization. Environmental 

education for efflorescence of aesthetic consciousness as 

Rabindranath Tagore visualizes in his thoughts and 

experiments on education requires attention fresh. 

Education divorced from nature has brought untold harm 

to young children. The sense of isolation that is 

generated through the separation has caused great evil to 

mankind. The misfortune has beset the world since a 

long time ago. That is why I thought a field had to be 

created which would facilitate contact with the world of 

nature. That is how the institution came to be founded. 

(R.N. Tagore: Vishva Bharti, 1358 B.S. pp 77-78). 

(Chakrabarti, 2007) 

To review the missing paradise of young learners, 

Tagore emphasizes on Environment as the sole aesthetic 

foundation of humane development. The flowers and 

foliages, the leaves and fruits –all have a distinctive 

bearing on molding the emotional and aesthetic 

developments of every learner in their uses in diverse 

forms in function and festivals. 

REFERENCES 

1. Chilana M. R, Dewan M.R. The Human Values: a task 

for all, India, 1998, p-69-75. 

2. Balasati, Shrimati. Environment Education, Agarwal 

publication, Agra, 2008. 

3. Singh, Dr. Rampal. Sewani, Prof. Ashok & Aggrewal, 

Dr. V.P. Environmental Psychology, Agarwal 

Publivation, Agra,  p-27-29.  

4. Nasrin, Dr. Education, Environment and Society, APH 

Publication corporation, New Delhi, 2008, p-169,173. 

5. Chakrabarti, Mohit. Modern Issues in Education, 

Kanishka Publication, New Delhi, 2007, p-42-50. 

6. Voronkova, V. Metelenko, N. Nikitenko V. and Silina I. 

(Institute of Zaporizhzhia National University 

(Zaporizhzhia, Ukraine)). UDC 502.171 DOI Russia. 

7. Dockry, Michael J. Hall, Katherine. Van William. Lopik 

& Caldwell, Christopher M. Received: 2 October 2014 / 

Accepted: 10 April 2015 / Published online: 25 April 

2015. 

8. Saving Our Fragile Planet, All India Pingalwara 

Charitable Society (Regd), Tehsilpura G.T. Road, 

Amritsar, 2017, p- 74-76 



69 

Studies on Application of Spent Wash as a 

Nutrient for Agriculture Waste Composting 
 

Shubham Shankar Magdum
1*

, Gopal M. Bhosale
2 

1
M.Tech PG Student, Department of Civil Engineering, Walchand College Engineering, Maharashtra, India 

2
Assistant Professor, Walchand College Engineering, Maharashtra, India 

*Corresponding Author: smagdum99@gmail.com 

Abstract. Due to high organic loading rates, several chemicals in distillery spent wash have high B.O.D. and C.O.D. values. The 

cost of treating and disposing of spent wash is expensive. Hence Composting is one of the most effective methods for achieving 

this. Sugarcane farms agricultural waste is used as a raw material. The goal of this study is to figure out how to compost 

agricultural waste utilizing aerobic and windrow composting techniques. Pits should be 3m long, 1.5m wide and 1m high for 

aerobic composting, and 3m long, 1.5m wide, and 1.2m high for windrow composting (Composting, W.H.O Book). Turning should 

be done on the 5th, 17th, and 30th days of the interval for aerobic composting. For windrow composting, it should be provided 

after 2-4 weeks. To decompose the agricultural waste cow dung and spent wash were utilized as a media. The study research 

indicates that it should be cost-effective. The quality of nitrogen, phosphorus, potassium and the mass of carbon to nitrogen ratio 

(C/N ratio) were analyzed. The parametric values, such as nitrogen 0.8 percent, phosphorous 0.4 percent, potassium 0.4 percent, 

and C/N ratio = 20 to 30, are all within acceptable ranges, and the results show that the compost is ideal for plant growth. 

Index Terms: Spent wash, Nutrient , Cowdung, Agricultural waste 

 

I. INTRODUCTION 


Composting is the natural process of microorganisms 

rotting or decomposing organic materials under 

controlled conditions. After composting, raw organic 

resources such as crop leftovers, animal wastes, and 

eligible industrial wastes improve their potential for use 

as a fertilizing resource in the soil. Because the spent 

wash is acidic and contains several organic and inorganic 

salts, it has a high EC. The waste wash contains a lot of 

plant nutrients and organic material because it is made 

from plants. Excessive amounts of nitrogen, phosphate, 

and potassium are also available. As a result, it can be 

used as a soil supplement as well as a source of plant 

nutrients. The main purpose of this article is to increase 

the use of composting systems on farms, with the 

awareness that expanding their popularity is vital to 

enhance manure disposal while simultaneously 

protecting the environment. 

Some information has been published on uses of spent 

wash, other information was found on how it effect on 

environment effect and soil fertility. 

Susheel Kumar Sindhu et al., (2007) The potential 

benefit and issues related with the use of spent wash in 

Rampur District were investigated, as well as the 

environmental consequences. While spent wash 

treatment at larger doses (> 250 m3 / ha) is found to be 

deleterious to crop growth and soil fertility, it is found to 

significantly boost germination, growth, and yield of dry 
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land crops when used at lower doses (125 m3 /ha). 

Furthermore, under dry land circumstances, a 

combination of spent wash and organic amendments 

(farm yard manure, green leaf manure, and bio- compost) 

has been found to be effective. 

Sarika Goel et al., (2017) India is the world's largest 

producer and user of sugar. This distillery produces a 

large amount of spent wash, which is disposed of in 

water bodies and on land, causing a variety of 

environmental issues. To overcome this, the spent wash 

can be used in agriculture as a source of irrigation, 

fertilizers, and manure. If utilised after sufficient 

dilution, spent wash can improve crop productivity in 

agriculture. The purpose of this study was to see how 

irrigation affected different soil qualities. 

Radha Jain & S. Srivastava , (2012) The nutrient 

composition of spent wash was investigated, as well as 

the effect of its application on sugarcane growth and 

biochemical characteristics. Essential nutrients (P, S, Fe, 

Mn, Zn, Cu) were found in higher amounts in wasted 

wash. Higher doses of wasted wash, on the other hand, 

significantly reduced these parameters, with the 

exception of peroxidase. The results showed that a low 

rate of wasted wash has a stimulatory effect on root and 

shoot growth, while a higher dose of spent wash has an 

inhibitory effect. As a result, smart application of spent 

wash will boost crop growth while also reducing 

pollution. 

M. S. Soundariya et al., (2017) Spentwash is a highly 

concentrated liquid waste produced by distilleries. Due 

to its high nutrient content, many farmers use this 

wastewater as a 
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liquid fertiliser. However, the salts and nutrients in the 

effluent leak into ground water as a result of continual 

spentwash irrigation, posing an environmental problem. 

To monitor groundwater leaching, piezometers were put 

in farmers fields at a depth of 0.5 m in both spentwash 

applied and control fields, and leachates were collected 

on the 30, 60, 90, and 120th days following spentwash 

application.  The results showed that the leachate's EC 

and salt content grew at first on the 30th day, then 

reduced on the 60th day. To avoid groundwater 

contamination with nitrate, salts, and other hazardous 

ions, spentwash must be applied carefully according on 

crop requirements and soil fertility state. 

Shivarajkumar M. Kamble et al., (2017) The distillery 

spent wash has a high percentage of organic load. 

However, they are difficult and expensive to treat. 

Pollution  prevention focuses on lowering the volume or 

toxicity of hazardous wastes through water recycling and 

reuse, whereas waste minimization focuses on reducing 

the  volume or toxicity of hazardous wastes.  Distillery 

spentwash is frequently applied on land for the sake of 

water pollution management and agricultural production. 

As a result, applying spentwash as irrigation water to the 

land in  a controlled method aids in restoring and 

maintaining soil fertility, increasing soil microflora, and 

improving the physical and chemical properties of the 

soil, all of which contribute to the soil's improved water 

retaining capacity. 

II. RAW MATERIALS 

2.1 Agricultural Waste (Leaves of sugarcane) 

We will have to use agro-waste material to boost the 

carbonaceous proportion of the composting. In general, 

agro-waste is produced by layers of 20cm in height in 

Aerobic composting, while windrow composting 

produces layers of 30-40 cm in height in each layer. 

Shredding machines were used to shred the leaves into 

little 4-6 cm pieces. The time it takes to decompose a 

material decreases as particle size decreases. 

 

Figure 1. Shredded agrowaste matrerial 

2.2 Green Leaves 

A chopper was used to chop the green leaves into little 4-

6 cm pieces. It supported the soft bedding and permitted 

excess water to drain to the bottom of the bin. During the 

composting process, green leaves increase the 

nitrogenous material. Maintaining the C/N ratio is 

beneficial. 

 

Figure 2. Chopped geewn leaves 

III. EXPERIMENTAL PROCEDURE 

3.1 Plastic Coating 

As can be observed, distillery waste wash collected from 

the sugar industry has higher COD and BOD values than 

typical ranges of values. To prevent having an adverse 

effect on soil fertility. We need to apply a plastic coating 

material on the ground before we can start the field 

operation. 

 

Figure 1. Palstic Coating Material 

3.2 Preparation of bedding 

The bin's bottommost layer is made up of agro-waste 

leaves collected from the sugarcane farm. These are 

crushed into small pieces using a shredding machine. 

After that, put a layer of green leaves on top. They are 

chopped with a chopper, which serves as a drainage 

media as well as a support for the upper layer. For 

Aerobic composting, a 20 cm thick layer should be 

provided, whereas for windrow, a 30-40 cm thick layer 

should be provided. 
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Figure 4. Bottom layer of agrowaste 

3.3 Monitoring 

Bin monitoring involves keeping an eye on  moisture 

content fluctuations and keeping the bin temperature. In 

all configurations, spent wash was utilized as a nutrient 

at the start of the experiment. Experimental bins were 

watered. As a result, effluent was put to the Experimental 

bins after a three-day delay. To maintain a moisture level 

of 50-60%, 10-12 litres of water were placed into each 

pit every day. 

3.4 Sampling 

To collect samples for analysis, composite sampling was 

used. Different places were chosen in a container, and 

samples were taken with a sampling tube. The quartering 

method was used to get a representative sample from the 

mixture. Each time, 5-10gm of sample was extracted 

from each bin. 

3.5 Turning 

Turning should be done on the 5
th

, 17
th

, 30
th

 days & 

continuously interval for aerobic composting. For 

windrow composting, it should be provided after 2-4 

weeks. The Equipment cum tool used for turning are 

shown in fig. below, 

 

Figure 5 Equipment cum tool used for turning 

 

 

IV. DIMENSIONS 

4.1 Schematic Diagrams of Aerobic compostingpit 

 

 

Figure 6 Schematic Diagrams of Aerobic composting 

pit 

4.2 Schematic Diagrams of windorw composting pit 

 

Figure 7 Schematic Diagrams of windorw composting 

pit 

V. RESULTS AND DISCUSSION 

5.1 Characteristic of Agro-waste and green leaves 

The material which are used as raw material i.e. Agro-

waste as a carbonaceous part and Green leaves as a 

nitrogenous part were characterized. The parametric 

values should be obtained as, 

Table 1 Characteristics of agricultural waste 

Parameters Agro-waste Green 

pH 6.7 6.17 

EC (mS/cm) 3.9 3.05 

Moisture 15 56.7 

Carbon (%) 60 35.7 

Nitrogen (%) 0.17 0.35 

5.2 Characteristic of spent wash 

The analysis reveals that the physicochemical parameters 

of PTDE (primary treated distillery effluent) contain a 

considerable load of pollutants. The effluent was a 

reddish brown colour. The samples had an alcoholic 

odour. PTDE has very high B.O.D (70,000-90,000 

mg/lit) and C.O.D 
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(1,50,000-2,00,000 mg/lit) ranges due to high organic 

loading rates in spent wash. Because it's tough to test on 

a laboratory scale. To test these samples on laboratory 

scales Depends on B.O.D ranges spent wash is diluted to 

dilution factors of 75 and 100 (Reference by Metcalf and 

Eddy, Table no. 3.4). 

Table 2 Characteristic of spent wash (D.F=75) 

Parameters Characteristics 

pH 7.4 

BOD3 at 27°C 6554.70 mg/l 

COD 7680.68 mg/l 

TKN 3.57 % 

EC 3.05 mS/cm 

Hardness 990 

DO 3.67 mg/l 

P 5.68 % 

K 11.57 % 

Table 3 Characteristic of spent wash (D.F=100) 

Parameters Characteristics 

pH 7.8 

BOD3 at 27°C 3341.78 mg/l 

COD 4352.67 mg/l 

TKN 2.98 % 

EC 2.97 MS/cm 

Hardness 946.20 

DO 3.98 mg/l 

P 4.86 % 

K 9.52 % 

The results demonstrated a great deal of variation at 

various effluent dilution levels. PTDE (Primary Treated 

Distillery Effluent) has the highest values for all 

physicochemical characteristics. All of the numbers 

decreased as dilution increased, except dissolved oxygen 

increased. 

5.3 Results Obtained at Turnings 

After the 1
st
 turning of composting pits (For Spent wash 

as a nutrient) the initial results of parameters are obtained 

are as below shown in table, 

Table 4 Results obtained at 1
st
 turn initial phase 

Parameters S1 S2 

pH 7.5 7.46 

EC (mS/cm) 3.18 3.05 

M.C (%) 56.45 57.13 

TKN(%) 0.78 0.75 

Total P(%) 0.53 0.51 

Total K(%) 0.49 0.43 

TOC(%) 21 23 

C/N 26.92 30.66 

Where, 

S1- Use of Spent wash as a nutrient for Aerobic 

composting pit. 

S2- Use of Spent wash as a nutrient for Windrow 

composting pit. 

After the turnings 2
nd

, 3
rd

, 4
th
, 5

th
 & 6

th
 of composting 

pits (For spent wash as a nutrient) at intermediate & final 

phases of result parameters are obtained as below tables 

as, 

Table 4 Results obtained at 2
nd

 turn initial phase 

Parameters S1 S2 

pH 7.35 7.12 

EC (mS/cm) 3.43 3.95 

M.C (%) 52.24 52.38 

TKN(%) 0.79 0.78 

Total P(%) 0.55 0.53 

Total K(%) 0.49 0.45 

TOC(%) 18.20 20.05 

C/N 23.03 25.70 

 

Table 6 Results obtained at 3
rd

 turn Intermediate 

phase 

Parameters S1 S2 

pH 7.09 6.94 

EC (mS/cm) 3.99 4.07 

M.C (%) 50.92 50.13 

TKN(%) 0.85 0.84 

Total P(%) 0.57 0.54 

Total K(%) 0.52 0.46 

TOC(%) 20.03 20.11 

C/N 22.50 22.85 

 

Table 7 Results obtained at 4
th

 turn Intermediate 

phase 

Parameters S1 S2 

pH 7.03 6.92 

EC (mS/cm) 4.02 4.08 

M.C (%) 55.89 56.85 

TKN(%) 0.85 0.84 

Total P(%) 0.57 0.54 

Total K(%) 0.55 0.50 

TOC(%) 20.07 19.61 

C/N 22.50 22.85 
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Table 8 Results obtained at  5
th

 turn Final phase 

Parameters S1 S2 

pH 6.99 7.00 

EC (mS/cm) 4.04 4.02 

M.C (%) 52.30 51.90 

TKN(%) 0.89 0.87 

Total P(%) 0.59 0.57 

Total K(%) 0.58 0.54 

TOC(%) 19.32 19.24 

C/N 23.00 22.90 

 

Table 9 Results obtained at  6
th

 turn Final phase 

Parameters S1 S2 

pH 7.00 6.94 

EC (mS/cm) 4.03 4.08 

M.C (%) 55.89 54.85 

TKN(%) 0.93 0.91 

Total P(%) 0.64 0.61 

Total K(%) 0.61 0.56 

TOC(%) 19.21 19.18 

C/N 22.08 22.30 

At final stage of phase the results of the all parameter 

values viz. pH, EC, Moisture Content, TKN, P, K & C/N 

ratio are lies within the limits as per FCO guidelines. 

5.4 Graphs 

Also pH, electrical conductivity, moisture content, TOC, 

nitrogen, phosphorous, potassium & C/N ratio 

parameters of composting were studied. Graphical 

representation is shown below, 

 

Figure 8 Variation in pH 

pH was monitored for all setups as per interval of turning 

respectively. It was observed that pH at starting phase 

was high and as process was moving ahead pH was 

decreasing upto 7 to 6.6 for all combinations. At Initial 

phases high ranges of pH values was due to 

neutralization of organic acids. 

 

Figure 9 Variation in Electrical Conductivity 

Electrical conductivity in compost indicates amount of 

salts in compost. This salt causes salinity and toxicity to 

plants due to application of compost of higher electrical 

conductivity. Electrical conductivity was observed for all 

setup to be low and within the range. As the process 

moved ahead Electrical Conductivity increased due to 

loss of matter and release of mineral salts in available 

form. 

 

Figure 10 Variation in Moisture Content 

Moisture content was used as a control parameter in this 

overall process of composting. Moisture content is 

important for survival and growth of micro-organisms. It 

was maintained at 50-60%. 10-12 litres of water was 

added in each pit after every 3 days. Watering was 

stopped when parameters C, N, P, K remained to be 

constant. 

 

Figure 11 Variation in T. K. N 

Nitrogen content is high in green leaves (grass) and low 

in dry leaves. Also its present in an wastewater which are 

used as an nutrients during composting processes. 

Nitrogen is important because it contains enzymes, co-
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enzymes, proteins, amino acids and nucleic acids 

required for growth of microbial cells. In all setups 

where spent-wash used as an nutrient it shows higher 

ranging values of nitogen content as that of municipal 

wastewater as an nutrient. 

 

Figure 12 Variation in Phosphorous 

Phosphorous is important component required for 

acculumation and release of energy related to root and 

seed formation, crop growth and to enhance the crop 

production in agriculture. Determination of phosphorous 

in compost is essential for providing proper amount of 

nutrients for health and growth of plants. Phosphorous in 

compost is observed to be increased throughout the 

composting process and it is analyzed in Phosphorous 

Pentoxide form (P2O5). 

Observation for all setups were in spent-wash used as an 

nutrient showed higher increase in phosphorous ranges. 

All setups had phosphorous more than 0.4%, according 

to FCO standards (1985) it was within the range. 

 

Figure 13 Variation in Potassium 

Potassium plays an important role as a plant nutrient for 

proper growth of plants. Potassium affects size, shape, 

color, taste and health of plants. Potassium (K) in 

compost is observed to increase throughout the 

composting process and is analyzed for its K2O form. 

Potassium was increasing in all pits, which seen that 

graph it shows that where spent-wash used as an nutrient  

having high ranging values. 

 

Figure 14 Variation in T.O.C 

TOC indicates organic or biodegradable content in 

compost. TOC at beginning of maturation is high and 

reduces.  TOC in mature compost should be more than 

12% according to FCO standards (1985), for its land 

application. For the work conducted, all setups showed 

decrease in initial phases onwards it showed constant 

ranging values between 19%. TOC showed within the 

ranging values for all setups. 

 

Figure 15 Variation in C/N Ratio 

Nutrients like C, N, P and K are maintained to 

breakdown of organic matter and obtain energy. Among 

this nutrients C and N are important because C is source 

of energy for microbes and nitrogen is required for 

building the cell structure of microbes. Lower C/N ratio 

results in decrease in microbial growth, leading to slower 

decomposition of carbon and whereas excess amount of 

C/N results in volatiization of ammonia gas. Carbon is 

lost in form of CO2 after its oxidation and nitrogen 

increase during composting. It is observed that bulking 

agents such as dry leaves can be use to enhance C/N ratio 

and porosity of the compost. Completely matured 

compost indicates lower C/N ratio. 

C/N ratio was seen in decreasing order in all setups. All 

setup showed the result which were within the range of 

20 to 30, according to FCO standards (1985). 
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Table 10 Comparison of qualities result obtained at 

composting site with compost available in market 

Parameters S1 S2 L1 

pH 7.00 6.94 7.62 

EC (mS/cm) 4.03 4.08 3.34 

M.C (%) 55.89 54.85 27.45 

TKN(%) 0.93 0.91 0.91 

Total P(%) 0.64 0.61 0.49 

Total K(%) 0.61 0.56 0.43 

TOC(%) 19.21 19.18 17.25 

C/N 22.08 22.30 18.95 

Where, L1 = Compost Available in Local Market. 

For the comparison purpose we have taken a compost 

available in local market. The aim of study is to compare 

quality and cost of that product on site and available in  

local market were analyzes. 

VI. DISCUSSION 

The soil is the primary source of the necessary elements, 

which are absorbed and accumulated in the bodies of 

vascular plants before being made available to the 

ecosystem's other living organisms. Because of the lack 

of supply of these elements in croplands nitrogen, 

phosphorus, and potassium are added as fertilisers. The 

difference between a natural and a man-made ecosystem 

is that in the former, the soil nutrient status is maintained 

through natural biogeochemical cycling, whereas in the 

latter, a significant proportion of the soil nutrients 

removed by the plants does not reach the crop field. So 

that Chemical fertilisers, organic manure, and spent wash 

irrigation are used to keep the soil's nutritional status at a 

suitably high level for a productive yield. 

VII. CONCLUSION 

We can conclude from the findings that it can transform 

a large volume of garbage in a shorter amount of time. 

Also whatever results are obtained their it shows finally 

good with having N= 0.75 to 1%, P=0.3 to 0.75 percent, 

and K=0.3 to 0.75 percent are inferior product. Even 

production costs are lower than the compost purchased 

from a local store. 

The compost purchased from a local store obtained at 

cost 185 rupees per kilogram, whereas compost made on 

site gets obtained at costs of 121 rupees per kilogram. 

The compost which are prepared on site shows dark 

brown to black in colour and has no bad odour. Also 

Minimum 60% of material should passed through 4 mm 

IS Sieve. 
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Abstract. Major accidents caused by pipelines, such as explosions, deterioration can be harmful to the population's safety, public 

health and environment. Therefore, wide attention in preserving pipeline assets is needed to derive risk assessment of the pipelines 

from the accidents. This paper proposes a pipeline risk assessment method of space and visualisation focused on the existing state 

of gas pipeline risk assessment using an annotative geographical information system (GIS)-based approach to improve the 

administrative level of pipeline protection among the human physical area. This study aims to identify the losses of pipeline 

damage, calculate its losses in physical and monetary terms, and validate the calculated losses and its risk indexes with previous 

work. The calculation of overall consequences losses focuses on specifically Production Loss (PL), Asset Loss (AL), Human 

Health and Safety Loss (HHSL), Environment Loss (EL), Public Loss (PubL) and Reputation Loss (RL). An urban area of Bukit 

Istana is chosen for stimulation and to be investigated. As a result, the consequences loss assessment is produced and shown in the 

monetary unit. Assessment of hazard- affected bodies around the pipeline in Bukit Istana are also identified through spatial analysis 

and been visualized. This paper concludes by introducing the application of the environmental risk management method under the 

influence of the risk estimation system, obtaining the spatial distribution impact of environmental risk visualisation, and providing 

policymakers with a consistent decision basis. 

Index Terms: Risk assessment, Pipeline, Consequences, GIS, Inspection 

 

I. INTRODUCTION 


The safety of oil and gas infrastructure from 

uncertainties risk leads to critical to quality, health and 

safe human environment. For example, a recent accident 

event in January 2014 involved one of the PETRONAS 

Sabah- Sarawak interstate gas pipelines. The fiery blast 

at about 2 a.m. has ripped apart a section of the pipeline 

located between Lawas town and Long Sukang in the 

northernmost district of Sarawak. The explosion's impact 

has caused a temporary shutdown of the 4 billion 

Malaysia Ringgit (MYR) PETRONAS project. 

Fortunately, evacuation of nearby villagers was 

immediately taken in action resulting in no fatalities 

were involved. Therefore, it is imperative to identify the 

risks and their impacts to provide possible risk reduction 

measures through a quantitative risk analysis (QRA) [1]. 

A number of attempts that involve identifying and 

comprehensive assessment of significant risk 

contributors can be made and achieved by using 

appropriate risk assessment techniques and implementing 

risk control measures [2] however, although 

comprehensive implementation of various QRA in many 

industries, application on risk assessment for the pipeline 
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in oil and gas industry especially on representing local 

loss factors is considered less popular as it involves 

complex and time-consuming analysis [3]. 

The research aims to integrate a local risk consequences 

assessment model for underground gas pipeline damage 

with GIS. By coupling with GIS, it helps to map and 

identify consequences losses then calculate the identified 

losses caused by pipeline damage in the GIS 

environment. For the result validation, the calculated 

categorised losses will be validated by comparing with 

previous works. In this research, there are six (6) 

categories of identified losses which consist of 

Production Loss (PL), Reputation Loss (RL), Human 

Health and Safety Loss (HHSL), Asset Loss (AL), Public 

Loss (Publ) And Environmental Loss (EL). Therefore, 

the potential of GIS technology in safety measure 

management in the oil and gas industry, mainly to keep 

pipeline assets safe for the environment and public, is 

possible to perform. Thus, the integration of GIS 

technology and risk modelling for gas pipeline networks 

is worthwhile to be proposed and learnt, which these 

models may be effectively applied to natural gas pipeline 

safety and management [4]. 

1.1 Problem Statement 

Throughout the years, many efforts in risk assessment of 

pipelines for the oil and gas industry have highlighted the 

relevance of analysing hazard-affected bodies that result 

in pipeline failure. Therefore, it plays a significant role in 

http://doi.org/10.36647/978-93-92106-02-6.15
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improving the high-level decisions subjected to potential 

events that occurred. With the use of current practices 

and available standards, it can be said that the safety of 

oil and gas production is not guaranteed. The 

implementation is not uniform depending on each 

location of the pipelines, and therefore, they cannot be 

fully utilised and optimised. This is because the earth 

surface is irregular in every place. For example, the 

topography or local terrain on each pipeline route in the 

urban area cannot be compared to those in rural areas. 

This will create inaccurate analysis in terms of the 

environmental and public safety due to the pipeline 

damage. 

One of the limitations of previous works is that risk 

assessment of spatial features or hazard-affected bodies 

due to pipeline deterioration is too general and simple. 

For example, risk assessment of urban gas pipeline 

results from Hanafiah [15] shows that some local factors 

were neglected and not considered in the existing risk 

assessment guidelines. The author also added that lack of 

consideration on the neglected local factors would not 

represent the actual world situation, affecting the 

decision in the end. On the other hand, most recent 

research focuses on the underlying specifications of gas 

pipelines, despite focusing on financially estimating the 

risk and neglected environmental factors. Furthermore, 

since most experiments lack a visualisation output, 

extracting the spatial pattern of risk distributions could 

be impractical, making it difficult for managers to make 

appropriate decisions in sensitive circumstances [5]. 

Therefore, the needs of spatial distribution visualisation 

of hazard-affected bodies are needed. 

1.2 Significant study 

Along with the industrial revolution 4.0, the terms of 

digital terms is commonly heard in nowadays era. 

Therefore, special software should be embedded to 

gather real-time data from all related agencies to make 

decisions quickly and efficiently. Around the world, oil 

and gas companies are implementing GIS technology as 

a solution to help them map, monitor and analyse the 

physical spatial data of their assets. Spatial technology 

solutions can simplify everything from mapping fixed 

assets like pipelines and their surroundings to developing 

and implementing an emergency response program. In 

other words, in the event of an emergence of a natural 

disaster and its spatial information are essential to risk 

assessment and management, and with the aid of GIS, it 

dramatically improves natural hazard analysis [6]. Thus, 

less human intervention is needed in conducting the in-

situ inspection of the gas pipeline. Furthermore, 

combining qualitative and quantitative risk assessment 

analysis with GIS knowledge creates a 'one-ness' system 

that covers the whole operation such as survey, 

installation, seismic survey up to maintenance, and 

remote monitoring system. 

Therefore, by introducing pipeline GIS technology and 

use its efficient spatial data management, query, and 

visualisation capability to hold vast analytical data in the 

system. It allows obtaining a meaningful global risk 

assessment for a country based on charts that provide 

pipeline risk analysis and assessment and pipeline risk 

distribution and risk level [7]. The implementation and 

integration of pipeline risk management are significantly 

aided as an outcome of this. On this basis, the risks posed 

by pipeline to different nearby hazard-affected bodies 

can be further evaluated and expressed. The detailed 

environmental risk, as well as its spatial distribution 

characteristics, can then be found. It can also help 

relevant agencies and corporations with pipeline 

management and construction planning decisions more 

scientifically. 

1.3 Scope of study 

According to recorded data from a previous study, there 

are high corrosion activities in the Bukit Istana which is 

suitable to perform risk assessment in the event of 

pipeline explosion. Bukit Istana area is selected due to 

high human activities in high consequences (HCA). 

Therefore, it is suitable to indicate the losses involved in 

a place where there is a highly-populated area. 

 

Figure 1 A snapshot of Bukit Istana area (Urban) [8] 

The model uses the input parameters, divided into two 

categories: spatial and non-spatial data. Spatial data or 

geographic features will be accumulated into each 

feature class in this GIS system software, such as area 

topography, vegetations, features of local manufactured 

and natural landscapes within the high consequence area 

are pre-processed and digitised in mapping software. For 

non-geospatial data, in this research, details of risk 

severity matrices and assessments existing hazard 

assessments that focus on estimation of damage losses in 

the monetary unit due to pipeline failure are also 

considered. 

The damage losses are well-defined and categorised, 

including its consequences of failure value in a monetary 

unit, including assets, production, environmental, and 

reputation. The distribution of population within the 

high-risk area is also included to estimate human health 

and safety damage. The software that will be used in this 

research is ArcGIS Pro version 1.2 software. Qualitative 

judgments from the experts using the Delphi method and 

validation survey from the previous study will be applied 

in the final stage to verify and validate the models with 

the aid of the outcome risk maps. Therefore, an 
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understanding of GIS components and specifications is 

required for the development of a database. 

II. LITERATURE REVIEW 

Risk analysis of urban natural gas pipeline networks has 

been the subject in several research. During early 2000s’, 

the investigation of the risk posed by a high-pressure 

pipeline rupture was done where hazard distances were 

established in that study to range from 20m for low-

pressure pipelines with small diameters to 300m for 

high-pressure pipes with big diameters [9]. A 

quantitative approach to risk analysis, including fatal 

length and cumulative fatal length parameters where the 

individual and social risks were the outcomes of their 

efforts [10]. Jo and Ahn [11] proposed a new method for 

quantitative risk analysis, which they tested on a pipeline 

with a diameter of one metre and a pressure of 50 bar at a 

depth of 130 cm from the ground. They employed 

pipeline geometry and population density in their 

investigation. 

A comparison of quantitative and qualitative risk 

assessments was conducted and executed on small and 

large urban locations. Many consequences are considered 

in the quantitative approach, resulting in a high precision 

outcome, whereas many causes for failure are considered 

in the qualitative technique, resulting in a more effective 

output [12]. A new technique of assessing quantitative 

risk for urban natural gas pipeline networks based on 

pipeline section grid differences (GDPSs) was then 

focused to create relationship between pipelines and 

stations, they employed graph principles. First, a number 

was assigned to each location in the region as individual 

risk, and then contour lines were produced using 

ArcGIS. According to the findings, more pipelines 

generate more danger, shown by contour lines [13]. 

Then, by integrating geographic information systems, 

they provided a unique approach for quantitative risk 

assessment for urban gas pipeline networks. The 

computation of failure rate, the quantitative analytical 

model of accident consequences, and the evaluation of 

individual and society hazards are the three aspects of 

this technique. Thus, GIS plays a vital role in improving 

accident management and control. 

A risk assessment for Iran's distribution gas network was 

conducted in 2014. In the same way as Jo and Ahn 

[14] focused on the consequences of jet fire and 

explosion, they applied the proposed technique to 

estimate the individual and societal risk. 

III. METHODOLOGY 

The research design process is influenced by the research 

strategy, which involves steps from data collection to 

creating risk maps to achieve the purpose and objectives 

of the proposed study. Figure 2 shows the details of the 

research design. 

 

Figure 2 Flowchart of research design. 

The first phase is referred to as plan the strategy 

incorporating the potential use of GIS to conduct a risk 

assessment of underground gas pipeline. The first step 

involves a preliminary study which problem research; the 

research aims to integrate a local risk consequences 

assessment model for gas pipeline damage with GIS, and 

the research objectives are supported and answered with 

literature reviews. Moreover, most of the analogue data 

are derived and obtained from secondary data sources 

through several related works of literature, previous 

research papers, journals, books, official documents and 

maps from related agencies involved. Spatial data or 

Geospatial data representing geographic information 

(with coordinates) of the physical objects on Earth are 

also collected to be transformed and digitised manually 

in the ArcGIS Pro interface. Coordinate system 

conversion is needed due to standardising the whole data 

used in the data frame of the GIS database (WGS84 is 

used). 

Risk assessment procedures are taking into account 

potential hazards and risk sources. Personnel, vehicles, 

residential buildings, land, vegetation, water body, and 

other facilities and properties are among the hazard-

affected bodies [7]. The sensitive risk sources such as 

buildings, schools, and commercial centres in this 

research are identified, placed, and weighted to access 

their relative importance. Since this research is adapted 

from previous work has employed the Aerial Location of 

Hazardous Atmospheres (ALOHA) program, commonly 

in risk assessment, to compute the damaged area or 

thermal radiation zone [15]. Primary inputs of 

parameters are keyed in to produce damage radius for all 

sites. Proximity tools include Buffer Analysis is used in 
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ArcGIS Pro to map and locate the damage radius on each 

inspection site. Consequences loss factors due to pipeline 

explosion are identified by locating the same damage 

radius from previous work in the GIS database. There are 

six (6) categories of identified losses which consist of 

Production Loss (PL), Reputation Loss (RL), Human 

Health and Safety Loss (HHSL), Asset Loss (AL), Public 

Loss (Publ) And Environmental Loss (EL). 

By adopting the models of estimation loss value for each 

category in a monetary unit from previous work, the 

calculate of newly identified losses within damage radius 

in this research can be made. The severity of incidents 

and the vulnerability of the hazard-affected body can be 

analysed using the pipeline database on the GIS 

platform. GIS spatial analyst software can calculate 

quantitative risk and visualise it near-real-time [7]. 

A vulnerability map is produced to visualise the affected 

infrastructures in the high consequences area and 

features due to pipeline explosion for the pre-inspection 

process. With the aid of ArcGIS Pro, the attribute table 

for vulnerable features available within the damage 

radius provides the visualisation of accident severity to 

the analyst for better inspection. Tabulation of vulnerable 

features within the damaged area is also computed, 

allowing categorising each of losses into a detailed 

manner for easy calculation later on. The estimation of 

losses will be evaluated in a monetary unit, and in this 

research, the result will provide in both MYR and USD 

currency. In the validation process, summations of 

estimated loss value will be compared and verified with 

previous work to ensure the reliability of the result. 

IV. RESULT AND DISCUSSIONS 

The author reported in a previous work that the loss 

factors associated with pipeline damage were established 

through an extensive search of recent literature [15]. 

These identifications are confirmed with the assistance of 

oil and gas industry experts and aligned with their 

guidelines. As a result, six (6) loss factors are mentioned 

in the categories, including HHSL, PubL, PL, AL, RL, 

and EL. However, due to insufficient data available at 

this moment, particularly in Bukit Istana site area focuses 

exclusively on all six (6) loss factors associated with the 

damage radius area without taken account of livestock, 

agriculture (e.g. palm oil) and infrastructure (e.g. bridge) 

into the calculation. 

To achieve the study's first objective of identifying and 

categorising local loss elements associated with pipeline 

explosions into an acceptable component of loss within 

the damage radius, it is essential to consider the amount 

of threat impact to the vulnerable. The estimated loss 

values are used to determine how maintenance resources 

should be allocated in the event of pipeline disruption, 

aligning them with the vulnerable infrastructures within a 

1.0km damage radius. The the damage radius was 

calculated subject to pipeline explosion, and then the 

author added, although ALOHA provided modelling for 

a variety of failure models, only damage radius results 

were required [15]. Table 1 shows the calculation and 

description of the damage area radius formed. 

Table 1 Description of damage area calculation 

Software used Basic pipeline inputs Result 

ALOHA version 

5.4.7 – Used to 

calculate the 

thermal radiation 

or threat zone 

radius. 

 diameter of the 

pipeline, 

 material type, 

 operating pressure, 

 operating 

temperature 

 chemical type 

 the atmospheric 

conditions of the 

case study sites 

DA1= 325m 

DA2 = 450m 

DA3 = 675m 

Note: 

Approximately 

damage radius 

used for all sites 

= 1km 

Proximity relationships can be discovered using the tools 

in the Proximity toolset for feature data. These tools 

generate data in the form of buffers or tables. Typically, 

buffers are used to denote protected zones surrounding 

features or to indicate areas of influence. By 

implementing this to the study area, Bukit Istana, the first 

objective of the research can be achieved. In this study, a 

1-km radius buffer represents the pipeline explosion 

impact to map and allocate the losses in the study area 

within the radius, as illustrated in Figure 3 below. 

 

Figure 3 1.0km buffer allows the simulation of the 

pipeline explosion in Bukit Istana area. 

For consequences assessment, ArcGIS Pro provides a 

tabulation of vulnerable features in table form. The 

tabulation of vulnerable features helps to allow sorting 

and giving information of features in a detailed manner, 

such as their types, name of the place, and geometry of 

the features. For Within a 1km radius of HCA in the 

study area, several vulnerable features have been 

identified. Below Table 2 shows identified losses result 

within a 1.0km damage radius. According to Table 2, 

each category loss factor in the monetary unit (MYR) is 

produced. Moreover, the attribute table in the software 

shows the number of loss features in each category 

within a 1.0km damage radius. 
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Table 2 Identified losses result within 1km damage radius for each category. 

 PL AL HHSL EL RL PubL 

Bukit 

Istana 

Customer Fined + 

Opportunity Loss 

Mc + Cc + 

ComC 
(N1∈ DA× VSL) 

+ (Cost of injury 

2 of N2 ∈ DA2) 

+ (Cost of injury 

3 of N3∈ DA3) 

Environmental 

Cleanup cost + 

Remediation cost + 

Environmental act 

fine 

PL, EL, 

HHSL 

Agriculture, 

Transportation and 

public buildings 

 

The assessment of the consequences to be performed 

thoroughly with the aid of a mapping system in ArcGIS 

Pro software, and the overall estimated cost for the losses 

of each category available can be calculated. For 

example, "Residential building" makes up the majority 

of vulnerable losses in the PubL category in study area 

within a 1km damage radius (588), while "Public 

infrastructure" contributes for the least number of 

features (18). Figure 3 shows a detailed pie-chart of 

consequences losses in the percentage form, while Figure 

4 shows the number of losses for each type involved. 

 

 

Figure 3 Percentage of consequences losses in Bukit 

Istana area. 

 

Figure 4 Number of identified with its types in Bukit 

Istana area. 

The calculation for consequences assessment is made to 

estimate the overall cost impact subject to pipeline 

explosion. This analysis is given to address the need and 

requirements in the industry's current risk consequences 

assessment technique, particularly in pipeline gas [15]. 

The final summation of six main categories of losses, 

namely PL, AL, HHSL, EL, PubL and RL, as stated in 

Table 2. For HHSL and PubL category, in the event of 

pipeline failure at day time, less presence of people in 

their home, assuming that one house or public 

infrastructure available within 1.0km damage radius, 

represents one feature on the map. Table 3 shows the 

overall summation of losses in MYR and USD units by 

adapting the Bukit Istana area. Note that the currency 

conversion between MYR and USD is 1MYR equivalent 

to 4.14USD. 

Table 3 Overall summation for all category losses in the monetary unit. 

Type of 

losses 

Equations Value (MYR) Value (USD) 

PL CF + OL 4,350,000 1,050,725 

AL Mc + Cc + ComC 557,000 134,541 

HHSL [{(60 ϵ 300m * 1,104,864) + (10,000 * 46 ϵ 450 m) +(1,000 * 422 ϵ 

670 m) }] 

67,173,840 16,225,565 

EL Environmental Clean-up + Remediation + Environmental act fine 1,150,000 277,778 

PubL Residential Building + Public Building + Single carriageway 32,580,000 7,869,565 

RL 0.4(HHSL) + 0.4(EL) + 0.2(PL) 27,416,536 6,622,352 

 Total 133,227,376 32,180,526 

 

The validation and result comparison are needed to 

ensure the reliability of output models from this research 

to be compared with previous work. In this section, the 

estimation losses value in the monetary unit as discussed 

in the last section has been successfully computed and 

shows differences in both results as expected. Detail and 

description of the differences in overall summation of 

losses in monetary terms is shown in Table 4, and Figure 

5 shows the comparison loss results for both works in the 

percentage form. 

  



Vanessa Ak Seli et al. 

81 

Table 4 Comparison of loss factors estimation values between this study with previous work in Bukit Istana. 

Type of losses Current result Value 

(MYR) 

Hanafiah [15] Value 

(MYR) 

Differences Changes in percentage 

(%) 

PL 4,350,000 4,350,000 0 0 

AL 557,000 557,000 0 0 

HHSL 67,173,840 5,624,320 61,549,520 92 

PubL 32,580,000 16,678,704 15,901,296 49 

EL 1,150,000 1,150,000 0 0 

RL 27,416,536 3,579,728 23,836,808 87 

 

 

Figure 5 Differences between the results in 

percentage form. 

There are significant differences in the overall 

summation of loss factors due to pipeline explosion in 

the monetary unit, as shown in Table 4. A big contrast 

shown by the value of loss estimation for HHSL is that 

previously, some losses features were not taken into 

account in the previous work. Therefore, with the aid of 

ArcGIS Pro, it enables the analyst to visualise the 

"missed" features on the map and, at the same time, less 

time-consuming for in- situ measurement or site 

visitation to be performed (Wang et al., 2013). Based on 

Figure 5, the differences between the two results in terms 

of its estimation loss value in percentage form -for 

HHSL (+92%) while the second-highest value in 

differences in – RL (+87%) This is due to the calculation 

for RL is directly influenced by the value of HHSL, EL 

and PL. It is also expected to have changes in value of 

estimation loss results for other sites because the 

availability of features for each category loss is not 

similar depending on its site location. Therefore, it can 

be concluded that risk assessment of urban and rural 

areas will show different outputs in visualizing the 

vulnerable features in their damage area radius in the 

pipeline explosion. 

V. CONCLUSION 

In conclusion, this proposed research discusses and 

provides a clear explanation of the methodology used for 

the study, starting from the process of risk assessment of 

pipeline failure, which involves data collection, 

processing, design, modelling, estimation of cost 

involved with integrating the development of GIS 

database and with the analysis tools used. Finally, the 

data analysis, visualisation through maps and validation 

of overall risk assessment with integrating GIS tools are 

briefly discussed to show the expected outcome from this 

proposed research. However, due to this current 

situation, some of the data are not available to be 

collected, and alternative ways have been taken to tackle 

the problem according to the best fit of this research. 
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Abstract. Current available methods for water desalination are energy intensive, expensive, and not feasible for small-scale 

applications. As an alternative, hydrogels and hydrogel composites may be utilized both as draw agent and semi-permeable 

membrane to desalinate water via forward osmosis. In this study, a non-toxic, biodegradable, and low-cost hydrogel composite is 

prepared by adding activated carbon (AC) as filler to a 3:1 blend of sodium carboxymethyl cellulose (NaCMC) and hydroxyethyl 

cellulose (HEC), with citric acid as crosslinking agent. A one factor-at-a-time (OFAT) analysis was performed to correlate the 

crosslinker concentration, crosslinking duration, and AC content to the swelling and desalination efficiency of the CMC/HEC/AC 

hydrogel composite. Results showed that the swelling of the hydrogel varies directly with the crosslinking duration but varies 

inversely with the crosslinking concentration. The experiments also showed that the addition of AC as filler significantly improves 

the desalination efficiency of the hydrogel composite; however, it was also observed that efficiency is reduced if the AC content is 

excessive. 

Index Terms: hydrogel, composite, desalination, activated carbon, cellulose 

 

I. INTRODUCTION 


Water desalination is achieved either by thermal 

processes or by membrane separation processes [1]. 

Between the two approaches, thermal processes are the 

most used method for water desalination. However, 

because heat is required to evaporate the saltwater, the 

main disadvantage of these processes is that they are 

energy-intensive; thus, more costly to operate, with 

approximately 55% of the operational costs are from 

evaporation and condensation alone [2]. 

On the other hand, membrane separation processes- such 

as reverse osmosis, ultrafiltration, and membrane 

distillation- can also be costly due to the high mechanical 

energy required as driving force, with 40-45% of the 

total cost being attributed to energy consumption [3]. 

Also, current available membrane filters are expensive 

and highly prone to fouling, making them not viable for 

use in small-scale desalination [4]. Thus, there is a need 

to develop a more economical method of generating 

drinking water on a smaller (i.e., household) scale for 

those residing in areas with easy access to 

seawater/brackish water but limited access to freshwater 

(e.g., small islands, low-income fishing communities). 

One promising approach on small-scale desalination is 

the application of forward osmosis (FO) [5]. FO is a type 

of membrane separation process characterized by the 

                                                           
© 2022 Technoarete Publishers 

Johndel Obra, James Quin Maranan, Denise Faye Lensoco, Terence 
Tumolva. – “Synthesis and Characterization of NaCMC/HEC/ 

Activated Carbon Hydrogel Composites for the Desalination of 

Seawater”, Pg no: 83 – 86. 2022 
doi.org/10.36647/978-93-92106-02-6.16 

diffusion of water across a semi-permeable membrane in 

response to the difference in solute concentration of the 

feed solution and a drawing agent. The drawing agent is 

typically of high osmotic pressure and, thus, draws the 

water to the side of the membrane, which can afterwards 

be recovered by applying heat or pressure stimuli [6]. 

Unlike in reverse osmosis, FO is achieved at lower 

operating pressures and does not require a fluid motive 

device (i.e., pump)- thereby lowering the energy 

requirement and allowing for the use of thinner 

membranes.  

For a low-capacity FO setup, it is desired to choose a 

material to serve as an ideal draw agent that provides a 

high osmotic gradient and substantial water flux [7]. One 

viable option is the use of hydrogels, which are 

superabsorbent, three-dimensional networks of polymer 

chains that are crosslinked by either physical or chemical 

bonds [6]. Depending on the existing hydrophilic groups, 

the hydrogel matrix itself can also serve as the semi-

permeable membrane for salt ions, and water recovery 

from the swollen hydrogels can be accomplished 

repeatedly using light, heat, or pressure stimuli [6]. 

However, in order to address the aforementioned 

challenge, the desalination hydrogel to be used should 

also be non-toxic and inexpensive.  

Bio-based hydrogels from cellulose derivatives such as 

sodium carboxymethyl cellulose (NaCMC) and 

hydroxyethyl cellulose (HEC) are among the potential 

candidates due to their non-toxicity, biodegradability, 

and economic viability [8]. NaCMC is a polyelectrolyte 

that is widely applied in drug delivery systems due to its 

pH-responsiveness and ease in synthesis [9], while HEC 

is another cellulose ether known to have excellent water-

http://doi.org/10.36647/978-93-92106-02-6.16
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retention capability [8]. Based on previous studies, the 

combination of NaCMC and HEC have been shown to 

produce superabsorbent hydrogels [10]. In forming this 

hydrogel blend, citric acid is used as crosslinker since it 

is non-toxic and, thus, suitable for the objective of this 

desalination study [11].  

Aside from the reduction of salt content, the removal of 

pathogens and other micro contaminants is also 

necessary to make the water potable. In a previous study, 

a NaCMC/HEC hydrogel composite was investigated 

using reduced graphene oxide (rGO) nanoparticles as 

filler [12]. However, rGO is very expensive to 

synthesize; therefore, a more viable alternative must be 

identified. One possible candidate is activated carbon 

(AC), which is a widely used adsorbent that is also 

utilized in point-of-use water purification devices 

because of its abundance and low cost [13].  

II. OBJECTIVES 

With the addition of AC filler, the properties of the 

hydrogel blend are expected to be significantly affected. 

Hence, the objective of the study is to synthesize the 

NaCMC/HEC/AC hydrogel composites and determine 

the effects of crosslinking duration, crosslinker 

concentration, and AC particle loading to their swelling 

and desalination behavior. 

III. MATERIALS AND METHODS 

3.1. Materials  

The chemicals used in the synthesis of the hydrogels are 

deionized water, carboxymethyl cellulose powder 

(available as a sodium salt), hydroxyethyl cellulose 

powder, citric acid powder, and activated carbon powder. 

For the characterization of hydrogels, distilled water and 

sodium chloride powder are used.  

3.2. Hydrogel Composite Synthesis 

Figure 1 shows the general schematic procedure for 

synthesizing the hydrogel samples. AC powder was 

added to deionized water at a concentration of 10% 

(w/w) and was heated to 60°C while being stirred 

continuously using a magnetic stirrer. The hydrogel 

matrix was prepared following the 3:1 blend ratio of 

NaCMC-to-HEC. HEC was added to the solution first 

while still being heated to 60°C and while being stirred 

continuously. After the HEC-activated carbon solution 

became homogeneous, NaCMC was added and 

incorporated using an electric stirrer. The resulting 

homogeneous paste was then transferred to a beaker and 

was left to airdry overnight. Then, three replicates per 

samples were prepared in circular observation dishes. 

The samples were then submerged in a 4 M citric acid 

solution half an inch above their height for 3 days to 

allow crosslinking. After crosslinking, the samples were 

immersed in deionized water for 2 days to remove any 

excess crosslinker and paste. Lastly, the hydrogel 

samples were strained and were dried using a convection 

oven at 40°C and 11 hours. Shown below is the image of 

a synthesized hydrogel.  

 

Figure 1. Schematic diagram of the synthesis of 

NaCMC/HEC/AC samples 

3.3. Hydrogel Characterization and Testing 

Table 1 below shows the three-level one-factor-at-a-time 

(OFAT) experimental design implemented by varying 

three parameters- namely, the crosslinking duration (X1), 

crosslinker concentration (X2), and AC filler loading 

(X3). The sampling of hydrogels per trial was done in 

triplicate. 

Table 1 : OFAT experimental design. 

trial X1 (days) X2 (M) X3 (% w/w) 

1 3 4 2.5 

2 2 4 2.5 

3 4 4 2.5 

4 3 3.5 2.5 

5 3 4.5 2.5 

6 3 4 0 

7 3 4 5 

 

After drying, the initial weight (W0) of each hydrogel 

composite sample was measured using a top loading 

balance. Then, the samples were immersed in a prepared 

3.5% (w/v) NaCl solution. Twice a day, the hydrogels 

were strained and were patted with tissue paper until dry 

and then weighed to obtain the swollen weight (Wn). 

From this, the swelling ratio (SR) in percent was 

calculated using the following equation: 

  0

0

% 100%n
n

W W
SR

W


 

    (1) 

To simulate the seawater, a 3.5% (w/v) aqueous NaCl 

solution was prepared. A plastic cup was filled with the 

saline solution until the mark where the hydrogel sample 

contained is submerged fully. Twice a day, the sample 

was strained from the set-up and the salinity of the 

strained water was determined using a salinity meter. 

After recording, the hydrogel was submerged back to the 

set-up until the next recording.  

IV. RESULTS AND DISCUSSION 

4.1. Swelling Test  

Table 2 shows the effect of the crosslinking duration to 

the swelling ratio of the hydrogel composites. The 

increased exposure time of the polymer chains to the 

citric acid facilitates more hydrogen bonding between 

polymer chains, which then results to a higher 

crosslinking ratio. With the use of citric acid as 

crosslinker, the hydrogel is formed by the physical 

crosslinking between the cellulose derivative and citric 

acid via hydrogen bonding [8]. 
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Table 2 : Swelling ratio of NaCMC/HEC hydrogels at 

different crosslinking duration. 

crosslinking duration (days) SR (%) 

2 46.55 

3 74.56 

4 105.64 

 

Table 3 shows the effect of the crosslinker concentration 

to the swelling ratio of the hydrogels. The hydrogen 

bonding is achieved during the acidification step where 

the hydrogel paste is immersed in the citric acid solution; 

thus, it is expected that an increased amount of citric acid 

also increases the crosslinking density of the hydrogel. 

However, hydrogels with high crosslinking ratio, 

consequently, have rigid structures with low polymer 

chain mobility and low free volume, hence, poor ability 

to absorb water [14]. This is in contrast with the 

observed effect of the crosslinking duration, despite both 

parameters being supposedly correlated with the number 

of citric acid molecules that are the available for 

crosslinking. It is hypothesized that the effect in swelling 

may be attributed to other factors such as the molecular 

transport of citric acid into the hydrogel blend: the 

increased duration allows for increased accumulation of 

crosslinking molecules within the NaCMC/HEC blend 

without an increase in diffusion rate, thereby increasing 

density without the sudden formation of rigid networks. 

On the other hand, the increase in citric acid 

concentration directly affects the concentration gradient 

that drives the transport of crosslinking molecules into 

the hydrogel blend, with the immediate introduction of 

hydrogel molecules to a larger number of crosslinking 

molecules resulting to formation of more crosslinking 

bonds. 

Table 3 : Swelling ratio of NaCMC/HEC hydrogels at 

different crosslinker concentration. 

crosslinking concentration (M) SR (%) 

3.5 13.29 

4.0 74.56 

4.5 67.12 

 

Table 4 shows the effect of the activated carbon loading 

to the swelling ratio of the hydrogel composites. The 

activated carbon particles interact with the hydrophilic 

crosslinking bonds and increases network rigidity, 

thereby inhibiting the swelling of the hydrogels. On the 

other hand, if too much activated carbon is added, the 

hydrogel that is supposed to serve as the polymer matrix 

tends to behave more like a polymer binder, which 

favors the adhesion between the particle filler and the 

matrix and, consequently, reduces the formation of the 

rigid polymer network that restricts the swelling response 

of the sample. 

Table 4 : Swelling ratio of NaCMC/HEC/AC 

composites at different activated carbon loading. 

AC loading (% w/w) SR (%) 

0 158.58 

2.5 74.56 

5 92.21 

4.2. Desalination Test  

Table 5 shows the effect of the crosslinking duration to 

the desalination efficiency of the hydrogel composites. 

The desalination efficiency is expressed in terms of the 

percent change in the salinity of supernatant that has 

been collected from the washing of samples after they 

have been immersed in the simulated seawater bath. The 

desalination behavior may be attributed to the swelling 

behavior of the hydrogel blend: the increase in water 

content in the hydrogel increases salt migration by 

increasing its solubility within the hydrogel network, but 

also causes a reduction in concentration gradient (which 

may explain the decline in efficiency at longer duration).  

Table 5 : Desalination efficiency of NaCMC/HEC 

hydrogels at different crosslinking duration. 

crosslinking duration (days) 
%increase in 

supernatant salinity 

2 18.78 

3 20.59 

4 17.44 

 

Table 6 shows the effect of the crosslinking 

concentration to the desalination efficiency of the 

hydrogel composites. The increased number of 

hydrophilic crosslinking bonds favors the migration of 

salt ions into the hydrogel; however, decrease in water 

sorption due to increased rigidity causes a reduction in 

solubility within the hydrogel. 

Table 6 : Desalination efficiency of NaCMC/HEC 

hydrogels at different crosslinking concentration. 

crosslinking 

concentration (M) 

%increase in 

supernatant salinity 

3.5 11.76 

4.0 20.59 

4.5 12.07 

 

Lastly, Table 7 shows the effect of the activated carbon 

loading to the desalination of the hydrogel composites. 

The increase in AC loading increases the ion retention; 

however, the increased amount of particle fillers also 

reduces the swelling capacity of the hydrogel, thereby 

affecting its desalination efficiency [15]. Based on the 

observation, it is concluded that the desalination is more 

affected by the swelling behavior of the hydrogel matrix 

(i.e., presence of water) than the presence of the 

hydrophilic adsorbent. 

Table 7 : Swelling ratio of NaCMC/HEC/AC 

composites at different activated carbon loading. 
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activated carbon 

loading (% w/w) 

%increase in 

supernatant salinity 

0 12.49 

2.5 20.59 

5 13.96 

V. CONCLUSIONS 

Based on the OFAT analysis, the swelling behavior of 

the NaCMC/HEC hydrogel blend varies directly with the 

crosslinking duration but varies inversely with the 

crosslinker concentration. On the other hand, the 

desalination efficiency of the blend varies directly with 

both parameters. For the NaCMC/HEC/AC hydrogel 

composite, the swelling behavior and desalination 

efficiency both increase with AC loading but only to an 

extent due to the conflicting effects of the presence of the 

AC particles to the swelling behavior of the hydrogel 

matrix. It is therefore recommended, for the purpose of 

material design, to further investigate the optimization of 

the NaCMC/HEC/AC blend formulation. 
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Abstract. This research paper includes a 6 months environmental study of impact assessment of solid waste on Groundwater and 

Soil in and around of dumping site at Kasba Bawada, Kolhapur that includes a detailed study of the groundwater and soil 

characteristics. The dumping and open burning practices will led to the percolation of waste into the soil and groundwater which 

will eventually lead to various health and environment issues. In order to assess the groundwater and soil quality, assessment was 

carried out for the Groundwater and Soil near the dumping and landfill site around the 1 km radius in ecosystem is indeed an 

important resource which has yet to be studied on a bigger scale to meet the ever increasing demand for the water and soil for their 

use as resources. 6 Groundwater and 5 Soil sampling sites are selected in and around the dumping site. During the project, various 

physical, organic, inorganic and nutrient parameters were studied and also the detection of the heavy metals was carried out for soil 

and groundwater analysis. Most of the groundwater parameters are within the limit of BIS and WHO standards of drinking water 

except Total Solids which is higher in all sites and Nitrate which are higher than the limits in 2 sites when compared with the 

standards as these sites are near and around the dumping sites. The Nutrient parameters of Soil like Organic Carbon, Organic 

Matter, Available Phosphorous are present higher than the limit in all the sampling sites. The presence of high organic Carbon and 

the Organic matter with Available Phosphorous indicates the good fertility of the soil in and around the dumping site. The heavy 

metals are within the limit in soil when compared with the standards whereas in the groundwater, Lead, Copper, Nickel and 

Cadmium are present higher than the limit when compared drinking water quality standards established by the BIS and the WHO 

standards during the post monsoon of 2019 and pre monsoon of 2020 for other parameters. 

Index Terms: Groundwater, Heavy Metals, Soil, Solid Waste 

 

I. INTRODUCTION 


Kolhapur is city present in the western Maharashtra. It is 

present on the banks of the Panchganga River.  It has 

population of 38.76 Lakhs as per the 2011 Census in 

Maharashtra. As per the 2011 census, more than 31 % of 

population lives in urban area. With the increase in the 

population and urbanisation their is increase in the waste 

production. There are two dumping sites in Kolhapur 

namely Line Bazaar near Kasba Bawada and Takala 

Dumping site which are operating from many years in 

Kolhapur. 

According to the Municipal Solid Waste Rules 2016, 

“solid waste” is defined as solid or semi-solid household 

waste, sanitary waste, commercial waste, institutional 

waste, catering and market waste, and other non-

residential wastes, street sweepings, silts removed from 

surface drains, horticulture waste, agriculture and dairy 

waste, and treated bio-medical waste excluding industrial 

waste. As per the MPCB reports, Maharashtra produces 

23844.6 tonnes waste per day. Every day, more than 165 
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tonnes of trash are collected by the Kolhapur Municipal 

Corporation. With the passing of year these data will 

increase and lead to various consequences. 

In Maharashtra, as per the MPCB Reports there are more 

than 500 local bodies of Kolhapur City that are 

represented as metro cities, corporation, “A” class 

councils,“B & C” class councils, Cantonments Board and 

Nagar Panchayat which increases per year. There is a 

trend following in the increase in the councils that are 

represented in the Table 1[24]. 

There has been a rise in the generation of garbage over 

time. According to Annual reports of MPCB, every year 

there has been an increase in garbage generation as well 

as an increase in waste treatment as per the reports of 

MPCB, in Maharashtra from 2015 to 2019. During the 

study, it was discovered that trash generation had 

increased marginally for cities like Kolhapur, Amaravati, 

Navi Mumbai, Aurangabad, Chandrapur, Nagpur and 

Thane whereas there is higher  generation of waste for 

Mumbai and Raigad when compared with other cities. 

Nashik, Kalyan and Pune has double the generation of 

waste from 2016 to 2019 when compared with 2015-16 

data. 

http://doi.org/10.36647/978-93-92106-02-6.17
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Table 1 – Increasing trends in the Kolhapur Councils 

Kolhapur Corporations “A” Class 

Councils 

“B” Class 

Councils 

“C” Class 

Councils 

Cantonm

ents 

Nagar 

Panchayats 

Total 

2008-09 355 60 79 55 - - 549 

2010-11 355 60 79 55 - - 549 

2014-15 355 100 65 91 10 621 

 

The study from the MPCB Annual reports about the 

treatment of the MSW at various cities from 2015 to 

2019 for the cities like Kolhapur , Nagpur, Navi 

Mumbai, Raigad and Thane shows increasing trend for 

treating the waste every year. Aurangabad, Chandrapur, 

Kalyan and Nashik shows that MSW treatment was less 

in 2016-17 year when observed with 2015-16 report 

which later on for  the year 2017-18 and 2018-19 was 

increased. For, Amaravati, the data was not available for 

2017-18 while the treatment was two times high for the 

year 2018-19 when compared with 2015-16 data. While 

Pune and Mumbai shows very good trend for treating the 

waste when compared with other cities. 

 

Figure 1. Waste Generation and Treatment in 

Kolhapur during 2015-19 

The Fig.1, represents the generation and treatment of the 

MSW of Kolhapur city which shows the trend for the 

year2015 to 2019 [24]. From 2015 to 2018, there was an 

upward trend in the generation of waste. The data for 

2018-19 shows less waste generation when compared 

with data of 2017-18. While for the treatment there is an 

increasing trend for the treatment of the waste per year 

from 2015 to 2019. According to the MPCB Reports 

from 2015 to 2019, there are variation in the collection of 

the waste and the treatment. During the year 2015-16, 

only 8 % of waste was treated and remaining 92% was 

untreated where as in 2016-17, 14% was treated and 86% 

was untreated. In the year 2017-18, 37% was treated that 

lefts 63% of waste as untreated whereas in the year 

2018-19, 61% was treated and 39% was left as untreated. 

Groundwater reports are prepared by three recognised 

governmental bodies in Maharashtra namely: MPCB 

(Maharashtra Pollution Control Board), CGWB (Central 

Ground Water Board), and GSDA (Ground Water and 

Survey Development Agency). MPCB check the 

groundwater twice a year as during April and October. 

As per the Report from MPCB, there were few 

parameters that were analysed in order to see whether the 

groundwater sample meet to the standards or not. The 

parameters like pH, D.O, Sulphates, Nitrates, Sulphates 

and Total Hardness, TDS, fluoride and microbial content 

were analyzed. There were variation in the sampling site 

numbers as station code that ranges from 14 to 16 per 

year in the report of the Kolhapur City, in which these 

parameters were analysed and based on the (WQI) Water 

Quality Index, they determine the quality of the 

groundwater. 

 

Table  2- MPCB Data of WQI for Groundwater Sampling Stations of Kolhapur 

Station Code 219 220 2004 2005 2006 2007 2008 2202 2829 2830 2831 2832 2833 2834 2835 1992 

2015-

16 

Apr 42 33 208 329 228 582 222 28 26 206 157 52 644 660 33 37 

Oct 27 29 65 249 55 64 139 29 72 218 72 41 29 30 30  

2016-

17 

Apr 27 33 158 152 135 128 132 25 56 135 140 38 24 497 28  

Oct 62 19 182 112 157 145 191 23 198 101 117 20 35 36 19  

2017-

18 

Apr 25 23 14 79 72 24 215 7 64 84  38 37 189 32  

Oct 8 21 151 127 44 151 211 22 67 17 119 24 35 37 24  

2018-

19 

Apr   262 207 64 484 231 54 282 91 180 46 323 351 40  

Oct   186 96 44 75 120 28 70 110 171 28 36 50 46  
 

Table 3- Groundwater Classification Based on the 

WQI 

WQI Value Water Quality Colour 

Code 

<50 Excellent  

50-100 Good Water  

100-200 Poor Water  

200-300 Very Poor Water  

>300 Water unsuitable for  

drinking 

 Not Collected  

 No Data  

 

The data includes a 4 year of study from different 

sampling location by MPCB. Variation is observed 

during the study that is represented in Table 2 [24] 

whereas the Table 3 [24] represents the WQI Index that 

helps in determining the quality of the water and the 
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colour code representing the quality of the water. The 

data that determines of the quality of the groundwater is 

prepared on the basis of WQI which is calculated by the 

MPCB. 

Pollutants are transferred from the waste material to the 

percolating water through a mix of physical, chemical, 

and microbiological processes in the waste, resulting in a 

highly polluted leachate by Christensen Thomas [1,2,3] 

and  same was concluded by Durmusoglu Ertan [4]. 

Improper management could lead to the poor hygiene, 

spreading of various disease and pollution of air, soil and 

water resources. The usage of contaminated 

groundwater, which has been contaminated by leachate, 

is the most widely cited threat to human health from 

these landfills studied by Rajkumar Nagarajan [5]. The 

exposure to the diseases during the mishandling of waste 

when various unwanted chemical reaction takes place 

because of the mixing of the various chemical and 

hazardous waste during the dumping, open burning and 

percolation. 

The open burning practices leads to the release of various 

harmful toxic gases that when evaporated leads to 

various respiratory diseases. Over the period of time, the 

various animal like cow, buffalo, pigs and stray dogs , 

rodents like rats, snakes and insects like mosquito and 

flies are attracted to these sites which become a hub for 

various diseases like the malaria by mosquito. 

II. STUDY AREA 

2.1 Description of Study Area 

Kolhapur city is known as Karveer Nagari. The city is 

located at latitude 16.41‟28.70”N and longitude 

74.14”41.51”E having average rainfall of 1025 cm and 

elevation 546 m above sea level. The Study was carried 

out at Dumping Site, Line Bazaar near Kasba Bawada of 

Kolhapur City during a period from October to February 

in the year 2018-19. The plant works under the Zoom 

Bio-fertilizer Company Pvt Ltd in 4 acres of land for 

compost from solid waste. 

The Kolhapur Municipal Corporation is looking for the 

processing of the solid waste into fertilizer as their main 

product for fertilizer production. The fertilizer project is 

carried out in 16.76 hectares of land at Halsavade. 

2.2 Transportation of waste 

The Kolhapur city being divided into 11 wards and the 

waste is collected through various sources like wards, 

govt and private hospitals, streets. Trucks, Ghanta gaadi, 

Tipper and Dumpers are used to collect the waste. The 

project runs under the RAMKEY Groups. The waste are 

dumped at the Kasba Bawada where it is further treated 

by the Zoom Biofertilizer Pvt Ltd where the 

biodegradable waste are used to make fertilizer and the 

non-biodegradable waste are then processed to the 

landfill sites. 

2.3 Site Selection and Sampling 

In Kolhapur there are 2 dumping sites as one is near the 

KMC (Kolhapur Municipal Corporation) Sewerage 

Treatment Plant, near Kasaba Bawda and other at the 

Sanitary Landfill Site near the Takala Park, Kolhapur. 

The sampling was carried out at Dumping Site of Kasba 

Bawada, Kolhapur within 1 km distance during a period 

of 6 months from October 2018 to February 2019 which 

carries the sampling studies from monsoon, post-

monsoon and pre-monsoon. There are 6 Groundwater 

sites which are coded as „GW‟ from GW-1 to GW-6 

samples and 5 soil sites which are coded as „S‟ from S-1 

to S-5 samples that are selected for sampling . In order to 

evaluate the influence of MSW on soil and groundwater, 

locations were chosen from within a one-kilometer 

radius of the dumping site. 

The locations are selected in such a way that it will help 

us to know the pollution level around the MSW 

Dumping site. 

III. MATERIAL AND METHODOLOGY 

The Groundwater sample was collected in 1 litre of 

Plastic bottles that was washed at the time of sampling. 

The water from Hand pump and Bore well is allowed to 

run for 1-2 minute and then collected in the sampling 

bottle. The Groundwater parameters like pH and 

Electrical Conductivity (EC) were checked in the digital 

pH meter and Conductivity meter. The inorganic 

parameters like Acidity and Alkalinity were determined 

by acid base titration method, Hardness by 

complexometric method, Chloride by Argentometric 

method and Open reflux method was used to determine 

Chemical Oxygen Demand (COD). Gravimetric methods 

were used to determine Total Dissolved Solids (TDS) 

and Total Solids (TS). Nutrients parameters like 

Sulphate, Phosphate and Nitrate were carried out by 

Turbidometric method, Ammonium Molybdate method 

and UV spectrophotometric method. Heavy metals for 

groundwater were checked on the Atomic Absorption 

Spectrophotometer (AAS) by using Analytic Jena 

novAA 300 instrument. The water parameters were 

carried out by following the Standard methods for the 

examination of water and wastewater from APHA 

(American Public Health Association) [23] and BIS 

(Bureau of Indian Standards) Manual [28]. 

At a depth of 15-30 cm, a soil was dig by spade and was 

taken with the help of the hand trowel. The sample was 

collected in the plastic bags with the field data sheets. 

The sample collected was then brought in the lab and 

was air dried and divided into four portions. The portion 

diagonal to each other was collected further in the bag 

and was crushed, sieved and used for the analysis. The 

soil sample was mixed with distilled water and prepared 

in the 1:2 ratios for Soil parameters like pH and 

Electrical Conductivity (EC) which were checked in the 

pH meter and Conductivity meter (Jackson, 1973). 

Nutrient parameters like Available Nitrogen were carried 

out by Alkaline Potassium Permanganate method, 

Available Potassium by Flame Photometer method and 

Available Phosphorous by Olsen method. Organic 

Carbon by Walkley and Black method and Organic 

Matter was obtained by multiplying the Organic Carbon 
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with 1.724 (factor). The Atomic Absorption 

Spectrophotometer was used to check for heavy metals 

in soil samples. The heavy metals were checked using an 

Analytic Jena novAA 300 equipment. The Soil 

parameters were carried out by following the “A 

Textbook of Soil Analysis” by H.P.Barthakur and T. 

Baruah [22] and “Soil Management Practical Manual” of 

Indira Gandhi Krishi Vishwavidyalaya[25]. 

During the sampling field data sheets were used to the 

write the sample type as Groundwater and Soil with 

location. It was also mentioned with the date and timing 

of the sample collection. It also includes field remarks as 

observation studies which help in the interpretation of 

the data. 

IV. STATISTICAL ANALYSIS AND 

SOFTWARE 

For Graph plotting mean calculation method is used for 

different parameters which represent the respective 

sample code for groundwater and soil as in Fig 4 and 8 

Column Graph is used from MS-Excel. For Fig. 1, 6 and 

9, Line Graph is used from MS-Excel whereas for Fig. 5 

and 7, Originlab Software is used. For data calculation 

MS-Excel is used. For plotting sampling site location on 

the map, Google Earth is used represented in Fig 2 and 3. 

 

Figure 2. Groundwater location near dumping sites 

 

 

Figure 3. Soil locations near dumping site 
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V. RESULT AND DISCUSSION 

Table 5 -Karl Pearson Correlation for Groundwater Parameters 
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pH 1 

            EC 0.45 1 

           Acidity 0.05 0.52 1 

          Alkalinity 0.69 0.77 0.21 1 

         Hardness 0.54 0.58 -0.06 0.54 1 

        Chloride 0.67 0.67 0.17 0.61 0.81 1 

       COD 0.72 0.34 -0.21 0.71 0.48 0.42 1 

      TS 0.43 0.86 0.57 0.63 0.47 0.62 0.18 1 

     TDS 0.23 0.79 0.62 0.50 0.41 0.42 0.11 0.77 1 

    TSS 0.43 0.50 0.24 0.44 0.28 0.50 0.20 0.70 0.11 1 

   Sulphate 0.64 0.61 0.12 0.56 0.80 0.96 0.34 0.57 0.47 0.36 1 

  Nitrate 0.52 0.25 -0.13 0.35 0.74 0.36 0.58 0.11 0.19 0.003 0.34 1 

 Phosphate 0.54 0.49 0.17 0.56 0.24 0.68 0.25 0.53 0.27 0.51 0.65 -0.27 1 

Table 6 -Karl Pearson Correlation for Soil parameters 

 

pH EC Available N Available P 
Available 

K 

Organic 

Carbon 

Organic 

Matter 

pH 1 

      EC 0.79 1 

     Available N 0.87 0.91 1 

    Available P 0.63 0.55 0.35 1 

   Available K 0.81 0.63 0.56 0.94 1 

  Organic Carbon -0.16 -0.5 -0.13 -0.48 -0.27 1 

 Organic Matter -0.17 -0.51 -0.14 -0.47 -0.26 1 1 

 

The Karl Pearson Correlation was studied in comparison 

with the groundwater parameters where the Chloride 

shows a highly positive correlation with Sulphate. 

Electrical Conductivity (EC) has a positive relationship 

with Total Solids (TS) and a marginally optimistic 

relationship with Alkalinity, Total Solids (TS), and Total 

Dissolved Solids (TDS). Hardness shows a marginal 

optimistic positive correlation with Chloride and 

Sulphates. Similarly, Total Solids (TS) also shows a 

marginal positive correlation with Total Dissolved Solids 

(TDS) which is represented in Table 5, respectively. 

The Karl Pearson Correlation was also studied in 

comparison with the Soil parameters where a highly 

positive correlation was observed in the Organic Carbon 

and Organic Matter. In Nutrient parameter like Available 

Phosphorous and Available Potassium a highly positive 

correlation was also observed. A Positive relation was 

also observed in the Electrical Conductivity (EC) and 

Available Nitrogen. An Optimum Positive relation was 

also observed in the pH and EC, Available Nitrogen and 

Available Potassium represented in Table 6, respectively. 

The various physicochemical parameters were analyzed 

for groundwater during the 6 months of period. In 

Groundwater samples, the pH ranges from 7.28 to 8.12, 

which is within BIS[27] and WHO[32] standards. The 

water samples are neutral to alkaline in nature. The same 

values as 7.3-8.3 were observed by K K. Deshmukh [6] 

in groundwater near dumping site of Sangamner City. 

The sample GW-1 is having higher pH when compared 

with other samples as the site GW-1 is near to the 

dumping site.  There are anion and cations present in the 

water samples that leads to the electric charge indicated 

as the Electrical Conductivity (EC). EC ranged from 537 

to 1360 us/cm which is higher in GW-1when compared 

with other sites. The EC averagely ranged from 441-

1335 us/cm in peizometer groundwater at municipal 

solid waste landfill site by Grzegorz Przydatek [7]. The 

Acidity in water has as a quantitative reaction with 
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strong base leading to the neutral charge which ranges 

from 20 to 38 mg/l. 

The Alkalinity ranges from 115 to 249 mg/l which is 

within the acceptable limit but higher than permissible 

limit of BIS standards. It is higher in the GW-1, may be 

due to the leaching of waste and percolation due to the 

rain and also because of the use of the sprinklers done 

after open burning to let off the fire. It is slightly high in 

GW-6 as it near the agricultural farm where may be the 

use of pesticides or fertilizers that have percolated in the 

groundwater is the reason the for the alkalinity in water 

when compared to desirable limit. The Alkalinity range 

is higher in GW-1 and GW-6 samples except when 

compared with other samples and are within the 

acceptable limit of BIS standards. Unnisa S.A [8] found 

alkalinity values ranging from 40 mg/L to 260 mg/L in 

groundwater at a Jawahar nagar open dumping site 

(2017). Because groundwater is used for residential 

purposes, hardness is an important physicochemical 

characteristic observed by Adelekan B.A [9].The 

presence of Calcium and Magnesium Bicarbonate in 

water sample results in temporary hardness while 

Calcium and Magnesium Chlorides results in permanent 

hardness. The hardness ranges from 140 to 280 mg/l 

which is high in GW-1, GW-3 and GW-6 samples when 

compared with the BIS standards and are within the limit 

as per the WHO standards. The GW-3 and GW-6 are 

near to the agricultural sites, the use of pesticides, 

fertilizers and agricultural runoff may have percolated in 

the groundwater which has resulted in the increase in the 

hardness level in these sites while GW-1 is near the 

dumping site. Total hardness is high as it ranged from 

150 to 3750 mg/l by Alam A [10] at an open dumping 

site at Mehmood Booti Lahore, Pakistan. The chlorides 

are present naturally in the water bodies because of the 

presence of the salts. The chlorides are within the limit 

when compared with the BIS [27] and WHO [32] 

standards. Sachin Mishra [11] noticed the same, with 

chloride levels ranging from 39 to 205 (mg/L) in the pre-

monsoon and 35.50 to 144 (mg/L) in the post-monsoon, 

all of which were below the WHO guideline and BIS 

acceptable limit. 

The Chemical Oxygen Demand (COD) is the test that 

helps to know the oxygen demand to degrade organic 

and inorganic matter. The COD is found to be high in the 

GW-1 when compared with other sites. The presence of 

oxidizable organic compounds that had leached from 

domestic garbage at the landfill site is indicated by the 

high COD value in the groundwater. Senthamil Selvan 

Kuppusamy [12] found that COD concentrations ranged 

from 26 to 168 mg/l in the summer and 27 to 134 mg/l in 

the winter. Total Solids (TS) is calculated by adding 

TDS (Total Dissolved Solids) and TSS (Total Suspended 

Solids). The TS is having the overall the dissolved salts 

and fine suspended particulate matter in the water bodies 

that ranges from 950 to 2100 mg/l is found to be higher 

than acceptable limit but within permissible in all 

samples when compared with BIS standards. The TSS 

are the fine suspended particulate matter that are present 

naturally in the water that ranges 350 to 1100mg/l which 

is lowest in GW-4 and highest in GW-6. During a study 

by Rishi Rana [13], the TSS levels of groundwater were 

found to be 236-1200 mg/l . The TDS in water bodies is 

due to the presence of the inorganic salts and organic 

matter which range from 500 to 1400 mg/l which is 

within the limit when compared with BIS [27] and 

WHO[32] standards respectively while TDS 

concentration was found to be 1000-3000 during the 

Investigation of physicochemical characteristics and 

heavy metal distribution profile in groundwater system 

around the open dump site by Kanmani S. [14] 

The Nutrient parameters like Sulphates, Nitrate and 

Phosphate were also analyzed. When compared to WHO 

[32] standards, the Sulphate levels ranged from 78.16 to 

235 mg/l, which is high in GW-1 and GW-3 but within 

the BIS acceptable limit. The presence of the sulphates in 

the groundwater is due to the leaching of the waste in 

GW-1 and in the GW-3 as may be because of the 

agricultural runoff and a open sewage drainage passing 

near by the sampling point. Sulphate concentration 

varied from 78 to 321 mg/l and 86 to 353 mg/l for May 

and December months respectively by Senthamil Selvan 

Kuppusamy [12]. Phosphate is naturally present in 

groundwater as a result of the weathering of rocks and 

the erosion of soils that mix with the groundwater. It 

varies between 0.16 and 0.81 mg/l during the studies. 

The concentration of phosphate ranges from 0.23 to 1.04 

mg/L in groundwater at the solid waste dumping site 

near Ghazipur, Delhi observed by Kamboj N [15]. The 

Nitrate ranges from 15.53 to 57.64 mg/l which is higher 

in sample GW-1 and GW-3 as the site GW-1 is near to 

the dumping site where their could be percolation of the 

different kinds of waste during open burning of 

unwanted organic and inorganic waste into the 

groundwater and the site GW-3 is near the agricultural 

farm where the use of chemical fertilizer or pesticide 

have percolated in the water as it was observed, the use 

of both by the farmers for farming during the sampling 

time and an open sewage drainage passing near by 

sampling site. Nitrate was found to be higher than the 

limit set by WHO and BIS [27] for GW-1 and GW-3 

site. It may be due to the domestic sewage, or agriculture 

runoff near to the sampling location observed by Sachin 

Mishra [11] as Nitrate value was observed to be from 16 

to 142.6 (mg/l). The average concentration of various 

parameters of groundwater samples are represented in 

Fig 4. 
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Figure 4. Average Concentration of Physicochemical 

Parameters in Groundwater sampling sites 

Monthly Variation in the Hardness, Chlorides and 

Sulphates are represented in the Fig 5. During the study 

it was observed that during October sampling Hardness 

was higher at GW-4, Chloride and Sulphates in GW-1 

while in December, Hardness and Sulphates was found 

high in GW-3 whereas Chloride was high in GW-1 when 

compared with other sampling sites. The study in 

February revealed that Hardness, Chloride and Sulphates 

was found to be higher in GW-1 only irrespective of 

other sampling sites. The groundwater sampling site near 

the MSW dumping site is having high Hardness, 

Chlorides and Sulphates indicating that the concentration 

of these parameters are high at the centre of the dumping 

site. The concentration goes on decreasing from the 

centre of the MSW Dumping site towards the other 

sampling sites. 

 

Figure  5. Hardness, Chloride and Sulphate in 

Groundwater represented month wise 

 

Figure  6. Average concentration of Heavy metals in 

Groundwater sampling sites 

Heavy metals are defined as the metallic chemical 

element that is having a high density and is toxic if found 

in high concentration. Though, the elements have vital 

role in day to day life and they are not toxic unless and 

until their concentration gets increase. Only if their 

concentration gets increase then only they are called as 

toxic. In order to check their concentration as they are 

normal or toxic, various standards are available at nation, 

state and international state wise. Heavy metals, such as 

iron, lead, zinc, manganese, copper, nickel, cadmium, 

cobalt, and chromium, were also tested in order to 

determine the presence of metal toxicity in the water. 

The Lead is found to be higher than acceptable limit of 

BIS [27] standard in GW-1, within limit in GW-2 and 

Below Detectable Limit (BDL) in other samples. Inflow 

and outflow water included lead concentrations ranging 

from 0.001 to 0.094 mg/l and 0.001 to 0.150 mg/l, 

respectively, which did not exceed Polish and WHO 

(2011) drinking water regulations by Izabela A. Talalaj 

[16]. But also lead was found higher than the WHO 

standards in groundwater at Oti landfill site by Boateng 

T.K [17]. The Zinc, and Iron is within limit respectively 

when compared with the standards. The Cobalt is present 

in all the samples and their range is from 0.17 to 0.43 

mg/l. (comparison could not be made with the standard 

as there is no standard limit for cobalt). 

Copper was found in all of the samples and varied from 

0.17 to 0.50 mg/l, which is greater than the BIS [27] 

standards' allowed limit. The mean concentration of the 

copper in the analyzed groundwater samples was 0.2 

mg/L which seems to be above the desirable value by 

Kanmani S [14]. All the groundwater samples contained 

nickel, ranging from 0.20 to 0.57 mg/l, which is more 

than the BIS standards. Akhilesh Jinwal [18] observed 

the nickel higher than the BIS limits at 2 sites ranging as 

0.03 and 0.032 mg/l. The Cadmium is present in all the 

samples and they are ranged from 0.01 to 0.07 mg/l 

which is higher than the BIS standard. Boateng T.K [17] 

also found the samples to be in the range that is higher 

than the allowed limit. The Manganese is found present 

only in GW-6 which is within the limit and Below 

Detectable Limit (BDL) for all other samples when 

compared with BIS standards. The Chromium is present 
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higher in GW-5,within limit in GW-6 and BDL in other 

samples when compared with BIS standards. The Fig 6. 

shows the average concentration of heavy metals in the 

groundwater sample where GW-2 higher in lead, GW-4 

higher in zinc and nickel, GW-5 higher in iron and 

cadmium, and GW-6 higher in cobalt, iron, copper, 

manganese, and chromium. The Lead, Copper, Cadmium 

and Nickel are higher than the standards in the 

groundwater samples and thus are represented by red 

line. 

Principal Component Analysis - PCA (Principal 

Component Analysis) is a graphical representation for 

determining the relationship between distinct sampling 

sites and parameters. According to Principal Component 

Analysis, PC 1 has a total variability of 49.50 % while 

PC 2 has a total variability of 23.54 % represented in 

Fig.10. All metrics in GW-4 and GW-5 have a negative 

correlation at PC 1 and PC 2, with the exception of 

acidity, which has a positive correlation. PC 1 has a 

negative association with GW-3, but PC 2 has a positive 

correlation. At the 2nd Quadrant, GW-2, GW-3, and 

GW-6 exhibit a negative correlation at PC 1 and a 

positive correlation at PC 2. At 3
rd

 Quadrant, GW-1 and 

GW-3 shows highly positive correlation at PC 1 and PC 

2. 

 

Figure 7. PCA correlation Biplot of various 

physicochemical parameters of groundwater 

sampling sites. Symbol represents score on PC 1 (x-

axis) and Physicochemical Parameters for 

Groundwater on  PC 2 (y-axis) 

At 4
th

 quadrant, GW-1, GW-4, and GW-6 display a 

negative correlation at PC 2 and a positive correlation at 

PC 1 respectively in Fig. 10. pH, COD, Alkalinity, and 

Nitrate have a significant positive relationship at PC 1 

and PC 2, whereas TSS, EC, TS, TDS and Acidity have a 

positive relationship at PC 1 and a negative relationship 

at PC 2. The deposition of various kind of waste and 

leaching into groundwater had led to show positive 

relation for pH and Alkalinity at GW-1 same for the 

COD and Nitrate at GW-3 because of agricultural runoff 

as it is near to an agricultural land was observed in the 

3
rd

 Quadrant in Fig.10 .GW-6 shows positive correlation 

for the TSS, TS, TDS and EC due to the leaching of the 

agricultural runoff as observed in the 4
th

 quadrant in Fig 

7. 

The pH ranges from 6.45 to 10.27 indicating that soil is 

moderately acidic to strongly alkaline. The pH is found 

to be higher in S-5 sample may be because of the 

leaching of the waste and and mainly the deposition of 

ash  on the top soil. pH ranges from 8-8.7 in the soil near 

the solid waste dumping site in Tepi town, southwest 

Ethiopia because of the high metallic burden of different 

kind of waste by Besufeked Mekonnen [19]. Electrical 

Conductivity (EC) ranges 0.17 to 0.52 mS/cm which 

seems to be higher at S-5 sample because of leaching of 

waste. EC ranges from 1.8 to 4.92 mS/cm in soil at 

dumping site by Besufeked Mekonnen [19] due to the 

variation in the composition of the waste. The samples 

are also analyzed for nutrient parameters like Organic 

Carbon, Organic Matter and Available NPK contents 

where the Organic Carbon ranges from 3.6 to 7.4 %  and 

Organic Matter ranges from 5.6 to 12.72 % which was 

found to be higher in all soil samples when compared 

with standards and was higher in samples S-2 followed 

by S-1 and S-5. The sample S-2 is having higher organic 

carbon and organic matter because it is near to 

agricultural farm where may be the deposition of dead 

dried leaves, twig, agricultural waste and cow dung that 

may have added the nutrients in the soil. The Organic 

carbon ranged from 0.88 to 2.10 % in soil by Alex 

Amerh Agbeshie [20]. The samples for pH, EC and 

Organic Carbon  are compared with the standards 

provided in the Soil Testing in India, Dept. of Agri. and 

Cooperation, Ministry of Agriculture, Govt. of India, 

2011[26]. 

 

Figure 8. NPK in Soil represented month wise 

The NPK level of the soil is critical for soil fertility and 

plant growth. The Available Nitrogen ranges from 

188.25 to 958.63 kg/ha and was found to be higher in the 

sample S-5 (958.63 kg/ha) followed by S-3 (763.82 

kg/ha) when compared with the standards as they are 

near the dumping sites. Keshav K Deshmukh [21] also 

observed nitrogen nutrient quality in the soil near 

dumping site which ranges from 88 to 282 kg/ha. The 

other important nutrient like Available Potassium ranges 

from 21 to 271 kg/ha and was found to be higher in S-

5(272 kg/ha) followed by S-4 (154 kg/ha) when 
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compared with all other samples. The Potassium is 

higher than the limits in these two sites as they are near 

the dumping sites. Soil fertility in soil of potassium 

ranges as 75 to 260 kg/ha by Keshav K Deshmukh [21]. 

The Available Phosphorous was found to be higher in all 

the soil samples when compared with the standard and 

they ranges from 28 to 308 kg/ha. The phosphorous was 

found to be high in the sample S-5 (301 kg/ha) followed 

the S-4 (289 kg/ha) as they may be leached with the 

waste because of open burning waste over the period of 

time. The amount of phosphorus in the soil may increase 

as a result of the transportation of leachate from the 

MSW dumping yard, since it ranges from 15.3 to 78 

kg/ha in soil, according to Keshav K Deshmukh [21]. 

The soil samples for NPK contents are compared with 

the standards provided in the Soil Testing in India, Dept. 

of Agri. and Cooperation, Ministry of Agriculture, Govt. 

of India, 2011 [26]. The average concentration of 

nutrient parameters in the soil samples like Available 

Nitrogen, Available Potassium and Available 

Phosphorous was found to be higher in S5 when 

compared with other samples is represented in Fig 8, 

respectively. 

 

Figure 9. Average concentration of Heavy metals in 

Soil 

The soil samples were also tested for nine different 

heavy metals like Iron (Fe), Lead (Pb), Zinc (Zn), 

Manganese (Mn), Copper (Cu), Nickel (Ni), Cadmium 

(Cd), Cobalt (Co) and Chromium (Cr). The 

concentrations of the heavy metals in soil samples were 

found to be within permissible levels when compared 

with the screening and response levels by MoEF&CC, 

GoI [31]. The average concentration of heavy metals in 

soil sample were represented in Fig 9, respectively. 

During the study S-1 is higher in zinc, cobalt, iron and 

manganese, GW-2 in chromium, GW-3 in lead & copper 

and GW-5 in cadmium and nickel were observed. The 

average concentration of heavy metals in different soil 

locations are represented in Fig 9. 

VI. CONCLUSION 

The groundwater and soil sample during a study of 6 

months from October to February shows that there is 

contamination of the groundwater. The groundwater is 

affected by the dumping and open burning activities. The 

groundwater sample collected from the sampling sites is 

not suitable for drinking purposes. The sample collected 

near the dumping site is highly polluted so it has to be 

treated before daily use while samples from other 

sources can be used for washing, bathing purposes only 

but not for drinking and so for them minor treatment is 

required as there are presence of few heavy metals which 

are exceeding the limits. The recharging of the 

groundwater can further decrease the pollution load. The 

soil sample collected from the study area is having good 

amount of nutrients. The heavy metals are within limit in 

soil. Proper segregation of waste, disposal, proper 

management and control, and different types of 

treatments depending upon the type of waste should be 

carried out to prevent the pollution of soil and 

groundwater. The study also suggests to monitor the 

quality of soil and groundwater to study further the effect 

of open burning and dumping practices. 
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Abstract. Current COVID-19 effects are forcing us to think about other deadly viral diseases. Respiratory syncytial virus (RSV) is 

one of them. Every year thousands of children lost their lives due to respiratory diseases which are occurred by this RSV. 

Nowadays, bioactive compounds show an enormous effect on many deadly diseases and show excellent therapeutic effects. In this 

study, we have identified five bioactive compounds from the plant which will be used in the treatment of RSV. Molecular docking 

on the protein was done by Autodock. Hydrogen was added and routable bonds were fixed in the preparation time of protein for 

docking. All those compounds show their non-toxic nature which is evaluated by Lipinski's Rule of Five. Molecular docking on 

RSV matrix protein and surface glycoprotein with those bioactive compounds shows very promising results. Between all those 

compounds Baicalein appears as a lead compound. It shows -8.1 Kcal/mol in the case of matrix protein and -7.9 kcal/mol in the 

case of the surface glycoprotein of RSV. Due to its availability and non-toxic nature, it can be used in the treatment of RSV. AS it 

is derived from plants, it also has very fewer side effects than chemical drugs. 

Index Terms: Respiratory syncytial virus, Molecular docking, Lipinski Rule of Five, Matrix protein, Bioactive compounds 

 

I. INTRODUCTION 


In infants under the age of two years, the human 

respiratory syncytial virus (RSV) is the most common 

cause of severe respiratory tract infections [1]. Premature 

newborns and children having chronic pulmonary or 

congenital cardiac disorders are particularly vulnerable, 

although sick adults and the aged have also been 

identified as high-risk populations. RSV infection causes 

rhinitis and typical cold-like symptoms, but it can also 

lead to acute pneumonia or bronchiolitis, necessitating 

hospitalization [2-4]. Throughout Europe and North 

America, seasonal epidemic outbreaks of RSV illness 

occur in the winter and early spring, with a peak 

incidence in December [5]. There is a link between 

higher RSV infection rates and rainy seasons in tropical 

nations [6]. RSV activity is influenced by relative 

humidity, however, the exact impact on the illness 

trajectory or viral transmission dynamics is uncertain [7]. 

Antibody cross-reactivity patterns indicated two 

antigenic subgroups (A and B), which were then divided 

into genotypes based on genetic divergence within the 

highly variable G gene [8-10]. A preventative method 

based on a humanized neutralizing antibody against RSV 

is sufficient to protect newborn newborns at elevated 

danger, such as premature babies, those with 

cardiovascular disorders, and those with 

immunodeficiencies. However, major public health 

systems throughout the world cannot sustain this method 

[11-12]. Two membrane proteins, a trimeric fusion (F) 
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glycoprotein, and an attachment (G) glycoprotein are 

involved in RSV's entrance into host cells. 

Nowadays, insilico studies are playing a very crucial role 

in research and development [13-15]. Molecular docking 

and dynamics are important methodologies in drug 

design and synthesis [16-19]. Douglas and colleagues 

discovered that MDT-637 (VP-14637) and JNJ-2408068 

(R-170591) prevent RSV fusion by a similar mechanism 

[20]. Computational investigations on pyrethroids 

revealed a glide score of -4.54, and it interacted with two 

key residues of an RSV target protein, LYS46 and 

HIS151 [21]. Recent research examined the effect of 

2,20-dithiopyridine (aldrithiol, AT-2), which is known to 

inactivate HIV-1 by altering the NC zinc finger, on RSV 

infectivity, based on the shared function and geometry of 

the zinc finger motif across Retroviruses and RSV. The 

results demonstrated that this chemical may inactivate 

RSV at a dose of 10 mM, likely by M2-1 protein 

alteration [22]. VP-14637 and JNJ-2408068, as well as 

GS-5806, BMS-433771, P13, C15, and BTA-C585, all 

inhibit RSV fusion by a mechanism involving a similar 

interaction with the F protein, according to several 

studies [23]. The allosteric inhibitor of the F-protein GS-

5806 prevents viral entrance. It is the first of the orally 

accessible medication candidates to have completed a 

phase 2 clinical study. In vitro, GS-5806 was 

demonstrated to be active against a variety of RSV 

clinical isolates [24]. MDT-637 has been reformulated as 

VP-14637 for enhanced aerosol delivery. With an EC50 

value of 1.4 nM, VP-14637 has antiviral efficacy against 

RSV-A strain A2. It attaches to the F protein directly and 

prevents the virus from fusing with the host cell [25]. 

AZ-27 is a non-nucleoside L-protein inhibitor that 

suppresses RSV-A replication (both lab strains and 

clinical isolates) with EC50 values in the 10– 40 nM 

http://doi.org/10.36647/978-93-92106-02-6.18
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range and is a follow-up to YM-53403, which was found 

in a CPE-based screening effort. The activity against 

RSV-B is significantly lower (EC50 1 lM) [26]. RSV604 

is a micro drug RSV A and B replication inhibitor having 

an EC50 of 0.8 lM against both viruses. The chemical 

was created by optimizing a hit discovered via a CPE-

based screening attempt [27]. 

Nowadays, bioactive compounds are showing a 

remarkable effect on many diseases [16, 17, 19]. Due to 

their natural availability and low toxicity profile, they 

can be used safely. In this study, several bioactive 

compounds have been identified as drug compounds. 

Those compounds are Arjunone, Baicalein, Kaempferol, 

Emodin, Anthraquinones, and Acyclovir. These 

bioactive compounds are already used in many diseases. 

Arjunone is used in diabetes [28].  In periodontal 

ligament cells exposed to lipopolysaccharides, baicalein 

suppresses the inflammatory response and enhances 

osteogenic activity [29]. Kaempferol shows its 

therapeutic effect on osteoarthritis, mastitis, rheumatoid 

arthritis, etc. [30]. Emodin is used as an anti-

cardiovascular drug [31]. Purgation, anti-inflammation, 

immunoregulation, antihyperlipidemic, and anticancer 

properties are all treated using anthraquinones [32]. 

Acyclovir is already used as an antiviral disease [33]. 

II. MATERIAL AND METHODS 

2.1 Retrieved of bioactive compounds and target 

proteins 

All structures of drug compounds i.e., Arjunone, 

Baicalein, Kaempferol, Emodin, Anthraquinones, and 

Acyclovir (Figure 1) were downloaded from the 

PubChem database [34]. The structure of target proteins 

i.e., Fusion glycoprotein (F protein) and matrix protein 

(M protein) were retrieved from the RCSB PDB database 

[35]. 

2.2 Descriptor properties of ligand compounds 

Descriptor properties are very important parameters for 

drug molecules.  Algorithms construct mathematical 

representations of molecule attributes, which are known 

as molecular descriptors. The physical and chemical 

information of molecules is quantitatively described 

using the numerical values of molecular descriptors [36-

37]. Drug-likeness of Arjunone, Baicalein, Kaempferol, 

Emodin, Anthraquinones, and Acyclovir was evaluated 

by the “Lipinski’s Rule of Five” [38]. This rule 

implicated only oral drugs. 

2.3 Preparation of ligand and proteins for molecular 

docking 

All ligand molecules were optimized by semi-empirical 

[39] method (PM3) by using VEGA ZZ [40] software. 

Ligand optimization is a critical step in achieving proper 

protein-ligand interaction. AUTODOCK 4.2 [41] 

generated PDBQT files for the protein and ligand. This 

program was also used to perform molecular docking. 

Grid space and its dimensions were taken from the 

previous study [16-18]. All rotatable ligand bonds were 

frozen. Protein has polar hydrogens added to it.  Finally, 

protein-ligand complexes were formed by PyMol 

software [42]. 

Figure 1- 3d structures of A. Arjunone B. Baicalein 

C. Kaempferol D. Emodin E. Anthraquinones F. 

Acyclovir 

III. RESULT AND DISCUSSION 

3.1 Calculation of drug-likeness properties 

Lipinski's rule of five states about four properties of drug 

compounds. The molecular weight (MW) of medicine or 

lead molecule must be less than 500 Dalton, the 

hydrogen bond acceptor (HBA) must be less than or 

equal to 10, and the hydrogen bond donor must be less 

than or equal to 5. The LogP or octanol-water partition 

coefficient must always be less than +5. A single 

violation of any of those conditions can be tolerated. 

Results of drug-likeness indicate that all drug compounds 

are fulfilled all the parameters. So, they can be used as 

oral drugs. All drug compounds have a molecular weight 

of less than 500 Dalton or g/mol. Drugs with a molecular 

weight of less than 500 g/mol can pass through the skin 

and blood vessels [43]. Arjunone shows the highest 

molecular weight i.e., 344.4 g/mol. All lead molecules 

have a positive LogP value, indicating that they are all 

lipophilic. Only Acyclovir shows negative LogP that 

means it is lipophobic. Lipophilic medications have an 

advantage over hydrophilic pharmaceuticals in terms of 

absorption [44]. HBD is high in Kaempferol whereas 

Arjunone shows the highest HBA. It has also the highest 

number of rotatable bonds. The amount of rotatable 

bonds is a measure of molecular flexibility that plays a 

role in determining medication oral bioavailability. The 

penetration rate decreases as the number of rotatable 

bonds increases [45]. Drugs having a bigger polar 
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surface cannot be absorbed by the human body. A larger 

surface area isn't important for injectable drugs because 

they go straight into the vein. Acyclovir shows the 

highest polar surface area whereas Anthraquinones 

shows the lowest polar surface area. 

Table1- Drug-likeness properties with Lipinski’s rule of five parameters and some other descriptor parameters 

Name PubChem ID M.W (g/mol) LogP HBD HBA 
Rotatable 

bond 

Polar Surface 

Area (Å²) 

Arjunone 14034821 344.4 2.8 0 6 5 63.2 

Baicalein 5281605 270.24 1.7 3 5 1 87 

Kaempferol 5280863 286.24 1.9 4 6 1 107 

Emodin 3220 270.24 2.7 3 5 0 94.8 

Anthraquinones 6780 208.21 3.4 0 2 0 34.1 

Acyclovir 135398513 225.2 -1.9 3 5 4 115 

 

3.2 Molecular docking 

All sdf formatted structures were converted to PDBQT 

file before the molecular docking analysis. Docking is a 

molecular modelling tool for predicting how drug 

compounds (ligands) interact with proteins (enzymes). 

Among all those drug compounds, Baicalein appeared as 

the best drug compound followed by Kaempferol and 

Emodin (Table 2). Baicalein showed the highest 

molecular docking score i.e., -8.1 Kcal/mol energy in 

interaction with matrix protein (2VQP) of RSV. Emodin 

appeared as the best inhibitor of Fusion glycoprotein 

(5KWW) of RSV with good binding energy (-7.9 

Kcal/mol). Baicalein shows 2 conventional hydrogen 

bonds, one pi-alkyl bond, and 4 Van der Waal 

interactions with Matrix protein of RSV (Figure 2A and 

2B). Kaempferol shows 2 conventional hydrogen bonds, 

one pi-donor hydrogen bond, and 5 Vans der Waals in 

interaction with Matrix protein of RSV (Figure 2C and 

2D). In the case of ligand and F glycoprotein interaction, 

Emodin shows 1 unfavourable donor-donor interaction, 2 

pi-donor hydrogen bonds, 2 pi-alkyl, 2 alkyl bonds, 2 pi-

sigma bonds, 6 Van der Waals interactions (Figure 3A 

and 3B).  Baicalein shows 1 carbon-hydrogen bond, 1 pi-

donor hydrogen bond, 1 pi-cation bond, 3 pi-alkyl bonds, 

and 7 Van der Waal interactions in binding with F 

glycoprotein of RSV (Figure 3C and 3D). 

 

Table 2- Drugs name and their binding energies in 

interaction with matrix protein (2VQP) and F 

glycoprotein (5KWW) of RSV 

Drug name 

Matrix protein 

(2VQP) 

Kcal/mol 

F glycoprotein 

(5KWW) 

Kcal/mol 

Arjunone -7.1 -6.7 

Baicalein -8.1 -7.7 

Kaempferol -7.9 -7.5 

Emodin -7.3 -7.9 

Anthraquinones -6.5 -6.2 

Acyclovir -6.1 -5.6 

 

 

Figure 2- A. 3d interactions of Baicalein and matrix 

protein of RSV B. 2d interactions of Baicalein and 

matrix protein of RSV   C. 3d interactions of 

Kaempferol and matrix protein of RSV D. 2d 

interactions of Kaempferol and matrix protein of 

RSV 

 

Figure 3- A. 3d interactions of Emodin and F 

glycoprotein of RSV B. 2d interactions of Emodin and 

F glycoprotein of RSV   C. 3d interactions of 

Baicalein and F glycoprotein of RSV D. 2d 

interactions of Baicalein and F glycoprotein of RSV 
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IV. CONCLUSION 

RSV can be inactivated by drugs that inactivate 

retroviruses by targeting their matrix protein and F 

glycoprotein, as demonstrated in this study. All those 

bioactive compounds show multi-target inhibiting effects 

on RSV. So, they can perform better than other drugs. 

Due to their oral bioavailability and non-toxic nature, 

they are very safe in use. Among all bioactive 

compounds, Baicalein appeared as the best lead 

compound with very high binding energies. Kaempferol 

and Emodin also show very promising results. The 

current exploratory molecular docking investigation 

might be a significant step forward in experimentally 

understanding their antiviral nature and mechanism. 

However, it might be a useful research tool for better 

understanding the immunobiology of RSV illness. 
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Abstract. Grease trap waste and water hyacinth is a major problem of sewer clods and impedes water flow, a factor in flooding. 

Both of which can be proceeded for use as soil amendments. This research had two objectives: 1) to study the appropriate 

characteristics of the ratio between grease trap waste and water hyacinth for compost production and 2) to study the efficiency of 

compost from the growth rate of kale. The results of the analysis revealed that moisture, organic carbon, pH, conductivity, C/N 

ratio, nitrogen, phosphorus, and potassium are conformed to organic fertilizer standards of the Announcement by the Department 

of Agriculture: Criteria for organic fertilizers 2014, Thailand. Comparison of compost quality from macronutrients revealed that 

the ratio between grease trap waste and water hyacinth (2:1) was of the highest quality. Comparing the average growth rate of kale 

by plant height, a number of leaves, leaf width, leaf length, and fresh weight, found that the efficiency of compost containing 

grease trap waste and water hyacinth (2:1) affected the maximum growth rate of kale. In conclusion, the study found that the 

utilization of residues can reduce costs for waste management and increase resource renewal, which contributes to sustainability in 

future. 

Index Terms: Sustainable Use, Compost Amendments, Grease trap waste, Water hyacinth, Utilization of waste, Responsibility 

consumption and production 

 

I. INTRODUCTION 


The problem of flooding in urban areas are caused by 

heavy rainfall and unable to drain water. The growth of 

population and the continued expansion of industry has 

increased of fats oils and grease (FOGs), which are 

components of industrial production and consumption 

[1]. FOGs are eliminated in the environment, they 

become more problematic and clog drains, causing 

wastewater and flooding [2]. The Pollution Control 

Department investigated that fat and oil were one of the 

elements found in the community's sewage, 10% of the 

total organic content [4]. There are use grease trap waste 

residue to be processed into household products four 

types: candles, soaps, animal feed and soil amendments 

[5]. Moreover, water hyacinth, a weed that impact 

negatively on aquatic ecosystems, which thrive in natural 

water sources. [6]. The use of grease trap waste and 

water hyacinth reduces the amount of waste at the source 

and the utilization of the waste [7,8,9]. This research was 

to study the issue of wastewater management and waste 

use at Valaya Alongkorn Rajabhat University under the 

royal patronage. The problem of accumulation of fat, oil, 

and grease residues (FOGs) in canteen sewers during the 

3-month period accumulated about 200-500 kg of FOGs 
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(wet weight). In addition, water hyacinth problems in 

natural water sources for a period of 3 months, water 

hyacinths grow rapidly, requiring dredging. Therefore, 

the researcher is interested in studying the composting 

between grease trap waste and water hyacinth in order to 

solve the problem of waste and use the waste. In 

addition, a compost amendments suitability study will be 

conducted by adjusting the ratio of grease trap waste and 

water hyacinth by experimenting with Chinese kale 

planting. 

II. OBJECTIVES 

2.1 To study physical and chemical characteristic of 

grease trap waste and water hyacinth (Eichornia 

crassipes (Mart.) Solms) for compost production 

2.2 To study the efficiency of compost on plant growth 

and yield of Chinese kale (Brassica albroglabra 

L.H.Bailey). 

III. MATERIALS AND METHODS 

3.1 Materials 

In this study, the material consisting of grease trap waste 

and water hyacinth were obtained from the sewers at the 

cafeteria and natural water pools of Valaya Alongkorn 

Rajabhat University under the Royal Patronage. Figure 1 

shows, the analyzed the properties of two parts: the 

analysis of the material to be composted (grease trap 

waste and water hyacinth) and the analysis of the 

http://doi.org/10.36647/978-93-92106-02-6.19
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composted. Composting material, analyzing for physical 

and nutrient properties. The second part of the 

experiment was to study the physical and chemical 

properties of compost from grease trap waste and water 

hyacinth. 

3.2 Methods 

Physical properties of compost include: temperature and 

humidity. Chemical properties include: electrical 

conductivity, pH, organic matter content (OC) and 

carbon to nitrogen ratio (C/N ratio). For the analysis of 

plant macronutrients are included: nitrogen (using the 

Kjeldahl wet Oxidation method) Phosphorus, Potassium 

(Using the Spectrophotometer UV-VIS). 

This study analyzes the statistical data were used 

descriptive statistics include: percentage, average, 

standard deviation. 

 

Figure 1. Steps of study grease trap waste and water hyacinth for compost amendments productively for 

Chinese kale growth. 
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IV. RESULTS 

The results of the analysis of grease trap waste and water 

hyacinth showed that the moisture content and 

macronutrients. Table 1 showed that the moisture content 

of the grease trap waste was 49.5± 0.22, which was 

higher than the standard less than 30. The nitrogen 

content of water hyacinth was higher than grease trap 

waste at 2.02 ± 0.17 and 0.50 ± 0.06%, respectively. The 

nitrogen content of water hyacinth was related to the 

standard criteria. Phosphorus and potassium of grease 

trap waste and water hyacinth, according to the standards 

of organic fertilizer [13]. 

Table 1. Characteristic of grease trap waste and 

water hyacinth (n=3) 

Parameter Grease trap 

waste 

Water 

hyacinth 

Moisture Content 

(%) 

49.5 ± 0.22 15.07 ± 0.16 

Nitrogen (%N) 0.50 ± 0.06 2.02 ± 0.17 

Phosphorus 

(%P2O5) 

2.55 ± 0.01 0.74 ± 0.01 

Potassium 

(%K2O) 

1.70 ± 0.01 1.29 ± 0.01 

Figure 2 shows the results of the temperature occurring 

in the composting process. The fermentation process in 

various ratios of grease trap waste and water hyacinth 

found that during 4-5 weeks the fermentation reaction 

occurred with the highest temperature in the range of 45-

47 °C. The higher temperature conditions are caused by 

the decomposition process of various groups of 

microorganisms. [14]. 

 

Figure 2. Temperature conditions of composting 

between grease trap waste and water hyacinth. 

The results of the analysis of physical and chemical 

characteristics of the three formulations of soil 

amendments and soil for planting material are shown in 

Table 2. 

The physical characteristics of the soil amendment were 

dark brown in color, soft, crumbly and clumping. The 

moisture content of the compost amendments over time 

12 weeks and then sieve with 2 mm. It was found that all 

three ratio of soil amendments were accordance with the 

specified standards. But for the soil used in the 

experiment, planting exceeds the standard value at 33.99 

± 0.08 percent, which the standard specifies not more 

than 30%. [13]. 

The organic carbon content of compost amendments 

were found at the ratio of 2:1 has a maximum value of 

40.93±0.06 %, which is twice the standard, which only 

requires more than 20% [13]. It was found that the ratios 

1:2 and 1:1 were 37.44±0.06% and 33.04±0.06%, 

respectively. 

The Conductivity and pH of the three formulas of 

compost amendment were in the range of 3.84 - 5.04 

µS/cm and 8.20-8.29, respectively, the parameters are 

defined according to standard criteria. The soil pH was 

found to be neutral at 7.03±0.02. 

The appropriate carbon-nitrogen ratio (C/N ratio) for the 

needs of soil microorganism was in the range of 

approximately 20:1 and was therefore taken as the 

standard value [15]. In the analysis of all formulas of 

compost amendment, the C/N ratio were in the range of 

1.31:1 - 7.22:1. 

The macronutrients of plants consisted of nitrogen, 

phosphorus and potassium, which were analyzed from 

the three compost amendment formulations found that all 

macronutrients were higher than the specified nutrient 

standards. Nitrogen is in the range of 2.12 - 2.94 percent. 

Phosphorus is in the range of 0.77-0.95%. Potassium is 

in the range of 1.34-1.74 %. 

 

 

 

 

Table 2. Physical and chemical properties of compost amendments and soil (n=3) 

Parameter Grease waste and Water hyacinth ratio 
Soil (Control) Standard* 

 1:1 1:2 2:1 

Moisture Content (%) 27.16±0.03 26.19±0.22 29.44±0.20 33.99±0.08 < 30 

Organic carbon (%) 33.04±0.06 37.44±0.06 40.93±0.06 22.32±0.01 > 20 (w/w) 

Conductivity (µS/cm) 4.11±0.03 5.04±0.14 3.84±0.08 0.96±0.01 < 10 

pH 8.25±0.06 8.20±0.58 8.29±0.17 7.03±0.02 5.5-8.5 

C/N ratio 1.31:1 4.46:1 7.22:1 12.13:1 < 20:1 

Nitrogen (%N) 2.94±0.06 2.12±0.58 2.46±0.17 0.63±0.02 > 1.00 

Phosphorus (%P2O5) 0.88±0.01 0.77±0.01 0.95±0.01 0.46±0.01 > 0.5 

Potassium (%K2O) 1.35±0.01 1.34±0.01 1.74±0.01 0.54±0.03 > 0.5 

* Criteria for organic fertilizers, (2014). [13] 

The germination rate of kale plants with a cultivation 

period of 49 days using three different compost 

amendment formulas was found at the ratio of 1:2 and 

2:1 to have a hundred percent germination effect as 
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shown in Table3. In addition, the yield study of Chinese 

kale showed that the 2:1 ratio was the highest at 12.52 ± 

0.45 g/plant, followed by the 1:2 and 1:1 ratio at 11.50 ± 

0.44 and 8.60 ± 1.36 g/plant, respectively. 

Table 3. Percentage of germination rate and yield of 

Chinese kale (n=3) 

Treatment Germination 

rate (%) 

Yield (g/plant) 

1:1 96.67 ± 0.58 11.50 ± 0.44 

1:2 100 ± 0.00 8.60 ± 1.36 

2:1 100 ± 0.00 12.52 ± 0.45 

Control 83.33 ± 0.58 7.59 ± 0.61 

 

In Figure 3, the results of the study on the height of 

Chinese kale were shown in the ratio of 2:1 is the highest 

at 20.00±1.87 cm. The inferior height ratio is 1:1 and 1:2 

at 19.20±0.44 and 17.46±1.08 cm, respectively. For the 

planting material without soil amendment, the height was 

12.53±0.38 cm. 

 

Figure 3. Effect of compost treatment on plant height 

of Chinese kale 

In Figure 4, the number of leaves of Chinese kale from 

the experiment showed that the ratio with the highest 

number of leaves was 1:2 and 2:1 at 7.6±0.58 leaves per 

plant. 

 

Figure 4. Effect of compost treatment on leave 

number of Chinese kale 

 

In Figure 5 showing the average width of Chinese kale 

leaves, it was found that the ratio of the leaves with the 

greatest mean width was 1:1 and 2:1 at 7.70 cm. 

 

Figure 5. Effect of compost treatment on leave width 

of Chinese kale 

 

In Figure 6, the average length of Chinese kale leaves 

showed that the ratio with the highest mean leaf length 

was 2:1 at 10.20±0.55 cm, followed by the ratio of 1:1 

and 2:1 at 9.20±0.83 and 8.10±0.15 cm, respectively 

 

 

Figure 6. Effect of compost treatment on leave length 

of Chinese kale 

V. DISCUSSION AND CONCLUSION 

This study found that grease trap waste and water 

hyacinth has the potential to be used as a soil amendment 

[1,4]. The growth effect of Chinese kale showed the 

efficiency of a soil amendment containing grease trap 

waste and water hyacinth beneficial for growth. The high 

nitrogen content increases the yield especially of leafy 

plants and accelerates plant growth [16]. The soil 

amendment produced with high nitrogen content in all 

three ratios was in the range of 2.12% - 2.94 percent, 

qualified as compost standards [17]. Comparatively, the 

nitrogen value of the soil amendment in this study was 

higher than that of the indigo soil amendment at 1.85% 

[18]. The effectiveness of soil amendment ratio at of 2:1 

had the best germination rate. In addition, Chinese kale 

was found highest yield in terms of weight, leaf number, 

height, leaf length, and leaf width. Grease trap waste and 

water hyacinth that must be eliminated, which raises the 

cost and impact on the environment. The fermentation 

process of both types of waste material produces an 

efficient soil conditioner with macronutrients (N, P, and 

K) that are suitable for plant cultivation. Utilizing grease 

trap waste and water hyacinth to produce soil 

amendments is a simple process and takes only three 
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months and does not require advanced production 

technology. The utilization of residues can reduce costs 

for waste management and increase resource renewal, 

which contributes to sustainability in future. 
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Abstract. The present research assessed the knowledge, attitude, and practices of diabetic patients concerning the disposal of 

sharps in community settings and the factors affecting them by using a validated interview questionnaire. A cross-sectional study 

was done. Three hundred eighty-four patients were selected by systematic random sampling and interviewed to answer the 

questionnaire at 2 diabetic centers in Alexandria. We found the respondents had fair knowledge (7.17±2.21 out of 10) and a 

positive attitude (3.682±0.87 out of 5) towards sharps disposal. However, the majority (95.1%) had poor disposal practices. Only 

(4.9%) of participants had acceptable disposal techniques through health care facilities. Good knowledge scores were related to 

high educational level, single marital status, living in an urban area, and being employed. Based on both crude and multivariable 

regression models, the study found that attitude was influenced by occupation status and that the parameters predicting disposal in 

healthcare settings were receiving advice from healthcare workers (HCW), knowledge score, and using insulin outside the house. 

In conclusion, most patients had inappropriate sharps disposal practices. Accordingly, the researchers expect a massive public 

health problem towards diabetic sharp waste discarding which implied the necessity to implement a proper community sharps 

disposal program in the future. 

Index Terms: Diabetes mellitus, Sharps disposal, Insulin syringe, Insulin needles 

 

I. INTRODUCTION 


Diabetes mellitus (DM) is a chronic condition caused by 

an inherent or acquired inability of the pancreas to make 

insulin, or by the ineffectiveness of the insulin produced 

(type 2 DM) [1]. Egypt is among the top ten nations in 

the world in terms of diabetes patients, according to the 

International Diabetes Federation (IDF). The fact that 

DM prevalence in Egypt has risen dramatically in a very 

short period, from around 4.4 million cases in 2007 to 

8.2 million cases in 2017, is concerning. By 2035, it is 

predicted to be 13.1 million diabetes patients.  [2] 

Diabetic patients need to measure blood glucose levels 

regularly by self-monitoring of blood glucose (SMBG) to 

ensure that the glucose level is within the normal range. 

Patients with type 1 DM and some with type 2 DM are 

using insulin injections to control blood glucose levels. 

These practices, which include using various kinds of 

medical devices and instruments like insulin pens, 

syringes, lancets, etc., mostly take place by self-

administration at home [3]. Furthermore, if it is known 

that about 40% of diabetic patients need insulin 
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injections [1], the health care providers can expect that a 

considerable number of sharps will be generated and 

discarded. Without proper sharps disposal practices, 

accidental injuries with contaminated sharps occur 

frequently. Sharps expose people to the risk of not only 

getting a painful stick but also catching a life-threatening 

disease.  [4]. Majumdar et al. (2015) [3], reported a 

significant association between diabetes mellitus and 

hepatitis B virus, hepatitis C virus, and HIV infections. 

Several studies were carried out to assess the knowledge, 

attitudes, and practices toward sharps disposal among 

diabetic patients all over the world [5]. On the other 

hand, hundreds of tons of plastics and metals generated 

in this process require being disposed of safely. The 

burning of these plastics contributes to greenhouse gas 

production, which further affects the atmosphere To the 

best of our knowledge, data about the knowledge and 

practice of diabetic patients regarding sharps disposal in 

Egypt is relatively rare.  

II. OBJECTIVES 

To assess knowledge as a primary outcome of diabetic 

patients regarding sharps disposal, in addition, attitude 

and practice, and to assess the effect of socio-

demographic factors and clinical characteristics in detail 

as secondary outcomes. 

http://doi.org/10.36647/978-93-92106-02-6.20
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III. METHODOLOGY  

3.1. Study Setting 

This study was carried out between October 2019 and 

April 2020 at El-Horraya and Louran diabetic centers, 

Health Insurance Organization (HIO), Alexandria. 

3.2. Study Design 

Cross-sectional study 

3.3. Target Population 

All insulin-requiring type1 and type 2 diabetes mellitus 

adult patients who visited El-Horraya and Lauran 

Diabetic Centers were included in the study. The two 

centers were selected randomly from 8 diabetic centers 

all over Alexandria. About 8000 patients visited El-

Horraya diabetic center and 12000 patients visited 

Lauran diabetic center every two months as each patient 

returned every 2 months to recheck up. Study subjects 

were selected from the source population according to a 

random starting point and every third person encountered 

in the first center and every fifth person in the second 

one and who met the inclusion criteria was included. 

Thus, 192 study subjects were selected from each center 

through a systematic sampling procedure.  

Exclusion criteria: The study excluded participants with 

gestational diabetes mellitus and those who have poor 

visual acuity   

3.4. Sampling design  

3.4.1. Sample size 

Based on Abebe et al. (2016), [6] 49.5% of diabetics 

using insulin had poor knowledge (primary outcome) of 

Sharps waste disposal. Using a margin of error of 5%, an 

alpha error of 0.05, the minimum required sample size 

required is 384. The sample size was calculated using 

Epi info7 software. 

3.4.2. Type of sample and method of selection 

A systematic random sample was used. All insulin-

requiring type1 and type 2 diabetes mellitus patients who 

visited El-Horraya and Lauran Diabetic Centers (192 

patients from each) were selected. 

3.5. Data collection methods and tools  

After a thorough literature assessment of the relevant 

existing research [5, 6], a validated interview 

questionnaire on community sharp disposal was utilized 

to obtain data on knowledge, attitude, and sharp disposal 

practice from the participants. Our questionnaire, on the 

other hand, was heavily influenced by the Filipino 

research version developed by Quiwa and Jimeno (2014) 

[5]. A group of professionals, comprising two 

environmental health professors and one lecturer, 

assessed the questionnaire's content. The questionnaire 

included four main sections. The first part was concerned 

with the socio-demographic factors and the clinical 

characteristics of the participants. The second section of 

the questionnaire consisted of 10 items that assessed 

knowledge of three important concepts: proper 

syringe/needle use, dangers of improper disposal, and 

right syringe/needle disposal practice.  The third part 

assessed the attitude through items covering five 

concepts. The five themes were: readiness to dispose of 

sharps appropriately and learn proper disposal, 

responsibility for needle stick injuries, desire to prevent 

needle stick injuries, an attitude that improper sharps 

disposal is a severe problem, and fear of seeking a 

physician about safe disposal. On the agreement, a 5-

point Likert scale will be utilized and rated from one to 

five. The fourth section looked at sharps and general 

trash disposal techniques. The most effective practice 

which determined if the participant had accepted practice 

or not was disposing of sharps at health care facilities 

(binary outcome). 

3.6. Ethical consideration 

1. The researcher requested permission from the High 

Institute of Public Health's Ethics Committee to 

perform the study.  

2. The international guidelines for research ethics 

were followed by the researcher.  

3. After an explanation of the study's goal and 

benefits, all study participants gave their verbal 

agreement.  

4. Anonymity and secrecy were guaranteed and 

maintained.  

5. There was no potential for a conflict of interest.  

3.7. Pilot study  

A pilot study was done before gross data collection. It 

entailed pretesting of the questionnaire on 20 participants 

which was not included in the final analysis; it was done 

to determine the validity of the tool, modify and adjust 

some questions, estimate the average time needed to 

obtain the required information, and identify obstacles 

that could be faced during the implementation of the 

study. The questionnaire was completed in an average of 

26 minutes by respondents, with a range of 20 to 32 

minutes. The questionnaire was easy to understand for 

the vast majority of respondents. A few items have been 

rephrased for clarity. Before the actual data collection 

began, relevant changes were implemented.  

IV. RESULTS  

A total of 384 eligible Type 1 and Type 2 DM patients 

were recruited for this cross-sectional s. They all 

completed the survey and were considered in the final 

analysis.  

4.1. Socio-demographic factors 

The percentage of males was (64.1%), and females were 

(35.9%), and the age range was from 24 years to 74 

years. The Majority of the respondents were male 

(64.1%) and married (75%). Concerning occupational 

status, it was found that 46.6% of the participants were 

retired and 43.8% were employed. As regards education, 
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the study results showed that about one-third of them 

(34.1%) reported that they had a graduate certificate, 

2.9% had a postgraduate certificate, while (5.2%) said 

that they were illiterate. Concerning residence, it was 

found that (76.8%) of them lived in urban areas, (23.2%) 

in slum and rural areas, and only 1% of participants 

shared their homes with others (table 1). About half of 

the participants (47.7%) had children when they lived 

there, and (44.8%) of them had 2 children in the family 

as displayed in table 1.  

Table 1: Distribution of the studied diabetic patients 

according to socio-demographic characteristics 

(n = 384) (El Horraya and Louran diabetic centers, 

2019). 

Socio-demographic factors No. % 

Age (years)   

20 –  25 6.5 

30 –  31 8.1 

40 –  74 19.3 

50 –  103 26.8 

60+ 151 39.3 

Min. – Max. 24.0 – 74.0 

Mean ± SD. 54.68 ± 12.41 

Median (IQR) 58.0 (46.0 – 64.0) 

Gender   

Male 246 64.1 

Female 138 35.9 

Marital status   

Single 18 4.7 

Married 288 75.0 

Widowed 72 18.8 

Divorced 6 1.5 

Occupation   

Employed 168 43.8 

Unemployed 37 9.6 

Retired 179 46.6 

Education   

Illiterate 20 5.2 

Read and write 14 3.7 

Basic education 70 18.2 

Intermediate qualification 116 30.2 

High technical qualification 22 5.7 

University education 131 34.1 

Postgraduate 11 2.9 

Residence area   

Urban area 295 76.8 

Rural area 10 2.6 

Slum area 79 20.6 

The house    

Independent  380 99.0 

Shared with others 4 1.0 

 

Regarding the crowding index, it was found that the 

mean crowding index was 1.10 ± 0.45 as explained. It 

was found that 48% of the participants had lived in 

crowding and overcrowding status as explained. About 

half of the participants (47.7%) had children at their 

place of residence and (44.8%) of them had 2 children in 

the family as displayed. 

In terms of medical history, it was found that 57.3% of 

the participants had diseases other than diabetes mellitus; 

the percentage of hypertension among participants was 

82.7% and of heart diseases was 28.6%. Interestingly, 

15.4% of participants had viral hepatitis C. 

4.2. Descriptive data about diabetes, diabetes 

treatment characteristics, and medical history 

In terms of diabetes and insulin treatment features, the 

patients' mean duration of diabetes mellitus was 13.98 

7.51 years. In comparison, the average length of insulin 

use was around half that, at 7.80 6.56 years. The majority 

of responders (88.5 %) had been diagnosed with diabetes 

for at least five years (Figure 1).  However, only 61.2% 

of patients (61.2%) had been prescribed insulin therapy 

over the previous five years (Figure 2).  More than half 

of the respondents used reusable insulin pens (56.3%), 

however, (38.8%) used syringes, and (4.9%) used both. 

The majority took an insulin injection twice daily 

(80.4%), while (11.2%) took once, (6.8%) took three 

times, and only (1.3%) took four times. Regarding the 

total number of discarded syringes and pen needles 

monthly, it was found that about 2355 syringes and 3031 

pen needles were discarded monthly with the mean of 

14.02 ± 9.95 for syringes and 12.90 ± 10.55 for pen 

needles. Regarding medical history, it was found that 

16.3% of participants had hepatitis C and B. 

 

Figure 1. Distribution of the studied diabetic patients 

according to the duration of diabetes (years) 

(n = 384) (El Horraya and Louran diabetic centers, 

2019). 

 

Figure 2. Distribution of the studied diabetic patients 

according to the duration of insulin use (years) 

(n = 384) (El Horraya and Louran diabetic centers, 

2019). 
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4.3. Diabetic patients’ knowledge, attitudes, and 

practices towards disposal of sharps 

4.3.1. The knowledge of diabetic patients about 

sharps disposal    

The researcher assessed the participants' knowledge of 

how to use and dispose of insulin syringes by using ten 

multiple-choice questions. We covered three key subjects 

with two, three, and five items: proper syringe/needle 

use, hazards of inappropriate disposal, and appropriate 

syringe/needle disposal practices. All the participants 

answered ten multiple-choice questions that assess their 

knowledge regarding sharps disposal. By asking about 

what should be done if there is a will to reuse the syringe 

or the pen after using it for the first time, 98.2% selected 

the choice of putting the cap back on. Regarding what 

should be done if an insulin syringe slips out of one's 

hand and falls to the ground, 74.2 % of people said 

throwing it away and getting a new one is a correct 

option. 

 Concerning infectious disease, which can be got after 

accidental prick by a syringe used by another person, 

68.5% had chosen hepatitis. On the other hand, 95% had 

nominated garbage scavengers as Community members 

are at the greatest risk of being accidentally injured by 

used insulin syringes. About the best place to store used 

insulin syringes or pens, only 23.2% selected the choice 

of keeping the syringes and pens in place hard to reach 

by children while 57% preferred to keep them in the 

refrigerator.  

Concerning using insulin outside the house, 58.3% stated 

that they preferred to bring the used syringes back to the 

home while, 40.9% throw them in the nearest garbage 

can. Interestingly, 86.7% of the participants considered 

placing the sharps in a puncture-resistant container as the 

best way to dispose of them. Furthermore, 78.9% knew 

that the best container for storing used insulin syringes or 

needles safely is a hard puncture-resistant plastic bottle, 

while 13.3% had chosen plastic bags. Concerning the 

disposal of used syringes, 73.7% selected the choice of 

covering needles before throwing them, while 20.3% of 

participants preferred to bend them. At the general level, 

60.4% knew that used insulin syringes are best discarded 

through the community disposal program regarding 

household sharps, while 30.2 % considered burning in 

the backyard is the best one. 

Distribution of the studied patients according to total 

knowledge score displayed that 50.5 % of the 

participants had High level (≥75%) knowledge, 36.2 % 

had Moderate level (≥50 –<75%) of knowledge and 

lastly, 13.3% had a low level (0 – 50%) of knowledge 

with the mean score of 71.72 ± 22.10 which corresponds 

to a moderate level (table 2). 

 

 

 

 

Table 2: Distribution of the studied diabetic patients 

according to their total Knowledge score  (n = 384) 

(El Horraya and Louran diabetic centers, 2019). 

Total knowledge score No. % 

Good level (≥75%) 194 50.5 

Fair level (≥50 –< 75%) 139 36.2 

Poor level (0 – < 50%) 51 13.3 

Total Score  

Min. – Max. 2.0 – 10.0 

Mean ± SD. 7.17 ± 2.21 

Median (IQR) 8.0 (6.0 – 9.0) 

Percent Score  

Min. – Max. 20.0 – 100.0 

Mean ± SD. 71.72 ± 22.10 

Median (IQR) 80.0 (60.0 – 90.0) 

4.3.2. The attitude of diabetic patients towards sharps 

disposal  

The attitude component of the questionnaire contained 

nine items that covered five concepts. We assessed the 

level of agreement by using a 5-point Likert scale 

ranging from strongly agree (score of 5) to strongly 

disagree (score of 0). The attitude scale used a score 

range of 1.00-1.79 for a severely negative attitude, 1.80-

2.59 for a negative attitude, 2.60-3.39 for a neutral 

attitude, 3.40-4.19 for a positive attitude, and 4.20-5.00 

for a strongly positive attitude.  

We discovered that 59.4 percent of individuals strongly 

agreed that incorrect disposal of insulin syringes is a 

severe problem, while just 6.8% disagreed. About 45.8% 

strongly agreed that they should learn how to 

appropriately dispose of their used insulin needles. If 

garbage scavengers are hurt by insulin syringes and 

needles dumped in the trash,       31.5 % believe it is their 

fault, while 54.7% disagree.  

About 45.8% were strongly willing to improve their 

present methods of disposing of insulin syringes and 

needles. Besides, 79.2% of the sample population was 

firmly not willing other people to get injured by their 

insulin syringes and needles. However, 40.6% disagreed 

that they are afraid or embarrassed to ask their doctors 

about the proper disposal way of insulin syringes and 

needles.  

Surprisingly, 82 % of responders said they would bring 

their used insulin syringes to the hospital if it would 

dispose of them. Furthermore, 66.5 % of participants 

believed it was their fault if someone else was wounded 

by their discarded syringes and needles. Finally, just 13.6 

% said the government was fully responsible for the 

correct disposal of insulin syringes.  

The distribution of the studied patients according to total 

attitude score showed that 52.1% of the participants had 

a strong positive attitude, 35.2% had a positive attitude, 

12.2% had a neutral attitude, and 0.5% had a negative 
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attitude. The mean score of the respondents was 3.682 ± 

0.87, corresponding to a positive attitude. 

Table 3: Distribution of the studied diabetic patients 

according to their total attitude score (n = 384) (El 

Horraya and Louran diabetic centers, 2019). 

Total attitude score No. % 

Strongly positive (4.20 – 5.00) 200 52.1 

Positive (3.40 – 4.19) 135 35.2 

Neutral (2.60 – 3.39) 47 12.2 

Negative (1.80 – 2.59) 2 0.5 

Total Score  

Min. – Max. 2.10 – 4.50 

Mean ± SD. 3.682 ± 0.87 

Median (IQR) 3.80 (3.30 – 4.10) 

Percent Score  

Min. – Max. 33.33 – 100.0 

Mean ± SD. 77.26 ± 13.53 

Median (IQR) 80.56 (66.67 – 

88.89) 

4.3.3. The sharps disposal practice of diabetic patients  

As shown in table (4), it was found that the bulk of 

sharps (94 percent) were disposed of through domestic 

rubbish collection, either loosely mixed with household 

waste or in a dedicated container such as a bag or bottle. 

4.9 percent of participants, however, disposed of their 

sharps in health care facilities.  and only 1.1% disposed 

of sharps in the toilet through the sanitation system (table 

4).  

Regarding participants who used household garbage for 

sharps disposal, it was found that 63.3% of them did not 

use any container before disposing while 30.7% used 

plastic bags or bottles. Concerning sharps disposal 

practices, it was found that 64.3% of the participates did 

not use any container before disposing of sharps, 32.8% 

used plastic bags, 1.6% used bottles, 0.8 used detergent 

plastic bottles, and 0.5% only used sharps bins (Table 2).  

Out of 384 respondents, 62.2% practiced insulin 

injections outside the home. Among them, 64% brought 

their syringes and pens home and 36% threw their sharps 

in the nearest garbage container. Only 27 participants 

representing 7% of participants reported receiving 

guidance on how to dispose of sharps. The most 

prevalent source was family members. of guidance at 

(48.2%), followed by pharmacists (25.9%), then nurses 

(18.5%), and lastly physicians and laboratory technicians 

at (3.7%) for each (Table 4). 

 

 

 

 

 

 

Table 4: Distribution of the studied diabetic patients 

according to their sharps disposal practice 

(n = 384) (El Horraya and Louran diabetic centers, 2019) 

Questions for assessing the practice of 

disposing of sharps 
No. % 

The methods used in disposing of 

used insulin syringes: 
  

a. Thrown through household 

garbage  
361 94.0 

Thrown immediately into the garbage 

and be mingled with the household 

waste 

243 63.3 

Placed in a container, such as a bag or a 

bottle before being thrown away.  
118 30.7 

b. Disposal at health care facilities  19 4.9 

Sharp bin 2 10.5 

Bottles  6 31.6 

Detergent plastic bottles  3 15.8 

Plastic bag 8 42.1 

c. Toilet 4 1.1 

Type of container that was used for 

insulin syringes just before disposing 

of them: 

  

No container used 247 64.3 

Plastic bag 126 32.8 

Bottles 6 1.6 

Detergent plastic bottles 3 0.8 

Sharp bin 2 0.5 

Using insulin outside the house:   

No 145 37.8 

Yes 239 62.2 

If Yes   

The best way of disposing of used 

insulin syringes outside the house: 
  

I carry them home with me 153 64.0 

I dispose of them in any available trash 

container 
86 36.0 

The presence of a person who gave 

you advice on how to dispose of your 

used insulin syringes: 

  

No  357 93.0 

Yes (n.= 27) 27 7.0 

Physician  1 3.7 

Nurse 5 18.5 

Pharmacist 7 25.9 

Family member 13 48.2 

Lab technician 1 3.7 

4.4. Factors affecting knowledge, attitude, and 

practice  

4.4.1. Factors influencing knowledge  

The factors that influenced the respondents' knowledge 

level were looked at. Marital status (single and 

divorced), occupation (employed and retired), college 

and postgraduate education, and civilized residence area 

were associated with a higher mean knowledge score and 

reached statistical significance.  
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As for marital status, it was found that the single and 

divorced had good mean knowledge scores at 8.17 ± 1.25 

and 8.17 ± 1.83 respectively while, married and widowed 

had fair mean knowledge scores, 7.38 ± 2.11 and 6.00 ± 

2.43 respectively.  

Regarding occupational status, it was found that 

participants who were employed or retired had better 

mean knowledge scores than unemployed, (7.38 ± 1.98, 

7.31± 2.26), (5.57±2.36) respectively.  

Concerning education, the respondents who had 

postgraduate and university certificates demonstrated a 

good mean knowledge score, 9.64 ± 0.50, and 8.53 ± 

1.53. While illiterate and those who could read and write 

had the least knowledge score, 5.05 ± 2.04, and 5.93 ± 

1.44, respectively.  

According to the residence area, it was found that 

participants who lived in an urban area had a better mean 

knowledge score (7.36 ± 2.22) than those who lived in a 

rural area (6.80 ± 1.40). 

When an analysis of variance (ANOVA) F test is 

significant, a post hoc test is performed to identify 

particular differences between the means of three or 

more groups. . Thus, it was used to determine the 

significant differences among subgroups of marital 

status, occupation, education, and residential area 

concerning total practice score. Regarding marital status, 

there was a significant difference among married versus 

widowed subgroups with p-value < 0.001 and among 

single versus widowed with p-value = 0.001. Concerning 

occupation status, a significant difference was found 

among employed versus unemployed and unemployed 

versus retired subgroups with a p-value < 0.001. On the 

other hand, education status subgroups exhibit significant 

differences among, illiterate vs. intermediate 

qualification with p-value =0.003, illiterate vs. high 

technical qualification with p-value =0.004, illiterate vs. 

university education with p-value <0.001, read and write 

vs. university education with p-value <0.001, basic 

education vs. intermediate qualification with p-value 

=0.006, basic education vs. high technical qualification 

with p-value =0.029, basic education vs. university 

education with p-value <0.001, intermediate qualification 

vs. university education with p-value <0.001, high 

technical education vs. university education with p-value 

=0.027. Besides, there was a significant difference 

between urban and slum resident areas with a p-value = 

0.007 regarding total practice score.  

4.4.2. Factors influencing the attitude  

We conducted the univariate linear regression analysis to 

determine the factors associated with attitude as an 

outcome. History of self-inflicted needle stick injury and 

female sex was negatively associated with attitude. In 

contrast, the presence of children at the house, receiving 

advice from health care workers or family members, 

having an occupation, duration of insulin use, male sex, 

knowledge, and college education were positively 

associated with attitude towards proper disposal.  

Table 5 shows the stepwise multiple linear regression 

analysis of factors that influence the attitude. Twelve 

factors entered the regression analysis, namely: history 

of needle stick injury to self, use of insulin pens, advice 

from health care workers, occupation, duration of insulin 

use, knowledge, gender, presence of children at home, 

use of insulin syringes, advice from family friends, 

education (college level or beyond), and marital status 

(married). From the twelve factors entered the regression 

analysis, only occupation significantly predicted attitude; 

occupation explained 73.5% of the variation of the 

attitude score. It was found that the employed 

participants had a more positive attitude than retired and 

unemployed ones.  

Table 5: Stepwise multiple linear regression analysis of factors that predicted the attitude (n = 384) (El 

Horraya and Louran diabetic centers, 2019). 

Attitude B SE Beta t p 

Constant  42.453 6.893  6.159 <0.001
*
 

History of needle stick injury to self  -9.669 4.518 -0.390 2.140 0.070 

Use of insulin pens  0.323 0.262 0.415 1.235 0.257 

Advice from health care workers  0.654 1.655 0.117 0.395 0.704 

Occupation  8.729 2.869 0.733 3.043 0.019
*
 

Duration of insulin use  0.014 0.152 0.018 0.089 0.931 

Knowledge  0.896 1.121 0.349 0.799 0.451 

Gender  -2.019 1.806 -0.176 1.118 0.300 

Presence of children at home  1.860 4.925 0.148 0.378 0.717 

Use of insulin syringes  -0.708 0.362 -0.756 1.956 0.091 

Advice from family friends  – – – – – 

Education (college level or beyond)  2.754 1.247 0.555 2.208 0.063 

Marital status (married)  -5.062 3.918 -0.333 1.292 0.237 

R
2
 = 0.897, adjusted R

2
= 0.735, SE = 2.927, F = 5.547, p = 0.016

*
 

B: Unstandardized Coefficients: represents the amount of change in a dependent variable Y due to a change of 1 unit of independent variable X  

SE: Estimates Standard error  Beta: Standardized Coefficients  t: t-test of significance  

F, p: f and p values for the model  R: coefficient of regression   R2: Coefficient of determination 
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4.4.3. Factors contributing to sharps waste disposal at 

a health care facility  

The univariate logistic regression analysis for the 

parameters affecting sharps disposal at health care 

facilities. Several criteria were investigated to discover 

which of them were related to approved sharps disposal 

methods (sharp waste disposal at health care facility).  

Shorter duration of insulin use with odds ratio 3.648 

(1.355 – 9.822) and p-value 0.013, good knowledge 

score with odds ratio 3.897 (1.269 – 11.965) and p-value 

0.011, previous advice from health care workers with 

odds ratio 40.0 (13.778–116.129) p-value <0.001, 

previous advice from family/friends with odds ratio 

18.256 (5.655 – 58.934) and p-value <0.001, attitude 

with odds ratio 0.849 (0.743 – 0.971) and p-value 0.013, 

and none using insulin outside the house with odds ratio 

2.990 (1.149 – 7.780) and p-value 0.019.  

A substantial link was found in this study between the 

length of insulin use and a sharp return to healthcare 

facilities. Patients who had been on insulin for less than 

five years had 3.65 times the odds of disposing of sharps 

waste in health care settings, as compared to those who 

are using it for more than five years (Figure 3).  

Regarding the knowledge score, it was found that 

participants who had good knowledge scores had about 4 

times the odds of having accepted disposal practice 

(Sharps disposal in medical facilities ) as compared to 

those who had fair and poor knowledge. Moreover, it 

was found that patients who received advice from HCWs 

and family/friends had 40 and 18.256 times respectively 

the odds of returning their sharps in medical contexts, 

against those who did not receive any advice  (Figures 

4). On the other hand, it was found that patients who did 

not use insulin outside the house had 2.990 times the 

odds of returning sharps in health-care settings, as 

compared to those who used it. 

Figure 3:  Relation between disposal practice at a 

health care facility and duration of insulin use(n = 

384) 

(El Horraya and Louran diabetic centers, 2019).  

 

Figure 4: Relation between disposal practice at a 

health care facility and disposal advice from HCWs 

(n = 384) (El Horraya and Louran diabetic centers, 

2019).  

Multiple logistic regression analysis was done to 

determine parameters predicting sharps disposal at health 

care facilities. It was found that high knowledge score, 

disposal advice from Health Care Workers (HCWs), and 

not using insulin outside the house are significantly 

predicted good disposal practice at health care facilities 

with odds ratio 1.529 (0.315 – 7.429), 19.838 (4.729 –

83.21), and 3.989 (1.093 – 14.56) respectively. The 

adjusted odds of sharps disposal at health care facilities 

among participants who had a good knowledge score 

were about 1.5 times compared to those who had a fair 

and poor score. The adjusted odds of disposal sharps at 

health care facilities among those who received disposal 

advice from HCWs were 19.8 times compared to the 

odds of those who did not receive any advice. The 

adjusted odds of sharps disposal in health-care settings 

among participants who didn't use insulin outside the 

house were 3.99 times compared to the odds of those 

who used it.  

V. DISCUSSION 

In the current study, the mean knowledge score was 7.17 

± 2.21 corresponding to a fair level of knowledge which 

is aligned with the Philippine study, it was found that the 

mean knowledge score was 6.22±1.57, corresponding to 

a fair level of knowledge [5]. In the present study, the 

mean attitude score was 3.682 ± 0.87 which represented 

a positive attitude which is parallel with the Philippine 

study where the mean attitude score was 3.90±0.58. The 

participants had a highly positive attitude toward 3 

concepts first one was a willingness to dispose of sharps 

correctly and learn proper disposal while in the 

Philippine study it was positive, this implied that if the 

authority implement accessible community sharps 

disposal program, the majority of diabetic patients will 

utilize it to dispose of their sharps as they have a well to 

do it, the second concept was the desire to prevent needle 

stick injury, and the third one was the belief that 

improper sharps disposal is a serious problem which was 

parallel to Philippine study. Besides, the respondents had 

a positive attitude toward two concepts, the first one is 

the responsibility for needle stick injuries and the second 

one is the fear or embarrassment in asking physicians 
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about proper disposal which was compatible with the Philippine study [5].  

Table 6: Multiple logistic regression analysis for the parameters predicting sharps disposal at health care 

facilities 

(n = 384) (El Horraya and Louran diabetic centers, 2019). 

Parameters affecting disposal at health 

care facilities 

Multivariate logistic regression 

B S.E. Wald (df) p OR (95%C.I) 

Duration of insulin use  -0.963 0.607 2.518 (1) 0.113 0.382 (0.116 – 1.254) 

Knowledge score  0.425 0.806 3.767 (1) 0.024
*
 1.529 (0.315 –7.429) 

Disposal advice from HCWs  2.988 0.732 16.678 (1) <0.001
*
 19.838 (4.729 –83.21) 

Disposal advice from family/friends  0.943 0.971 0.943 (1) 0.331 2.567 (0.383 – 17.21) 

Attitude  0.092 0.098 0.883 (1) 0.347 1.097 (0.905 – 1.329) 

Not using insulin outside the house  1.384 0.661 4.386 (1) 0.036
*
 3.989 (1.093 – 14.56) 

OR: Odds ratio    df: Degree of Freedom    C.I: Confidence interval     

LL: Lower limit   UL: Upper Limit    *: Statistically significant at p ≤ 0.0  

 

The present study showed that the most popular way to 

get rid of leftover insulin needles and syringes was to 

throw them in household garbage (94%). This may be 

because there is no sharp community disposal scheme in 

Egypt. This finding was consistent with a study in South 

Africa where over 97% of the study population discarded 

their sharps inappropriately [7] and higher than that in 

India and Pakistan studies where 84.4% and 86% of 

participants with diabetes used the household garbage 

bin to dispose of their sharps respectively [8,  9]. 

Furthermore, it was higher than that of a study done in 

Banha, Egypt, where (83%) of respondents disposed of 

injections of sharps into the household garbage [10]. 

However, this was in contrast to a study conducted in 

Stafford, where only 35.1% of participants disposed their 

lancets and syringes into the household garbage bin, and 

another study carried out in Virginian and France were 

50% and 49.9% of the study population disposed their 

lancets into the household garbage [11,  12]. While in the 

USA study it was found that (59%) of participants 

disposed of their sharps correctly and 41% disposed of 

their sharps incorrectly [13]. Concerning sharps disposal 

practices, it was found that 64.3% of the participates did 

not use any container before disposing of sharps; which 

could increase the risk of infection; 32.8% used plastic 

bags, 1.6% used bottles, 0.8 used detergent plastic 

bottles, and 0.5% only used sharps bins. 

In our study, only 19 (4.9%) of patients disposed of their 

sharps at health care facilities; this trend was similar to 

previous studies in other developing countries such as 

the Philippines and Africa, where only 2.0% of diabetic 

patients disposed of sharps at health care facilities [5, 7]. 

However, our findings were lower than those of a 

Malaysian study, in which only 35 (11.5 percent) of 304 

respondents were able to dispose of their used sharps at a 

health care facility, such as a health clinic or a hospital. 

The majority of patients who disposed of their sharps in 

a health care facility in the current study did not use 

suitable containers to hold their sharps,  only 10.5% of 

them used sharp bin while the highest percentage 

(42.1%) used plastic bags, 15.8% used detergent plastic 

bottles, and lastly (31.6%) used bottles, most likely 

because these products were readily available and simple 

to locate in their home. . It was found that only (7%) of 

the participants reported receiving instructions on sharps 

disposal. However, about 70% of them have practiced 

correctly. This finding was in contrast with the 

Philippine study, where more than half of the 

respondents (59.7%) reported having received advice 

regarding sharps disposal [5]. Furthermore, it was found 

in the UK study that (64.6%) of patients received advice 

regarding sharps disposal [12]. In the present study, the 

source of information was the doctor for only one patient 

representing (3.6%), nurse for five patients (17.9%), a 

lab technician for only one patient representing (3.6%), a 

pharmacist for seven patients (25.0%) and lastly family 

member for 13 patients representing (46.4%), this was in 

contrast to Ethiopian study where 72.5% cited doctors, 

18.1% cited nurses, and none of them cited pharmacist 

and to Filipino study where lower than half (48.5%) of 

participants cited doctors as the most common source of 

advice followed by nurses (21.6%) and family members 

(13.4%) [5].  

So in the current study, 46.4% of the participants 

considered family members as a major source of advice 

while a study held in Virginia in 2010 reported that 

pharmacists (40.0%) were cited as the primary source of 

information [14]. In contrast, in Pakistan, approximately 

half of the patients (49.7%; n = 185) reported that they 

had been educated by their physicians about the disposal 

of used syringes, lancets, and needles [9].  

The study showed that only 13 (3.4%) patients reported 

having a history of needle stick injury to other household 

members. Interestingly, six (46.1%) patients share their 

syringes and insulin pens with their husbands or wives. 

Therefore, this can explain the reasons for the high 

percentage of 15.4% of Hepatitis C Virus among diabetic 

patients who are using insulin for their treatment. 

However, in the Philippine study, it was found that only 

1 (0.77 %) of participants had a history of needle stick 

injury to other people [5].  

Regarding factors influencing knowledge, we found 

that respondents who had a university education and 

postgraduate certificates have a good mean knowledge 
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score of 8.53 ± 1.53 and 9.64 ± 0.20, respectively which 

was consistent with the Ethiopian study. This could be 

because they had a better opportunity to obtain 

information through courses and social media than 

illiterate people [6]. A South African study, on the other 

hand, found no significant connections between 

education level and proper disposal of insulin injection 

waste. [15].  

This study exhibited a significant difference in 

knowledge among urban and rural residents toward 

insulin injection waste disposal. It was found that the 

urban residents had a mean knowledge score of 7.36 ± 

2.22 higher than that of the rural and slum area residents 

who had a score of 6.80 ± 1.40 and 6.52 ± 2.15 

respectively with p= 0.001. This finding was in line with 

the Ethiopian study, which used the same knowledge 

score system, it was found that the urban and rural 

residents had a mean score of 8.88 (0.54), p= 0.001, and 

6.81 (0.86), p= 0.003 respectively [6]. This might be due 

to short contact time for counseling, and the absence of 

safe disposing options in rural  

Regarding factors influencing attitude, from stepwise 

linear regression analysis, the only significant 

independent factor contributing to a positive prediction 

to attitude was the occupation. Occupation explained 

73.5% of the variation of the attitude score. We found 

that the employed participants had a more positive 

prediction attitude than retired and unemployed ones. 

This finding is aligned with another Egyptian study that 

reported that the level of education and occupation were 

significant predictors for attitude score [10]. 

Regarding factors contributing to sharps waste 

disposal at a health care facility, from univariate 

logistic regression analysis, significant independent 

factors associated with sharps waste disposal at health 

care facilities were identified, one of them was the 

patients who had insulin use for less than five years had 

3.65 times the odds of disposing of sharps at health care 

facilities, as compared to those who are using it for more 

than five years which was comparable with Malaysian 

study where patients with diabetes for less than five 

years had nearly three times the likelihood of returning 

sharps to health care institutions than those with diabetes 

for five years or more, according to the study.  [16] and 

also with Filipino study which reported that a longer 

duration of insulin use negatively influenced proper 

disposal with odds ratios 0.904 [5]. It's understandable 

because long-term medication use and self-management 

can leave them exhausted and frustrated. As a result, they 

may begin to overlook diabetic self-care. [17]. Another 

explanation is that long-term diabetic patients could 

develop other diseases which can affect their behavior 

negatively. Other factors such as previous advice from 

family/friends with an odds ratio of 18.256 (5.655 – 

58.934) and p-value <0.001, and the attitude with odds 

ratio 0.849 (0.743 – 0.971) and p-value 0.013 were also 

specified. Regarding the use of insulin outside the house, 

it was found that diabetic patients who did not use 

insulin outside the house had 2.99 times the odds of 

disposing of their sharps in health-care settings compared 

to those who used it. 

Moreover, from multiple logistic regression, it was found 

that the adjusted odds of disposing of sharps at health 

care facilities were 19.838 times among those who 

received advice from health care workers regarding 

sharps disposal compared to those who did not (Figure 

4.3) which reflects the value of health care education. 

This finding was consistent with previous research, 

which found that diabetic patients who received advice 

and were instructed on how to properly use and dispose 

of sharps were more likely to do so than those who had 

never been advised. [13,  18]. According to one 

Malaysian study, diabetic patients who had previously 

received sharp disposal advice were six times more 

likely to bring their used sharps to health care facilities to 

be properly disposed of than those who had never 

received any advice.  [16]. Another study in India 

discovered that diabetic patients who received sharps 

disposal information from their physicians were less 

likely to discard the sharps directly into domestic trash 

than those who were not informed.  [9]. However, this 

finding was contrasted to a Filipino study, which 

concluded that advice did not affect sharps disposal [5]. 

Furthermore, the relation between knowledge score and 

disposal practice at healthcare facilities with an odds 

ratio of 1.529 (0.315 – 7.429) and p-value of 0.026 

implied that participants with good knowledge scores 

had about 1.5 times the odds of disposing of sharps at 

healthcare facilities compared to those who had fair and 

poor knowledge scores, this finding was compatible with 

a Malaysian study where it revealed that knowledge is 

one of the required components for safe sharp disposal 

behavior [16]. 

In the current study, the participants had shown a 

positive attitude and appeared to have fair knowledge 

towards the correct disposal of insulin syringes and 

needles. Despite this, only 4.9% were assessed to have 

proper disposal techniques. This implies that a good 

attitude and knowledge by itself does not necessarily 

translate to action. Therefore, patients may have a 

knowledge background and are ready to engage in 

behavior, but they require momentum to implement 

them, in particular, education on the correct disposal.  

Study Limitation 

The study contains various limitations that should be 

considered when evaluating the findings. Because this 

study was limited to two diabetic clinics of HIO, 

Alexandria, which introduced free and subsidized health 

care services, the findings on insulin injection waste 

disposal may not be indicative of all Egyptian diabetic 

patients. Furthermore, the age category was restricted to 

adults exclusively. Moreover, the study design was 

cross-sectional and depended on self-reported assessment 

which resulted in under- or over-reporting which might 

potentially arise a recall bias, this could have an impact 

on the study's internal validity. Another threat to this 



Hossam Mohamed Hassan Soliman et al.  

116 

study's internal validity was the possibility of interviewer 

bias.  

To reduce the impact of interviewer bias in this study, 

the researcher mostly administered the interviewer-

guided questionnaire, and each respondent had a 

standardized interview to ensure that differences in 

responses were not due to the interviewer's conduct. . 

Despite these limitations, this study highlights the 

problem of diabetes patients disposing of sharps from the 

standpoints of the environment and public health, and it 

provides important local data on sharp handling and 

disposal in a community setting. Such information could 

provide evidence and direction for authorities and 

policymakers to take future action on this issue. 

VI. CONCLUSION 

Patients of EL Horraya and Louran diabetic centers, 

Alexandria, Egypt have a positive attitude and fair 

knowledge about sharps disposal. The majority of 

patients at both diabetic centers did not practice 

acceptable sharps disposal methods. Whereas, the 

percentage of participants who never recap insulin 

syringes before disposing of them was only) 1%(. 

Marital status (single and divorced), occupation 

(employed and retired), college and postgraduate 

education, and civilized residence area were associated 

with a higher mean knowledge score and reached 

statistical significance. It was found that the employed 

participants had a more positive attitude than retired and 

unemployed ones. It was found that the knowledge was 

fair about the ideal place to keep insulin syringes at 

home, the way of disposing of sharps outside the house, 

and the role of the used sharps in transferring infectious 

diseases like hepatitis. However, 86.7% of the 

participants considered placing the sharps in a puncture-

resistant container as the best way to dispose of them. 

There was a neutral attitude concept about the 

responsibility of needle stick injury. The participants had 

a highly positive attitude toward 3 concepts first one was 

a readiness to properly dispose of sharps and learn proper 

disposal, the second concept was the desire to prevent 

needle stick injury, and the third one was the perception 

that improper sharps disposal is a serious issue  

The most statistically significant and clinically 

meaningful variable that affects the practice of disposing 

of sharps at health-care facilities was identified as 

receiving sharps disposal advice from HCWs. It was 

found that a huge amount of insulin syringes, insulin pen 

needles, glucometer lancets, and syringes for other 

treatments were thrown monthly through household 

garbage system by the respondents; therefore, we suspect 

a massive public health problem which implied the 

necessity to implement a proper community sharps 

disposal program immediately. 
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Abstract. Ground-level ozone (O3) is formed by photochemical reactions between precursors and sunlight, which are controlled by 

climatic conditions such as relative humidity and temperature. As a result, the purpose of this research was to examine into the 

influence of relative humidity and temperature in the fluctuation and transformation of O3. The Department of Environment (DoE) 

contributed hourly monitoring data for O3, relative humidity, and temperature in Shah Alam in 2010, which then was extracted for 

the nighttime O3 data. Descriptive statistics, box and whisker plots, time series, and diurnal plots were used to examine the 

observations. Descriptive statistics, box and whisker plots, time series, and diurnal plots were used to examine the observations. 

During the night, the diurnal plot revealed an inverse link between O3 concentration and relative humidity. During the night, 

however, temperature is positively associated with O3 concentration. The diurnal trend of O3 concentration revealed that it was 

greater during the day than at night. As a result of the pollutant deposition process being reduced, decreased air humidity permitted 

higher ground level ozone concentrations in the atmosphere. 

Index Terms: Air pollution, secondary air pollutant, precursors, photochemical reactions, temperature, Malaysia 

 

I. INTRODUCTION 


Air pollution is a persistent and widespread 

environmental issue that has health and economic 

consequences. Any chemical, physical, or biological 

material emitted from an outdoor or indoor environment 

that affects the natural characteristics of the atmosphere 

is referred to as air pollution [1]. Primary and secondary 

pollutants are the two types of pollutants found in the air. 

Primary pollutants include sulphur dioxide emitted 

directly from industry, ash from volcanic eruptions, and 

carbon monoxide gas generated by cars [2]. Meanwhile, 

pollutants that are not emitted directly from point sources 

are known as secondary pollutants [3]. Ground level 

ozone is one of the important examples of secondary 

pollutants [4]. Ozone is colorless gas with chemical 

formula O3, is the minor constituents of the atmosphere 

[5]. High concentration of ozone decreased health quality 

that effect from human activities and was altered the 

concentration of ozone. During daytime, increased 

number of vehicles on the roads has contributed to higher 

ozone precursors thus generating more ozone 

concentration [6]. In contrast, the number of vehicles is 
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lesser during nighttime, thus limiting the ozone precursor 

concentrations. Other climatic parameters that impact 

ground level ozone concentration include relative 

humidity, temperature, wind speed, and direction [7]. 

Wet ozone deposition on water droplets is often linked 

with low ozone levels during rainy weather with high 

relative humidity [8].   A case study on the air quality in 

the urban areas of Brazilian Midwest has reported that 

increasing relative humidity caused the reduction of 

ozone [9]. Generally, ozone concentrations are low 

during nighttime due to the absence of photochemical 

reactions. However, higher reductions in nighttime ozone 

concentrations  was also associated with increased in the 

nighttime NO concentrations [10]. Furthermore, ozone 

concentrations surged in the afternoons when 

temperatures were high and relative humidity was low, 

indicating that ozone formation is substantially 

influenced by sunlight and relative humidity [8]. Even 

though the amount of solar radiation and presence of O3 

precursors influenced the fluctuation of O3, 

meteorological parameters such as wind and relative 

humidity also influenced the O3 concentration [10]. Due 

to the lack of information and understanding, the diurnal 

variations for ground level ozone, temperature and 

relative humidity during nighttime are barely 

investigated in Malaysia. So, this study investigated the 

influence of relative humidity and temperature on the 

ground level ozone concentrations sinking reactions 

during nighttime  
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II. MATERIALS AND METHODS 

2.1 Study Area 

This study was conducted in Shah Alam, Selangor with 

coordinates 3°4′20″N 101°31′00″E. According to World 

Population Review [11], Shah Alam having about 

481,654 populations.  The rapid transformation of Shah 

Alam into a wide urban area has caused many 

environmental challenges, particularly air pollution. For 

instance, higher ozone levels could be associated with 

emitted precursors from the nearby indutrial areas and 

the increasing use of vehicles in the urban area. As a 

result, this study analyzed the effect of temperature and 

relative humidity on ground level ozone throughout the 

night in Shah Alam.  

2.2 Data Acquisition  

Hourly ground level ozone concentration was acquired 

from Department of Environment, Malaysia. The ozone 

concentration data that acquired from DOE were 

between 1
st
 January until 31

st
 December 2010 which 

recorded using the UV Absorption Ozone Analyzer 

Model 400A by DOE [12]. Due to the high level of O3 

concentration released or emitted in the atmosphere at 

that time, these data were subjected to quality control on 

a routine basis. To carry out the analysis, all data was 

organised by location, year, month, and day. According 

to Enviro Technology Services, for measuring low 

ranges of ozone in ambient air, system based on Beer-

Lambert law using UV Absorption Ozone Analyzer 

Model 400A. Ozone in the sample cell absorbs a 254 nm 

UV light signal that passes through it, with a range of 0-

100 ppb to 0-10 ppm. DOE also employed the Portable 

Humidity Temperature Meter Model to measure 

temperature and the Met One 083D to monitor relative 

humidity. 

2.3 Data Analysis 

In this study data of hourly ground-level ozone, 

temperature and relative humidity in Shah Alam, 

Selangor was chosen for analyzed. Hourly data of 

ground-level ozone, temperature and relative humidity 

from 7.00 p.m. to 7.00 a.m. which the period of 

nighttime in Malaysia was recorded. The total duration 

for this study carried out was 12 hours during nighttime. 

Univariate data analysis is crucial for this kind of data to 

investigate unknown and unexpected features in the 

dataset descriptively.  Therefore, discriptive statistical 

analysis that involved box and whisker plot which 

visualised the standard deviation, variance, the minimum 

and maximum of the data has been used to anlyze the 

continuous data of hourly relative humidity, temperature 

during nighttime influenced ozone concentration. Time 

series analysis was also used to analyze the data of  

hourly ground-level ozone, temperature and relative 

humidity in Shah Alam, Selangor.  This analysis has 

been used due to the previous study by Awang et al. [13] 

that detected the highest ground level ozone 

concentration in actual time.  The time series was 

seperately ploted using O3 concentration (ppb), relative 

humidity (%) and temperature data as y-axis and time 

hours during nighttime from 7 p.m. to 7 a.m. as x-axis.  

Lastly, The hourly fluctuation of ground level ozone 

concentration was examined visually using diurnal plot. 

In this study, diurnal plot was used graphically and the 

variation of ground-level ozone concentration against 

meteorological factors such as temperature and relative 

humidity were explored [13]. Hourly trends, maximum 

and lowest concentration times, and diurnal amplitude 

have been calculated. For diurnal variations analysis, 

data of O3 concentration (ppb), relative humidity 

(percent), and temperature (
o
C) were plotted on the y-

axis, while 24 time hours from 7 p.m. to 7 a.m. were 

plotted on the x-axis. Due to the influence of solar 

radiations, diurnal analysis revealed that the oscillations 

of O3 concentration throughout the night and day are 

clearly different. 

III. RESULT AND DISCUSSION  

3.1 Descriptive statistics of ground level ozone, 

temperature and relative humidity 

Box and whisker plot were developed to graphically 

illustrate the variations of ground level ozone 

concentration. The box and whisker plot of ozone 

concentration, relative humidity, and temperature during 

nighttime in 2010 were depicted in Figure 1. Based on 

Figure 1, the highest record of O3 concentration was 

during February and the lowest record of O3 

concentration during nighttime was in June. The 

variations variations in nighttime O3 is highly depend on 

its nighttime removal chemistry as well as 

meteorological parameters that promote deposition and 

transport prosess of the pollutants. The exhibited result 

was clearly influence by meteorological factors such a 

relative humidity that act as wet deposition agents.  

Malaysia located in tropical regions which received high 

intensity of rainfall especially the monsoonal rains that 

contribute to high relative humidity which in between 

80% to 90 % all year around. Malaysia was classified 

into four seasonal monsoon, different monsoon indicated 

different values of relative humidity and temperature due 

migration of trade winds occur, movement of air toward 

the equator. Malaysia experience northeast monsoon 

during November to march while southwest monsoon 

during June to September while for transitional period, 

first inter-monsoon during April to May and second 

inter-monsoon period during October to November. 

During northeast monsoon and Malaysia considered as 

wet season and contribute lower pollutants concentration 

due to high relative humidity and lower temperature. 

February indicates highest amount of O3 in Figure 1 and 

contribute to lowest amount of relative humidity which 

below 40 % and temperature was slightly increase than 

November. 
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Figure 1 Box and whisker plot of average nighttime 

O3 concentration in 2010 

3.2 Time-series Analysis of Concentration of O3, 

Relative Humidity and Temperature 

The O3 concentration, relative humidity and temperature 

in Shah Alam during nighttime in 2010 were analyzed 

using time and series plots as showed in Figure 2. Result 

suggested that increased of relative humidity influenced 

the decreased the O3 concentration and there is directly 

proportional between O3 concentrations and temperature. 

Decreased amount O3 concentration during late 

nighttime due to increase relative humidity and precursor 

for O3 formation has been used up. According to Toh et 

al. [14] high temperature, low wind speed, low relative 

humidity and intense solar radiation can raise O3 

concentration. 
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Figure 2 Time series plot of nighttime O3 

concentration, relative humidity and temperature in 

2010 

3.3 Diurnal variations of Concentration of O3, 

Relative Humidity & Temperature 

The average diurnal plots were produced to analyze the 

data for 24 hours monitoring during in  2010. The graph 

was shown in Figure 3 to visualize the trend of O3 

concentration, relative humidity and temperature. The 

diurnal magnitude for O3 concentration during daytime 

was higher than nighttime due to sources of emission that 

promote higher photochemical reactions and suitable 

meteorological factors. The concentration started 

increase during peak hour from 12.00 p.m. to 2 p.m. at 

maximum solar radiation intensity combined with 

increase in O3  precursors concentrations that were 

various economic activities such as motor vehicles and 

industrial. The O3 concentration was slightly decrease 

during 6 p.m. because of O3 precursors was efficiently 

used up for photochemical reactions and there is no 

production due to absence of sunlight. Based on this 

research, there was high concentration of O3 during 

daytime rather than nighttime due to absence of 

photochemical reactions and during nighttime high 

relative humidity promote further O3 removal from the 

atmosphere [15]. Futher reduction during nighttime also 

governed by increasing relative humidity during 

nighttime that acts as deposition agents which binds O3 

gases and deposited to ground surface. Nevertheless, low 
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nighttime O3 concentration during nighttime is mainly 

attributed by ceasing in photochemical reactions due to 

the absence of sunlight, while high relative humidity 

further enhancing the removal prosess.  
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Figure 3 Diurnal plot of O3 concentration, relative 

Humidity and temperature in 2010 

IV. CONCLUSION 

This study investigate the relationwhip between O3 

concentrations, relative humidity  and temperature during 

nighttime. Result strongly suggested that nighhtime O3 

concentrations were inversely related with relative 

humidity but directly proposional to daily temperature 

variations. However, the result also suggested nighttime 

ozone removal is not highly depended on relative 

humidity but most of the time depended on nighttime 

removal chemistry as there were exact trend were 

detected between O3 and relative humidity variatians. It 

is because, low nighttime O3 concentration during 

nighttime is mainly attributed by ceasing in 

photochemical reactions due to the absence of sunlight, 

while high relative humidity further enhancing the 

removal prosess. 
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Abstract. Over the last few years, a wide range of building materials, systems, and technologies have been produced around the 

world, and concern about the field‘s sustainability challenges has been mandatory. Green technology refers to a variety of new and 

resourceful advancements in creating environmentally-friendly transforms in daily life. It has been prepared as well as used in such 

a way that natural resources along with the surroundings are protected. It is intended to be an optional source of technology that 

lowers the need for fossil fuels and causes not as much of damage to human, animal, in addition to plant health, as well as to the 

environment. The use of green technology is intended to diminish waste and pollution. Environmental technologies as well as clean 

technology are other terms for it. There have been studies on innovation that assumes environmentally friendly properties of 

materials, systems, and technologies; nevertheless, nothing has been said about the social aspects of sustainability. It is important to 

remember that sustainability encompasses not just environmental, but in addition financial and societal dimensions, the latter of 

which has direct repercussions for society‘s well-being. Because worldwide concerns of environmental deterioration have 

compelled our society to take action, efforts aimed at this goal should be based on historical and cultural values, as well as the 

interaction between humans and nature to rethink development and evolve the concept of long-term sustainability. New 

ecologically friendly technologies are, without a doubt, critical to achieving long-term development. The purpose of this research is 

to emphasize the societal characteristics or features that contribute to environmental conservation through green technologies. The 

study is based on reviewing of secondary data sources like journals, articles, newspapers, social media, books, etc. 

Index Terms: Environment protection, Green society, Green technologies, Social sustainability 

 

I. INTRODUCTION 


Technology is well understand at the same time as a set 

of courses designed for adjusting, and using tools, 

equipments, techniques, crafts, and systems, as well as 

technique of systematize them, in order to solve a 

setback, improve an existing solution, achieve a target, 

handle a functional input/output connection, or execute 

an explicit task. Humans and other animal specie‘s 

aptitude to manage as well as adapt to their natural 

habitats is greatly influenced by technology. Green 

technology is also known as green engineering or 

environmentally conscious manufacturing, which entails 

the development, performance, and integration of 

buildings (Zuo & Zhao: 2014). According to the Green 

Technology Organization (2014), green technology is a 

collection of efforts that includes methods and materials 

used in everything from energy generation to the 

development and usage of non-toxic cleaning products. 

Green technology is a gradual approach (system-level 

approach) to product and process design that prioritizes 

the value of nature while simultaneously being 

concerned about quality and economy (Billatos & 

Basaly: 1997). When interpreted in the context of the 

system‘s life cycle or the building‘s system life cycle, 

this system becomes evident. A building‘s life cycle 

system begins with planning, design, construction, 
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operation, maintenance, and disposal and continues 

throughout the building‘s lifespan. Technology has had a 

significant impact on our society and its surroundings 

and has aided in the development of more modern 

economies (including today‘s global economy) and the 

rise of the leisure class, despite its idleness and lethargy. 

In order to maintain this sense of well-being among 

society‘s citizens, they must consider the environment‘s 

long-term viability. Technology has had an extensive 

range of effects on society and its environs and has aided 

in the advancement of increasingly modern economies, 

together with today‘s global financial system. 

Automobile technology, Bio-technology, Nuclear 

technology, Aircraft technology, Atomic, Computer 

technology, Telecommunication technology, Renewable 

energy technology, Internet technology, 

Nanotechnology, and other technologies that science has 

contributed to society have changed people‘s lifestyles 

and provided relaxation or contentment. In order to 

maintain this sense of security among society‘s citizens, 

they must be concerned about the environment‘s long-

term viability. The adoption of new technology has an 

impact on a society‘s culture and values, and it 

frequently presents newly ethical issues. On the way to 

enhance any existing systems in society, it is common 

practice to compare them to a theoretical, anticipated 

system of the same type known as an ‗Ideal system‘. The 

term ‗ideal system‘
i
 refers to a method or a system with 

ideal features, i.e., one that is flawless in each manner; it 

is what the mind imagines to be perfect. Ideal engines, 

ideal current sources, ideal voltage sources, ideal 
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switches, ideal transistors, ideal semiconductor devices, 

and amplifiers have all been defined and accepted as 

principles to increase the value and routine of such useful 

gadgets or systems (Aithal & Aithal: 2015). Researchers 

have discovered to facilitate by keeping those 

hypothetical devices or structures in mind, they have 

been able to advance the distinctiveness of convenient 

devices or systems in order to improve their 

performance. As a result, an ideal technology model is 

required to plan the enhancement of any realistic 

technology‘s performance. The idea of ideal technology 

can be defined as a technology that is able to meet all of 

a person‘s essential necessities while also providing a 

rich, comfortable lifestyle without negatively impacting 

society or the environment. In order to raise the worth of 

existence to a new plane, ideal technology should have 

certain features with full impartiality, so to facilitate 

every human being in this cosmos might live a contented 

and relaxed existence as well as experience what is 

referred to as ‗paradise on earth‘. The optimal 

technological system characteristic‘s a model consisting 

of input setting, output setting, green circumstances, and 

system necessities are based on a variety of criteria. 

Manipulate the underlying nature of substance to deliver 

elucidation to fundamental and complex challenges of 

mankind. 

The input properties are; 

 Ubiquitous, in the sense to facilitate the technology 

that can make available solutions and services to 

users at anyplace, and for any amount of time. 

 Able to control the primary character of substance 

to make available the elucidation to fundamental 

and complex tribulations of mankind. 

 Affordable to everyone, as it utilizes ordinary 

elements found in nature and manipulates them 

effectively to meet human needs at a low cost. 

 Inexpensive and self-sufficient in terms of 

resources, making it appealing to people/countries 

in a variety of economic situations. 

The Output properties are; 

 Having equivalent chance and comparable solutions 

are provided to all users, regardless of their sexual 

category, religion, conditions, edification, financial 

condition, or country of origin. 

 Mechanization; ultimate technology make routine 

all the procedures in all types of businesses to 

eliminate human intervention in work/manage and 

deliver expected results related to programming. 

 Able to identify and address essential necessities 

such as foodstuff, drinking water, renewable 

energy, wearing, sanctuary, fitness, and a healthy 

atmosphere. 

 Make available users with a comfortable life by 

delivering solutions to their desires. 

 

 

The System Requirement Properties are; 

 General-purpose technology to hold up all human 

and existing organisms on the planet‘s fields and 

issues. 

 Infinite potential for life in the universe to flourish 

further. 

 Discover latest prospects to advance and explore 

contentment in addition to, greater leisure in 

people‘s lives by making it trouble-free, 

uncomplicated, quick, and user-pleasant to work 

out all types of problems and deliver a quick 

optimal answer. 

 The technology must be independent, reasonable, 

and self-regulated in order for it to achieve its aim. 

The Environment conditions are; 

 Creating innovative products/services with optimal 

qualities open up endless business prospects; 

maintaining a clean surroundings throughout its 

processes and avoiding process footprint whilst 

accomplishing a specified function and, 

 Having no side effects, it should be out of harm‘s 

way for consumers along with the surroundings. 

 Several technologies that possess the 

aforementioned features/distinctiveness are 

regarded as perfect, but unadventurous technologies 

have significant downsides/confines in terms of the 

aforementioned properties (Shubhrajyotsna: 2015). 

Problems of Environment, Safety, and Health 

In retrospect, the western public buildings revolution 

began in the 1950s. To achieve the purpose of the 

building as an office, a hospital, a commercial center, 

and so on, the building was planned with a simple 

construction that featured water and electrical supply 

facilities. The impact of the industrial revolution in the 

18th century contributed to the widespread usage of 

machinery, engines, and mass production. That 

revolution was viewed as a stepping stone into the 

construction industry, particularly in the public sector. 

This causes businesses that operate in the building to go 

through a widespread development period. All 

communication, industrial, and commerce affairs were 

aided by the usage of the telephone, fax, and computer, 

resulting in a new revolution in the 1960s-

communication and information technology. As a result, 

these revolutions shifted the prior building landscape 

from environmentally friendly to energy-intensive and 

heat-producing technologies (Zhen-Yu: 2014). 

The usage of air conditioners to cool the people, spaces, 

and computer rooms became necessary as a result of this 

situation. This necessitates a large number of energy 

consumers in the occupied structure. However, it has 

been claimed that the usage of centrally controlled air 

conditioning has resulted in deaths as a result of airborne 

infections such as Legionnaire's disease
ii
 (Wood: 2003). 

Furthermore, improper control of the flow of water from 

the building cooling system adds to mosquito breeding 
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grounds and the spread of diseases. The resulting 

technology has caused health issues and puts building 

inhabitants' lives in jeopardy. The globe is currently 

confronted with a number of global challenges. Smalley 

(2005) identifies a number of current global concerns, 

including energy, water, food, the environment, poverty, 

violence and war, epidemics, education, democracy, and 

population. According to him, if a man has the 

knowledge to manage the environment sustainably, the 

energy issue may be effectively overcome without 

endangering the ecosystem. 

Building management, particularly in public buildings, is 

extremely pertinent to these issues. Not only that, but 

managing public buildings also entails land conversion, 

land product changes, water usage, and construction 

materials (Wiedmann et al: 2013). As a result, the 

environment was still a factor in these four factors. These 

four characteristics existed even before the structure was 

constructed. Following the construction of the structure, 

the process of ensuring that the facility's residents are 

comfortable and secure begins. It necessitates building 

services such as air conditioning, elevators, and fire 

alarm systems, as well as security and communication 

networks like telephone and fax Internet access and 

enough lighting, are required. To function at the needed 

level, such systems require energy. Energy and water 

consumption patterns have an impact on a building's 

operating costs. The usage of materials, design, location, 

temperature, purpose, and tenants of the created building, 

all have an impact on consumption patterns (Suh et al: 

2014). One most important characteristics of ideal 

technology is its sustainability, as well as the fact that it 

emits no greenhouse gases into the atmosphere, i.e., 

perfect technology is green technology. Equal way in to 

healthy foodstuff, clean drinking water, health care, 

elegant sanctuary, edification, energy, profitable 

opportunities, as well as employment opportunities are 

the underpinning of a sustainable society. Humans live in 

harmony with their natural environment in this ideal 

civilization, conserving resources not only for their own 

generation but also for future generations. Everyone has 

an elevated excellence of life, and there is social integrity 

for one and all. Nanotechnology, next-generation nuclear 

power, biofuels, bio-plastics, smart monitoring, and 

prediction analysis, tidal energy, as well as other 

technologies are examples of future sustainable 

technologies. On behalf of building, maintenance, and 

future growth, sustainable cities require sustainable 

technology. Recycled building equipment, green roofs 

for rainstorm water management, and zero-energy 

buildings (t) are examples of sustainable construction 

(those that produce at least as much renewable energy as 

they consume), natural aeration structures, and 

sustainable infrastructures such as sustainable 

metropolitan drainage systems, less cultivation sites, 

renewable energy source such as sewage-derived biogas 

(Zuo & Zhao: 2014). Sustainable restricted resource 

production, such as recycled rainwater for consumption 

and metropolitan farming plots, and so on, and 

sustainable transportation systems, such as open trains 

and buses to facilitate  or to run on renewable fuels, 

synchronized bicycle paths in addition to walkways, 

enlarged way in to transportation, tolls designed for 

private vehicle use, and so on. Sustainable technologies 

can be promoted through changing government policies 

to assist research as well as the adoption of such 

technologies, as well as educating individuals on how to 

endorse and employ such technologies in everyday life. 

Green Technology (GT) is a king of environmental 

therapeutic technology that minimizes the environmental 

harm caused as a result of items as well as technologies 

designed for people‘s convenience. Green technology is 

thought to increase agricultural productivity at the same 

time as falling environmental dreadful conditions along 

with preserving natural assets. Green technologies are 

long-term solutions that do not leave a footprint when 

employed for various processes and applications. 

Sustainable technologies can be promoted through 

changing government policies to assist research as well 

as the adoption of such technologies, as well as 

educating individuals on how to uphold and use such 

technologies in everyday life. Green technology does not 

throw in to environmental degradation in any way. They 

encourage the automation of all processes in order to 

eliminate the need for human interaction. They are 

sustainable, improve people‘s lifestyles, and contribute 

to human comfortability because they do not hold up 

environmental deterioration or throw in to the creation of 

a footprint. Green technology can be used to make 

significant technologies such as aircraft technology, 

automobile technology, biotechnology, computer 

technology, telecommunication technology, Internet 

technology, renewable energy technology, atomic and 

nuclear technology, nanotechnology, and space 

technology green. Such green technologies have the 

potential to help solve problems in both basic and 

advanced civilizations. Now we didn‘t like to go over 

some of the more general aspects of technology, starting 

with the one that's nearest to us; 

Nanotechnology as Green Technology 

Human‘s basic requirements and comfort desires are 

predicted to be met by developing nanotechnology. And 

foodstuff, intake water, energy, textile, sanctuary, health, 

in addition to environment are the essential requirements 

of humans, whereas comfort desires include automation 

in all fields, space exploration, and extended lifespan, 

among other things. Nanotechnology is the atomic, 

molecular, and supra-molecular manipulation of matter. 

The primary as well as most commonly acknowledged 

explanation of nanotechnology pertained to an exact 

technological idea of perfectly manipulating atoms and 

molecules for the formation of macro-scale commodities, 

which is nowadays known as molecular nanotechnology. 

Nanotechnologies designed and controlled enlargement 

leads to environmental sustainability, making it a green 

technology (Smith et al: 2007). The following are some 

of the applications of nanotechnology that were 

previously regarded to be green technology; 
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 Renewable energy that is clean, safe, and 

economical. 

 Lighting that uses a division of the power/energy 

used by traditional lighting systems. 

 Sensors for detecting and identifying hazardous 

chemical and biological agents, as well as 

techniques for removing hazardous compounds 

from the environment. 

 Green construction and long-term infrastructure. 

 Adapted production techniques to reduce 

greenhouse gas emissions. 

 Recyclable materials that is stronger, lighter, and 

more durable. 

 Therapeutic devices along with pharmaceuticals to 

become aware of as well as cure the syndrome 

more efficiently with fewer or no side-effects. 

 Inexpensive filters to offer clean drinking water 

from seawater. 

Green Technology for Cultivation 

Green technology supposed to be useful, convenient, 

lucrative, and pollutant-free. The capability of farming 

land to uphold satisfactory levels of production above a 

long period of time devoid of hurting the environment 

should be considered a sustainability aspect. Some 

people describe sustainability as the ability to maintain 

productivity in the face of adversity. In this framework, 

agricultural sustainability should aim to maximize food 

production while remaining profitable. The following are 

the specific issues that green technology in agriculture 

faces: 

 Classify suitable technology appropriate intended 

for income generation throughout sustainable 

farming, such as ecological farming, rural 

renewable energy, and so on. 

 Reviewing confront and accessible guiding 

principle alternatives for the espousal of green 

technology (GT) under the sustainable cultivation 

advancement structure. 

 Groping the impact as well as insinuation of 

nationwide policies in order to make 

recommendations on how to extend appropriate 

technologies. 

The rebellion challenge is in the direction of formulating 

applied technology aggressive and sustainable 

nanotechnology advancements in farming are anticipated 

to work out the troubles in the foodstuff zone, in addition 

to take full advantage of productivity in agriculture. 

There is an escalating stipulate on behalf of foodstuff, 

enough sustenance, in addition to nanotechnology will 

offer solutions throughout meticulousness farming by  

means of nano-sensors
iii

, nano-pesticides
iv
, in addition to 

reasonably priced decentralized water purification. 

Green Technology for Clean and Drinkable Water 

Nanotechnology has the possibility to create competent, 

commercial, and environmentally sustainable way out for 

providing drinkable water used for human consumption 

as well as dirt free water for farming and manufacturing 

applications. Nanotechnology developments in 

inexpensive water filtration are predicted to solve the 

world‘s drinking water problem by delivering safe 

drinking water to everyone while remaining 

environmentally friendly. Water is one of the most 

valuable natural resources on the planet. The majority of 

it is prepared up of saltwater. By the year 2050, two-

thirds of the world‘s populace will be afflicted by dearth, 

based on current consumption, population, and 

development rates. Nanotechnology, as a green 

technology, will give a solution to this problem by 

allowing for low-cost decentralized water purification, 

contamination identification at the molecular level, and 

much better filtering systems. This aids in the recycling 

of rainwater into clean drinking water, as well as the 

large-scale conversion of seawater into drinking water at 

a reasonable cost (Rasdi et al: 2001). Green 

nanotechnology-based water purification plants may turn 

out a huge quantity of drinking water using renewable 

solar or wind energy, making the water sanitization plant 

sustainable and low-maintenance. 

Green Technology for Sustainable Energy 

Nanotechnology advances in renewable energy that 

meets human being‘s complete energy requirement for 

basic needs and comfortable life. Balancing our energy 

needs through the cost to our planet‘s ecosystem is a 

serious confront. All the way through extra resourceful 

lighting, fuel cells, hydrogen storage, locally 

disseminated power generation, in addition to 

decentralized generation as well as storage; 

nanotechnology will lend a hand to fulfill our demand for 

energy solutions by reinventing the power network (Fisk: 

2000). Nanotechnology, as a green technology, enables 

low-cost major renewable astral and wind energy 

invention and allocation devoid of causing 

environmental harm, therefore contributing to long-term 

sustainability. 

Green Building Technologies 

Nanotechnology opens up new possibilities in the 

building industry, allowing for the expansion of energy-

efficient, extra-durable, ultra-high-strength, as well as 

ultra-lightweight production equipment. Nanotechnology 

is projected to accompany in a new standard change in 

all sectors of construction technology, following the IT 

and software revolution. Nanotechnology is seen at the 

same time as a game-changing green technology that can 

be able to assist in meeting the energy, environmental, 

and health needs of green buildings. Cement nano-

modification is a relatively new field. The nanoscale 

scale allows for the synthesis and construction of 

materials, which allows for the growth of new-fangled 

products. New cement additives, such as innovative 

super-plasticizers and nanoparticles
v
, are being 

developed. It is now possible to modify the 

characteristics, performance, and durability of concrete 

by manipulating the fundamental structure of cement 
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phases. Nano-modification moreover provides essential 

information for more correctly projecting the service life 

of concrete and insights into how to improve it. The 

difficulties are how to use green nanotechnology to 

increase building energy efficiency and heat control, as 

well as speed and durability of construction. 

Green Technology for Aircraft and Space Travel 

The problems that humanity faces on the planet are the 

effect of our desire to fly everyone at a low cost, which 

has resulted in high demand for diverse possessions as 

well as unrefined equipment. Although numerous of 

these minerals can be bring into being in space, the cost 

of extracting them is a significant hurdle. Aside from the 

cost, other barriers to space development include safety, 

reliability, and performance. There are four reasons, 

according to the National Space Society, why humanity 

should pursue space investigation and colonization. 

These factors, including endurance, expansion, affluence, 

and curiosity, all indicate that we, as a species, require 

greater space. Humans will be able to function in space 

more safely because of nanotechnology, which is a green 

technology. Propulsion fuels, structural resources, smart 

uniforms, electronics, as well as life hold up settings are 

all potential applications where nanotechnology could 

have an impact on space travel. Green nanotechnology is 

intended to produce materials that are extra resourceful, 

stronger, self-healing, as well as lighter than existing 

materials. 

Green Technology for Education 

Green higher education focuses on developing 

environmental knowledge, skills, attitudes, and values. 

Because of the economy's dependency on the 

environment, it is especially important in higher 

education. Higher education is critical for the formation 

and advancement of human capital. This resource ought 

to consider not just the economic part of business, but in 

addition to the societal aspects as well. The demand for 

green jobs is at an all-time high. Solar and wind energy 

must still be used to reach out to the masses in an 

efficient way, which necessitates the hiring of competent 

green managers. Beginning from the edifice industry to 

every managerial zone, there is a requirement to build a 

sustainable outlook that necessitates the hiring of a large 

number of green-oriented graduates. Buildings, energy 

costs, dependability, and performance must all be 

designed in such a way that they have a good impact on 

the environment. When it comes to open and distance 

learning, green technology can be used extensively 

(Aithal: 2016). Green occupations, green concepts; along 

with their endorsement in operations organization require 

ongoing research. The college‘s resources should be 

allocated in such a way that senior executives are 

committed, such as by constructing facilities, hiring 

faculty that deem in the green ideology, and developing a 

set of courses with the aim of encourages philanthropy 

and awareness among students. The incorporation of 

sustainability into the company plan is critical. Climate 

change, resource depletion, water concerns, poverty, 

hunger and war issues, and pollution produced by the 

environment all pose significant challenges to the current 

and future generations. Because of their low economic 

development and fast population growth, this is 

increased even further in underdeveloped countries. They 

play a vital role as educational institutions in examining 

various courses and degrees, as well as addressing 

concerns related to sustainability. Teachers, who are 

critical stakeholders in this system, have a foremost duty 

to play in staying updated and educated, as well as 

transferring knowledge in an innovative manner. The 

entire teaching style should be centered on learning 

rather than instructing. So that learning is particularly 

fruitful, pedagogy should contain real-world learning 

situations. Agriculture, natural farming, type of weather 

or climate in addition to environment, green tourism, 

green medical services, green transportation, and other 

topics can be included in this type of system. Due to their 

part to hygienic surroundings in numerous industrial 

automation processes, computer and information 

technologies are already called green technology 

(Guoliang: 2011). Green nanotechnology is defined as 

the growth of dirt free technologies to reduce 

environmental along with human health risks linked 

through manufacture as well as use of nanotechnology 

products, as well as to support the substitute of existing 

foodstuffs with new nano-products that are additional 

environmentally friendly all the way through their 

lifecycle (Billatos & Basaly: 1997). Green 

nanotechnology is the knowledge of how 

nanotechnology is able to improve the environment by 

conserving energy throughout manufacture, allowing 

products to be recycled after use, and employing 

environmentally beneficial materials. 

Green Technology for Health and Medicine 

Human health is a significant and substantial field of 

green nanotechnology study. According to the World 

Cancer Report
vi
, there could be a 50 percent raise in new 

cases to 15 million by 2020, owing mostly to the world‘s 

ageing population. Green nanotechnology research has 

enormous potential for advancement in the medical field. 

Pharmaceutics and green nanotechnology are projected 

to advance, allowing patients to drink fluids containing 

nano-robots
vii

 designed to assault and reconstruct the 

molecular structure of cancer cells and viruses. A nano-

robot could operate on such a small scale that it would 

leave no scars, unlike traditional surgery. Furthermore, 

nano-robots have the potential to alter our substantial 

manifestation. They may be trained to do superficial 

surgical treatment, reshuffle the atoms of the human 

body to modify the shape of his ears, nose, eyes, or any 

additional physical characteristic he desires (Fisk: 2000). 

Green Technology for Foodstuff and Processing 

Food is a necessary component of our existence as well 

as for human survival. Humans have needed to eat to 

survive since the beginning of time. One of the most 

difficult issues for humanity will be to strike a 

sustainable balance between food supply and demand 
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that secures the human race‘s long-term survival. The 

necessity for sustainable food production and processing 

technology has become increasingly more vital as the 

world‘s population has grown rapidly over the previous 

several centuries. Green technology in the food and food 

processing industry faces a number of obstacles through 

the use of technologies to diminish the invention of 

process-induced toxins; societal aspects influencing 

consumer insight of current in addition to rising agri-

food technologies, such as nanotechnology; and the 

requirement for as well as the importance of biodiversity 

in upholding world population‘s sustainable diets. Food 

processing is a diverse industry that uses a variety of raw 

materials, methods, and final products, and it requires 

extra care to maintain quality, security, and nutritional 

characteristics using green technology. Various 

technologies beneath the wide umbrella of biotechnology 

and nanotechnology, such as magnetic fields, non-

thermal technologies, and so on, have the potential to 

decrease process-induced toxins in foodstuff and the 

environmental impact of foodstuff production and 

dispensation. 

II. CONCLUSION 

Technology has had an extensive range of effects on our 

society and its surroundings, as well as supporting in the 

advancement of more modern economies, such as 

nowadays global economy. Many technologies 

developed by science, such as aircraft technology, 

automobile technology, biotechnology, computer 

technology, telecommunication technology, Internet 

technology, renewable energy technology, atomic and 

nuclear technology, nanotechnology, and space 

technology, have changed people‘s lives and brought 

them happiness. In order to maintain this level of 

comfort among society‘s citizens, they must be 

concerned about the environment‘s long-term viability. 

We have highlighted the social characteristics or features 

of environmental protection through green technologies 

in this study. Green technology for farming, green 

technology for intake water, green technology for 

renewable energy, for construction, for aircraft in 

addition to space investigation, green technology for 

edification, green technology for foodstuff and 

dispensation, and green technology designed for health 

and medicine in the twenty-first century are also 

discussed in the paper. It is also very important that 

administrators and professionals utilize an appropriate 

representation of the green building. Global 

environmental degradation has compelled our society to 

re-evaluate its advancement and develop the impression 

of sustainable growth. New ecologically friendly 

technologies are, without a doubt, critical to achieving 

long-term development. Various green efforts are being 

undertaken in order to uphold and advance the 

excellence of the environment that will flourish in the 

future resource-efficient as well as sustainable thinking 

civilization. The urgency of current environmental 

problems, the newfound recognition of mutual 

environmental interests, and the fundamental role of 

science and technology in general, and green 

technologies in particular, in assessing and responding to 

environmental threats all provide expectations for 

international action in the application of science and 

technology to environmental concerns. For sustainable 

growth, environmental protection, resource conservation, 

and other socioeconomic issues must be addressed. 
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easily recover the routine of every system by measure up to it 
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‗Ideal system‘. The word ‗Ideal system‘ refers to a structure 

which has ideal distinctiveness i.e., faultless in each aspects. It 

is what the brain imagines/pictures as being ideal. Retrieved 
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v Super-plasticizers are a elementary ingredient for lowering 

the yield pressure of concrete. Super-plasticizers are additions 

that allow a specified degree of workability to be acquired at a 

reduced water/cement ratio. Retrieved from; 

https://www.sciencedirect.com/topics/engineering/superplastici

zers 
vi  The report focuses on avoidance and presents mainly wide-

ranging indication of pertinent investigation accessible to date, 

ranging from evocative etiology, cellular and molecular 

biology, toxicology and pathology in the course of behavioural 

and social science.‘ retrieved from; https://www.iccp-

portal.org/resources/world-cancer-report. 
vii Nano-robotics: it is a technology of generating machines or 

robots at or seal the scale of a nano-metre. More particularly, 

nanorobotics refers to the still principally hypothetical 

nanotechnology engineering discipline of scheming and 

building nano-robots. Retrieved from; 

https://www.sciencedaily.com/terms/nanorobotics.htm 
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Abstract. Chloramphenicol is an important antibiotic commonly used in undeveloped as well as developing nations in treatment of 

life-threatening bacterial infections. However,renal-toxicity is resulted by chloramphenicol at a high concentration Sabaet.al., 

[20].It is studied that the damaged in kidney caused due to the free radicals generated in the kidney and other body organs also. 

Theeffect of Millingtoniahortensis Linn. Extractwas examined by estimating the elements, such as, nitrogen, glutathione, serum 

creatinine, lipid peroxidation and the things like catalase along with SOD activities. In present research, nephrotoxicity is induced 

by chloramphenicol that ischaracterizedby significant increment of serum markers levels,for that LPO level raised andSOD level 

reduced along withGSH and CAT levels. Co-signification of methanolic extract with chloramphenicol was designed for 

significantly prevent both the functional and histological renal injury protection. It is concluded that the phytogenic antioxidants 

play an important significance in the ameliorating action for recovery of damaging effects caused by the Chloromycetin. 

Index Terms: Antioxidants,Chloramphenicol, Flower extract,Millingtoniahortensis Linn, Renal profile parameters 

 

I. INTRODUCTION 


Chloramphenicol is an antibiotic come from the 

Streptomyces of bacteriumvenezuelae orgenerate 

artificially and it is effective forgram positive as well as 

gram negative bacterial infection. Chloramphenicol is an 

effective and well accepted broad spectrum of antibiotic. 

However, it has many features that demand careful usage 

in animals that is companion and that has led to 

prohibition of use this in food that are producing by 

animals in several states and countries, including Canada 

and USAKahn, [9].However, the high dose of 

chloramphenicol causes liver-toxicity due to formation 

of some radicals that are free or reactive oxygen species 

(ROS). Free radicals produce deleterious effect on lipid 

plasma membrane along withcellular components thus 

generating peroxidation of lipids that can leads to cell 

death Ryter et al., [18]. 

Kidney is the vital organ of body that is used to remove 

the toxic and waste material of body. They remove the 

metabolites when the people are administered with 

toxicants in the form of pollutants, medicinal drugs like 

analgesic drugs, antibiotics, etc. The significance of renal 

function is for the implementation of chloramphenicol 

and its metabolites in blood was researched 

byKuninet.al. [3]. they found that metabolitescan 

retained if the function was not significant. The 

metabolites are not eliminated due to the effect of free 

radicals which lead to alter the function of renal tubules. 

                                                           
© 2022 Technoarete Publishers 
Dr. Laxman Landge – “Protective Effects of Millingtoniahortensis 

Linn. On Chloramphenicol-Induced Oxidative Stress and 

Nephrotoxicity in Mice”, Pg no: 129 – 132. 2022 
doi.org/10.36647/978-93-92106-02-6.23 

In the body, Medicinal plants possess scavenging activity 

against the radicals are free to boost the energy of 

antioxidant for defence mechanism and that can have a 

significant role of unfavorable damaged tissue minduced 

by chloramphenicolK B H Kumar and Kuttan R, 

[13].The study shows protective role of 

Millingtoniahortensis Linn. Against the chloramphenicol 

induced renal toxicity due to presence of antioxidants in 

the plants. The phytochemical screening of 

Millingtoniahortensisshowed that along with tannins, 

saponins, flavonoids, terpenoids, alkaloids and 

phlobatanninsM., Faraz. et.al. [5],Harborne et.al. [7]and 

H.O., Edeoga, et.al., [4].This study focused on kidney 

protective function that are evaluated 

ofMillingtoniahortensisLinn against chloramphenicol 

induced toxicity in the renal area like damage of the 

kidney in the form of dilated tubules with vascular 

glomeruli. 

II. METHODS 

Material of Plant and its authentication 

The researcher has gathered the flowers of flowers of 

Millingtonia hortensis from the regional areas adjacent 

with the metropolitan of Mumbai. Moreover, 

„BLATTER HERBARIUM‟ has checked the authenticity 

of the whole herb. The aforementioned Herbarium is 

situated in “ST. Xavier‟s college, Mumbai-400001, 

India”. The flowers are collected from Songir, Dist. 

Dhule (M.S.) and washed in order to remove dust or 

sands etc., dried in sun for 7 days continuously and made 

a powder form. It is extracted by following method. 

The 30-gm flower powder was taken in a container and 

adds 200 ml. methanols, then kept for 24 hours in the 

http://doi.org/10.36647/978-93-92106-02-6.23
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shaker, after that the formula was filtered through eight 

layers of cloth that is made of muslin and then the final 

extract was collected. The extraction process was 

repeated twice. The formula was extracted by reducing 

the pressure using rotary evaporator and then that filtrate 

was collect for the solution as solid as 

possible.S.Maneemegalai and P. Monika [19]. 

Animals- mice 

For the study of efficiency and for toxicity the animal is 

utilized were healthy Albino “Swiss mice 

(Musmusculus)”, that is weighted btween 30-35 

gmobtained from„Institute of Haffkins‟, situated at “Parel 

(E), Mumbai- 400012‟. While the acquisition of alpha 

and beta mice was completed, these were caged in a 

same space for further study. The enclosures were 

cleaned daily and equipped with facilities of rice 

covering. The house has been kept at a specific 

temperature of “28±2
o 
c” and it has also been exposed for 

10-12 hours to light in a day. 

Drug- chloramphenicol 

Mehta Pharmaceutical Limited produced 

Chloramphenicol, situated at “315, Janki Centre, Plot 

No. 29, Shah Industrial Estate, Off Veera Desai Road, 

Andheri (W), and Mumbai, India”. For further study, the 

temperature level is maintained at a level of sub room 

temperature. To control the growth of the bacteria such 

as, gram positive and gram-negative chloramphenicol is 

responsible, though Chloromycetincan producerenal-

toxicity at a very high level. Therefore the researchers 

study chloramphenicol for toxicity to an extend version; 

that could be low, high or medium dosage of drug given 

based on the requirement of the mice. Another deciding 

factor include LD50of chloramphenicol, such as,¼ the of 

LD50was„low dosage‟, ½ of LD50 was„medium dosage‟ 

and ¾ the of LD50 was the „high dosage‟ of 

“chloramphenicol” that was administered to the mice in 

respect of the research purpose. As per the “Pfizer 

material safety data sheet, 2007‟, the dosage of 

chloramphenicol is “LD50” while the mouse weighs is 

“2300 mg/kg”. 

Protocol for Experimental 

“Group I (6 mice)” were utilised as controlers, for 

that“Group II (6 mice)” that received 500 mg/kg 

chloramphenicol. “Group III (6 mice)” received 200 

mg/kg flower solution ofMillingtoniahortensis Linn.(F E 

of M H). 

Analysis the sample of blood 

By puncture, the sample of blood specimen has been 

obtained from “retro-orbital vein” and that sample was 

kept on EDTA vial for analyzing renal functioning such 

as, “blood urea nitrogen (BUN)”, “creatinine”, different 

biomarkers like, “speroxidedismustase (SOD)”, 

“glutathione (GSH)”, “lipid peroxidation (LPO)” and 

“catalase (CAT)”. 

Studies related to Histopathology 

The animals were undergone sacrifice as their internal 

organs such as kidney was removed. After that the 

dissolution of kidney and fixed in “Bouin‟s solution” for 

twelve hrs and then kept in wax of paraffin by using a 

traditional method 

Analysis Statistically 

Results of this research show that it is caused by 

“antirenaltoxicity”. Activites were presented as the mean 

value „± SE‟ associated with 6 group of every mice 

group. A statistical method was also employed with 

evaluating the results by means of performing the two 

way ANOVA test without any replication. 

III. RESULTS 

Analysis of Biochemical parameters 

Serum biochemical findings of all groups have shown in 

table 1. The blood urea nitrogen, creatinine levels are 

elevatedwhereas the other values like SOD, catalase and 

GSH are decreased in chloramphenicol group. However, 

due to administration of “FE of M H” all the values were 

getting recovered validly. 

 

Table – 1: Observations of Renal functions after the 

process of recovery and treatment by means of flower 

solution of Millingtoniahortensis Linn. 

InMusmusculus. 

 

“P values are ˂ 0.05 by „f‟ test,the values are expressed 

as Mean ±SE from 6 mice in each groups”. „FE of CG‟ 

flower extract of MillingtoniahortensisLinn. 

 

Fig.1- “Effect of FE OF M H on kidney function 

producers of mice with renal changes that are 

induced by chloramphenicol” 
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Renal histopathology 

    

                   A                                       B 

    

                  C                                         D 

Fig-2 micro photographs of the inter-sections 

associated with kidney  “(H & E 
× 

200)”: (A) control 

group of renal cortex that are represented by normal 

structure of glomerular. (B) Chloramphenicol treated 

group of renal cortex showed by dialated tubules and 

glomerular regression. 

IV. DISCUSSION 

Free radicals are the fundamental cause of various 

diseases. They cause biochemical damage in cells and 

tissues which results in several diseases such as hepatic 

disorders, renal failure, diabetes mellitus, ageing, cancer, 

etc.K.R. Kirtikar et al., [12].Therefore, the prevention of 

above mentioned diseases need antioxidants in the body 

or antiradical molecules in either body or in the form of 

antioxidants enriched Ayurvedic medicine. The aim of 

research study was damaged the tissue by 

chloramphenicol. Protection of impaired body with 

antioxidants from Millingtoniahortensis Linn.were 

BergeninSastry et al., [21], 2-4 

methoxyflavoneluteolineOtto Wofbeis et al., 

[15],hypericinLiebes, et al., [14] and Gingolide-B van 

Beek, [22], specialised flavone hortensinN. 

Bunyapraphatsara et al., [2] and glucosidal alkaloid 

MillingtoninT., Hase et al., [8]. 

Main purpose involved with this work was to investigate 

the ameliorative significance of Millingtoniahortensis 

Linn. against chloramphenicol induced oxidative stress 

and renal toxicity in mice. Treatment with many 

synthetic and natural antioxidant elements has been 

useful in either amelioration or prevention of 

nephrotoxicity in experimental ratsI., Karahan et al., 

[11]. The study evaluated the efficacy of FE of MH, 

antioxidants and free radical scavenger on the 

chloramphenicol induced oxidative injury and renal 

damage by chloramphenicol in proven intoxicated rats. 

The significant elevation of blood urea nitrogen (BUN), 

creatinineand LPO has shown the toxic use of 

chloramphenicol. It was caused due to free radicals as 

well as reactive oxygen system (ROS) which were 

generated in the chloramphenicol group. 

Mice received FE of MH extract alone for 14 days, there 

was nearly same the BUN level, while creatinine level 

was elevated. Antioxidantenzyme levels are same to that 

of control vehicalanimals except GSH and LPO level 

were decreased in extract group. Rats were treated with 

gentamicin alone significantly increase in LPO level 

while GSH and CAT activities were reduced in the 

kidneytissue similar results were observed by Ozbek et 

al., [16]and Adaikpoh et al., [1]. Co-administration of 

chloramphenicol and FE of MH caused significantly 

recovered the values of renal functional parameters, but 

the levels of GSH, CAT and SOD were slightly 

recovered while LPO was still uplifted in the same group 

of prophylactic. 

Histopathologicalstudy revealed that the remarkable 

dialation in the renal tubules and necrosis in the 

glomeruli to from vacuolated glomeruli in the renal 

cortical part of kidney section (Fig.2-B).There were 

slight atrophy in glomeruli and renal tubules which were 

dialated slightly in FE of MH group (Fig. 2-C). When the 

study of kidney sections in prophylactic group were 

somewhat more dialated renal tubules and slight vacuolar 

glomeruli (Fig. 2-D) as compared to extract as well as 

control vehical groups. Rehman et al., [17] studied that 

histopathological observation illustrated remarkable 

tubular necrosis and cellular infiltrations along with 

sloghing of cells in tubular lumen of the kidneys of 

gentamicin treated groups in both nephro-curative and 

nephro-protective studies. 

As per the statistical analysis of these diagrams, the 

overall study suggested that the flower solution or extract 

ofMillingtoniahortensis Linn. Was nephroprotective and 

significantly affective against the intoxification of 

chloramphenicol. 

V. CONCLUSION 

The protective role of methanolic extract of flower of 

MillingtoniahortensisLinn.against chloramphenicol 

induced kidney damage was evaluated in this study. The 

protective potential may be due to scavenger and 

antioxidants like tannins, saponins, terpenoids, 

flavonoids, alkaloids and phlobatannins. Bergenin, 2-4 

methoxyflavoneluteoline, hypericin, Gingolide-B, 

millingtonin, hortensin, etc are the active antioxidants 

involved to protect the kidney against chloramphenicol 

that damaged the kidney. Further study should be 

focused on the efficacy study of flower extract of 

Millingtoniahortensis Linn. against the various 

antibiotics that have been used in the corona condition. 
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Abstract. Green forages are rich and cheapest source of carbohydrates, protein, vitamins and minerals for dairy animals. To meet 

out the needs of the ever increasing livestock population the production as well productivity of fodder is to be increased. Maize 

crop has an important place in the food grain basket of our country and is the third most important versatile food grain crop due to 

its importance in food, feed, specialty corn, starch etc. In this experiment, twelve inbred lines were crossed with each of five testers 

in a line×tester design to evaluate combining ability and heterosis to identify promising hybrids of green cob and baby corn for 

fodder purpose with various characters like, 50% tasseling, 50% silking, 75% dry husk, grain yield, no. and weight of green ears, 

green fodder yield, dry weight, pericarp thickness and various quality parameters. The resulting F1s along with three checks and 

seventeen parents were evaluated in two environments during kharif 2010 and rabi 2010-11. Crosses excelled their perspective 

parents in performance for most of the traits studied. BQPM-2 among the parental lines and BAUIM-2 among the testers were 

identified as the best general combiners for grain yield and green fodder yield. Whereas among the hybrids, BAUIM-4×HKI-163 

and BQPM-2×HKI-163 were identified as potential cross combinations for grain yield and green fodder yield. However for quality 

parameters, BQPM-2×BAUIM-2 exhibited the highest magnitude of economic heterosis for calcium, crude fibre, dry ash and 

reducing sugar contents while for iron and phosphorus contents, BAUIM-4×HKI 163 exhibited the most desirable value of 

heterosis. So the crosses (BAUIM-4×HKI 163) and (BQPM-2×BAUIM-2) can be utilized for developing high yielding hybrid 

varieties as well as for exploiting hybrid vigor. While for baby corn as feed for animals, several quality parameters like moisture, 

calcium, iron, phosphorus, total soluble sugars, crude fibre and dry ash contents) baby corn yield were studied. The inbred line 

BAUIM-4 followed by BQPM-2 was a good general combiner for all the quality traits and baby corn yield. Single cross BQPM-2 

× BAUIM-2 had positive significant specific combining ability effects for all the quality traits and baby corn yield. 

Index Terms: Genetic Evaluation, Baby Corn, Green Ear for Fodder, Nutritional Study 

 

I. INTRODUCTION 


The agricultural production systems in India are based 

upon mixed farming in which two major enterprises are 

crops and livestock. To meet out the needs of the ever 

increasing livestock population the production as well 

productivity of fodder is to be increased. 

India inhabits 15% of world livestock on 2% 

geographical area with 5.23% cultivated fodder area. 

Livestock share to the total Indian agriculture gross value 

product is increasing gradually over the years. Farmers 

mix these two enterprises to diversify the use of their 

resources for maximizing family income. Livestock 

production is the backbone of Indian agriculture 

contributing 7% to National GDP and a source of 

employment and ultimate livelihood for 70% of the 

population in rural areas. The growth rate of livestock 

sector is higher than the crop sector due to assured high 

income and increasing demand for milk and its products. 

But one of the critical challenge to animal productivity 
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with the existing feeding strategy and management 

practices.  The less livestock productivity in India is due 

to availability of quality feed and it alone contributes 

nearly 60 % of the total cost of milk production. The 

efficient utilization of both cultivable and non-cultivable 

lands coupled with latest agronomical intervention helps 

to improve the dairy industries. The importance of green 

forages in our country is well recognized since feeding 

forages alone accounts for over 60% of the cost of milk 

production. Moreover, the nutrients from the fodders are 

easily digestible as compared to the nutrients form 

concentrates. The lush green forages are palatable and 

are liked by the animals very much to fill their stomach 

to satisfy the hunger. 

Maize is one of the most versatile emerging crops having 

wider adaptability under varied agro-climatic conditions. 

As it has yield potential far higher than any other cereal, 

it is sometimes referred to as the miracle crop or the 

„Queen of Cereals‟. Maize stover consists of the leaves 

and stalks of maize plants left in a field after harvest and 

consists of the residue: stalk; the leaf, husk, and cob 

remaining in the field following the harvest of cereal 

grain. It makes up about half of the yield of a crop. The 

stover can also contain other weeds and grasses the non-

grain part of harvested corn and has low water content 

https://doi.org/10.36647/978-93-92106-02-6.24
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and is very bulky. Maize straw is used as animal fodder 

since the ancient times. However, the fodder quality of 

green maize is far excellent. Amongst the non-legume 

cultivated fodders, maize is the only fodder which 

produces better nutritional quality along with good 

quantity of biomass. This is an area where maize can 

play an important role as animal fodder. Apart from 

furnishing the nutritional needs of the mankind maize 

could also fulfill the nutritional requirement of livestock. 

The baby corn maize stalks are green, succulent, 

nutritious and possess excellent digestibility. 

Here in this experiment both green ear and baby corn 

parameters are studied for fodder purpose. Cultivation of 

maize for green ear and grain production are the common 

practices in India. At present, the country faces a net 

deficit green fodder, dry crop residues and feeds. So, 

there is an increasing demand for increasing the 

productivity of green fodder yield. Immature ears 

harvested in 25 to 28 days after pollination with moisture 

content of 70 to 80% is called green ear corn. In India, 

green ear maize finds its importance as food point of 

view as well a rich source of animal feed. Cultivation of 

maize harvested as green ear has several distinct 

advantages (Paliwal, 2001). Maize harvested as green ear 

do not face the problem of ear rot and grain insect 

damage in field. It is a shorter duration crop and occupies 

field for fewer days thus permitting more intensive 

cropping pattern. Green plant left over after harvesting of 

green ear provides better fodder for livestock than dry 

stover. Farmers can get more return from green ear 

harvest than grain yield. 

Efforts are, therefore, required to develop hybrids with 

high yield potential in order to increase production of 

maize along with high tonnage of biomass. On account 

of more emphasis on food production at the national 

level the actual potential of quality fodder production for 

animal feed has not yet been fully tapped in the country 

which needs to be accomplished. Most efficient use of 

such materials would be possible only when adequate 

information on the amount and type of genetic variation 

and combining ability effects existing in the genetic 

materials. Heterosis and combining ability is prerequisite 

for developing a good economically viable hybrid maize 

variety. Combining ability analysis is useful to assess the 

potential inbred lines and also helps in identifying the 

nature of gene action involved in various quantitative 

characters. This information is helpful to plant breeders 

for formulating hybrid breeding programmes. 

Information on the heterotic patterns and combining 

ability among maize germplasm is essential in 

maximizing the effectiveness of hybrid development by 

(Beck et al. (1990). In maize, appreciable percentage of 

heterosis for yield and combining ability were earlier 

reported by Roy et al. (1998), Paul et al. (1999) and 

Rokadia et al. (2005). A wide array of biometrical tools 

is available to breeders for characterizing genetic control 

of economically important traits as a guide to decide 

upon an appropriate breeding methodology to involve in 

hybrid breeding. Line×tester mating design developed by 

Kempthorne (1957), which provides reliable information 

on the general and specific combining ability effects of 

parents and their hybrid combinations was used to 

generate the information. The design has been widely 

used in maize by Sharma et al. (2004) and others and 

continues to be applied in quantitative genetic studies. 

Considering the diversified uses of maize, interest has 

been demonstrated for the evaluation of maize hybrids 

with regard to their green fodder yield and grain yield 

production ability. 

For diversification and value addition as well as growth 

of food processing industries leading to the development 

of growing maize for vegetable purpose, which is known 

as 'Baby corn'. It is a young finger like unfertilized cob 

of maize with one to three centimeter emerged silk 

preferably harvested within 1-3 days of silk emergence 

depending upon the growing season. Baby corn is highly 

nutritive and its nutritional quality is on par or even 

superior to some of the seasonal vegetables. Besides 

protein, vitamins and iron it is one of the richest source 

of phosphorus. It is also free from residual effects of 

pesticides, as the young cobs are wrapped up within the 

husk and well protected from diseases, insects, 

fungicides and insecticides (Sain Dass et al., 2007). 

Improvements on the part of the breeders have resulted 

in the development of number of varieties. Hence the 

present investigation was planned to evaluate various 

maize genotypes for chemical composition and yield at 

baby corn stage for fodder porpose. 

II. MATERIALS AND METHODS 

Twelve parental lines were crossed with five testers in a 

line × tester mating design during kharif  2010 to 

generate 60 hybrids along with two checks, BVM-2 and 

Suwan and evaluated in a randomized block design in 

three replications at B.A.U research farm, Ranchi. Each 

experimental plot consisted of two rows of 2.5m length 

with 65 × 20 cm spacing. 

Baby corn was harvested after 1-1.5 cm silk emergence. 

Plants were detassled for baby corn purpose at the time 

of flowering. Weight was recorded in an electronic 

balance. Moisture content was estimated by oven dry 

method. Calcium and iron contents were determined in 

the di-acid digest of plant sample using AAS. 

Phosphorus content was determined using 

vanadomolybdophosphoric yellow colour method. Sugar 

content was determined by Nelson-Somogyi‟s method. 

Crude fibre content was estimated according to standard 

AOAC (1980). Ash content was determined by the 

ignition of dried sample in muffle furnace at 550°C until 

the residue obtained was of dusty grey colour (Anon., 

1990). 

Line × tester analysis involving 12 inbred lines and 5 

testers in baby corn and green ear maize and their F1 

hybrids was carried out in kharif 2010 to assess 

combining ability and heterosis for quality parameters 

(moisture, calcium, iron, phosphorus, total soluble 

sugars, crude fibre and dry ash contents) baby corn and 

green ear yield. These 60 hybrids and seventeen parental 
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lines with three standard checks viz., HQPM-1, Vivek 

Hybrid-9 and Suwan were grown in a randomized block 

design in three replications. All the characters were 

studied following the standard methods. Combining 

ability analysis was carried as per procedure given by 

Kempthorne (1957). All the characters were studied 

following the standard methods while the pericarp 

thickness of kernel was studied  following the methods 

of Helm and Zuber (1972) as modified by Ito and 

Brewbaker (1991). 

III. RESULTS AND DISCUSSION 

Pooled analysis of variance to test the significance of 

difference among the genotypes revealed highly 

significant differences for most of the traits reflecting 

thereby presence of adequate diversity in the genetic 

material chosen for the study. 

The analysis of combining ability effects revealed that 

none of the parents possessed desirable gca effects for all 

the traits studied. For green fodder yield and dry weight 

of green ears, BAUIM-1, followed by BAUIM-3, CM 

111 and BQPM-2 revealed highly significant positive 

gca effect (Table 1 and 2). For pericarp thickness, lines, 

CM 111, BAUIM-3, V 341 and 1025 exhibited the most 

desirable value of gca effect. For various quality 

attributes, the inbreds viz., BAUIM-4, BQPM-2 and 

BQPM-4 exhibited the best quality parameters, like 

calcium, iron, phosphorus, reducing sugars, crude fibre 

and dry ash contents (Table 3). The lines with desirable 

gca should be extensively used in the crossing 

programme to exploit maximum genetic variability. 

A critical evaluation of the results with respect to 

specific combining ability effects showed that none of 

the cross combinations exhibited desirable significant sca 

effects for all the characters. The estimates of specific 

combining ability based on pooled analysis demonstrated 

various cross combinations having significant positive 

sca effects (Table 4 and 5). For number of green ears per 

plant, V 341×BAUIM-2 and V 341×K-1105 revealed the 

highest positive sca effect while for weight of green ears 

per plant, BAUIM-4×HKI-163 and BQPM-2×HKI-163 

revealed the highest magnitude of desirable sca effects. 

For green fodder yield and dry weight, BQPM-2×HKI 

193-1 showed the maximum positive and highly 

significant sca effect followed by CM 111×K-1105. For 

pericarp thickness, BQPM-4×HKI 193-1 revealed the 

most desirable sca effect followed by BQPM-2 ×HKI-

163 (Table 3). The maximum positive and highly 

significant sca effect was exhibited by BQPM-4×K-1105 

for calcium and crude fibre contents, while for iron and 

phosphorus contents, BQPM-2×BAUIM-2 exhibited the 

most desirable value and for reducing sugar content, 

BQPM-4×BAUIM-2 exhibited the most desirable value 

of sca effect (Table 3). The superiority of crosses as 

parents could be explained on the basis of interaction 

between positive alleles from good combiners and 

negative alleles for the poor combiners as parents. The 

high yield of such crosses would be non-fixable and thus 

could be exploited for heterosis breeding. 

All the crosses exhibited highly significant positive 

heterosis over mid parent and better parent for grain 

yield in pooled analysis. The cross combination (BQPM-

2×BAUIM-2) followed by (1025×BAUIM-2) and 

(BQPM-2×HKI163) revealed highest magnitude of 

economic heterosis (84.60%) over the best check Vivek 

hybrid-9 for grain yield in q/ha. Appreciable percentage 

of heterosis for grain yield in maize was also reported by 

Lonnquist and Gardner (1961), Akhtar and Singh (1981) 

and Gerrish (1981). In another study, Debnath (1987) 

and Roy et al.(1998), respectively, observed 13.95 to 

245.10 per cent and -16.42 to 71.82 per cent 

heterobeltiosis. The cross combination (CM 151×CM 

150) showed the most desirable value for heterosis for 

maturity traits. For green ear traits, 1025×CM 150 and 

BQPM-4×BAUIM-2 showed the most desirable value of 

heterosis for number and weight of green ears 

respectively. For green fodder yield and dry weight, 

BAUIM-1×BAUIM-2 revealed the highest magnitude of 

heterosis. For pericarp thickness, BQPM-2×HKI 193-1 

revealed the most desirable value of heterosis. However 

for quality parameters, BQPM-2×BAUIM-2 exhibited 

the highest magnitude of economic heterosis for calcium, 

crude fibre, dry ash and reducing sugar contents while 

for iron and phosphorus contents, BAUIM-4×HKI 163 

exhibited the most desirable value of heterosis. Izhar T 

and Chakraborty M (2013). 

Therefore these promising crosses were identified as 

overall high general combiners and these could be 

utilized for development of either the synthetic varieties 

or an elite breeding population by allowing thorough 

mixing among them to achieve new genetic 

recombination and then subjecting the resultant 

population to recurrent selection. 

In the second phase of the experiment of baby corn  for 

fodder purpose, the analysis of variance to test the 

significance of difference among the genotypes revealed 

highly significant differences for all the traits like baby 

corn yield and quality attributes such as moisture, 

calcium, iron, phosphorus, reducing sugar, crude fibre 

and dry ash contents. Genetic variability for baby corn 

yield components has been reported by Tiwari and 

Verma (1999) and for various quality parameters by 

Shobha et al. (2010). 

Chemical composition of maize genotypes for per se 

performance at baby corn stage is presented in table 6. 

The moisture content of the genotypes ranged from 5.32 

% (HKI 193-1) to 7.35 % (BQPM-4). This was 

supported by Yodpet (1979). The cross mean ranged 

from 6.13 % (BAUIM-3 x CM 150) to 7.40 % (BAUIM-

4 x K-1105) for moisture content. The calcium content in 

the genotypes varied from 14.23 mg (CM 152) to 15.10 

mg (CML 161) followed by BAUIM-4 and BQPM-4. 

The cross mean for calcium content ranged from 14.98 

mg (CM 152 x BAUIM-2) to 16.61 mg (BQPM-2 x HKI 

163). The mean for iron content varied from 2.52 mg 

(BQPM-2) to 1.99 mg (CM 150) followed by BQPM-2 

and BQPM-4. This finding is in accordance with the iron 

content of 2.3 mg as reported by Gopalan et al. (1971). 
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The cross mean ranged from 2.21 mg (BAUIM-1 x CM 

150) to 2.75 mg (BQPM-2 x BAUIM-2) for iron content. 

BAUIM-3 and V 351 were at par with the check BVM-2 

for phosphorus content varying from162.67 mg (1025) to 

180.67 mg (HKI 193-1). Similar findings were reported 

by (Anon., 1998). The cross mean ranged from 144.00 

mg (BQPM-2 x HKI 163) to 191.67 mg (CM 111 x K-

1105) for phosphorus content.  For total soluble sugar 

content, CM 111, BAUIM-4, BQPM-4 and BAUIM-2 

were found to be at par with the check BVM-2 with the 

range varying from 0.07 % (1025) to 0.12 % (BQPM-4). 

This was in conformity with the findings of Ranhotra 

(1985). The cross mean varied from 0.10 % (CM 152 x 

BAUIM-2) to 0.14 % (BAUIM-4 x CM 150) for total 

soluble sugar content. The variability observed in 

chemical composition is due to genetic and 

environmental factors which includes time of harvesting, 

gap in estimating the moisture, sugar which influences 

the decrease in moisture, conversation of sugar to starch, 

type and place of storage etc. The crude fibre content of 

the parental lines ranged from 1.98 % (CM 150) to 2.18 

% (BQPM-4). Crude fiber content of different maize 

genotypes are in agreement with the values reported by 

Cortez and Wild-Altamirano (1972). The cross mean 

varied from 2.04 mg (CM 152 x BAUIM-2) to 2.34 mg 

(BQPM-2 x BAUIM-2). Relatively more ash content was 

found in BQPM-2 (1.62 %) followed by 1023 (1.51 %) 

and V 341 (1.39 %).This was in accordance with the 

findings of Asha kawatra and Salil Sehgal (2007), where 

they reported 1.34% ash content for baby corn 

genotypes. The cross mean varied from 1.32 % 

(BAUIM-1 x CM 150) to 1.59 % (BQPM-2 x K-1105). 

The variability observed in chemical composition is due 

to genetic and environmental factors. Thus for the 

evaluation of attributes of high yielding maize genotypes 

along with high nutritional value to meet the 

international demand, sufficient genetic variability 

available in the material under study may be exploited. 

However for baby corn yield, the parental mean ranged 

from 73.67 q/ha (CM 152) to 95.48 q/ha (BAUIM-4). 

BAUIM-4 (95.48 q/ha) and BQPM-4 (94.97 q/ha) were 

found to be significantly superior to the check Suwan. 

The cross mean ranged from 92.81 q/ha (CM- 111 × K-

1105) to 130.07 q/ha (BQPM-2 × BAUIM-2) followed 

by CM152× CM 150 (126.66 q/ha), BAUIM-1× 

BAUIM-2 (127.19 q/ha) and BQPM-2× 193-1 (125.16 

q/ha). Similar variations for baby corn yield were 

reported by Ramachandrappa et al. (2004). 

Therefore these promising crosses were identified as 

overall high general combiners and these could be 

utilized for development of either the synthetic varieties 

or an elite breeding population for development of good 

fodder type varieties by allowing thorough mixing 

among them to achieve new genetic recombination and 

then subjecting the resultant population to recurrent 

selection. 
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Table.1 GCA effects of parents for No.of Green Ears/ Plant, Weight of Green Ears/ Plant and Green fodder 

yield of green ear 

 

 

*, ** = Significant at P = 0.05 and P = 0.01 respectively.,Maximum and minimum values in Bold figure 

Table.2 Continued GCA effects of parents for Dry weight of above ground part and Pericarp thickness of 

green ear 
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*, ** = Significant at P = 0.05 and P = 0.01 respectively.,Maximum and minimum values in Bold figure. 

 

Table 3: General Combining Ability (GCA) effects of parents for Quality Parameters of Green ear 

 

*, ** = Significant at P = 0.05 and P = 0.01 respectively.,Maximum and minimum values in Bold figure. 
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Table.4 SCA effects of crosses for No. of Ears/ Plant, Weight of Green Ears/ Plant, green fodder yield,  dry 

weight and pericarp thickness of green ear maize 

 

*, ** = Significant at P = 0.05 and P = 0.01 respectively.,Maximum and minimum values in Bold fig ure. 

Table.5 SCA effects of crosses for Quality parameters of Green Ear 

 

*, ** = Significant at P = 0.05 and P = 0.01 respectively.,Maximum and minimum values in Bold figure. 

Table 6: Mean performance of Parents 

 

Maximum and minimum values in Bold figure. 

 



Genetic Evaluation and Nutritional Study of Baby Corn and Green Ear for Fodder Purpose 

139 

REFERENCES 

1. Anonymous. 1990. Official methods of analysis of the 

association of official analytical chemis. Arlington 

Virginia, U.S.A.  

2. Anonymous, 1980, Maize- properties, processing and 

utilization. RESC Scientific series, 16 ;10-11. 

3. Akhtar SA and Singh TP (1981) Heterosis in varietal 

crosses of maize. Madras  Agric. J 68:47-51.  

4. Asha Kwatra and Salil Sehgal , 2007, Value added 

products of Maize (quality protein maize and Baby corn) 

Paper presented In: Nation. conf. Double Maize Prod. 

IFFCO Foundation, ICAR, DMR , DAC and IFFCL New 

Delhi, May, 08-09. 

5. Beck DL, Vasal S.K and Crossa J (1990) Heterosis and 

combining ability of CYMMYT‟s tropical early and 

intermediate maturity maize (Zea mays L.) germplasm. 

Mydica 35: 279-285.  

6. Cortez, A. and Wild-Altamirano, C., 1972, Contributions 

to the lime treated corn flour technology, In: Nutritional 

Improvement of Maize, Eds. Bressani, R., Braham, J.E. 

and Behar, INCAP pub. L4 , pp. 99-106.  

7. Debnath SC (1987) Heterosis in maize (Zea mays L.). 

Bangladesh J Agric 12(3):161-168.  

8. Goplan,C.,Rama Sastri, B. V.and Balasubramanian,S.C., 

1971,Nutritive Value of Indian foods, National Institution 

of Nutrition, ICMR, Hyderabad ,pp.58-59. 

9.  Hussain SA, Amiruzzaman M and Hossain Z (2003) 

Combining ability estimatesin maize. Bangladesh J Agril 

Res 28(3):435-440. 

10. Helm JL and Zuber MS (1972). Inheritance of pericarp 

thickness of Corn Belt maize. Crop Sci 12: 425-430. 

11. Izhar T and Chakraborty M (2013) Combining ability and 

heterosis for grain yield and its components in maize 

inbreds over environments (Zea mays L.). African J Agril 

Res 8(25): 3276-3280. 

12. Kempthrone O (1957) An introduction to genetic 

statistics. John Willy and Sons, New York. 

13. Lonnquist JH and Gardner CO (1961) Heterosis in inter 

varietal crosses of maize and its implications in breeding 

procedure. Crop Sci 1: 179-183. 

14. Paliwal RL (2001) Tropical maize improvement and 

production. FAO, Rome, Italy. 

15. Paul K.K and Debnath SC (1999) Heterosis and 

combining ability for grain yield and its components in 

maize (Zea mays L.). Bangladesh J Agri 24: 61-68. 

Ramachandrappa,-B-K; Nanjappa,-H-V; Shivakumar,-H-

K. (2004). Yield and quality of baby corn (Zea mays L.) 

as influenced by spacing and fertilization levels. Acta-

Agronomica-Hungarica. 52(3): 237-243. 

16. Rokadia Pand Kaushik SK (2005). Exploitation of 

combining ability for heterosis in maize (Zea mays L.). 

In: Pixley, K. and S.H. Zhang (ed). Proc. 9th Asian 

Reg.Maize Workshop. Beijing, China, pp: 89-91. 

17. Roy NC, Ahmed SU, Hussain AS and Hoque MM (1998) 

Heterosis and combining ability analysis in maize (Zea 

mays L.). Bangladesh J Pl Breed Genet 11(172):35-41. 

18.  Sain Dass, Asha Kwatra, Dharam Pal, Yadav,V.K., 

Sujay Rakshit,. Singh ,R.P., Santosh Huda., Mehla, J.C., 

Singh, N.P. ,Gupta, S.B., Kumar, P., Neelam Narang, 

Dhanju, K.S., Rajpal Singh, Zaidi, P.H., Singh, K.P., 

2007, Baby Corn in India, Directorate of Maize Research 

Publishing Co, Pusa campus, New  Delhi, pp. 1-2. 

Saldana, G .and Brown, H.E.,1984, Nutritional 

composition of corn and flour tortillas. J. Food Sci., 49; 

1202-1203. 

19. Shobha,D., Sreeramasetty,T.A., Puttaramanaik and 

Pandurange Gowda,K.T. (2010).Evaluation of maize 

genotypes for physical and chemical composition at silky 

and hard stage. Karnataka J. Agric. Sci. 23 (2) : (311-

314). 

20. Kempthrone O (1957) An introduction to genetic 

statistics. John Willy and Sons, New York. 

21. Lonnquist JH and Gardner CO (1961) Heterosis in inter 

varietal crosses of maize and its implications in breeding 

procedure. Crop Sci 1: 179-183. 

22. Paliwal RL (2001) Tropical maize improvement and 

production. FAO, Rome, Italy. Izhar T and Chakraborty 

M (2013) Combining ability and heterosis for grain yield 

and its components in maize inbreds over environments 

(Zea mays L.). African J Agril Res 8(25): 3276-3280. 

23. Paul K.K and Debnath SC (1999) Heterosis and 

combining ability for grain yield and its components in 

maize (Zea mays L.). Bangladesh J Agri 24: 61-68. 

24. Ranhotra, G. S., 1985, Nutritional profile of corn and 

flour tortillas. J. Food Sci. ,49:1202-1203.  

25. Tiwari,-V-K; Verma,-S-S. (1999). Genetic variability 

studies for baby corn in maize (Zea mays L.). Agril. Sci. 

Digest Karnal. 19(1): 67-71  

26. Yodpet, C., 1979, Studies on sweet corn as potential 

young cob corn (Zea mays L.) Ph.D. Thesis, Philippines, 

pp. 276-282. Karnataka J. Agric. Sci.,23 (2) : 2010 


	Smart Environmental Science, Technology and Management
	Editors
	Preface
	Acknowledgements
	Contents
	About the Editors
	Green Roofs for Healthy Living in Cities: A New Normal since Covid-19
	I. INTRODUCTION
	II. EASE OF USE
	2.1 Opting Green Roofs
	2.2 Cost and Maintenance of Green roofs

	III. MATERIALS AND METHODS
	3.1 Discussion and Results
	3.1.1 Time Taken to Sow Seeds
	3.1.2 Duration of growing to harvest time
	3.1.3 Quantity of Vegetables Harvested in 2020

	3.2 Crises turned into Opportunity
	3.3 The Benefits

	IV. CONCLUSION
	REFERENCES
	Electric Vehicle Battery Heat Management using A Thermoelectric Cooler Powered by Solar PV with MPPT
	I. INTRODUCTION
	II. THEORETICAL FUNDAMENTALS
	III. METHODOLOGY
	IV. SIMULATION & RESULTS
	V. CONCLUSION
	REFERENCES
	Potential of Reduction of Carbon Dioxide Gas Emissions in the Thar Desert by Kheemp (Leptadenia Pyrotechnia) Conservation Based Carbon Farming
	INTRODUCTION
	REFERENCES
	Technopark: A Strategy to Build Partnership in Educational Institutions and Industrial Using Concept of Collaborative Knowledge Creation
	I. INTRODUCTION
	II. LITERATURE STUDY
	III. RESEARCH APPROACH
	IV. DISCUSS AND ANALYSIS
	V. CONCLUSION
	REFERENCES
	Effects of Biochar on Soil Microbial Community Composition using PLFA Profiling - A Review
	I. INTRODUCTION
	1.1. Phospholipid Fatty Acids
	1.2. Phospholipid fatty acids as biomarkers
	1.3. Nomenclature

	II. CONCLUSION
	REFERENCES
	Modeling of Swelling and pH-Dependent Nutrient Release Kinetics of HPC/CMC/Alginate Hydrogel Blends for Agricultural Applications
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	2.1 Materials and Equipment
	2.2 Hydrogel Synthesis
	2.3 Swelling Studies for Hydrogels
	2.4 Nutrient Release Studies
	2.5 Data Fitting

	III. RESULTS AND DISCUSSION
	3.1. Characteristics of Hydrogel Swelling
	3.2. Effect of Temperature on Nutrient Release Kinetics
	3.3. Effect of pH on Nutrient Release Kinetics

	IV. CONCLUSION
	REFERENCES
	Desorption of Lead Ions from Used Sodium Alginate-Hydroxypropyl Cellulose Adsorbent Beads
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	2.1 Materials
	2.2 Methods
	2.2.1 Preparation of Beads
	2.2.2 Bead Size Measurement
	2.2.3 Treatment
	2.2.3.1 Batch Adsorption
	2.2.3.2 Contact Time for Desorption
	2.2.3.3 Recycling of Beads

	2.2.4 Theoretical Relations
	2.2.4.1 Desorption Efficiency
	2.2.4.2 Degree of Reusability



	III. RESULTS AND DISCUSSION
	3.1. Adsorbent Size Analysis
	3.2. Adsorption Efficiency
	3.3. Desorption Efficiency

	IV. CONCLUSION
	REFERENCES
	Biochemical and Physiological Response of Brassica Juncea and Nephrolepis Exaltata in Mercury Spiked Soil*
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	III. RESULTS
	IV. DISCUSSION
	V. CONCLUSION
	REFERENCES
	Silica Supported Copper Nano Particles Design from Metal Waste Apply Formation of Various Condensation Reaction
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	III. RESULTS AND DISCUSSION
	REFERENCES
	US-China Trade War: Impact on Sustainable Development in Developing Nations with Particular Reference to South Asia
	I. INTRODUCTION
	II. CONCLUSION
	REFERENCES
	Dissolution Kinetics of Low-Density Polyethylene in D-Limonene/Xylene Solutions for the Chemical Recycling of Waste Plastic Laminates
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	III. RESULTS AND DISCUSSION
	IV. CONCLUSION
	V. ACKNOWLEDGEMENT
	REFERENCES
	Carrying Capacity of Urban Transportation Networks: A Case Study of Designed Ideal City
	I. INTRODUCTION
	Urban Sprawl Effect on Road Networks
	Other Effects of Urban Sprawl
	How Cities Should Be Planned?

	II. METHODOLOGY
	III. CASE STUDY
	3.1 Population forecast:
	3.2 Area estimation to accommodate population:
	3.3 Houses of Different Income Group:
	3.4 Estimation of number of Vehicles:
	3.5 Parking Area:
	3.6 Road Network:
	3.7 Overall Ideal City Mapping:

	IV. CONCLUSION
	REFERENCES
	A Balanced Model of Sustainable Development*
	I. INTRODUCTION
	II. OBJECTIVES OF THE STUDY
	2.1 Need and Justification of the Study
	2.2 Review of Related Literature

	III. MATERIALS AND METHODS
	3.1. Now the present theme goes around the main suggestive view ‘ROLE OF SOCIAL ENVIRONMENT IN IMPLANTING ‘BEHAVIOR PATTERN’.
	3.2. Social Environment
	3.3 Research Gap

	IV. CONCLUSION
	V. NEW RECOMMENDATION OF THE PAPER
	REFERENCES
	Studies on Application of Spent Wash as a Nutrient for Agriculture Waste Composting
	I. INTRODUCTION
	II. RAW MATERIALS
	2.1 Agricultural Waste (Leaves of sugarcane)
	2.2 Green Leaves

	III. EXPERIMENTAL PROCEDURE
	3.1 Plastic Coating
	3.2 Preparation of bedding
	3.3 Monitoring
	3.4 Sampling
	3.5 Turning

	IV. DIMENSIONS
	4.1 Schematic Diagrams of Aerobic compostingpit
	4.2 Schematic Diagrams of windorw composting pit

	V. RESULTS AND DISCUSSION
	5.1 Characteristic of Agro-waste and green leaves
	5.2 Characteristic of spent wash
	5.3 Results Obtained at Turnings
	5.4 Graphs

	VI. DISCUSSION
	VII. CONCLUSION
	REFERENCES
	Risk Assessment of Underground Gas Pipeline Leakage Incorporating Geographical Information System (GIS)
	I. INTRODUCTION
	1.1 Problem Statement
	1.2 Significant study
	1.3 Scope of study

	II. LITERATURE REVIEW
	III. METHODOLOGY
	IV. RESULT AND DISCUSSIONS
	V. CONCLUSION
	VI. ACKNOWLEDGEMENT
	REFERENCES
	Synthesis and Characterization of NaCMC/HEC/ Activated Carbon Hydrogel Composites for the Desalination of Seawater*
	I. INTRODUCTION
	II. OBJECTIVES
	III. MATERIALS AND METHODS
	3.1. Materials
	3.2. Hydrogel Composite Synthesis
	3.3. Hydrogel Characterization and Testing

	IV. RESULTS AND DISCUSSION
	4.1. Swelling Test
	4.2. Desalination Test

	V. CONCLUSIONS
	REFERENCES
	Impact Assessment of Solid Waste on Groundwater and Soil in and around of Dumping Site, Kasba Bawada, Kolhapur
	I. INTRODUCTION
	II. STUDY AREA
	III. MATERIAL AND METHODOLOGY
	IV. STATISTICAL ANALYSIS AND SOFTWARE
	V. RESULT AND DISCUSSION
	VI. CONCLUSION
	VII. ACKNOWLEDGEMENT
	REFERENCES
	Effect of Natural Compounds to Inhibit Human Respiratory Syncytial Virus
	I. INTRODUCTION
	II. MATERIAL AND METHODS
	2.1 Retrieved of bioactive compounds and target proteins
	2.2 Descriptor properties of ligand compounds
	2.3 Preparation of ligand and proteins for molecular docking

	III. RESULT AND DISCUSSION
	3.1 Calculation of drug-likeness properties
	3.2 Molecular docking

	IV. CONCLUSION
	REFERENCES
	Sustainable Use of Compost from Grease Trap Waste and Water Hyacinth on the Growth Rate of Chinese Kale*
	I. INTRODUCTION
	II. OBJECTIVES
	2.1 To study physical and chemical characteristic of grease trap waste and water hyacinth (Eichornia crassipes (Mart.) Solms) for compost production
	2.2 To study the efficiency of compost on plant growth and yield of Chinese kale (Brassica albroglabra L.H.Bailey).

	III. MATERIALS AND METHODS
	3.1 Materials
	3.2 Methods

	IV. RESULTS
	V. DISCUSSION AND CONCLUSION
	VI. ACKNOWLEDGMENTS
	REFERENCES
	Assessment of Knowledge, Attitude, and Practice of Diabetic Patients Regarding Sharps Disposal
	I. INTRODUCTION
	II. OBJECTIVES
	III. METHODOLOGY
	3.1. Study Setting
	3.2. Study Design
	3.3. Target Population
	3.4. Sampling design
	3.4.1. Sample size
	3.4.2. Type of sample and method of selection

	3.5. Data collection methods and tools
	3.6. Ethical consideration
	3.7. Pilot study

	IV. RESULTS
	4.1. Socio-demographic factors
	4.2. Descriptive data about diabetes, diabetes treatment characteristics, and medical history
	4.3. Diabetic patients’ knowledge, attitudes, and practices towards disposal of sharps
	4.3.1. The knowledge of diabetic patients about sharps disposal
	4.3.2. The attitude of diabetic patients towards sharps disposal

	4.4. Factors affecting knowledge, attitude, and practice
	4.4.1. Factors influencing knowledge
	4.4.2. Factors influencing the attitude
	4.4.3. Factors contributing to sharps waste disposal at a health care facility


	V. DISCUSSION
	Study Limitation

	VI. CONCLUSION
	REFERENCES
	Fluctuational Analysis of Nighttime Ground-Level Ozone Concentrations due to Variations in Hourly Relative Humidity
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	2.1 Study Area
	2.2 Data Acquisition
	2.3 Data Analysis

	III. RESULT AND DISCUSSION
	3.1 Descriptive statistics of ground level ozone, temperature and relative humidity
	3.2 Time-series Analysis of Concentration of O3, Relative Humidity and Temperature
	3.3 Diurnal variations of Concentration of O3, Relative Humidity & Temperature

	IV. CONCLUSION
	REFERENCES
	Social Aspects of Green Technology: A Review on Environmental Protection
	I. INTRODUCTION
	Problems of Environment, Safety, and Health
	Nanotechnology as Green Technology
	Green Technology for Cultivation
	Green Technology for Sustainable Energy
	Green Building Technologies
	Green Technology for Aircraft and Space Travel
	Green Technology for Education
	Green Technology for Health and Medicine
	Green Technology for Foodstuff and Processing


	II. CONCLUSION
	REFERENCES
	Protective Effects of Millingtoniahortensis Linn. On Chloramphenicol-Induced Oxidative Stress and Nephrotoxicity in Mice
	I. INTRODUCTION
	II. METHODS
	Material of Plant and its authentication
	Animals- mice
	Drug- chloramphenicol
	Protocol for Experimental
	Analysis the sample of blood
	Studies related to Histopathology
	Analysis Statistically

	III. RESULTS
	Analysis of Biochemical parameters
	Renal histopathology

	IV. DISCUSSION
	V. CONCLUSION
	VI. ACKNOWLEDGEMENTS
	REFERENCES
	Genetic Evaluation and Nutritional Study of Baby Corn and Green Ear for Fodder Purpose
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	III. RESULTS AND DISCUSSION
	IV. ACKNOWLEDGEMENTS
	REFERENCES



