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Abstract 

From the different wastewater treatment plants in the Gaza Strip which cause a lot of 

pollution, the Biet Lahia WasteWater Treatment Plant (BL -WWTP) was chosen as 

case study for our research.  In this work the heavy metals in the wastewater and 

groundwater in Biet Lahia were determined to predict the effect of the (BL-WWTP) 

on the groundwater pollution with heavy metals. Also the effect of soil type and its 

characterization on the mobility of heavy metals have been discussed.  

Samples from soil, wastewater (effluent and influent  from BL-WWTP) and sludge 

from the study area were all analyzed for the occurrence of heavy metals and 

compared with the analysis of groundwater of nine wells close to the ( BL- WWTP). 

The results were used in the MODFLOW program to predict the future pollution with 

heavy metals on groundwater. By comparing the soil with groundwater analysis it was 

found that the top soil has high rates of Mn, Mg, Ti, Al, Fe, Ca, and P. This is due to 

the formation of insoluble complexes with less mobility which remain in the top soil.  

However, the occurrence of heavy metals in the groundwater was almost negligible 

except for slight increase of the lead concentration. This is because lead has a strong 

affinity for organic ligands and competing cations to form complexes which may 

greatly increase the mobility of Pb in soil to reach groundwater and not remain in the 

top soil.   

From the modeling program it is expected that the path line of pollutanats particles 

will spread radially about 50 m south west to the BL-WWTP after one year, 1000 m 

after five years and 1500 m after ten years.  
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 انًهخض

 يبسَب نًحطخ يؼبنجخ انًيبِ انؼبديخٔيب رحزٕيّ ػهي يهٕصبد كبٌ اخز انًيبِ انؼبديخثٕجٕد ػذح يحطبد نًؼبنجخ 

 رهٕس في انًيبِ انجٕفيخ ٔانزشثخ انًجبٔسح نٓب . إلحذاسفي ثيذ الْيب كسجت يحزًم 

 انًؼبنجخٔانًيبِ  انضقيهخ في كم يٍ انًيبِ انؼبديخ ٔانٓذف انشئيس في رقذيى ْزِ انذساسخ ْٕ رقييى رشاكيز انًؼبدٌ

ثًب يحذس يٍ سشح نٓب  رأصيش يحطخ يؼبنجخ انًيبِ انؼبديخٔدساسخ خظبئض ْزِ انؼُبطش كًب يزى انزحقق يٍ 

 ٔحشكزٓب ٔرشكيزْب  انضقيهخٔرأصيشاد خظبئض انزشثخ في يُطقخ ثيذ الْيب ػهي رٕاجذ انًؼبدٌ  انجٕفيخػهي انًيبِ 

 اآلثبسػيُبد يٍ ييبِ يحطخ انًؼبنجخ انذاخهخ ٔانخبسجخ ٔيقبسَزٓب ثُزبئج رحهيم ييبِ  أخزدانذساسخ  في ْزِ

اثبس يٍ انًُطقخ انًحيطخ نًحطخ يؼبنجخ انًيبِ 9ٔانزشثخ انًحيطخ نًحطخ انًؼبنجخ حيش رى جًغ ػيُبد ييبِ يٍ 

يٍ انزشثخ انًحيطخ يٍ  ٔػيُبدجخ يٍ انًحطخ ، انؼبديخ في ثيذ الْيب ، ػيُبد يٍ انًيبِ انؼبديخ انذاخهخ ٔانخبس

 انًحطخ انًزكٕسح سبثقب .

 :جًيغ  انؼيُبد رى فحظٓب ػذح يحذداد كيًيبئيّ ْٔي

pH- E.C-Potassium- -Magnesium Sodium- Calcium- Chloride- Nitrate- Sulfate 

Cadimum-Cupper-Zinc-Lead-Chromium-Silver-Aluminum-Copper-Cobalt-Boron-

Vanadium-Molybdenum-Mangnese-Iron-Titanium-Stronium-Antimoney-

Phosphorous-Mercury-Arsenic-Bismuth-Nickel 

 انضقيهخنزٕضيح َزبئج ػيُبد انًيبِ انجٕفيخ انزي رى رحهيهٓب نزٕقغ حشكخ انًؼبدٌ  modflow ثيًُب رى اسزخذاو َظبو

 انًهٕس نٓب ػهي انًيبِ انجٕفيخ . ٔاألصش

 :  أٌانُزبئج  أظٓشد

اال يٍ رشاكيز ثذد يشرفؼخ نًؼذٌ انشطبص ٔانزي  ّركبد ركٌٕ يؼذٔي رٕاجذ انؼُبطش انضقيهخ في انًيبِ انجٕفيخ

ٔػذو انزشسيت في  انجٕفيخانًيبِ  إنييٍ خظبئظّ رشكيم يؼقذاد في انزشثخ ْزِ انًؼقذاد رسبػذِ ػهي انزششيح 

 رشاكيز انشطبص غيش ػبنيّ . أٌزشثخ ٔانزي ٔجذد فيٓب ان

ثقبئٓب في انزشثخ ٔػذو  أسجبةالحظُب يٍ َزبئج رحهيم انزشثخ ٔجٕد َسجخ ػبنيّ يٍ انًؼبدٌ َشجغ  أَُبكًبٌ 

ٔيسزقشح في انزشثخ كًب يؼزي رٕاجذ انًؼبدٌ في انزشثخ  يش رائجخغانًيبِ انجٕفيخ ْي ركٕيٍ يؼقذاد  إنيحشكزٓب 

رٕضغ يخهفبد يحطخ  أيٍيحطخ انًؼبنجخ  إنيخٕرد يُٓب انؼيُبد بة َشجح يُٓب قشة انًكبٌ انزي أألسج

ْزِ انًُطقخ كبَذ يكجب نهُفبيبد  أٌانًؼبنجخ يٍ انحًئخ ٔانزي رُقهٓب ٔرشسجٓب انؼٕايم انًُبخيخ ، ٔيٍ انًؼشٔف 

 انظُبػيخ .



انًيبِ انجٕفيخ فقذ يزى رهٕس انًيبِ انجٕفيخ ٔاسرفبع  ْزِ انزشاكيز في انزشثخ ٔرشكيز انشطبص في إًْبلٔثززايذ 

انؼبو األٔل ٔاني  يزش ثؼذ 05 إنيفي االرجبِ انجُٕثي انغشثي ٔٔطٕل انزهٕس  انٕاقؼخ اآلثبسْزِ انزشاكيز في 

      .سُٕاد   يزش ثؼذ ػشش 0055يزش ثؼذ خًس سُٕاد ٔ 0555
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CHAPTER 1 

Introduction 

 

The term heavy metal refers to any metallic chemical element that has a 

relatively high density. Examples of heavy metals include mercury (Hg), 

cadmium (Cd), arsenic (As), chromium (Cr), thallium (Tl), and lead (Pb). 

Most heavy, or transition, metals are located in the center of the periodic 

table,between groups II and III. 

 

Heavy metals are natural components of the Earth's crust. They cannot be 

degraded or destroyed to a small extent they enter our bodies via food, 

drinking water and air. As trace elements, some heavy metals (e.g. copper, 

selenium, zinc) are essential to maintain the metabolism of the human body. 

However, at higher concentrations they can lead to poisoning. Heavy metal 

poisoning could result, for instance, from drinking-water contamination (e.g. 

lead pipes), high ambient air concentrations near emission sources, or intake 

via the food chain [1] . 

Motivations for controlling heavy metal concentrations in gas streams are 

diverse. Some of them are dangerous to health or to the environment (e.g. 

mercury, cadmium, lead, chromium) [1]. Some may cause corrosion (e.g. zinc, 

lead), some are harmful in other ways (e.g. arsenic may pollute catalysts). 

Within the European community the eleven elements of highest concern are 

arsenic, cadmium, cobalt, chromium, copper, mercury, manganese, nickel, 

lead, tin, and thallium, the emissions of which are regulated in waste 

incinerators. Some of these elements are actually necessary for humans in 

minute amounts (cobalt, copper, chromium, manganese, nickel) while others 

are carcinogenic or toxic, affecting, among others, the central nervous system 

(manganese, mercury, lead, arsenic), the kidneys or liver (mercury, lead, 

cadmium, copper) or skin, bones, or teeth (nickel, cadmium, copper, 

chromium) [2].
 

http://www.lenntech.com/Periodic-chart-elements/Hg-en.htm
http://www.lenntech.com/Periodic-chart-elements/Cd-en.htm
http://www.lenntech.com/Periodic-chart-elements/As-en.htm
http://www.lenntech.com/Periodic-chart-elements/Cr-en.htm
http://www.lenntech.com/Periodic-chart-elements/Tl-en.htm
http://www.lenntech.com/Periodic-chart-elements/Pb-en.htm
http://www.lenntech.com/Periodic-chart-elements/Cu-en.htm
http://www.lenntech.com/Periodic-chart-elements/Se-en.htm
http://www.lenntech.com/Periodic-chart-elements/Zn-en.htm
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Heavy metal pollution can arise from many sources but most commonly arises 

from the purification of metals, e.g., the melting of copper and the preparation 

of nuclear fuels. Electroplating is the primary source of chromium and 

cadmium. Through precipitation of their compounds or by ion exchange into 

soils and muds, heavy metal pollutants can localize and lay dormant. Unlike 

organic pollutants, heavy metals do not decay and thus pose a different kind of 

challenge for remediation. Currently, plants or microorganisms are tentatively 

used to remove some heavy metals such as mercury. Plants which exhibit 

hyper accumulation can be used to remove heavy metals from soils by 

concentrating them in their bio matter. Some treatment of mining tailings has 

occurred where the vegetation is then incinerated to recover the heavy metals 

[2]. 

In medical usage, heavy metals are loosely defined [3] and include all toxic 

metals irrespective of their atomic weight: "heavy metal poisoning" can 

possibly include excessive amounts of iron, manganese, aluminium, mercury, 

cadmium, or beryllium (the fourth lightest element) or such a semimetal as 

arsenic. This definition excludes bismuth, the densest of approximately stable 

elements, because of its low toxicity. 

Minamata disease results from mercury poisoning, and itai-itai disease from 

cadmium poisoning [4]. 

Heavy metals in a hazardous materials (or "hazmat") setting are for the most 

part classified in "Misc." on the UN model hazard class, but they are 

sometimes labeled as a poison when being transported [4]. 

Burn up of nuclear fuel is expressed in giga watt-days per metric ton of heavy 

metal, where heavy metal means actinides like thorium, uranium, plutonium, 

etc., including both fissile and fertile material. It does not include elements 

such as oxygen that may be bonded to the fuel metals, or cladding materials 

such as zirconium, which might be considered heavy metals by some other 

standards [4] . 

 

 

http://en.wikipedia.org/wiki/Smelting
http://en.wikipedia.org/wiki/Nuclear_fuel
http://en.wikipedia.org/wiki/Cadmium
http://en.wikipedia.org/wiki/Soil_contaminant
http://en.wikipedia.org/wiki/Bay_mud
http://en.wikipedia.org/wiki/Toxic_metal
http://en.wikipedia.org/wiki/Toxic_metal
http://en.wikipedia.org/wiki/Iron
http://en.wikipedia.org/wiki/Manganese
http://en.wikipedia.org/wiki/Aluminium
http://en.wikipedia.org/wiki/Mercury_(element)
http://en.wikipedia.org/wiki/Cadmium
http://en.wikipedia.org/wiki/Beryllium
http://en.wikipedia.org/wiki/Arsenic
http://en.wikipedia.org/wiki/Bismuth
http://en.wikipedia.org/wiki/Minamata_disease
http://en.wikipedia.org/wiki/Mercury_poisoning
http://en.wikipedia.org/wiki/Itai-itai_disease
http://en.wikipedia.org/wiki/Cadmium_poisoning
http://en.wikipedia.org/wiki/Hazardous_materials
http://en.wikipedia.org/wiki/Burnup
http://en.wikipedia.org/wiki/Nuclear_fuel
http://en.wikipedia.org/wiki/Gigawatt
http://en.wikipedia.org/wiki/Metric_ton
http://en.wikipedia.org/wiki/Actinide
http://en.wikipedia.org/wiki/Thorium
http://en.wikipedia.org/wiki/Uranium
http://en.wikipedia.org/wiki/Plutonium
http://en.wikipedia.org/wiki/Fissile
http://en.wikipedia.org/wiki/Fertile_material
http://en.wikipedia.org/wiki/Cladding_(nuclear_fuel)
http://en.wikipedia.org/wiki/Zirconium
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1.1 Problem description : 

Water is a limited  resource, necessary for the life on  the  earth and social 

economic  development and sustainability . The critical water crises caused by 

many factor, steep population growth,  life style,  water pollution. [5] . Most 

countries in the Middle East suffer from the water stress ( i.e their per capita 

yearly fresh water resources are below (1000 m
3
\cap\y )[6] .The water 

situation in Gaza strip UN released  a report saying that(  90%) from aquifer  

is not safe drinking water without  treatment, the allowable level for safe 

drinking water standards set by the World Health Organization (WHO ).  

Later appear another problem in Gaza stripe with water contents from heavy 

metals where it was found, the concentration of lead, chromium,  cadmium 

and iron  above EPA standards in some wells [7]. 

According to (PCBS 2012) the pollution of water in Palestinian territory , 

could be  summarized as : cause of infection agricultural, and animals residue,  

detergents, material consumed for oxygen, oil and petroleum products, 

chemicals,  radioactive substances and heavy metals.  

 

1.2 Scope and objectives : 

The aim of the research is to examine presence of heavy metals in 

groundwater and their concentration in the soil  . 

The objective of this research work are : 

1- To test the effects of the treated wastewater effluent on the soil and 

groundwater with regard to heavy metal dynamics. 

2. Determination of heavy metals in wastewater, soil and groundwater samples 

in the area of the BL-WWTP.  

3. Development of groundwater model to simulate heavy metals transport in 

the groundwater in the BL-WWTP study area.  
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1.3 Implementation 

The study was carried out during the period of  March 2010 to August 2013. 

 The first part comprised of a field study that was carried out in Beit-Lahia 

area during the period of march 2010 with supervisors (Dr.Adnan Aaish, 

Dr.Mazen Hamada). This was in order to collect local samples of ground 

water, wastewater, soil and sludge to perform analysis related to the objectives 

of the study.  

This is within the framework of Research Center at Al-Azhar University - 

Gaza- Palestine and the center of desert research. 

The second part, which consists of the development of groundwater flow 

model and pollutant transport, was carried out at the Laboratory of Al-Azhar 

University. 

This study consists of a general literature review in chapter 2. General 

description of Beit-Lahia area, the study area, is presented in chapter 3 in 

addition to a description of wastewater treatment plant. Chapter 4 provides the 

methods and materials used  in the analysis of collected samples. Groundwater 

flow modeling is presented in chapter 5. Results and discussion are 

summarized in chapter 6. The conclusions and recommendations are presented 

in chapter 7. 

 

The target will be approached along these lines:- 

1- Literatures review of previous studies of the area. 

2- Field visits and data collection of the study area. 

3-  Wastewater, groundwater and soil sampling. 

4- Wastewater and groundwater samples analysis using Atomic Absorption 

Spectrometer. 

5- Mechanical  and chemical soil analysis 

6- Heavy metal movement down the soil profile  

7-  Data quality control 
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8- Developing groundwater modeling to predict heavy metals transport in the 

study area using VISUAL MODFLOW software. 
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CHAPTER 2 

Literature Review 

 

2.1 Occurrence of heavy metals in the environment 

In this part we will concentrate on the occurrence of the six heavy metals 

tested in this study. 

 

2.1.1 Cadmium : 

Cadmium belongs to Group II of the Periodic Table. It is found mainly in 

magmatic and sedimentary rocks with  concentrations up to 0.3 µg g
-1

. In the 

weathering process of the rock minerals it moves readily into the soil solution, 

where it is normally found in the form Cd
2+

. This chemical form is the most 

common form of Cd. Other ionic forms that may be found in the soil solution 

are: CdCl
+
, CdOH

+
, CdHCO3

+
, CdCl3

-
, CdCl4

2-
, Cd(OH)3

-
 and Cd(OH)4

2-
 [8]. 

Cadmium has had a wide range of uses in industry, including paints and 

pigments, electroplating, plastic stabilizers and silver-cadmium batteries.  

 

Cadmium derives its toxicological properties from its chemical similarity to 

zinc,  an essential micronutrient for plants, animals and humans. Cadmium is 

biopersistent and, once absorbed by an organism, remains resident for many 

years (over decades for humans) although it is eventually excreted [4] . 

In humans, long-term exposure is associated with renal disfunction. High 

exposure can lead to obstructive lung disease and has been linked to lung 

cancer, although data concerning the latter are difficult to interpret due to 

compounding factors. Cadmium may also produce bone defects (osteomalacia, 

osteoporosis) in humans and animals. In addition, the metal can be linked to 

increased blood pressure and effects on the myocardium in animals, although 

most human data do not support these findings [9] . 

The average daily intake for Cadmium for humans is estimated as 0.15µg from 
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O2 distil 
heat                      heat 
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air and 1µg from water. Its toxicity is linked with reproduction problem 

because it affects sperm and reduces birth weight. It is a potential carcinogen 

and seems to be a causal factor in cardiovascular diseases and hypertension. 

Large concentrations of Cd in the soil are associated with parent material 

(black slates) and most are manmade (burning of fossil fuels, application of 

fertilizers, sewage sludge, plastic waste) [4][9][10]. 

 The geochemical cycle of Cd and Zn is shown in Figure 2.1  

 

Cadmium is a by-product of Zn refining in the Zn mining industry. This 

processfollows the formula: 

 

ZnS → SO2 + ZnO → CO2+ Zn/Cd → Zn + Cd [11]. 

 

In recent years there has been an elevated input of Cd into the environment 

through increased use of phosphatic fertilizers, wastes (including sewage 

sludge) and aerial emission. 

 

 

Figure (2.1) The geochemical cycle of cadmium and zinc [11]. 
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2.1.2 Zinc : 

Zinc is a very common substance that occurs naturally. Many foodstuffs contain 

certain concentrations of zinc. Drinking water also contains certain amounts of zinc, 

which may be higher when it is stored in metal tanks. Industrial sources or toxic waste 

sites may cause the zinc amounts in drinking water to reach levels that can cause 

health problems. The average daily intake of zinc in drinking water is estimated as 

0.29 mg/l [9] . 

Zinc occurs naturally in air, water and soil, but zinc concentrations are rising 

unnaturally, due to addition of zinc through human activities. Most zinc is added 

during industrial activities, such as mining, coal and waste combustion and steel 

processing. Some soils are heavily contaminated with zinc, and these are to be found 

in areas where zinc has to be mined or refined, or were sewage sludge from industrial 

areas has been used as fertilizer.  

Zinc is the 23rd most abundant element in the Earth's crust. The dominant ore is zinc 

blende, also known as sphalerite. Other important zinc ores are wurzite, smithsonite 

and hemimorphite. The main zinc mining areas are Canada, Russia, Australia, USA 

and Peru' [9] . 

Zinc is an essential element for the plant growth. It occurs naturally in ore minerals 

especially sphalerite (ZnS). Weathering produces Zn
2+

 which can substitute for Mg
2+

 

in silicate minerals in the soil. The hydroxide Zn(OH)
+
 is also adsorbed on Fe and Mn 

oxides and clay minerals containing Al and Si lattice [9]. Other ionic forms in the soil 

solution are: Zn(OH)2 and ZnHPO4. Zinc is adsorbed strongly onto organic matter and 

clay particles in the soil and this adsorption is related to the cationexchange Capacity 

of the system in acidic media and is influenced by organic ligands in alkaline media. 

Industrial uses of Zn include corrosion protecting coating and manufacture of brass 

and other alloys [9]  Zinc has a very similar environmental chemical behaviour to Cd, 

as both elements normally occure together. The geochemical cycle of Zn, along with 

that of Cd, is shown in Figure 2.1 [4] [9] [10] . 

 

http://www.lenntech.com/drinking-water-FAQ.htm
http://www.lenntech.com/water-FAQ.htm
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2.1.3 Chromium : 

Chromium is a lustrous, brittle, hard metal. Its colour is silver-gray and it can be 

highly polished. It does not tarnish in air, when heated it burns and forms the green 

chromic oxide. Chromium is unstable in oxygen, it immediately produces a thin oxide 

layer that is impermeable to oxygen and protect the metal below [9] . 

Chromium is used in metal alloys and pigments for paints, cement, paper, rubber, and 

other materials. Low-level exposure can irritate the skin and cause ulceration. 

 Long-term exposure can cause kidney and liver damage, and damage too circulatory 

and nerve tissue. Chromium often accumulates in aquatic life, adding to the danger of 

eating fish that may have been exposed to high levels of chromium [4] [9] [10]. 

The average daily intake of chromium in the drinking water is estimated as 0.05 mg/L 

[4] [9] [10]. 

Chromium (Cr) is required for carbohydrate and lipid metabolism and the utilization 

of amino acids. Its biological function is also closely associated with that of insulin 

and most Cr-stimulated reactions depends on insulin. However, excessive amount can 

cause toxicity. Toxic levels are common in soils applied with sewage sludge [4] [9] 

[10].Trivalent chromium, the most common naturally occurring state of chromium, is 

not considered to be toxic; however, if present in raw water, it may be oxidized to 

hexavalent chromium during chlorination. Toxic effects of chromium in man are 

attributed primarily to this hexavalent form. At the maximum acceptable 

concentration in drinking water, ingestion of hexavalent chromium has not resulted in 

any known harmful effects on the health of man or animals [4] [9] [10]. 

 

2.1.4 Copper : 

 

Copper is a very common substance that occurs naturally in the environment and 

spreads through the environment through natural phenomena. Humans widely use 

copper. For instance it is applied in the industries and in agriculture. The production 

of copper has lifted over the last decades. 

Although copper is an essential substance to human life, but also in high doses it can 

cause anemia, liver and kidney damage, and stomach and intestinal irritation[9]. 
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People with Wilson's disease are at greater risk for health effects from over exposure 

to copper. Copper in the blood exist in two forms: bound to ceruloplasmin (85–95%) 

and the rest "free" loosely bound to albumin and small molecules. Free copper causes 

toxicity as it generates reactive oxygen species such as superoxide, hydrogen 

peroxide, the hydroxyl radical. These damage proteins, lipids and DNA [13]. 

Acute symptoms of copper poisoning by ingestion include vomiting, hematemesis 

(vomiting of blood), hypotension (low blood pressure), melena (black "tarry" feces), 

coma, jaundice (yellowish pigmentation of the skin), and gastrointestinal distress. 

Individuals with glucose-6-phosphate deficiency may be at increased risk of 

hematologic effects of copper. Hemolytic anemia resulting from the treatment of 

burns with copper compounds is infrequent [14]. 

 Mammals have efficient mechanisms to regulate copper stores such that they are 

generally protected from excess dietary copper level [15] . 

The U.S. Environmental Protection Agency's Maximum Contaminate Level (MCL) in 

drinking water is 1.3 mg/l [11,13]. The MCL for copper is based on the expectation 

that a lifetime of consuming copper in water at this level is without adverse effect 

(gastrointestinal effect). The U.S EPA lists evidence that copper causes testicular 

cancer as "most adequate" according to the latest research at Sanford-Burnham 

Medical Research Institute [14]. The Occupational Safety and Health Administration 

(OSHA) has set a limit of 0.1 mg/m
3
 for copper fumes (vapor generated from heating 

copper) and 1 mg/m
3
 for copper dusts (fine metallic copper particles) and mists 

(aerosol of soluble copper) in workroom air during an 8-hour work shift, 40-hour 

workweek [18] . 

The average daily intake for adult ranges from 1.5 to 3 mg per day. Copper normally 

occurs in drinking water from copper pipes, as well as from additives designed to 

control algal growth [18]. 

 

 

 

 

http://en.wikipedia.org/wiki/Ceruloplasmin
http://en.wikipedia.org/wiki/Albumin
http://en.wikipedia.org/wiki/Reactive_oxygen_species
http://en.wikipedia.org/wiki/Superoxide
http://en.wikipedia.org/wiki/Hydrogen_peroxide
http://en.wikipedia.org/wiki/Hydrogen_peroxide
http://en.wikipedia.org/wiki/Hydroxyl_radical
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Lipid
http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/Copper_toxicity#cite_note-4
http://en.wikipedia.org/wiki/Copper_toxicity#cite_note-5
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2.1.5 Lead : 

Lead is considered to be  the most serious pollutant of all heavy metals. It occurs 

naturally in the acidic series of magmatic rocks. Its natural state is PbS (galena). 

When rocks weather, Pb very slowly enters the soil solution system as Pb
2+

, but the 

oxidizing state of 4+ may also occur. When the pH rises, Pb changes its ionic form to 

Pb(OH)
+
 and Pb(OH)2. In alkaline pH conditions it precipitates as Pb(OH)2, PbCO3 or 

PbSO4[19]. Illite clay minerals seem to have a higher affinity for Pb than any other 

clay mineral. Lead is strongly adsorbed to organic matter in soils, more than any other 

heavy metal, and therefore organic matter is a very important sink for Pb in polluted 

soils [8].    

The anthropogenic emissions of Pb were 22 x 10
6
 kg y

-1
 in 1950, while earlier in the 

1990s they have been as high as 450 x 10
6
 kg y

-1
[11]. Industrial sources of Pb include 

primary smelters, where the processing of the ore material takes place, and secondary 

smelters, where the  recovery of Pb from scrap batteries, cable sheathing and other 

materials takes place. Lead has been used since the Roman times for water pipes, but 

this has now stopped, because water with pH < 5 dissolves Pb into the water supply 

[11]. However some old houses may still have Pb pipes. Other common uses of Pb 

include: PbCrO4 which is a yellow pigment used for road stripping and school buses, 

Pb3O4 which is a corrosion resistant red pigment, and Pb3(CO3)2(OH)2 which is a 

white indoor pigment. The greatest and most commonly known use of Pb is as  fuel 

additives (Pb(CH3)4 and Pb(C2H5)4) which are ‘antiknocking’ agents [17] . Lead is 

also used as a absorber of high energy  X and γ rays and in roofing, while PbO is used 

in crystal glass because it dispenses lightspectrally [21] . The geochemical cycle of Pb 

is shown in Figure 2.2. 

 

Humans exposure to lead can result in a wide range of biological effects depending on 

the level and duration of exposure. Various effects occur over a broad range of doses, 

with the developing fetus and infant being more sensitive than the adult. High levels 

of exposure may result in toxic biochemical effects in humans which in turn cause 

problems in the synthesis of hemoglobin, effects on the kidneys, gastrointestinal tract, 

joints and reproductive system, and acute or chronic damage to the nervous system [4] 
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[9] [10].Lead poisoning, which is so severe as to cause evident illness, is now very 

rare indeed. At intermediate concentrations, however, there is persuasive evidence 

that lead can have small, subtle, subclinical effects, particularly on 

neuropsychological developments in children. Some studies suggest that there may be 

a loss of up to 2 IQ points for a rise in blood lead levels from 10 to 20 µg/dl in young 

children [4] [9] [10] . 

 

Average daily lead intake for adults in the UK is estimated at 1.6 µg from air, 20 µg 

from drinking water and 28 µg from food [4] [9] [10]. Although most people receive 

the bulk of their lead intake from food, in specific populations other sources may be 

more important, such as water in areas with lead piping and plumb solvent water, air 

near point of source emissions, soil, dust, paint flakes in old houses or contaminated 

land. Lead in the air contributes to lead levels in food through deposition of dust and 

rain containing the metal, on crops and the soil. For the majority of people in the UK, 

however, dietary lead exposure is well below the provisional tolerable weekly intake 

recommended by the UN Food and Agriculture Organization and the World Health 

Organization [4] [9] [10]. 

 

Lead (Pb)  has been known to be toxic since the 2nd century BC in Greece. It is a 

widespread contaminant in soils. Lead poisoning is one of the most prevalent public 

health problems in many parts of the world. It was the first metal to be linked with 

failures in reproduction. It can cross the placenta easily. It also affects the brain, 

causing hyperactivity and deficiency in the fine motor functions, thus, it results in 

damage the brain. The nervous systems of children are especially sensitive to Pb 

leading to retardation. It is also cardio toxic and contributes to cardiomyopathy 

(disease of the heart muscle leading to the enlargement of the heart) [4] [9] [10]. 
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Figure (2.2 ):The geochemical cycle of lead [11] 

 

2.1.6 Nickel : 

Small amounts of Nickel are needed by the human body to produce red blood cells, 

however, in excessive amounts, can become mildly toxic. Short-term overexposure to 

nickel is not known to cause any health problems, but long-term exposure can cause 

decreased body weight, heart and liver damage, and skin irritation. The EPA does not 

currently regulate nickel levels in drinking water. Nickel can accumulate in aquatic 

life, but its presence is not magnified along food chains. 

Nickel is an essential element for plant growth, and it belongs to Group VIIIa of 

thePeriodic Table. Its occurrence in the earth’s crust ranges from 1400-2000 µg g
-1

 in 

the ultramafic rocks  to 5-15 µg g
-1

 in rocks with higher silicate contents (acidity), like 

the granites. The ion Ni
2+

, which is the result of weathering of the rock minerals, is 

relatively stable in the soil solution[22]. 

Organic matter has a great influence on this element as Ni can be strongly adsorbed 

by it [22] . As a result, Ni distribution in the soil profile is related to the organic 

matter content, and also to oxides and clay minerals. The commonest ionic forms of 

Ni (except for Ni
2+

) are: NiOH
+
, HNiO2-, Ni(OH)

3-
 [11]. Nickel may be 

http://www.lenntech.com/Periodic-chart-elements/Ni-en.htm
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aseriousairborne contaminant of industries using Ni-carbonyl compounds. Nickel-

carbonyl has been reported to be carcinogenic, although this is doubted [8]. Nickel is 

widely used in industry, as it is a metal which does not corrode as much as Fe. It is, 

therefore, used in the production of alloys, on which it confers them stain and 

corrosion protection [21].  

Nickel occurs in the environment only at very low levels. Humans use nickel for 

many applications like the use of nickel as an ingredient of steel and other metal 

products. Foodstuffs have low natural content of nickel but high amounts can occur in 

food crops growing in polluted soils. Humans may also be exposed to nickel by 

inhalation, drinking water, smoking, and eating contaminated food. Uptake of high 

quantities of nickel can cause cancer, respiratory failure, birth defects, allergies, and 

heart failure [4] [9] [10]. 

 

2.2 The most important disasters with heavy metals: 

 

[1] Minamata (1932) 

Sewage containing mercury is released by Chisso's chemicals works into Minimata 

Bay in Japan. The mercury accumulates in sea creatures, leading eventually to 

mercury poisoning in the population [ 23 ]. 

[2] Minamata Syndrome(1952) 

In 1952, the first incidents of mercury poisoning appear in the population of Minimata 

Bay in Japan, caused by consumption of fish polluted with mercury, bringing over 

500 fatalities. Since then, Japan has had the strictest environmentallaws in the 

industrialized world [ 23 ]. 

[3] Sandoz(1986) 

Water used to extinguish a major fire carries c. 30 t fungicide containing mercury into 

the Upper Rhine. Fish are killed over a stretch of 100 km. The shock drives many 

FEA projects forwards. See also "Pollution of the Rhine at Basel / Sandoz" [23 ] . 
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[4] Spanish(1998) 

Spanish nature reserve contaminated after environmental disaster toxic chemicals in 

water from a burst dam belonging to a mine contaminate the Coto de Donana nature 

reserve in southern Spain. Ca. 5 million m
3
 of mud containing sulphur, lead, copper, 

zinc and cadmium flow down the Rio Guadimar. Experts estimate that Europe's 

largest bird sanctuary, as well as Spain's agriculture and fisheries, will suffer 

permanent damage from the pollution [2]. 

 

2.3 Occurrence of heavy metals in Gaza Strip : 

 

The Gaza strip has suffered years of occupation, neglect and infrastructure 

destruction. The quality of the groundwater is a major problem in the Gaza strip. 

Access to sewerage facilities, at present, varies from area to area. On average, it is 

estimated that about 60% of the population is connected to a sewerage network [24]. 

Cesspits and boreholes are the other wastewater disposal systems in the area [25]. The 

effluents from the Gaza and Rafah-treatment plants are mostly discharged into the 

Mediterranean Sea. In the case of the Beit-Lahia wastewater treatment plant 

(BLWWTP), a substantial quantity of wastewater infiltrates into the ground, 

contaminating soil and groundwater in the area [26].  

Most of the water analysis in the Gaza strip were concerned on nitrate and chloride 

pollutions [27-32]. 

 B. Shomar et al [28] have recommended to the authorities in the Gaza Strip that they 

take immediate measures to combat excessive nitrate levels in the drinking water. 90 

percent of their water samples were found to contain nitrate concentrations that were 

between two and eight times higher than the limit recommended by the World Health 

Organization (WHO). 

In a study for the topsoil in Gaza Strip conducted by B.Shomar et al [32] in 2004, it 

showed that soils in the Gaza Strip fall within the range of uncontaminated  to slightly 

contaminated. It was found that up to 90% of the tested soils  had trace metal contents 

equal to the international background values. 10% show slightly contamination, 
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primarily by Zn, Cu, As, and Pb due to anthropogenic inputs, and the mean 

concentrations of  these elements were 180,  45, 13 and 190 mg/kg, respectively. 

Wastewater and sludge analysis in Gaza have been done by many  Researchers [34]. 

In study by B.Shomar et al [32]twelve elements (Ag, Al, As, Cd, Co, Cr, Cu, Fe, Mn, 

Ni, Pb, and Zn) were analyzed in 120 composite samples of influent and effluent 

wastewater; the results revealed that domestic wastewater influent contains 

considerable amounts of heavy metals and the partially functional treatment plants of 

Gaza are able to remove 40–70% of most metals during the treatment process. Heavy 

metals in 31 industrial wastewater effluent are within the ranges of international 

standards. All industries of Gaza are light; although they have no treatment facilities, 

their effluents are being discharged to municipal sewerage system and the existing 

treatment plants are capable of absorbing the industrial effluents with no significant 

impact on treatment bioprocesses.  

Thirty parameters were determined in 35 sludge samples: P, AOX, C, S, CaCO3, Mg, 

Ca, Na, K, Li, Cu, Zn, Ni, Pb, Mn, Fe, Cr, Co, Cd, As, Hg, Ti, Se, Br, Rb, Th, Sr, Y, 

U, and Zr. Although there are no treatment facilities for sludge within the treatment 

plants, the results indicated that sludge in general is clean of heavy metals. Only Zinc 

and AOX showed anomalous concentrations; more than 85% of sludge samples 

showed that averages of zinc and AOX are 2,000 mg/kg and 550 mg /kg, respectively, 

which exceed the standards of all industrial countries for sludge to be used in land 

application[34]. 

The studies of heavy metals in groundwater in the Gaza Strip were not given too 

much importance.  
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In astudy conducted by M.Al-Agha&H. El-Nakhal is showed the hydrochemical 

facies of groundwater in the Gaza strip. Groundwater in the north and west is mostly 

characterized by Ca-Mg-HCO3facies (alkaline water), and in the south and east by 

Na-Cl-SO4 facies (saline water) [35]. 

 

 

http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Al%5C-Agha%2C+Mohammad+R.)
file:///C:/Users/ziad/Desktop/C+Hamed+A.)%22H.%20El-HYPERLINK%20%22http:/www.tandfonline.com/action/doSearch%3faction=runSearch&type=advanced&result=true&prevSearch=+authorsfield:(El/-Nakhal,+Hamed+A.)%22Nakhal


 

Chapter3: study Are                                                                                                        EL- Radii,2013 

 

 
81 

 

CHAPTER 3 

Study Area 

 

3.1 Gaza Strip location and the study area 

 

Gaza Strip is located to the south-eastern coast of the Mediterranean Sea, between 

longitudes 34° 2” and 34° 25” East, and latitudes 31° 16” and 31° 45” North. It is an 

area of about (365 km
2
) and it is(45 km) long and its width ranges of 6-12 km 

approximately. It is located in the transitional zone between a temperate 

Mediterranean climate in the west and north, and an arid desert climate of the Sinai 

Peninsula on the east and south. The population characteristics are strongly influenced 

by political developments, which have played a significant role in their growth and 

distribution along the Gaza Strip. The total population is around 1,562,000 [36]. 

Temperature gradually changes throughout the year; it reaches its maximum in 

August (summer) and its minimum in January (winter). The average of the monthly 

maximum temperature ranges between ( 17.6° C) in January to ( 29.4° C) for August. 

The average of the monthly minimum temperature for January is about ( 9.6° C) and 

(22.7° C ) in August. The rainfall in the Gaza Strip gradually decreases from the north 

to the south. The values range from 410 mm/year in the north to 230 mm/year in the 

south  [37]. 

Gaza topography is characterized by elongated ridges and depressions, dry 

streambeds and shifting sand dunes. The ridges and depressions generally extend  

 NE-SW direction, parallel to the coastline. Ridges are narrow and consist primarily 

of Pleistocene-Holocen sandstone (locally named as Kurkar) alternated with red 

brown layer (locally named as Hamra). In the south, these features tend to be covered 

by sand dunes. Land surface elevations range from mean sea level to about 110 m 

above mean sea level. The geology of coastal aquifer of the Gaza Strip consists of the 

Pleistocene age Kurkar group and recent (Holocene age) sand dunes. The Kurkar 

group consists of marine and Aeolian calcareous sandstone (Kurkar), reddish silty 

sandstone (Hamra), silts, clays, unconsolidated sands and conglomerates[38].  
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Regionally, the Kurkar group is distributed in a belt parallel to the coastline, from 

Haifa in the north to the Sinai in the south. Near the Gaza Strip, the belt extends about 

15-20 km inland, where it unconformable overlies Eocene age chalks and limestones 

(the Eocene), or the Miocene-Pliocene age saqiye group, a 400-1000 m thick aquitard 

beneath the Gaza Strip,  consisting of a sequence of marls, marine shale’s and 

claystones. The Kurkar group consists of complex sequence of coastal, near-shore and 

marine sediments. The Gaza Strip Pleistocene granular aquifer is an extension of the 

Mediterranean seashore coastal aquifer. It extends from Askalan (Ashqelon) in the 

North to Rafah in the south, and from the seashore to 10 km inland. The aquifer is 

composed of different layers of dune sandstone, silt clays and loams appearing as 

lenses, which begin at the coast and feather out to about 5 km from the sea, separating 

the aquifer into major upper and deep sub aquifers. The aquifer is built upon the 

marine marly clay Saqiye Group [39]. In the east-south part of the Gaza Strip, the 

coastal aquifer is relatively thin and there are no discernible sub aquifers  [40].The 

Gaza aquifer is a major component of the water resources in the area. It is naturally 

recharged by precipitation and additional recharge occurs by irrigation return flow. 

The consumption has increased substantially over the past years; the total 

groundwater use in year 2009 is about 165 Mm
3
/year, the agricultural use about 74 

Mm
3
/year, domestic and industrial consumption about 91 Mm

3
/year[41]. The 

groundwater level ranges between 5 m below mean sea level (msl) to about 6 m above 

mean sea level. 

The soil in the Gaza Strip is composed mainly of three types, sands, clay and loess. 

The sandy soil is found along the coastline extending from south to outside the 

northern border of the Strip, at the form of sand dunes. The thickness of sand 

fluctuates from two meters to about 50 meters due to the hilly shape of the dunes. 

Clay soil is found in the north eastern part of the Gaza Strip. Loess soil is found 

around Wadis, where the approximate thickness reaches about 25 to 30 m [42]. 

Biet-lahia (the study area) is a small village located in the northen area of Gaza strip 

about 9 km from Gaza City, 5 km north of Jabaliya, bounded on the west by the 

Mediterranean at a distance of 4 km from the center of the village on the east by the 

town of BeitHanoun and Asbetha and north village Herbaa occupied by the Jews in 

1948 It is south of Jabalya and influenza, and the Jabalya refugee camp. 
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 Most of its people work in the agricultural field and many of the families live in the 

farm and use wells water for drinking and irrigation . 

 

 

 

Figure(3.1) Arial photo of Biet-Lahia area 

 

Beit Lahia treatment plant was established in 1974 in Beit Lahia by the Israeli Civil 

Administration in the outskirts of the town of Beit Lahia in the northern area of the 

Gaza Strip. The plant had established a secondary treatment system in order to take up 

5,000 cubic meters of wastewater per day to serve 50,000 people in Jabalya. The aim 

behind the plant establishment was to re-use the treated wastewater for agricultural 

purposes but this aim was not achieved since the treated wastewater –before it formed 

a lake- started to accumulate in the adjoining sand dunes and this imposed a threat to 

the neighboring area. The lake had started to get wider because the quantity of 

pumped waste water was much more than the quantity the lake designed to absorb 

(20,000 cubic meters). As a result , the Coastal Municipalities Water Utility (CMWU) 

efforts in cooperation with the Palestinian Water Authority (PWA) and the World 

Bank , the expanded lake (2.5 Million cubic meters of wastewater) was drained by 

pumping the wastewater to the northern and eastern lagoons in the same governorate. 

The Construction of the ENGEST project has started where as the new treatment plant 
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expected to be operational after 3 years. In the meantime , the CMWU will keep 

upgrading the existing NWWTP in order to keep acceptable treatment to infiltrate the 

treated WW in the eastern lagoons. 

 

 

Figure (3.2) :Biet - Lahia Wastewater Treatment Plant ( BLWWTP)  
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CHAPTER 4 

Materials and  Methods 

  4.1 Water analysis 

4.1.1 Sampling site 

Several wells as shown at table ( 6.1) and  presented in figure (4.1)   used for domestic 

consumption in different sites in the northern of  Gaza Strip were subject  to water 

sampling. The distance from plant among wells varied between 2 -3 km. The soil 

characteristics on the sampling sites were relatively similar with closest hydraulic 

conductivity. Agricultural and industrial activities were similarly distributed around 

sampling sites. The population densities around were similar around each of the 

sampling sites (Aish 2004). 

4.1.2 Water sampling 

Water samples were collected in the middle of March 2010 .Plastic bottles, acid 

washed were used to collect the samples. The volume of each sample was 1Litter and 

collected directly from the well after 0.5 hour of pump operation. Bottles were saved 

in dark and ice box and have sent to the lab . 

4.1.3 Sample Preparation 

The samples were saved in the fridge for cations and anions analysis ,and about 

 100ml of each sample was saved in nitric acid with ( pH=2) for heavy metals analysis 

.4.1.4Chemicals and Materials 

For measuring the different parameters , the following devices and chemicals are used  

as shown in table (4.1 ) , (4.2)  : 
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Table (4.1) : chemicals used in analyses   

Company Compound  

Himedia laboratories pvt. Ltd. Mumbai , India. Potassium dihydrogen phosphate 1- 

Himedia laboratories pvt. Ltd. Mumbai , India. Disodium  hydrogen phosphate 2- 

Himedia laboratories pvt. Ltd. Mumbai , India. Potassium hydrogen phthalate buffere 3- 

Himedia laboratories pvt. Ltd. Mumbai , India. Chloroplatinic acid 4- 

Himedia laboratories pvt. Ltd. Mumbai , India. Ethanol 5- 

Himedia laboratories pvt. Ltd. Mumbai , India. Murexide indicator 6- 

Himedia laboratories pvt. Ltd. Mumbai , India. EDTA 7- 

Himedia laboratories pvt. Ltd. Mumbai , India. Silver nitrate 8- 

Himedia laboratories pvt. Ltd. Mumbai , India. Aluminium potassium sulphate 9- 

Himedia laboratories pvt. Ltd. Mumbai , India. Ammonium hydroxide 10- 

Fluka AG, Switzerland, Germany. Sodium borate decahydrate 11- 

Fluka AG, Switzerland, Germany. Chromic acid 12- 

Fluka AG, Switzerland, Germany. Lead acetate 13- 

Fluka AG, Switzerland, Germany. Acetone 14- 

Fluka AG, Switzerland, Germany. Nitric acid 15- 

Merck, Darmstadt, Germany. Potassium chloride solution 16- 

Merck, Darmstadt, Germany. Potassium nitrate 17- 

Merck, Darmstadt, Germany. Trichloromethan 18- 

Merck, Darmstadt, Germany. Hydrochloric acid 19- 

Merck, Darmstadt, Germany. Sodiume chloride 20- 

Merck, Darmstadt, Germany. Potassium chromate 21- 

Merck, Darmstadt, Germany. Sodium hydroxide 22- 

Merck, Darmstadt, Germany. Dipotassium chromate 23- 

Wako, wako pure chemical industries ltd, 

Osaka, Japan 

Cu, Zn, Cd, Ni, Pb and Cr stock solutions 24- 
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 Figure (4.1) The sites of sampling wells. 
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table (4.2) :instrument used in analyses 

 

1-  pH 

Reagents 

a. Potassium hydrogen phthalate buffer, 0.05M, pH 4.00. Dissolve 10.12 g KHC8H4O4 

(potassium hydrogen phthalate) in 1000 mL freshly boiled and cooled distilled water. 

b. 0.025M Potassium dihydrogen phosphate + 0.025M disodium hydrogen phosphate 

buffer, pH 6.86. Dissolve 3.387 g KH2PO4 + 3.533 g Na2HPO4 in 1000 mL freshly 

boiled and cooled distilled water. 

c. 0.01M sodium borate decahydrate (borax buffer), pH = 9.18. Dissolve 3.80 g 

Na2B4O7.10H2O in 1000 mL freshly boiled and cooled distilled water. 

d. Store buffer solutions in polyethylene bottles. Replace buffer solutions every 4 

weeks. 

 

 

 

Company Instrument  

HI-3220 , Hanna company,Osaka, Japan pH-meter                                                                                       1- 

HI-4321, Hanna company, Osaka, Japan Electrical Conductivity meter           2- 

Perkinelmer company (lambda 25)          Uv/Vis spectrophotometer              3- 

Photoelectric company ,Tokyo , Japan                      Flame photometer                             4- 

AA-6701/6601                                              

  Analytical Instrument Division, Kyoto, Japan  

 

Atomic Absorption Spectroscopy    5- 

SM3120-B                                                  Inductively Coupled Plasma              6- 
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Procedure 

a. Remove electrodes from storage solution, rinse, blot dry with soft tissue, place in 

initial buffer solution and standardize pH meter according to manufacturer’s 

instructions. 

b. Remove electrodes from the first buffer, rinse thoroughly with distilled water, blot 

dry and immerse in second buffer preferably of pH within 2 pH units of the PH of the 

sample. 

Read pH, which should be within 0.1 unit of the pH of the second buffer. 

c. Determine pH of the sample using the same procedure as in (b) after establishing  

equilibrium between electrodes and sample. For buffered samples this can be done by 

dipping the electrode into a portion of the sample for 1 min. Blot dry, immerse in a 

fresh portion of the same sample, and read pH. 

d. With dilute poorly buffered solutions, equilibrate electrodes by immersing in three 

or four successive portions of the sample. Take a fresh sample to measure pH. 

e. Stir the sample gently while measuring pH to insure homogeneity [44]. 

2-Electrical conductivity 

Apparatus 

a. Conductivity meter capable of measuring conductivity with an error not exceeding 

1% or 0.1mS/mwhicheve is greater. 

b. Conductivity cell, Pt electrode type. For new cells not already coated and old cell 

giving erratic readings platinise according to the following procedure. Clean the cell 

with chromic - sulphuric acid cleaning mixture. Prepare platinising solution by 

dissolving 1g chloroplatinic acid, H2Pt Cl6.6H2O and 12mg lead acetate in 100 mL 

distilled water. Immerse electrodes in this solution and connect both to the negative 

terminal of a 1.5V dry cell battery (in some meters this source is built in). Connect the 

positive terminal to a platinum wire and dip wire into the solution. Continue 

electrolysis until both cell electrodes are coated with platinum black 
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Reagent 

a. Conductivity water - use distilled water boiled shortly before use to minimise CO2 

content. Electrical conductivity must be less than 0.01 mS/m . 

b. Standard potassium chloride solution, KCl, 0.01M, conductivity 141.2 mS/m at 

 25
o
C

 

Dissolve 745.6mg anhydrous KCl (dried 1 hour at 180°C) in conductivity water and 

dilute to 1000 mL. This reference solution is suitable when the cell has a constant 

between 1 and 2 per cm. 

Procedure 

a. Rinse conductivity cell with at least three portions of 0.01M KCl solution. Measure 

resistance of a fourth portion and note temperature. 

b. In case the instrument indicates conductivity directly, and has internal temperature 

compensation, after rinsing as above, adjust temperature compensation dial to 

 0.0191/ °C and with the probe in standard KCl solution, adjust meter to read 141.2 

mS/m (or 1412 μ mho/cm) continue at step d. 

c. Compute the cell constant, KC according to the formula: 

        …………………(1). 

where: 

Kc = the cell constant, 1/cm 

CKCl = measured conductance, μmho 

t = observed temperature of standard KCl solution, °C 

d. Rinse cell with one or more portions of sample. The level of sample aliquot must be 

above the vent holes in the cell and no air bubbles must be allowed inside the cell. 
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Adjust the temperature of sample to about 25°C (outside a temperature range of 20 - 

30°C, error increases as the sample temperature increasingly deviates from the 

reporting temperature of 25°C). Read sample conductivity and note temperature to 

nearest 0.1°C. 

e. Thoroughly rinse the cell in distilled water after measurement, keep it in distilled 

water when not in use. 

Calculation 

a. When sample conductivity is measured with instruments having temperature 

compensation, the readout automatically is corrected to 25C
o
. If the instrument does 

not have internal temperature compensation, conductivity at 25C
o
 is: 

……….(2). 

where: 

Kc = the cell constant, 1/cm 

CM = measured conductance of the sample, mS 

t = observed temperature of sample, 
0
C 

b. Record the meter reading, the unit of measurement and the temperature of the 

sample at the time of reading. Report the electrical conductivity at 25°C. Report 

conductivity preferably in (µS/cm)  [45]. 

3. Total dissolved solids , TDS 

Method: Calculation method 

By multiplying the E.C value with (0.64).  
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4 - Analysis of Cations and anions  

1-Determination  of  Nitrate  NO3
-
 

Method: UV Spectrophotometric 

Apparatus 

a. Spectrophotometer, for use at 220nm and 275nm with matched Silica cells of 1 cm 

or longer light path. 

Reagents 

a. Nitrate free water: Use re-distilled or de-ionised water to prepare all solutions. 

b. Stock Nitrate solution: Dissolve 0.7218g KNO3, earlier dried in hot air oven at 

105
o
C overnight and cooled in desiccator, in distilled water and dilute to 1L. Preserve 

with 2 mL of CHCl3/L; 1 mL = 100 μg NO3
-
-N, stable for 6 months. 

c. Standard Nitrate Solution: Dilute 100 mL of stock solution to 1000 mL with water, 

Preserve with 2ml of CHCL3lL; 1ml=10  μg NO3
-
-N, stable for 6 months .  

d. Hydrochloric acid solution, HCl, 1N: Cautiously add 83 mL conc. HCl to about 850 

mL of distilled water while mixing, cool and dilute to 1L. 

 

Procedure 

a. Treatment of sample: Add 1 mL HCl to 50 mL clear/filtered sample, mix. 

b. Preparation of standard curve: Prepare calibration standards in the range of 0-7 mg 

NO3
-
N/L by diluting to 50 mL the following volumes of standard solutions, add 1 mL 

of HCl and mix.  
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Table ( 4.3) :NO3against NO3
-
-N concentration 

 

c. Spectrophotometric measurements: Read absorbance or transmittance against re-

distilled water set at zero absorbance or 100 % transmittance. Use a wavelength of 

220 nm to obtain NO3
- 
reading and a wavelength of 275nm to determine interference 

due to dissolved organic matter. 

Calculation 

For sample and standards, subtract 2 times the absorbance reading at 275nm, from the 

reading at 220nm to obtain absorbance due to NO3
-
.Prepare a standard curve by 

plotting absorbance due to NO3 against NO3
-
-N concentration of standards. Obtain 

sample concentrations directly from standard curve, by using corrected sample 

absorbance's [47] . 

2-Determination of Sulphate SSS:S 01 April 1999 

Reagents 

a. Buffer solution A: Dissolve 30g magnesium chloride, MgCl2.6H2O, 5g sodium 

acetate, CH3COONa.3H2O, 1g potassium nitrate, KNO3, and 20 mL acetic acid 

CH3COOH (99%) in 500 mL distilled water and make up to 1000 mL. 

b. Buffer solution B: Only required if sample SO4
 -2

 concentration is less than 10 

mg/L. Prepare as buffer solution A and add 0.111g sodium sulphate, Na2SO4. 

c. Barium chloride, BaCl2, crystals, 20 to 30 mesh. 

d. Standard sulphate solution: Dilute 10.4 mL standard 0.02N H2SO4 in to 100 mL 

(1.00 mL = 100μg SO4
2-

). 

e. Standard sodium carbonate, approximately 0.05N. Dry 3 to 5g sodium carbonate, 
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Na2CO3, at 250°C for 4h and cool in a desiccator. Accurately weigh 2.5±0.2g to the 

nearest mg, dissolve in distilled water and make to 1L. 

f. Standard H2SO4, approximately 0.1N. Dilute 2.8 mL conc. sulphuric acid to 1L. 

 

 

Standardise against 40.00 mL 0.05N Na2CO3 with about 60 mL distilled water, in a 

beaker by titrating potentiometrically to pH 5. Lift out electrodes, rinse into the same  

beaker and boil gently for 3 to 5 min under a watch glass cover. Cool to room 

temperature, rinse cover glass into beaker and finish titration to pH 4.3. Calculate 

normality of sulphuric acid: 

Normality  N = (A * B/53.00*C) 

where: 

A = g Na2CO3 weighed into the 1-L flask for Na2CO3 standard  

B = mL Na2CO3 solution taken for standardisation titration 

C = mL acid used in standardisation titration 

g. In case potentiometric titration is not possible use bromcresol green indicator to 

complete the titration. The indicator is prepared by dissolving 100mg bromcresol 

green sodium salt in 100 mL distilled water. 

h. Standard sulphuric acid, 0.02N. Dilute the approximate 0.1N solution to 1L. 

Calculate volume to be diluted as: 

mL volume = 20/N 

where: 

N = exact normality of the approximate 0.1N solution. 

Procedure 

a. Standardise nephelometer following manufacturer’s instructions. 

b. Measure the turbidity of sample-blank, a sample in which no BaCl2 is added. 

c. Measure 100 mL sample, or a suitable portion made up to 100 mL, into a 250 mL 

conical flask. Add 20 mL buffer solution and mix. While stirring add a spoonful of 

BaCl2 crystals. Stir for 60 ± 2 s. 

d. Measure turbidity of the sample at 5±0.5 min after stirring ended 

e. Prepare SO4
-2

 standards at 5 mg/L increments in the range of 0- to 40 mg/L SO4
-2

 

f. Develop BaSO4 turbidity for the standards . 
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g. Determine turbidity of the standards using procedure as above and draw calibration 

curve between turbidity and SO4
-2

 concentration, mg/L. 

h. In case of buffer solution B is used for samples containing less than 10mg/L SO4
-2

 , 

run a reagent-blank with distilled water in place of sample, developing turbidity and 

reading it . 

Calculation 

In case buffer solution A is used, read SO4
-2

 concentration for the sample from the 

calibration curve after subtracting the turbidity of sample-blank from the turbidity of 

the treated sample. If less than 100 mL sample was used, multiply the result by 

100/mL sample volume. 

In case buffer solution B is used for samples containing less than 10mg/L sulphate, 

calculate SO4
-2

 as follows. Read SO4
-2

 concentration in the treated sample from the 

calibration curve after subtracting the turbidity of sample-blank from the turbidity of 

the treated sample (same as in i). Subsequently read SO4
-2

 concentration for the 

reagents from the turbidity value of the reagent-blank from the calibration curve. 

Report the corrected SO4
-2

 concentration in the sample after subtracting the reagent-

blank SO4
-2

 concentration from the sample SO4
- 2

  concentration [47]. 

 

5- Determination of sodium ion Na
+
 

Method : Flame Photometery 

Flame photometry is an atomic emission method for the routine detection of metal 

salts, principally Na, K, Li, Ca, and Ba. Quantitative analysis of these species is 

performed by measuring the flame emission of solutions containing the metal salts. 

Solutions are aspirated into the flame. The hot flame evaporates the solvent, atomizes 

the metal, and excites a valence electron to an upper state. Light is emitted at 

characteristic wavelengths for each metal as the electron returns to the ground state. 

Optical filters are used to select the emission wavelength monitored for the analyte 

species. Comparison of emission intensities of unknowns to either that of standard 

solutions, or to those of an internal standard, allows quantitative analysis of the 

analyte metal in the sample solution. 



 

 

Chapter4:Materials and Methods                                                                                EL- Radii, 2013 

 
22 

 

Flame photometry is a simple, relatively inexpensive, high sample throughput method 

used for clinical, biological, and environmental analysis. The low temperature of the 

natural gas and air flame, compared to other excitation methods such as arcs, sparks, 

and rare gas plasmas, limit the method to easily ionized metals. Since the temperature 

isn't high enough to excite transition metals, the method is selective toward detection 

of alkali and alkali earth metals. On the other hand, the low temperatures renders this 

method susceptible to certain disadvantages, most of them related to interference and 

the stability (or lack there) of the flame and aspiration conditions. Fuel and oxidant 

flow rates and purity, aspiration rates, solution viscosity, concomitants in the samples, 

etc affect these. It is therefore very important to measure the emission of the standard 

and unknown solutions under conditions that are as nearly identical as possible. 

This experiment will serve as an introduction to sodium analysis by flame emission 

photometry and will demonstrate the effects of cleanliness and solution viscosity on 

the observed emission intensity readings. The instrument is calibrated with a series of 

standard solutions that cover the range of concentrations expected of the samples. 

Standard calibrations are commonly used in instrumental analysis. They are useful 

when sample concentrations may vary by several orders of magnitude and when the 

value of the analyte must be known with a high degree of accuracy. This experiment 

does not produce hazardous waste.  

Procedure 

Allow a sufficient warm-up period. Be sure to aspirate deionized-distilled water 

between samples to clean out the sample tube and aspirator. Sodium is ubiquitous. It 

is imperative that you use scrupulously cleaned glassware to obtain good results. 

Standard Preparations 

Prepare sodium chloride standard solutions by volumetric dilution of the stock 

solution. The following approximate concentrations should be made: 5, 10, 25, 50, 75, 

and 100 mg/mL as Na. Use ultra-pure deionized-distilled water to clean your 

glassware and for dilution of the 1000 mg/mL standard. Prepare these standards in 

scrupulously clean volumetric glassware and transfer the solutions to plastic bottles. 
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Glass often is made from high sodium glass. Allowing extremely high or low pH 

solutions to stand in glass could alter the sodium concentrations in solution . 

Unknown Preparation 

Obtain a sodium unknown in clean 50 mL volumetric flask. Dilute to the mark with 

distilled water. 

Instrument Calibration 

Set the readout to zero using distilled water as a blank. Set the peak reading according 

to the instrument instructions using the most concentrated sodium solution (100 

mg/mL). Measure the emission intensity of each of the remaining sodium standard 

solutions, and of the sodium unknown solution. Check for accuracy and repeatability 

by measuring the standards several times. Be sure to aspirate deionized distilled water 

between measurement. 

Results Presentation  

Plot a working curve from the data obtained in the Instrument Calibration step. 

Calculate and report the sodium concentration of the unknown, "fingered" solution, 

and  water samples in units of mg/ml. 

Plot intensity reading as a function of viscosity for the data of Viscosity Variation 

step. 

Turn in the two graphs and the sodium concentrations of the unknown, "fingered" 

solution, and  water. Grades will be based 80% on the reported unknown 

concentration and 20% on graphs[48,49]. 
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6 -Determination of calcium hardness as Ca
2+ 

ion  

Measuring method: Titration method  

Reagents: 

Sodium hydroxide NaOH(1M) 

Murexide (indicator) 

EDTA (Titrant)(0.01M) 

Procedure: 

1-Take 25ml ofsample of water in conical flask or beaker. 

2-Add 2ml of NaOH  to rise PH to 12. 

3-Add0.2g of Murexide (indicator). 

4-Titrant with EDTA till the pink color change to purple. 

Calculation: 

Calcium hardness as ca
2+ 

=A*B*N*1000/V…………..(3). 

Where: 

A: Volume of titrant used for water  sample 

B:  Atomic Weight of Calcium(40.08) 

M: Molarity of EDTA (0.01M) 

V:ml of sample  [50]. 

7-Calculation method for determination of Mg
2+

 ion  

Calculation: 
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Total hardness as CaCO3-Calcium hardness as CaCO3*0.243=mg\l as 

Mg+2[51].     ………….(4)  

 

8-  Determination of Chloride ion Cl
- 

Method: Argentometric Titration  

Reagents  

a. Potassium chromate indicator solution: Dissolve 50 g K 2CrO4 in a little 

distilled water.  

Add( AgNO3) solution until a definite red precipitate is formed. Let stand 

12 h, filter, and dilute to 1 L with distilled water.  

b. Standard silver nitrate titrant, ( 0.0141M) (0.0141N): Dissolve 2.395 g 

AgNO3 in distilled water and dilute to 1000 mL; 1 mL = 500 μgCl
-
. Store 

in brown bottle.  

Standardise against 10 mL standard (NaCl) diluted to 100 mL, following 

the procedure described for the samples . 

……………….(5). 

Where : 

N = normality of AgNO3 

V = mL AgNO3 titrant 

B = mL titration for blank  

c . Standard sodium chloride, 0.0141M (0.0141N): Dissolve 824.0 mg 

NaCl (dried at 140 C
o
)in distilled water and dilute to 1000 mL; 1mL = 500 

μgCl 
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d. Aluminium hydroxide suspension: Dissolve 125 g aluminium potassium 

sulphate or aluminium ammonium sulphate, AlK(SO 4)2.12H2O or 

AlNH4(SO4)2.12H2O, in 1L distilled water. Warm to 60C
o
 and add 55mL 

concentrated ammonium hydroxide slowly with stirring. Let stand for 

about 1h, transfer to a large bottle. Wash precipitate two times or till free 

of chloride, by successive addition of distilled water, settling and 

decanting.  

Procedure 

a. Use a 100 mL sample or a suitable portion diluted to 100 mL. If the 

sample is coloured or turbid, add 3 mL Al(OH)3 suspension, mix, let settle 

and filter.  

b. Add 1 mL K2CrO4 indicator solution, titrate with AgNO3 titrant to a 

pinkish yellow end point.  

c. Repeat the titration with distilled water blank. A blank of 0.2 to 0.3 mL 

is usual. 

Calculation 

…………..(6). 

Where : 

A = mL titration for sample  

B = mL titration for blank 

N = normality of AgNO3[52]. 

9 - Heavy Metal analysis 

Atomic-Absorption Spectroscopy (AAS)Method : 
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Atomic-absorption spectroscopy(AAS)  uses the absorption of light to measure the 

concentration of gas-phase atoms. Since samples are usually liquids or solids, the 

analyte atoms or ions must be vaporized in a flame or graphite furnace. The atoms 

absorb ultraviolet or visible light and make transitions to higher electronic energy 

levels. The analyte concentration is determined from the amount of absorption. 

Applying the Beer-Lambert law directly in AAS  spectroscopy is difficult due to 

variations in the atomization efficiency from the sample matrix, and nonuniformity of 

concentration and bath length of analyte atoms (in graphite furnace AA). 

Concentration measurements are usually determined from a working curve after 

calibrating the instrument with standards of known concentration.  

 

  

 

Figure(4.2) : Schematic of an atomic-absorption experiment: 

Instrumentation 

Light source 

The light source is usually a hollow-cathode lamp of the element that is being 

measured. Lasers are also used in research instruments. Since lasers are intense 

enough to excite atoms to higher energy levels, they allow AA and atomic 

fluorescence measurements in a single instrument. The disadvantage of these narrow-

band light sources is that only one element is measurable at a time. 

Atomizer 

AA spectroscopy requires that the analyte atoms be in the gas phase. Ions or atoms in 

a sample must undergo desolvation and vaporization in a high-temperature source 

http://www.files.chem.vt.edu/chem-ed/spec/absorption.html
http://www.files.chem.vt.edu/chem-ed/quantum/at-lvls.html
http://www.files.chem.vt.edu/chem-ed/quantum/at-lvls.html
http://www.files.chem.vt.edu/chem-ed/spec/beerslaw.html
http://www.files.chem.vt.edu/chem-ed/data/wcurve.html
http://www.files.chem.vt.edu/chem-ed/optics/sources/lamps.html
http://www.files.chem.vt.edu/chem-ed/optics/sources/lasers.html
http://www.files.chem.vt.edu/chem-ed/spec/atomic/afs.html
http://www.files.chem.vt.edu/chem-ed/spec/atomic/afs.html
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such as a flame or graphite furnace. Flame AA can only analyze solutions, while 

graphite furnace AA can accept solutions, slurries, or solid samples. Flame AA uses a 

slot type burner to increase the path length, and therefore to increase the total 

absorbance ( Beer-Lambert law). Sample solutions are usually aspirated with the gas 

flow into a nebulizing/mixing chamber to form small droplets before entering the 

flame. The graphite furnace has several advantages over a flame. It is a much more 

efficient atomizer than a flame and it can directly accept very small absolute 

quantities of sample. It also provides a reducing environment for easily oxidized 

elements. Samples are placed directly in the graphite furnace and the furnace is 

electrically heated in several steps to dry the sample, ash organic matter, and vaporize 

the analyte atoms. 

Light separation and detection 

AA spectrometers use monochromators and detectors for UV and visible light. The 

main purpose of the monochromator is to isolate the absorption line from background 

light due to interferences. Simple dedicated AA instruments often replace the 

monochromator with a bandpass interference filter. Photomultiplier tubes are the most 

common detectors for AA spectroscopy [53]. 

  

 

 

 

 

 

Figure (4.3) :  Picture of a flame atomic-absorption spectrometer 

 

 

http://www.files.chem.vt.edu/chem-ed/spec/beerslaw.html
http://www.files.chem.vt.edu/chem-ed/optics/detector/pmt.html
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Cleaning the glassware for heavy metals analysis: 

1-Wash the glasswares with tap water 

2-Washing with cleaning agent (chromic acid) because it can dissolve all heavy 

metals adsorped on the wall of glassware. 

3-Washing with tap water again. 

4-Washing with distilled water. 

5-Wash with acetone. 

6-Dry at 105C º furnace for 12 hours. 

NOTE: Chromic acid was prepared as follows 

K2Cr2O7 +  H2SO4 Chromic acid 

Stock solutions preparation:  

Pb,Cd,Ni,Cu and Cr solutions needs nitric acid instead of water for dilution because 

the standers of these elements are soluble in nitric acid. 

Zn solution needs hydrochloric acid for dilution. 

Preparation of nitric acid solution (1%wt ): 

Take 14 ml of nitric acid (37%)  and put in 1000ml volumetric flask. 

Preparation of Cu diluted solutions: 

To prepare 50ppm solution in 100ml volumetric flask from 1025ppm Cu standard 

solution as follows : 

N1*V1=N2*V2  
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1025*V=50*100 

V=50*100\1025=4.8ml 

Transfere 4.8 ml of standered  Cu (1025ppm) into 50 ml volumetric flask and to 

complete to the mark with 1 % wt nitric acid . 

Then from the 50 ppm solution further dilutions have been prepared as follows: 

To prepare 7,5,3,,2,1,.5ppm solutions in 50ml volumetric flask as following: 

1-7ppm solution Preparation of  

N1*V1=N2*V2 

50*V1=7*50 

V1=7ml 

Transfer  7ml of 50 ppm Cu standard  into  50 ml volumetric flask and complete with 

1%wt nitric acid to the mark . 

NOTE :The preparation of Cd ,Ni ,Cr and Pb diluted solutions are the same.  

Preparation of hydrochloric acid solution ( 1%wt): 

Take 31.25ml of conc (32%) HCL and put in 1000ml volumetric flask. 

Preparation of Zn diluted solutions: 

To prepare 50ppm solution in 100ml volumetric flask from 995ppm Zn standered 

solution as follows:  

N1*V1=N2*V2  

995*V=50*100 

V=50*100\995=5.02ml 

Transfer 5.02 ml of standard Zn solution (995 ppm) into the 50 ml volumetric flask 

and complete to the mark with 1% wtHCl 
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Then from the 50 ppm solution we can prepare diluted solutions . 

To prepare 7,5,3,,2,1,.5ppm solutions in 50ml volumetric flask as following: 

1-7ppm solution preperation 

N1*V1=N2*V2 

50*V1=7*50 

V1=7ml 

Transfere  7ml of 50 ppm standard  Cu solution into 50 ml volumetric flask and dilute 

with 1%wt HCl to the mark . 

4.2 Wastewater analysis 

4.2.1 Sampling site 

All wastewater samples was taken from BLWWTP. 

4.2.2 Wastewater sampling 

Wastewater samples were collected in the middle of  May 2010. Plastic bottles, acid 

washed were used to collect the samples. The volume of each sample was 1Litter.Two 

samples were  collected directly one from the inlet and the other from the outlet . 

Bottles were saved in dark and ice box and have sent to the lab. 
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. 

4.2.3 Sample preparation. 

Wastewater samples acidified by concentrated nitric acid to pH <2 and stored at 4◦C 

until analysis.Wastewater samples was filterated first by filter paper 

 (Gravityfilteration) then filterated again by startolab filter (0.2mm) for heavy metals 

analysis. 

 

4.2.4 Chemicals and Materials 

-Metal analysis 

AAS was used for heavy metal analysis. 

 

4.3 Soil and sludge analysis 

4.3.1 Sampling site 

Soil and sludge samples were obtained from different sites  around the BLWWTP as 

illustrated in table(6.9) . 

 

4.3.2 Soil and Sludge sampling 

In the field, bulk soil and sludge samples were taken from the plough layer (< 20 cm) 

and several subsamples were obtained, in order to represent  a reliable cross-section of 

the area. The samples were taken with a stainless steel spade. In the case of 

periodically taken samples from the field and the greenhouse, samples were obtained 

from three different points, in order to ensure representative sampling.  All soil and 

sludge samples were have the same sampling depth and the same equipment (auger 

for the field and spatula for the greenhouse pots, both made from stainless steel). In 

all cases, soil samples were put in clean plastic bags and were homogenised. They 

were, then, air-dried and were passed through a mesh sieve with 2 mm openings, after 

they had been disaggregated with aporcelain pestle and mortar. The samples were, 

then, put in clean plastic bags and sealed[56 ,57]. 

 

4.3.3 Sample preparation (soil and sludge) 

The samples were sieved through a 20-μm sieve and ground to a very fine powder by 



 

 

Chapter4:Materials and Methods                                                                                EL- Radii, 2013 

 
22 

 

using a sand mill . Approximately 1–2 grams of the homogenized sample were 

dissolved with 10.5 ml of concentrated hydrochloric acid (37%) and 3.5 ml of 

concentrated nitric acid (65%) in 50 ml retorts. Thedigestion process of the soil 

samples was the same process for sludge samples[56,57] 

4.3.4 Determination of calcium carbonate concentration in soil and sludge   

The method employed for measuring the CaCO3 content of the soils was the 

calcimeter method, taken from Rowell (1994)[58]. This method is quick, simple and 

accurate. The calcimeter was used to  measure the CO2 evolved from the soil samples 

when their CaCO3 content reacts with 4 N HCl. The calcimeter had previously been 

calibrated with standard amounts of CaCO3, and thus the amount of CO2 which 

corresponds to the CaCO3 content of the soil samples was known.  

Solution preparation: 

1-Salt solution to full the calcimeter cylinder. 

2- HCL solution with rang of  (1H2O : 3HCL). 

3- Dry 0.1 from CaCO3 at 105C º furnace for 24 hours. 

Procedure: 

1-Adjust the salt solution in the two cylinders of calcimeter. 

2-Full another cylinder with HCL solution. 

3-Take 0.1g of CaCO3 in the conical flask and close nicely and start to add acid to the 

carbonate and take the reading. 

4-Weight 5mg of soil sample in flask and start to add the acid to the soil sample and 

take the reading. 

 

   The corrected value was used to calculate the percentage of the CaCO3 content of 

the sample using the formula: 

 

CaCO3% =                          
                   

                                      
   (7). 

 

  



 

 

Chapter4:Materials and Methods                                                                                EL- Radii, 2013 

 
22 

 

4.3.5 Determination of  Particle Size Distribution 

The particle size distribution of the soils was determined by the mechanical 

analysisusing the  Bouyoucos hydrometer, as outlined by Sheldrick and Wang 

(1993)[16]. Sand consists of particles >2 mm, silt of particles from 2 mm down to 2 

µm, and clay particles < 2µm. 40 g of soil were put into a 600 mL beaker where 250 

mL of ultra pure water and 100 mL of 0.5 %  sodium hexametaphosphate were added. 

The latter reagent helped the sample be dispersed chemically. The suspension in the 

beaker was kept overnight. Next day, the content was transferred, helping with ultra 

pure water, to a dispersing cup and was mixed for 5 minutes with an electric stirrer. 

The sample was thus dispersed mechanically too. The suspension was then 

transferred, helping with ultra pure water, to a 1 L sedimentation cylinder and ultra 

pure water   was added to take volume to 1 L. Some time was then allowed for the 

mixture to equilibrate thermally and a plunger was inserted to mix thoroughly. If there 

were foams some drops of amyl alcohol were added. As soon as the mixing was 

complete the hydrometer was lowered into the suspension and a reading was taken 

after 40 seconds. The mixture was again thoroughly mixed with  the plunger and 

another reading was taken after 7 hours. 

Hydrometer was also lowered into a cylinder with ultra pure water only, in order to 

take theblank reading. The sand, clay and silt distribution was calculated with the 

formula [59]:. 

………...(10) 

……………..  (8) 

……………..  (9) 
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where: R40 is  the reading after 40 seconds, R7h  the reading after 7 hours and RL is  

the blank reading. The percentages of sand, silt and clay so obtained were then used to 

assign a textural class to the soil using the textural triangle. 

4.3.6 Heavy Metal  analysis 

Several techniques for quantifying the metal concentrations in soils and plant samples 

have been suggested, used and developed over the past few decades. Techniques used 

have included atomic absorption spectrophotometry (AAS), inductively coupled 

plasma (ICP) and ion chromatography (IC). 

 

All analytical instruments need to be calibrated before they are used. The calibration 

is done when several solutions of a known concentration (‘standard solutions’) are 

analysed on the instrument. The known solutions must contain the same element 

which is about to be measured (analyte) and must be of the same matrix with the 

‘unknown’ samples. For each standard solution a characteristic absorption or emission 

is given by the instrument, and a calibration curve can be produced, which is usually a 

straight line. This line gives the relation between the instrument’ s absorption or 

emission with the element’s concentration. Then, when a sample of unknown 

concentration is introduced in the instrument, through this calibration graph it is 

possible to calculate what absorption or emission corresponds to what 

concentration. This calculation is usually done automatically by the instrument, in 

which case the sample concentration is displayed in the instrument’ s monitor when 

the analysis of each sample is completed. 

 

Inductively Coupled Plasma - Optical Emission Spectrometer (ICP-OES) 

 

In atomic emission spectrometry the light beam passes through an electron, which is 

then excited. When the outer orbital electron returns to its lower energy state position 

it releases energy, whose wavelength is characteristic for the individual element. In 

ICP, argon gas passes through a copper coil, in which radio frequency (RF) energy 

has been applied. 
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Argon atoms are accelerated from the magnetic and electric field which the RF 

creates and, thus, electrons are stripped their atoms. In this environment the liquid 

sample is injected in droplet form, it is ionised and emits characteristic wavelength 

energy for each element measured. A polychromator receives this radiation and 

converts it to electronic signals, which are used for the calculation of the 

concentration of the element in the sample. ICP is suitable for multi-element analysis, 

and is very quick and convenient, but its accuracy is not as good as that of the 

GFAAS for several elements [60,61].  

Asimplified diagram of the use of ICP is shown in Figure( 4.4) 

 

 

 

Figure (4.4): Components of an ICP-OES [60 , 61]. 
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CHAPTER 5 

Groundwater flow modeling 

 

5.1 General groundwater flow equations 
 

Differential equations that govern the flow of groundwater flow can essentially 

represent the groundwater flow systemderived from the basic principles of 

groundwater flow hydraulics. The main flow equation for saturated groundwater flow 

is derived by combining a water balance equation with Darcy’s law, which leads to a 

general form of the 3-D groundwater flow governing equation: 

(5.1) t

h
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h
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h
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h
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h
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Where Kx ,Ky  and Kz, are the hydraulic conductivity of the x,y and z direction 

(LT
-1

), h is the hydraulic head (L), R is the local sources and sinks of water per unit 

volume (T
-1 

), Ss is the specific storage coefficient (L
-1

) and t is the time ( T ). 

 

Darcy’s law 

In differential form, Darcy’s law is expressed as: 

(5.2)  q=kx
  

  
 

Where q is the groundwater flux (LT
-1 

). 

This equation clearly shows that the cause of groundwater movement is the difference 

in the hydraulic potential. The potential can be generalize to a function of all three-

space coordinates, that is,  h= h (x,y,z ) , the rate of change of head with position , to 

three dimensions, giving the three components of the groundwater flux. 
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(5.2.1)  
x= -k

  

  
q 

(5.2.2)

 
 

y =  -k 
  

  q 

(5.2.3)
 

 
z  = -k 

  

  q 

 
 

 

5.2  Model Application and Results 

Conceptual model and grid design 

The purpose of the conceptual model is to simplify the field problem and organize the 

associated field data so that the system can be analyzed more readily. The non-

feasibility of complete reconstruction of the field system paves the way for 

introduction of simplification of the complex system, of course to a certain level, 

thereby making the latter not an alternative but rather a necessity. 

For the purpose of model construction, the aquifer system is schematized in 7 layers. There 

are 4 subaquifers of sand with gravel (Kurkar formation) and 3 major clay layers. The 

base of the model consists of Saqiye group, assumed to be impermeable. 

The grid is chosen to be regular with a cell size of 200m by 200m. The model area is 

subdivided into 60 columns and 55 rows.  

The boundary condition in the model is a constant head from the north and the east. 

The data was taken from a contour map of groundwater head (PWA). The western 

boundary is designed as a zero constant head formed by the Mediterranean Sea. The 

outer area is an inactive cell. As shown in Fugue5.1. 
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       Zero constant head Meditteraniansea 

            

Inactive cells  constant head 

      Model domain 

Figure (5.1) Design of grid and boundary conditions 

 

 

Model input 

 

Hydraulic parameters 

Hydraulic property values are assigned in the model based upon geologic and 

aquifer testing data and previous studies. In the model the hydraulic values 

have been assumed constant for each layer. 
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 The ranges of hydraulic values assumed or estimated in the model are summarized in 

the Table (5.1) 

 

Table 5.1 : Hydraulic parameters for model inputs                                                                       

Clay Sandstone Parameter 

0.3,0.3 32,3.2
 

Hydraulic conductivity (m/d) Kh,KV 

0.10
-5

 0.10
-5

 Specific storage (m
-1

) Ss 

0.10 0.24 Specific yield Sy 

0.40 0.25 Effective porosity 

0.45 0.30 Total porosity 

 

The hydraulic parameters values adopted in the groundwater model are chosen based 

on pumping test in hydrogeological study and on reported groundwater studies [62] .   

 

Pumping wells 

According to the Palestinian water authoritydata, the total abstraction from domestic 

wells 6.6 million m
3
/year and abstraction from agricultural wells 24.9 million m

3
/year. 

Pumping wells was added using the intuitive well editing tools. Out of a total of 860 

wells. 
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pump 

 

 

Figure  (5.2 ) Domestic and agricultural wells in northern governorate 

 

Recharge 

Recharge from rainfall accounts for most of the renewable resources of the Gaza 

coastal aquifer. The recharge ranused from 50 mm/year to 305 mm/year as shown in  

Figure (5.3). 
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Figure (5.3) : Recharge values 

 

Model results 

 

The ability to visualize the simulation results is almost as important as creating the 

model in the first place. In order to get the most out of the model built; it is critical we 

have the tools necessary to properly analyze and interpret the results. The visual 

MODFLOW output module automatically reads the results files from each successful 

simulation and provides a comprehensive selection of graphical formats for displaying 

full-color results in plan view and cross-sectional views. 

 

Model calibration 

The contouring menu selection allows contouring the results of the modeling 

simulation in either plan view or cross-section. The contouring selections include 

heads, Drawdown, Water table, Elevation and Concentration. 

Model calibration consists of successive refinement of model input 

parameters from the initial estimates to improve the fit between observed and 

model-predicted results. A solution of a steady-state groundwater flow 

problem requires information including: hydraulic conductivity, boundary 

80mm/year  
300mm/year  
100mm/year  
270mm/year  
20mm/year  
250mm/year 

 
220mm/year 

 
50mm/year 

 
290mm/year  
305mm/year 
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conditions, and the location and magnitude of applied sources/sinks such as 

wells. The calibration procedure typically begins with selective definition of 

parameters/inputs based on available data and/or an initial conceptual model 

of the hydrogeologic system. Those parameters that are known or can be 

reasonably estimated/ assumed are initially specified as part of the input data 

set. 

 

Calibration of the model was carried out on a trial and error basis by changing the 

hydrogeological parameters until the simulated groundwater heads agree with actual 

heads to an acceptable degree. As shown in figure 5.4 

Simulated water head . 

 

Observation wells 

Figure(5.4 ) Groundwater heads (Simulated ground water heads) 

 

 

 

 

Velocities 
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The flow velocity vectors provide an important representation of the groundwater 

flow direction. Each velocity vector color – coded to indicate whether it is flowing up 

or down relative to the plane being displayed. The max velocity of groundwater flow 

found from the model is 0.21 m/day.   

The groundwater flow direction is from north to south and from east to west. The flow 

direction has been influenced by ground water abstraction especially within areas of 

intensive pumping . There is a major cone of depression due to the well field between 

Jabalia and Beat-Lahia. The water table in this area is approximately 2.2 m below sea 

level. This cone of depression forces the water to flow from all sides towards the 

lowest point.  

 

Path lines 

 

The flow Pathlines provides an important representation of the flow direction and the 

path that the groundwater will follow from specific location. 

Backward particle tracking can also be used to indicate where the groundwater is 

coming from. Display options include viewing all Pathlines as a projection through 

the entire model. The Pathlines option allows to plot Pathlines for a specified time 

period. If steady state is chosen the Pathlines will be continuous until they exit the 

system at sink. 

The same fact also supported by the Pathlines of the groundwater . The particles were 

placed around wastewater plant and near the Mediterranean coast, and were back-

tracked so as to help detecting the origin or source of pollutant from the wastewater 

plant to the agricultural wells.  
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Pumping wells 

 

 

 pathlines 

   Figure (5.5)  Pathlines for virtual particles after 1 year: 

 

pumping wells(munciple and agriculture wells)    

 

pathlines 

Figure(5.6)  Pathlines of virtual particles after 5 years: 
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Figure(5.7): Pathlines of virtual particles after  10 years 

 

Pathlines of pollutants around wastewater plant 

The pathlines of pollutants particles will spread radially about 50 meters after 

1 year ,1000 meters after 5 years and 1500  meters after 10 years as shown in 

figure 5.5 , 5.6 and figure 5.7 respectively. 

Summary 

The results from the regional groundwater flow simulation may be 

summarized as follows: 

The pathlines of pollutants around wastewater treatment plant will 

take the western south direction . This mean that wells in the east 

and north around WWTP will not be polluted.  
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  CHAPTER 6 

Results and Discussion 

All collected water samples were analyzed to determine theirpH and E.C (µS/cm)  

 analysis  results are presented in table (6.1) . 

Table ( 6.1)  : pH and EC (µS/cm ) in water samples collected from different wells in 

Biet-lahia . 

 

Collected  water samples of  all wells were analyzed to determine the  concentrations 

of Ca, Mg, Na, and K .The results of metals analysis are shown at table (6.2).These 

results of the analyzed metals are also shown at figures (6.4) ,(6.5) ,(6.6) ,(6.7) for Ca 

,Mg ,Na and K respectively.    

 

TTDS TDS E.C (µS/cm) pH Well 

number 

38 600 7.9 A14 

787.2 1230 7.6 A111 

1088 1700 7.3 A47 

768 1200 7.3 A28 

876.8 1370 7.4 A44 

793.6 1240 7.4 A180 

1068.8 1670 7.3 A46 

371.2 580 8 A39 

678 1200 7.5 A185 

2000 2000  WHO 
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Table 6.2 :   Metal concentration (mg/l) in water samples of some wells in Biet-Lahia 

 

 

 

 

 
Ca(mg/l) 

 

 
 

Well No. 
 

Figure (6.1) : the concentration of calcium  in the  wells water  samples 

 

 

 

 

 

 

 

 

 

 

K(mg/l) Na(mg/l) Mg(mg/l) Ca(mg/l) Well  number 

6 13 85 204.90 A 185 

1 26 113 110.62 A 180 

0.5 12 55 99.249 A 14 

1 11 40 163.28 A 111 

2 28 46 115.25 A 44 

1 10 120 121.66 A 46 

0.5 27 55 358.57 A 47 

0.5 12 25 60.83 A 39 

1.5 21 30 166.48 A 28 

5 200 60 100 WHO standard 
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Figure (6.2) : the concentration of magnesium  in the  wells water  samples 
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Figure (6.3) : the concentration of sodium  in the  wells water  samples 
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Figure (6.4) : the concentration of potassium  in the  wells water  samples 

 

Analysis show high concentration of Chloride at wells A44 ,A46 ,A47 and show high 

concentration of  Nitrate in all wells except A39 and A44 as shown in table (6.3)  and 

as illustrated in figures (6.5) ,(6.6 ) ,(6.7) for Chloride ,Nitrate and Sulfate 

respectively .  

Sulfate  mg/l Nitrate  mg/l Chloride  mg/l well number 

44,16 101.69 179.94 A 18;5 

32,41 99.83 219.93 A 180 

35,63 100.17 89.97 A 14 

84 294.49 109.96 A 111 

13,93 43.30 319.90 A 44 

31,28 89.23 339.89 A 46 

28,02 204.89 379.88 A 47 

7,81 13.60 89.97 A 39 

9,44 153.15 199.93 A 28 

250 45 250 WHO standard 
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Table 6.3: Anions concentration (mg/l)  in water samples collected from different 

wells in Biet-lahia. 
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Figure (6.5) : the concentration of chloride in the  wells water  samples 
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Figure (6.6) : the concentration of nitrate in the  wells water  samples 
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Figure (6.7) : the concentration of sulfate  in the  wells water  samples 

 

Atomic absorption spectroscopy  was used to determine the concentration of heavy 

metals in collected water and effluent waste water samples .The results of heavy 

metals are illustrated at tables (6.4) and (6.5) respectively. 
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Table 6.4 : Heavy metal concentration (mg/l) in some wells in Biet-lahia using 

(AAS). 

 

 

 

 

 

 

 

 

Cr Pb Zn Cu Cd Ni well number 

0.01  > 0.0656 0.0691 0.008> 0.0005> 0.002> A 185 

0.01  > 0.0844 0.0029 0.008> 0.0005> 0.002> A 180 

0.01  > 0.0505 0.0031 0.008> 0.0005> 0.002> A 14 

0.01  > 0.0597 0.0028 0.008> 0.0005> 0.002> A 111 

0.01  > 0.0452 0.0077 0.008> 0.0005> 0.002> A 44 

0.01  > 0.0394 0.0027 0.008> 0.0005> 0.002> A 46 

0.01  > 0.0971 0.0011 0.008> 0.0005> 0.002> A 47 

0.01  > 0.0626 0.0067 0.008> 0.0005> 0.002> A 39 

0.01  > 0.0575 0.0056 0.008> 0.0005> 0.002> A 28 

0.05 0.01 5.0 2.0 0.003 0.020 WHO Standard 
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Table 6.5: Analytical results of heavy metals for effluent wastewater 

(grab samples) 

Infiltration basin (IB) Parameter 

< 0.01 Silver  mg/l 

< 0.03 Alminum  mg/l 

< 0.1423 Boron  mg/l 

< 0.0006 Cadimum  mg/l 

< 0.0007 Cobalt  mg/l 

< 0.01 Chromium  mg/l 

< 0.009 Copper  mg/l 

< 0.02 Iron  mg/l 

< 0.0419 Manganese  mg/l 

< 0.001 Molybdenum  mg/l 

< 0.001 Nickel  mg/l 

< 0.006 Lead  mg/l 

< 0.007 Antimony  mg/l 

1.412 Strontium  mg/l 

0.0096 Titanium  mg/l 

< 0.01 Vanadium  mg/l 

0.0032 Zinc  mg/l 

< 0.008 Arsenic  mg/l 

< 0.003 Mercury  mg/l 

5.245 Phosphorous  mg/l 
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Heavy metals analysis in soil and sludge samples were done using ICP instrument. 

Analysis show high concentrations of Ca ,Al ,Fe and Mg as shown in table (6.6). 

Table ( 6.6) : Metal and non metal concentration of different soil samples  in Biet-

Lahia. 

 

1 2 3 4 5 6 7 8 9 

Silver, μg/l 2.95 0.04 0.08 3.30 0.02 0.02 4.25 0.00 0.00 

Aluminum, μg/l 1841 1564 1479 6693 3341 1173 1966 6187 1628 

Boron, μg/l 0.25 0.09 0.08 1.04 0.08 0.72 0.25 0.09 0.08 

Bismuth, μg/l <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 

Calcium, μg/l 10763 14103 10348 53853 23128 5329 10587 39391 7276 

Cadmium, μg/l 0.03 0.01 0.01 0.05 0.03 0.03 0.03 0.03 0.00 

Cobalt, μg/l 1.39 1.18 0.63 4.54 2.21 0.83 1.86 4.48 1.00 

Chromium μg/l 6.45 5.41 5.80 20.73 9.03 3.94 11.34 16.06 5.78 

Copper, μg/l 3.35 2.31 1.70 6.08 3.61 0.53 0.83 5.73 1.30 

Iron, μg/l 2067 1880 1427 7026 3333 1215 2311 6526 2066 

Magnesium, μg/l 381 360 442 1834 1002 308 447 1800 323 

Manganese, μg/l 54.0 42.2 18.1 161.9 59.5 21.1 52.5 127.3 25.5 

Molybdenum, μg/l 1.20 0.18 0.64 0.81 1.04 0.04 2.39 0.38 0.23 

Nickel, μg/l 8.24 14.34 9.15 10.31 5.24 3.80 20.20 41.44 43.88 

Phosphorus μg/l 294 222 258 2326 902 119 200 1022 274 

Lead, μg/l 3.04 1.26 2.05 3.89 2.90 1.96 1.74 2.53 1.63 

Antimony, μg/l <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 <.004 

Strontium, μg/l 35.38 38.26 35.59 147.96 67.73 19.50 36.85 101.44 25.83 

Titanium, μg/l 389 348 121 1054 436 217 556 925 226 

Vanadium, μg/l 5.7 5.1 3.8 22.7 10.2 3.6 7.4 19.0 4.3 

Zinc, μg/l 0.12 0.22 0.09 0.27 0.11 0.07 0.07 0.12 0.06 

Mercury, μg/l 6371 741 3956 738 2753 2064 541 1741 8928 
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Table 6.7 : Metal  and non metal concentration of different sludge samples  in Biet-

Lahia 

 

S1 S2 S3 

Silver, μg/l 0.04 0.03 6.75 

Aluminum, μg/l 5967 13228 5409 

Boron, μg/l 8.63 18.09 1.36 

Bismuth, μg/l <0.002 <0.002 <0.002 

Calcium, μg/l 71753 98028 34353 

Cadmium, μg/l 0.16 0.23 0.05 

Cobalt, μg/l 4.09 8.10 3.76 

Chromium, μg/l 36.66 61.63 18.68 

Copper, μg/l 21.44 32.49 5.86 

Iron, μg/l 9016 14390 5966 

Magnesium, μg/l 3130 5699 1695 

Manganese, μg/l 440.7 689.1 141.7 

Molybdenum, μg/l 2.33 3.56 3.86 

Nickel, μg/l 92.11 23.98 8.28 

Phosphorus, μg/l 21646 23784 3082 

Lead, μg/l 8.70 9.76 2.74 

Antimony, μg/l <.004 <.004 <.004 

Strontium, μg/l 627.21 770.09 168.71 

Titanium, μg/l 674 1403 847 

Vanadium, μg/l 22.5 44.9 17.2 

Zinc, μg/l 76.35 154.60 0.32 

Mercury, μg/l(ppb) 2140 7205 1499 
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The particle size distribution of  collected soil samples was determined by hydrometer 

to  know soil type .Hydrometer results are presented in table (6.8).  

Table 6.8 : Hydrometer Results 

 

 

 

 

 

 

 

Soil 

type 

% 

Sand 

% 

Silt 

% 

Clay 

% 

Clay 

+Silt 

 

Reading 

 

Coordinates 

 

 

Sample 

No. 

     R2 R1 RL E N 

Loamy 

sand 

80.04 16.06 3.9 19.96 2 10 1.1 34
ₒ
30

' 
54.6

''
 31

ₒ
33

' 
17.8

'' 
Soil1 

Loamy 

sand 

84.08 12 3.96 15.96 2 8 1.1 34
ₒ
30

'
57

''
 31

ₒ
33

' 
18.8

''
 Soil2 

Sandy 

loam 

78.04 18 3.96 21.96 2 11 1.1 34
ₒ
30

' 
58.1

''
 31

ₒ
33

' 
27.1

''
 Soil3 

Sandy 

loam 

72.04 12 15.96 27.96 8 14 1.1 34
ₒ
31

' 
03

''
 31

ₒ
33

' 
32.1

''
 Soil4 

Clay 

loam 

40.04 28 31.96 59.96 6 30 1.1 34
ₒ
31

' 
00.1

''
 31

ₒ
33

' 
39.4

''
 Soil5 

Loamy 

sand 

86.04 8 5.96 13.96 3 7 1.1 34
ₒ
30

' 
35.2

''
 31

ₒ
33

' 
35.3

''
 Soil6 

Loamy 

sand 

82.04 16 1.96 17.96 1 9 1.1 34
ₒ
30

' 
53.9

''
 31

ₒ
33

' 
28.6

''
 Soil7 

Sandy 

loam 

76.04 20.06 3.9 23.96 2 12 1.1 34
ₒ
30

'
49.4

''
 31

ₒ
33

' 
18.3

''
 Soil8 

Loamy 

sand 

78.04 18.06 3.9 21.96 2 11 1.1 34
ₒ
30

' 
54.2

''
 31

ₒ
33

' 
19.3

''
 Soil9 
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Calcium carbonate concentration in soil and sludge samples was determined using  

calcimeter method .The results of calcimeter are presented in table (6.9).    

 

Table 6.9: Calcimeter  Results.  

 

 

 

 

 

CaCO3% 

 

Reading 

Coordinates  

Sample 

No. 

E N 

1.652 19 34
ₒ
30

' 
54.6

''
 31

ₒ
33

' 
17.8

'' 
Soil1 

2.782 32 34
ₒ
30

'
57

''
 31

ₒ
33

' 
18.8

''
 Soil2 

2.173 25 34
ₒ
30

' 
58.1

''
 31

ₒ
33

' 
27.1

''
 Soil3 

11.652 134 34
ₒ
31

' 
03

''
 31

ₒ
33

' 
32.1

''
 Soil4 

6.869 79 34
ₒ
31

' 
00.1

''
 31

ₒ
33

' 
39.4

''
 Soil5 

1.652 19 34
ₒ
30

' 
35.2

''
 31

ₒ
33

' 
35.3

''
 Soil6 

2.173 25 34
ₒ
30

' 
53.9

''
 31

ₒ
33

' 
28.6

''
 Soil7 

9.913 114 34
ₒ
30

'
49.4

''
 31

ₒ
33

' 
18.3

''
 Soil8 

1.826 21 34
ₒ
30

' 
54.2

''
 31

ₒ
33

' 
19.3

''
 Soil9 

4.695 54 34
ₒ
30

' 
59.7

''
 31

ₒ
33

' 
27.5

''
 Sludge1 

3.562 41 34
ₒ
31

' 
00.1

''
 31

ₒ
33

' 
29.3

''
 Sludge2 

7.739 89 34
ₒ
31

' 
0.014

''
 31

ₒ
33

' 
502

''
 Sludge3 
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Discussion: 

 

The metals selected for analysis in soil samples are Limited to lead (Pb), chromium 

(Cr), cadmium  (Cd), nickel (Ni), zinc (Zn), copper (Cu), mercury (Hg), silver(Ag),  

Aluminum (Al), Boron(B), Bismoth (Bi), Calcium(Ca), Cobalt(Co), Iron (Fe),  

Magnesium (Mg), Manganese (Mn), Molybedium (Mo), Phosphorus (P), Antimony ( 

Sb), Strontium (Sr), Titanium(Ti) and Vanadium(V). Metals associated with the 

aqueous phase of soils are subjected to movement with soil water, and may be 

transported through the vadose zone to ground water. Metals, unlike the hazardous 

organics, cannot be degraded. Some metals, such as Cr, As, Se, and Hg, can be 

transformed to other oxidation states in soil, reducing their mobility and toxicity. 

 

Behavior  and concentration of the tested metals 

 
1- Silver 

The common range of Ag in the soil (0.01-5) mg/kg which is accepted in all soil 

samples. Published data concerning the interaction of silver with soil are rare. As a 

cation it will participate in adsorption and precipitation reactions. Silver is very 

strongly adsorbed by clay and organic matter and precipitates as AgCl, Ag2SO4 and 

AgCO3, are highly insoluble [63]. Silver is highly immobile in the soil environment. 

 

2-Cadiumium 

Cd analysis show accepted concentration which is in the common range (,01-,70) 

mg/kg. Cadmium may be adsorbed by clay minerals, carbonates or hydrous oxides of 

iron and manganese or may be precipitated as cadmium carbonate, hydroxide, and 

phosphate. Evidence suggests that adsorption mechanisms may be the primary source 

of Cd removal from soils [64][65]. In soils and sediments polluted with metal wastes, 

the greatest percentage of the total Cd was associated with the exchangeable fraction. 

Cadmium concentrations have been shown to be limited by CdCO3 in neutral and 

alkaline soils. As with all cationic metals, the chemistry of Cd in the soil environment 
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is to a great extent, controlled by pH. Under acidic conditions Cd solubility increases 

and very little adsorption of Cd by soil colloids, hydrous oxides, and organic matter 

takes place. At pH values greater than 6, cadmium is adsorbed by the soil solid phase 

or is precipitated, and the solution concentrations of cadmium are greatly reduced. 

Cadmium forms soluble complexes with inorganic and organic ligands, in particular 

Cl
-
. The formation of these complexes will increase Cd mobility in soils. 

 

3-Chromium 

Cr is in its common range in soil (1-1000) mg/kg. Chromium exists in two possible 

oxidation states in soils: the trivalent chromium, Cr (III) and the hexavalent 

chromium, Cr (VI). Forms of Cr (VI) in soils are as chromate ion, HCrO
-
4 

predominant at pH<6.5, or CrO
-2

4
,
 predominant at pH 6.5, and as dichromate, Cr2O

-2
7 

predominant at higher concentrations (>10mM) and at pH 2-6. The dichromate ions 

pose a greater health hazard than chromate ions. Both Cr (VI) ions are more toxic than 

Cr (III) ions. Industrial use of chromium also includes organic complexed Cr (III). 

Chromium (III) complexed with soluble organic ligands will remain in the soil 

solution [66]. In addition to decreased Cr (III) adsorption, added organic matter also 

may facilitate oxidation of Cr (III) to Cr (VI). 

 

4- Copper 

Analysis show common range of copper in the soil (2-100) mg/kg. Copper is  retained 

in soils through exchange and specific adsorption mechanisms. At concentrations 

typically found in native soils, Cu precipitates are unstable. This may not be the case 

in waste-soil systems and precipitation may be an important mechanism of retention. 

Cavallaro and McBride [67] suggested that a clay mineral exchange phase may serve 

as a sink for Cu in non calcareous soils. In calcareous soils, specific adsorption of Cu 

onto CaCO3 surfaces may control Cu concentration in solution. Cu is adsorbed to a 

greater extent by soils and soil constituents than the other metals studied, with the 

exception of Pb. Copper, however, has a high affinity for soluble organic ligands and 

the formation of these complexes may greatly increase Cu mobility in soils. 
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5- Lead 

The common range for lead in soil is 10 mg/kg which is accepted in all samples. 

Soluble lead added to the soil reacts with clays, phosphates, sulfates, carbonates, 

hydroxides, and organic matter such that Pb solubility is greatly reduced. Most studies 

with Pb, however, have been performed in well defined, simple matrices, i.e., 0.01M 

CaCl2. Puls et al [68] ,Kotuby-Amacher and Gambrell [69] have demonstrated 

decrease sorption of Pb in the presence of complexing ligands and competing cations. 

Lead has a strong affinity for organic ligands and the formation of such complexes 

may greatly increase the mobility of Pb in soil. 

 

6- Zinc 

Zn analysis in soil show accepted concentration. The common range for Zn in soil is 

(10-300) mg/kg. Zinc is readily adsorbed by clay minerals, carbonates, or hydrous 

oxides. Hickey and Kittrick[70] , Kuo et al. [71] ,and Tessier et al. [72] found that the 

greatest percent of the total Zn in polluted soils and sediments was associated with Fe 

and Mn oxides. Precipitation is not a major mechanism of retention of Zn in soils 

because of the relatively high solubility of Zn compounds. Precipitation may become 

more important mechanism of Zn retention in soil-waste systems. As with all cationic 

metals, Zn adsorption increases with pH. 

 

7- Mercury 

 Very high concentration of Hg is shown in the table (6.6).  The common range for Hg 

in soil is (,01-,3). The distribution of mercury species in soils, elemental mercury 

(Hg
o
), mercurous ions (Hg2

2+
) and mercuric ions (Hg

2+
), is dependent on soil pH and 

redox potential. Both the mercurous and mercuric mercury cations are adsorbed by 

clay minerals, oxides, and organic matter. Adsorption is pH dependent, increasing 

with increasing pH.Mercurous and mercuric mercury are also immobilized by 

forming various precipitates. Mercurous mercury precipitates with chloride, 

phosphate, carbonate, and hydroxide. At concentrations of Hg commonly found in 
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soil, only the phosphate precipitate is stable. In alkaline soils, mercuric mercury will 

precipitate with carbonate and hydroxide to form a stable solid phase. At lower pH 

and high chloride concentration, HgCl2 is formed. Divalent mercury also will form 

complexes with soluble organic matter, chlorides, and hydroxides that may contribute 

to its mobility. Under mildly reducing conditions, both organically bound mercury 

and inorganic mercury compounds may be degraded to the elemental form of 

mercury, Hg
o
. Elemental mercury can readily be converted to methyl or ethyl mercury 

by biotic and abiotic processes. These are the most toxic forms of mercury. Both 

methyl and ethyl mercury are volatile and soluble in water. Griffin and Shimp[73] 

estimated that the removal of Hg from a leachate was not due to adsorption by clays, 

but was due to volatilization and/or precipitation. This removal of mercury increased 

with pH. Rogers [74] also found large amounts of mercury volatilized from soils. 

Amounts of mercury volatilized appeared to be affected by the solubility of the 

mercury compounds added to soil. Volatilization was also found to be inversely 

related to soil adsorption capacity [75]. 

 

8- Phosphorous 

There is very high concentration of  P in the soil. Phosphorus is always found in 

combination with oxygen in the phosphate form. This chemical form allows the 

molecule to react with up to three single positive ions such as hydrogen (H
+
), 

potassium (K
+
), or ammonium (NH4

+
) or with other positive ions with a 2

+
 or even 

3
+
 charge.  Phosphorus is absorbed by plants in the orthophosphate form, generally as 

H2PO4
-
 or HPO4

2-
. The amounts of these ions in the soil solution are determined by 

soil pH [76]. 

9-Aluminum 

Aluminum is present in many primary minerals.  The weathering of these primary 

minerals over time results in the deposition of sedimentary clay minerals, such as the 

aluminosilicates kaolinite and montmorillonite.  The weathering of soil results in the 

more rapid release of silicon, and aluminum precipitates as hydrated aluminum oxides 

such as gibbsite and boehmite, which are constituents of bauxites and laterites. 
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Aluminum is found in the soil complexed with other anions, such as fluoride, sulfate, 

and phosphate [76]. 

 

10- Cobalt and Manganese 

Cobalt (Co) and manganese (Mn) are closely associated in soils because they have 

similar chemical properties. The main forms of Mn in soil are the water-soluble and 

exchangeable forms of Mn(II) and the insoluble Mn oxides, mainly Mn(IV) and to a 

lesser and more uncertain extent as Mn(III). The concentration of water-soluble plus 

exchangeable Mn(II) (WS+ExchMn)  is determined by the relative rates of the 

chemically independent and physically separate reactions, the microbial oxidation of 

Mn(II) and the chemical reduction of the Mn oxides (by organic matter). The 

solubility and availability of Co to plants is influenced greatly by the activity of the 

Mn oxides and the reactions which affect Mn. The Mn oxides also participate in 

sorption and oxidation reactions which impact on soil health in that the former affects 

the availability of trace metals and the latter oxidises organic moieties, of which some 

are phytotoxic [77]. 

 

11- Iron 

The solubility of iron in soils is controlled by Fe(OH)3 in well‐oxidized soils, by 

Fe3(OH)s (ferric hydroxide) in moderately oxidized soils, and by FeCO3(siderite) in 

highly reduced soils. The Fe(III) hydrolysis species Fe(OH)2 
+
, and Fe(OH)3° are the 

major solution species of inorganic Fe, but they are maintained too low to supply 

available iron to plants. Iron is absorbed by plants as Fe
2+

 and must be in the general 

range >10–7.7 M to avoid iron deficiency. The redox of soil‐root environments must 

be <12 to supply adequate Fe
2+

 for plants. Hawkeye soybeans (Glycine max. L. 

Merrill) demonstrated the ability to reduce their environment to pe + pH 4 to 7 by 

release of electrons or other reductants into the root medium. Reduction by plant roots 

and associated microorganism is an important mechanism for solubilizing Fe
2+

. 

Iron chelates aid in the movement of iron to plant roots, but they are neither absorbed 

to any great extent nor do they raise the activity of Fe
3+

 or Fe
2+

 in the bulk soil 
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solution. To be effective iron chelates must be stable in soil environments. Chemical 

equilibrium relationships are useful in predicting iron solubility and availability 

in soils[77]. 

 

12- Molybdenum 

 Molybdenum is a specifically adsorbing anion that can be detrimental to animals at 

elevated levels. Detrimental levels can occur from ingestion of forage plants grown on 

soils irrigated with waters containing high concentrations of molybdenum. A better 

understanding of the adsorption behavior of molybdenum is necessary. Adsorption of 

molybdenum by aluminum and iron oxides, clay minerals, and soils was investigated 

under changing conditions of solution molybdenum concentration, pH, ionic strength, 

particle concentration, temperature, and competing ion concentration. Our results will 

benefit scientists who are developing models of molybdenum movement in arid zone 

soils. The results can be used to improve predictions of molybdenum behavior in soils 

and thus aid action and regulatory agencies in the management of soils and waters 

which contain elevated concentrations of molybdenum [77]. 

13- Boron 

Boron is an essential micronutrient for plants, but the range between deficient and 

toxic B concentration is smaller than for any other nutrient element. Plants respond 

directly to the activity of B in soil solution and only indirectly to B adsorbed on soil 

constituents. Soil factors affecting availability of B to plants are: pH, texture, 

moisture, temperature, organic matter and clay mineralogy. Boron adsorbing surfaces 

in soils are: aluminium and iron oxides, magnesium hydroxide, clay minerals, calcium 

carbonate, and organic matter [77].  

 

14-Nickel 

The table shows accepted concentration of Ni in the soil. Nickel does not form 

insoluble precipitates in unpolluted soils and retention for Ni is, therefore, exclusively 

through adsorption mechanisms. Nickel will adsorb to clays, iron and manganese 
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oxides, and organic matter and is thus removed from the soil solution. The formation 

of complexes of Ni with both inorganic and organic ligands will increase Ni mobility 

in soils[78]. 

 

Water pollution: 

From the water analysis for heavy metals of the studied wells it was found that the 

concentrations of most heavy metals did not exceed the WHO standards except for 

Pb. Its concentration in most wells was slightly higher than the WHO values. The 

reason is that lead has a strong affinity for organic ligands and the formation of such 

complexes may greatly increase the mobility of Pb in soil. 

 

Soil pollution: 

It is considered that the main sources for heavy metals pollution in soil could be 

originated from the nature  of the rocks and the anthropogenic (human) factor. The 

last factor could be divided into six factors [79] as follows:  

1. Factories metal mining and smelting (arsenic, cadimum, lead and mercury) 

2. Industries  

3. Atmospheric dispassion 

4. Agriculture ( use of pesticides) 

5. Solid wastes 

6. The repeatable war on the Gaza Strip caused a lot of soil pollution including that 

with  heavy metals. 

In the Gaza Strip we can exclude the first factor while the next five factors because 

there are batteries industries, intensive use of pesticides, increasing amounts of solid 

wastes and the sludge of the waste water treatment plants. 

 

From the results obtained after the soil analysis we can summarize the concentration 

variations of the heavy metals as follows:  
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Soil 1 Loamy 

sand 

Ca>Fe>Al> Ti> Mg > P >Mn>Sr>Ag > Ni > Cr > V > Cu >Pb> 

Co> B > Cd >An > Bi> Hg 

Soil 2 Loamy 

sand 

Ca> Fe > Al > Mg  >  Ti >  P  >Mn>Sr> Ni > Cr > V > Cu >Pb> Co 

> Zn 

Soil 3 Sandy 

loam 

Ca> Fe > Al >  Mg > P > Ti >Sr>Mn>  Ni > Cr > V >Pb> Cu 

Soil 4 Sandy 

loam 

Ca> Fe > Al > P > Mg > Ti >Mn>Sr> Ag > V > Cr > Ni > Cu > Co 

>Pb> B 

Soil 5 Clay 

loam 

Ca> Al > Fe > Mg > P > Ti >Sr>Mn> V > Cr > N i > Cu >Pb> Co 

Soil 6 Loamy 

sand 

Ca> Fe > Al > Mg > Ti > P >Mn>Sr> Cr > Ni > V 

Siol 7 Loamy 

sand 

Ca> Fe > Al > Ti  >  Mg > p >Mn> Ag >Sr> Ni > Cr > V > Mo > 

Co >Pb 

Soil 8 Sandy 

loam 

Ca> Fe > Al > Mg > p > Ti >Mn>Sr> Ni > V > Cr >  Cu > Co >Pb 

Soil 9 Loamy 

sand 

Ca> Fe > Al > Mg > p > Ti  > Ni >Sr>Mn> V > Cr >  V > P > Cu >  

Co 

 

The metals are ordered in a declining order while metals with very minimum 

concentrations were excluded. As can be seen from the data analysis of the nine 

representative soil samples they contain high concentrations of Ca, Fe, Al, Mg 

respectively. The occurrence of Ca in high percentage in all soil samples is associated 

with presence of CaCO3 in the natural rocks forming the soils. 

The occurrence of Fe in high concentrations is because it is originally found in the 

soil in different forms. In addition, Fe has high solubility in soil in the presence of 

(OH) since Fe forms Fe(OH)3 in highly oxidative soils or it forms Fe3(OH)2 in middle 
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oxidative soils, or FeCO3 in reductive soils. The high concentration of Fe could also 

related to its high usages in the industries and accordingly its high waste. Iron forms 

different stable complexes which adsorbed in the top soil and don’t leached to the 

ground water; and this explains our current case. 

Aluminum present in the soil for the same human reasons where there are iron , but 

the difference is that it is associated easily with anions in the soil such as (fluoride, 

sulfate, phosphate) to form  aluminum complexes remain in the top soil. This explains 

its high concentration in the top soil and not moving to the lower soil layers. 

Magnesium present in the soil for the different human reasons . 

We have high concentrations of phosphorus , where it can combine with oxygen in 

the form of phosphate and properties that interact with mono-, bi - and tri - valent ions 

and form compounds such as H2PO4
-2

 or HPO4
-2

 , depending on the acidity of the soil.  

Lead is found in acceptable rates in the tested soils while in ground water its 

concentration is a little bit higher than the WHO standards.  This is due to the 

formation of soluble lead complexes which are easily leach to the lower soil layers 

and reached  to groundwater. 

The occurrence of these heavy elements in the study area could be related to the fact 

that it was used as a dumping site for industrial waste over the past years. Also it is 

very adjacent to the filtration basin (sludge) of  Wastewater Treatment Plant which 

analysis showed high concentrations of some metals at different locations. This could 

be a source of contamination of soil directly and groundwater indirectly. 

As for the high concentrations of titanium element in soil , it is possible to be likely 

due to the shells and rockets violations by the Israeli occupation , and this element is 

known to be present in these war weapons. 
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CHAPTER 7 

Conclusion and Recommendation 

Conclusion: 

The heavy metals in the waste water, treated water, soil and groundwater in BietLahia 

were determined to predict the effect of the BL-WWTP on the groundwater pollution 

with heavy metals. Also the effect of soil type and its characterization on the mobility 

of heavy metals have been discussed.  

The Visual  Modflow program was applied using the analysis data to predict the 

future pollution with heavy metals on groundwater. It was found that the top soil has 

high rates of Ca, Fe, Al, Mg, P and Mn while the occurrence of heavy metals in the 

groundwater was almost negligible except for slight increase of the lead concentration 

in the wells south west to the BL-WWTP. It was predicted that lead will spread 

radially 50 msouth west to the BL-WWTP in  the soil after one year, 1000 m after five 

years and 1500 m after ten years.  

Recommendation: 

 Continuous monitoring of the contamination of groundwater with heavy 

metals and other pollutions. 

 Transfer of sludge away from the WWTP to prevent leaching of heavy metals 

to ground water and clean the treatment basins from time to time. 

 Construct WWTP far away from urban areas. 

 Set up a special WWTP for industrial wastes and not to be mixed with other 

household waste water. 

 Support the application of EIA when constructing the WWTP. 

 Develop a managerial strategy for removing the heavy metals from ground 

water. 
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