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Abstract

Significant Statement: Air pollution is a catastrophic problem that affects the lives of people
all over the world. This includes the diverse impacts of air pollution on public health, the
environment, and ecosystems in general, including the biosphere, hydrosphere, and geosphere.
This paper addressed the issue of air pollution in the West Bank, Historic Palestine, and
specifically discussed the potential effects of air pollution on the public health of Palestinian
communities in the areas of research, and provided the necessary recommendations to reduce
those effects.

Abstract: The Limestone Industry (LSI) in the Occupied Palestinian Territories (OPT),
erroneously known as the “Stone and Marble Industry (SMI)”, is a highly lucrative industry,
contributing about 25% of the total Palestinian industrial revenues, and about 4.5% of the Gross
National Product (GNP). However, although this industry is rewarding to Palestinians in the
OPT, in terms of socioeconomics, employment, culture, and heritage, it comes with heavy
burdens on the environment and public health. Long-term exposure to air pollution from
particulate matter (PM;), generated particularly by LSI, increases the risk of many diseases and
problems, including cardiovascular, respiratory, cancers, pregnancy problems, and newborn
defects. This paper investigates the effects of LSI on public health in the OPT, by analyzing
PM; measurements of different particulate sizes (1.0, 2.5, 7.5, and 10.0 pg/m3) emitted by LSI.
The PM; measurements are compared with the World Health Organization’s (WHO)
guidelines. It has been found that fine PMs, which fly into the air and settle in slurry waste (wet
and dry) and dumped in open areas, cause high levels of pollution to the air, water, soil, and
green cover, leading to damages of citizens’ health, especially those citizens who are living
within the LSI’s proximities. More research is needed to further clarify the direct effects of LSI
on public health, the environment, green cover, water systems and, in general, quality of life.
Population should also exert more pressures on those in charge and the LSI’s owners to make
them abide with, and ensure that, the maximum levels of various pollutants recommended by
WHO are not violated.

Keywords: Limestone industry; Particulate matter,; Air pollution’s impacts on public health;
Occupied Palestinian Territories.
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Abbreviations and units used

AQI  Air Quality Index PNA Palestinian National Authority
CaCO; Calcite and Aragonite Minerals SMI  Stone and Marble Industry
CaMg(CO3),  Dolomite Mineral SO,  Sulfur Dioxide

C Black Carbon SO4  Sulfate

CcO Carbon Monoxide TDS  Total Dissolved Solids

CO,  Carbon Dioxide TSP  Total Suspended Particulates

DNA Deoxyribonucleic Acid UFPs Ultrafine Particulates

FRM Free Radical Molecules UN  United Nations

GHG Greenhouse Gas (emissions) USD  United States Dollar

GNP  Gross National Product WASH Water, Sanitation, and Hygiene

IL-6  Interleukin 6 WHO World Health Organization, UN
IL-8 Interleukin 8 h hour

IMM  Infant Mortality and Morbidity km2  kilometer square

LCPH Lancet Commission on Pollution and m meter

Health m3 cubic meter

LSI  Limestone Industry mg milligram

LSSW Limestone’s Slurry Waste mg/l  milligram per liter

NaCl Sodium Chloride ug micrometer (micron)

NH;  Ammonia pg/m3 microgram per cubic meter

NO  Nitric Oxide <PM; particulate matter’s size of 1.0 pm or
NO; Nitrogen Dioxide less

NO;  Nitrates < PM, s particulate matter’s size of 2.5 pm or
NTD Neural Tube Defects less

0O; Ozone <PM; particulate matter’s size of 7.0 pm or
OPT  Occupied Palestinian Territories (Part less

of Historic Palestine) < PMy particulate matter’s size of 10.0 um or

PM;  Particulate Matter of Various Sizes less
Introduction

1. Review of some previous studies

The stone industry, in general, which includes quarrying, transportation, cutting, polishing, etc.,
has severe negative impacts on the environment and public health. This industry causes,
primarily, air pollution that results in pneumonia. Pneumonia is defined as the accumulation of
dust in the lungs and the reaction of tissues to its presence [1]. The term “fibrogenic mineral
dust,” referring to the ability of any chemical agent, especially particulate solids (i.e. dust), is
defined as an aerosol composed of solid particulates to trigger biochemical reactions in living
tissues that eventually produce a fibrous protein substance (collagen) at the place where living
cells have been destroyed. This phenomenon leads to a weakening and, sometimes, destruction
of the functions of tissues and organs, which may lead to further health complications including
cancers.

As this research paper focuses on air pollution resulting from the limestone industry and its
effects on public health in the Occupied Palestinian Territories (OPT) of Historic Palestine, this
is a brief review of some previous studies conducted in the past few years in different regions of
the world, focusing, in particular, on the limestone industry (LSI) and its negative impacts on
workers and public health. The health impacts of the limestone industry on 140 workers in
Zambia, Africa were investigated, and found that the workers were heavily coughing and under
significant risk of increased coughing with sputum. It was concluded that exposure to limestone
dust is associated with an increased prevalence of respiratory symptoms, and until the latest
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technology would be installed, the proper use of personal protective equipment should be
emphasized [2]. A study was conducted on the limestone industry in India, Asia, to determine
the pattern of disease prevalence amongst workers involved in the industry. The results showed
a poor literacy rate amongst the miners, and lung function testing showed limited impairment in
about 15% of the workers. Hypertension (high blood pressure), diabetes, and musculoskeletal
morbidity were prevalent amongst the LSI’s workers. It was concluded that mining is a
dangerous profession, as workers were exposed to poor sanitary conditions [3]. Thus, the need
for regular health checks, health education, awareness programs, personal protective equipment,
and engineering control to improve health and productivity were recommended. Some
researchers in Indonesia, Asia analyzed the effect of exposure of limestone mining industry’s
workers to limestone dust, and found increased Interleukin 8 (IL-8) serum and pulmonary
function decline by those workers [4]. Accordingly, it was recommended that regular monitoring
to assess changes in pulmonary function of workers, using personal protective equipment and
air-purifying respirator, must be done, and a wet method in mining activities must be used. IL-8
(or chemokine) is a chemotactic factor for monocytes that attracts neutrophils, basophils, and T-
cells during the inflammatory process. In more detail, IL-8 is a chemical compound produced by
macrophages and other cell types, such as epithelial cells, airway smooth muscle cells, and
endothelial cells [5]. In humans, the IL-8 protein is encoded by the CXCLS8 gene. IL-8 is initially
produced as a precursor peptide of 99 amino acids that then undergoes cleavage to form several
active isoforms of IL-8 [6]. A study on the dust’s effects on the respiratory system of LSI’s
workers was conducted in Indonesia, Asia, and found that exposure to limestone dust
significantly affected the level’s increase of serum Interleukin 6 (IL-6) [7]. Each individual’s
physical activity and immune system were factors that could influence respiratory symptoms,
due to increased serum levels of IL-6. Interleukin 6, encoded by the IL-6 gene, which is an
immune protein and endogenous chemical that is active in inflammation and in B-cell
maturation, is a substance that acts as a pro-inflammatory cytokine and an anti-inflammatory
myokine [8]. Researchers carried out a study on the impacts of LSI in areas of Pakistan, Asia
and found that levels of pollutants, namely particulate matter’s size of 10.0 um or less (PMio),
nitrogen dioxide (NO.), total suspended particulates (TSP), and total dissolved solids (TDS),
were observed to rise, along with health effects including asthma, heart problems, coughing, and
diarrhea [9]

Use of personal protective equipment, such as non-powered respirators, is important to prevent
the entry of dust from limestone processing to the respiratory system of workers. A study was
conducted on the LSI’s workers in Indonesia to determine the relationship of exposure to
limestone dust with lung function’s capacity in workers of the industry. It was found that 56.2%
of the LSI’s workers have a normal capacity for lung function, and 43.8% of them have an
abnormal capacity for lung function [10]. A cross-sectional comparative study was conducted
in the occupied Palestinian Territories (OPT) on 79 exposed participants, who live less than 500
m away from limestone quarry sites and on 79 control group participants who live more than
500 m away. People living near quarry sites reported experiencing house dust (98%), land
destruction (85%), plant leaves covered in dust (97%), and the inability to grow crops (92%).
The exposed group to those who live away from the quarry sites reported significantly higher
eye and nasal sensitivity (22% vs. 3%), eye soreness (18% vs. 1%), dryness (17% vs. 3%), chest
tightness (9% vs. 1%), and chronic cough (11% vs 0%). It was also found that lung functioning
was significantly lower amongst the exposed group compared to the control group [11].

A study was conducted on the limestone industry in Brazil, South America to evaluate the
applicability of a hospital questionnaire to the quality of life of workers in mineral exploration
companies and people living near mining activities, particularly LSI. That study aimed to apply
the hospital questionnaire, in a broader and more general way, as a tool to investigate quality of
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life of the people exposed to risk factors even before they were diagnosed with chronic
respiratory diseases. It was found that residents of peri-industrial areas have the highest averages
of symptoms and effects. Thus, the study indicated that the residents affected by air pollution,
resulting from LSI, are highly susceptible to respiratory diseases and, consequently, loss of
quality of life [12].

A study was conducted on persons working on cutting and polishing limestone exported from
the West Bank to Gaza Strip in occupied Palestine, using questionnaires and interviewing tools,
and conducting some clinical tests to measure breathing. It was found that the workers
complained coughing, chest pain, and wheezing, with 50%, 30%, and 26.7%, respectively. The
study recommended that necessary precautions should be taken to maintain safety of workers in
rock cutting places and improve ventilation quality by increasing air change rates [13]. A study
was conducted to identify pneumoconiosis amongst LSI’s workers in Indonesia. The study found
that dust concentration was highest at the mining site in pneumoconiosis group compared to the
mining site of the non-pneumoconiosis group. The study also showed that the duration of labor
and the concentration of mining site’s dust are risk factors for lung disease [14]. Researchers
carried out a study to determine the correlation exposure of particulate matter (PMaz.5) with lung
function impairment in LSI’s workers. It was found a correlation between PM> s concentration
(within a range of 14—987 pg/m?) and pulmonary function impairment [15].

A comprehensive study was conducted on cancer status in the Occupied Palestinian Territories
(OPT) that comprised of the West Bank (including Jerusalem) and the Gaza Strip, which also
analyzed cancer status in some other regions and countries of the world. The study found that air
pollution, caused by rock industry as well as other kinds of industries, is behind several kinds of
cancer [16]. A study was carried out on limestone quarries in India, and found that the high
concentration of dust particles generated in the air by the limestone quarrying processes causes
vision troubles by workers and inhabitants living in close proximity to the quarrying sites. This
means that the limestone dust reduces the vision of the eyesight, and also reduces the intensity
of the light. Also, breathing problems in the locals are common, as confirmed by the obtained
health data [17]. A study was conducted on the limestone pollution and its effect ecophysiology
of some selected urban tree species. It was found that the photosynthetic rates, stomatal
conductance, evapotranspiration rates, and transpiration rates of the trees investigated were
negatively influenced in response to different levels of limestone dust’s applications [18]. A
study was undertaken on the limestone industry in the occupied West Bank and its impacts on
energy consumption. The study concluded that LSI results in greenhouse gas (GHG) emissions.
Accordingly, the study recommended that environmental impacts of LSI can be reduced by
locating workshops (such as stone-cutting facilities) directly near the stone quarries, as being the
raw material supplying points [19].

In brief, the mining activities (including limestone industry) have many negative consequences
and negative impacts on the atmosphere, biosphere, and hydrosphere, including amongst other
things: air, soil, and water pollution; land degradation; hydrodynamic imbalance of underground
and surface waters; loss of organic matter from the soils affected; destruction and decay of fauna
and flora; and species reduction in natural ecosystems. In view of these negative impacts and
much more, resulting from the mining industry including LSI, it can be concluded that if the
current practices of rock and mineral exploitation cannot be adjusted, as being necessary for
industrial and community development, certain practices must be reached to reduce at least the
negative impacts of the industry on the environment and public health [20].
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2. Background: Geology, culture & heritage, socioeconomics, geopolitics, and environmental
impacts of the Limestone Industry (LSI) in Palestine

In one of the most comprehensive publications on the Stone and Marble Industry (SMI) in
Historic Palestine (specifically in the Occupied Palestinian Territories — OPT), a recent study
thoroughly investigated several issues related to this important industry in the country [21]. The
OPT has a total area of approximately 6,000 km2, which constitutes of the West Bank (including
East Jerusalem) and the Gaza Strip, and has a population of approximately 5.4 million, as
recently indicated [22]. These issues include geology, culture and heritage, socioeconomics,
environmental impacts, regularity and legality, geopolitics, and, very briefly, health-related
impacts. In this current research, these issues are represented briefly, while the health impacts of
the industry are thoroughly investigated, analyzed, and discussed. Another research paper has
been recently published, which investigated comprehensively the state of cancer in the OPT and
the possible association of air pollution to some cancer cases [16].

Geology: The surface of the land of the occupied West Bank in Historic Palestine, where the
stone industry exists, is mainly covered by a rock, geologically known as “limestone” (Fig. 1—
Left), which is largely exposed in mountainous and hilly areas, extending from north to south of
the West Bank. The outcrops of this rock form the backbone of mountainous and hilly regions,
where limestone dominates its geological range (= 800 m), as well as some rock layers of
dolomite, marl, and chalk. The outcrops in the West Bank, as being part of Historic Palestine,
are mainly composed of limestone, dolomite, and dolomitic limestone rocks of, geologically,
Upper Cretaceous age that lasted from around 145 to 66 million years ago. The limestone ranges
in color from white to pink, yellow, and tawny, underlain by Nubian sandstone of Lower
Cretaceous age [21,23].

i

Figure 1-Left. A view of limestone outcrops in Bethlehem area, occupied West Bank, Historic
Palestine [21]; Right: A natural beautiful plate made from the Jerusalem (Al-Quds)
Limestone [21].

Limestone formations consist of the following minerals: calcite (CaCOs3) with a trigonal crystal
system, aragonite (CaCO3) with an orthorhombic crystal system, and dolomite (CaMg(CO3)>)
with a trigonal-thombohedral crystal system. Limestone also contains varying amounts of
interfering minerals of clays and marls, some siliceous rocks in the form of chert nodules, and
quartz geodes. Notably, the term “marble”, which is included in the industry’s name — Stone and
Marble Industry (SMI) — is widely and erroneously used in Palestine as a trade (commercial)
name rather than a scientific term. Scientifically, marble refers to a metamorphic rock, which
arose from the process of natural geological and mineralogical metamorphism passing through
high pressures and temperatures, whereby the sedimentary rock — limestone — is transformed into
the metamorphic rock — marble. However, the metamorphic rock “marble” does not occur in
Historic Palestine as an outcrop rock, and if it is used on a small scale in Historic Palestine, it is
imported from abroad. Accordingly, it has been recommended that this industry in Palestine is

25
https://doi.org/10.55549/zbs. 1406526



to be named “Limestone Industry (LSI)” for the sake of correctness and to avoid ambiguity [21].
Hence, going forward, this term — Limestone Industry (LSI) — will be used throughout the rest
of this paper, as also used above.

Culture and heritage: From a cultural and heritage point of view, LSI was and is still one of the
fundamental industries in Historic Palestine, as it has contributed to the beauty, glory, and luster
of the successive civilizations that occurred in Historic Palestine over thousands of years. The
glory of this industry demonstrates the knowledge, splendor, magnificence, creativity,
ingeniousness, cultural development, and architectural wealth of the Palestinian people and their
culture and civilizations throughout history (Fig. 1-Right). Assessed 3,000 years ago, hard,
white, pink, fine-grained, durable, and generally pure limestone of high quality has greatly
contributed to the Palestinian culture and heritage, as well as to Palestine’s civilizations
throughout history. In addition to the ancient architecture found in rural and urban areas of
Historic Palestine, the country is rich in its great monuments, as evidenced by the construction
of a large number of cultural, religious, historic, and heritage sites in Historic Palestine [21]. This
can be clearly seen in many old cities of Historic Palestine, such as Acre, Jaffa, Nazareth, Nablus,
Jerusalem, Bethlehem, Hebron, and Jericho, as well as in many other major cities, towns, and
small villages throughout the country. In the past and present, most of the houses, monuments,
and impressive buildings in Historic Palestine were built from what is known as the “Jerusalem
(Al-Quds) Limestone” (Fig. 1-Right).

Socioeconomics: There are approximately 1,200—1,700 quarries, stone-cutting facilities,
workshops, and crushers, scattering throughout the Occupied Palestinian Territories, whereas
LSI employs some 15,000-20,000 employees [21]. It is noteworthy to mention that the Gaza
Strip, in particular, has no limestone quarries but rather sand quarries, because it is located on
the cost of the Mediterranean Sea. LSI contributes, in total, around 20-25% of the Palestinian
industrial revenues, and 4.5% of the Palestinian GNP [21]. Due to the presence of large quantities
of limestone in Palestine, this rock has become, for many years now, a national reserve estimated
to be worth USD 30 billion [21] and, thus, described locally as the “White Gold” [21,24,25]. The
Palestinian large reserves of limestone have increased the value and importance, as well as the
positive and negative impacts of LSI in the country.

Geopolitics: The main areas of LSI are located in the Nablus and Jenin districts in the northern
parts of the occupied West Bank of Historic Palestine; in the Ramallah district in the central part
of the West Bank, and in the Bethlehem and Hebron districts in the southern part of the West
Bank, taking into account the fact that most of the quarries are located in Area C. According to
the Oslo Accords signed in 1993/1995 between the Israeli and Palestinian leaderships, the
occupied West Bank was divided into Area A (forming about 18% of the West Bank’s area and
is controlled by the Palestinian National Authority (PNA), in terms of security and
administration); Area B (constituting about 22% of the West Bank’s area and is controlled by
PNA, administratively and by the Israeli occupation authorities, security-wise); and Area C
(constituting about 60% of the West Bank’s area, and is completely controlled by the Israeli
occupation authorities, in administrative and security terms) [21,26,27]. It is noteworthy to
mention that despite the fact that almost 30 years have passed since the signing of the Oslo
Agreements in September 1993, currently the Israeli occupation authorities do have a total
control on the OPT (administration-wise and security-wise) with its three areas 4, B, and C, in
opposite with what agreed [27].

Challenges facing LSI in Palestine: Most of the major quarrying sites and natural rock reserves
are located in Area C, while PNA is supposed to impose a ban on quarries in the densely
populated areas located in Area A and Area B. According to a representative of the LSI’s Union
in Palestine, the industry — LSI — suffers from a range of various challenges; many of which are
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common to all Palestinian industries, namely those imposed by the Israeli occupation authorities.
The major natural rock reserves are located in the Israeli-fully controlled Area C, where
obtaining permits to open new quarries is extremely difficult and close to impossible.
Accordingly, LSI has been facing serious problems and challenges, considering the fact that the
Palestinian owners of the quarries are unable to expand their operational works in Area C. Also,
the currently accessible reserves in Area A and Area B are mostly depleted, and any more
expansion of the quarries will reach the Palestinian inhabited areas. Moreover, quarries, stone-
cutting plants, crushers, and other LSI’s related activities are spreading randomly across the
occupied West Bank, badly affecting the arable land, the environment, water systems,
ecosystems, and public health. However, it is noteworthy to mention that all life aspects of the
Palestinian population living under the Israeli occupation in the OPT are deeply and profoundly
mixed with politics. These, include, for instance, the environment [26]; renewable energies
[28,29]; gender and agriculture [30]; land [27]; air pollution [31,32]; industry [21]; public health
[16,33]; water resources and food security [34,35]; governance and socioeconomic issues [33];
and so forth.

Environment: Although LSI in Palestine is largely a rewarding industry, it comes with severe
negative impacts on the environment, biodiversity, surface water and groundwater systems, and
ecosystems in general (Fig. 2), as well as public health, as discussed later.

Figure 2. Examples of the wet and dry limestone’s slurry waste (LSSW) generated from
quarrying and stone-cutting sites, flowing to agricultural and residential areas in
different localities in the occupied West Bank, Historic Palestine [21].

The environmental impacts of the limestone’s slurry waste (LSSW), resulting from quarries and
stone-cut processing plants, are devastating. This is because LSSW (wet and dry) causes high
levels of pollution to the air, water (surface and underground), agricultural soils, biodiversity
(fauna and flora), and ecosystems (Fig. 2). Some Palestinians even lost their lives after they
slipped while walking near ponds that collect sluggish water generated from limestone cutting’s
facilities. This is because those ponds are located in open areas and are filled with heavy, highly
viscus LSSW, and those open areas are devoid of warning signs. LSSW contains a suspension
of solids, between 5,000 and 12,000 mg/1, which consists mainly of highly purified CaCO3 with
aratio of 94-98% [21]. Fortunately, LSSW in Palestine does not contain hazardous heavy metals
and, if any, its concentration is very low, indicating the presence of inert waste. The physical and
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chemical properties of rock’s slurry waste, in general, depend, to a large extent, on the type of
the rock used in the cutting operations (which is, in the present case, limestone); on the mineral
that makes up the rock under the cut (which is, in the present case, CaCQOz3); on the metal and
other materials existing in saws (blades) used for stone cutting; and on the chemical additives
mixed in water used in saw-cooling and stone-cutting processes.

The powder produced from cut stones, which turns into a slurry when mixed with cooling water,
is remarkably large in size. About 49 m3 of stone is wasted as powder when 181 m3 of stone
blocks are cut into 2cm thick stone slabs, and about 78 m3 of stone is wasted as powder when
365 m3 of stone blocks are cut into 3cm thick stone slabs [21]. This means that wasted stone
powder ranges in quantity from about 21% (78/365) to about 27% (49/181) for slabs of 3cm and
2cm thick, respectively. This indicates that the smaller the thickness of the cut or produced slabs,
the greater the amount of powder’s waste generated, and vice versa, indicating an inverse
relationship between the two quantities.

Purpose of current paper

This paper focuses on air pollution caused by particulate matter (PM;), representing fine
particulates with the following sizes: 1 um or less (< PMj), 2.5 um or less (< PM25), 7 um or
less (£ PMy), and 10 um or less (< PMiy), as well as total suspended particulates (TSP). These
various sizes and even smaller ones, causing air pollution, generally include particulates
generated naturally (from sand and dust storms, volcanoes, etc.) and/or those produced from
anthropogenic activities, such as power generation, mining, industrial and agricultural emissions,
residential heating, cooking, etc. In the present case, those particulates are primarily generated
from the limestone industry in the occupied West Bank. Air pollution is also caused by sulfur
dioxide (SO.), sulfates (SOs), nitric oxide (NO), nitrogen dioxide (NOy), nitrates (NO3),
ammonia (NH3), carbon monoxide (CO), carbon dioxide (CO.), ozone (O3), sodium chloride
(NaCl), and black carbon (C). These pollutants or some of them are also associated with LSI.
These are some examples of measurement of particulate matter PM; (with various sizes of
particulates), as well as of gaseous pollutants in various areas of the world, including Bangladesh,
Ethiopia, Nigeria, Palestine, and China [21, 36-40]. These studies found that higher levels of
particulate matter — indoors and outdoors — and inhaling more fine and ultrafine particulate
matter lead to obstruction of the airways and reduction of lung efficiency. It was found that the
effect of PMi on childhood pneumonia is greater than that of PM>s and PMjo. In addition,
compared with the effects of PMa.5s and PMy, the effects of PM; were evident in more subgroups
of adolescents (boys and girls) and children aged 4 years or less [39]. These and many other
studies have indicated that health conditions associated with exposure to particulate matter
include, but not limited to, early death in people who are suffering from heart or lung infections,
severe asthma, heart attacks, arrhythmias (asymmetrical heartbeat), deteriorating lung function,
and enlargement of the lungs, resulting in amplifying respiratory symptoms that include steady
coughing, irritated airways, and trouble breathing. These health impacts and other ones, resulting
from air pollution, are discussed below in further detail.

Materials and methods

Ultrafine particulates (UFPs) or particulate matter of various sizes — PMs — are generally
expressed in micrograms per cubic meter (ug/m3) to show their concentration in the air. The Air
Quality Index (AQI) for PM; is often used to express what this concentration means, dividing air
quality into categories based on the level of health concerns associated with current pollution.
Measuring PM;s can help determine air pollution from various resources, including mining
activities, like quarries and stone-cutting industry and their associated activities as in the case of
the current study. UFPs are released during quarrying and stone-cutting processes, as well as
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when soils and vegetation are removed, exposing the excavated rocks, cut stones, and removed
soils, causing particulates to fly into the air. Particulate meters (or instruments) can help
determine the effects of quarrying and stone cutting on overall air quality. In this research paper,
the results of two studies related to air pollution in two different sites in the northern and southern
parts of the occupied West Bank, Historic Palestine, were analyzed and evaluated. Comparisons
were made between the results obtained from both studies for the two sites, and between them
and the World Health Organization’s (WHO) guidelines. Particulate matter’s measurements in
both sites were carried out using an air pollution meter (device) in highly polluted areas, where
quarries and stone-cutting facilities are located. The results were analyzed in terms of air
pollution’s impacts on public health.

Results and discussion

In this paper, the results of the two studies carried out in Beit Fajjar (southern West Bank) and
Jamma’in (northern West Bank, occupied Palestine) were analyzed and evaluated (Table 1).
Comparisons between the results of air pollution’s measurements in both localities in the
occupied West Bank, and between them and the WHO’s guidelines were also made available
and provided in Table 1.

Table 1. Measurements of particulate matter (PMs) of various sizes (1, 2.5, 7, and 10 or less in
ng/m3) and the total suspended particulates (TSP) (in pg/m3) for the Beit Fajjar area,
southern West Bank; and the Jamma’in area, northern West Bank, occupied West
Bank, Historic Palestine, compared with the WHO’s guidelines [21].

Investigated Areas and <PM; <PM:;s <PM; <PMi TSP
WHO’s Air Quality (pg/m3) (ng/m3) (ng/m3) (ng/m3) (ng/m3)
Guidelines

Beit Fajjar (South 0.0-2.0 5.3-17.0 32.7-237.0  24.7-441.5 273.3-

West Bank) 724.0
Jamma’in (North West 3.6-6.9 34.4-79.2  236.7-651.6 325.0— 418.8—
Bank) 1079.7 1535.9
WHO’s Air Quality Not 10-25 Not 20-50 60-80
Guidelines1 Available Available

1United Nations’ (UN) World Health Organization’s (WHO) standard values: The lower
limits denote annual values and the upper limits denote 24-h values [21, 41-43]. The WHO'’s
guidelines for PM| and PM7 were unavailable.

As shown in Table 1, the first study was conducted on air quality in Beit Fajjar village, south of
the city of Bethlehem, southern West Bank, while the second study was conducted on air quality
and green cover in Jamma’in village, south of the city of Nablus, northern West Bank. The two
studies included in-situ measurements of particulate matter of all sizes (PMs) and total suspended
particulates (TSP) in pg/m3 (ug = 0.001 mg), whereas PM; included measurements of particulate
matter of 1 pm or less (< PMj), of 2.5 pm or less (< PM25), of 7 pm or less (< PMy), and of 10
pum or less (< PMyo), as well as TSP (Table 1).

The results indicate that both areas examined are highly polluted with PM; of all particulate sizes.
However, the sites examined in the Beit Fajjar area, southern West Bank, are less polluted than
those examined in the Jamma’in area, northern West Bank (Table 1). The results of the
measurements in the two areas show significant differences with the WHO’s guidelines for
PM, 5, PMjo, and TSP (Table 1). The particulates emitted from the LSI’s facilities in both areas
are believed to be relatively large, with the readings evidently increasing gradually from PM; to
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PM; 5 to PM37, and to PMio (Table 1). This may indicate that the emitted particulates were not
carried long distances from the pollution sources, where the measurements were conducted. This
generally depends on weather conditions, especially wind speed and humidity, as well as whether
it was raining or not at the times of measurements (see, for instance, [44-47]). These results
(Table 1) indicate that very high concentrations of all particulate sizes of the dust emitted in the
air by the limestone industry in both investigated areas present real problems regarding air
pollution. These air pollution’s problems greatly affect the environment, green cover, surface
water and groundwater systems, and ecosystems in general, as well as the health of people living
in the LSI’s proximities.

1. Air pollution’s effects on public health

One in three people globally (or approximately one-third of the world’s population) does not
have access to safe drinking water [35,48]. Also, regarding inequalities in access to water,
sanitation, and hygiene (WASH), more than half of the world’s population does not have access
to safe sanitation services. Some 2.2 billion people around the world do not have safely managed
drinking water services, 4.2 billion people do not have safely managed sanitation services, and
3 billion people lack basic hand-washing facilities [35,48]. The world’s population suffers from
WASH-related problems (lack of access to fresh water, sanitation, and hygiene), resulting in
premature death and illnesses, worldwide.

As the world suffers from water-related problems, likewise it considerably suffers from air-
related problems, namely air pollution. It is estimated that air pollution (indoors and outdoors)
causes approximately 8 million premature deaths worldwide each year [49]. This includes 3.8
million deaths every year as a result of household exposure to smoke from dirty cook-stoves and
fuels, and 4.2 million deaths every year occur as a result of exposure to ambient (outdoor) air
pollution. More recently, the Lancet Commission on Pollution and Health (LCPH) reported that
air pollution was responsible for 9 million premature deaths in 2015, making it the world’s
largest environmental risk factor for disease and premature death (Fig. 3). LCPH updated this
estimate using data from the 2019 Global Burden of Diseases, Injuries, and Risk Factors, and
found that air pollution remains responsible for approximately 9 million deaths per year (Fig. 3),
corresponding to one in six deaths worldwide [50].
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Figure 3. Global estimated deaths by major risk factor or cause [50].

This is in addition to the fact that 9 out of 10 people, worldwide, live in places where air quality
exceeds WHO’s guideline limits [49]. Almost all of the world’s population (99%) breathes air
that exceeds the air quality limits set by WHO, and that threatens their health. Air quality is now
monitored by a record number of more than 6,000 cities in 117 countries, but the people who
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live in them are still breathing in unhealthy levels of pollutants, including fine and ultrafine
particulates — UFPs — and nitrogen dioxide, as well as other toxic gases, whereas people in low-
and middle-income countries experience the highest rates of exposure to those pollutants [51].

Small particulates’ pollution has health effects even at extremely low concentrations — in fact no
threshold has been set without which no harm to health is observed [52]. Therefore, the limits of
the WHO’s global guidelines aim to achieve the lowest possible particulates’ concentrations.
Regarding the health effects of air pollution (outdoors and indoors), polluted air can enter the
thorax and cause or exacerbate chronic bronchitis, asthma, pneumonia, emphysema, stroke, heart
disease, and acute and chronic respiratory diseases, including lower respiratory disease, as well
as different kinds of cancer [16,21,31,32,43, 53-58]. These health effects of ambient air
pollution, in particular, as being the focus of this work, can lead to mortality resulted from
chronic exposure to particulate matter of various sizes (PM;s), including PM19, PM7, PM> 5, and
PM; (Fig. 4-Left and Right).

€PM2s
Combustion particles, organic
HUMAN HAIR compounds, metals, etc.
50-70pum <2.5m (microns)in diameter

(microns) in diameter

© PM1o
Dust, pollen, mold, etc.
<10um (microns) in diameter

90pm (microns) in diameter
FINE BEACH SAND

Figure 4-Left: Comparison for particulate matter (PMs) sizes [59]; Right: An infographic
showing the range of health impacts associated with PMs and other air pollutants
[60,61].

While PMio and PM7 particulates can penetrate and settle deep within the lungs, the particulates
most harmful to health are PM> 5 and PM; [16,21,27,28,51,52,56,62]. The PM; 5 particulates can
penetrate the lungs’ barrier and enter the bloodstream, making their effects through the blood’s
circulation and contributing to the risk of developing cardiovascular and respiratory diseases, as
well as various kinds of cancer. PM; is considered by WHO the most harmful, dangerous, and
lethal component of PM;s (group 1 of carcinogens), due to its (PM) finest size and ability to
easily penetrate the lungs and bloodstream, causing DNA’s (Deoxyribonucleic Acid) mutation,
heart attack, and even infant mortality [16,21,60-62]. DNA is defined as the molecule inside the
cells that contains the genetic information responsible for an organism’s development and
function. DNA’s molecules allow this information to pass from one generation to the next
[16,63,64].

Following are some health impacts, resulting from exposure to air pollution, as reported by
medical and environmental research scientists in various countries of the world. As related to the
Occupied Palestinian Territories, it has been indicated that an increasing trend of air pollution
and other risk factors are responsible for the rising burden of non-communicable diseases,
including the ones mentioned below [16,65]. Unfortunately, due to the ongoing emergency
situations and military occupation of the OPT (Gaza Strip and West Bank, including East
Jerusalem), the status of the environment and the levels of environmental well-being are,
considerably, deteriorating, as well as data are unavailable.
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Neonatal (newborn) death: This occurs when women lose their infants during pregnancy or
shortly after birth. The loss of infants/babies, ranging in age from newborn to one year, may be
attributed to higher levels of air pollution, amongst other causes as well. In 2019, air pollution
killed nearly half a million newborns, mostly in India and Sub-Saharan Africa [66]. Noxious
(harmful) fumes from cooking fuel are blamed for causing the majority of child deaths. A recent
study, conducted on nearly 8 million live births and presented at the International Congress of
the European Respiratory Society, indicated that external air pollutants (such as PM;, NO2, and
SO») cause neonatal death and are associated, separately and jointly, by a 20-50% increased
mortality risk amongst infants and older children born in the most polluted areas compared to
infants/children born in least polluted areas [67].

While the biological causes of the relationship between air pollution and adverse childbirth
outcomes are not fully known or understood, it is believed that air pollution may affect a pregnant
woman, her developing fetus, or both in ways similar to tobacco smoking, which is a well-known
risk factor for low-birth weight and preterm birth [66]. Furthermore, outdoor air pollution, which
is associated with an increased risk of infant mortality and morbidity (IMM), contributes to the
immaturity of the immune system; a decrease in the function, growth, and development of the
lungs; and common viral infections in infants [67-70]. Associations between PMio and IMM
have been observed in cities known for high levels of pollution, namely Mexico City (Mexico),
Seoul (South Korea), and Sao Paulo (Brazil) [69], and also in Sub-Saharan Africa, where the
death of 400,000 infants in 2015 could be, partially, attributed to exposure to high particulate
matter concentration [70], and due to other reasons such as malnutrition (Fig. 3; above), poverty,
and climate change impacts [71,72].

As related to the Occupied Palestinian Territories, the neonatal mortality rate in 2020 was 10.3
deaths per 1,000 live births. However, between 2001 and 2020, the neonatal mortality rate in the
OPT decreased at a moderate rate, i.e. from 16.8 deaths per 1,000 live births in 2001 to 10.3
deaths per 1,000 live births in 2020 [73]. However, there is no mention of the reasons behind the
cases of neonatal death in the OPT, which could be attributed to various reasons, including,
amongst others, malnutrition and poverty [74], as well as air pollution, acid rain, and climate
change impacts [21]. The impacts of the Khamsin (or Khamasini) winds in Historic Palestine
and neighboring countries get more and more adversely influential on public health as well as
the ecosystems [21,75,76] (Fig. 5).
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Figure 5. The most significant climate change impacts (rising temperatures, more extreme
weather, rising sea level, and increasing carbon dioxide levels); their effect on
exposures; and the subsequent health outcomes that can result from these climate
change impacts [77].

Although it is unclear how air pollution may affect children’s lungs’ function, especially during
pregnancy, one mechanism is that fine particulates cross the placenta and disturb the
development of the fetus’ lungs through oxidative stress, representing an imbalance between free
radical molecules (FRM) and antioxidants [78-80] and, hence, the balance between them is
essential for the proper function of the lungs. If FRM overwhelm the body’s ability to regulate
antioxidants, a state of oxidative stress will follow and dominate. Another mechanism is that
prenatal exposure to pollutants can induce epigenetic changes in gene function that may involve
changes in DNA, lipids, and proteins, which are negatively altered by FRM, leading to a number
of diseases in humans [67,81].

Congenital anomalies (birth deformities or birth defects): Changes in DNA also cause birth
defects in newborns. Women who are exposed to outdoor air pollution, due to the presence of
PM; and other pollutants in the air, just before pregnancy or during the first few months of
pregnancy, are at increased risk that their babies will be born with birth defects, such as cleft lip
or palate, abnormal hearts, or other defects [82,83]. There is an association between specific air
pollutants generated from traffic and industry, such as PMs, CO, NO, NOz, SO, O3, on the one
hand, and neural tube defects (NTD), on the other [83,84]. These include two types of NTD
(spina bifida, which is a malformation of the spine; and anencephaly, which is an underdeveloped
brain or an absent brain), as well as cleft lip, with or without cleft palate, cleft palate only, and
gastroschisis, in which the infant is born with some of the intestines are outside the body.
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Exposure to fine particulate matter — PM; — during pregnancy is associated with a high risk of
birth defects, negative long-term health after birth (postnatal health problems), or mortality [85].
However, limited mechanistic data are available to assess the detailed effects of prenatal
exposure to particulate matter. Unfortunately, there are no available studies related to birth
defects in the Occupied Palestinian Territories, which may be related to air pollution, which may
be attributed to the geopolitical conditions prevailing in the OPT.

Various kinds of cancer: It is estimated that hundreds of thousands of deaths from lung cancer,
annually worldwide, are attributable to air pollution; that is from air pollution, in general, and
from PMs, in particular. Some studies reported that air pollution is associated with an increased
risk of mortality for several types of cancer, including lung cancer, breast cancer, liver cancer,
bladder cancer, pancreatic cancer, and other kinds of cancer as well [16,21,56, 86-89]. However,
epidemiological evidence on outdoor air pollution and the risk of various kinds of cancer is still
limited and, accordingly, requires more research [16].

A geographical correlation’s study revealed a positive association between PM: 5 levels and age-
adjusted cancer rates, which remained significant after careful correction for multiple
comparisons [90]. In the United Kingdom, for example, one in every 10-lung cancer patients
suffers from cancer due to exposure to outdoor air pollution [88]. As indicated above, exposure
to air pollution, resulting from particulate matter — PM; — can cause several lung diseases, which,
in some cases, lead to lung cancer due to the damages caused to DNA. There are several different
ways in which PMs in polluted air can damage DNA in cells and cause lung cancer and other
kinds of cancer as well [16]. For example, PMs may accumulate in the lungs and change how
cells multiply. This can lead to DNA’s damage that can cause cancer. Genetic instability is the
hallmark of various kinds of cancer with increased accumulation of DNA’s damage, so that the
application of radiotherapy and chemotherapy in the treatment of cancer is usually based on this
characteristic of the cancer [16,91,92].

As indicated above, air pollution can be associated with several kinds of cancer, with an
increased risk of mortality. For every 10 pg/m3 increased exposure to PM s, there is a significant
risk of death from various kinds of cancer [16,21,56] (Table 2).

Table 2. Risk percentage (percentage of mortality or death risk) of different kinds of cancer, as
related to increased exposure to PMa s by every 10 ug/m3 [16,21,56].

Percentage of Mortality Kind of Cancer

(Death) Risk

22% higher For any kind of cancer

35% higher For accessory digestive organs, including the liver, bile ducts, gall
bladder, and pancreatic cancer

36% higher For lung cancer

42% higher For cancers of the upper digestive tract

80% higher For breast cancer

Scientists identified some possible explanations for the increased association between PMo s
exposure and cancer’s incidence [56]. Air pollution may cause defects in DNA’s repair function,
changes in the body’s immune system and its response, inflammation that leads to angiogenesis,
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and/or the growth of new blood vessels that allow tumors to spread. In the case of the
gastrointestinal tract (digestive organs), air pollution can affect the gut microbiota — the human’s
gastrointestinal microbiota [93] and, thus, can influence the development of cancer diseases.

Recent clinical and pathological evidence has indicated that the gut microbiota acts as an
interactor to regulate the homeostasis of the human body, influencing conditions ranging from
cancer and dementia to obesity and social behavior. It has the potential to influence cancer
prognosis and the outcome of cancer treatments, such as chemotherapy, radiotherapy, and
immunotherapy [94]. To reduce air pollution’s effects and their associated diseases and mortality
resulted from various kinds of cancer, the World Health Organization recommended the
reduction of PMs [41,42]. For example, by reducing PMio from 70 pg/m3 to 20 pg/m3 (that is
by 350%), air pollution’s mortality rate can be reduced by about 15%. Thus, lower levels of air
pollution can improve the health of population, with respect to cardiovascular and respiratory
diseases, various kinds of cancer, women’s pregnancy, neonatal defects, etc. — short-term and
long-term.

Two recent research papers have recently investigated cancer’s incidence and mortality rates
amongst the Palestinian population in the Occupied Palestinian Territories, providing
comprehensive analyses and in-depth discussion of the different types of cancer and their
potential causes, including possible links to air pollution, as well as the difficulties, problems,
and challenges facing the Palestinian cancer patients in the OPT [16,33].

Conclusions and recommendations

The air in the Occupied Palestinian Territories — OPT — is highly polluted, where the ambient
(outdoor) air pollution is caused by various sources, including activities related to the limestone
industry — LSI — or what is erroneously known as the “Stone and Marble Industry” — SMI. This
is in addition to air pollution caused by other sources, such as the burning of Israeli and
Palestinian scrap dumped throughout the Occupied West Bank, without regulations, control, and
monitoring, causing enormous negative impacts on public health and the environment [16].

The LSI’s activities, including quarrying, cutting, crushing, transportation, etc., represent real
problems that severely affect public health and the environment and its ecosystem constituents
(atmosphere, hydrosphere, biosphere, and geosphere: air, water, soil, green cover, and
biodiversity in general). Based on interviews with citizens living in proximities of the industry
— LSI, people (males and females) of all ages (infants, children, young, and old) are suffering
from several health problems, some of which are serious and severe. This is due to the fact that
waste slurries and particulate matter of all sizes — PMs, generated by the LSI, cause many
problems; both from an environmental and health points of view.

People suffer from several health problems, including cardiovascular and respiratory diseases,
various kinds of cancer, birth defects, and newborn mortality. Although it is unclear that these
health problems and high mortality rates are directly or indirectly associated with, or caused by,
air pollution, many people believe that the deterioration of the health situation in the OPT must,
in one way or another, be related to the limestone industry’s activities, especially where this
industry operates, as well as to other factors discussed in this paper, including the waste (Israeli
and Palestinian) dumped in the OPT without any regulations or monitoring systems, as well as
climate change impacts, malnutrition, stress, lack of activity, etc. However, long-term exposure
to air pollution does not solely increase the risk of lung cancer, but it also increases the risk of
cancer development in other organs of the body.

More research, however, is urgently needed to further clarify whether there are direct effects of

LSI on public health, the environment, green cover, water systems, and, generally, quality of
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life. Nevertheless, people should not give up “the fight for the right” to breathe clean fresh air,
by putting more pressures on politicians, policy- and strategy-makers, and the LSI’s owners, as
well as human (including children) rights’ organizations. However, international organizations,
such as “Save the Children” [95], have done good job in this direction. This is to ensure that the
maximum levels of various pollutants recommended by the World Health Organization —- WHO
— are not violated by the limestone industry in the Occupied Palestinian Territories. Also, more
pressures should be exerted on those who dumped waste in open environments, in order to reduce
or completely stop the dumping of their waste and burning it in the OPT, in order to protect
people’s health, the environment, and ecosystems [16], and also to reduce the stresses imposed
on Palestinian cancer patients while getting cancer treatments [33].
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