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Abstract. This study presents an evaluation of exposure to inhaling of limestone quarry dust and
its effect on human health. It is based on the quarries in the region of Sanliurfa (Turkey) where the
natural stone as building material is abundantly used from past to present in the local architecture.
The particulate matter (PM) that quarry workers were exposed in the workplaces during the stone
cutting process was measured by Thermo PDR 1500 device. A standard questionnaire about the
presence of symptoms was also conducted. The measured results made with PDR 1500 reveal
that substantially high values of 757.9 and 227.33 pug/m? for PM10 and PM2.5, respectively, were
obtained. The survey demonstrated that five of the most frequently observed symptoms during the
quarry process are nasal collapse, dyspnoea, headache, cough and tightness in the chest. It is observed
that the workers directly inhale the exposure without using dust masks and they inadequately prefer
watering the stone cutting device to avoid this dust exposure.

Keywords: vernacular architecture, natural building stones, environmental problems, dust emission,
human health.

AIMS AND BACKGROUND

The environment can be a direct cause of illness, it can facilitate the spread of
certain diseases or it can affect its course and result. Environmental threats are
gradually increasing. According to the World Health Organisation (WHO), globally,
an estimated 24% of the burden of disease and 23% of all deaths can be attributed
to environmental factors'.

The air is the most fragile environment component because it has a low ca-
pacity of neutralising pollutants that are caused by human activities, especially
by the industrial activitie?.

* For correspondence.
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The PM level is determined by the WHO, as it is known that excessive PM
adversely affects human health. If it is above the detected level, the necessary
precautions must be taken. The content, size and amount of particulate matter
suspended in the air may vary according to the location and there are many factors
that affect it. Especially if there is a desert nearby in the vicinity of the location,
the amount of dust in the air increases. Transport of desert dust is often accepted
as a migration of clay minerals having various size fractions. Smaller fractions
are capable of achieving transcontinental or transoceanic transport via prevailing
wind systems as well as going deep into a respiratory system through inhalation.
Dust and cloud interactions assisted by the action of bacterial excretion products
can lead to alterations of desert-dust clay fraction within the cloud droplet, which
result in the formation of reduced iron and some other essential micronutrient
elements within the dust veil, provided there is sufficient solar-light intensity?.

In this study, the number of dust particles formed during stone shaping in
stone quarries and its effect on workers were investigated. The stone quarry of the
research is located in Sanliurfa province. The local architecture of Sanliurfa is based
on the use of natural stone as building material preferred due to the availability
of local stone quarries that have been operating since ancient times (e.g. Bazda
ancient underground stone quarries). Apart from the ancient quarries, there are
also many new quarries operating in the region. This study presents an evaluation
of exposure to inhaling of limestone quarry dust and its effect on human health.

Sanliurfa is a very ancient city located in the southeast of Turkey (Fig. 1)
and its history dates back to 10 000 BC according to the previous archeological
researches. During the excavations at Gobeklitepe within the village of Orencik
the unearthed remains of 12 000 years-old temple made of the erected limestones
were discovered and it is claimed to be the oldest historical temple in the world*.

Local architecture of Sanliurfa is shaped by the climate, geographic, cultural
and social factors and the materials and the construction techniques used in the
region. Sanliurfa is a city founded on a non-sloping topography where hot climate
conditions prevail. In the traditional Sanliurfa architecture, masonry structures were
formed with limestone called as Urfa Stone in abundant amounts in the region,
which is very well known for its construction techniques from the past.
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Fig. 1. Map of Sanliurfa’

The streets formed by the high and massive walls of the houses become a
shadow in the summer. Culturally and religiously, houses are made up of two
parts: ‘Haremlik’ and ‘Selamlik’. The Haremlik is the part where family life is
experienced, Selamlik is the part where male guests who come home are wel-
comed. According to the economic situation of the landlord, these two parts can
be composed of two separate buildings as well as part of the house. Entries are
from separate doors. Urfa Houses, surrounded by high walls without windows
from the outside, have stone covered courtyards where daily life passes. There are
landscaping items such as ornamental pools with fountain, wells, flowerbeds, trees
in courts furnished all with Urfa Stone.The courtyards are surrounded by ‘Eyvan’
and rooms which have rich stone ornaments on the facades. Eyvans are semi-open
spaces with a closed side on three sides. Due to the hot climate, urfa houses have
one or more eyvans. Eyvans are the living spaces, were built with care and deco-
rated, also the entrances of some the rooms were given from there. Room ceilings
are usually cross-vaulted and high and spacious. There are cellars on the basement
covered with cross vaults which called ‘Zerzembe’ in Urfa Houses. The kitchens
that are described as ‘Tandirlik’ are quite wide. The kitchen is built with a cavity
for ventilation above doors and windows in the wall of courtyard facade. Rooms
in Urfa houses are usually covered with cross vaults or flat soil on a wooden beam.
There are stone pavements over the roofs reached again with a stone staircase from
courtyard. Flat roofs are used especially for sleeping in summer nights*.
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EXPERIMENTAL

The man has used natural stones since the early ages in parallel to the development
of civilisation. In the Paleolithic era, people stables were stone caves and used
stones as hunting tools; then they used the stones in the mesolitic and neolithic
times as building materials and they started to built walls. Sanliurfa limestones
have been used as building materials from antiquity to current day (e.g. Gobeklitepe
temple B.P. 14 000, Bazda underground quarries B.P. 3000, Harran Castle B.P.
3000, etc.)®. The traditional Urfa houses and streets are mainly made of stone, and
the traditional Urfa city has a texture formed by natural stone material (Fig. 2).

Fig. 2. View from courtyard of tradltlonal Urfa houses, Karacizmeliler House — a; Outside view
of Kucuk Haci Mustafa Kamil House — b; View to eyvan of the Haci Bekir Pabuccu House — c;
Street view of Elci House (Photo Archive of Sanliurfa Conservation of Cultural Assets Regional
Directorate)’ —

Traditional Urfa limestone. 1t is a light yellow, creamy, beige coloured limestone
found in the vicinity of Urfa which is used in traditional Urfa Houses®. This stone,
which is soft and easy to shape as it allows the ornaments and decorations of the
traditional Urfa architecture to come out from the quarry, then hardens as it is
in contact with the air, increases strength and whitens. The Urfa limestone also
satisfies the requirements of strength, water absorption, unit weight, workability,
porosity, durability and appearence, except for abrasion resistant’. The Sanliurfa
limestone, which has a high value of thermal insulation, is also preferred in Urfa
Region, where very hot climates are dominant, in order to provide indoor com-
fort conditions in constructions. This stone is called ‘Urfa Stone’, ‘Nahit Stone’
or ‘Havara Stone’ among the people. Urfa Limestone is used on the walls of the
traditional Urfa Houses, in the flooring, in the ceiling.
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Along with the change of construction techniques and technologies over time,
the use of natural stone in construction has also changed. The natural stones were
used as massive blocks in the former masonry construction technique, but now
used as coating materials mostly because of passing through reinforced concrete
structural systems, and also stone material being more precious. The use of natural
stone materials continues mostly in the restoration works of historic buildings and
in the arrangement of the urban landscape in Sanliurfa.

In this study, the PM that workers were exposed to in the workshops where
Sanlurfa stone cutting process takes place, was measured (Thermo PDR 1500
device) (Fig. 3a).

Nineteen master workers with seventeen apprentices were working 8 h a day
in open places. The average number of years worked was 19+7. Individuals were
asked with a standard questionnaire (review of systems) about the presence of
general symptoms involving all systems such as drying of skin, pain, headache,
difficulty of hearing and sleeping, nasal collapse, anxiety, change in vision, sore
throat, eyewatering, dysuria, nocturia, polyuria, coughing, phlegm, dyspnea, ar-
thralgia, fatigue, palpitation, malaise, complaints of dysphagia, nausea, numbness,
or incoordination. All complaints before or after or during the work and weekend
were questioned. Past medical and family and other working place history were
recorded (Fig. 3b).

Fig. 3. Field Measure with Thermo Scientific PDR 1500 personal DataRam Device — a; Question-
naire Survey of the Health Team — b

RESULTS AND DISCUSSION

Since the dust from wet cutting machines are in the class of respirable dust, workers
are directly affected. It has been determined as 50 pg/m? for PM10 and 25 pg/m?
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for PM2.5 by WHO as outdoor air quality standard. The results of measurements

made with pDR 1500 were found to be very high values of 757.9 eg/m®and 227.33

€g/m? for PM10 and PM2.5, respectively. Among the master workers, the yve

most frequently observed symptoms during the stone cutting process were nasal
obstruction, drying of the hand skin, redness of the eye, drying of the hand skin,
backache, headache (Table 2). On sunny days they had pain in the eyes because of
the whiteness and brightness of the stone. They had complaints of fatigue towards
the end of the work. Often sleep problems and anxiety occurred at weekend. While
working, most of the workers did not use protective devices despite the presence
of earplugs, eyeglasses and oronasal masks. Among the respiratory symptoms
dyspnea, cough and feeling of tightness in the chest were frequently seen. Dyspnea

is signiycant among smoking master workers (Table 2).

Table 1. Demograyc data

Stone workers Masters Apprentices
Stoneworkers 19 (male) 17 (male)
Smokers #/(%) 14 (64.3) 11 (64.7)
Smoking packyear 155N 15.3 2.41+2.45
Non-smokers #/(%) 5(35.7) 6 (54.5)
Median age 395N9 217N 2.8
Average working year 19.3N11.8 3.70 N 1.44

Table 2. Symptome prevalence of quarry workers

Symptomes Masters (%) Apprentices (%)
Headache 15.8 0
Neck pain 5.3 0
Cough 21.0 0
Sputum 10.5 0
Chest tightness 21.0 0
Nasal obstruction 94.7 53
Dry mouth 10.5 0
Anxiety 15.8 0
Belching and patulence 10.5 0
Heartburn 10.5 0
Constipation 5.3 0
Dyspnea 31.6 0
Sleeping disorder 21.0 0
Pain and redness of eye 37.0 23
Arthralgia 26.0 0
Dry cracking skin on the hands 57.0 23
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