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Abstract 

Childhood lead toxicity is an international problem and the prevalence of lead toxicity is largely 
determined by age and proximity to environmental sources. Children are more vulnerable to lead 
exposure because of the frequency of pica and hand-to-mouth activities and because children have 
a greater rate of intestinal absorption and retention of lead. It has deleterious effects, not only on 
the gastrointestinal tract but also on the central nervous system and kidneys.  Lead is damaging 
also to the red blood cells. These manifestations can be serious and can lead to coma and death in 
acute poisoning. Risk factors associated with lead poisoning among children aged 2-6 years in 
Gaza Governorates as case control study were studied. The overall aim of the study was to identify 
the common risk factors associated with lead poisoning among children and also aimed to protect 
human health and the environment from the adverse effects of lead. The study design was a 
quantitative analytical retrospective case control study. The study subjects were 240, in which 120 
were cases selected from children with Blood Lead Level (BLL) ≥ 10 µg/dl and 120 were controls 
selected from children with BLL ≤ 9.9 µg/dl. These information are stored in a data base at the 
Environmental Protection and Research Institute (EPRI-Gaza). Socio-demographic variables 
illustrated that 152 (63.3%) were males and 88 (36.7 %) were females.  The age of study subjects 
was classified into two groups.  The first one (51.7 %) was 24-48 months, while the second one 
(48.3 %) was 49-72 months. The majority of study subjects were in Gaza Governorate (50%), 
while the smallest one was in Rafah Governorate (6.7 %). Data were statistically analyzed using 
SPSS version 16. Statistical analysis of capillary BLL of the samples indicated that the minimum 
and maximum was 3.2 and 65.1 ìg /dl respectively with mean level of 10.19 ìg /dl and median 
level 9.95 ìg /dl. The study results demonstrated statistical significant relationship between BLL 
of the study subjects and some independent variables of risk factors such as familial exposure 
including kohl by child in long period; household location from exposure sources including 
smelter, battery recycling, radiator repair and other lead sources; household distance from 
exposure sources including smelter, battery manufacturing and recycling and gas station; 
occupational exposure including painting works; child feeding and day care including  child out 
home; and child� health including child general health, child needs frequent medical care and child 
have anemia. The study results also pointed out that there are no statistical significant relationship 
between the BLL of the study subjects and variables of socio demographic, household exposure, 
period of occupational exposure, work clothes and showering (different protective occupational 
measures), tasks, crafts and hobbies at home (different familial exposure), and the child habits. 
Therefore, the study recommends childhood lead poisoning prevention policies to be initiated and 
implemented. Provide anticipatory guidance to parents of all infants and toddlers about preventing 
lead poisoning in their children. Removal of all nearby battery recycling and manufacturing 
plants/smelters, and auto radiator repair workshops located in the middle of highly populated 
urban areas, markets and dwelling zones is highly recommended. Children with high BLL more 
than 25 µg/dl should be treated and followed-up. Finally, decision-makers should introduce public 
awareness and educational programs to child sponsors and all levels of the interested personal 
about risk factors associated with lead poisoning and sources of lead exposure and its impact on 
human health. 
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Chapter 1 

Introduction 

 

This chapter aims to give an introductory background about the study. This chapter 

includes the research background, research problem, justification of the study and research 

objectives.  Moreover, this chapter presents the context of the study as well as operational 

definition.  

 

1.1 Research Background 

 
Gaza Strip is semi arid region with total area of 365 km2 and considered as one of the most 

densely populated areas in the world with an estimated population of about 1.54 million 

Palestinian Central Bureau of Statistics (PCBS, 2010). Water shortage, overcrowding, 

poverty, overuse and uncontrolled use of pesticides, battery recycling and manufacturing 

as well as lead smelting are the most pressing environmental problems in Gaza Strip (Safi 

et al., 2006 and Safi 1998).  

Lead is a toxic metal associated with neurological and intellectual impairment in children. 

Young children (6 months-6 years) are the group most exposed to lead because of their 

hand-to-mouth activity, especially those living in old houses with leaded paint or located 

near industrial facilities that do or did emit lead (Barbara et al., 2010). Lead poisoning is a 

serious medical condition resulting from exposure to extreme levels of lead from the 

environment. It can cause irreversible neurologic and multiple systemic complications and 

even death (Centers for Disease Control and Prevention, CDC, 2008). Children are more 

sensitive than adults to the effects of lead, young children under the age of five are 

particularly vulnerable for a variety of reasons, including the fact that their body and brain 

are still developing. Two year-olds tend to have the highest blood level concentration 

because they put many things into their mouth, including toys or other products that may 

become lead contaminated (National Institute of Environmental Health Sciences, NIEHS, 

2008 and CDC, 2008). Lead poisoning is a medical condition caused by increased levels of 

the lead in the body.  

Globally childhood lead toxicity is a serious problem. The presence of lead in blood has 

some crucial deleterious effects on the gastrointestinal tract, on the Central Nervous 

System (CNS) and on the kidneys. Lead is particularly damaging the CNS and the red 
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blood cells. These manifestations can be serious and can lead to coma and death in acute 

poisoning (Yeoh, 2008; CDC 2007; Safi et al., 2006; CDC 2005; Rubin et al., 2002). Lead 

is especially dangerous for children. A child who swallows large amounts of lead may 

develop anemia, muscle weakness and brain damage. Even low levels of lead are linked to 

lower Intelligence Quotient Scores (CDC, 2008).  Minor lead poisoning may cause in 

children milder effects such as sleep and behavioral problems, fatigue, shortened memory 

and anemia (Bellinger, 2008; Zhang and Dai, 2002). Many environmental lead 

contamination sources are responsible to these health problems.  

In the Middle East today, the major reported sources of lead exposure are currently 

industrial sources including smelters, battery factories, radiator repair shops and used lead-

based paints and gasoline (Safi et al., 2006; Safi, 2004; Rsocal et al., 1999 and El-Araby et 

al., 1995). Thousands of children living near smelting plants in China have been found 

with unsafe levels of lead in their blood in the latest health scandal to hit the country. A 

gradual build-up of lead in the bloodstream can damage the nervous system and lead to 

anemia, muscle weakness, arrested development and brain damage (Watts, 2009).  

Managing childhood lead poisoning by chelation may save lives where BLLs are very high 

(Markowitz, 2003). Chelation therapy using Ca acetate and succimer, reduces BLLs and 

associated symptoms. Follow-up tests after an abnormal screening blood lead level are a 

key component of lead poisoning prevention (Kemper, 2005).  

 

1.2 Research Problem  

 
Due to the limited area of land and national organizations, industrial activities such as 

battery manufacturing and recycling are located among housing system. In addition, lead 

smelting to make fishing sinkers is being done inside houses. Due to these conditions, 

children and adults in those areas are exposed to lead poisoning. Because children are the 

more sensitive to lead poisoning than adults according to several publications, we selected 

the children of age 2-6 years old as a target group for this study. Also, there is a lack of 

enough studies, interest and information about lead toxicity in Gaza Governorates. 

Therefore, this study is designed to be carried out to assess childhood lead poisoning and 

related risk factors as a case control study in order to improve the health status in Gaza 

Governorates. The overall goal of the study is to protect human health and the environment 

from the adverse effects of lead. 
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1.3 Justification of the Study 

Lead poisoning is an international and a serious health problem. It remains the most 

common and societal divesting environmental disease of young children. Lead is an 

environmental contaminant that threatens the health of all children everywhere. Children 

are exposed to lead from multiple sources such as batteries recycling and manufacturing, 

lead smelting, paints, leaded gasoline, lead solder, batteries and stationary sources via 

multiple pathways such as air, dust, soil, water and food contaminated with lead. Millions 

of US children from all geographical areas and socioeconomic strata have high BLL to be 

associated with adverse health effects (Agency for Toxic Substances and Disease Registry, 

ATSDR, 1993). 

Lead is a developmental neurotoxin, children are most commonly exposed and they are 

most vulnerable. Lead exposure has been associated with many cognitive and motor 

deficits, as well as distractibility and other characteristics of attention deficit hyperactivity 

disorder. Children can still be exposed to lead from lead paint in older homes, toys, and 

other sources. Because post-exposure treatment cannot reverse the cognitive effects of lead 

exposure, preventing lead exposure is essential.  Therefore, our study is needed for Gaza 

Governorates to identify risk factors associated with lead poisoning in order to control and 

prevent lead exposure. 

1.4 Aim of the Study 

The overall aim of the study is to identify the common risk factors associated with lead 

poisoning among children aged 2-6 years in Gaza Governorates. The present study also 

aims to protect human health and the environment from the adverse effects of lead. 

 
1.5 Specific Objectives 

1. To identify the main common risk factors associated with lead poisoning among 

children aged 2-6 years in Gaza Governorates.  

2. To examine the association between socio-demographic variables and lead poisoning 

in Gaza Governorates.  

3. To test the association between environmental variables and lead poisoning. 
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4. To examine relationship between child health status and lead poisoning. 

5. To provide recommendations to improve professional and public awareness to the 

sources and to the potential effects of lead exposure, in order to develop an effective 

public health policy and measures to promote public health and safe environment. 

 

1.6 Research Questions 

 
 1.    Does lead uses in Gaza Governorates lead to childhood lead poisoning? 

 2.    Is lead exposure a real threat to children in Gaza Governorates? 

 3.   Which risk factors is a potential one for elevated BLL? 

4. Does child habit and behavior associate with elevated BLL? 

5. Does parents� occupation participate to elevate their children BLL? 

 6. Is there a relationship between socioeconomic factors and lead poisoning among 

children? 

 

1.7 Context of the Study  

 
1.7.1 Geographical Distribution: 

 
Palestine is an Arabic Country, relatively small one. The total surface area of the historical 

Palestine is about 27.000 Km² (MOH, 2006). Gaza Strip is one of the most densely 

populated area in the world. The population in Gaza Strip are concentrated mainly in cities, 

small village and eight refugee camps, the refugee are more than two third of the 

population. Gaza Strip remains one of the weakest economic situations compared with the 

neighboring areas which adversely affect the public health (MOH, 2005). Gaza Strip is 

divided into five governorates: Gaza Governorate, North Governorate, Mid-zone 

Governorate, Khan-Younis Governorate, and Rafah Governorate. 

 

1.7.2 Age and Sex Distribution: 

 
According to the annual report of the Ministry of Health (2007), 45.7% of population is 

under 15 years, 48.8% in Gaza Strip and 43.9% in West Bank. The age group under five 

years old still the largest age group in Palestine which constitutes 17.3% of the whole 

Palestine population, 19.0% in Gaza Strip and 16.2% in West Bank. The age 60 years and 



 5 

over constitute 4.4% of the population (4.4% in Gaza Strip and 4.8% in West Bank), which 

means that Palestine population is still a society of young people. 

 

1.7.3 Parent's Level of Education: 

 
According to PCBS, it was established that 20.4 % of fathers and 11.1 % of mothers 

completed the first university degree, and the illiteracy percent among fathers was 0.2 % 

and 0.22 % among mothers.  The main finding showed that the literacy rate is 92.9 % 

among individuals aged 15 years and over in Palestinian territory.  This rate varies between 

males and females.  It was 96.9 % for males and 88.9 % for females (PCBS, 2006).  

 

1.7.4 Environmental Health Situation: 

 
The Gaza Strip has a subtropical climate with four seasons.  It is float and sandy with little 

fertile soil.  The average rainfall is 405.1 mm per year (PCBS, 2007). Gaza Strip altitude is 

0- 40 meters above sea level.  The environment of Gaza Governorates suffers from 

considerable constrains.  Shortage and pollution of resources, coupled with very high 

population growth, few job opportunities and long years of negligence have created many 

environmental health hazards (MEnA, 2000).  The partially treated waste water and raw 

sewage end up in Mediterranean Sea. Some of partially treated sewage end up in the 

ground also, in some cases reaching the aquifer, polluting Gaza's already poor drinking 

water supply (IRIN, 2009).   

The main source of water in Gaza Governorates is the underground water in the coastal 

aquifer.  The groundwater is used for domestic, as well as for irrigation and industrial 

purposes.  A water shortage, water pollution with high salinity and micro-pollutants, lack 

of sewage and solid waste treatment, marine pollution, overcrowding, poverty and 

uncontrolled use of pesticides are the most pressing environmental health problems in 

Gaza Strip (Safi, 1998).  In general, these environmental problems have multiplied the 

Palestinian human environment socioeconomic problems while increasing health hazards 

(Safi, 1998).  
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1.7.5 Economical Situation: 

 

Gaza Strip is a very poor area; its economy is mainly dependent upon agriculture, livestock 

rising, fishing, small industry and governmental employments.  The conditions in the Gaza 

Strip had exacerbated the humanitarian situation for Palestinian civilians.  Unemployment 

and poverty rates have increased dramatically.  The Gaza economy has been greatly 

affected during the last six years due to a combination of unemployment, closures, and 

restrictions placed on workers and industries. Unemployment in Gaza reaching alarmingly 

high levels (PCHR, 2006).  It was reported that unemployment rates in Gaza Strip reached 

65 %, and that poverty rates get up to 80%, due to the ongoing Israeli-led siege and 

repeated assaults (Bannoura, 2009).  Furthermore, 80 % of the residents in Gaza depend on 

humanitarian aid provided by different relief groups such as the World Food Program and 

the UNRWA.  The ongoing siege forced 96 % of the factories and industrial areas in Gaza 

Strip to shut down as the closure of border terminals blocked exports and also blocked 

imports of tools and equipment needed by the factories to continue the production process 

(Bannoura, 2009). 

 

1.7.6 Health Care System:   

                       
Ministry of Health has been fully responsible for the management of health services in the 

Palestinian Territories since the transfer of responsibilities from the Israeli civil 

administration to the Palestinian Authority in 1994 (World Health Assembly, 2005).  

UNRWA and other nongovernmental organizations (NGOs) are considered as second hand 

providers of health services in Palestine (MOH, 2003).  Palestinian health care system 

mainly includes eight components, which are primary health care, laboratories and blood 

banks, hospitals, health human resources, health finance, governmental health insurance, 

treatment abroad, and health projects (MOH, 2005).   

  

In Palestine, the crude birth rate (CBR) in 2006 was 36.7 births per 1000. In Gaza Strip, 

the CBR is 41.7 per 1000, but in West Bank was 33.7 per 1000 (PCBS, 2008).  The crud 

death rate (CDR) in 2006 was 3.9 deaths per 1000.  The CDR in Gaza Strip was 3.8 and 

4.0 in West Bank (PCBS, 2008).  The leading causes of adult death are similar to 

developed countries including cardiovascular diseases and cancers with a high prevalence 

of stress and psychological trauma related diseases.  On the other hand, diseases of poverty 
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are still prevalent such as respiratory infections and diarrhea diseases that remain important 

causes of child mortality and morbidity (MOH, 2005). 

 

1.7.6.1 Hospitals in Palestine 

 
In Palestine, the secondary healthcare services are provided by governmental, non-

governmental, UNRWA, and private sector.  MOH is the main provider of secondary 

health care services and some of the tertiary care (MOH, 2003). The MOH owns and 

operates 22 hospitals, 10 in Gaza Strip and 12 in West Bank (MOH, 2005).  

 

1.7.6.2 Primary Health Care (PHC):  

 
Primary Health Care (PHC) is one of the most important components of the Palestinian 

health care system. PHC centers provide accessible and affordable health services for all 

Palestinians, especially for children and other vulnerable groups. MOH is working with 

other health sectors in providing the primary health services, mainly UNRWA and NGOs 

(MOH, 2005). 

The total number of registered PHC centers in Palestine is 731 centers. Distribution by 

provider shows that, there are 413 centers owned and supervised by the MOH, 53 centers 

by the UNRWA and NGOs have 265 centers. In Palestine, the average ratio of persons per 

center is 4.976 (MOH 2004). 

 

1.7.6.3 Non-Governmental Organizations (NGOs): 

  
NGOs are considered as second providers of health services in Palestine (MOH, 2003).  In 

2004, the health sector in NGOs owns and operates 265 mini PHC centers in Palestine. 

Some centers include medical laboratories to perform simple diagnosis, and many 

pharmacies that provide the attendants with low cost medication (MOH, 2004). 

1.8 Operational Definition  

 

CDC guidelines (1991) set the lead poisoning at a confirmed blood lead level greater than 

or equal to 10 µg/dl. 

Case subjects are children with BLL more than or equal to 10 µg/dl. 

Control subjects are children with BLL less than 10 µg/dl. 
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Chapter 2 

Literature Review 

In this chapter, the researcher provides the conceptual framework and previous 

publications, which identify the main concepts and variables related to the study.   

 

2.1 Conceptual Framework  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lead Poisoning 

Socio-demographic 
Factors 
1) Gender  
2) Age  
3) Income  
4) Occupation  
5) Education level  
6) Life Style 
 

Health Services 
1) Health Education 
related to lead poisoning  
2) Availability of health 
services  

 

Risk Factors: Exposure 
1) Lead Smelting  
2) Battery manufacturing  
3) Battery Recycling 
4) Kohl Use (stone)  
5) Other lead sources  
 
 

Health Status 
1) Anemia 
2) Malnutrition 
3) Infection 
4) Mental retardation 
 

Environmental Factors  
1- Housing Conditions 
2- Smoking  
3- Outdoor and indoor 

pollution  
4- Water pollution 
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2.2 Lead as Public Health Problem  

 
To evaluate the magnitude of lead as a public health problem, three key elements must be 

addressed: the potential sources of exposure, the indicators to evaluate health effects and 

environmental exposure and sampling methods for the population at risk (Romieu, 2003). 

BLL measurements should be integrated in an overall strategy to prevent lead toxicity in 

children. 

Lead exposure nonetheless remains a public health concern because exposure is still high 

in developing countries, increasing evidence indicates effects at any levels below 100 µg/L 

and even a possible steeper dose-response relationships at very low levels (Glorennec et 

al., 2010). In countries with a low prevalence of BLLs >100 µg/L, the implication of this 

absence of threshold is that very low levels account for most of the lead burden because 

they are more frequent the BLL distribute lognormally (Glorennec et al., 2010).  

Lead is a toxic metal associated with neurological and intellectual impairment in children. 

Young children (6 months�6 years) are the group most exposed to lead because of their 

hand-to-mouth activity, especially those living in old houses with leaded paint or located 

near industrial facilities that do or did emit lead (Barbara et al, 2011). Lead is a 

developmental neurotoxin, interfering with neurotransmission, cellular migration, and 

synaptic plasticity during central nervous system development. Epidemiologic studies 

show associations between even low BLL and lowered intelligence quotient (Alan and 

Margaret, 2010).  

Sanna et al. (2011) evaluated the correlations between the concentrations of lead in blood, 

urine, and hair in children in Italy and suggested that blood is the preferred biomarker to 

ascertain lead exposure in human populations, whereas hair can be used as a tool screening 

when an area is exposed to medium or high lead pollution. Wang et al (2011) studied 

Benchmark dose approach for low-level lead induced haematogenesis inhibition and 

associations of childhood intelligences with delta-aminolevulinic acid dehydratase 

(ALAD) activity and delta-aminolevulinic acid (ALA) levels. It was concluded that blood 

ALAD activity is a sensitive indicator of early haematological damage due to low-level Pb 

exposures for children. 
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2.3 Lead Exposure 

 � 
Lead poisoning is one of the most common and preventable pediatric health problems of 

environmental origin today. Managing childhood lead poisoning by chelating may save 

lives where BLL are very high (Markowitz, 2003). Chelating therapy using Ca acetate and 

succimer reduces BLL and associated symptoms. Follow-up tests after an abnormal 

screening BLL is a key component of lead poisoning prevention (Kemper 2005). 

Childhood lead toxicity is an international problem and the prevalence of lead toxicity is 

largely determined by age and proximity to environmental sources. Children are more 

vulnerable to lead exposure because of the frequency of pica and hand-to-mouth activities 

and because children have a greater rate of intestinal absorption and retention of lead (Yeoh 

2008, Safi et al 2006, CDC 2005, Safi 2004, Rubin et al 2002). Since the first reports on the 

lead poisoning, there has been much research bringing to light the relationship of lead 

absorption into the body and its deleterious effects, not only on the gastrointestinal tract but 

also on the central nervous system and kidneys (Bellinger 2008, Rengold et al 2005, Shen 

et al 2001 and Lanphear et al 2000).  

Lead is a common environmental pollutant and causes of environmental contamination 

include industrial use of lead, such as is found in plants that process lead-acid batteries or 

produce lead wire or pipes, and metal recycling and foundries (Ragan and Turner, 2009). 

Children living near facilities that process lead, such as smelters, have been found to have 

unusually high blood lead levels (Sanborn et al., 2002). In many countries including the 

US, household paint and dust is the major route of exposure in children (Dart et al., 2004).  

Llop et al (2011) evaluated the prenatal exposure to lead in Spain and concluded that lead 

levels to which newborns are exposed are low. Mobilization of lead from bones may be the 

main contributor to the cord blood levels. Khan et al (2011) evaluated the synergistic 

effects of iron deficiency and lead exposure on BLL in children and concluded that Iron 

deficiency in combination with lead exposure synergistically elevates BLL and 

susceptibility to its harmful effects in children. 
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2.3.1 Lead Exposure in the Middle East:� 

 
In the Middle East today, the major reported sources of lead exposure are currently used 

lead-based paints, gasoline and industrial sources including smelters, battery factories, and 

radiator repair shops and flour from the stone mills (Safi et al., 2006, Safi 2004, Rsocal et al 

1999, El-Araby et al 1995, Hershko et al 1989, Abdullah 1984,). The children of the lead-

exposed workers are also at high risk for lead poisoning. In addition, some women in the 

Middle East are using a traditional homemade cosmetic called KOHL on their eyes and on 

the eyes of their young children (Parry & Eaton 1991). These women are unaware of the 

dangers of making and using homemade Kohl. Isolated cases of lead poisoning have been 

reported as a result of the use of dental powders such as Saoot and Cebagin, which may 

contain as high as 51% of lead (Ner et al 1992).  

 

In 2006 & 2004 Safi have reported the results of a pilot study of BLL measurements in 

children (n=435) age 2-6 years in the Gaza Strip. This study was accompanied with an 

effort to locate potential sources of lead contamination. Using a two-stage cluster 

probability design, augmented by searches for hot spots, BLL were measured. Blood 

samples were collected by finger stick and tested on a Portable Lead Care, Blood Lead 

Testing System and Lead Care Kits. The results revealed a mean BLL of 8.6µg/dl with a 

high peak of ≥65 µg/dl. 17.2% of the examined children (n=435) had BLL higher than 10 

µg/dl. The main lead contamination source was found to be the nearby battery plant/smelter 

located in the middle of a highly populated urban area and markets. Point exposures have 

been occupational and industrial sources as well as the use of �Kohl� in cosmetics. Children 

of the lead-exposed workers are also at high risk for lead poisoning. These findings state the 

case for investigation targeted at hot spots and special situations rather than routine 

population-wide surveillance and screening. 

At present, the researcher estimate that in Gaza Strip at least several thousand children are 

living in neighborhoods close to hot spots for lead contamination. This estimation means 

that there is a case for a larger follow-up research study in Gaza Strip with the goal of mass 

screening of children. There is a need to gain access to children at risk of lead exposure 

from industrial sources, either through proximity to point sources, or as children of workers. 



 12 

2.4 Routes of Lead Exposure  

Exposure to lead occurs through inhalation, ingestion or occasionally skin contact. Lead 

may be taken in through direct contact with mouth, nose, and eyes (mucous membranes), 

and through breaks in the skin. Tetra-ethyl lead, which was a gasoline additive and is still 

used in fuels such as aviation fuel, passes through the skin; however inorganic lead found 

in paint, food, and most lead-containing consumer products is only minimally absorbed 

through the skin (Patrick, 2006).  

Study carried out by Karri et al., (2008) indicated that the main sources of absorption of 

inorganic lead are from ingestion and inhalation. When ingested inorganic lead, about 15% 

is absorbed, but this percentage is higher in children, pregnant women, and people with 

deficiencies of calcium, zinc, or iron. Children and infants may absorb about 50% of 

ingested lead, but little is known about absorption rates in children (Grant, 2009). 

The main body compartments that store lead are the blood, soft tissues, and bone; the half-

life of lead in these tissues is measured in weeks for blood, months for soft tissues, and 

years for bone (Karri et al., 2008). However, in adults, 94% of absorbed lead is deposited 

in the bones and teeth, but children only store 70% in this manner, a fact which may 

partially account for the more serious health effects on children (Barbosa et al., 2005). The 

estimated half-life of lead in bone is 20�30 years, and bone can introduce lead into the 

bloodstream long after the initial exposure is gone (Patrick, 2006). The half-life of lead in 

the blood in men is about 40 days, but it may be longer in children and pregnant women, 

whose bones are undergoing remodeling, which allows the lead to be continuously re-

introduced into the bloodstream (Barbosa et al., 2005). 

2.5 Sources of Lead Exposure 

 
Lead is naturally occurring, blush-grey metal that has no taste or smell. Lead can be found 

in food, ambient air, drinking water, gasoline, battery factories, smelters, flaking and 

chipping paint, dust and chips from improper removal of exterior / interior paint and lead-

contaminated soil (Mushak & Crocetti, 1989 and Benin, 1999).  

Lead is a common environmental pollutant. Causes of environmental contamination 

include industrial use of lead, such as is found in plants that process lead-acid batteries or 

produce lead wire or pipes, and metal recycling and foundries (Ragan and Turner 2009). 
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Lead exposure can occur from contact with lead in air, household dust, soil, water, and 

commercial products (Rossi, 2008).  

Occupational exposure is the main cause of lead poisoning in children and adults (Patrick, 

2006). Children of workers in battery manufacturing and recycling are at risk for lead 

exposure; this worker ladles molten lead into billets in a lead-acid battery recovery facility 

(Brodkine, et al., 2007). Other occupations that present lead exposure risks include 

welding, manufacture of rubber, printing, zinc and copper smelting, combustion of solid 

waste, and production of paints and pigments. Parents who are exposed to lead in the 

workplace can bring lead dust home on clothes or skin and expose their children (Dart, et 

al., 2004). Needleman (2004) studied how people exposed to lead and found that people 

can be exposed when working in facilities that produce a variety of lead-containing 

products; these include radiation shields, ammunition, certain surgical equipment, fetal 

monitors, plumbing, jet engines, and ceramic glazes. Choudhari et al. (2010) conducted a 

lead exposure study in a total of 452 school children in the age group of 9-14 years 

residing near a lead-zinc mine (situated within a 2.5 km radius). They revealed that BLL in 

about 80% of the children were less than10 ìg/dl. 

Tetraethyl lead, which used to be added to gasoline, contributed to soil contamination. 

Residual lead in soil contributes to lead exposure in urban areas (Guidotti and Ragain, 

2007). Lead content in soil may be caused by broken-down lead paint, residues from lead-

containing gasoline or pesticides used in the past, contaminated landfills, or from nearby 

industries such as foundries or smelters. Although leaded soil is less of a problem in 

countries that no longer have leaded gasoline, it remains prevalent, raising concerns about 

the safety of urban agriculture (Woolf et al., 2007). 

Lead from the atmosphere or soil can end up in groundwater and surface water. It is also 

potentially in drinking water, e.g. from plumbing and fixtures that are either made of lead 

or have lead solder. In the US, 14�20% of total lead exposure is attributed to drinking 

water (Mass et al., 2005). In Australia, collecting rainwater from roof runoff used as 

potable water may contain lead if there is lead contaminates on the roof or in the storage 

tank. The Australian Drinking Water Guidelines allow a maximum of 0.01 mg/L lead in 

water (Rossi, 2008).  

Vinyl mini-blinds, found especially in older housing, may contain lead (Ragan and Turner 

2009). Guidotti and Ragain, (2007) indicated that lead can be found in products such as 
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kohl, a South Asian cosmetic, and in some toys. Patrick, (2006) reported that ceramic glaze 

often contains lead, and dishes that have been improperly fired can leach the metal into 

food, potentially causing severe poisoning. In some places, the solder in cans used for food 

contains lead. 

2.6 Epidemiology of Lead Poisoning  

Since lead has been used widely for centuries, the effects of exposure are worldwide 

(Payne, 2008). Environmental lead is ubiquitous, and everyone has some measurable BLL 

(Karri et al, 2008). Lead is one of the largest environmental medicine problems in terms of 

numbers of people exposed and the public health toll it takes (Pokras and Kneeland, 2008). 

Although regulation reducing lead in products has greatly reduced exposure in the 

developed world since the 1970s, lead is still allowed in products in many developing 

countries (Pokras and Kneeland, 2008). 

Poor children in developing countries are at high risk for lead poisoning (Meyer et al, 

2003). In all countries that have banned leaded gasoline, average blood lead levels have 

fallen sharply which is the primary source of lead exposure in most developing countries 

(Meyer et al, 2003 and 2008). However, some developing countries still allow leaded 

gasoline (Payne, 2008). About 7% of North American children have blood lead levels 

above 10 ìg/dl, whereas among Central and South American children, the percentage is 

33�34% (Payne, 2008). In addition, about one fifth of the world's disease burden from lead 

poisoning occurs in the Western Pacific, and another fifth is in Southeast Asia (Payne, 

2008). In developed countries, nonwhite people with low levels of education living in 

poorer areas are most at risk for elevated lead (Pokras and Kneeland, 2008).  

Risk factors for elevated lead exposure include alcohol consumption and smoking 

(possibly because of contamination of tobacco leaves with lead-containing pesticides) (Hu, 

et al, 2007). 

Adults with certain risk factors might be more susceptible to toxicity; these include 

calcium and iron deficiencies, old age, disease of organs targeted by lead (e.g. the brain, 

the kidneys), and possibly genetic susceptibility (Kosnett et al, 2007). Bellinger, (2004) 

found differences in neurological damage between males and females due to lead exposure 

and emphasize that males to be at greater risk than females. 



 15 

Children of below 6 years old are more sensitive to elevated blood lead levels than adults 

(Murata et al., 2009). Children may also have a higher intake of lead than adults; they 

breathe faster and may be more likely to have contact with and ingest soil (Dart et al., 

2004). In adults, BLL steadily increase with increasing age and also adults of all ages, men 

have higher blood lead levels than women do (Rossi, 2008). 

Children ages one to three years tend to have the highest BLL, possibly because at that age 

they begin to walk and explore their environment, and they use their mouths in their 

exploration (Bellinger, 2004). Blood levels usually peak at about 18�24 months old 

(Pearson and Schonfeld, 2003). Cox et al. (2010) evaluated BLL in Mississpi children and 

found that the percentage of 1-5-year-old children with BLL >10 ìg /dl in Mississippi is 

less than those seen nationally, and mean levels are comparable to national ones. 

Srinivasa et al (2011) assessed the prevalence of sub-clinical Pb toxicity and trace element 

deficiencies (Fe), (Zn), (Cu) (Mg). Their results suggest higher prevalence of sub-clinical 

Pb toxicity and trace element deficiencies in urban children. Further, high blood Pb levels 

appear to be correlated with reduced ä -aminolevulinate dehydratase activity and iron 

status in Pb exposed children. 

 

2.7 Classification of Lead Poisoning  

Lead poisoning may be acute (from intense exposure of short duration) or chronic (from 

repeat low-level exposure over a prolonged period), but the latter is much more common 

(Rossi, 2008). Lead poisoning has been defined as exposure to high levels of lead typically 

associated with severe health effects (Grant, 2009). Authorities such as the American 

Academy of Pediatrics define lead poisoning as blood lead levels higher than 10 ìg/dl 

(Ragan and Turner, 2009). 

Diagnosis and treatment of lead exposure are based on BLL measured in micrograms of 

lead per deciliter of blood (ìg/dL). The CDC and the WHO stated that a blood lead level of 

10 ìg/dL or above is a cause for concern; however, lead may impair development and have 

harmful health effects even at lower levels, and there is no known safe exposure level 

(Rossi, 2008 and Barbosa et al., 2005). 
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2.7.1 Acute Lead Poisoning: 

In acute poisoning, typical neurological signs are pain, muscle weakness, par aesthesia, 

and, rarely, symptoms associated with encephalitis (Pearce, 2007). Abdominal pain, 

nausea, vomiting, diarrhea, and constipation are other acute symptoms. Lead's effects on 

the mouth include astringency and a metallic taste (Brunton, 2007). Gastrointestinal 

problems, such as constipation, diarrhea, poor appetite, or weight loss, are common in 

acute poisoning. Absorption of large amounts of lead over a short time can cause shock 

(insufficient fluid in the circulatory system) due to loss of water from the gastrointestinal 

tract (Brunton, 2007). Hemolysis (the rupture of red blood cells) due to acute poisoning 

can cause anemia and hemoglobin in the urine, damage to kidneys can cause changes in 

urination such as decreased urine output. People who survive acute poisoning often go on 

to display symptoms of chronic poisoning (Brunton, 2007).     

2.7.2 Chronic Lead Poisoning: 

Chronic poisoning usually presents with symptoms affecting multiple systems (Kosnett, 

2007).  But is associated with three main types of symptoms: gastrointestinal, 

neuromuscular, and neurological; central nervous system and neuromuscular symptoms 

usually result from intense exposure, while gastrointestinal symptoms usually result from 

exposure over longer periods (Brunton, 2007). Signs of chronic exposure include loss of 

short-term memory or concentration, depression, nausea, abdominal pain, loss of 

coordination, and numbness and tingling in the extremities (Pearce, 2007). Fatigue, 

problems with sleep, headaches, stupor, slurred speech, and anemia are also found in 

chronic lead poisoning. Children with chronic poisoning may refuse to play or may have 

hyperkinetic or aggressive behavior disorders (Pearce, 2007). 

2.8 Signs and Symptoms of Lead Poisoning 

Lead poisoning can cause a variety of symptoms and signs which vary depending on the 

individual and the duration of lead exposure (Karri et al, 2008). Symptoms are nonspecific 

and may be subtle, and someone with elevated lead levels may have no symptoms (Mycyk 

et al, 2005). Symptoms usually develop over weeks to months as lead builds up in the body 

during a chronic exposure, but acute symptoms from brief, intense exposures also occur 

(Dart and Boyer, 2004).  
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Children may also experience hearing loss, delayed growth, drowsiness, clumsiness, or 

loss of new abilities, especially speech skills. Symptoms may appear in children at lower 

blood lead levels than in adults (Marshall and Bangert, 2008). 

Symptoms may be different in adults and children; the main symptoms in adults are 

headache, abdominal pain, memory loss, kidney failure, male reproductive problems, and 

weakness, pain, or tingling in the extremities (Pearce, 2007). The classic signs and 

symptoms in children are loss of appetite, abdominal pain, vomiting, weight loss, 

constipation, anemia, kidney failure, irritability, learning disabilities, and behavior 

problems (Pearce, 2007). 

2.9 Effects of Lead Poisoning on Human Health 

Ringold et al. (2005) reported that lead is damaging the red blood cells. These 

manifestations can be serious and can lead to coma and death in acute poisoning. Minor 

lead poisoning may cause in children, milder effects such as sleep and behavioral 

problems, fatigue, shortened memory and anemia (Campbell and Osterhoudt 2000 & 

Mendelsohn et al 1998). Lead poisoning may have serious and even fatal consequences at 

any age, but young children are especially vulnerable. This environmental toxicant may 

deleteriously affect the nervous, hematopoietic, endocrine, renal, and reproductive systems 

(Bellinger 2008, Rengold et al 2005, and ATSDR, 1993).  

Lead crosses the placenta and can cause permanent neurological impairment to the fetus 

(Garbo et al, 1998). Indeed, lead poisoning was reported in newborn and infants in an 

epidemiological study carried out in northern Italy (Garbo et al, 1998). Effects of low- lead 

level exposure on neurobehavioral development in 1-3 year-old children were reported, 

accompanied with Intervention Guideline (Bellinger 2008, Zhang and Dai 2002). Until 

recently, a BLL of 10 µg/dl was considered as a threshold for intervention (CDC 2005, 

2000, 1997, 1991), but new data suggest that there is no such threshold and any lead blood 

level is dangerous for children (Bernard, 2003). As a result, lead poisoning is the presence 

of an elevated level of lead in the blood. In a recent study, Ringold et al. (2005) have 

estimated that about 2% of children younger than 6 years in the US have elevated BLL. 

Another study evaluated childhood lead poisoning in Latin America (Romieu 2003).  
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2.9.1 Effects of Lead Poisoning on CNS: 

Bellinger (2004) illustrated that lead affects the peripheral nervous system (especially 

motor nerves) and the central nervous system. Peripheral nervous system effects are more 

prominent in adults and CNS effects are more prominent in children. The brain is the organ 

most sensitive to lead exposure (Cecil et al. 2008). Lead poisoning interferes with the 

normal development of a child's brain and nervous system; therefore children are at greater 

risk of lead neurotoxicity than adults are (Sanders et al., 2009). Guidotti and Ragain (2007) 

found that BLL below10 ìg/dl have associated with lower IQ and behavior problems such 

as aggression, in proportion with BLL. The study carried out by Cleveland et al. (2008) 

showed that increased BLL in children has been correlated with decreases in intelligence, 

nonverbal reasoning, short-term memory, attention, reading and arithmetic ability, fine 

motor skills, emotional regulation, and social engagement. Also, the effect of lead on 

children's cognitive abilities takes place at very low levels. Another study about lead 

exposure carried out by Meyer et al. (2003) revealed that lead exposure in young children 

has been linked to learning disabilities, and also, children with blood lead concentrations 

greater than10 ìg/dl are in danger of developmental disabilities.  

Lanphear et al., (2005) reported that lead affects every one of the body's organ systems, 

especially the nervous system, but also the bones and teeth, the kidneys, and the 

cardiovascular, immune, reproductive systems, also, hearing loss and tooth decay have 

been linked to lead exposure. Kasten-Jolly et al., (2011) evaluated the harmful effects of 

lead to the CNS of children and found that the deleterious effects of Pb on learning and 

long-term memory are posited to result from excessive astrocyte growth and/or activation 

with concomitant interference with neural connections. 

 

Bellinger (2008) reported that lead exposure in children is correlated with neuropsychiatric 

disorders such as attention deficit hyperactivity disorder and antisocial behavior. 

Needleman, (2004) found that elevated lead levels in children are correlated with higher 

scores on aggression and delinquency measures. Also, revealed that countries with the 

highest air lead levels have been found to have the highest murder rates, after adjusting for 

confounding factors. Eubig et al (2010) evaluated the Lead as risk factor for attention 

deficit/hyperactivity disorder. They speculated that exposures to environmental 
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contaminants, including lead and PCBs, may increase the prevalence of lead and PCBs as 

risk factors for attention deficit/hyperactivity disorder. 

2.9.2 Effects of Lead Poisoning on Renal System: 

Kidney damage occurs with exposure to high levels of lead, and evidence suggests that 

lower levels can damage kidneys as well. The toxic effect of lead causes nephropathy and 

may cause Fanconi syndrome, in which the proximal tubular function of the kidney is, 

impaired (Grant, 2009). Ekong et al., (2006) showed that long-term exposure at levels 

lower than those that cause lead nephropathy have also been reported as nephrotoxic in 

patients from developed countries that had chronic kidney disease or were at risk because 

of hypertension or diabetes mellitus.  

2.9.3 Effects of Lead Poisoning on Cardiovascular System: 

Evidence suggests lead exposure is associated with high blood pressure, and studies have 

also found connections between lead exposure and coronary heart disease, heart rate 

variability, and death from stroke, but this evidence is more limited (Navas-Acien et al., 

2007). People who have been exposed to higher concentrations of lead may be at a higher 

risk for cardiac autonomic dysfunction on days when ozone and fine particles are higher 

(Park et al., 2008). 

2.9.4 Effects of Lead Poisoning on Reproductive System: 

Cleveland et al., (2008) reported that a pregnant woman's elevated BLL can lead to 

miscarriage, prematurity, low birth weight, and problems with development during 

childhood. Lead is able to pass through the placenta and into breast milk, and BLL in 

mothers and infants are usually similar (Dart et al., 2004). Bellinger (2005) studied birth 

defects and indicated that a fetus may be poisoned in utero if lead from the mother's bones 

is subsequently mobilized by the changes in metabolism due to pregnancy; increased 

calcium intake in pregnancy may help mitigate this phenomenon. 
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2.10 Risk Factors Associated with Lead Poisoning Worldwide 

Children living near facilities that process lead, such as smelters, have been found to have 

unusually high BLL. In August 2009, parents rioted in China after lead poisoning was 

found in nearly 2000 children living near zinc and manganese smelters (Watts, 2009). 

Sanborn et al. (2002) reported that lead miners and smelters, plumbers and fitters, auto 

mechanics, glass manufacturers, construction workers, battery manufacturers and 

recyclers, firing range instructors, and plastic manufacturers are at risk for lead exposure. 

Pears (2007) revealed that deteriorating lead paint and lead-containing household dust are 

the main causes of chronic lead poisoning. Gilbert and Weiss (2006) showed that some 

lead compounds are bright colors and are used widely in paints, and lead paint is a major 

route of lead exposure in children. Deteriorating lead paint can produce dangerous lead 

levels in household dust and soil also, exposed children to dangerous lead.   

Many young children display pica, eating things that are not food. Even a small amount of 

a lead-containing product such as a paint chip or a sip of glaze can contain tens or 

hundreds of milligrams of lead. Eating chips of lead paint presents a particular hazard to 

children, generally producing more severe poisoning than occurs from dust (Kosnet, 2006). 

Lead is commonly incorporated into herbal remedies such as Indian Ayurvedic preparations 

and remedies of Chinese origin. There are also risks of elevated BLL caused by folk 

remedies like azarcon and greta, which each contain about 95% lead (Karri et al., 2008). 

CDC (2006) revealed that ingestion of metallic lead, such as small lead fishing lures, 

increases BLL and can be fatal. Hunt et al. (2009) showed that people who eat animals 

hunted with lead bullets may be at risk for lead exposure. Also, bullets lodged in the body 

rarely cause significant levels of lead poisoning. Childhood lead poisoning associated with 

spices used in food preparation was also reported by Woolf et al (2005). 
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Chapter 3 

Methodology 

 

This chapter indicates the research methodology, which was used to conduct this study.  

The chapter presents study design, study population, study setting, and the ethical 

procedures that were considered in the study.  Tools and instruments, data collection and 

analysis processes are presented in this chapter.  The chapter also presents the selection 

criteria and the limitations of the study. 

 

3.1 Study Design 

 
The design of the present study is a quantitative analytical retrospective case control study, 

which is very useful to investigate the possible environmental risk factors associated with 

lead poisoning among children aged 2-6 years in Gaza Governorates. This type of study 

selected cases from children in Gaza Governorates with blood lead level 10 g/dl or higher 

and controls selected from children living in the same community and proved to have low 

blood lead level (less than10 g/dl).  

 

3.2 Period of the Study 

 
The study started in the period from the first of January to the end of June, 2011.  

 

3.3 Study Population 

 
The study was performed on children living in Gaza Governorates and their information is 

stored in a data base in Environmental Protection and Research Institute (EPRI-Gaza). This 

study is targeted children, aged 2-6 years. The study design and sampling methods aimed to 

take into account differing population distributions, age patterns, residential distribution, 

anticipated prevalence, patterns of clustering of high blood lead and percent responders. 

According to this study design cases and controls are selected from the census population.  
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3.4 Sample Size 

 
The EPI Info 6 (Epidemiological Information Statistical Program) statistical calculator was 

used to calculate the sample size. Based on assumption that prevalence of exposures for 

cases among cases is 25 % and the occurrence of the same exposures among control is 10 

% at 95 % confidence interval and 80 % power and based on one control for each case, the 

sample size were 120 cases and 120 controls.  

 

3.5 Selection of Cases 

 
The cases were 120 children selected from children who have blood lead level 10 g/dl or 

higher and registered in EPRI data base.  

    

3.6 Selection of Controls  

The controls were 120 children selected from children who have blood lead level less than 

10 g/dl and registered in EPRI data base.  

 

3.7 Eligibility 

3.7.1 Inclusion Criteria:  

 
 Cases: Children aged 2-6 years and have blood lead level 10 g/dl or higher and 

living in Gaza Governorates was eligible for the study. 

 Controls: Children aged 2-6 years and have blood lead level less than 10 g/dl and 

living in Gaza Governorates was eligible for the study. 

 

3.7.2 Exclusion Criteria: 
 
All children whether cases or controls reported in hot spots are excluded and will not be 

included in this study 

 Cases: Any Children who have blood lead level less than 10 g/dl, less than 2 years 

old, more than 6 years old and is not living in Gaza Governorates was excluded 

from the study. 

 Controls: Any Children who have blood lead level 10 g/dl or higher, less than 2 

years old, more than 6 years old and is not living in Gaza Governorates was 

excluded from the study. 
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3.8 Ethical Considerations 

 
This study carried out in accordance with the directions of the Helsinki Committee in the 

Ministry of Health and under its approval. An informed consent was attached to each 

questionnaire obtained from each participant parent in the study. All participants parents in 

the study received a complete explanation about the research purpose, full disclosure about 

the nature of the study, length of investigation, the subject�s right to refuse participation, 

risks and benefits, how they have been selected, confidentiality and sponsorship.   

 
3.9 Research Instrument 
 
Personal questionnaires was abstracted and completed. The researcher used these 

questionnaires because they are easy for the participants and since this is the gold standard 

method of data collection. Quantitative approach provides wide coverage and characterized 

by high validity and reliability.   

 

3.10 Questionnaire Design  

 
The questionnaire for the study is specially designed and prepared to compile information 

relating to the objectives of the study. The questionnaire includes information on the 

background characteristics of household members, socio-economic characteristics, 

household information, household exposure, familial exposure, smoking, cosmetics, 

occupational exposure, hobbies exposure and child health and habits.  

 

3.11 Data Collection 

 
The researcher completed by himself and identified the cases and controls and abstracted 

available information from EPRI and completed all variables needed by contacting the cases 

and controls in Gaza Governorates.  

 

3.11.1 Estimation of Lead Contamination Hazards: 

 
Lead contamination sources were screened in these areas, in parallel. Information was 

gathered from municipality, governmental and industrial sources. The parents (mother or 

father) of each child involved in the study and interviewed, and questionnaires filled out. 

These questionnaires provided the required information concerning environmental lead 



 24 

hazards, such as distance from industrial areas, closeness to battery manufacture stores, or 

to petrol stations. In addition, information concerning parents' profession and the possible 

exposure to lead contamination related to their occupation collected. The questionnaires 

included also information about the possible use of kohl as cosmetic in the family, and 

general environmental and living conditions.  

 

3.11.2 Blood Lead Levels Determination: 

 
Blood lead levels were determined in all studied children. Blood samples were taken from 

the children by the finger stick procedure. BLL tested on a portable Lead Care Analyzer 

apparatus, USA, using Lead Care Kits. Calibrations for the blood lead equipment done prior 

to beginning the field testing. Split samples for quality assurance considered.  

 

3.12 Statistical Analysis 

 
The collected data was introduced to the computer using SPSS (Statistical Package for 

Social Sciences, version 16).  Data was checked for entry errors using a frequencies and 

logical checks on all variables by using simple frequency.  Data analysis was carried as 

follows:  descriptive analysis to examine the distribution of different factors among the 

study population.  The dependent variable in the study is the blood lead level among the 

participants, the independent variables includes socio-demographic factors, environmental 

factors, variables related to exposure to lead and child health status as stated in the 

questionnaire. Cross tabulation was used to count the frequency of intersection of variable 

categories. Chi square test was conducted.  P value was considered statistically significant 

when it is lower than 0.05. The relationship between the dependent variable and the 

independent variables was tested.   

 
3.13 Limitations of Study: 
 

 Limited scientific resources like books and journals. 

 Continuous electrical�current cutting. �� 
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Chapter 4 
 

      Results and Discussion 

 

This chapter presents the results of the study and shows the descriptive and statistical 

analysis of the study findings in general. 

In general, 240 questionnaires had been abstracted and completed by the researcher, of 

which 120 were case samples (children with BLL ≥ 10 µg/dl) and 120 were control 

samples (children with BLL ≤ 9.9 µg/dl).  

 

Results of Statistical Analysis:  

4.1 Distribution of the study population 

4.2 BLL distribution among cases and controls 

4.3 Risk factors of lead poisoning 

 
4.1 Distribution of the Study Population 
 
Table (4.1): Distribution of study subjects by socio demographic variables 
 

Case (n=120) 
(≥ 10 µg/dl) 

Control (n=120) 
(≤ 9.9 µg/dl) 

Total Variables 

No. % No. % Number  Percent 

Total sample 120 50.0 120 50.0 240 100.0 
Male 76 50.0 76 50.0 152 63.3 Sex 
Female 44 50.0 44 50.0 88 36.7 
(24-48) 61 49.2 63 50.8 124 51.7 Age 
(49-72) 59 50.9 57 49.1 116 48.3 
North 15 50.0 15 50.0 30 12.5 
Gaza 60 50.0 60 50.0 120 50.0 
Mid-Zone 22 50.0 22 50.0 44 18.3 
Khanyounis 15 50.0 15 50.0 30 12.5 

Governorates 

Rafah 8 50.0 8 50.0 16   6.7 

 
Sociodemographic variables are shown in Table 4.1.  The total number of study subjects 

were 240, in which 120 (50 %) were case samples (children with BLL ≥ 10 µg/dl) and 120 

(50 %) were control samples (children with BLL ≤ 9.9 µg/dl).  It was found that majority 

of them, 152 (63.3%) were males and 88 (36.7 %) were females.  The age of study subjects 

was classified into two groups.  The first group (51.7 %) was 24-48 months, while the 
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second group (48.3 %) was 49-72 months.  Table 4.1 also revealed that 12.5 %, 50.0 %, 

18.3 %, 12.5 % and 6.7 % of study subjects (240) were lived in North, Gaza, Middle Zone, 

Khan-Younis and Rafah Governorates respectively.  

 

Children below 6 years are more sensitive to elevated BLL than adults (Murata et al, 

2009). In general BLL is higher for younger children than older ones and our findings are 

in agreement with other studies done by Barbara et al, (2010); Payne (2008); Brody et al. 

(1994) and Trotter, (1990).  Two year-olds tend to have the highest BLL because they put 

many things into their mouth, including toys or other products that may become lead 

contaminated (NIEHS, 2008 and CDC, 2008). BLL tend to reach its peak concentration 

around 2 years of age and then steadily and consistently declined (Pocock et al., 1994 and 

Baghurst et al., 1992). Children may also have a higher intake of lead than adults; they 

breathe faster and may be more likely to have contact with and ingest soil (Dart et al, 

2004).  Ringold et al. (2005) have estimated that about 2% of children younger than 6 

years in the US have elevated BLLs. Blood lead data were used by Romieu (2003) to 

evaluate and prevent childhood lead poisoning in Latin America. 

 
Comparing BLL with sex, it was found that males have BLL more than females. These 

results are in accordance with that reported by Safi et al. (2006); Baghurst et al. (1992), Nir 

et al. (1992) and WHO (1977). Children ages one to three tend to have the highest BLL, 

possibly because at that age they begin to walk and explore their environment, and they use 

their mouths in their exploration (Bellinger, 2004). He found differences in neurological 

damage between males and females due to lead exposure and emphasizes that males to be 

at greater risk than females. 

 
Childhood lead toxicity is an international problem and the prevalence of lead toxicity is 

largely determined by age and proximity to environmental sources. Children are more 

vulnerable to lead exposure because of the frequency of pica and hand-to-mouth activities 

and because children have a greater rate of intestinal absorption and retention of lead 

(Yeoh 2008, Safi et al., 2006, CDC 2005, Safi 2004, Rubin et al., 2002, Nriagu et al 1996., 

EPA, 1991 and CDC 1991). 
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4.2 Capillary BLL in Case and Control Samples 
 

Table (4.2): Description of BLL in both cases and controls 

 

Mean 10.19 µg/dL 

Median 9.95 µg/dL 

Minimum 3.2 µg/dL 

Maximum 65.1 µg/dL    

 
Figure 4.1: Histogram of blood lead levels among case and control samples 
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4.3 Risk Factors of Lead Poisoning 

 
4.3.1 BLL by Sociodemographic Variables:  
 
Table (4.3): Distribution of study subjects by socio demographic variables 
 

Case 
(≥ 10 µg/dl) 

Control 
(≤ 9.9 µg/dl) 

Variables 

Number % Number % 

X2 P-value 

0 3 2.5 3 2.5 
1-8 39 32.5 35 29.2 
9-12 56 46.7 55 45.8 

Father years 
of education 
 
 >12 22 18.3 27 22.5 

0.735 0.865 

0 2 1.7 2 1.7 
1-8 30 25.0 22 18.3 
9-12 72 60.0 78 65.0 

Mother years 
of  education 

>12 16 13.3 18 15.0 

1.588 0.662 

Employee 39 33.3 45 37.5 
Lead job  12 10.3 15 12.5 
Business 8 6.8 6 5.0 
Unemployed 38 33.5 31 25.8 

Father  job 

Worker 20 17.1 23 19.2 

1.929 
 

 0.749 
 

Employee 5 4.2 6 5.0 Mother  job 
House wife 115 95.8 114 95.0 

0.095 0.758 

 

Table 4.3 presents the distribution of study subjects by father education, mother education, 

father job and mother job. The subject�s father education was classified into four groups (0 

years, 1-8 years 9-12 years and > 12 years).  In case subjects, 3, 39, 56, 22 were the total 

number of case subject who their fathers were level learned for 0, 1-8, 9-12 and >12 years, 

respectively, in which 2.5%, 32.5%, 46.7% and 18.3% had BLL ≥ 10 µg/dl. In control 

subjects, 3, 35, 55, 27 were the total numbers of control subjects who their fathers were 

level learned for 0, 1-8, 9-12 and >12 years respectively, in which 2.5%,  29.2%, 45.8% 

and 22.5% had BLL ≤ 9.9 µg/dl, respectively. There is no statistical significant differences 

among father years of education for case and control (BLL) subjects (P= 0.865). The same 

trend was also found among mother years of education in terms of there are no statistical 

significant differences among them for case and control subjects (P=0.662).  

 
As shown in the same table, there is no statistical significant differences among father job 

in case and control subjects (P= 0.749).  Father employment was classified into five 

categories (employee, lead related job, business, unemployed and workers).  The total 

number of case subjects whose fathers were employee, lead related job, business, 
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unemployed and workers were 39, 12, 8, 38 and 20 respectively, while the total number of 

control subjects were 45, 15, 6, 31 and 23, respectively, as clear of father job, employees 

had the highest number of case and control subjects while worker of business field had the 

lowest number. 

 
Regarding to mother job, it was classified into two categories (employee and house wife) 

and was found the majority of case subjects among mother job 115 from 120 were house 

wife, 5 of them were employee, while the majority of control subject's among mother job 

114 (95%) were house wife, and 6 (5%)of them were employee. Statistical analysis 

showed no significant differences between mother job and BLL for case and control 

subjects (P = 0.758).  

 

The educational level can be considered as a parameter for degree of medical orientation 

and health knowledge. Therefore, highly educated fathers and mothers had lower number 

of children than those of lower of educated ones. This outcome is in agreement with results 

obtained from other studies published by Safi (2004) and Bronschein (1986).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 30 

4.3.2 BLL by Housing Conditions Variables:  
 
Table (4.4): Distribution of study subjects by housing conditions variables 
 

Case 
(≥ 10 µg/dl) 

Control 
(≤ 9.9 µg/dl) 

Variables 

Number % Number % 

X2 P-value 

Basement 0 0.0 2 1.7 
Ground  52 43.3 47 39.2 
1 floor above 24 20.0 24 20.0 

House status 

2 flour or higher 44 36.7 47 39.2 

2.351 0.503 

< 1 year 0 0.0 1 0.8 
1-9 years 20 16.7 25 20.8 
10-19 years 40 33.3 33 27.5 
20-39 years 51 42.5 53 44.2 
40-49 years 5 4.2 7 5.8 

House old 

> 50 years 4 3.3 1 0.8 

4.399 0.494 

 
 
Table 4.4 illustrates the distribution of study subjects by housing conditions. House 

statuses were divided into four categories; basement, ground, one floor above and two 

flour or higher in study subjects. The highest number of case subjects 52 (43.3%) were 

lived in ground house, 44 (36.7%) were lived in floor two or higher, 24 (20%) were lived 

in one floor above and no one were live in basement and as clear all of them with BLL ≥ 

10 µg/dl. The control subjects of house status 2 (1.7%), 47 (39.2%), 24 (20%) and 47 

(39.2%) were lived in basement, ground, one floor above and flour two or higher, 

respectively with BLL ≤ 9.9 µg/dl. The categories showed nearly the same numbers of 

case and control subjects, so there is no statistical significant differences between case and 

control (BLL) subjects (P= 0.503). 

 
The above table revealed that, house old was divided into six groups < 1 year, 1-9 years, 

10-19 years, 20-39 years, 40-49 years and >50 years in study subjects. It is obvious, that 

most of the populations are living in houses old of 20-39 years in both case 51 (42.5%) and 

control 53 (44.2%) subjects while the lowest number of case and control subjects 0, 1 

(0.8%) were lived in house old less than one year, respectively. There are no statistical 

significant differences between case and control subjects (P= 0.494). 

 
Regarding to the level of floor where the children live, the number of cases of ground floor 

is higher than other ones and control. This may be explained by the fact that atmospheric 

lead is in the form of particles and the concentration is much higher in the ground, first and 
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second floor than the basement. Neonates or mothers living on first floor have the highest 

BLL in comparison to that of those living on higher floors (Nasralla, 1984). Lead can be 

found in food, ambient air, drinking water, gasoline, battery factories, smelters, flaking and 

chipping paint, dust and chips from improper removal of exterior / interior paint and lead-

contaminated soil (Benin, 1999;�Mushak & Crocetti, 1989). 

 
Our study results illustrated that number of children increased with increasing years of 

living in the house. The building decay with time and lead paints begin to flake and 

become easily available to children. This can be matched with results of Rsocal et al. 

(1999), El-Araby et al. (1995), Hershko et al. (1989) Zenz (1988) and Abdullah 1984. This 

is in accordance with CDC findings that the prevalence of lead poisoning among children 

living in homes built prior to 1973 is five times higher than that among those living in 

homes built after (CDC, 1997). Also our results are in agreement with Pirkle 1998 who 

found that the likelihood of lead poisoning increases among children with multiple risk 

factors. The primary risk factor for lead poisoning is living in older housing (Pirkle 1998). 

Young children (6 months�6 years) are the group most exposed to lead because of their 

hand-to-mouth activity, especially those living in old houses with leaded paint or located 

near industrial facilities that do or did emit lead ( Barbara Le Bot et al, 2011 and Lanphear 

et al, 2005).      
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4.3.3 BLL by Familial Exposure:  
 

Table (4.5): Distribution of study subjects by familial exposure 
 

Case 
(≥ 10 µg/dl) 

Control 
(≤ 9.9 µg/dl) 

Variables 

Number % Number % 

X2 P-value 

Yes 65 54.2 55 45.8 Smoking Cigarettes 
No 55 45.8 65 54.2 

1.667 0.197 

10 & less 41 77.4 39 81.3 Cigarettes by father 
11 & more 12 22.6 9 18.7 

0.232 0.630 

Yes 23 19.2 14 11.7 Smoking Nargila 
No 97 80.8 106 88.3 

2.588 0.108 

Yes 27 22.7 24 20.8 Child Used Kohl  
No 92 77.3 95 79.2 

1.220 0.543 

1 & less 11 40.7 20 83.3 Child used kohl per 
week 2 & more 16 59.3 4 16.7 

9.670 0.002  

Yes 53 44.2 51 42.5 Used kohl by mother         
No 67 55.8 69 57.5 

0.068 0.794 

Yes 19 35.8 17 32.7 Kohl prepared by 
mother     No 32 64.2 35 67.3 

2.236 0.327 

60m & less 9 17.6 12 25.0 Kohl used by mother 
                                  61m & more 42 82.4 36 75.0 

0.800 0.371 

Yes 52 98.1 46 90.2 Pregnant mother  
used kohl        No 1 1.9 5 9.8 

2.997 0.083 

pre <month 31 59.6 27 57.4 
1 � 3 month 11 21.2 12 25.5 
4 � 6 month 4 7.7 2 4.3 

Mother used kohl long  

7 � 9 month 6 11.5 6 12.8 

0.735 0.865 

 
 
Table 4.5 presents the distribution of case and control subjects by familial exposure. 

Familial exposure includes cigarettes smoking and number of cigarettes in home by father 

and smoking nargila as well as used kohl by mother and her child. It was showed that 

54.2% of cases were exposed to father's smoking compared to 45.8% of controls, while 

45.8% of cases did not expose to their father smoking compared to 54.2% of controls. 

There is no statistically significant differences between smoking cigarettes and non among 

two groups (P= 0.197). 

 
As indicated in the table, cigarettes numbers by father were divided into two groups, the 

first group was 10 and less, and the second group was 11 and more. Regarding to the 

exposure by smoking cigarettes numbers in home, 77.4% of cases was smoked 10 and less 

exposed to smoking compared to 81.3% of controls while 22.6% of cases was smoke 11 
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and more exposed to smoking compared to 18.7% of controls. It is clear that the difference 

between the two groups did not reach a statistical significant level (P= 0.630). 

 
As shown in the same table, 19.2% of cases were exposed to father's smoking nargila 

compared to 11.7% of controls, while 80.8% of cases did not exposed to their father 

smoking nargila compared to 88.3% of controls. There is no statistically significant 

differences between two groups (P= 0.108). 

 
Variable of using kohl by child showed that, 22.7% of cases were used kohl compared to 

20.8% of controls, while 77.3% of cases did not used kohl compared to 79.2% of controls, 

and it is clear that there is no statistically significant differences between two groups (P= 

0.543). As indicated in the category of using kohl by child per week, the difference of 

using kohl by child in long period of time showing that strongly statistically significant (P-

value = 0.002), which means that the length period of using kohl by child affect the health 

of child and increase of BLL and considered to be a risk factor of lead poisoning among 

children according to the several publications by Safi, et al. (2006), Nir et al. (1992) and 

Trotter (1990). 

 
As shown in the table, category of using kohl by mother show that, 44.2% of mothers cases 

were used kohl compared to 42.5% of mothers controls, while 55.8% of mothers cases did 

not used kohl compared to 57.5% of mothers controls, and it is clear that there is no 

statistically significant differences between two groups (P= 0.794). 

  
As indicated that in the same table, length period of using kohl by mother were recoded 

into two groups, the first group was 60 months and less, and the second group was 61 

months and more. Nine (17.6%) of mothers cases used kohl for 60 months and less 

compared to 25.0% of mothers controls while 82.4% of mothers cases was used kohl 61 

months and more compared to 75.0% of mothers controls. Statistical analysis showed no 

significant difference between the two groups (P= 0.371). 

As seen in Table 4.5 the category of using kohl by mother pregnant showed that 98.1% of 

mothers cases were used kohl compared to 90.2% of mothers controls, while 1.9% of 

mothers cases did not used kohl compared to 9.8% of mothers controls. There was no 

statistically significant difference between the two groups (P= 0.083). 
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The last part in the table illustrated that mother used kohl when she was pregnant in the 

child was classified into four groups, < month, 1-3 months, 4-6 months and 7-9 months. 

The majority of cases was 31 (59.6%) when mother used kohl in the first month compared 

to 27 (57.4) of controls. As clear that the difference between the two groups did not reach a 

statistical significant level (P= 0.865).  

 
The present data revealed a non-significant increase in number of children whose parents 

smoke compared to those whose parents do not. Grandjean in 1993 found that BLL were 

related to smoking and drinking alcohol. Willers et al in 1988 reported a significant 

association between higher BLL in children and parental smoking. Sherlock et al. (1985) 

reported higher BLL in children whose parents smoked (statistically not significant) 

compared with children who reside with non smoking parents. 

 
Regarding to the use of kohl, the study showed a non-significant increase in number of 

children to whom kohl was applied compared to those who did not while significant 

difference was found only among children when kohl used for one time per week and less 

or two times per week and more. Also, a non-significant difference in number of children 

was found in children of mothers used or not used kohl during pregnancy. These findings 

are in consistence with others (Nir et al., 1992 and Trotter 1990). Kohl could be of 

pathogenic action on infants. Shaltout et al. (1981) reported 20 cases of encephalopathy in 

Kuwaiti infants and the source of lead postulated as Kohl. In addition, some women in the 

Middle East are using a traditional homemade cosmetic called KOHL on their eyes and on 

the eyes of their young children (Parry & Eaton 1991). These women are unaware of the 

dangers of making and using homemade Kohl. Isolated cases of lead poisoning have been 

reported as a result of the use of dental powders such as Saoot and Cebagin, which may 

contain as high as 51% of lead (Nir et al., 1992).  
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4.3.4 BLL by Household Exposure:  
      
Table (4.6): Distribution of study subjects by household exposure 

  
Case 

(≥ 10 µg/dl) 
Control 

(≤ 9.9 µg/dl) 
Variables 

Number % Number % 

X2 P-value 

Tape water 23 19.2 20 16.7 
Bottled water 2 1.7 1 0.8 
Filter water 95 79.2 98 81.7 

Water Drink 
 
 
 Well water 0 0.0 1 0.8 

1.589 0.662 

Tape water 58 48.3 52 43.3 
Bottled water 1 0.8 1 0.8 
Filter water 61 50.8 66 55.0 

Water Cock 
 
 
 Well water 0 0.0 1 0.8 

1.524 0.677 

Metallic tank 2 1.7 3 2.5 
Plastic tank 117 97.5 117 97.5 

Water Store 
 
 Other 1 0.8 0 0.0 

1.200 0.549 

< 10 years 28 23.3 34 28.3 
 10-15 years     28 23.3 29 24.2 

Plumbing age 
 
  > 16 years                        64 53.3 57 47.5 

1.003 0.606 

 
Table 4.6 presents the distribution of study subjects by household exposure. Household 

exposure includes water drink, water cock, water store and plumbing age. 

As indicated in the table, there were four categories for drinking water; tab water, bottled 

water, filters water and well water. There were 19.2% of cases drink tab water compared to 

16.7% of controls, 1.7% of cases drink from bottled water compared to 0.8% of controls 

and 79.2% of cases drink filter water compared to 81.7% of controls and no one of cases 

drink well water compared to 0.8% of controls. There was no statistical significant 

relationship between drinking water and BLL among cases and controls (P= 0.662). 

 
The part of water cock in the above table illustrated that, there were 48.3% of cases used 

tab water for cocking compared to 43.3% of controls, 0.8% of cases used bottled water for 

cocking compared to 0.8% of controls, 50.8% of cases used filter water for cocking 

compared to 55.0% of controls and no one in cases used well water for cocking compared 

to 0.8% of controls. The data also showed that the difference between two groups did not 

reach a statistical significant level (P= 0.677).   

 

Regarding to the third part in the table, (water store); there were 1.7% of cases store water 

in metallic tank compared to 2.5% of controls, 97.5% of cases store water in plastic tank 

compared to 97.5% of controls and 0.8% of cases stored water in other compared to no one 
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of controls. It is seems that the percentage of this variable nearly the same so there is no 

difference between two groups and not reach statistical significant level (P=0.549).  

 
As seen in the table plumbing age in houses was divided into three group, < 10 years, 10-

15 years and >16 years. This variable showed that 23.3% of cases were plumbing in their 

houses less than 10 years compared to 28.3% of controls, 23.3% of cases were plumbing in 

their houses from 10-15 years compared to 24.2% of controls and 53.3% of cases were 

plumbing in their houses more than 16 years compared to 47.5% of controls. Statistical 

analysis showed that there was no significant difference between two groups (P=0.606). 

    
Older homes that have plumbing with lead or lead solder may have higher amounts of lead 

in drinking water. Lead in drinking water of Gaza Strip is not the predominant source for 

poisoned children. In some circumstances, however, lead exposures from water are 

unusually high. Our study revealed that no significant differences among the groups of 

drinking, cocking and storing water and plumbing.  

  
Several publications are in agreement of our results such as the ones which indicated that 

the most important route of lead exposure in children is unintentional ingestion of lead dust 

through teething and other hand-to-mouth activities. Other routes for lead exposure are the 

respiratory tract and through the skin (Word Health Organization, WHO, 1977).  In many 

countries including the US, household paint and dust is the major route of exposure in 

children (Dart et al., 2004). Lead exposure nonetheless remains a public health concern 

both because exposure is still high in developing countries and because increasing 

evidence indicates effects at any levels below 10 µg/dl and even a possible steeper dose-

response relationships at very low levels (Glorennec et al., 2010).  

 

 

 

 

 

 

 

 

 

 



 37 

4.3.5 BLL by Household Location and Exposure Sources  
 
Table (4.7): Distribution of study subjects by household location and exposure sources 
 

Case 
(≥ 10 µg/dl) 

Control 
(≤ 9.9 µg/dl) 

Lead exposure sources 
 near home 

Number % Number % 

X2 P-value 
 

Yes 20 16.7 3 2.5 Smelters 
No 100 83.3 117 97.5 

13.897 0.001 

Yes 16 13.3 11 9.2 Battery 
manufacturing No 104 86.7 109 90.8 

1.043 0.307 

Yes 39 32.5 17 14.2 Battery recycling 
No 81 67.5 103 85.8 

11.273 0.001 

Yes 14 11.7 4 3.3 Radiator shop 
No 106 88.3 116 96.7 

6.006 0.014 

Yes 23 19.2 17 14.2 Electronic shop 
No 97 80.8 103 85.8 

1.080 0.299 

Yes 13 10.8 13 10.8 Petrol/ gas station 
No 107 89.2 107 89.2 

0.000 1.000 

Yes 40 33.3 24 20.0 Other lead shops 
No 80 66.7 96 80.0 

5.455 0.020 

 
 
Table 4.7 presents the distribution of study subjects by household location and exposure 

sources. Exposure sources included smelting, battery manufacturing and recycling, radiator 

repairing, electronics, gas and petrol station and other lead works. 

 
As shown in the table 16.7% of cases were their homes near smelters compared to 2.5% of 

controls while 83.3% of cases were their homes not near smelters compared to 97.5% of 

controls. The data showed that there is strongly statistical significant difference between 

smelters and case and control subjects (P=0.001). 

 

As indicated in the table, 13.3% of cases were their homes near battery manufacturing 

compared to 9.2% of controls while 86.7% of cases were their homes not near battery 

manufacturing compared to 90.8% of controls. There was no statistical significant 

difference between two groups (P=0.307). 

 
As seen from the table, 32.5% of cases were their homes near battery recycling compared 

to 14.2% of controls while 67.5% of cases were their homes not near battery recycling 

compared to 85.8% of controls. There was a difference between two groups which lead to 

strongly statistical significant level (P=0.001) which means that this factor affect the 

chance of getting lead poisoning and considered to be one of the risk factors. 
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As illustrated in the table, 11.7% of cases were their homes near radiator repair compared 

to 3.3% of controls while 88.3% of cases were their homes not near radiator repair 

compared to 96.7% of controls. There was statistical significant difference between the two 

groups (P=0.014). Also this factor considered to be one of the risk factors of lead 

poisoning. 

 
The above table showed that 19.2% of cases were their homes near electronic shops 

compared to 14.2% of controls while 80.8% of cases were their homes not near radiator 

repair compared to 85.8% of controls. There was no statistical significant difference 

between two groups (P=0.299). 

 
As shown in the table, 10.8% of cases were their homes near gas-petrol station compared 

to 10.8% of controls while 89.2% of cases were their homes not near gas-petrol station 

compared to 89.2% of controls. The data also showed that the difference between two 

groups did not reach a statistical significant level (P= 1.000).   

 

The last part in the table showed that 33.3% of cases were their homes near other lead 

shops compared to 20.0% of controls while 66.7% of cases were their homes not near other 

lead shops compared to 80.0% of controls. The data showed that the difference between 

the two groups reach a statistical significant level (P= 0.020), which means that any work 

related with lead affect the chance of getting lead poisoning and increase BLL specially in 

children. 

 
The present results demonstrated strong statistical relationship between BLL of the 

children and the household location from exposure sources either smelter near home or not, 

battery recycling near home or not, radiator repair near home or not, and other lead source 

near home or not while the others are not. These findings are in agreement with Watts 

2009, Safi et al., 2006, Safi 2004, Choudari 2002 and Ellenhorn et al., 1997. This means 

that smelters, battery recycling, radiator repair and other job related lead considered to be 

risk factors of lead poisoning according to several publications.  

Thousands of children living near smelting plants in China have been found with unsafe 

levels of lead in their blood in the latest health scandal to hit the country (Watts, 2009). A 

gradual build-up of lead in the bloodstream can damage the nervous system and lead to 

anemia, muscle weakness, arrested development, and brain damage (Watts, 2009).  
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In the Middle East today, the major reported sources of lead exposure are currently used 

lead-based paints, gasoline and industrial sources including smelters, battery factories, and 

radiator repair shops and flour from the stone mills (Safi et al., 2006, Safi 2004, Rsocal et 

al., 1999, El-Araby et al 1995, Hershko et al., 1989, Abdullah 1984). The children of the 

lead-exposed workers are also at high risk for lead poisoning. 

 

 
4.3.6 BLL by Household Distance and Exposure Sources: 
 
Table (4.8): Distribution of study subjects by household distance and exposure 
sources 
 

Case 
(≥ 10 µg/dl) 

Control 
(≤ 9.9 µg/dl) 

Household distance from  
exposure sources 

Number % Number % 

X2 P-value 
 

100 & less 18 90.0 1 33.3 Smelter distance 
101 & more 2 10.0 2 66.7 

5.831 0.016 

100 & less 15 93.8 6 54.5 Battery manufacturing  
distance  101 & more 1 6.3 5 45.5 

5.797 0.016 

100 & less 32 82.1 9 52.9 Battery recycling 
distance  101 & more 7 17.9 8 47.1 

5.116 0.024 

100 & less 10 71.4 3 75.0 Radiator shop distance    
101 & more 4 28.6 1 25.0 

0.020 0.888 

100 & less 18 78.3 14 82.4 Electronic shop 
distance  101 & more 5 21.7 3 17.6 

0.102 0.749 

100 & less 6 46.2 1 7.7 Petrol/ gas station 
distance  101 & more 7 53.8 12 92.3 

4.887 0.027 

100 & less 37 92.5 20 90.9 Other lead shop 
distance  101 & more 3 7.5 2 9.1 

0.048 0.826 

 
 
Table 4.8 indicates distribution of study subjects by household distance and exposure 

sources. Exposure sources include smelting, battery manufacturing and recycling, radiator 

repairing, electronics, gas and petrol station and other lead shops. 

As illustrated in the table, length distance of all variables were classified into two groups, 

the first group was 100 meters and less whereas the second group was 101 meters and 

more. From the total number 90.0% of cases were lived at ≤100m distance from smelters 

compared to 33.3% of controls while 10.0% of cases were lived at ≥101m distance from 

smelters compared to 66.7% of controls. Statistical analysis showed a significant 

difference between the two groups (P=0.016).  
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As shown in the table, from the total number 93.8% of cases were battery manufacturing 

distances 100m and less compared to 54.5% of controls while 6.3% of cases were battery 

manufacturing distance 101m and more compared to 45.5% of controls. Also, statistical 

analysis showed a significant difference between the two groups (P=0.016). 

 
The variable of battery recycling distance in the in table 4.8 revealed that, from the total 

number 82.1% of cases were batteries recycling distance 100m and less compared to 

52.9% of controls while 17.9% of cases were batteries recycling distance 101m and more 

compared to 47.1% of controls. Obviously, there is a significant difference between the 

batteries recycling distance and the two groups (P=0.024).  

The above table indicated that, from the total number 71.4% of cases were radiator shops 

distance 100m and less compared to 75.0% of controls while 28.6% of cases were radiator 

distance 101m and more compared to 25.0% of controls. There was no statistical 

significant difference between radiator shops and the two groups (P=0.888).  

 
The variable of electronic shops distance in the table showed that, from the total number 

78.3% of cases were electronic shops distances 100m and less compared to 82.4 of controls 

while 21.7% of cases were electronic shops distance 101m and more compared to 17.6% of 

controls. Statistical analysis revealed no significant difference between the two groups 

(P=0.749). 

   
The category of gas-petrol station distance in the same table, illustrated that, from the total 

number 46.2% of cases were gas-petrol station distances 100m and less compared to 7.7% 

of controls while 53.8% of cases were gas-petrol station distances 101m and more 

compared to 92.3% of controls. The difference between the two groups reach a statistical 

significant level (P= 0.027). 

The last part in table 4.8, showed that other lead work distance, from the total number 

92.5% of cases were other lead work distances 100m and less compared to 90.9% of 

controls while 7.5% of cases were other lead work distances 101m and more compared to 

9.1% of controls. The difference between the two groups did not reach a statistical 

significant level (P= 0.826). 

The study results revealed statistical significant differences between BLL of the children 

and the household distance from exposure sources either smelter distance 100 meter and 

less or 101 meter and more, battery manufacturing and recycling and gas station distance 
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100 meter and less or 101 meter and more, while the others are not. These findings are in 

agreement with Sanborn et al. (2002). Who reported that children living near facilities that 

process lead, such as smelters, have been found to have unusually high BLL. Thousands of 

children living near smelting plants in China have been found with unsafe levels of lead in 

their blood in the latest health scandal to hit the country (Watts, 2009).  

In addition, our findings are in agreement with the following studies and reports. Ragan 

and Turner, (2009) reported that  lead is a common environmental pollutant and causes of 

environmental contamination include industrial use of lead, such as is found in plants that 

process lead-acid batteries or produce lead wire or pipes, and metal recycling and 

foundries. Since lead has been used widely for centuries, the effects of exposure are 

worldwide (Payne, 2008). Environmental lead is ubiquitous, and everyone has some 

measurable BLL (Karri et al, 2008). Lead is one of the largest environmental medicine 

problems in terms of numbers of people exposed and the public health toll it takes (Pokras 

and Kneeland, 2008).  

 
4.3.7 BLL by Occupational Exposure  
 
Table (4.9): Distribution of study subjects by occupational exposure 

 
Case 

(≥ 10 µg/dl) 
Control 

(≤ 9.9 µg/dl) 
Occupational exposure 

Number % Number % 

X2 P-value 

Smelting works Yes 3 2.5 2 1.7 0.204 0.651 
 No 117 97.5 118 98.3   
Plumbing works Yes 2 1.7 3 2.5 0.204 0.651 
 No 118 98.3 117 97.5   
Electric works Yes 1 0.8 3 2.5 
 No 119 99.2 117 97.5 

1.017 0.313 

Painting works Yes 5 4.2 0 0.0 5.106 0.024  
 No 115 95.8 120 100   

Yes 5 4.2 4 3.3 Renovating works 
 No 115 95.8 116 96.7 

0.115 
 

0.734 
 

 
Table 4.9 indicates the distribution of study subjects by occupational exposure. As shown 

in the table occupational exposure includes smelting, plumbing, electric, painting, and 

renovating works. Three (2.5%) of cases fathers were worked in smelting compared to 

1.7% of controls while 97.5% of cases fathers did not work in smelting compared to 98.3% 

of controls. There was no statistical significant difference between the two groups 

(P=0.651). 
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As shown in the table 1.7% of cases fathers were worked in plumbing compared to 2.5% of 

controls while 98.3% of cases fathers did not work in plumbing compared to 97.5% of 

controls. There was no statistical significant difference between case and control subjects 

(P=0.651). 

The above table 4.9 illustrated that 0.8% of cases fathers were worked in electric compared 

to 2.5% of controls while 99.2% of cases fathers did not work in electric compared to 

97.5% of controls. The difference did not reach a statistical significant level (P=0.313). 

 

The variable of painting works in the same table shwoed that 4.2% of cases fathers were 

worked in painting compared to no one of controls while 95.8% of cases fathers did not 

work in painting compared to 100% of controls. The difference between case and control 

subjects reached a statistical significant level (P=0.024). This result means that the painting 

works considered one of the risk factors of lead poisoning and also increase of BLL in 

young children and agreed with several publications (Dart et al., 2004, Golow, 1994).  

The last variable in the table showed that 4.2% of cases fathers were worked in renovating 

compared to 3.3% of controls while 95.8% of cases fathers did not work in renovating 

compared to 96.7% of controls. There was no statistical significant difference between the 

two groups (P=0.734). 

 
The present results pointed out that there was no statistical significant relationship between 

BLL of the children by occupational exposure except painting works (P=0.024). This 

agreed with Dart et al. (2004). Who reported that in many countries including the US, 

household paint and dust is the major route of exposure in children (Dart et al., 2004). 

Deteriorated lead paint was generally linked with elevated BLL (Golow, 1994). Lead is 

one of the largest environmental medicine problems in terms of numbers of people 

exposed and the public health toll it takes (Pokras and Kneeland, 2008). 

In addition our findings are in agreement with Rubin who reported in 2002 that an 

important source of lead poisoning was father�s occupation while in disagreement with 

Goldman et al, 1987 and Morton et al 1982 who reported that soldering electric parts was 

classified as one of the high risk occupation.  
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4.3.8 BLL by Period of Occupational Exposure:  
 
Table (4.10): Distribution of study subjects by period of occupational exposure 
   

Case 
(≥ 10 µg/dl) 

Control 
(≤ 9.9 µg/dl) 

Period of occupation  
(month) 

Number % Number % 

X2 P-value 

60 & less   2 66.7 1 50.0 0.139 0.709 Smelting  
61 & more   1 33.3 1 50.0   

60 & less   1 50.0 1 33.3 0.139 0.709 Plumbing  
61 & more   1 50.0 2 66.7   

60 & less 0 0.0 1 33.3 Electric  
61 & more 1 100 2 66.7 

0.444 0.505 

60 & less   3 60.0 0 0.0 - - Painting  
61 & more   2 40.0 0 0.0   

2 40.0 2 50.0 Renovating  
 

60 & less 
6� & more 3 60.0 2 50.0 

0.090 0.764 

 
Distribution of study subjects by period of occupational exposure is illustrated in Table 

4.10. Periods of occupational exposure included 60 months and less, 61 months and more 

for smelting, making plumbing, electric, painting and renovating. 

  
As indicated in the table, from the total number 66.7% of cases their fathers were worked 

in smelting for a period 60 and less months compared to 50.0% of controls while 33.3% of 

cases their fathers were worked in smelting for a period 61 months and more compared to 

50.0% of controls. There was no significant difference between the two groups (P=0.709).  

 

As shown in the table, from the total number 50.0% of cases their fathers were worked in 

plumbing for a period 60 months and less compared to 33.3% of controls while 50.0% of 

cases their fathers were worked in plumbing for a period 61 months and more compared to 

66.7% of controls. There was no significant difference between the two groups (P=0.709).  

 
The part of electric period in table 4.10 showed that, from the total number no one of cases 

fathers were worked in electric for a period 60 months and less compared to 33.3% of 

controls while 100% of cases fathers were worked in electric for a period 61 months and 

more compared to 66.7% of controls. The difference between case and control subjects did 

not reach a statistical significant level (P=0.505). 

The above table indicated that, from the total number 60.0% of cases fathers were worked 

in painting for a period 60 months and less compared to no one of controls while 40.0% of 
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cases� fathers were worked in painting for a period 61 months and more compared to no 

one of controls. 

 
The variable of renovating period in the table illustrated that, from the total number 40.0% 

of cases� fathers were worked in renovating for a period less than 60 months compared to 

50% of controls while 60.0% of cases� fathers were worked in renovating for a period 

more than 61 months compared to 50.0% of controls. There was no significant difference 

between the two groups (P=0.764). 

 
The study results revealed no statistical significant differences between BLL of the 

children and the period of occupational exposure which included 60 months and less, 61 

months and more for smelting, making plumbing, electric, painting and renovating.  

 

These findings are in disagreement with Sanborn et al. (2002) who reported that children 

living near facilities that process lead, such as smelters, have been found to have unusually 

high BLL.  In addition, our findings are in disagreement with the studies published by 

Ragan and Turner in 2009. They reported that lead is a common environmental pollutant 

and causes of environmental contamination include industrial use of lead, such as is found 

in plants that process lead-acid batteries or produce lead wire or pipes, and metal recycling 

and foundries (Ragan and Turner, 2009). Environmental lead is ubiquitous, and everyone 

has some measurable BLL (Karri et al, 2008). Lead is one of the largest environmental 

medicine problems in terms of numbers of people exposed and the public health toll it 

takes (Pokras and Kneeland, 2008).  
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4.3.9 BLL by Work Clothes and Showering:  
 
Table (4.11): Distribution of study subjects by work clothes and showering 
 

Case 
(≥ 10 µg/dl) 

Control 
(≤ 9.9 µg/dl) 

Variables 

Number % Number % 

X2  P-value 

Yes present 9 56.3 7 46.7 
Yes past 5 31.3 7 46.7 

Work Clothes 

No 2 12.5 1 6.7 

0.885 0.642 

Yes present 9 56.3 7 46.7 
Yes past 5 31.3 7 46.7 

Work Shoes 

No 2 12.5 1 6.7 

0.885 0.642 

Yes present 10 62.5 7 46.7 
Yes past 5 31.3 7 46.7 

Wash Clothes 

No 1 6.3 1 6.7 

0.831 0.660 

Yes present 0 0.0 0 0.0 
Yes past 0 0.0 0 0.0 

Shower at Site 

No 16 100 15 100 

 
- 

 
- 

 
Table 4.11 indicates the distribution of case and control subjects (BLL) by work clothes 

and showering. The table included four variables work clothes, work shoes, wash clothes 

and shower at work site. The data showed that 56.3% of cases who their fathers wear or 

bring their work clothes to home at present compared to 46.7% of controls, 31.3% of cases 

who their fathers wear or bring their work clothes to home in the past compared to 46.7% 

of controls and 12.5% of cases who their fathers did not wear or bring their work clothes to 

home compared to 6.7% of controls. The difference between the groups did not reach 

statistically significant (P=0.642). 

 
As shown in the table 56.3% of cases who their fathers bring their work shoes to home at 

present compared to 46.7% of controls, 31.3% of cases who their fathers bring their work 

shoes to home in the past compared to 46.7% of controls and 12.5% of cases who their 

fathers did not bring their work shoes to home compared to 6.7% of controls. There was no 

statistical significant difference between the two groups (P=0.642). 

 
The above table illustrated that 62.5% of cases who their fathers washed their work clothes 

in home at present compared to 46.7% of controls, 31.3% of cases who their fathers 

washed their work clothes in home in the past compared to 46.7% of controls and 6.3% of 

cases who their fathers did not washed their work clothes in home compared to 6.7% of 

controls. The difference between the two groups did reach statistical significant level 

(P=0.660). 
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BLL by work clothes and showering presented no statistical significant differences with 

the different protective occupational measures including wear or bring his work clothes 

and shoes home, wash his clothes at home and shower at worksite before coming home. 

These findings  are in disagreement with Roscoe report who found in 1999 that household 

members worked in lead-contaminated environment or participate in certain hobbies can 

bring lead into home on their clothing or shoes. Although they are not significant, most of 

the percentage of the case subjects were more than 50%.  

 

 
4.3.10 BLL by Tasks, Crafts and Hobbies at Home exposure:  
 
Table (4.12): Distribution of study subjects by tasks, crafts and hobbies at home 
  

Case 
(≥ 10 µg/dl) 

Control 
(≤ 9.9 µg/dl) 

Variables 

Number % Number % 

X2 P-value 

Remove Paint Yes present 2 1.7 0 0.0 
 Yes past 2 1.7 3 2.5 
 No 116 96.7 117 97.5 

2.204 0.332 

Solder/Electric Yes present 3 2.5 1 0.8 
 Yes past 1 0.8 2 1.7 
 No 116 96.7 117 97.5 

1.338 0.512 

Smelt Lead Yes present 2 1.7 0 0.0 2.338 0.311 
 Yes past 1 0.8 2 1.7   
 No 117 97.5 118 98.3   
 
 
Distribution of study subjects by activities, tasks, crafts and hobbies at home is presented 

in Table 4.12. The above table included three parts; remove paint, solder/electric and smelt 

lead. The first part results revealed 1.7% of cases who their fathers worked in remove paint 

at present compared to no one of controls, 1.7% of cases fathers worked in remove paint in 

the past compared to 2.5% of controls and 96.7% of cases fathers did not worked in 

remove paint compared to 97.5% of controls. The difference between the two groups did 

not reach statistically significant level (P=0.332). 

 

The Solder/Electric variable illustrated that 2.5% of cases who their fathers worked in 

solder and electric at present compared to 0.8% of controls, 0.8% of cases fathers worked 

in solder and electric in the past compared to 1.7% of controls and 96.7% of cases fathers 

did not worked in solder and electric compared to 97.5% of controls. There was no 

statistically significant difference between the two groups (P=0.512). 
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The third part in the same table indicated that 1.7% of cases fathers worked in smelt lead at 

present compared to no one of controls, 0.8% of cases who their fathers worked in smelt 

lead in the past compared to 1.7% of controls and 97.5% of cases fathers did not worked in 

smelt lead compared to 98.3% of controls. The difference did not reach statistical 

significant level (P=0.311). 

 
BLL by tasks, crafts and hobbies at home pointed out that there is no statistical significant 

differences with the different familial exposure including remove paint work, 

solder/electric work and smelt lead work. Case and control subjects of these families who 

do not do any of these works are the majority among others and have elevated BLL. 

 
This means that those children are not exposed to lead within their families and may have 

other sources of exposure rather than familial one, since lead exposure is strongly related 

to elevate BLL. A statistical analysis suggests that closeness to source, occupational 

exposure of the father, not being breast-fed and attending a day care center were associated 

with increased risk. The presented data are not in consistent with Rubin, 2002 who 

reported that an important source of lead poisoning was father�s occupation and disagreed 

with Goldman et al, 1987 and Morton et al, 1982 who reported that soldering electric parts 

was classified as one of the high risk occupation. Glorennec et al, 2010 illustrated that lead 

exposure nonetheless remains a public health concern both because exposure is still high in 

developing countries and because increasing evidence indicates effects at any levels below 

10 µg/dL and even a possible steeper dose-response relationships at very low levels. 
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4.3.11 BLL by Child Feeding and Day Care:  
  
Table (4.13): Distribution of study subjects by child feeding and day care 
   

Case 
(≥ 10 µg/dl) 

Control 
(≤ 9.9 µg/dl) 

Variables 

Number % Number % 

X2 P-value 

Yes 28 23.3 22 18.3 Child 
kindergarten No 92 76.7 98 81.7 

0.909 0.340 

14 h & less 25 23.1 38 34.9 Child out home/ 
weak 15 h & more 83 76.9 71 65.1 

3.613 0.057  

Yes 117 97.5 113 94.2 Child 
breastfed No 3 2.5 7 5.8 

1.670 0.196 

1 cup & less 61 76.3 56 76.7 Child drink 
milk 2 cups & more 19 23.7 17 23.3 

0.005 0.946 

Yes 46 38.3 36 30.0 Child use tab 
water No 74 61.7 84 70.0 

1.852 0.174 

 
 
Distribution of study subjects by child feeding and day care are presented in Table 4.13. It 

included five variables; child kindergarten, child out home, child breastfed, child drink 

milk and child use tab water.  

As shown in the table, the variable of child kindergarten illustrated that 23.3% of cases 

were gone to kindergarten compared to 18.3% of controls while 76.7% of cases did not go 

to preschool compared to 81.7% of controls. There was no significant difference between 

the two groups (P=0.340). 

 
As indicated in the table, child out home was classified into two categories; 14 hour and 

less per week and 15 hour and more per week. The data indicated that 23.1% of cases were 

spent 14h and less outside home compared to 34.9% of controls while 76.9% of cases were 

spent 15h and more outside home compared to 65.1% of controls. Obviously, the statistical 

analysis revealed a border line significant difference between case and control subjects 

(P=0.057). 

 
This means that the length period of time which the children�s spent outside home exposed 

them to the risk of lead poisoning, also increased the BLL among them and considered to 

be one of the risk factors. 

The data in the same table showed that 97.5% of cases were breastfed compared to 94.2% 

of controls while 2.5% of cases did not breastfed compared to 5.8% of controls. There is 

no significant difference between the two groups (P=0.196).        
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Regarding to the child drink milk in the table, the variable was classified into two groups; 

1 cup and less per day and 2 cups and more per day. The results revealed that 76.3% of 

cases were drink 1 cup and less per day compared to 76.7% of controls while 23.7% of 

cases were drink 2 cups and more per day compared to 23.3% of controls. The difference 

between case and control subjects did not reach statistical significant level (P=0.946). 

The variable of child use tab water in the above table indicated that 38.3% of cases were 

their mothers used tab water to prepare food compared to 30.0% of controls while 61.7% 

of cases did not used tab water to prepare food compared to 70.0% of controls.  There was 

no significant difference between the two groups (P=0.174).  

 
The present results pointed out that there is no statistical significant relationship between 

BLL of the case and control subjects by child feeding and day care except child out home 

for 14 hours and less per week and 15 hours and more per week (P=0.057). In general, our 

children spent a considerable time outside the home playing in may be contaminated sandy 

soil with lead. Our findings are in agreement with Charney et al, 1980 who reported that a 

group of 50 children who had high BLL played in outside soil, mouthed objects and sucked 

their fingers more often than a matched group.  

  
Water used to make baby formula could have a role in elevating BLL. Several babies have 

been poisoned when hot water, which was then boiled (resulting in concentrating the lead 

that it might be contain), was used to make baby formula (ASTDR, 1988). High lead levels 

may be presented in lead-soldered teapots. Lead can be found in food, ambient air, 

drinking water, gasoline, battery factories, smelters, flaking and chipping paint, dust and 

chips from improper removal of exterior / interior paint and lead-contaminated soil 

(Mushak & Crocetti, 1989; Schwartz & Level 1991, Lockitch, 1993 and Benin, 1999). 

Childhood lead poisoning associated with spices used in food preparation was reported by 

Woolf et al. (2005). 
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4.3.12 BLL by Child Habits and Lead Sources:  
 
Table (4.14) :  Distribution of study subjects by child habits and lead sources 
  

Case 
(≥ 10 µg/dl) 

Control 
(≤ 9.9 µg/dl) 

Variables 

Number % Number % 

X2 P-value 

Never 102 85.0 108 90.0 
Rarely 5 4.2 3 2.5 
Sometimes 9 7.5 3 2.5 

Child suck fingers 

Frequently 4 3.3 6 5.0 

4.071 0.254 

Never 105 87.5 108 90.0 
Rarely 4 3.3 4 3.3 
Sometimes 8 6.7 6 5.0 

Child put toys 

Frequently 3 2.5 2 1.7 

0.528 0.913 

Never 113 94.2 116 96.7 
Rarely 1 0.8 1 0.8 
Sometimes 6 5.0 3 2.5 

Child eat paint chip 

Frequently 0 0.0 0 0.0 

1.039 0.595 

Never 110 91.7 115 95.8 
Rarely 1 0.8 1 0.8 
Sometimes 6 5.0 3 2.5 

Child eat soil 

Frequently 3 2.5 1 0.8 

2.111 0.550 

Never 106 88.3 110 91.7 
Rarely 2 1.7 0 0.0 
Sometimes 10 8.3 7 5.8 

Child play magazine 

Frequently 2 1.7 3 2.5 

2.803 0.423 

Never 108 90.0 112 93.0 
Rarely 2 1.7 3 2.5 
Sometimes 6 5.0 1 0.8 

Child bite nails 

Frequently 4 3.3 4 3.3 

3.844 0.279 

Never 119 99.2 117 97.5 
Rarely 0 0.0 0 0.0 
Sometimes 1 0.8 2 1.7 

Child play jewelry 

Frequently 0 0.0 1 0.8 

1.350 0.509 

 
Distribution of study subjects by child index and lead sources are presented Table 4.14. 

Child and lead sources included seven variables; child suck fingers, child put toys, child 

eat paint chip, child eat soil, child play magazine, child bite nails and child play jewelry. 

As indicated in the table, there were four categories for each variable; never, rarely, 

sometimes and frequently. The results showed that 85.0% of cases were never sucked their 

fingers compared to 90.0% of controls, 4.2% of cases were rarely sucked their fingers 

compared to 2.5 of controls, 7.5% of cases were sometimes sucked their fingers compared 

to 2.5% of controls and 3.3% of cases were frequently sucked their fingers compared to 
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5.0% of controls. The difference between the two groups did not reach a statistical 

significant level (P= 0.254).  

 
Child put toys in table 4.14 indicated that 87.5% of cases were never put toys in their 

mouths compared to 90% of controls, 3.3% of cases were rarely put toys in their mouths 

compared to 3.3% of controls, 6.7% of cases were sometimes put toys in their mouths 

compared to 5.0% of controls and 2.5% of cases were frequently put toys in their mouths 

compared to 1.7% of controls. There was no significant difference between the two groups 

(P=0.913).  

Regarding to the variable of child eat paint chip in the table, 94.2% of cases were never eat 

paint chip compared to 96.7% of controls, 0.8% of cases were rarely eat paint chip 

compared to 0.8% of controls, 5.0% of cases were sometimes eat paint chip compared to 

2.5% of controls and no one of cases and controls were frequently eat paint chip. The 

difference between case and control subjects did reach statistical significant level 

(P=0.595). 

 
As shown in the above table, the results revealed that 91.7% of cases were never eat soil 

compared to 95.8% of controls, 0.8% of cases were rarely eat soil compared to 0.8% of 

controls, 5.0% of cases were sometimes eat soil compared to 2.5% of controls and 2.5% of 

cases were frequently eat soil compared to 0.8% of controls. There was no statistical 

significant difference between the two groups (P=0.550).  

 
As seen in table 4.14 the data in child play magazine variable indicated that 88.3% of cases 

were never play in magazines compared to 91.7% of controls, 1.7% of cases were rarely 

play in magazines compared to no one of controls, 8.3% of cases were sometimes play in 

magazines compared to 5.8% of controls and 1.7% of cases were frequently play in 

magazines compared to 2.5% of controls. The difference between the two groups did reach 

statistical significant level (P=0.423). 

 
The variable of child bite nails showed that 90% of cases were never bite their nails 

compared to 93% of controls, 1.7% of cases were rarely bite their nails compared to 2.5% 

of controls, 5.0% of cases were sometimes bite their nails compared to 0.8% of controls 

and 3.3% of cases were frequently bite their nails compared to 3.3% of controls. There was 

no significant difference between case and control subjects (P=0.279).  
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The last variable in the same table illustrated that 99.2% of cases were never play in 

jewelry compared to 97.5% of controls, no one of cases and controls were rarely play in 

jewelry, 0.8% of cases were sometimes play in jewelry compared to 1.7% of controls and 

no one of cases were frequently play in jewelry compared to 0.8% of controls. The 

difference between the two groups did not reach a statistical significant level (P=0.509). 

 
The present results showed no statistical significant differences between the BLL of the 

study subjects concerning the child habits which include sucking fingers, putting toys in 

mouth, eating paint chips and soil, playing with magazine and jewelry and biting nails. 

These habits could be of potential risk to children. In general our children spent a 

considerable time outside the home playing in contaminated sandy soil with lead. Our 

findings are in agreement with Charney et al, 1980 who reported that a group of 50 

children who had high BLL played in outside soil, mouthed objects and sucked their 

fingers more often than a matched group.  Children are more vulnerable to lead exposure 

because of the frequency of pica and hand-to-mouth activities and because children have a 

greater rate of intestinal absorption and retention of lead (Yeoh 2008, Safi et al 2006, CDC 

2005, Rubin et al 2002, Nriagu et al 1996, EPA 1991 and CDC 1991).  

 
While pica has long been a known risk factor for elevated BLL, children ingest dust and 

soil contaminated with lead from paint that flaked or chalked as it aged or which has been 

disturbed during home maintenance or renovation. This lead contaminated house dust is 

now recognized as major contributor to the total body burden of lead in children (Barbara 

et al, 2011, Safi et al, 2006, Freeman, 1997, Bornchein et al, 1986 Dugan, 1983). Young 

children (6 months�6 years) are the group most exposed to lead because of their hand-to-

mouth activity, especially those living in old houses with leaded paint or located near 

industrial facilities that do or did emit lead (Barbara et al., 2011). In the present study, the 

child habit of playing with newspaper or magazine pointed out that there is no statistical 

relationship between BLL of case and control subjects. Our study results are in 

disagreement with Zenz (1988) who reported that although lead as such or in alloys is used 

in printing newspaper and magazine where colored magazine illustrations had extremely 

high concentrations of lead.  
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4.3.13 BLL by Child�s Health: 
 
Table (4.15) : Distribution of study subjects by child�s health 
  

Case 
(≥ 10 µg/dl) 

Control 
(≤ 9.9 µg/dl) 

Variables 

Number % Number % 

X2 P-value 

Good 120 100 114 95.0 Child general health 
Not good 0 0.0 6 5.0 

6.154 0.013 

Yes 24 20 27 22.5 Child has a disease 
 No 96 80.0 93 77.5 

0.224 0.636 

Yes 1 0.8 8 6.7 Child need medical 
care  No 119 99.2 112 93.3 

5.657 0.017 

Yes 1 0.8 7 5.8 Child anemia 
 No 119 99.2 113 94.2 

4.655 0.031 

Yes 1 0.8 4 3.3 Child blood problem 
 No 119 99.2 116 96.7 

1.838 0.175 

Yes 13 10.8 10 8.3 Child frequent coughs 
 No 107 89.2 110 91.7 

0.433 0.511 

Yes 3 2.5 8 6.7 Child wheezing 
 No 117 97.5 112 93.3 

2.382 0.123 

Yes 7 5.8 6 5.0 Child colds 
 No 113 94.2 114 95.0 

0.081 0.776 

Yes 6 5.0 4 3.3 Child difficult 
breathing  No 114 95.0 116 96.7 

0.417 0.518 

 
Distribution of study subjects by child�s health are indicated in Table 4.15. Child health 

included ten variables; child general health, child has a disease, child need medical care, 

child anemia, child blood problem, child coughs, child wheezing, child cold and child 

breathing. 

As illustrated in the table, child general health showed that there were 100% of cases in 

good health compared to 95% of controls but none of cases was with not good health 

compared to 5.0% of controls. The difference between the two groups reach a statistical 

significant level (P=0.013). 

The results of child have a disease in the table showed that 20% of cases had a disease 

compared to 22.5% of controls while 80% of cases did not have a disease compared to 

77.5% of controls. There was no statistical significant difference between case and control 

subjects (P=0.636).   

Child need medical care variable revealed statistical significant difference between case 

and control subjects (P=0.017). The data in the same variable showed that there were 0.8% 

of cases need medical care�s compared to 6.7% of controls while 99.2% of cases did not 

need medical care compared to 93.3% of controls.  
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As shown in the table child anemia indicated that 0.8% of cases had anemia compared to 

5.8% of controls while 99.2% of cases did not have anemia compared to 94.2% of controls. 

The difference between the two groups reach a statistical significant level (P=0.031). 

 

Regarding to child blood problem variable there were 0.8% of cases had blood problem 

compared to 3.3% of controls while 99.2% of cases did not have blood problem compared 

to 96.7% of controls. There was no significant difference between case and control 

subjects (P=0.175).   

 

Child coughs variable in the table revealed that there were 10.8% of cases had coughs 

compared to 8.3% of controls on other hand 89.2% did not have coughs compared to 

91.7% of controls. There was no statistical significant difference between the two groups 

(P=0.511). 

As indicated in the above table child wheezing showed that 2.5% of cases had a wheezing 

compared to 6.7% of controls while 97.5% of cases did not have a wheezing compared to 

93.3% of controls. The difference between the case and control subjects did not reach 

statistical significant level (P=0.123).  

   

Regarding to child colds in the same table there were 5.8% of cases had a cold compared to 

5% of controls whereas 94.2% of cases did not have a cold compared to 95% of controls. 

There was no statistical significant difference between the two groups (P=0.776). 

 
The last variable in the table, child difficult breathing indicated that there were 5% of cases 

had difficulty in breathing compared to 3.3% of controls while 95% of cases did not have 

difficulty in breathing compared to 96.7% of controls. The difference between the case and 

control subjects did not reach statistical significant level (P=0.518). 

The study results revealed statistical significant differences between BLL of the study 

children and the child� health for child general health good, child needs frequent medical 

care and child have anemia while the other variables are not statistically significant. These 

findings are in agreement with Ringold et al 2005 who reported that lead is damaging the 

red blood cells. These manifestations can be serious and can lead to coma and death in acute 

poisoning. Minor lead poisoning may cause in children, milder effects such as sleep and 

behavioral problems, fatigue, shortened memory and anemia (Campbell and Osterhoudt 
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2000). Since the first reports on the lead poisoning, there has been much research bringing 

to light the relationship of lead absorption into the body and its deleterious effects, not only 

on the gastrointestinal tract but also on the central nervous system and kidneys (Bellinger 

2008, Rengold et al 2005, Shen et al 2001; and Lanphear et al 2000).   

These findings are also in agreement with the following authors who reported that lead 

poisoning may have serious and even fatal consequences at any age, but young children are 

especially vulnerable. This environmental toxicant may deleteriously affect the nervous, 

hematopoietic, endocrine, renal, and reproductive systems (CDC 2008, Bellinger 2008, 

Rengold et al 2005, ATSDR, 1993). Hemolysis, abdominal pain, damage to kidneys, 

nausea, vomiting, diarrhea, and constipation are other acute symptoms (Brunton, 2007). 

Fatigue, problems with sleep, headaches, stupor, slurred speech, and anemia are also found 

in chronic lead poisoning. Children with chronic poisoning may refuse to play or may have 

hyperkinetic or aggressive behavior disorders (Pearce, 2007).  

 

Thousands of children living near smelting plants in China have been found with unsafe 

levels of lead in their blood in the latest health scandal to hit the country. A gradual build-

up of lead in the bloodstream can damage the nervous system and lead to anemia, muscle 

weakness, arrested development, and brain damage (Watts, 2009).  
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Chapter 5 

Conclusions and Recommendations 

 

5.1 Conclusions 

 
The overall aim of the study was to identify the common risk factors associated with lead 

poisoning among children aged 2-6 years in Gaza Governorates. The study also aimed to 

protect human health and the environment from the adverse effects of lead. The study 

design was a quantitative analytical retrospective case control study. Cases (120) were 

selected from children with BLL 10 g/dl or higher while controls (120) were selected 

from children with BLL less than10 g/dl living in the same community. Data were 

statistically analyzed using SPSS and the relationship between the variables was tested by 

using Chi Square and P values were calculated.  

 

Socio-demographic variables illustrated that 152 (63.3 %) were males and 88 (36.7 %) 

were females.  The age of study subjects was classified into two groups.  The first one 

(51.7 %) was 24-48 months, while the second one (48.3 %) was 49-72 months. The 

majority of study subjects were in Gaza Governorate (50.0 %), while the smallest one was 

in Rafah Governorate (6.7 %). 

Statistical analysis of capillary BLL of the study samples indicated that the minimum and 

maximum was 3.2 ìg /dl and 65.1 ìg /dl respectively with mean level of 10.19 ìg /dl and 

median level 9.95 ìg /dl. 

BLL by socio demographic variables pointed out that there is no statistical significant 

relationship between subject�s father education, mother education, father and mother job, 

marital status, house status and house old and BLL of case and control subjects.   

BLL by familial exposure included smoking cigarettes and number of cigarettes in home 

by father and smoking nargila as well as using kohl by mother and her child revealed no 

statistical significant relationship except using kohl by child in long period of time (P= 

0.002). 

 

The study results indicated that there is no statistical significant relationship between the 

BLL of the study subjects and household exposure variables including water drink, water 

cock, water store and plumbing age. 
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The study results demonstrated strong statistical relationship between BLL of the children 

and the household location from exposure sources either smelter near home, battery 

recycling near home, radiator repair near home, and other lead source near home. 

The study results revealed statistical significant relationship between BLL of the study 

subjects and the household distance from exposure sources either smelter distance 100 

meter and less or 101 meter and more, battery manufacturing and recycling and gas station 

distance 100 meter and less or 101 meter and more. 

The present results pointed out no statistical significant relationship between BLL of the 

children and all occupational exposure variables except painting works (P=0.024).  

 

The study results revealed no statistical significant differences between BLL of the 

children and the period of occupational exposure variables which included 60 months and 

less, 61 months and more for smelting, making plumbing, and electric, painting, 

renovating, and other jobs with lead exposure. 

BLL by work clothes and showering presented no statistical significant differences with 

the different protective occupational measures including wear or bring his work clothes 

and shoes home, wash his clothes at home and shower at worksite before coming home. 

BLL by tasks, crafts and hobbies at home results showed no statistical significant 

relationship between the BLL of children and the different familial exposure including 

remove paint work, solder/electric work and smelt lead work.  

 
BLL by child feeding and day care included five variables; child kindergarten, child out 

home, child breastfed, child drink milk and child use tab water. As indicated by the results, 

only child out home which was classified into two categories; 14 hour and less per week 

and 15 hour and more per week demonstrated a statistical significant relationship between 

case and control subjects (P=0.057).  

 

The study results showed no statistical significant relationship between BLL of the study 

subjects and the child habits which included sucking fingers, putting toys in mouth, eating 

paint chips and soil, playing with magazine and jewelry and biting nails.  

 
The study results revealed statistical significant relationship between BLL of the study 

subjects and the child� health for child general health good, (P=0.013), child needs frequent 

medical care (P=0.017) and child have anemia (P=0.031). 
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5.2 Recommendations 

 
Lead poisoning is one of the most common and preventable pediatric health problems of 

environmental origin nowadays. Based on our study findings, the following 

recommendations are proposed to the Ministry of Health and health professionals and other 

related agencies:  

 

1. Provide anticipatory guidance to parents of all infants and toddlers about preventing lead 

poisoning in their children and inquire about lead hazards in housing and child care 

settings and be aware of any special risk groups that are prevalent locally. 

 

2. Childhood Lead Poisoning Prevention policies should be initiated and implemented.  

 

3. Identify all children with excess lead exposure, and prevent further exposure to them as 

well as minimize the further entry of lead into the environment. Children with high BLL 

more than 25µg/dl should be treated and followed-up.     

   

4. Removal of all nearby battery recycling and manufacturing plants/smelters, auto radiator 

repair workshops and gas stations located in the middle of a highly populated urban area 

and dwelling zones. Unleaded gasoline should be used to reduce lead from automobile 

exhaust emissions. 

 

5. Realize that case-finding per se will not decrease the risk of lead poisoning. It must be 

coupled with public health programs including environmental investigation, transitional 

lead-safe housing and public health activities and with facilities for medical management 

and treatment. 

 

6. Require coverage of lead testing for at-risk children by all third-party and the MOH 

should be commitment to the Healthy People goal of eliminating lead poisoning.  

 

7. Measure children�s blood lead concentrations to allow national estimates of exposure 

and should periodically resurvey housing to measure reduction of lead exposure hazards. 
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8. Avoid using traditional and folk remedies as stone kohl for both child and mother. 

Children should be kept away from remediation activities and the houses should be tested 

for lead content. 

 

9. Parents are recommended to keep an eye on children while playing outside home to 

prevent lead exposure and wash their hands frequently before eating or handling food. 

  

10. Decision-makers should introduce public awareness and educational programs to child 

sponsors and all levels of the interested personal about risk factors associated with lead 

poisoning and sources of lead exposure and its impact on human health. 

 

11. Further research is needed for BLL analysis for all Palestinian children aged 2-6 years 

mainly those at risk for lead exposure by considering the option of using the BLL 

measurements in hot spot areas only.  

 

12. Further research is needed for obtaining information on the degree of lead exposure 

and lead poisoning among children experience worst case scenario, and to ascertain other 

potential sources of exposure. 
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Annexes 
 
Annex (1) Arabic questionnaire  

��

��

��
ΎΑ�ΔτΒΗήϤϟ΍�ήτΨϟ΍�Ϟϣ΍ϮϋΔϳήϤόϟ΍�ΔΌϔϟ΍�ϰϓ�ϝΎϔσϷ΍�ϦϴΑ�ιΎλήϟΎΑ�ϢϤδΘϟ�����ΓΰϏ�ΕΎψϓΎΤϣ�ϲϓ�Ε΍ϮϨγ���

��
�˯ΰΠϟ΍�1����ΔλΎΧ�ΕΎϣϮϠόϣ���α���α���            ���������������ΦϳέΎΘϟ΍��

ΔϟΎΤϟ΍���            ��Case                                        Control��

��ΔϠ΋Ύόϟ΍�Ϣγ΍�BBBB�BBBBBBB�Ϟϔτϟ΍�Ϣγ΍�BBBBBBBBBBBB�ΏϷ΍�Ϣγ΍BBBBBBBBBBBBBB��

ϥ΍ϮϨόϟ΍���ΓΪϠΒϟ΍�BBBBBBBBBBBB�ωέΎθϟ΍�BBBBBBBBBBBBBBB��

2��Ϟϔτϟ΍�ΓΩϻϭ�ΦϳέΎΗ���ϡϮϴϟ΍�ήϬθϟ΍�ΔϨδϟ΍������  

3��ϒΗΎϬϟ΍�Ϣϗέ��BBBBBBBBBBB��

4���ήϤόϟ΍�ήϬηϷΎΑ�� 

5 �ήϛΫ��βϨΠϟ΍��1����ϰΜϧ΃�2���

6������ΔψϓΎΤϤϟ΍�1��������ϝΎϤθϟ΍�2� ������ΓΰϏ� (3������ϰτγϮϟ΍�4��������βϧϮϴϧΎΧ�����΢ϓέ��

 .7 Ϫόϣ�ΔϠΑΎϘϤϟ΍�ΖϤΗ�ϯάϟ΍�κΨθϟ΍���

�����1���ϡ΃�2����Ώ΃�3���ΖΧ΃�ϭ΃�Υ΃�4���ΔΑ΍ήϘϟ΍�ΔϠλ�ˬ�ΏέΎϗϷ΍�ΪΣ΃�BBBBBB�5���ϚϟΫ�ήϴϏ����ΩΪΣ ��

8���ΏϷ΍�ήϤϋ�8.1����ϡϷ΍�ήϤϋ�8.2 ��΍�Ϫόϣ�ΖϤΗ�ϯάϟ΍�κΨθϟ΍�ήϤϋ��ΔϠΑΎϘϤϟ����

�˯ΰΠϟ΍���2����ΓήγϷ΍�ϰϓ�ϥϮϤϴϘϤϟ΍��α��α�������

9��ϦϳΪϟ΍ϮϠϟ�ΔϴϋΎϤΘΟϻ΍�ΔϟΎΤϟ΍���ϦϳΪϟ΍Ϯϟ΍�ΩϮΟϭ�ϡΪϋ�ΔϟΎΣ�ϰϓ���ήϣϷ΍�ϰϟϭ�ϰλϮϟ΍���

��������1�������ϥΎΟϭΰΘϣ�2��������ϥΎϘϠτϣ�3��������ϥΎΑΰϋ΃�4����ϥϼϣέ΃����

10��ϡϷ΍��ϢϴϠόΘϟ΍�Ε΍ϮϨγ����

�������������ΔϤϠόΘϣ�ήϴϏ�������������������������2������Ε΍ϮϨγ��ϰ΋΍ΪΘΑ΍�������

����������3�������ΔϨγ��ϯϮϧΎΛ�����������������4���Ϧϣ�ήΜϛ΃���ΔϨγ���ΔόϣΎΟ�ϭ΃�ΔτγϮΘϣ�ΔϴϠϛ���

11��ΏϷ΍��ϢϴϠόΘϟ΍�Ε΍ϮϨγ���

����������1����������������������������ϢϠόΘϣ�ήϴϏ�2������Ε΍ϮϨγ��ϰ΋΍ΪΘΑ΍��������

����������3�������ΔϨγ��ϯϮϧΎΛ������������������4���Ϧϣ�ήΜϛ΃���ΔϨγ���ΔόϣΎΟ�ϭ΃�ΔτγϮΘϣ�ΔϴϠϛ����

12��ˮΔϴϟΎΤϟ΍�ΏϷ΍�ΔϨϬϣ�ϰϫ�Ύϣ��

13��ˮΔϴϟΎΤϟ΍�ϡϷ΍�ΔϨϬϣ�ϰϫ�Ύϣ��

�˯ΰΠϟ΍�3����ΓήγϷ΍�ϰϓ�ϦϴϤϴϘϤϟ΍�Ϧϋ�ΕΎϣϮϠόϣ��α14�α�16����

14��ϚΘϘη�Ϟϫ��������ˮ�ϚϠϣ�ϭ΃�ήΟ΄Θδϣ�ϚΘϴΑ�1������ϚϠϣ�2��ήΟ΄Θδϣ��

15��ϛ�΍Ϋ·ˮϚϨϜδϣ�ΪΟϮϳ�ϖΑΎσ�ϯ΃�ϰϓ�ΔϘη�ϦϜδΗ�ΖϨ��
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�������1����ϰοέϷ΍�ΖΤΗ�ϖΑΎτϟ΍�2����ϰοέϷ΍�ϖΑΎτϟ΍�3�����ϝϭϷ΍�ϖΑΎτϟ΍�4��ϕϮϓ�ΎϤϓ�ϰϧΎΜϟ΍�ϖΑΎτϟ΍��

16��ˮ�ϚΘϘη�ϭ΃�ϚΘϴΑ�ήϤϋ�Ϣϛ��

       ������ΔϨγ�Ϧϣ�Ϟϗ΃� ������Ε΍ϮϨγ������������ΔϨγ��������ΔϨγ���

�����������������ΔϨγ��Ϧϣ�ήΜϛ΍������������������������ΔϨγ������ϑήϋ΃�ϻ���

�������� 

�˯ΰΠϟ΍4.���ϦϜδϟ΍�ϊοϭ��α17�±�18.7���

17���ΖϴΒϟ΍�ϊϗϮϣ���ΔϘθϟ΍�1���ϰδϴ΋έ�ϖϳήσ�ϰϠϋ�βϴϟ�2��ϰδϴ΋έ�ϖϳήτϟ�έϭΎΠϣ��

18��ΔϴϟΎΘϟ΍�ϦϛΎϣϷ΍�ΪΣ΃�Ώήϗ�ϚϨϜγ�ϊϘϳ�Ϟϫ���

18.1��ϥΩΎόϤϠϟ�ήϬμϣ�������0������ϻ�1����������Ϣόϧ�9��ϑήϋ΃�ϻ.����ϦϜδϟ΍�Ϧϋ�ΪόΒϳ��έΎΘϣ΃����

18.2���Δϴ΋ΎΑήϬϛ�ΕΎϳέΎτΑ�ϊϨμϣ�0�����ϻ�1���Ϣόϧ  �9��ϑήϋ΃�ϻ.���ϦϜδϟ΍�Ϧϋ�ΪόΒϳέΎΘϣ΃����

18.3��ΕΎϳέΎτΑ�ϊϴϨμΗ�ΓΩΎϋ·�Δηέϭ �0���ϻ�1��Ϣόϧ   �9��ϑήϋ΃�ϻ.� �ϦϜδϟ΍�Ϧϋ�ΪόΒϳέΎΘϣ΃�����

 18.4��έϮΗΎϳΩ΍έ�΢ϴϠμΗ�Ϟϐθϣ �0��������ϻ�1����Ϣόϧ ��9��ϻϑήϋ΃�.�ϦϜδϟ΍�Ϧϋ�ΪόΒϳ� έΎΘϣ΃����

18.5���ΕΎϴϧϭήΘϜϟ·�ϭ΃�ϡΎΤϟ�Δηέϭ�0������ϻ�1�����Ϣόϧ�9��ϑήϋ΃�ϻ.�ϦϜδϟ΍�Ϧϋ�ΪόΒϳ� έΎΘϣ΃����

 18.6�������ΩϮϗϭ�ϭ΍�ίΎϏ�ΔτΤϣ ��0������ϻ�1�����Ϣόϧ�9��ϑήϋ΃�ϻ.�ϦϜδϟ΍�Ϧϋ�ΪόΒϳ� έΎΘϣ΃����

18.7���ΩΪΣ�ϯήΧ΃�ΕΎηέϭ�BBB�0������ϻ�1����Ϣόϧ� �9��ϑήϋ΃�ϻ.�ϦϜδϟ΍�Ϧϋ�ΪόΒϳ� έΎΘϣ΃����

��

�˯ΰΠϟ΍4.1�ϩΎϴϤϟ΍���α19�±�21����

19 �ϚϨϜγ�ϰϓ�Ώήθϟ΍�ϩΎϴϣ�έΪμϣ��

       �. 19.1ΔϨϳΪϤϟ΍�ϩΎϴϣ�ΔϜΒη���������. 19.2ϊϴΑΎϨϴϟ΍���ΔϳέΎΠΗ�Ε΍ϮΒϋ�ϰϓ�ωΎΒϳ�˯Ύϣ����

       �. 19.3�ΓήΘϠϔϣ�ϩΎϴϣ�             �. 19.4έΎΑ΍�ϩΎϴϣ�������έΎτϣ΃����.26.4ϑήϋ΃�ϻ����

20��ϚϨϜγ�ϰϓ�ΦΒτϟ΍�ϩΎϴϣ�έΪμϣ���

       �. 20.1������ΔϨϳΪϤϟ΍�ϩΎϴϣ�ΔϜΒη��. 20.2ϊϴΑΎϨϴϟ΍���ΔϳέΎΠΗ�Ε΍ϮΒϋ�ϰϓ�ωΎΒϳ�˯Ύϣ��

       �. 20.3ΓήΘϠϔϣ�ϩΎϴϣ�       �������. 20.4 έΎΑ΍�ϩΎϴϣ�����έΎτϣ΃     �.27.4ϑήϋ΃�ϻ����

21���ϰϓ�˯ΎϤϟ΍�ϦϳΰΨΘΑ�ϡϮϘΗ�Ϟϫ���

��������1���ϰϧΪόϣ�ϥ΍ΰΧ�2���ϚϴΘγϼΑ�ϥ΍ΰΧ�3���νϮΣ�4���έΎΨϓ�ήϳί�5��ϯήΧ΃�Δϴϋϭ΃��

�˯ΰΟ4.2���ΔϴϠτϤϟ΍�ΡϮτδϟ΍ϭ�ΔΌϓΪΘϟ΍ϭ�ήϴγ΍ϮϤϟ΍�Ε΍ΪϳΪϤΗ�ΔϜΒη���α���±������

22���ΖϴΒϟ΍�ϰϓ�ήϴγ΍ϮϤϟ΍�ΔϜΒη�ΪϳΪϤΗ�ϢΗ��ϚΘϘη���

�����1���Ϧϣ�Ϟϗ΃10���Ε΍ϮϨγ��2��15-10���ΔϨγ��3���Ϧϣ�ήΜϛ΃16���ΔϨγ��9��ϋ΃�ϻϑή���

23���ΓΩΎϣ�Ϧϣ�ΔϋϮϨμϣ�ϚϨϜγ�ϰϓ�ήϴγ΍ϮϤϟ΍�Ε΍ΪϳΪϤΗ�ΔϜΒη���

      �30.1�PVC�������0��������ϻ�1���������Ϣόϧ�9��ϑήϋ΃�ϻ 

      �30.2�ϥΪόϤϟ΍������0��������ϻ�1���������Ϣόϧ�9��ϑήϋ΃�ϻ 

��
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24���ϡΎΤϠϟ΍�ΎϬϴϓ�ϡΪΨΘγ΍ϭ�ΖϴΒϟ΍�ϰϓ�ϢϴϤμΗ�ΓΩΎϋ·�ϭ΃�ΕΎΤϴϠμΗ�ΔϴοΎϤϟ΍�ΔϨδϟ΍�ϰϓ�ΖϤΗ�Ϟϫ�ϥ΍έΪΠϠϟ�ΖΣ�ϭ΃�ΓήϜϤγ���ϝΎϤϋ΃�ϭ΃

����ˮ�ϥΎϫΪϟΎΑ�ΔϴϠτϤϟ΍�ΡϮτδϠϟ�ςθϗ�ϭ΃�ΝΎΟΰϟ΍�ϕέϮΑ��

�����������������������������0��������ϻ�1���������Ϣόϧ�9��ϑήϋ΃�ϻ��

�˯ΰΟ�������5��ΓήγϷ΍�Ω΍ήϓ΃�νήόΗ���

�˯ΰΟ5.1�ϦϴΧΪΘϟ΍���α25�±�27�����

25��ΑΎδϟ΍�ϰϓ�ϥΎϛ�Ϟϫ�ϭ΃�ˬΓήγϷ΍�Ω΍ήϓ΃�ΪΣ΃�ϦΧΪϳ�Ϟϫ�ϦΧΪϳ�ϖ��

        �25.1�������ή΋ΎΠδϟ΍�0��������ϻ�1��������Ϣόϧ�9��ϑήϋ΃�ϻ��

        �25.2������ΔϠϴΟέΎϨϟ΍�0��������ϻ�1��������Ϣόϧ�9��ϑήϋ΃�ϻ��

26���ϥϮϨΧΪϳ�Ϧϳάϟ΍�ϦϴϤϴϘϤϟ΍�Ω΍ήϓϷ΍�ΩΪϋ��ϩϼϋ΃�ΓέϮϛάϤϟ΍�ω΍ϮϧϷ΍�Ϧϣ�ϯ΃���ΖϴΒϟ΍�ϰϓ�Ύ˱ϴϟΎΣ���

27���ϦΧΪϳ�ϯάϟ΍�ή΋ΎΠδϟ΍�ΩΪϋ�Ύϣˮ�ΖϴΒϟ΍�ϰϓ�Ύ˱ϴϟΎΣ��

1����ΏϷ΍�ϞΒϗ�Ϧϣ�2 �� ��ϡϷ΍�ϞΒϗ�Ϧϣ3 �� ϦϳήΧϵ΍�ϞΒϗ�Ϧϣ� ωϮϤΠϤϟ΍���

�˯ΰΟ5.2�ϞΤϜϟ΍���α28�±�36�������

28����ˮΎϬϴϨϴϋ�ϞϴϤΠΘϟ�ϞΤϜϟ΍�ϡϷ΍�ΖϣΪΨΘγ΍�ϥ΃�ϑΩΎλ�Ϟϫ�0���������ϻ�1����������Ϣόϧ�9��ϑήϋ΃�ϻ��

29��΍�ϰϨϴϋ�ϞϴϤΠΘϟ�ϞΤϜϟ΍�ϡϷ΍�ΖϣΪΨΘγ΍�ϥ΃�ϑΩΎλ�Ϟϫ�ˮκΤϔϟ΍�Ϊϴϗ�Ϟϔτϟ��

����������������������������������������������������������������� �0����������ϻ�1����������Ϣόϧ�9��ϑήϋ΃�ϻ ��

29.1���ήϬηϷΎΑ�ϡ΍ΪΨΘγϻ΍�ΓΪϣ��

30��������������������ˮΎϬδϔϨΑ�ϞΤϜϟ΍�΍άϫ�ϡϷ΍�ήπΤΗ�Ϟϫ    ���0����������ϻ�1����������Ϣόϧ�9��ϑήϋ΃�ϻ��

31��ˮ�ΎϬόϴϨμΗ�ϰϓ�ΖϣΪΨΘγ΍�ϰΘϟ΍�ΓΩΎϤϟ΍�ΎϤϓ�Ϣόϧ�ΔΑΎΟϹ΍�ΖϧΎϛ�΍Ϋ·��

���������1������ϥϮΘϳΰϟ΍�Ζϳί�2��ΔϴϧΪόϣ�Δϐϴλ������ΔϳήΠΣ�3��ΩΪΣ���ˬ�ϯήΧ΃�ΓΩΎϣBBBBBB��

32�����ϪϋϮϧ�Ύϣ�ϞΤϜϟ΍�ϯήΘθΗ�ϡϷ΍�΍Ϋ·�1���ΔϳήΠΣ�ΓΩΎϣ�9��ϑήϋ΃�ϻ��

33��ϤΠΘϟ�ϞΤϜϟ΍�ϡϷ΍�ΎϬϴϓ�ΖϣΪΨΘγ΍�ϰΘϟ΍�ΓήΘϔϟ΍�ϝϮσ�ΎϣΎϬϴϨϴϋ�Ϟϴ �������ˮήϬηϷΎΑ���

������������ΔϧΎΧ�Ϟϛ�ϰϓ�Ύ˱Ϥϗέ�ϊο 12,1, 2, 3..........9, 10, 11����

34������ˮκΤϔϟ΍�Ϊϴϗ�ϞϔτϟΎΑ�ΎϬϠϤΣ�˯ΎϨΛ΃�ΎϬϴϨϴόϟ�ϞΤϜϟ΍�ϡϷ΍�ΖϣΪΨΘγ΍�Ϟϫ��

�������������������������������������������������������������������0����������ϻ�1����������Ϣόϧ�9��ϑήϋ΃�ϻ��

35��ˮϞϤΤϟ΍�ΓήΘϓ�˯ΎϨΛ΃�ϞΤϜϟ΍�ϡ΍ΪΨΘγ΍�ΓΪϣ�Ύϣ��

�������������1������ήϬη�Ϧϣ�Ϟϗ΃�2����������ήϬη΃��3����������ήϬη΃��4���������ήϬη΃��9��ϑήϋ΃�ϻ��

36���ˮϞΤϜϟ΍�΍άϫ�ϡϷ΍�ΖϣΪΨΘγ΍�ϞϤΤϟ΍�ΓήΘϓ�ϝϼΧ�ωϮΒγϷ΍�ϰϓ�Γήϣ�ϢϛBBBBBBB���

��

�˯ΰΠϟ΍5.3�ϞϤόϟ΍�˯ΎϨΛ΃�νήόΘϟ΍���α37���α�46����

ˮΔϴοΎϤϟ΍�ΔΘδϟ΍�Ε΍ϮϨδϟ΍�ϝϼΧ�ΔϴϟΎΘϟ΍�ϑήΤϟ΍�ϭ΃�ϒ΋ΎχϮϟ΍�Ϧϣ�ϯ΃�ϰϓ�ϰϟΎΤϟ΍�ϦϜδϟ΍�ϰϓ�ϢϴϘϳ�ΪΣ΃�ϞϤϋ�Ϟϫ��

�ΔψΣϼϣ��ϦϴόΑήϤϟ΍�ϰϠϋ�ΓέΎη·�ϊο�ήοΎΤϟ΍�ϰϓ�ϭ΃�ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�Ώ΍ϮΠϟ΍�ϥΎϛ�΍Ϋ·��1���2���

37��ιΎλήϟ΍�ήϬλ�ϭ΃�ϦϳΪόΗ����

�������������0�������ϻ�1�������ήοΎΤϟ΍�ϰϓ�Ϣόϧ�2��Ϣόϧ�����ϰοΎϤϟ΍�ϰϓ��9��ϑήϋ΃�ϻ��
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�ιΎΨηϷ΍�ΩΪϋ�ϢϜϓ�Ϣόϧ�ΔΑΎΟϹ΍�ΖϧΎϛ�΍Ϋ·�����������ϰΘϣ�άϨϣ������������ήϬη�Ϣϛ�ΓΪϤϟϭ������������

38��ΔϴλΎλήϟ΍�ΕΎϳέΎτΒϟ΍�ϊϨλ����

������������0�������ϻ�1�������ήοΎΤϟ΍�ϰϓ�Ϣόϧ�2�������ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�9��ϑήϋ΃�ϻ��

Ϸ΍�ΩΪϋ�ϢϜϓ�Ϣόϧ�ΔΑΎΟϹ΍�ΖϧΎϛ�΍Ϋ·�ιΎΨη�����������ϰΘϣ�άϨϣ������������ήϬη�Ϣϛ�ΓΪϤϟϭ������������

39��ΔϴλΎλήϟ΍�ΕΎϳέΎτΒϟ΍�ϊϴϨμΗ�ΓΩΎϋ·���

��������������0�������ϻ�1�������ήοΎΤϟ΍�ϰϓ�Ϣόϧ�2�������ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�9��ϑήϋ΃�ϻ��

�ιΎΨηϷ΍�ΩΪϋ�ϢϜϓ�Ϣόϧ�ΔΑΎΟϹ΍�ΖϧΎϛ�΍Ϋ·�����������ϰΘϣ�άϨϣ������������ήϬη�Ϣϛ�ΓΪϤϟϭ������������

40��Ε΍έΎϴδϟ΍�Ε΍έϮΗΎϳΩ΍έ�ϊϴϨμΗ����

��������������0�������ϻ�1�������ήοΎΤϟ΍�ϰϓ�Ϣόϧ�2�������ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�9���ϑήϋ΃�ϻ��

�ιΎΨηϷ΍�ΩΪϋ�ϢϜϓ�Ϣόϧ�ΔΑΎΟϹ΍�ΖϧΎϛ�΍Ϋ·�����������ϰΘϣ�άϨϣ������������ήϬη�Ϣϛ�ΓΪϤϟϭ������������

41���΢ϴϠμΗ�ΕΎηέϭ�ϯΩϮΑ��Ε΍έΎϴδϟ΍�ϞϛΎϴϫ����

�������������0�������ϻ�1�������ήοΎΤϟ΍�ϰϓ�Ϣόϧ�2�������ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�9��ϑήϋ΃�ϻ��

�ιΎΨηϷ΍�ΩΪϋ�ϢϜϓ�Ϣόϧ�ΔΑΎΟϹ΍�ΖϧΎϛ�΍Ϋ·�����������ϰΘϣ�άϨϣ������������ήϬη�Ϣϛ�ΓΪϤϟϭ������������

42��Δϴ΋ΎΑήϬϛ�ϝΎϤϋ΃����

������������0�������ϻ�1�������ήοΎΤϟ΍�ϰϓ�Ϣόϧ�2�������ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�9��ϻ�ϑήϋ΃���

�ιΎΨηϷ΍�ΩΪϋ�ϢϜϓ�Ϣόϧ�ΔΑΎΟϹ΍�ΖϧΎϛ�΍Ϋ·�����������ϰΘϣ�άϨϣ������������ήϬη�Ϣϛ�ΓΪϤϟϭ������������

43���ϥΎϫΪϟ΍ϭ�Δη΍ήτϟ΍�ϝΎϤϋ΃��

������������0�������ϻ�1�������ήοΎΤϟ΍�ϰϓ�Ϣόϧ�2�������ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�9��ϑήϋ΃�ϻ��

�ιΎΨηϷ΍�ΩΪϋ�ϢϜϓ�Ϣόϧ�ΔΑΎΟϹ΍�ΖϧΎϛ�΍Ϋ·����������Θϣ�άϨϣ�ϰ������������ήϬη�Ϣϛ�ΓΪϤϟϭ������������

44���ΎϬΘϧΎϴλϭ�ϰϧΎΒϤϟ΍�ΪϳΪΠΗ�����

������������0�������ϻ�1�������ήοΎΤϟ΍�ϰϓ�Ϣόϧ�2�������ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�9��ϑήϋ΃�ϻ��

�ιΎΨηϷ΍�ΩΪϋ�ϢϜϓ�Ϣόϧ�ΔΑΎΟϹ΍�ΖϧΎϛ�΍Ϋ·�����������ϰΘϣ�άϨϣ������������ήϬη�Ϣϛ�ΓΪϤϟϭ������������

45����ΕΎτΤϣ�ϰϓ�ϞϤόϟ΍�ΩϮϗϮϟ΍�����

������������0�������ϻ�1�������ήοΎΤϟ΍�ϰϓ�Ϣόϧ�2�������ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�9���ϑήϋ΃�ϻ��

�ιΎΨηϷ΍�ΩΪϋ�ϢϜϓ�Ϣόϧ�ΔΑΎΟϹ΍�ΖϧΎϛ�΍Ϋ·�����������ϰΘϣ�άϨϣ������������ήϬη�Ϣϛ�ΓΪϤϟϭ������������

46��ιΎλήϠϟ�ΎϬϴϓ�νήόΘϟ΍�ϢΘϳ�ϯήΧ΃�ϝΎϤϋ΃����

�������������0�������ϻ�1��ϟ΍�ϰϓ�Ϣόϧ�����ήοΎΤ�2�������ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�9��ϑήϋ΃�ϻ���

�ιΎΨηϷ΍�ΩΪϋ�ϢϜϓ�Ϣόϧ�ΔΑΎΟϹ΍�ΖϧΎϛ�΍Ϋ·�����������ϰΘϣ�άϨϣ������������ήϬη�Ϣϛ�ΓΪϤϟϭ������������

��

�˯ΰΠϟ΍��������5.4���ϡΎϤΤΘγϻ΍ϭ�ϞϤόϟ΍�βΑϼϣ��α47�±�50�����

�
ΔϘΑΎδϟ΍�ΔϠΌγϷ΍�Ϧϣ�ϯ΃�ϰϠϋ�ΔΑΎΟϹ΍�ΖϧΎϛ�΍Ϋ·�Ϣόϧ��ΪΣ΃�ϡϮϘϳ�ϥΎϛ�ϞϫϞϗϷ΍�ϰϠϋ�ϝΎϤόϟ΍����

47��ΖϴΒϟ΍�ϰϟ·�ϞϤόϟ΍�βΑϼϣ�ΏΎΤτλΎΑ����

��������������0�������ϻ�1�������ήοΎΤϟ΍�ϰϓ�Ϣόϧ�2�������ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�9��ϑήϋ΃�ϻ��

48��ΖϴΒϟ΍�ϰϟ·�ϞϤόϟ΍�˯΍άΤΑ�ΏΎϫάϟΎΑ����
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��������������0�������ϻ�1�������ήοΎΤϟ΍�ϰϓ�Ϣόϧ�2�������ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�9��ϑήϋ΃�ϻ��

49��ΑΖϴΒϟ΍�ϰϓ�ϪδΑϼϣ�Ϟδϐ����

��������������0�������ϻ�1�������ήοΎΤϟ΍�ϰϓ�Ϣόϧ�2�������ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�9��ϑήϋ΃�ϻ��

50��ΖϴΒϟ΍�ϰϟ·�ΏΎϫάϟ΍�ϞΒϗ�ϞϤόϟ΍�ϊϗϮϣ�ϰϓ�ϡΎϤΤΘγϻΎΑ����

��������������0�������ϻ�1�������ήοΎΤϟ΍�ϰϓ�Ϣόϧ�2�������ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�9��ϑήϋ΃�ϻ��

��

�˯ΰΠϟ΍5.5��΍ϭ�ΔτθϧϷ΍�ΖϴΒϟ΍�ϰϓ�ΕΎϳ΍ϮϬϟ΍ϭ�ϑήΤϟ��α51�±�54�����

��Ζδϟ΍�Ε΍ϮϨδϟ΍�ϝϼΧ�ϝΰϨϤϟ΍�ϰϓ�ΔϴϟΎΘϟ΍�ϑήΤϟ΍ϭ�ΕΎϳ΍ϮϬϟ΍ϭ�ΔτθϧϷ΍�Ϧϣ�ϯ΃�Δϟϭ΍ΰϤΑ�ϰϟΎΤϟ΍�ϦϜδϟ΍�ϰϓ�ϦϴϤϴϘϤϟ΍�ΪΣ΃�ϡΎϗ�Ϟϫ

ˮ�ΔϴοΎϤϟ΍��

51��ˮ�Ώέ΍ϮϘϟ΍�ϭ΃�ΕΎΟ΍έΪϟ΍�ϭ΃�Ε΍έΎϴδϟ΍�ϭ΃�ΙΎΛϷ΍�ϭ΃�ΔϴΒθΨϟ΍�Ω΍ϮϤϟ΍�Ϧϋ�˯ϼτϟ΍�Δϟ΍ί·��

� ������������0������ϻ��1�������ήοΎΤϟ΍�ϰϓ�Ϣόϧ�2�������ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�9��ϑήϋ΃�ϻ��

52��Δϴ΋ΎΑήϬϛ�ϊτϗ�ϡΎΤϟ����

�������������0�������ϻ�1�������ήοΎΤϟ΍�ϰϓ�Ϣόϧ�2�������ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�9��ϑήϋ΃�ϻ��

53��ϙΎϤγϷ΍�Ϊϴλ�ϙΎΒη�ΕϻΎϘΛ�ϊϨμϟ�ιΎλήϟ΍�ήϬλ���

�������������0�������ϻ�1������ήοΎΤϟ΍�ϰϓ�Ϣόϧ��2�������ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�9��ϑήϋ΃�ϻ��

54��Ε΍έΎϴδϟ΍�ΕΎϳέΎτΑ�ήϬλ�ϭ΃�΢ϴϠμΗϭ�ΔΠϟΎόϣ����

������������0�������ϻ�1�������ήοΎΤϟ΍�ϰϓ�Ϣόϧ�2�������ϰοΎϤϟ΍�ϰϓ�Ϣόϧ�9��ϑήϋ΃�ϻ ��

����������

�˯ΰΠϟ΍6����ΔϴϣϮϴϟ΍�ΔϳΎϋήϟ΍ϭ�κΤϔϟ΍�Ϊϴϗ�Ϟϔτϟ΍�Ϧϋ�ΕΎϣϮϠόϣ��α5��±��������

55���Ϟϔτϟ΍�ϢϴϘϳ�Ϟϫ�Γ��ˮέΎϬϨϟ΍�ϝϼΧ�ΖϴΒϟ΍�ϰϓ���

�������������0�����������ϻ�1�������������Ϣόϧ�9����ϑήϋ΃�ϻ��

�����Ϟϔτϟ΍�ΐϫάϳ�Ϟϫ�Γ��ˮ�ϢψΘϨϣ�ϞϜθΑ�ϝΎϔσ΃�Δοϭέ�ϰϟ·��

�������������0�����������ϻ�1�������������Ϣόϧ�9����ϑήϋ΃�ϻ��

����Ϟϔτϟ΍�ΐϫάϳ�Ϟϫ���Γ���ˮ�ϢψΘϨϣ�ϞϜθΑ�Ϫ΋ΎΑήϗ΃�ΪΣ΃�ΖϴΑ�ϰϟ·��

������������0�����������ϻ�1�������������Ϣόϧ�9��ϑήϋ΃�ϻ���

����Ϟϔτϟ΍�ϥΎϛ�΍Ϋ· ˮ�Ύ˱ϴϋϮΒγ΃�ϝΰϨϤϟ΍�ΝέΎΧ�ΎϬϴπϘϳ�ϰΘϟ΍�ΕΎϋΎδϟ΍�ΩΪϋ�Ϣϛ�ˬ�ϝΰϨϤϟ΍�ϡΰϠϳ 

�����

 �˯ΰΠϟ΍6.1��ΔϳάϐΘϟ΍ϭ�κΤϔϟ΍�Ϊϴϗ�Ϟϔτϟ΍�Ϧϋ�ΕΎϣϮϠόϣ���α59�±�64���

59���ΔϴόϴΒσ�ΔϋΎοέ�ϚϠϔσ�ϊοέ�Ϟϫ���Ϫϣ΃�ΐϴϠΣ�Ϧϣ����ˮ��

���������������0�������ϻ�1 ��������Ϣόϧ��9�����ϑήϋ΃�ϻ���

60���ˮ�Ύ˱ϴϣϮϳ�ϚϠϔσ�ϝϭΎϨΘϳ�ΐϴϠΤϟ΍�Ϧϣ�Ύ˱ΑϮϛ�Ϣϛ���ϊΑήϤϟ΍�ϰϓ�ΐγΎϨϤϟ΍�Ϣϗήϟ΍�ϊο1, 2, � 9, 10������

61��ˮ�ΔϔϴϔΧ�ΕΎΑϭήθϣ�ϚϠϔτϟ�ϦϴϣΪϘΗ�Ϟϫ��

���������������0����������ϻ�1 �����������Ϣόϧ��9�����ϑήϋ΃�ϻ���
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62��ϴϤΟ�ϚϠϔσ�ϝϭΎϨΘϳ�Ϟϫ�ˮ�ΖϴΒϟ΍�ϰϓ�Δϴ΋΍άϐϟ΍�ϪΗΎΒΟϭ�ϊ��0����ϻ�1 ������Ϣόϧ��9�����ϑήϋ΃�ϻ���

�
������������Ώ΍ϮΠϟ΍�ϥΎϛ�΍Ϋ·��ϻ��ϝΰϨϤϟ΍�ΝέΎΧ�ΎϬϟϭΎϨΘϳ�ϰΘϟ΍�ΔϴϣϮϴϟ΍�ΕΎΒΟϮϟ΍�ΩΪϋ�ϢϜϓ���

����������������ϊΑήϤϟ΍�ϞΧ΍Ω�Ϣϗήϟ΍�ΐΘϛ΃ 0  �ˬ 1�ˬ  2��ˬ��  

63���ˮ�ΐϴϠΤϟ΍�Ϧϣ�ϼ˱ϳΪΑ�ϚϠϔτϟ�ΖϣΪϗ�ϥ΃�ϑΩΎλ�Ϟϫ��0����ϻ�1 ������Ϣόϧ��9�����ϑήϋ΃�ϻ���

64����ˮ�ϚϠϔσ�˯΍άϏ�ήϴπΤΘϟ�ΔϴϔϨΤϟ΍�˯Ύϣ�ϦϴϣΪΨΘδΗ�Ϟϫ�0����ϻ�1 ������Ϣόϧ��9�����ϑήϋ΃�ϻ���

��

� ��˯ΰΠϟ΍6.2��ΔϳάϐΘϟ΍�ιΎλήϟ΍�έΩΎμϣϭ�κΤϔϟ΍�Ϊϴϗ�Ϟϔτϟ΍�Ϧϋ�ΕΎϣϮϠόϣ���α65�±�71���

�ϚϠϔσ�ϡϮϘϳ�Ϟϫ���˰˰Α�ϡΎϗ�ϭ΃����

65��ˮ�έΎϬϨϟ΍�˯ΎϨΛ΃�ϪόΑΎλ΃�κϣ��

������������������0�������΍˱ΪΑ΃�ϚϟΫ�Ϟόϔϳ�Ϣϟ��1�������΍˱έΩΎϧ��2�������Ύ˱ϧΎϴΣ΃��3�������Ύ˱ΒϟΎϏ��4����ϑήϋ΃�ϻ���

66���ϰϣΩ�ϊοϭ�ΏΎόϟ΍���ˮ�ϪϤϓ�ϰϓ�ΔϴϠτϣ�ϡΎδΟ΃�ϭ΃��

������������������0�������΍˱ΪΑ΃�ϚϟΫ�Ϟόϔϳ�Ϣϟ��1�������΍˱έΩΎϧ��2�������Ύ˱ϧΎϴΣ΃��3�������Ύ˱ΒϟΎϏ��4���ϑήϋ΃�ϻ����

67��������ˮ�ΔϴϠτϣ�ΡϮτγ�Ϧϣ�Ύ˱ϣΎόσ�ςϘΘϟ΍�ϭ΃�ϑϮϘδϟ΍�ϭ΃�ϥ΍έΪΠϟ΍�Ϧϋ�ΔΨϠδϨϣ�Δϴ΋ϼσ�ΎϳΎψη�ϭ΃�ΕΎϗΎϗέ�Ϟϛ΃ 

                 ��0�������΍˱ΪΑ΃�ϚϟΫ�Ϟόϔϳ�Ϣϟ��1�������΍˱έΩΎϧ��2�������Ύ˱ϧΎϴΣ΃��3�������Ύ˱ΒϟΎϏ��4����ϑήϋ΃�ϻ���

68��ˮΏ΍ήΘϟ΍�Ϟϛ΃��

������������������0���Ϋ�Ϟόϔϳ�Ϣϟ����΍˱ΪΑ΃�Ϛϟ��1�������΍˱έΩΎϧ��2�������Ύ˱ϧΎϴΣ΃��3�������Ύ˱ΒϟΎϏ��4����ϑήϋ΃�ϻ���

69���ˮ�ΕϼΠϤϟ΍�ϭ΃�Ϊ΋΍ήΠϟΎΑ�ΐόϠϟ΍�ϭ΃�Ϟϛ΃��

������������������0�������΍˱ΪΑ΃�ϚϟΫ�Ϟόϔϳ�Ϣϟ��1�������΍˱έΩΎϧ��2�������Ύ˱ϧΎϴΣ΃��3�������Ύ˱ΒϟΎϏ��4����ϑήϋ΃�ϻ���

70��ˮ�ϩήϓΎχ΃�νήϘϳ��

������������������0�������΍˱ΪΑ΃�ϚϟΫ�Ϟόϔϳ�Ϣϟ��1�������΍˱έΩΎϧ��2�������Ύ˱ϧΎϴΣ΃��3�������Ύ˱ΒϟΎϏ��4����ϑήϋ΃�ϻ���

71����ˮΕΎϴϧϭήΘϜϟ·�Δϳ΃�ϭ΃�ϙΎϤγϷ΍�Ϊϴλ�ϙΎΒη�ΕϻΎϘΛ�ϭ΃�ίήΨϟ΍�ϭ΃�ιΎλήϟ΍�ΕΎϘϠσ�ϭ΃�Ε΍ήϫϮΠϤϟΎΑ�ΐόϠϟ΍��0�������΍˱ΪΑ΃�ϚϟΫ�Ϟόϔϳ�Ϣϟ
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Annex (2) English questionnaire��

 
 

An interview questionnaire  
Risk Factors Associated with Lead Poisoning among Children Aged 2-6 Years in 

Gaza Governorates 
Subject                   1) Case                                                         2) Control 
Part I: Cover information (Q1-Q7) 
1. Date (m\d\y): __ /__ / __                             
Family name: �˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰ Child's name: �˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰      Father's name: �˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰  
Address:  Town˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰       Street˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰        Telephone: �˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰  
2. Governorate    1 North        2. Gaza      3. Middle Zone   4. Khan Younis 5. Rafah     
3. Child�s Date of birth (d, m, y):�|_|�|_| / |__ ��_B_  B__B__                          
4. Child Age (Months)   _________                       5. Sex   _1_ Male       _2_ Female    

                                                                                                             
     _B_ Interviewee: 

    6.  (1) Mother   (2)  Father (3) Sister or brother  (4) Relative: Specify:____    
   7._B_�_B_� age of father _B_�_B_� age of mother   _B_�_B_�  age of interviewee 

 
Part 2: Household Residents (Q8-Q14) 
_B_  8. Marital status of the parents  
      (1) Married       (2) Divorced/separated         (3) Single         (4) Widowed   
     
_B_ 9. Mother: years of education:  
              (1) None              (2) 1-8 years              (3) 9-12 years             (4) >12 years or 
college/university                     
 
_B_ 10. Primary caretaker�s relation to child: 
       (1) Mother          (2) Father                     (3) Brother                        
       (4) Sister             (5) Relative 
 
_B_ 11. Father: years of education:  
                (1) None               (2) 1-8 years             (3) 9-12 years          (4) >12 years or 
college/university 
 
_B_ 12. What is the current job of the father? _____________________________ 

      _B_ 13. What is the current job of mother?     _____________________________ 
      _B_ 14. Number of people currently living in the household?  
          

 
Part 3: Household information (Q16-Q19) 
 
_B_ 16. Do you rent or own your house\ apartment?               (1) Own            (0) Rent  
_B_ 17. If you are living in apartment, on which floor level is your dwelling unit? 
           (1) Basement                            (2) Ground floor    
           (3) One Floor above ground     (4) on the second floor or higher 

      _B_ 18. How old is your house/apartment? 
(1) <1 year                   (2) 1-9 years               (3) 10-19 years               (4) 20-39 years 
(5) 40-49 years            (6) >50 years               (7) Don�t Know 
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_B__B_19. When did you move to this house/apartment? 
(1)<1 year ago                                   (2) 1-6 years ago                      (3) >7 years ago  
 
 Part 4: Household location and exposure sources (Q20-Q21.7) 
 
_B_ 20. Location of your house/apartment is: 
(1) Not on major road                             (2) On, above or next to a major roadway 
_B_�_B__B_    If not on major road, approximate distance from major road in meters. 
 
_B_ 21. Is your house/apartment near of the following?  
_B_ 21.1 Smelter                          (0) No           (1) Yes            (9) don't know            
           �Distance from house _B_�_B__B_ meters      

      _B_ 21.2 Battery manufacturing  (0) No           (1) Yes            (9) don't know    
                 �Distance from house _B_�_B__B_ meters      
      _B_ 21.3 Battery recycling           (0) No           (1) Yes           (9) don't know         
                  Distance from house _B_�_B__B_ meters      
      _B_ 21.4 Radiator repair              (0) No           (1) Yes            (9) don't know        
                  Distance from house _B_�_B__B_ meters      
      _B_ 21.5 Electronic/ soldering    (0) No           (1) Yes             (9) don't know        
                  Distance from house _B_�_B__B_ meters      
      _B_ 21.6 Gas or petrol station    (0) No           (1) Yes             (9) don't know       
                  Distance from house _B_�_B__B_ meters      
      _B_ 21.7 Others (specify)           (0) No           (1) Yes             (9) don't know          
                  Distance from house _B_�_B__B_ meters  
 
Part 4.1 Water (Q22-Q24) 
 
    22. The Water you drink in your house frequently comes from  
    1 City-tap water _B_                      2 Spring/commercial bottled water  
    3 Well-tap water/ collected rain water                      9 Don't know 
 
23. Your household cooking water most frequently comes from:  
        1 City-tap water               2 Spring/ commercial bottled water  
        3 Well-tap water/ collected rain water         4 Don't know 
       
24. Do you generally store water in?   
             (1) Metallic tank      (2) Plastic tank      (3) Other,  Specify  
 
Part 5: Familial exposure 

5.1 Smoking: (Q25-Q27) 
 
25. Does any family member ever, now or in the past, smoke 

      25.1  Cigarettes                  (0) No                   (1) yes                     (9) don't know  
         25.2  Nargila                      (0) No                   (1) yes                     (9) don't know  

  26. Number of residents who currently smoke any of the above in the house? 
 

     27. What is the number of cigarettes currently smoked per day in the house? 
          27.1  _B_ _B_  by father                              27.2  _B_ _B_  by others (total)_______  
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Part 5.2 Kohl: (Q28-Q36)  
 
_B_ 28.  Did the mother ever use any kind of Kohl on her own eyes? 

                          (0) No                           (1) yes                      (9) don't know  
      28.1 For how long? (In months) _B__B__B_ 
                          (0) No                �����������(1) yes            ��������� (9) don't know  
_B_ 29.  Did the mother ever use any kind of Kohl on index child�s of eyes? 

                          (0) No                �����������(1) yes             ���������(9) don't know 
               29.1 For how long? (In months) _B__B__B_ 

      _B_ 30. Did or does the mother prepare the khol by herself?  
                             (0) No             ��������������(1) yes         ������������� (9) don't know 
      _B_ 31. If Yes with: (1) olive oil            (2) mineral/ stone form         (3) other,  
      _B_ 32. If she buys her khol, what kind is it? (1) stone (mineral) based (9) Don�t know 
      _B_ 33. How many years has the mother been using kohl on her own eyes? 
      _B_ 34. Did the mother use this kohl on her own eyes while she was pregnant with the 
index child?        (0) No                (1) yes             (9) don't know 
       35. For how long did mother use kohl during pregnancy? 

     (1) Less than a month  � (2) 1-3 months  �� (3) 4-6 months   
�����������������������������������������������(4) 7-9 months   � (9) don't know  
      36. How many days per week during pregnancy did the mother use this kohl? ____ 
 
Part 5.3 Occupational exposure (Q37-Q46) 
   Has one or more person living in the household worked in any of the following jobs or 

trades during the past six years? (Note: If yes, presently and yes, past both true, then 
mark in both (1) and (2) 

 37. Smelting           
(0) No         (1) Yes, presently           (1) Yes, past        (9) don't know 
If yes, how many persons ____from when _____and for how many months ______ 

38. Making lead batteries     
(0) No         (1) Yes, presently           (1) Yes, past        (9) don't know 
If yes, how many persons ____from when _____and for how many months ______ 

39. Recycling lead batteries    
(0) No        (1) Yes, presently          (1) Yes, past        (9) don't know 
If yes, how many persons ____from when _____and for how many months ______ 

40. Auto radiator repair work    
(0) No        (1) Yes, presently       (1) Yes, past        (9) don't know 
If yes, how many persons ____from when _____and for how many months ______ 

41. Plumbing or pipefitting        
(0) No       (1) Yes, presently       (1) Yes, past        (9) don't know 
If yes, how many persons ____from when _____and for how many months ______ 

42. Electric work         
(0) No         (1) Yes, presently           (1) Yes, past        (9) don't know 
If yes, how many persons ____from when _____and for how many months ______ 

 43. House painting, spray painting  
(0) No         (1) Yes, presently           (1) Yes, past        (9) don't know 
If yes, how many persons ____from when _____and for how many months ______ 

 44. Renovating homes       
(0) No         (1) Yes, presently           (1) Yes, past        (9) don't know 
If yes, how many persons ____from when _____and for how many months ______ 

 45. Gasoline Station work       
(0) No       (1) Yes, presently        (1) Yes, past        (9) don't know 
If yes, how many persons ____from when _____and for how many months ______ 
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 46. Other jobs with lead exposure (Specify if possible: ________________ )         
 (0) No         (1) Yes, presently           (1) Yes, past        (9) don't know 
If yes, how many persons ____from when _____and for how many months ______ 

 
Part 5.4 Work Clothes and Showering: (Q47-Q50) 
If answer to any one or more of above is yes, does one or more workers 
 
47. Wear or bring his work clothes home? 

 (0) No         (1) Yes, presently          (1) Yes, past         (9) don't know 
48. Wear or bring his work shoes home? 

 (0) No       (1) Yes, presently        (1) Yes, past        (9) don't know 
49. Wash his clothes at home  

 (0) No         (1) Yes, presently           (1) Yes, past        (9) don't know 
50. Shower at worksite before coming home 

(0) No         (1) Yes, presently           (1) Yes, past        (9) don't know 
 
Part 5.5 Tasks, Crafts or Hobbies at Home: Exposure (Q51- Q53) 
Did any person living in the current residence work at any of the following tasks, hobbies 

or crafts at home (during the last 6 years): 
 
 51. Remove paint or varnish while in the dwelling from woodwork, furniture or cars, 
bicycles, boats in the yard?   
(0) No         (1) Yes, presently           (1) Yes, past        (9) don't know 
            
 52. Solder electric parts  
(0) No         (1) Yes, presently           (1) Yes, past        (9) don't know  
            
 53. Melt Lead to make fishing sinkers 
           (0) No         (1) Yes, presently           (1) Yes, past        (9) don't know  
            
Part 6: Information about index child and day care (Q54- Q58): 
 
 54. Does the child stay at home during the day?   

          (0) No           (1) yes         (9) don't know  
 
 55. Does the child regularly attend kindergarten?            
             (0) No            (1) yes         (9) don't know 
              Where (address) and Name ________________________ 
 
 
 56. Does the child regularly attend a licensed day-care center?    
             (0) No            (1) yes         (9) don't know 
 
 57.�Does the child regularly visit a relative's house?                     
             (0) No          (1) yes          (9) don't know 
              Where (address) and Name ________________________ 
58. If the child stays at the house, how many hours (s) he is outdoors/week?  
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Part 6.1 Information about index child and feeding (Q59-Q64) 
 
59. Was your child breastfed?                                          
            (0) No          (1) yes          (9) don't know  
60. How many cups of milk does your child drink per day?  (0, 1, 2, 3, � etc.) 
61. Do you give your child soft drink?                              
             (0) No          (1) yes         �(9) don't know 
62 Does your child eat all his/her meals at home?         
             (0) No          (1) yes          (9) don't know 
63. Have you ever given your child a milk substitute?      
            (0) No          �(1) yes          (9) don't know 
64. Do you use tap water to prepare your child�s formula?   
            (0) No          (1) yes          �(9) don't know 
 
Part 6.2 Information about child index and lead sources (Q65-Q71)     
   Did/does your child ever: 
 
65. Suck his/her fingers during the daytime?                     
            (0) Never       (1) Rarely        (2) Sometimes      (3) Frequently       (9) don't know 
66. Put toys or paint objects in his/her mouth?  
             (0) Never        (1) Rarely      (2) Sometimes      (3) Frequently       (9) don't know                       
67. Eat paint chips or pick on painted surfaces?                
            (0) Never       (1) Rarely        (2) Sometimes      (3) Frequently       (9) don't know 
68. Eat soil or dirt? 
            (0) Never       (1) Rarely        (2) Sometimes     (3) Frequently       �(9) don't know     
69. Eat or play with newspapers or magazines? 
           (0) Never       (1) Rarely        (2) Sometimes      (3) Frequently       �(9) don't know     
70. Bite his/her nails? 
            (0) Never       (1) Rarely        (2) Sometimes      (3) Frequently       (9) don't know       
71. Play with jewelry, bullets, fishing sinkers or electronics items? 
            (0) Never       (1) Rarely        (2) Sometimes      (3) Frequently       (9) don't know 
 
Part 7 Child�s health (Q72-Q86)   
                                                                                                             
 72. Your child general health:                (1) Good                                 (2) Not good 
 73. In the past six months, has your doctor told you that your child has a disease? 
      (0) No                                          (1) yes                                  (9) don't know       
       If yes, specify which illnesses _____________________________________ 
74. Has your child been receiving any medicine in the past few weeks? 
       (0) No                                          (1) yes                                  (9) don't know    
   If yes, specify which medication ____________________________________ 
 
 
75. Has the index child ever been found to have elevated blood lead level? 
        (0) No                                          (1) yes                                  (9) don't know   
76. If Yes, When?                                          . What was the level?  
77. Was the child treated       (0) No              (1) yes                (9) Don't know      
When? _____________  Where? ____________ Which medication? ___________ 
78. Does your child need frequent medical care? 
    If yes, for what problem(s)? ����������������������. 
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79. Does your child have iron insufficiency or anemia? 
(0) No                                          (1) yes                                  (9) Don't know  
 80. Does the index child receive any iron supplements? 
(0) No                                          (1) yes                                  (9) Don't know  
81. Does the index child have any blood problems? 
(0) No                                         (1) yes                                  (9) Don't know 
Does the index child suffer from:  
82. Frequent coughs?               (0) No              (1) yes               (9) Don't know 
83. Wheezing?                         (0) No              (1) yes               (9) Don't know 
84. Colds/ running nose?         (0) No              (1) yes               (9) Don't know 
85. Breathing problems?          (0) No              (1) yes               (9) Don't know 
86. Does the index child have any development, behavior, learning problems?  
If Yes, Specify  
 
Thank you very much for your time and kind cooperation. 
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Annex (3) Approval of Helsinki 
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Arabic abstract 

ΔϟΎγήϟ΍�κΨϠϣ 
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˯΍ήϤΤϟ΍�ϡΪϟ΍�Ε΍ήϛ�ήϴδϜΗϭ�ϢϴτΤΗ�ϰϠϋ�ΓέΪϘϟΎΑ�ίΎΘϤϳ�ιΎλήϟΎΑ��ϢϤδΘϟ΍� �ΓήϴτΧ�ϥϮϜΗ�ϥ΃�ϦϜϤϳ�ήϛάϟ΍�ΔϔϟΎδϟ΍�έΎτΧϷ΍�ϩάϫ�ϥ·

ΩΎΤϟ΍�ϢϤδΘϟ΍�ΪϨϋ�ΓΎϓϮϟ΍ϭ�˯ΎϤϏϹΎΑ�ϝΎϔσϷ΍�ΔΑΎλ·�ΎϬΒΣΎμϴϟ�ϲϔϜϳ�ΎϤΑ .�ιΎλήϟ΍�ϢϤδΘΑ�ΔτΒΗήϤϟ΍�ήτΨϟ΍�Ϟϣ΍Ϯϋ�Δγ΍έΩ�ϢΗ�΍άϬϟ

� ΔϳήϤόϟ΍� ΔΌϔϟ΍�Ϧϣ�ϝΎϔσϷ΍�ϦϴΑ����Ϟϣ΍Ϯϋ�ϰϠϋ�ϑήόΘϠϟ� ΔτΑΎπϟ΍ϭ�ΔϟΎΤϟ΍� Δγ΍έΩ� ϢϴϤμΗ� ϢΗ� ΪϘϟϭ� ΓΰϏ�ΕΎψϓΎΤϣ�ϲϓ�Ε΍ϮϨγ�
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