Soil pollution by electronic waste:

The affection of batteries on the growing of lettuce and radish seeds and seedling.
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1.    Abstract:

 
At recent days the use of batteries has increased excessively due to the increased use of electrical and electronic appliances, which led to increased throwing of batteries and their presence in the soil.

In this study, we examined the effect of buried batteries on two types of winter plants; lettuce and radish. These two plants were selected for their rapid growth and this helps to know the changes that occur during the research period.

The lettuce and radish were grown in two different basins, and the tubs were placed in similar conditions of humidity, temperature, and irrigation. Each plant has a test basin with batteries and another without batteries. We examined the effect of batteries on seeds and seedlings for each plant, in order to see the difference between them in the effect of batteries.

 We found that the batteries negatively affected the seeds and seedlings of radish and lettuce, in different ways. That is, the batteries affected the growth of seeds and seedlings of radish, the same size, while the seeds of lettuce plant never grew because the lettuce plant is very sensitive to soil salinity and the presence of batteries increases soil salinity because it contains potassium salts.

2.    Research question:

1.    How Batteries negatively affect radishes and lettuces growth?

2.    Does the effect of batteries differ if the plant is a seed or a seedling?

3.    The research hypothesis:

•    We expect that the presence of used batteries in the soil will inhibit the growth of the lettuce and radish seeds because of the presence of some toxic materials in the batteries such as nickel, zinc, and lead.  

•     There is a relationship between the presence of used batteries in the soil and the failure to grow seedlings of radish and lettuce.

4.    Introduction

     The ground, which is the solid surface of the earth, is an aggregation of mineral particles of various sizes-diameter of micrometers (clays) to millimeters and between these particles, there are many spaces for fluid or air.  

The soil which all of its voids are filled with water is called "aquifer", whereas the soil, which its voids are filled with water and air, is called "non-saturated medium". The water in the unsaturated medium is called the soil 

   Soil pollution is an imbalance between the natural soil components some of the unfamiliar materials  with the soil's natural ingredients that negatively affect the physical and chemical characteristics, and can have a high level of contamination with one or more of the components of the natural soil or increases its concentration, however, pollution causes damage to human beings, animals and plants.

Polluted soil is a soil that revealed her preliminary contaminants in concentrations exceeding the threshold values, the values of contaminants listed in the initial thresholds list. (Annex I, Standards for Zinc, Copper, and Lead).

*   Sources of soil pollution:

*   Natural pollutants.

        The natural contaminants which are not manmade pollutants could be because of the “weathering” phenomena,” that is a process which occurs within the organic soil under the influence of climatic and human factors. However, the most important climatic factors are wind and water. 

     The other phenomena are the  “desertification” which is considered to be an imbalance within the soil components and their role in the ecosystem, which negatively affects its ability to stimulate the growth of plants and the supply of necessary requirements, which as a result turns the soil into a semi-desert devoid of vegetation. However, it worth to note that desertification may be caused by some climatic factors such as rainfall, drought, and high soil salinity.

·    Human pollutants. 

The other source of soil pollution could be caused by the following; 

The oil spill and its derivatives, 

    The phenomenon of urbanization that helps to eliminate many farmlands.

·  The radioactive contamination which contributes negatively to the human and soil components, such as the nuclear bomb activities and the hydrogen bomb.

·     The chemical fertilizers and their unbalanced use which may manage to damage the soil environment.

·    The chemical pesticides, which may cause soil, damage because of its long survival within the soil components.

· the  Liquid waste which is represented in the following; chemical detergent, sewage, and waste mineral oils, specifically,  the liquid materials seep through the internal soil layers which in turn eliminate the existing organisms and reach the groundwater making it unfit for human consumption. 

· The solid waste which comes from the industrial activities; iron, aluminum, and synthetic rubber and other materials that do not degrade in the soil or slow decomposition, and therefore pose damage to the ecosystem, “electronics and batteries are some of the examples on this waste. 

·     The extinction of certain plants and animal groups that rely on arable soil for food.

·  The low rate of nutrients needed by individuals to build their bodies and their growth, 

·  The loss of farmlands and the increasing numbers of parasites and bacteria that contribute to high rates of certain diseases like asthma, allergies, and oncology are some of the serious effects of soil pollution. 

     There are different ways to reduce soil pollution, however, this depends on the source of this pollution; for example, when taking “waste” as a source of pollution is important to note that the total waste in the world is enormous, some of it is recycled but a lot is simply dumped, causing many problems for humans and the environment. Nevertheless, the average person generates over 4 pounds of trash every day and about 1.5 tons of solid waste per year. 

      Waste sorting is the process by which waste is separated into different elements. Waste sorting can occur manually at the household or it can be collected through curbside collection schemes, or automatically can be separated in materials recovery facilities or mechanical biological treatment systems. However, hand sorting was the first method used in the history of waste sorting. 

     The way that waste is being sorted should reflect the local disposal systems. For example; paper, cardboard, glass, plastics, wood, leather, rubber, compost and electronic waste are some common categories for sorting the waste. 

     The electronic waste is created when an electronic product is discarded after the end of its validity of use. Over 50 million tonnes of electronic waste is produced every year and this is because of the rapid expansion of the technology.  The electronic waste may be discarded computers, office electronic equipment, entertaining electronics devices, mobile phones, television sets, and refrigerators. 

    The high value of the computer recycling subset of electronic waste can help pay the cost of transportation for a larger number of worthless pieces than what can be achieved with display devices, which have less scrap value. In A 2011 report, "Ghana E-Waste Country Assessment", found that of 215,000 tons of electronics imported to Ghana; 30% were brand new and 70% were used. Of the used product, the study concluded that 15% was not reused and was scrapped or discarded. This contrasts with the published but unaccredited claims that 80% of the imports into Ghana were being burned in primitive conditions. 

    The processes of dismantling and disposing of the electronic waste in developing countries led to a number of environmental impacts as illustrated Liquid and atmospheric releases ended up in; bodies of water, groundwater, soil, air, domesticated - wildland and sea animals, crops eaten by both animals and human and drinking water. 

   The composition of electronic waste:

Electronic waste consists of equipment or apparatus designed for use by an electric current or electromagnetic field, and equipment for the manufacture, transmission or measurement of such a current or field if it designed for use not exceeding 1,000 VAC or 1,500 V DC.

Waste of electrical and electronic equipment is not homogeneous and consists of many types of devices and components. About 50% of this waste is made up of iron and steel, another 20% is plastic, including flame-retardants, another 10% is metal, and another 3% is printed circuit boards. This heterogeneous composition requires special attention to electrical and electronic equipment and the waste generated by this equipment in order to reduce their environmental impact. Among other things, there are worldwide phenomena, especially in third world countries, of the dismantling and treatment of electronic equipment waste, for extracting valuable elements in waste, in an unregulated manner, without the environmental and safety infrastructures required to prevent environmental pollution and harm to those involved.

    The weight of electronic and electrical equipment waste in Israel estimate at 130,000 tons per year and is growing each year, at a higher rate than the overall increase for waste in Israel. The main principle of the Ministry of Environmental Protection's policy in handling solid waste is to make the waste from a nuisance to a resource and to reduce the amount of waste transferred to landfills.

    A manufacturer and importer of electronic equipment will be required to recycle annually, at least 50% of the total weight of the equipment sold in this year and of batteries and accumulators at a rate of 25% -35%. In addition, the manufacturer and the importer will be required to provide semi-annual reporting on the total volume of sales and turnover carried out during the period.

     A retailer selling domestic electronic equipment must allow the buyer to deliver electronic waste of the same weight at no cost to the buyer, without any dependence on the product model and production.

Recycling:

    Recycling is an essential element of electronic waste management, which properly was carried out, it should greatly reduce the leakage of toxic materials into the environment and mitigate against the exhaustion of natural resources. However, it does need to be encouraged by local authorities and through community education.

About Gaia Recycling - (Metal and electronic recycling services)

Gaia has been active in its field since 2005 and specializes in the process of removing materials from the waste stream and sending them to use as raw materials to create new products. They provide services to factories, companies, institutions, individuals and organizations in Israel and abroad, and we perceive ourselves as a stable and reliable company, and they try to ensure that they fulfill all the obligations and tasks they take upon ourselves. In addition, there is the possibility of bringing a representative on our behalf to receive an organized price offer and cooperation.

    In this report, we will explain about the batteries as an example of electronic waste and how do they affect the soil.

Batteries:

    An electric battery is a device which consists of one or more electrochemical cells with external connections provided to power electrical devices such as flashlights, smart-phones, and electric cars. When a battery supplies electric power, its positive terminal is the cathode and its negative terminal is the anode.  Batteries come in many shapes and sizes, from miniature cells used to power hearing aids and wristwatches to small, thin cells used in smart-phones, to large lead-acid batteries used in cars and trucks.

        Batteries are classified into; primary batteries, which are designed to be used until the exhaustion of its energy then discarded, their chemical reactions are generally not reversible, so they cannot be recharged. When the supplies of reactants in the battery are exhausted, the battery stops producing the current and becomes useless. [3]

    On the other hand, secondary batteries can be recharged; that they can have their chemical reactions reversed by applying electric current to the cell. This regenerates the original chemical reactants, so they can be used, recharged, and reused multiple times. [4]

      Batteries convert the chemical energy directly into electrical energy. The electrical energy, which is being released, is the difference in the cohesive or bond energies of the metals, oxides, or molecules undergoing the electrochemical reaction. For instance, the energy can be stored in Zn or Li, which are high-energy metals because they are not stabilized by d-electron bonding, unlike transition metals. 

      Batteries are designed such that the energetically favorable redox reaction can occur only if the electrons can move through the external part of the circuit.
Copper-Zinc Voltaic Cells[image: image23.png]


:

When a stick of zinc (Zn) is inserted in a salty solution, there is a tendency for Zn to lose electron according to the reaction, 

Zn = Zn2+ + 2 e-. 

The arrangement of a Zn electrode in a solution containing Zn2+ ions is a half-cell, which is usually represented by the notation: 

Zn | Zn2+ 

Zinc metal and Zn2+ ion form a redox couple, Zn2+ being the oxidant, and Zn the reductant. The same notation was used to designate a redox couple earlier. 

Similarly, when a stick of copper (Cu) is inserted in a copper salt solution, there is also a tendency for Cu to lose electron according to the reaction, 

Cu = Cu2+ + 2 e-. 

This is another half cell or redox couple: Cu | Cu2+. 

However, the tendency for Zn to lose electron is stronger than that for copper. When a salt bridge and an electric conductor as shown to form a closed circuit for electrons and ions to flow connect the two cells, copper ions (Cu2+) actually gain an electron to become copper metal. The reaction and the redox couple are respectively represented below, 

Cu2+ + 2 e- = Cu,       Cu2+ | Cu. 

This arrangement is called a galvanic cell or battery.

In which the two vertical lines ( || ) represent a salt bridge, and a single vertical line ( | ) represents the boundary between the two phases (metal and solution). Electrons flow through the electric conductors connecting the electrodes and ions flow through the salt bridge. When 

[Zn2+] = [Cu2+] = 1.0 M,

The voltage between the two terminals has been measured to be 1.100 V for this battery. 

        A battery is a package of one or more galvanic cells used for the production and storage of electric energy. The simplest battery consists of two half-cells, a reduction half-cell, and an oxidation half-cell. [5]

Our school “Al Faruk” is located to the southern east of Jerusalem specifically, in Jabal AL Mukkaber village, that is located on one of  the highest hills to the southern east of Jerusalem 

it is almost  795 m. above the sea level , it has a hot Mediterranean  dry-summer subtropical climate, the average  air temperature degrees  in winter is (4-14) and in summer is (17 - 29). Our total annual precipitation average is 590 mm (23.2 inches) which is equivalent to 590 of rainfall per year or 49.2 mm per month. Our land cover is represented in bathas and herbaceous vegetation to tropical savannoid vegetation .This research took place at our school in Jabal al Mukkaber in Jerusalem city.  
The Ministry of Environmental Protection:

    In this research, the Ministry of Environmental Protection website relied on as a basic reference for search information.

    The Ministry of the Environment established in 1989. In June 2006, the government approved the minister's request for environmental protection to change the name of the institute from the "Quality of the environment" to "protecting the environment." 

    The Ministry of Environmental Protection works to protect the environment and the public health through the advancement of laws, regulations, standards, and supervision of their application and enforcement. The firm also operates in a binding international art. The institute’s responsibilities are the treatment of air quality, waste management, hazardous substances supervision, natural resource protection, and maritime environment. Public cooperation in maintaining the environment expressed in informational campaigns, education, advertising of detailed professional data and subsidies in the activities of local authorities, institutions and public organizations that deal with the advancement of environmental protection.

The Electronic Waste law 

   The environmental protection law for electrical, electronic equipment and batteries came into force in March 2014, and its objectives are to encourage reuse of electronic equipment, reduce the amount of electronic waste and prevent its assimilation, and reduce negative impacts on the environment. 

   The aim of the proposed law is to establish arrangements for the environmental treatment of electronic equipment, batteries, and accumulators. To encourage the reuse of electronic equipment, to reduce the amount of waste generated by electronic equipment, batteries, accumulators, to prevent its assimilation and to reduce the negative environmental effects of electronic equipment, batteries, and accumulators.

Main points of the law

•    Businesses selling batteries and batteries will be required to install dedicated batteries for used batteries and to create public return points.

•    A manufacturer or importer of electronic equipment will be required to refinance 50% of the total weight of electronic equipment sold per year.

•    Battery and battery manufacturers and importers will be required to recycle 25% to 35% depending on the type of battery, the battery weight screen or batteries sold per year.

•    Businesses selling electronic products will be required to provide an electronic product return service free of charge when purchasing new products of the same type. See procedure for disposal of waste electrical and electronic equipment from the customer. The procedure anchors the service to citizens for the evacuation of electrical and electronic products from the homes of customers when they supply similar new products and written in cooperation with the Chambers of Commerce. It is important to note that Israel is one of the few countries to implement such a procedure.

•    Local authorities will be required to contract with a corporation to remove the electronic waste and allow evacuation of the residents' houses of electronic waste and will be required to establish municipal recycling centers.

•    Manufacturers and importers will operate within the framework of associations and will be obligated to finance all costs of removal and handling of waste from electronic equipment. In addition, local authorities will be responsible for the separation and collection of electronic waste from the household sector.

       The law sets standards for the evaluation and treatment of sorting and recycling facilities - manufacturers and importers will publish manuals for environmental treatment and prepare for re-use of all electronic equipment they sell. This manual is intended for anyone who is involved in sorting, preparing for re-use and handling waste electronic equipment and containing information on components and materials, including hazardous substances in electronic equipment, and the means to treat this waste safely and prevent damage to the environment. 

5. Previous studies on the subject of electronic waste

A study on the concentration of lead ions in the serum for the laboratory of batteries, this study aims to evaluate lead and glucose level in serum of workers of (Batteries – Factory Al – Wazyryai). Twenty for the workers were included in this study and twenty out of the factory taken as a control group. Serum lead, glucose levels were significantly higher than the control group. The study demonstrated a positive and significant relation between Lead and glucose levels in the serum of workers.

In a recently published study that addressed the effect of lead in battery on children, between 5 and 12 years old, it was found that the high level of this substance in the air and soil, including drinking water, had a negative impact on IQ and physical growth. However, depending on the proper disposal of batteries, it contributes significantly to reduce health risks.

A study which was held by Al-Mutanabi Primary School, Umm al-Fahm Municipality, Haifa District:

In this study, they investigated the effect of used batteries on the growth and development of lettuce and cauliflower. six lettuce plants were brought that has the same size and length, 16 cm per plant, eleven leaves with the same color “green”. Also, six plants of cauliflower of the same size and length, 12 cm per plant, with the same color of leaves and the number of leaves 9. 

The plants were planted in a different tub, and each plant was provided with the same conditions. The only difference was the type of water that the plants were irrigated with, some of which were irrigated with the water of drenched batteries. The results proved that the plants which were irrigated by the water of drenched batteries diluted and did not grow well.

  6. Community and environmental relevance:

The increase in the number of electronic devices in recent years, such as smartphones, laptops, MP4 players, various wireless devices and many more, has led to an increase in the number of batteries used in various types. This prompted the students to go to the teacher and inquire about the destination of these batteries after use.

    After discussion, they knew that there were two types of batteries; rechargeable batteries and Non-rechargeable batteries; and they knew the difference between them:

Comparison between Rechargeable batteries and Non-rechargeable batteries:

	Rechargeable batteries
	Non-rechargeable batteries

	Secondary cell
	Primary Cell

	Small circular batteries and megawatt systems connected to power distribution networks.
	They are used to operate small and diverse household electrical appliances.

	The battery stores electricity and can be used more than once
	A battery does not store electricity and is used only once

	chemical reaction is reversible
	Electrochemical reactions that occur in the cell 'are not reversible'

	Reduces the amount of environmentally harmful regular batteries that are thrown away.
	Thrown in large amounts in the surrounding environment, thus having a negative impact on the environment

	cuts down on the amount of regular batteries that you use
	Used in large amounts

	Expensive
	Cheap


After learning about the dangers of batteries, they decided to start accumulating the batteries in the place allocated to them in their school and do not throw them by waste or surrounding environment.

7.    The research method :

       In this research, we examined the effect of batteries on plants.

 First, we looked for suitable plants, we chose radish and lettuce plants for several reasons: 

·  They are seasonal plants, and thus do not need special conditions for growth; they grow with the available conditions. Especially radish that is a cold climate crop. 

·     Growing rapidly. That is growing during the research period and allows us to see the difference in growth.

·     They are available in the form of seeds and of seedlings in the school garden.

·     They can grow in small ponds so their growth conditions can be controlled.

Second, we looked for suitable batteries; we chose the cheap ones because they are widely available among school, students and in the surrounded society. However, we chose this kind of cheap batteries since they have low quality and unsafe. 
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Search tools:

1. Cheap batteries.

2. Tubs for planting (2 different forms).

3. Seeds and seedlings of lettuce and radish plants.

4. Ruler (to measure the length of plant leaves).

5. A hammer to break the batteries.

6. Soil with fertilizers.

Fixed factors:

Plants type, planting conditions (irrigation, humidity), the shape of the planting tubs, and soil type.

Variables:

The presence of batteries in the planting tubs. 
The experiment: 

We planted the seeds and seedlings of radish and lettuce in four planting tubs, two of them had buried batteries in them, and the rest without batteries (the control). The students destroyed the batteries, this helped us to notice their effect in a short time, and allow chemical fluids to leak into the soil. Then, we put the same soil in the four tubs. Also, we planted our seeds of radish and lettuce as instructed by the school farmer:
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 Radishes:

Radishes are a fast-growing, annual, cool-season crop, as a fast-growing plant, diseases are not generally a problem with radishes, but some insect pests can be a nuisance. Radishes can be categorized into four main types according to the seasons when they are grown and a variety of shapes lengths, colors, and sizes, such as red, pink, white, gray-black, or yellow radishes, with round or elongated roots that can grow longer than a parsnip. We chose the red one. 
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The seeds:

We planted the radishes’ seeds in a depth of 2 cm so that each seed is away from the other about 10 cm; the planting was in the form of lines in the tubs. We chose the same shape and the same size (1m, 1m) for the two planting tubs; the difference is between them is the existence of the  batteries. We put the tubs in the schoolyard.
The seedling:
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It is grown in the schoolyard so that it is exposed to the external environment, the weather changes and for a sufficient amount of sunlight. It is grown in a planting tub (1 m. 1 m. small hole in the soil at a depth of about 5 cm and buried roots in the soil and covered with soil and then irrigated immediately after planting), in each seedling 7 or 8 leaves

·     Lettuce:

Is an annual plant of the daisy family. It is most often grown as a leaf vegetable, but sometimes for its stem and seeds. Lettuce is most often used for salads, although it is also seen in other kinds of food, such as soups, sandwiches, and wraps.
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· The Seeds:

· We planted the lettuce seeds in a depth of 1 cm so that each seed away from the other about 10 cm, the planting was in the form of lines in the planting tubs. We chose the same shape and the same size (1m, 2m) for the two tubs; the difference between them is the existence of the batteries. We put the tubs in the schoolyard.

·     The seedling:

·  It was planted in the schoolyard, exposed to the external environment and changes in the weather and for a sufficient amount of sunlight.
· It was grown in a measuring basin of 1 m. in 1.5 m, planted 5 cm deep, buried its roots in soil, covered it with soil and then directly irrigated.  So we allowed all the plants to grow in the same conditions:

·    Same temperature (at the schoolyard.

·     Same humidity. 

·     The students kept the plants on constant and similar irrigation. 

·     Same soil.    For the same plant, we use the same shape of planting tubs.

The difference is only in the existence of batteries. The students photographed the plants during the growth phase.

Note: seedlings were planted in each tub at the beginning of the experiment, but two seedlings from the tub without battery was destroyed by some boys who entered the school.

·     The measurements:

Our measurements in this research examined the shape and the color of plant leaves in the different tubs and the number of leaves per plant in different stages of growth. 

we relied on 11 observations during the growth period of the plant. Each time we recorded the number of seedlings and the number of leaves in the different tubs, finally we added some notes about the form of the plant and its color.
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8. Results:
The measurements were the following:

· The length of the plant.

· The leaves’ number.

· The seedling’ number. 

· The plant’s color.

The different measurements were taken by photography, recording measurements and observations. The results will be presented either in graphs or tables.

8.1.Results of radishes:
 The seeds:
Graph “1” : The difference in the length of the radish plant during growth period between the planting tubs (with batteries and without batteries)
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In the previous graph, the x-axis shows the period of planting in days, while the y-axis shows the length of the plant in centimeters.    

We can note that the plant which was planted with the batteries did not reach the natural length of the plant which was not planted with the batteries.   
Graph “2”: The difference in the leaves’ number of the radish plant during growth period between the planting tubs (with batteries and without batteries) [image: image11.png]number of leaves
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In the previous graph, the x-axis shows the days which have the note-able difference in the leaves number during the growth period, while the y-axis shows the length of leaves in centimeters. The graph indicates the effect of batteries on the growth of radish plant. The results tell that the plant found with the batteries did not reach the number of natural leaves, which did not reach the length of the plant under the same conditions, but without batteries (control).  

Graph “3”: The difference in the number of radish seedlings during the growth period between the planting tubs (with batteries and without batteries)
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The graph indicates the difference between the number of radish seedlings with and without the existence of batteries; the x-axis shows the growth period in days, the days with the note-able difference in the seedling number were recorded while the y-axis shows the number of seedlings which were measured in every recorded day. 

In the above graph, we observe the effect of batteries on the growth of radish, because the plant with the batteries did not reach the number of natural seedlings, which means that it did not reach the length of the plant under the same conditions, but without batteries (control)
Table 1: The difference in the appearance of the radish plant between the planting tubs with batteries and without batteries during the growth period.
	Date
	With batteries
	Without batteries

	2.02.19-24.02.19
	Appearance of green leaves.
	Appearance of green leaves.

	28.02.19-4.03.19
	A number of leaves appear with white dots.
	Increased number of green leaves.

	6.03.19-12.03.19
	The leaves withered and most of them were yellow.
	The leaves kept their color.


The table above shows the effect of batteries on the shape of the radish plant through the color of plant leaves. The plants with the batteries appeared white patches after several days of growth and most of the leaves turned to yellow, unlike plants without batteries (control) have maintained the green color throughout the growth period.

It is reasonable to assume that in the first growth days, the effect of the batteries on the plant did not appear. Even the components of the batteries and the elements inside them need time to enter the soil components and are absorbed by the plant.

The seedling:

We relied on measurements of one seedling in each planting tub to be used for the comparison then and we counted the seedlings leaves. 

Graph4: The difference in the number of leaves of radish plant in the seedlings during the growth period between the planting tubs with batteries and without batteries[image: image13.png]number of leaves
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The x-axis shows the planting period in days. The days with a note able difference in radish leaves number were recorded.  While the y-axis shows the number of leaves which were measured in each recorded day. From the graph above we note the effect of batteries on the growth of radish plant because the plant found with the batteries did not reach the number of natural leaves, which did not reach the length of the plant under the same conditions, but without batteries (control). 

8.2.    Results of lettuce:

The seeds:

 Graph 5: The difference in the length of the lettuce plant during the growing period between the planting tubs with batteries and without batteries.
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The graph, which shows the difference between the length of the lettuce plant with the batteries and without them, in the x-axis, we see the planting period in days. While the y-axis shows the plant’s length in centimeters which were measured in each recorded day. 

     The graph shows the extent of the effect of batteries on the growth of plants, as the plant found with the batteries did not record any growth during the period of research at all, and the graph shows only the length of the plant without batteries. (The reasons will be explained later in the analyzing section).

graph 6: The difference in the number of lettuce leaves during the growth period between the planting tubs with batteries and without batteries . [image: image15.png]number of leaves
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The graph, which shows the difference between the number of lettuce leaves with the batteries and the absence of batteries .  in the x-axis we see the planting period in days. The y axis shows the number of lettuce plant leaves that is measured each recorded day.

The effect of the batteries on the growth of the lettuce plant shows that the lettuce plant found with the batteries did not notice any growth during the research period, although it was present in the same growth conditions. (The reasons will be explained later in the analyzing section).

graph 7: The difference in the number of lettuce seedlings during the growing period between the planting tubs with batteries and without batteries. [image: image16.png]number of seeding
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The graph, which shows the difference between the number of lettuce seedlings in the presence of batteries and the absence of batteries; in the x-axis, we see the planting period in days. The y-axis shows the number of plant seedlings, measured each recorded day.

The effect of the batteries on the growth of the lettuce plant is shown in the diagram above. The plant found with the batteries did not grow during the research period, despite its presence under the same conditions with batteries, this explains and emphasizes the effect of batteries on lettuce plant.
The seedling:

We relied on measurements of one seedling in each planting tub to be used for the comparison and counted the seedling leaves. 

Graph 8: The difference in the number of lettuce leaves in seedlings during the growth period between the planting tubs with batteries and without batteries.
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 The graph, which shows the difference between the number of lettuce leaves in  one seedling, with the batteries and without them.

At the x-axis, we see the period of planting in days, the days with a note able difference in the number of leaves were recorded during the growth period of the plant. The y-axis shows the number of leaves of the plant, which were measured in every recorded day.

From the above graph, we note the effect of the batteries on the growth of the lettuce plant. The plant with the batteries did not reach the number of natural leaves, which did not reach the length of the plant under the same conditions but without batteries.

9.    Discussion of the results:

In this study, the effect of burying batteries on lettuce and radish was investigated. According to the results above, results were obtained to suit the hypothesis of the research, as lettuce plant and radish affected by its growth negatively with the batteries in the soil, as the batteries contain chemicals such as nickel, lead and zinc, which would be absorbed by the soil and stored in the leaves and weaken Of its growth as it adversely affects the health of humans and animals when they eat plants.

  In order to examine the effect of the batteries on the lettuce and radish seeds, we measured the length of the plant, counted the number of seedlings and the number of the plant leaves during the growth period of each tub (with batteries and no batteries).

 Radish:

Seeds of radish:
Through the results of the radish plant, we observe the effect of the batteries on the growth of the plant, according to the graph (1). We see the difference between the length of the radish plant between the planting tubs with or without the buried batteries as the following; the radish plant which was planted in abnormal conditions (with batteries) did not reach the length of the plant in the control by the end of the growth period, indicating a disability in the process of growth. Despite the fact that they were exposed to the same conditions of planting,  for example; irrigation was done for both tubs with the same amount of water, exposure to the sun and their presence in the same place and so under the same humidity,  planting was in the same type of soil and put them with the same tub. The only difference was the presence of the batteries which was the influencing factor.

Graph 2 shows the difference in the number of radish leaves between the control planting tub and the tub which contains the batteries, as the batteries slow down the growth of the radish plant. Since the radish plant grows in moderate soil and it can be affected easily by the soil acidity, the presence of batteries in the soil and the leakage of the chemical elements and ionization caused a defect in the degree of soil acidity. And this is shown in graph (3), which shows the difference between the number of seedlings of the radish plant in the control planting tub and the other one in which the batteries are located. The number of seedlings was the highest in the control tub and this indicates the effect of batteries on the growth of radish plant.

Through the graphs (1), (2) and (3) we see that the effect of the batteries began two weeks after the planting, because the batteries needed this period to leak its chemicals inside them into the soil components, and then absorbed through the transport vessels In the plant. The plant is grown in the form of a seed and requires a period of time to grow and in this period absorbs all the soil components which it needs. When the roots are deep in the soil, they reach the batteries in the depth and thus absorb the soil components, consequently, this explains why the effect appears after two weeks of planting. [image: image18.jpg]# Growing deed
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Radish seedlings:

After going through the results of radish seedlings’ planting, we note that the results of planting of the radish seedlings are also identical to the hypothesis of the research. Chart (4) shows the number of leaves of one radish seedling during the growing period in the planting tub with batteries and without batteries. The radish seedling which was planted with the batteries did not reach the number of leaves as the radish seedling which was planted without batteries. We know that the two plants were planted under the same conditions and the difference between them is the presence of the batteries, so the slow growth is evidence of the effect of the batteries on the seedlings.

We can see that the effect began after a week of planting and this is the period needed for the roots to grow and reach the released materials of the batteries, and this period which batteries take for biodegradation. The effect of batteries also appeared along the seedling; in the shape and the color of the seedling leaves.

•    Lettuce

•    Seeds of lettuce:

When we look at the results of planting the lettuce seeds, we note that the results of the research hypothesis are consistent with the fact that the presence of batteries has prevented the growth of lettuce.  In graph (5) which shows the difference in the length of the lettuce plant, we note that in the control planting tub, the lettuce plant grew naturally, but in the tub, with buried battery tub the lettuce plant never grew. Because the lettuce plant by its nature is very sensitive to salinity and if the percentage of salinity of the soil was increased, the plant will be affected negatively. Since the batteries contain potassium salts, this increases the percentage of soil salinity which led to a non-growth and dead of the seeds.

Graph (6) shows the difference between the number of lettuce leaves in the

control planting tub and the other tub without the batteries. While graph (7) shows the difference in the number of seedlings between the control planting tub and the other tub, we note that the lettuce plant never grows in the battery tub and this shows the effect of batteries on the plant according to the above reason. 

The lettuce seedlings:

During the study of the results of planting the lettuce seedlings, we see that the results of lettuce seedlings are also identical to the hypothesis of the research. Graph (8) shows the number of leaves of one lettuce seedling during the growing period in the planting tub with batteries and without batteries. The seedling of lettuce in the batteries tub did not reach the same number of leaves of the lettuce plant which was planted without the batteries (control). We know that the two plants were planted under the same conditions and the only difference between them is the presence of batteries, so the slow growth was the evidence of the batteries impact on the seedling.

We can see that the effect began after a week of planting and the period needed for the roots to grow and reach the released materials of the batteries, and this period also takes batteries for biodegradation. The effect of batteries also appeared along the seedling and in the shape and color of the seedling leaves.

10. Recommendations:

*  In this study we examined the effect of batteries on winter plants (lettuce and radishes). Therefore, we recommend conducting this research on other plants, where the effect of batteries can be different.

* We have also used cheap batteries that are available in the school environment, therefore we recommend conducting this research using batteries of different types which may have a different effect on different plants.

* Raising the environmental awareness at school and among members of the community about the need to use rechargeable batteries to reduce the throwing of batteries in large quantities, in addition, to increase awareness of the need to throw the batteries in the right allocated place and do not throw it on the soil.

* We also recommend the increase in the number of containers for batteries in the school area, since the area of Jabal Mukaber is an agricultural environment in which the presence of agricultural crops and throwing batteries will affect the soil for the near and long time.

11. Limitations:

The study was chosen according to the opinion of the school students; they chose the most serious problem that the school environment and the society environment suffer from in general. Therefore, we chose the research path according to the students’ age and their abilities. The only obstacle which we encountered during this research is the research period; it was winter so we chose a winter plant that suits the season to grow naturally. 

This prevented the selection of various plants to check the impact of batteries on them. 

Moreover, the problem of the research’s period forced us to choose a plant that grows rapidly;  that is, the process of its development whether we planted seeds or seedlings is fast so that we can observe the difference in growth and recording the impact of batteries on its growth cycle.
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