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ABSTRACT

Severe earthquakes in the world and in Turkey can cause great loss of life and property, environmental problems
and health problems. In addition to the loss of life and property, earthquakes are closely related to ecosystems,
air, water, and soil pollution. Particularly in post-earthquake debris removal, very large amounts of particulate
matter are released and may have negative effects on the health of the local population. This study aimed to detect
two types of particle matter pollution during debris removal in 25 different locations in Adiyaman City using a
CEM DT 9880 particle matter measuring device in May and August 2023. PM2.5 and PM10 measurements, which
have a significant impact on human health, were conducted in the field. The obtained data were analyzed using the
Inverse Distance Weighting (IDW) method in ArcGIS 10.7 software. Results showed that the highest particle matter
pollution was identified in neighborhoods with extensive demolition. The highest PM2.5 pollution values were
recorded in Barbaros Hayrettin, Hoca Omer, Yesilyurt, and Varlik neighborhoods, while the lowest was observed
in Altinsehir and Yunus Emre neighborhoods with minimal demolition. As for PM10 pollution, the highest levels
were observed in Alitasi, Barbaros Hayrettin, Sumerevler, and Hoca Omer neighborhoods, while the lowest was
detected in Yunus Emre and Yesilyurt neighborhoods. Green areas and their surroundings in the field exhibited
lower levels of PM pollution compared to other areas.
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1 Introduction

Air pollution is urbanization, energy consumption, increase in transportation and combustion
engines [1]. Apart from these causes, air pollution can also occur as a result of natural disasters.
Earthquakes of large scale are one of them. Earthquakes lead to significant loss of life and property
damage in Turkey, as well as all over the world. Earthquakes besides the loss of life and property,
also lead to serious environmental problems. Each of these consequences of severe disasters leads to
the degradation of ecological service functions, creating a vicious cycle [2]. Its dense effects on the
ecosystem are especially seen in water, soil and air [3,4]. Earthquakes, which are defined as disasters
in relation to their intensity, are an important factor in the emergence of contagious, non-contagious
diseases and health problems [5]. For this reason, earthquakes constitute complicated problems in
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areas that are affected by them. It is one of the most important problems in atmospheric conditions.
Particulate matter is not a single pollutant, but rather a heterogeneous mixture of particles differing
in size, origin, and chemical composition [6]. The health effects of air pollution, observed from both
indoor and outdoor environments, have been of great concern due to the high exposure risk even at
relatively low concentrations of air pollutants [7]. For this reason, air pollution that occurs in urban
areas is one of the most vital problems [8–11]. During the earthquake, particulate matter is released
in the demolition of collapsed buildings and damaged buildings, although their components differ,
and these particulate matters are effective at local and regional scales. As a result of earthquakes, a
significant amount of particulate matter is released, especially to the immediate environment, during
the collapse of buildings, debris removal and construction activities. They exhibit significant variations
in size, shape and pollen. Prolonged exposure to such particles can exacerbate preexisting lung
conditions, cause respiratory disorders and elevate the risk of respiratory infections [12]. Particulate
matter presents considerable hazards to human health, the vitality of plants and the well-being of
animals [13]. Particulate matter can remain in the atmosphere for a long or short time in the near or
far neighborhood depending on its size. In general, the smaller and lighter a particle is, the longer it will
stay in the air. Larger particles tend to settle to the ground by gravity in a matter of hours whereas the
smallest particles can stay in the atmosphere for weeks and are mostly removed by precipitation [14]
these substances are known to be adsorbed onto the surface cavities of the PM and can be released
into the lung alveoli and deposited in the lung parenchyma [15]. Particulate matter deposition may
be harsher and devastating, with stressed ecosystems recuperating less readily and often undergoing
further degradation [16]. Particle substances in the environment are important pollutants (PM2.5 and
PM10) and cause roughly 4.5 million deaths around the world annually (WHO, 2020). For this reason,
it is estimated that all dimensions of particulate matter are the 5th most important factor in terms
of death risks worldwide [17,18]. The most important reason for the health effects of particulate
matter is its size. As the size of particulate matter decreases, the areas of retention in the human body
also change. Particulate matter, including lung bronchi, is also mixed into the blood, causing various
diseases to occur [19,20]. Threshold values have been determined at international and national levels
to prevent or minimize diseases, especially lung diseases caused by particulate matter (Table 1). If these
threshold values are exceeded for a long time, it causes permanent or temporary damage to human
health.

Table 1: Turkey and the World Health Organization’s PM2.5 and PM10 threshold values

Pollutant Period World Health Organization Turkey national values

PM10 24 h 25 μm/m3 50 μm/m3

Annually 10 μm/m3 40 μm/m3

Winter period – 40 μm/m3

PM2.5 24 h 50 μm/m3 –
Annually 20 μm/m3 –

Source: [21,22].

There are two types of pollution occurring during and after an earthquake. While the first type
of pollution is the pollution caused by the occurrence of debris after the earthquake, secondary
pollution is the pollution that occurs during debris removal. Primary pollution refers to environmental
and health problems that occur during earthquakes. The second type of pollution occurs during the
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removal process of the existing debris. Either in the debris clusters or during the removal process, high
levels of dust concentrations form a dust cloud around its environment [23]. The 11 provinces (Adana,
Adiyaman, Diyarbakir, Elazig, Gaziantep, Hatay, Kahramanmaras, Kilis, Malatya, Osmaniye and
Sanliurfa) that were affected by the 6th of February 2023 earthquakes that had its epicenter in
Kahramanmaras have a total of 2,618,697 building that consists of dwellings, public areas, workplaces
and other areas. From this total, 2,332,841 are dwellings, 161,187 are workplaces, 74,079 are public or
governmental buildings, and 50,590 are buildings in other areas. 90% of the buildings are dwellings,
6% are workplaces and 2.9% are public or governmental buildings. The damage assessments have
been made to 65% of these buildings. As a result of the assessments, 50% is undamaged, 25% is slightly
damaged, 10% is heavily damaged and 2.3% is moderately damaged 3% of the buildings are considered
to be either demolished or in need of urgent demolishment. In Adiyaman province, 107,242 dwellings,
5,765 workplaces, 4,370 public and governmental buildings and 3,119 other buildings were affected by
the earthquake. Search and rescue operations in Adiyaman were officially terminated on 13 February
2023 [24]. After this stage, the process of debris removal was entered quickly. It was observed that
a significant amount of particulate matter was released during the intensive debris removal. In this
context, measurements were carried out in the study area with mobile measuring instruments during
post-earthquake debris removal.

In this context, the impact of the earthquake in Adıyaman province was felt both materially and
morally. While the province’s population is 635,169, the Adiyaman City’s population is 273,241 [25].
Adiyaman province consists of Besni, Celikhan, Gerger, Golbasi, Kahta, Samsat, Sincik, Tut districts
and the central district. This study aims to reveal the level of particulate matter pollution, one of the
environmental problems that arose during the removal process of debris after the Kahramanmaras
earthquake that occurred on February 06, 2023, in the City of Adiyaman. It also offers solutions to
minimize the resulting pollution.

2 Materials and Methods
2.1 Study Area and Boundaries

Adiyaman province is located in the Middle Euphrates Part of the Southeast Anatolian Region.
Adiyaman province is located at 37° 45′ 50′′ North latitude, 38° 16′ 40′′ East longitude. The study
was carried out in the urban area of Adiyaman’s central district. There are 33 neighborhoods in
Adiyaman City as of 2023. The study area is bordered by the Altinsehir neighborhood in the west,
the Varlik neighborhood in the south, the Yunus Emre neighborhood in the east, and the Cumhuriyet
neighborhood in the north (Fig. 1).

2.2 Materials and Methods
The size of particulate matter varies according to the source of origin. Particulate matter ranges

in size from 0.1 to 100 μm. Particulate matter smaller than 2 μm in size is generally of anthropogenic
origins such as sulphur, sulphur dioxide and dust, smoke, etc., from vehicle exhausts. Particles larger
than 2 μm are mostly of natural origin (marine aerosols, windblown soil, etc.) [26]. In this study, PM10

and PM2.5 pollution and concentration were analyzed. PM10 or coarse particulate matter refers to dust
particles 10 mm in diameter and larger, while PM2.5, or fine particulate matter refers to dust particles
2.5 mm in diameter and smaller [27].
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Figure 1: Location of study area

The main purpose of the study is to the spatial distribution of particulate matter 2.5 and 10
pollution in Adiyaman City during the debris removal after the Kahramanmaras earthquake that
occurred on 06 February 2023 and the solution proposals for this pollution. Particulate matter 2.5
(PM2.5) and particulate matter 10 (PM10) measurements were carried out at 25 points in different areas
of Adiyaman City in May and August. The locations where measurements were made are classified
according to the degree of destruction of the buildings. Particulate matter measurements were carried
out in the areas where the buildings collapsed and were heavily damaged during the earthquake and in
areas with little or no collapse (Table 2). In addition, the measurements were carried out in areas with
little and dense debris removal after the earthquake and in areas with little and dense green areas.



RIG, 2024, vol.33 41

Table 2: The neighborhoods where measurements were made
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Particulate matter measurements were carried out with a CEM DT 9880 brand and model
particulate matter meter. CEM DT 9880 particulate matter meter device momentarily absorbs and
counts particulate matter in indoor and outdoor environments. Analysis and mapping of particulate
matter that was obtained in the field, was done with ArcGIS 10.7 program. To analyze the data the
IDW (Inverse Distance Weighting) method, which was included in the ArcGIS software, was preferred.
With this method, numerical values are assigned by correlation between points to the areas that cannot
be measured. IDW is based on the concept of Tobler’s first law (the first law of geography) from 1970.
It was defined as everything is related to everything else, but near things are more related than distant
things. The IDW was developed by the U.S. National Weather Service in 1972 and is classified as a
deterministic method [28]. The IDW method is also for multivariate interpolation. Its general idea is
based on the assumption that the attribute value of an unsampled point is the weighted average of
known values within the neighborhood [29].

3 Findings

On the 6th of February earthquake epicentered Kahramanmaras, many buildings in the city
of Adiyaman were damaged and many more were destroyed. During the destruction of collapsed
buildings, buildings that are heavily damaged and buildings that need to be demolished urgently,
particulate matter of significantly different sizes is released into the environment. Pollution levels
observed are at high levels in the neighborhoods located in the city center. The pollution in Adiyaman
city varied between 98.4–395.9 μm/m3 in May 2023 and 63–349.9 μm/m3 in August. The PM10
pollution varies between 19.6–141.9 μm/m3 in May and 10–105.9 μm/m3 in August. When the spatial
distribution of PM2.5 pollution in the study area was examined, the highest PM2.5 level was measured
at 396 μm/m3, in Barbaros Hayrettin neighborhood in May. In the measurements made in the
neighborhood in August, the pollution level was measured as 350 μm/m3. After Barbaros Hayrettin
neighborhood, the Hocaomer neighborhood is one of the neighborhoods with high pollution levels.
While the pollution in the Hocaomer neighborhood was measured as 359 μm/m3 in May, when it
was measured again in August the value was 327. At the 2nd measurement point in the Yesilyurt
neighborhood, the PM2.5 pollution level was 358 μm/m3 in May and 317 μm/m3 in August. At the
measurement point in the Varlik neighborhood, PM2.5 pollution was 355 μm/m3 in May and 329 μm/m3

in August. In the Alitasi neighborhood, PM2.5 pollution, which was 340 μm/m3 in May, decreased
to 302 μm/m3 in August. The amount of PM2.5 pollution in the Turgut Reis Neighborhood was
309 μm/m3 in May and 263 again in August. The pollution amount in the Imamaga Neighborhood
was 301 μ μm/m3 in May, and in August it was measured at 264. In Adiyaman, the highest PM2.5

pollution level was measured in the Barbaros Hayrettin neighborhood during debris removal. In
Barbaros Hayrettin neighborhood, 396 μm/m3 was measured in May and 350 μm/m3 in August. In
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the Hocaomer neighborhood, which is one of the areas where building demolitions are high, PM2.5

pollution was measured as 359 μm/m3 in May and 327 in August. At the 2nd measurement point
of the Yesilyurt neighborhood, 358 μm/m3 was measured in May and 317 μm/m3 in August. In the
Varlik neighborhood, 355 μm/m3 was measured in May and 329 μm/m3 in August. In the Alitasi
neighborhood, 340 μm/m3 was measured in May and 302 μm/m3 in August. These areas are the areas
where debris pavement is quite dense (Table 3 & Fig. 2).

Table 3: PM2.5 values for May 2023 and August 2023 according to the neighborhoods
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PM2.5 May
2023 (μg/m3)

102 98 169 180 203 355 259 198 223 309 358 143 132 286 301 296 359 340 299 205 396 237 201 102 98

PM2.5 August
2023 (μg/m3)

90 80 139 149 186 329 231 148 201 263 317 134 105 259 264 269 327 302 253 192 350 209 175 63 75

The lowest PM2.5 pollution was measured as 98 μm/m3 in May and 80 μm/m3 in August at the 1st
measurement point of the Yesilyurt neighborhood. At the 2nd measurement point of the Altinsehir
neighborhood, it was measured as 98 μm/m3 in May and 80 μm/m3 in August. At the 1st measurement
point of the Altinsehir neighborhood, 102 μm/m3 was measured in May and 63 μm/m3 in August. At
the 1st measurement point of the Yunus Emre neighborhood, which is in areas with low debris removal,
102 μm/m3 was measured in May and 90 μm/m3 in August. In the Siteler neighborhood, 132 μm/m3

was measured in May and 105 μm/m3 in August (Table 3 & Fig. 2).

PM2.5 level in the study area is concentrated in the city center where debris removal is especially
dense. There is a significant decrease in PM2.5 levels from the city center to the periphery. Especially in
the Barbaros Hayrettin neighborhood, the PM2.5 level is the highest at 396 μm/m3 and in the Altinsehir
neighborhood, the PM2.5 level is the lowest with 98 μm/m3 due to the low debris removal. In the study
area, it is observed that green absorbs particulate matter pollution in areas where building demolitions
and debris removal are high.

When the spatial distribution of PM10 pollution in the study area was examined, the areas with
the highest PM10 pollution due to debris removal in the study area were measured as 142 μm/m3

in May and 100 μm/m3 in August in Alitasi neighborhood. At the 1st measurement point of the
Sumerevler neighborhood, it was determined as 129 μm/m3 in May and 98 μm/m3 in August. In
Barbaros Hayrettin district, it was measured as 125 μm/m3 in May and 106 μm/m3 in August. Debris
removal was also carried out quite intensively in the Hocaomer neighborhood. It was determined as
121 μm/m3 in May and 92 μm/m3 in August. At the second measurement point of the Yesilyurt district,
it was determined as 104 μm/m3 in May and 82 μm/m3 in August (Table 4, Figs. 3 and 4).
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Figure 2: Distribution of the PM2.5 pollution that emerged after the earthquake in Adiyaman City (a)
May 2023 (b) August 2023
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Table 4: PM10 values for May 2023 and August 2023 according to the neighborhoods
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PM10 May
2023 (μg/m3)

24 19 40 55 62 103 84 65 89 100 104 63 42 74 73 64 121 142 129 94 125 92 80 58 35

PM10 August
2023 (μg/m3)

10 15 32 38 39 62 54 46 62 79 82 50 32 36 42 42 92 100 98 58 106 51 69 40 22

In the study area, PM10 pollution was measured as 19 μm/m3 in May and 15 μm/m3 in August
at the 1st measurement point of the Yesilyurt neighborhood. At the 1st measurement point of the
Yunus Emre neighborhood, it was determined as 24 μm/m3 in May and 10 μm/m3 in August. At
the first measurement point of the Altinsehir neighborhood, it was measured as 35 μm/m3 in May
and 22 μm/m3 in August. In Karapinar neighborhood, it was measured as 40 μm/m3 in May and
32 μm/m3 in August, while in Siteler neighborhood, it was measured as 42 μm/m3 in May and
32 μm/m3 in August.

It can be seen that the PM10 levels are distributed similarly to PM2.5 ones in the study area.
PM10 pollution was especially concentrated in the city center where debris removal was intense. PM10,
which tends to decrease from the city center to the periphery, had the highest levels in the Alitasi
Neighborhood and the Barbaros Hayrettin Neighborhood. While the Lowest levels were in the Yunus
Emre Neighborhood and the Yesilyurt Neighborhood (Figs. 3 and 4).

Per the result of the findings in the majority of the city, it was observed that the particulate matter
level that emerged during the removal of debris from the 6th of February Earthquake was well above
the limits of both the World Health Organization and Turkey’s National Values. According to the
findings, particular matter pollution has had significant effects on the health of people living in the
region.
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Figure 3: Spatial distribution of the PM10 pollution after the earthquake in Adiyaman City (c) May
2023 (d) August 2023
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Figure 4: Adiyaman centre earthquake damage assessment map. Source: [24]

4 Discussion

When the studies on particulate matter-induced air pollution during post-earthquake debris
removal are examined, it is seen that the studies support each other. For example, after the Duzce
earthquakes on the 7th of August and the 12th of November, it was determined that critical problems
emerged in the ecosystems on the environmental scale and the structural context after the earthquake
[30]. In this study, it was emphasized that after the Kahramanmaras Earthquake, there was a significant
level of particulate matter released into the environment that could cause serious health problems in
the ecosystem and human health, especially in Adiyaman proper both during the earthquakes and
after the earthquakes. After the 17th of August 1999 earthquake that recently occurred in Turkey, it
was determined that with the destruction, heavy metal pollution that occurred after the earthquake
was dispersed into the environment in the form of fine elements and precipitated on the streets and
avenues [23]. It has been emphasized that with the destructions experienced after the earthquakes,
a large amount of particulate matter and heavy metals or pollutants are spread out and may cause
permanent or temporary health problems on human health and environmental scale. It was determined
that after the Great Hanshin Earthquake, both debris removal processes and construction dispersed
a large amount of concrete dust into the environment [31]. It has been stated by other studies that
demolition and construction are of primary importance to human health and to the environment.

Considering the similar findings of parallel studies, the effects of earthquakes on the environment
and human health are discussed, and the relationship between earthquakes and air pollution based on
particulate matter is emphasized. With such studies made, the effects of earthquakes on the ecosystem
and the impact level of post-earthquake destruction and construction processes on human health can
be amendable (Figs. 4 and 5).
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Figure 5: Debris removal after the earthquake in the Adiyaman City

5 Conclusion and Recommendation

This study aimed to determine the level of particulate matter experienced during debris removal
processes after the earthquake in Adiyaman City proper. For this purpose, at 25 different points,
measurements were carried out in May and August and the levels of two main pollutants PM2.5 and
PM10, were evaluated. In the study area, PM2.5 values were found to be highest in May with 396 μm/m3

and in August with 350 μm/m3. PM2.5 values were found to be lowest in May at 98 μm/m3 and in August
at 63 μm/m3. As for PM10 pollutants, the highest level was at 142 μm/m3 in May and 106 μm/m3 in
August, while the lowest level was at 19 and 10 μm/m3 in August.
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When evaluated on the scale of neighborhoods, it can be seen that particulate matter pollution
is at its higher levels in Barbaros Hayrettin, Hoca Omer, Varlik, Yesilyurt, Alitasi and Sumerevler
neighborhoods. Pollution levels remain high in the city proper and southern parts of the city. The
pollution level decreases from the city proper to its periphery. In the measurements made in the green
areas and their surroundings in the study area, it can be seen that the pollution level is relatively lower
than in other areas. When the limits of the World Health Organization and Turkey’s national values
are evaluated, serious health problems might arise for the people living in the region as a result of
being exposed to particulate matter pollution, even for a shorter period. For this very reason, the
level of particulate matter released during the debris removal processes should be minimized. For
people to protect themselves from particulate matter released into the environment during debris
removal processes, they primarily must be made aware and they must be ensured to take the necessary
protective measures (Such as masks, education, etc.). To prevent dust particles from spreading too
much into the environment during debris removal processes, water should be pulverized to ensure
that they precipitate in the area where they are originally located. In addition to this, the release of
particulate matter into the environment should be minimized by surrounding the debris with plastic
covers during debris removal processes. After the mentioned earthquake, a lot of data got lost at the air
quality measurement station located in Adiyaman City proper. To minimize the data loss, mobile air
quality measurement stations need to be established to determine the exposure of the local populace to
pollutants, primarily particulate matter. The level of particulate matter pollution during debris removal
may also occur during the recycling of demolished buildings. Therefore, measures should be taken to
prevent the spread of particulate matter into the environment both during debris removal and on-site
recycling.
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