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          Abstract 

The majority of people in Palestine store water in roof-top storage tanks. The tanks are 

mostly made of plastics. Various types of chemicals, monomers, additives, plasticizers, 

catalysts, compatibilizers, and pigments are added to the polymer resins to enhance the 

mechanical (structural), thermal and optical properties of the tanks. Some of these 

chemicals are toxic and carcinogenic (e.g. Bisphenol A (BPA) and black carbon). The 

objective of this project is to evaluate chemical contaminants leaching from storage 

tanks, the effect of these chemicals on water quality will be investigated. The study 

responds to a real need with high priority and important for human health. The research 

methodology is based on desk based descriptive research, for field survey and 

experimental work. The results of this project indicate that the majority of people use 

black plastic tanks in a percent of 49.4%. The age of the used tanks is in the range of (1-

5) year. Most people do not clean their tanks once every six months, which the period is 

recommended by the competent authorities. This affects drinking water quality. 

Physicochemical characteristics (pH, turbidity, total dissolved solid) for real water 

samples obtained from various sources. The results indicate that the physicochemical 

characteristics of the measured water samples are within standard limits set by the World 

Health Organization (WHO). Overall migration of real samples from local plastic 

manufacturing companies is less than the threshold (10 mg/dm
2
). 
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1.1 Introduction 

Plastic is a type of synthetic or man- made polymer. Mostly plastic material made from 

organic polymers, such as natural gas, oil, coal, minerals and plants. With it's high molecular 

mass, low cost, corrosion-resistant, thermal and electrical insulation properties and resistant to 

many environmental influences, all these characteristics made the plastic used in many 

applications in our daily lives, such as in packaging, building material (e.g. piping used in 

plumbing) and commodities [1]. 

 Today, manufacturers use a plastic that is made from inorganic and organic raw material, 

such as carbon, hydrogen, oxygen, and chloride. There are many different plastic materials 

such as polyethylene terephthalate (PET) which is used in the production of most water 

bottles, also a polypropylene, also a polypropylene (PP) which is used in the manufacture of 

automobile parts and household appliances, also polystyrene (PS) which is used for packaging 

in the pharmaceutical and cosmetic industries, polyethylene (PE) its primary use in packaging 

(plastic bags, cables, tanks). These types of plastics are the most common and represents 

about 75% of the plastic products [2, 3]. 

Figure 1.1 depicts the global plastic production from 1950 to 2016. In 2016, world 

plastics production totaled around 335 million metric tons. This increasing in plastic 

production has created enormous concerns about many topics related to the plastic 

industry like plastic waste accumulation in the environment, plastic recycling, bio-plastic, 

and effect of plastic materials on human health. 

 

Figure 1.1: The global plastic production in period (1950-2016) [4]. 
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Various types of chemicals, monomers, additives, plasticizers, catalysts, compatibilizers, 

and pigments are added to the polymer resins in industry to enhance the mechanical 

(structural), thermal and optical properties of the plastic products. Some of these 

chemicals are toxic and carcinogenic (e.g. Bisphenol A (BPA), phthalates, diethyl 

hydroxylamine and heavy metals) and they are restricted in various worldwide 

regulations due to their adverse health impacts. Recent research indicated that all plastics 

may leach chemicals if they're scratched or heated. Research also strongly indicates that 

at certain exposure levels, some of the chemicals in these products, such as Bisphenol A 

(BPA), may cause cancer in people ,which found in canned food and beverages, 

children‟s toys, thermal receipt paper, garden hoses and others [5]. 

One of the most topics we interested to check is the leaching of chemical contamination 

from roof-top plastic storage tanks to drinking water. The tanks are mostly made of 

plastics, by local plastic manufacturing companies. The storage tanks are manufactured 

through the process of molding the polymer resins that is mostly composed of one main 

building block polymer such as polyethylene. The risk that these chemicals leak out from 

the storage tank into the water is usually not noticed easily by the people and the rate of 

chemical leaching from the plastic material is strongly affected by sunlight, UV rays, 

temperature, age of the tank, frequency of cleaning the tank and the type of cleaning 

agent used. To the best of our knowledge, there is no study that has undertaken a research 

or project based initiative to address this issue in Palestine, though it is critical, of high 

priority and important for human health. 

 

1.2 Scientific Background 

Many researchers work on leaching of chemicals from plastic consumer products (like 

plastic bottles , plastic dishes which is in direct contact with food and plastic toys), but 

there is no specific case study for leaching of chemical contamination from roof –top 

plastic storage tanks to drinking water [6].  

 

http://saferchemicals.org/2010/12/07/on-the-money-bpa-in-dollar-bills-and-receipts/
http://www.healthystuff.org/
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The migration rate of chemical substances depends on their size, boiling point, vapor 

pressure and their solubility in the plastic as well as in the environment or material 

surrounding the plastic. Migration thus depends heavily on the physical-chemical 

characteristics of the substance. Small molecules, typically monomers and residual 

solvents, will migrate fast as they have a low boiling point. Some monomers such as 

formaldehyde, vinyl chloride, ethylene and butadiene have a high tendency to migrate 

quickly even at ambient temperatures. Larger organic molecules will migrate more 

slowly and are not hazardous from toxicity point of view, while inorganic metal salts will 

not migrate. In all cases migration will decrease with time as the concentration of the 

migrating substances get lower in the plastic [7]. 

The ability to migrate significantly determines the potential for release of substances 

from plastics. Substances that do not migrate will only be released by wear and tear 

including degradation by weathering or by chemical attack [8].  

Another scientific research talking about the main and interactive effects of temperature, 

UV, exposure duration, and frequency of bottled reused on the extent of leaching of Sb 

and Br from plastic bottles in water. Frequency of bottle reuse was the major factor that 

linearly increased Sb leaching from PET bottles at all temperature tested (13-47) C° 

regardless of UV exposure duration. Frequency of reuse exerted greater influence on Sb 

and Br leaching from PET and polycarbonate (PC) container when compared with that 

attributed to UV  exposure duration and temperature [9].  

For the chemical compounds and toxicological assessment of drinking water stored in 

polyethylene terephthalate (PET) bottles, the Sb leaching from PET into water increase 

rapidly during the first storage period and then the migration reach as a steady state, 

further it has been suggested that stresses applied to material during its production can 

change its chemical structure and generate degradation product , which in turn may have 

estrogenicity [10]. 

Chemicals are likely to migrate into food or liquids when the food contact materials are 

exposed to high temperatures, when contact times are long and when the food to material 

contact ratio is high. Food chemistry is also important. Chemicals are likely to leach into 
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fatty liquids for example. A recent study on plastic food containers showed that 

chemicals can migrate from the plastic walls of the containers into warm fatty foods, such 

as gravy or lasagna. Avoiding packaged foods containing harmful chemicals reduces 

human exposure. When people ate foods that have not been packaged, the levels of 

phthalates and Bisphenol A (BPA) in their bodies went down significantly [11]. 

All scientific research confirmed that formaldehyde, acetaldehyde and antimony are 

related to PET and can migrate into the bottled water depending on the certain storage 

parameters and types of water. 

Each type of polymer enters into a specific industry and carries a potential risk, and this 

risk increases under certain conditions as shown in Table 1.1. 

Table 1.1: Risks of some polymers used in plastic materials. 

Polymer type Commercial product Adverse effects Factors proportional 

affecting migration 

Bisphenol A (BPA) 1. Plastic water bottles. 

2. Baby bottles. 

3. Canned food lining. 

4. Plastic eyeglass lenses. 

5. Toys. 

1. Serious eye 

damage. 

2. Skin sensitization. 

3. Reproductive 

toxicity. 

4. Specific target 

organ toxicity - 

single 

exposure[12]. 

1. High temperature. 

Polystyrene 1. Food storage 

containers. 

2. Packaging. 

3. Toys. 

 

1. Neurotoxic effects 

(fatigue, 

nervousness, 

difficulty sleeping). 

2. Hematological 

effects (low platelet 

and hemoglobin 

1. Fat content. 

2. Acidity. 

3. Heat. 

4. Presence of vitamin 

A. 

5. Presence of ethanol. 

6. High temperature. 
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values). 

3. Cytogenetic effects 

(chromosomal and 

lymphatic 

abnormalities). 

4. Carcinogenic 

effects. 

Polyvinyl chloride 

(PVC) 

a.Diethylhexyl 

adipate, 

Di(2-ethylhexyl) 

b.phthalate 

c. Vinyl chloride 

1. Plastic parts of food 

processing machines. 

2. Toys. 

3. Food packaging. 

4. Water pipes. 

 

 

1. An endocrine 

disruptor. 

2. Malignant tumors. 

3. Circulatory 

disturbance. 

4. Impaired liver 

function. 

1. Fat content. 

Polyethylene (PET) 1. Water and soda 

bottles. 

2. Food containers. 

3. Plastic packaging. 

4. Toys. 

5. Plastic bags. 

1. Cancer. 1. High 

temperature[13]. 

 

Polyester 1. Food packaging. 1. Eye and respiratory 

tract irritation. 

2. Acute skin rashes. 

1. High temperature. 

 

LDPE 1. Freezer bags. 

2. Milk bottles. 

1. Cancer. 

 

1. High temperature. 
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Silver nano particle 

 

 

1. Plastic bags or boxes 

used for packaging. 

2. Baby bottles. 

 

 

1. Skin toxicity. 

2. Lung toxicity. 

3. Gastrointestinal 

toxicity. 

4. Liver toxicity. 

5. Kidney toxicity. 

6. Muscle toxicity. 

7. Nervous system 

toxicity. 

8.Reproductive and 

developmental 

toxicity[14]. 

 

1. Low pH. 

 

 

1.3 Problem Statement  

The main research question of this project can be stated as follows: 

''How severe is the contamination of drinking water due to the release of restricted 

chemical substances present in the roof-top plastic storage tanks?'' 

The following sub-questions will be answered in this project: 

• What are the restricted substances in plastic storage tanks that must receive local 

priority? 

• How do the storage conditions such as temperature, aging, sunlight intensity, UV 

exposure, polymer type and tank color affect the rate of leaching? 
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1.4 Goal and Objectives 

The main goal from our research is to evaluate chemical contaminants leaching from 

storage tanks and what the effect of these chemicals in human health and water quality in 

general.  

The objectives of this project include the following: 

1- To determine the chemicals used in the manufacturing process of storage tanks.  

2- To classify these chemicals according to their degree of severity, and to know the 

limits for using of these chemicals. 

3- To determine the effect of temperature, age of tanks, polymer types, and tank color on 

the level of contaminants. 

 

1.5 Project Importance 

The majority of people in Palestine turn to store drinking water in plastic tanks because 

plastic tanks don‟t rust over time, less cost, made of stronger material, light-weight and 

easy to maneuver than many other alternatives. They are ubiquitous and convenient to 

use but they may be harming you in ways you did not anticipate. However, lack of 

awareness and adequate knowledge about the toxicity caused by the plastic tanks and 

synthetic chemicals used in these tanks has raised serious concerns. 

Despite claims by manufacturers regarding their safety, these plastic tanks have more 

drawbacks than benefits. Plastic water tanks can only be considered a good alternative for 

ceramic or cement water tanks if they were resistant to heat and Ultraviolet (UV) rays 

and manufactured from non-toxic material that does not affect the odor and taste of 

water. 

The plastic tanks and bottles available in the market today are mostly manufactured from 

Polyethylene (PE), Polypropylene (PP), Bisphenol (BPA), High Density Polyethylene 

(HDPE), Polyethylene Terephthalate (PET) and cross-linked Polyethylene (PEX), or 

Thermoplastic Polymer, which have very well-known health risks for end users. These 
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chemicals start mixing with water when used for a long time and when these reservoirs 

are washed with detergents. Leaching also happens when these are exposed to UV rays, 

high temperature as well as from natural breakdown. When these plastic tanks are 

exposed to strong heat, especially in the long summer months when the mercury rises 

above 40C
o
, the chemicals start to melt down and mix with water. These plastics are also 

known to alter the physical properties of water despite the manufacturer‟s claims that 

these alterations dissipate with time [15]. 

So we need to make studies to ensure safety for using these tanks and to understands 

what occurs inside our tanks over the time.  

 

1.6 Methodology 

This problem will be answered through a well-defined research methodology, involving 

experimental, desk based and questionnaire based studies to gather the required 

data/information. In addition, field visits to plastic manufacturing industries will also be 

carried out in this project. In detail we will make each item as follow: 

1- Desk based descriptive research will aim to identify the types of chemical substances 

present in the locally manufactured plastic storage tanks by analyzing and reviewing the 

raw materials data sheets, production logs, and supply records. 

2- Field survey, in the form of a well-structured questionnaire based study, will be carried 

out in order to collect information on roof-top plastic storage tanks, including: the raw 

materials (polymers and additives) used for its manufacture, type, color, age of the tank, 

frequency of cleaning the tank by the citizens, cleaning agents used, etc, among others. 

The participants in this questionnaire will involve people from the manufacturing 

industry and the end-users of the product. 

3- Lab testing for monitoring the leaching of chemical substances from the plastic storage 

tanks to the drinking water during storage will be performed at the location of the end-

users as well as in controlled laboratory conditions. Physicochemical properties (pH, 
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turbidity, Total dissolved solid) for water samples from different storage tanks will be 

monitored and compare with WHO standards. 

 

1.7 Budget  

The total cost for implementing the project has been estimated and illustrated in the table 

below: 

Table 1.2: The total estimated cost for implementing the project. 

NO Item  Quantity Cost (NIS) 

1 Local Transportation  - 300 

2 Physiochemical test of water samples 10 2000 

3 Producing statistical data - 100  

4 Prepare and analyses a questioner - 150  

5 Chemistry lab tools ( balance , beakers , pipes , 

solvents )  

8 400 

6 Printing  5 150 

Total cost  3100 
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1.8 Project Planning 

The project consists of tasks, which were planned to be completed in accordance with a 

specific time schedule. Table 1.3 illustrated the description of each of the phases of 

project and tasks involved in first semester.  

Table 1.3: Phases and duration of the project. 

    Months  

 

Tasks 

February  March  April  

1
st
 

week 

2
nd

 

week 

3
rd

 

week 

4
th

 

week 

1
st
 

week 

2
nd

 

wee

k 

3
rd

 

week 

4
th

 

week 

1
st
 

week 

2
nd

 

week 

3
rd

 

week 

4
th

 

week 

Project 

Selection 

            

Data 

Collection 

            

Establishing 

Background 

            

Literature 

Review 

            

Visit Royal 

Company 

            

Field Work             

Future 

Work 
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Table 1.4 summarized the description of the phases of the project and tasks that will 

carried out during next semester  

Table 1.4: Phases and duration of the project for the next semester. 

       Months  

 

 

Tasks 

September  October  November  

1
st
 

week 

2
nd

 

week 

3
rd

 

week 

4
th

 

week 

1
st
 

week 

2
nd

 

week 

3
rd

 

week 

4
th

 

week 

1
st
 

week 

2
nd

 

we

ek 

3
rd

 

wee

k 

4
th

 

wee

k 

Questionnaire 

Preparation 

            

Data Collection 

and Field Visits 

            

Data Analysis             

Experimental 

work  

            

Data Analysis              

Data 

Calculation and 

Result  
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2.1 Introduction 

Plastics are a group of synthetic or natural organic materials that may be shaped when 

soft and then hardened, including many types of resins, polymers, cellulose derivatives, 

casein materials, and proteins: used in place of other materials, as glass, wood, and 

metals, in construction and decoration, for making many materials, as coatings, and, 

drawn into filaments, for weaving. They are often known by trademark names, as 

Bakelite, or Lucite [16]. 

In chemistry, plastics are large molecules, called polymers, composed of repeated 

segments, called monomers, with carbon backbones. A polymer is simply a very large 

molecule made up of many smaller units joined together, generally end to end, to create a 

long chain. The smallest building block of a polymer is called a monomer, as shown in 

Figure 2.1.  

Figure 2.1: Polymerization process in plastic manufacturing. 

 

For all plastics materials their characteristics may be changed and improved by use of 

additives which may be based on hazardous substances. Important additives are 

colorants, plasticizers, stabilizers, flame retardants, blowing agents and biocides. 

Attention should also be paid to hazardous residues of monomers and degradation 

polymer 

mono 

mono mono 

plastic 

polymer 

polymer polymer 
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products present in end products. Examples of such substances include Bisphenol A in 

polycarbonate, mercury in polyurethane and aromatic amines in polyamide. 

Most hazardous substances use as additives are not chemical bound in plastics, but are 

able to migrate. Migration is the phenomenon that takes place when chemical substances 

in the plastic migrate to the surface of the plastic item or to a medium in contact with the 

item. At the surface, the substance may evaporate or be removed by washing or contact 

with human skin or another medium. Both plasticizers, e.g. phthalates, and flame 

retardants are substances well-known to migrate, but many other substances migrate 

too[17]. 

This chapter reviews the polymers and raw materials enter in plastic tanks industry, 

restricted substances list (RSL) for plastic tanks and vessels for drinking water and food 

and factors that affect leaching of chemicals from plastic in general and tanks especially. 

 

2.2 Plastic Types and Raw Materials 

There are two types of plastics: thermoplastics and thermosetting plastics. 

Thermoplastics are the plastics that do not undergo chemical change in their 

composition when heated and can be molded again and again. Examples include 

polyethylene, polypropylene, polystyrene, polyvinyl chloride, and 

polytetrafluoroethylene (PTFE).  Thermoset can melt and take shape once; after they 

have solidified, they stay solid. In the thermosetting process, a chemical reaction with 

the establishment of a tight crosslink between the plastic molecules occurs that is 

irreversible [18]. 

Examples and applications of thermoset plastic materials: 

 Epoxy resins: used as coating materials, caulks, manufacture of insulating materials, 

etc. 

 Phenolic resins: tool handles, billiard balls, sprockets, insulation. 
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The Society of the Plastics Industry (SPI) established a classification system in 1988 to 

allow consumers and recyclers to identify different types of plastic as shown in Table 2.1. 

Manufacturers place an SPI code, or number, on each plastic product, usually molded 

into the bottom. This guide provides a basic outline of the different plastic types 

associated with each code number as represent in Table 2.2. 

Table 2.1: The different plastic types associated with each code number [19]. 

SPI Code Plastic Type 

 

Polyethylene Terephthalate sometimes absorbs odors and 

flavors from foods and drinks that are stored in them. 

Items made from this plastic are commonly recycled. 

PET(E) plastic is used to make many common household 

items like beverage bottles, medicine jars, rope, clothing 

and carpet fiber. 

 

High-Density Polyethylene products are very safe and are 

not known to transmit any chemicals into foods or drinks. 

HDPE products are commonly recycled. Items made 

from this plastic include containers for milk, motor oil, 

shampoos and conditioners, soap bottles, detergents, and 

bleaches. It is never safe to reuse an HDPE bottle as a 

food or drink container if it didn‟t originally contain food 

or drink. 

 

Polyvinyl Chloride is sometimes recycled. PVC is used 

for all kinds of pipes and tiles, but is most commonly 

found in plumbing pipes. This kind of plastic should not 

come in contact with food items as it can be harmful if 

ingested. 

 

Low-Density Polyethylene is sometimes recycled. It is a 

very healthy plastic that tends to be both durable and 

flexible. Items such as cling-film, sandwich bags, 

squeezable bottles, and plastic grocery bags are made 
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from LDPE. 

 

Polypropylene is occasionally recycled. PP is strong and 

can usually withstand higher temperatures. It is used to 

make lunch boxes, margarine containers, yogurt pots, 

syrup bottles, prescription bottles. Plastic bottle caps are 

often made from PP. 

 

 

Polystyrene is commonly recycled, but is difficult to do. 

Items such as disposable coffee cups, plastic food boxes, 

plastic cutlery and packing foam are made from PS. 

 

Code 7 is used to designate miscellaneous types of plastic 

not defined by the other six codes. Polycarbonate and 

Polylactide are included in this category. These types of 

plastics are difficult to recycle. Polycarbonate (PC) is 

used in baby bottles, compact discs, and medical storage 

containers. 

 

Table 2.2: Plastic types with general properties and common household uses [19]. 

Plastic Type  General Properties Common Household Uses 

 

Good gas & moisture barrier 

properties 

 High heat resistance 

Clear 

Hard  

Tough 

Microwave transparency 

Solvent resistant 

Mineral Water, fizzy drink and beer 

bottles  

Pre-prepared food trays and roasting 

bags 

Boil in the bag food pouches  

Soft drink and water bottles  

Fiber for clothing and carpets 

Strapping  

Solvent resistant Some shampoo and  
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Excellent moisture barrier 

properties 

Excellent chemical resistance 

Hard to semi-flexible and strong 

Soft waxy surface 

Permeable to gas 

HDPE films crinkle to the touch 

Pigmented bottles stress resistant 

Detergent, bleach and fabric 

conditioner bottles 

Snack food boxes and cereal box 

liners 

Milk and non-carbonated drinks 

bottles 

Toys, buckets, rigid pipes, crates, 

plant pots 

Plastic wood, garden furniture 

Wheeled refuse bins, compost 

containers 

 

Excellent transparency 

Hard, rigid (flexible when 

plasticized) 

Good chemical resistance 

Long term stability 

Good weathering ability 

Stable electrical properties 

Low gas permeability 

Credit cards 

Carpet backing and other floor 

covering 

Window and door frames, guttering 

Pipes and fittings, wire and cable 

sheathing 

Synthetic leather products 

 

Tough and flexible  

Waxy surface  

Soft – scratches easily  

Good transparency  

Low melting point 

Stable electrical properties  

Good moisture barrier properties  

Films, fertilizer bags, refuse sacks 

Packaging films, bubble wrap 

Flexible bottles 

Irrigation pipes 

Thick shopping bags (clothes and 

produce) 

Wire and cable applications 

Some bottle tops 

 

Excellent chemical resistance 

High melting point  

Hard, but flexible  

Waxy surface 

Most bottle tops 

Ketchup and syrup bottles 

Yoghurt and some margarine 

containers 



19 
 

Translucent  

Strong  

Potato crisp bags, biscuit wrappers 

Crates, plant pots, drinking straws 

Hinged lunch boxes, refrigerated 

containers Fabric/ carpet fibers, 

heavy duty bags/tarpaulins 

 

Clear to opaque 

Glassy surface  

Rigid or foamed 

Hard  

Brittle  

High clarity  

Affected by fats and solvents  

Yoghurt containers, egg boxes 

Fast food trays 

Video cases 

Vending cups and disposable cutlery 

Seed trays 

Coat hangers 

Low cost brittle toys 

 

There are other polymers that have 

a wide range of uses, particularly in 

engineering sectors. They are 

identified with the number 7 and 

OTHER (or a triangle with 

numbers from 7 to 19). 

Nylon (PA) Acrylonitrile butadiene 

styrene (ABS) Polycarbonate (PC) 

Layered or multi-material mixed 

polymers 

 

The main raw materials required for manufacturing water storage tank are 

LDPE/LLDPE/HDPE (175 MT per annum), carbon black and other colorants,(5 MT per 

annum), hinges and inserts. 

2.3 Manufacturing of Plastic Tanks 

The structure of the plastic tank varies in shape and size, even within the same type of 

application; for example, water tanks can be cylindrical, square, or funnel-shaped, and 

can hold anywhere from a couple gallons of water to tens of thousands [20]. 

Polyethylene (PE) is a thermoplastic polymer with variable structure and an extremely 

large range of applications depending on the particular type ,and this make it one of the 

most widely produced plastics in the world (tens of millions of tons are produced 
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worldwide each year). Methane gas is converted into ethylene , then with the application 

of heat and pressure, polyethylene produced, it is an enormously versatile polymer as 

shown in Figure 2.2 [21]. 

 

Figure 2.2: Polyethylene molecular chain [21]. 

Two major types of PE are used in many applications; High-Density Polyethylene 

(HDPE) and Low-Density Polyethylene (LLDPE). HDPE is the most common household 

plastic, it is a thermoplastic material composed of carbon and hydrogen atoms joined 

together forming high molecular weight products. Low-Density Polyethylene (LDPE) is 

a thermoplastic made from the monomer ethylene. These two types are shown in the 

Figure 2.3. 

  

 

  Figure 2.3: Main raw materials used in plastic tank manufacturing [22]. 

 

High-density Polyethylene (HDPE) Low-Density Polyethylene (LDPE)  
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Linear Low-Density Polyethylene (LLDPE) is another form of LDPE in which the 

polymer structure has no long-chain branches; the molecules are linearly oriented, 

resulting in a stiffer and more crystalline structure [23]. Figure 2.4 shows another raw 

material required for manufacturing water storage tanks is carbon black, carbon black 

typically contains more than 95 % of pure carbon with minimal quantities of oxygen, 

hydrogen and nitrogen. In the manufacturing process, carbon black particles are formed 

in a  range from 10 nm to approximately 500 nm in size, carbon black is used in a diverse 

group of materials in order to enhance their physical, electrical and optical properties. In 

the polymer industry, fine particle Carbon Black is used to obtain a deep jet black color. 

A major attribute of Carbon Black is its ability to absorb detrimental UV light and 

convert it into heat, thereby making polymers, such as polyethylene, more resistant to 

degradation by UV radiation from sunlight. 

 

Figure 2.4: Dry-pelletized carbon black [24]. 

 

There are two methods used for water tanks manufacturing rotational molding and blow 

molding .The rotational molding process which is the most versatile area of the plastic 

processing industries. Rotational molding can be used for making stress free moldings 

consisting of several layers of even different material. The rotational molding process is 

adaptable to a wide range of plastic raw materials. Raw materials used for roto-molded 



22 
 

process are synthetic polymers in powder from or synthetic resin paste. With roto-

molding, parts can be molded economically in a variety of shapes and sizes, many of 

them being impossible to produce by any other process. Common rotationally molded 

products include shipping drums, storage tanks, material handling pins, fuel tanks etc. 

Process of manufacturing  

The rotational molding process for manufacturing water storage tank consists of the 

following major process steps which represent in Figure 2.5. 

• Loading of raw material  

• Molding of the part  

• Cooling or curing  

• Unloading of finished part 

Cycle time generally varies from 6 to 10 minutes. Cycle as low as 2 minutes can be 

achieved and extremely large part with heavy wall requires 15 minutes for each molding 

cycle. 
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Figure 2.5: Principle of rotational molding process [25]. 

 

Blow molding is a manufacturing process that is used to create hollow plastic parts by 

inflating a heated plastic tube until it fills a mold and forms the desired shape. 

 The raw material in this process is a thermoplastic in the form of small pellets or 

granules, which is first melted and formed into a hollow tube,  then clamped between two 

mold halves and inflated by pressurized air until it conforms to the inner shape of the 

mold cavity. Typical pressures are 25 to 150 psi, far less than for injection molding. 

Lastly, after the part has cooled, the mold halves are separated and the part is ejected. 

This process is shown in Figure 2.6 [26]. 
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Figure 2.6: Blow molding process [27]. 

 

2.4 Migration of Chemicals from Plastic Tanks 

Migration is the phenomenon that takes place when chemical substances in the plastic 

migrate to the surface of the plastic item or to a medium in contact with the item. 

Controlled release of drugs from a plastic matrix for precise dosage to the patients also 

belongs to the wanted controlled migration. Unwanted migration is the migration of 

plasticizers to the surface of a plastic item or the migration and evaporation of flame 

retardants e.g. from electronic cabinets (televisions, computers).  

Migration of chemical substances in plastic packaging for food , medicine or water are 

other examples of unwanted migration as some of the migrating substances may be toxic 

or give an unpleasant taste to the food or finally destroy the medicine or enhance the 

degradation of the active substances in the medicine. 

Summary of rules of thumb for migration  

 Additives are not chemical bonded in the plastics, except the rather few reactive which 

is built in the plastic molecule by co-polymerization (some flame retardants);  

 Small organic molecules like gasses and solvents with low boiling point and high vapor 

pressure will migrate fast. 

 Molecules which have a low solubility in the plastic will migrate faster than molecules 

with a high solubility in the plastic. 
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 Some organ metallic substances will migrate due to fairly low boiling points, e.g. 

organo tin compounds. 

 Chemical substances with a molecular weight higher than 600 g/mol will have low 

tendency to migrate. 

 Inorganic pigments, carbon black, fillers and reinforcing fibers will not migrate unless 

the plastic material is degraded by weathering or chemical attack. 

 Migration rate will increase with higher temperatures. 

 Migration will occur faster in amorphous regions of semi crystalline plastics because of 

better space between the plastic polymers in the amorphous regions. 

 Migration in amorphous plastics will be slowed down as the glass temperature get 

higher due to less mobility of the plastic polymer chains. 

 Migration rate will increase to a contact medium if the solubility of the migrating 

substances is high in the contact medium (e.g. phthalate plasticizers to vegetable oils). 

 The migration will decrease with time as the concentration of the migrating substances 

get lower in the plastic. 

 

2.5 Concepts of Restricted Substances and Chemical Regulations for 

Food Contacting Plastics 

There are 17 different types of food contact materials, such as plastics, metals, silicones, 

paper and board, and less obvious material types, such as printing inks, adhesives, and 

coatings (inside cans and lids). 

The overall legislative architecture for all food contact materials is provided by  

EU Framework Regulation EC 1935/2004 vii 
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 EU Regulation on Good Manufacturing Practices for materials and articles intended to 

come into contact with food (EC) 2023/2006.  

These two laws cover materials and articles intended to come into contact with foods, and 

which are used in the food processing, storage, packaging, selling, cooking and serving 

phases. 

The purpose of this  regulation is: “to ensure the effective functioning of the internal 

market for materials and articles intended to come into contact directly or indirectly with 

food and provide the basis for securing a high level of protection of human health and the 

interests of consumers” (Article 1). Article 3 stipulates that the migrating chemicals must 

not enter food in quantities which could endanger human health. 

Chemicals considered most harmful are those that: 

 Cause cancer, 

 Harm reproduction,  

 Do not break down in the environment,  

 Are capable of building up in the food chain or bodies, and 

 Other harmful properties, such as disrupting hormones. Currently, there are chemicals 

from each of these six groups falling through the EU legislative net for food contact 

materials 

The European commission 

Having regard to the Treaty on the Functioning of the European Union, having regard to 

Regulation (EC) No 1935/2004 of the European Parliament and of the Council of 

27 October 2004 on materials and articles intended to come into contact with food and 

repealing Directives 80/590/EEC and 89/109/EEC . After consulting the European Food 

Safety Authority, whereas: 
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1-Plastic materials and articles may be composed of different layers of plastics held 

together by adhesives. Plastic materials and articles may also be printed or coated with an 

organic or inorganic coating. Printed or coated plastic materials and articles as well as 

those held together by adhesives should be within the scope of the Regulation. 

Adhesives, coatings and printing inks are not necessarily composed of the same 

substances as plastics. Regulation (EC) No 1935/2004 foresees that for adhesives, 

coatings and printing inksspecific measures can be adopted. Therefore plastic materials 

and articles that are printed, coated or held together by adhesives should be allowed to 

contain in the printing, coating or  adhesive layer other substances than those authorized 

at EU level for plastics. Those layers may be subject to other EU or national rules. 

2- Plastics are made of monomers and other starting substances which are chemically 

reacted to a macromolecular structure, the polymer, which forms the main structural 

component of the plastics. To the polymer additives are added to achieve defined 

technological effects. The polymer as such is an inert high molecular weight structure. As 

substances with a molecular weight above 1000 Da usually cannot be absorbed in the 

body the potential health risk from the polymer itself is minimal. Potential health risk 

may occur from non- or incompletely reacted monomers or other starting substances or 

from low molecular weight additives which are transferred into food via migration from 

the plastic food contact material. Therefore monomers, other starting substances and 

additives should be risk assessed and authorized before their use in the manufacture of 

plastic materials and articles. 

3- During the manufacture and use of plastic materials and articles reaction and 

degradation products can be formed. These reaction and degradation products are non-

intentionally present in the plastic material (NIAS). As far as they are relevant for the risk 

assessment the main reaction and degradation products of the intended application of a 

substance should be considered and included in the restrictions of the substance. 

However it is not possible to list and consider all reaction and degradation products in the 

authorization. Therefore they should not be listed as single entries in the Union list. Any 

potential health risk in the final material or article arising from reaction and degradation 
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products should be assessed by the manufacturer in accordance with internationally 

recognized scientific principles on risk assessment. 

4- According to Article 3(1)(b) of Regulation (EC) No 1935/2004 the release of 

substances from food contact materials and articles should not bring about unacceptable 

changes in the composition of the food. According to good manufacturing practice it is 

feasible to manufacture plastic materials in such a way that they are not releasing more 

than 10 mg of substances per 1 dm
2
 of surface area of the plastic material. If the risk 

assessment of an individual substance is not indicating a lower level, this level should be 

set as a generic limit for the inertness of a plastic material, the overall migration limit. In 

order to achieve comparable results in the verification of compliance with the overall 

migration limit, testing should be performed under standardized test conditions including 

testing time, temperature and test medium (food simulant) representing worst foreseeable 

conditions of use of the plastic material or article. 

Examples for migration of chemicals from plastic to food or water  

1- Leaching of acetaldehyde and antimony from PET bottles to drinking water. However, 

several studies have shown the presence of other substances not expected a priori in 

bottled water, sometimes in non-negligible concentrations, acetaldehyde are thermal 

degradation products of PET and that they could be released into the bottled water 

depending on certain storage parameters and according to the type of drinking water [28]. 

2- Migration of Nonylphenol from Plastic Containers to Water and a Milk Surrogate 

while Nonylphenol (NP) is used as an antioxidant and plasticizer in some plastic 

products. 

3- The migration of phthalates in the fatty food stimulant however showed very high 

concentrations of phthalates migration from the polyethylene packaging materials into the 

olive oil [29]. 

4- A BPA migration study was conducted using a variety of plastic containers, including 

polycarbonate baby bottles, non-PC baby bottles, baby bottle liners, and reusable PC 

drinking bottles. They reach that Residual BPA leaching from PC bottles increased with 



29 
 

temperature and incubation time. In comparison with the migration observed from PC 

bottles, non-PC baby bottles and baby bottle liners showed only trace levels of BPA [30]. 

5- In the Silver nano-particle release from commercially available plastic food containers 

into food stimulants study , the experimental results show that silver has the potential of 

migrating into food, especially when in contact with more acidic substances [31]. 

6- Huang et al. (2011), who assessed the release from polyethylene bags incubating them 

with different food stimulants, such as de-ionized water, 4 % acetic acid, 95 % ethanol, 

and hexane for 15 days and found indications of the presence of Ag in the plastic bags, 

and analysis by scanning electron microscopy (SEM) coupled with energy dispersive X-

ray spectroscopy (EDS) confirmed AgNP release. He found that acetic acid resulted in 

higher Ag release rates compared to ethanol and distilled water. 

7- In Styrofoam and PS cups studies, hot water was found to be contaminated with 

styrene and other aromatic compounds. It was observed that temperature played a major 

role in the leaching of styrene monomer from Styrofoam cups. Paper cups were found to 

be safe for hot drinks [32]. 

 

2.6 Limits 

Restriction means limitation of use of a substance or migration limit or limit of content of 

the substance in the material or article. In order to limit the levels of migration of plastic 

components into food, there are restrictions of use of these substances. These limits are 

basically twofold: 

1- Overall migration limit (OML) means the maximum permitted amount of non-volatile 

substances released from a material or article into food stimulants; this is 60 mg of 

substance/kg of food stuff. 

2- Specific migration limit (SML) means the maximum permitted amount of a given 

substance released from a material or article into food or food stimulants, SML is applied 

to individual substances and is generally based on the toxicological nature of the 

substance concerned. 
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3- Total specific migration limit (SML(T)) means the maximum permitted sum of 

particular substances released in food or food stimulants expressed as total of moiety of 

the substances indicated.  

General requirement on substances 

Substances used in the manufacture of plastic layers in plastic materials and articles shall 

be of a technical quality and a purity suitable for the intended and foreseeable use of the 

materials or articles. The composition shall be known to the manufacturer of the 

substance and made available to the competent authorities on request. 

1.   Substances used in the manufacture of plastic layers in plastic materials and articles 

shall be subject to the following restrictions and specifications: 

(a) The specific migration limit set out in Article 11; 

(b) The overall migration limit set out in Article 12; 

2. Substances in nano form shall only be used if explicitly authorized. 

  For more information see appendix 1 

 

2.7 Parameters Affecting Water Quality 

Safe drinking-water defined as water which does not represent any significant risk to 

health over a lifetime of consumption. Water quality is defined in terms of the chemical, 

physical, and biological content of water as shown in Table 2.3. It is a term used to 

express the suitability of water to sustain various uses or processes. Any particular use 

will have certain requirements for the physical, chemical or biological characteristics of 

water; for example limits on the concentrations of toxic substances for drinking water use 

[33].  
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  Table 2.3: Water quality parameters. 

Water Quality 

Parameter 

Important to Water Quality Standard 

according 

to WHO 

Aquatic Weeds or Algae 

 

Aquatic weeds or algae growth can decrease oxygen 

levels and increase pH.   Decomposition of weeds and 

algae can also lead to oxygen depletion. 

 

Bacteria-E. coli Certain bacteria and other organisms cause human 

illnesses that range from typhoid and dysentery to minor 

respiratory and skin diseases. 

1 colony 

Bacteria - Fecal 

Coliform  

Certain bacteria and other organisms cause human 

illnesses that range from typhoid and dysentery to minor 

respiratory and skin diseases. 

0 

Dissolved Oxygen 

 

Dissolved oxygen is a basic requirement for a healthy 

aquatic ecosystem. . Although oxygen concentrations 

fluctuate under natural conditions, human activities can 

result in severe oxygen depletion. 

Factors affecting  dissolved oxygen: excessive amounts of 

algae blooms, human waste, and animal waste. 

7.0mg/L 

pH Many biological processes, such as everyday metabolism 

and reproduction, are hampered in acidic (pH too low) or 

alkaline waters (pH too high). 

Factors affecting pH: Type and amount of plant and 

animal life Various chemicals in water from urban runoff. 

6.5_8.5 

Sedimentation Sediment may  carry other pollutants into water bodies  

Temperature Measures the water temperature of an environment. 

Measured in degrees Celsius. Factors affecting 

temperature: 

Sunlight, shade, air temperature, depth, turbidity. 

10C°-25C° 

Total Dissolved Gas Elevated levels of some dissolved gases can cause 13-14 mg/l 
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 impacts similar to elevated pH. 

Toxic Substances 

 

Some toxic substances may be harmful, some may 

undergo chemical changes to become harmful, and some 

may accumulate in sediments or throughout the food 

chain to levels that adversely affect public health, aquatic 

life, or wildlife 

 

Turbidity 

 

Determines how cloudy the water is. In many cases, high 

turbidity indicates a large amount of suspended sediment 

in a stream. 

Factors affecting turbidity: clay, sand, and algae particles, 

soil erosion, and urban runoff.  

1 NTU 

Nitrates 

 

 

Measures the level of nitrogen in the water in nutrient 

form. Measured in parts per million .Factors that affecting 

Nitrate Levels: Runoff from detergents, fertilizers, animal 

waste, and sewage 

 

50 mg/L (1) 

 

2.8 Previous Field Studies 

The plastic tanks and bottles available in the market today are mostly manufactured from 

Polyethylene (PE), Polypropylene (PP), Bisphenol (BPA), High Density Polyethylene 

(HDPE), Polyethylene Terephthalate (PET) and cross-linked Polyethylene (PEX), or 

Thermoplastic Polymer, which have very well-known health risks for end users. These 

chemicals start mixing with water when used for a long time and when these reservoirs 

are washed with detergents. Leaching also happens when these are exposed to UV rays, 

high temperature as well as from natural breakdown. When these plastic tanks are 

exposed to strong heat, especially in the long summer months when the mercury rises 

above 40
o
C, the chemicals start to melt down and mix with water. These plastics are also 

known to alter the physical properties of water despite the manufacturer‟s claims that 

these alterations dissipate with time [34]. 
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Several studies showed the effect of containers on food quality, some of them are proven 

to release allergen components, endocrine disruptors, but also carcinogen compounds 

[35]. 

The greatest risk of waterborne disease worldwide is caused by microbial contamination 

of potable water supplies. The importance of microbial contamination of water supplies 

on human health is accordingly recognized by the World Health Organization, whose 

guidelines state that water intended for human consumption should contain no 

microbiological agents that are pathogenic to humans. Water temperature is known to 

influence the growth rate of bacteria. Various field studies have shown that significant 

bacterial growth can occur in water of 15C° or higher, results demonstrated evidence of 

greater E. coli contamination in polyethylene household water storage tanks than in 

fiberglass and fiber cement tanks. This is due to differences in elevated water 

temperatures measured inside the storage tanks. However, physical and chemical water 

quality parameters such as conductivity, TDS and DO don't vary significantly between 

tank types, a laboratory study found that factors such as retention times of four to seven 

days, low or no chlorine residual, and tank age have all been shown to increase microbial 

regrowth in commonly used polyethylene tanks [36]. 

Storage tanks that are not cleaned regularly likely contain sediments that can contaminate 

incoming water. Storage tanks cleaned three or more times per year have statistically less 

Escherichia coli and turbidity than tanks cleaned less frequently [37]. 
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3.1 Introduction  

The plastic water tank is mostly used nowadays for it is leak-proof, rustproof, durable, 

lightweight, and economical properties. Plastic water tanks are designed as circular 

shape. They are made up of high-density polyethylene or linear low density polyethylene.  

The shortage of drinking water supply is very common especially in the developing 

countries, for they suffer from intense lack of drinking water especially during the long 

summer months. To partially overcome this problem, people mostly tend to store water in 

plastic storage tanks.  

The use of poor quality plastic may influence the chemical composition of water up to a 

large extent. It might even go unnoticed for a short period of time, but after while the 

taste of „plastic‟ may be noticed in the stored water. In addition, when there is excess 

sunlight reflection on the sides of the water tank, the light that comes through initiates the 

emergence of algae inside the tanks. When an algae grow in the plastic water storage 

tanks, the water become deleterious. Therefore, it is highly recommended to use a water 

tank which is made of food grade material. Food grade plastic has to meet certain 

standards of purity. It cannot contain dyes, other additives or recycled plastic products 

which are harmful for humans [38]. 

In the developing countries, even if the drinking water is collected from a safe source, it 

can become contaminated before being consumed by members of the household. This 

contamination can occur during the storage of water according to [39]: 

1- The unawareness of the importance of cleaning the tanks regularly.  

2- The rough texture of the inner wall of the tank which may lead to the growth of algae, 

fungi, and bacteria.  

3- The Interaction between the tank‟s substances with the water that it contains, causing 

its pollution.   

4- The growth of germs, bacteria and harmful parasites within the stagnant water that it is 

not renewed.  

https://gharpedia.com/glossary/additives/
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5- The cracks and holes that may be unnoticed inside the tanks, which can lead to the 

existence of some impurities and insects inside water tanks.  

6- The insertion of bird droppings or dead birds inside the unlocked water tank.  

Various studies have been performed to evaluate and understand the mechanism of 

drinking water contamination occurring at the public water sources.  Few of which have 

investigated the relationship between people‟s habits in storing water and its quality. In 

addition, few studies have investigated the causes of water‟s contamination from its 

source, as well as its contamination at home.  A study done in Tiquipaya, examined water 

quality of household storage tanks. Tank age was shown to have little effect on water 

quality. Storage tanks which were cleaned three or more times per year have less 

Escherichia coli and turbidity than the tanks cleaned less frequently.  Polyethylene tanks 

have statistically higher E.coli counts than fiber cement and fiberglass tanks. Water 

temperature reached their highest levels (34 C°) in a black polyethylene tank and 20 to 23 

C° in fiberglass and fiber cement tanks, respectively. Statistically significant increases in 

total coliforms and E.coli associated with increase in temperature and loss of chlorine 

residual were documented as water traveled from the treatment plant, through the 

distribution system, and into household cisterns and storage tanks [40]. 

 

3.2 Objectives 

Specific aims of the household survey were: 

1. To determine the characteristics of reservoirs used by people in terms of type, 

shape and age, etc.  

2.  To determine the quality of drinking water at the point of storage and if 

deterioration in water quality occurs due to storage and handling practices; 

3. To describe practices associated with cleaning tanks, type of detergent used, and 

consumers' perceptions of drinking water quality. 

4.  To determine the extent of people to notice pollution or change in water 

characteristics during storage. 
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3.3 The Motivation and Hypothesis  

Existing data on water quality in modern water distribution systems is limited, creating a 

need for further research to test the effects of chemicals on tanks to leach under differing 

conditions.  

Literature studies have focused on physical, chemical and microbial water quality of 

household storage containers in situations where water is collected at a community source 

and then transported to the home. In addition to how water quality deteriorate when 

supply is intermittent as the storage time increases (Quick et al., 1999, Quick et al., 2002, 

Clasen and Bastable, 2003, Wright et al., 2004; Kerneis et al., 1995, Tokajian and 

Hashwa, 2003). However, few studies are conducted with household storage tanks. 

Additionally, no studies were found on the water quality of top roof storage tanks in the 

developing world. 

This study will test two hypotheses: 

1. Small fraction of people clean their roof top storage tank. 

2. Most of people notice change in water taste due to use plastic tank for long term.  

 

3.4 Survey  

A survey is defined as a method of descriptive research used for collecting primary data 

based on verbal or written communication with a representative sample of individuals or 

respondents from the target population. 

The survey, consisting of a household questionnaire distributed randomly in Hebron city 

to 100 of people all of them males, include some issues such as the storage time of water 

in the tanks, the frequency of tank cleaning, cleaning agents (detergents) used, type, 

color, and age of the tank, etc.  
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3.5 Sampling  

Hebron, which is the largest city in the West Bank with a population of more than 

729,193, was chosen as the representative sample for the research.  

One hundred questionnaires were randomly distributed among three categories: the south 

of Hebron, north of Hebron, and central of Hebron. The reporting process was monitored 

to ensure that the questions were fully understood in order to be answered with credibility 

and accuracy. 

 

3.6 Data Collection   

To achieve the purpose of this study and to collect the required data, one hundred 

questionnaires were randomly distributed in various Hebron territories. The questionnaire 

was distributed in places where the local residents are gathered mostly, such as the 

Hebron Central Station and Palestine Polytechnic University, to ensure that all parts 

belonging to the city were covered. The number of questionnaires distributed (100), 

excluded forms number (11) used forms in analysis process (89). 

 

3.7 Data Analysis  

After completing the assessments, the data were revised, coded, entered into a computer 

and statistically analyzed using the Statistical Package for Social Sciences (SPSS) version 

11.0 computer software package for tabulation and analysis. 

 

3.8 Results and Discussion 

The results for this study are divided into two primary categories; 1) the information 

collected by means of the questionnaires, and 2) the results that were obtained through 

the laboratory analysis of collected samples.  
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3.8.1 Properties of Used Tanks 

There are many colors, sizes, and types of polyethylene storage tanks that are 

manufactured in the Hebron factory. Figure 3.1 represents percentages of each tank type 

used. As shown below, the majority of individuals used plastic tanks at a percent of 39%, 

rather than metallic tanks usage at 23% percent.  This is because plastic tanks are lighter 

in weight, less costly, and don't rust over time. 

 

 

Figure 3.1: Type of water tank. 

 

Plastic tanks are manufactured in two colors: black or white. Figure 3.2 highlights that 

50% of tanks used are black, which contains fewer layers, compared to white tanks. 

Currently, individuals tend to use white tanks rather than black ones because white tanks 

have multilayers, helping to keep the water's temperature from rising inside the tank. This 

is especially useful in the summer semester, and thus reduces the occurrence of lime in 

water. It's expected that the percentage of white tank utilization will increase. 
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Figure 3.2: Color for plastic tank used. 

 

In Palestine, tanks manufactured with different sizes range from 500 to 5000 L. The 

highest proportion is 1000 L which equals 39%. Tanks of sizes 500 L and 1500 L are 

closed in value of percentages (26% and 25% respectively). Few people utilized large 

sizes of tanks like 2000 L, 2500 L and 5000L, and their percentages are approximately 

7%, 2% and 1% respectively as shown in Figure 3.3. Factors affecting the number and 

size of tanks required include needs for storing water, shortage of water during semester, 

and the number of individuals within the family household. As shown in Figure 3.4, the 

percentage of individuals who have one tank is 14%, those who have two tanks is 44%, 

those who have 3 tanks is 23%, and those having more than 3 tanks is 20%. 
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Figure 3.3: Volume of plastic tank used. 

 

 

Figure 3.4: Number of plastic tanks used. 

 

Figure 3.5 displays that 53% of tanks with average ages from (1-5) years represents the 

largest proportion of these ratios, while the average life expectancy of a polyethylene 

tank is 15-20 years. Life expectancy can be even longer depending upon a variety of 

factors such as where the tank is located, if the temperature is in a controlled room, and 

the exposure to UV rays. Almost all polyethylene has a UV stabilizer compounded into 

the resin to help protect the resin from being damaged by harmful UV rays [41].  
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While closed percentages of tanks in this survey are ten years old or more, generally 

storage tanks are sold with a twenty year guarantee. 

 

 

Figure 3.5: Plastic tank age. 

 

3.8.2 Cleaning and Operating Conditions  

Tank operation is generally inclusive of the number of times needed to clean the storage 

tank, material used in the cleaning process, water consumption, and regularly checking 

the tank lid closure.  

Figure 3.6 shows the frequency in which study participants (n = 89) clean their roof top 

tanks. About 45% of individuals clean their tanks once a year, while approximately 24% 

of individuals clean their tanks once every six months. It is recommended that water 

storage tanks should be cleaned twice a year due to sediment build up in the water. The 

water becomes spoiled in the tank if it is not removed properly. Thus to protect tanks 

from build up and ensuring cleanliness, professional water tank cleaning is 

recommended. Approximately 18% of participants did not clean their tanks, prompting a 

need to make individuals aware of the importance of cleaning their tanks to ensure 

healthy water that is free from any contaminants [42]. 
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Figure 3.6: Times of cleaning the tank. 

 

Cleaning water tanks can be a daunting task, but it is important to ensure that the water 

inside stays clean and bacteria-free. The industry recommendation is cleaning tanks at 

least once a year. Water tanks will acquire algae, silt, and bacteria over time, all of which 

can be harmful if not taken care of. During the cleaning process, there are proper 

procedures for draining the tank, cleaning the interior walls, and disinfecting the tank. By 

following these methods it ensures that the water quality is as clean and safe as possible 

[43]. 

Figure 3.7 describes the responses regarding drinking water collection container cleaning 

practices. When asked about the methods used to clean the container, they answered 

water without any additives, chlorine, soap or all the above ; 34%, 16%, 6% and 45% 

respectively.  
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Figure 3.7: Materials used in the cleaning process. 

 

Figure 3.8 shows the amount of water consumed during the month, where one third of 

families consumed about 5,000 to 10,000 liters per month. The average monthly water 

consumption in Palestinian households is 18,700 liters [44]. 

 

Figure 3.8: Quantity of water consumed during the month. 
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Contamination of drinking water maybe a result of leaving water tanks open, or using 

float valves. Closing the water tank is very important in preventing any insects, birds or 

animals from entering and contaminating the water supply. Eighty nine percent of 

individuals agree on the idea of closing the tank. Float valves are utilized in Palestinian 

homes as reserve water tanks to shut off the flow of water. It is made from plastic so it 

may be a source of water pollution. In this study, we find that 45% of people change their 

float value once every 1-4 years. 

 

3.9 Water Quality Characterization  

3.9.1 Part Related to the Questionnaire  

Additionally, it is necessary to look at the physical, behavioral and environmental factors 

related to drinking water contamination during collection and storage. The water source 

of the majority of people is the municipal water network at a percent of 55% as shown in 

Figure 3.9. According to the Palestinian Central Bureau of Statistics for the year 2015, 

93.3% of the Palestinian population has access to water from the municipal water 

network [45]. The remaining results show that 25.8% get their water supply from other 

sources, such as private wells for gathering municipal or rain water. 

 

 

Figure 3.9: Source of drinking water. 
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Figure 3.10 displays 40% of people store water in tanks from (1-3) days. No studies 

showed the permitted time that water remains in tanks. It is important to understand that 

water does not have an expiration date. If properly stored, water does not spoil. Water 

that is not useable is a result of exposure of contaminants. If proper precautions are taken 

in sealing and storing water so that bacteria or other contaminants do not infiltrate, water 

could theoretically stay good forever. In fact, lots of blog posts from individuals who 

have imbibed five-year-old stored water without any problems. Data result reinforce that 

with proper precautions taken, there is no need to change water out every year. 

 

Figure 3.10: Water retention time in the tank. 

 

With regard to contamination occurrence of water while stored in plastic tanks, 34% of 

individuals oppose, 21% are neutral, and 25% agree. 

When studying the change in water taste during storage, approximately 28.1 % of people 

oppose, 24.7% are neutral, and 21.3% agree. Plastic tanks have the ability to alter the 

taste of water. 

 

3.9.2 Part of Experimental Work 

This part demonstrates the work done to obtain the physicochemical and biological 

characteristics of water, samples were obtained from different type of tanks and different 

sources in Hebron city. Physicochemical properties (pH, turbidity, total dissolved solid) 
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and biological properties (total coli form, fecal coli form) were analyzed in the 

laboratory of university. The physicochemical and biological properties of the water 

measured in this work compared with the guideline value of World Health Organization 

(WHO) standards. 

The following apparatus and equipment were used for testing water samples 

characteristics: pH Bench Meter (Milwaukee MI150, US), turbidity meter, beakers, 

burette, Lauryl Tryptose broth tube, Incubater and conical flask. 

Table 3.1: Physicochemical characteristics of water from storage tanks. 

Test  

 

 

Sample   

Location Source 

of the 

Sample 

Type of 

Water 

Color 

of 

Plastic 

Tank 

Retention 

Time 

(hours) 

Tank 

age 

(year) 

TDS 

(mg/L) 

pH Turbidity 

(NTU) 

A1 South of 

Hebron 

House 

 tank 

Municipal 

water  

Black 36 6 295 7.37 0.37 

A2 South of 

Hebron 

House 

 tank 

Municipal 

water 

Black 36 6 313 7.54 0.00 

B1 Central 

of 

Hebron 

House 

 tank 

Rain water White  24 15 80 7.58 0.31 

B2 Central 

of 

Hebron 

Well Rain water - - - 79.5 7.07 0.1 

C1 Central 

of 

Hebron 

House 

 tank 

Municipal 

water 

- 24 - 270 7.13 0.00 

C2 Central 

of 

Hebron 

Well Municipal 

water 

- - - 285 7.74 0.00 
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We collect water samples from two sources: the first source from the well and the second 

source the reservoir. The water samples taken from the well represent control samples for 

comparison in water characteristics. We concluded by analyzing the table above that 

samples found in the reservoirs do not accelerate biological pollution. 

The results indicate that the physicochemical properties of all water samples are within 

the international value of World Health Organization (WHO) standards which represent 

in Table 3.2 below.  

Table 3.2: International standards related drinking water quality [46]. 

Parameter  Unite WHO(2OO6) 

Drinking Water  

pH Units at 25C° 6.5 - 9.5 

TDS mg L
-1

 1000 

Turbidity  NTU 1 

 

 

Table 3.3: Biological characteristics of water from storage tanks. 

Fecal coli form 

 Unit /100 ml 

Total coli form 

 Unit/100 ml 

Sample 

0 0 A1 

0 0 A2 

53 72 B1 

16 28 B2 

0 0 C1 

0 0 C2 

 

Total coli form must not exceed 3units/100 ml  according to Palestinian specifications 

[46]. 
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Fecal coli form must not exceed 0units/100 ml  according to Palestinian specifications 

[46]. 

The greatest risk of waterborne disease worldwide is the result of microbial 

contamination of potable water supplies. Household water storage tanks are commonly 

observed in urban areas of the developing world to provide households with 24-h access 

to pressurized water when a centralized supply is not operational. They are also observed 

in the developed world as rural and urban homeowners and commercial establishments 

increasingly use rainwater onsite as a source of water for flushing toilets, irrigation, and 

drinking. However, few studies have investigated the quality of the water inside 

household storage tanks and how tank design and operational parameters influence water 

quality. Statistically significant increases in total coliform and E. coli associated with 

increase in temperature and loss of chlorine residual were documented as water traveled 

from the treatment plant, through the distribution system, and into household cisterns and 

storage tanks. 
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Chapter 4  

Experimental Work  
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4.1 Introduction  

Food quality and food safety became important issues in the last decade. People and 

government really pay attention to what they produce and consume. This situation has led 

to establish national and international standards and laws for food products in order to 

protect consumers [47]. Several studies showed the effect of containers on food quality, 

some of them are proven to release allergen components, endocrine disruptors, but also 

carcinogen compounds [48]. Indeed, every plastic container whose overall migration 

exceeds the regulatory limit of 10 mg of migrants through 1 dm
2
 of plastic packaging is 

directly rejected without any test on the specific migration related to each component. 

The need of a rapid prediction of overall migration appears to be a priority. This leads us 

to propose and to follow the kinetic of the overall migration of plastic components 

considering them as one pseudo component. 

4.2 Material and Methodology 

Material 

The following materials were used for testing overall migration of plastic container: 

distilled water and plastic samples from storage tank. 

Methodology  

To study the overall migration, new empty PE tank of 1000 L capacity were obtained 

from a plastic tank manufacturer in Hebron. As a food simulant, an aqueous solution of 

distilled water was prepared. According to the regulatory requirement of the FDA and the 

82/711/EEC regulation, this simulant is used to reproduce the effect of aqueous food with 

(pH > 4.5). Two tests were carried out under two exposure temperatures of 40 and 70 C°. 

The 40C° temperature represents the value proposed by FDA and 

82/711/EEC regulations to simulate ambient conditions of use for a food expected to be 

exposed at worst to a temperature between 20 and 40 °C. However, as the drinking water 

studied is marketed in Hebron, we had ultimately considered a higher value that covers 

the highest reachable temperature. This is why some experiments were conducted under 

70 C° as well, which is designed by regulations to represent the whole range of 

temperatures between 40 and 70 C°. The experiments were conducted following the total 
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immersion method described in the HS 1001. Several contact times were adopted to 

follow the kinetics of the overall migration, their values varied between 6 h, 3, 5 and 10 

days. This time range starts at the shortest expected contact duration between the mineral 

water and the PE tanks as found in many area people leave water more than 24 hours in 

tank, so in experiment it will end at 10 days which is the simulation time of long duration 

storage at ambient temperature according to FDA and 82/711/EEC regulations. In each 

experiment, samples of PE were taken from the body sections of the tank. The samples 

were cut into strips of approximately 2.5 × 2.5 cm. Each set of 16 PE tanks that has an 

area A of 1 dm
2
, was put and immersed in a cylinder (250 ml) containing 100 mL of food 

simulant. The tubes were sealed using an aluminum foil to avoid any loss of the food 

simulant by evaporation and placed in a thermostatically controlled oven(model :LDO-

030E). The liquid level of food simulant was controlled and the simulant loss during all 

the experiment duration never exceeds 10% of initial simulant volume. Once the intended 

contact time elapsed, the PE samples were withdrawn from the food simulant, which was 

then evaporated at 105 C° in an oven. The mass of the residue observed at the bottom of 

the dish was measured gravimetrically using an analytical balance (Kern model with 0.1 

mg of sensitivity), and its value was marked as ma. Three additional experiments aiming 

to measure the amount of the blank residue were realized filling three immersion tubes 

with 120 mL of food simulant, which was evaporated at 105 C°. Blank tests were 

considered to take into account the mass of residue coming from minerals that water may 

contain even after distillation. The average mass weighed after evaporation was marked 

as mb. The overall migration OM value was calculated by applying the Equation 4.1: 

       
       

 
                                               

Where: 

M: is the overall migration into the simulant, in milligrams per square decimeter of the 

surface area of sample intended to come into contact with foodstuffs. 

 ma: is the mass of the residue from the test specimen after evaporation of the simulant in 

which it had been immersed, in grams.  
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mb:  is the mass of residue from the food simulant only (blank), in grams.  

S: is the surface area of the test specimen intended to come into contact with food stuffs, 

in square decimeters. 

 

4.3 Results and Discussion 

Two tests were carried out under two exposure temperatures of 40 and 70 C°. (A) 

Samples are carried at 40 C° and (B) samples are carried at 70 C°, the surface area of test 

specimen intended to come into contact with foodstuffs equal 1 dm
2
. 

Table 4.1: Overall migration test results. 

Test 

Samples  

Initial Mass of 

Evaporating 

Dish (g) 

Final Mass of 

Evaporating 

Dish + Residue 

(g) 

Mass of 

Residue 

(mg)  

A1 2.3375 2.3515 14 

A2 2.3651 2.3873 22.2 

A3 2.3596 2.3728 13.2 

AB1  2.3806 2.3999 19.3 

AB2 2.3458 2.3906 44.8 

B1 2.3770 2.3784 1.4 

B2 2.3760 2.3792 3.2 

B3 2.3794 2.3821 2.7 

BB2 2.3754 2.3765 1.1 

 

A and B: samples contain plastic species and distilled water. 

                       AB and BB: blank samples contain just distilled water. 
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When samples tested for 10 day at 40 C°, the calculated migration was 2.9 mg/dm² and 

when samples tested for 10 day at 70 C° the migration was 1.3 mg/dm². Both readings are 

below allowable limit of migration (10 mg/dm
2
). It‟s expected that, migration after 10 

days at 70 C° will be higher than migration after 10 days at 40 C° but the results were the 

opposite, this is due to source of errors occur through and during preparation the test. 
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Conclusion  

The results of this project indicate that the majority of people use black plastic tanks in a 

percent of 49.4%, this percentage is expected to decrease, people tend to use white tanks 

rather than black one because white tanks have multilayer, so this helps to keep the 

water's temperature from rising inside the tank especially in the summer semester, and 

thus reducing the occurrence of lime in water. The age of the used tanks is in the range of 

(1-5) year. Most people do not clean their tanks once every six months, which the period 

is recommended by the competent authorities. This affects drinking water quality. 

Physicochemical characteristics (pH, turbidity, total dissolved solid) for real water 

samples obtained from various sources. The results indicate that the physicochemical 

characteristics of the measured water samples are within standard limits set by the World 

Health Organization (WHO). Overall migration of real samples from local plastic 

manufacturing companies is less than the threshold (10 mg/dm
2
). 

 

Recommendations 

The recommendations of this study include:    

1. There is a need to increase awareness of tanks cleaning. 

2. There is a need to do more experiments to know the effect of  tank color, age of 

the tank and exposure to sun light on the  migration of chemicals. 

3. There is a need to study more physical properties of water stored in reservoirs. 
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Annex 1: Detailed description of the analytical test and standard for plastic 

tanks . 

Article 11 

Specific migration limits 

1.   Plastic materials and articles shall not transfer their constituents to foods in quantities 

exceeding the specific migration limits (SML). Those specific migration limits (SML) are 

expressed in mg of substance per kg of food (mg/kg). 

2.   For substances for which no specific migration limit or other restrictions are 

provided, a generic specific migration limit of 60 mg/kg shall apply. 

3.   By derogation from paragraphs 1 and 2, additives which are also authorized as food 

additives by Regulation (EC) No 1333/2008 or as flavorings by Regulation (EC) 

No 1334/2008 shall not migrate into foods in quantities having a technical effect in the 

final foods and shall not: 

(a) Exceed the restrictions provided for in Regulation (EC) No 1333/2008 or in 

Regulation (EC) No 1334/2008 for which their use is authorized as food additive or 

flavoring substances. 

(b) Exceed the restrictions set out in Regulation (EC) No 1334/2008 to this Regulation in 

foods for which their use is not authorized as food additive or flavoring substances. 

Article 12 

Overall migration limit 

1.   Plastic materials and articles shall not transfer their constituents to food simulants in 

quantities exceeding 10 milligrams of total constituents released per dm
2
 of food contact 

surface (mg/dm
2
). 

2.   By derogation from paragraph 1, plastic materials and articles intended to be brought 

into contact with food intended for infants and young children, as defined by Commission 

Directives 2006/141/EC (
15

) and 2006/125/EC (
16

), shall not transfer their constituents to 

https://eur-lex.europa.eu/eli/reg/2011/10/oj#ntr15-L_2011012EN.01000101-E0015
https://eur-lex.europa.eu/eli/reg/2011/10/oj#ntr16-L_2011012EN.01000101-E0016
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food simulants in quantities exceeding 60 milligrams of total of constituents released per 

kg of food simulant. 

Article 13 

Plastic multi-layer materials and articles 

1.   In a plastic multi-layer material or article, the composition of each plastic layer shall 

comply with this Regulation. 

2.   By derogation from paragraph 1, a plastic layer which is not in direct contact with 

food and is separated from the food by a functional barrier, may: 

(a) Not comply with the restrictions and specifications set out in this Regulation except 

for vinyl chloride monomer; and/or 

(b) Be manufactured with substances not listed in the Union list or in the provisional list. 

 

3.   The migration of the substances under paragraph 2(b) into food or food stimulant 

shall not be detectable measured with statistical certainty by a method of analysis set out 

in Article 11 of Regulation (EC) No 882/2004 with a limit of detection of 0, 01 mg/kg. 

That limit shall always be expressed as concentration in foods or food stimulants. That 

limit shall apply to a group of compounds, if they are structurally and toxicologically 

related, in particular isomers or compounds with the same relevant functional group, and 

shall include possible set-off transfer. 

4.   The substances not listed in the Union list or provisional list referred to in 

paragraph 2(b) shall not belong to either of the following categories: 

 

 
(a) Substances classified as „mutagenic‟, „carcinogenic‟ or „toxic to reproduction‟ in 

Regulation (EC) No 1272/2008 of the European Parliament and the Council; 

  (b)Substances in nanoform. 
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5.   The final plastic multi-layer material or article shall comply with the specific 

migration limits set out in Article 11 and the overall migration limit set out in Article 12 

of this Regulation. 

 

For demonstrating compliance with the migration limits food stimulants are 

assigned to perform migration tests. In order to achieve comparable results in the 

verification of compliance with the migration limits testing should be performed under 

standardized test conditions including testing time, temperature and test medium (food 

stimulant) representing worst foreseeable conditions of use of the plastic material or 

article. The (EU) No. 10/2011 introduces separate rules for testing conditions for OML 

and SML testing. 

Migration testing is often required to demonstrate compliance of a food contact 

material with the applicable legislation. For plastic food contact materials the rules for 

migration testing are clearly stipulated in the Commission Regulation EU 10/2011. 

 

There are a wide range of analytical techniques for migration testing e.g. gas 

chromatography, liquid chromatography, mass spectrometry, elemental analyses and 

more to analyze for these substance on very low level. 

The regulation applies to 

• Materials and articles and parts thereof consisting exclusively of plastics 

• Plastic multi-layer materials and articles held together by adhesives 

• These materials can be printed or covered by a coating 

• Plastic layers or plastic coatings, forming gaskets in caps and closures 

• Plastic layers in multi-material multi-layer materials and articles 
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Annex 2: Questionnaire form 

 
 جبيعت بىنٍتكُك فهسطٍٍ       

 كهٍت انهُذست 

 هُذست تكُىنىجٍب انبٍئت

 
 )استًبسة استبٍبٌ(

 ثضى هللا انشحًٍ انشحٛى

 تحٛخ طٛجخ ٔثؼذ،،،

انجالصتٛكٛخ ػهٗ اَطاللب يٍ دٔس انجحث انؼهًٙ فٙ يؼشفخ يذٖ تأثٛش خزاَبد انًٛبِ 

صحخ االَضبٌ ،ٚمٕو فشٚك انجحث ثؼًم كٛف ُٚؼكش رنك ػهٗ خٕدح يٛبِ انششة ، ٔ

اصتجٛبٌ ظًٍ يششٔع انتخشج نُٛم دسخخ انجكبنٕسٕٚس يٍ لضى ُْذصخ تكُٕنٕخٛب انجٛئخ 

 ثؼُٕاٌ:

 "جًع بٍبَبث حىل خزاَبث انًٍبِ انبالستٍكٍت فً فهسطٍٍ".

 

انخبصخ ثًدبالد انذساصخ ، ٚشخٗ لشاءح  صئهخاصتجبَخ تتكٌٕ يٍ ػذد يٍ اال ىثٍٛ ٚذٚك

ثؼُبٚخ ٔتحذٚذ دسخخ انًٕافمخ نكم ػجبسح يٍ ػجبساد االصتجبَخ ٔرنك ثٕظغ صؤال كم 

 فٙ انًكبٌ انًُبصت أيبو كم يُٓب . دائشح

صتجبَخ ، ػهٗ اصئهخ اال ذلخيُكى االخبثخ ث َشخٕاًٚبَب يُب ثذٔسكى ٔحشصُب ػهٗ صاليتكى 

إخبثتكى ػٍ فمشاد ْزِ االصتجبَخ ، ػهًب اٌ  ذلخَتبئح انجحث يشَْٕخ ث دلخحٛث اٌ 

 .ٛتى خًؼٓب صتؼبيم ثضشٚخ تبيخ ٔتضتخذو ألغشاض انجحث انؼهًٙ فمطصانجٛبَبد انتٙ  

 شاكرين لكم حسن تعاونكم  
 د.حضٍ صٕانحخ إششاف:                                                يذنٍٛ دثبثضخ: ٌٕانجبحث

 د.يبْش اندؼجش٘صبثشٍٚ انحضُٙ                                                                  
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 انتبنٛخ األصئهخ ػٍ ثبإلخبثخ انتكشو ٚشخٗ

 يؼهٕيبتؼبيخ.1

 : انمشٚخ/  انًذُٚخ:                                              انًحبفظخ

    االثٍُٛ يؼب ثالصتٛكٛخ يؼذَٛخ انخزاَبث انًستخذيت

عذد انخزاَبث انبالستٍكٍت 

 انًستخذيت

   3اكثش يٍ  3 2 1

 نتش 5000 نتش 2500 نتش 2000 نتش 1500 نتش 1000 نتش 500 حجى انخزاٌ انًستخذو

    االثٍُٛ يؼب اصٕد اثٛط انًستخذو نىٌ انخزاٌ

 15اكثش يٍ  صُخ 15-10 صُٕاد 10-5 صُٕاد 5-1 الم يٍ صُخ عًش انخزاٌ انًستخذو

 صُخ

 

نى الى ثتُظٛفّ يٍ  صُٕاد 5يشح كم  يشح فٙ انضُخ اشٓش 6يشح كم  عذد يشاث تُظٍف انخزاٌ

 لجم

  

انًىاد انًستخذيت فً عًهٍت 

 انتُظٍف

يبء ثذٌٔ أ٘ 

 اظبفبد

   خًٛغ يب ركش صبثٌٕ كهٕس

انفتشة انتً ٌقضٍهب انًبء 

فً انخزاٌ  يُز انتعبئت 

 وحتى َفبر انكًٍت

  أٚبو 7اكثش يٍ  اٚبو 7-5 اٚبو 5-3 أٚبو 3-1 الم يٍ ٕٚو

شجكخ يٛبِ انجهذٚخ  يصذس انًٍبِ داخم انخزاٌ

 يجبششح

يٛبِ االيطبس 

 انًدًؼخ فٙ انجئش

يٛبِ انجهذٚخ انًدًؼخ 

 فٙ انجئش

   خًٛغ يب ركش

كًٍت انًٍبِ انًستههكت خالل 

 انشهش

 5000الم يٍ 

 نتش

5000-10000 

 نتش

10000-20000 

 نتش

 20000اكثش يٍ 

 نتش

  

عًش انعىايت انًستخذيت 

 داخم انخزاٌ

   صُٕاد 8اكثش يٍ  صُٕاد 8-5 صُٕاد 5-1 الم يٍ صُخ

 4-1يشح كم  يشح فٙ انضُخ ٌتى تغٍٍش انعىايت

 صُٕاد

 7-4يشح كم 

 صُٕاد

صُٕاد فًب  7كم 

 فٕق

  

ٌتى اغالق انخزاٌ بىاسطت 

 غطبء يحكى

  يؼبسض ثشذح يؼبسض يحبٚذ يٕافك يٕافك ثشذح
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حذوث تهىث فً يٍبِ 

انششة َتٍجت تخزٌُهب فً 

 خزاَبث انًٍبِ انبالستٍكٍت

  يؼبسض ثشذح يؼبسض يحبٚذ يٕافك يٕافك ثشذح

يالحظت اي تغٍشاث فً طعى 

 فتشة انتخزٌٍانًٍبِ خالل 

  يؼبسض ثشذح يؼبسض يحبٚذ يٕافك يٕافك ثشذح
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Annex 3: Graphics for the questionnaire analysis. 

  

 

23% 

39% 

38% 

Type of water tank 

Metallic tanks

plastic tanks

Two type
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7% 

40% 

16% 

24% 

13% 

Water retention time in the tank 

Less than one day

1_3 days

3_5 days

5_7 days

More than 7 days
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55% 

6% 

13% 

26% 

Source of water  

Directly from the
municipal water supply
network
Rainwater collected in
the well

Municipal water
collected in the well

All the above

20% 

42% 

26% 

12% 

Quantity of water used during the 
month 

Less than 5000 L

5000_10000 L

10000_20000 L

More than 20000 L
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34% 

47% 

11% 

8% 

Age of float valve used   

Less than one year

1_5 year

8_5 year

More than 8 years

26% 

45% 

14% 

15% 

Change of float valve 

Once a year

once every 1_4 year

once every 4_7 year

More than 7 years
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6% 2% 

3% 

24% 

65% 

Closing the tank rigidly  

Extremely opposed

Opposed

Neutral

In favor

Extremely in favor

9% 

34% 

21% 

25% 

11% 

Drinking water contamination caused 
by plastic water tanks 

Extremely opposed

Opposed

Neutral

In favor

Extremely in favor
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17% 

28% 

25% 

21% 

9% 

Note any changes in water taste 
during storage time 

Extremely opposed

Opposed

Neutral

In favor

Extremely in favor


