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A fundamental problem concerning medical waste disposal is the evaluation of the
real and potential risks arising from waste with the focus on the risk of infection.
Therefore, the optimization of medical waste routing from collection to disposal
center can minimize the risk of infection. The routing of medical waste considers
significant to determine potential routes and select the route with minimum
distance. The management of the medical waste is important decision for
environmental sustainability and includes the collection, transportation and
disposal of these materials. In this paper, a geographic information system (GIS)
solution approach is proposed to determine the best location of disposal center.
Proposed approach is applied to medical waste transportation between 167 health
institutions (collection centers) and predetermined 5 disposal centers through
TRBI1 region in Turkey, which consist of Malatya, Elaz1g, Bingdl and Tunceli
provinces. The results of case study are examined and suggestions for future

research are provided.
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1. Introduction

Medicine is one of the important sectors showing
development throughout the world during recent
decades. Thus, the industrial and technological
advances in the medicine sector have created a large
medical waste in the developed world. There are four
types of waste generated by health institutions. They
can be classified as municipal wastes, medical wastes,
hazardous and radioactive wastes. The sub-groups of
medical waste can be listed as infection wastes (used
surgical operating clothes, infectious organ pieces,
blood and blood products etc.), pathological wastes
(organs, tissues, placenta etc.) and sharp objects
(syringes, needles, blades, broken glass etc.). Besides,
there are four interchangeable terms for entitled
medical waste which are medical waste, hospital waste,
infectious medical waste and regulated medical waste.
The collection, transportation and disposal of the
medical waste are serious processes that need to be
considered [1].

Generated medical waste is increased day by day due
to the increase in the number of health institutions and
populations. Classification and appropriate segregation
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of medical waste are important processes for its
transportation and disposal [2]. The medical waste
materials have remarkable risks and to produce
negative effect on human health and the environment
during storage, handling, usage and transporting
processes due to their naturel conditions. Awareness of
environmental problems and living healthy have raised
in modern societies in recent years. Therefore, plan and
practices on transportation of medical waste should be
applied to reduce the risks in addition to legal
constraints. The selection of disposal center for the
logistic operation of medical waste has a great
importance due to potential negative effect of the
medical waste over human health.

The locations of disposal center for medical waste have
a significant impact on the feasible routing decisions
and the total transportation risk and distance. It is
important to consider the locations of medical waste
disposal center and the routing plans simultaneously.
Routing of vehicles that carry medical waste effects the
costs, economic evaluation or environmental security
and community issues. Therefore, alternative routes
should be identified for these vehicles to choose the
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route with minimum distance.

This study aims to present a solution for the routing
problem of medical waste in TRB1 region of Turkey.
The data is obtained using QGIS 3.0 Girona software
and OpenStreetMap for four provinces as Malatya,
Elaz1g, Bing6l, and Tunceli. In the paper, QGIS 3.0 is
employed as the GIS platform to support the analysis
of routing problem. GIS-based solution approach is
also applied for the determine the best location of
disposal center. 167 collection centers of medical waste
and predetermined 5 disposal centers are examined in
the paper. The softwares used to solve the problem as
travelling salesperson are QGIS 3.0, OpenStreetMap,
PostgreSQL database, PostGIS, pgRouting, pgr_TSP
routing function.

The rest of the paper is outlined as follows: in next
section, we provide an overview and a summary of the
related studies. In section 3, proposed approach to solve
the problem are detailed. The case study is outlined and
related data are given in section 4. Results of the case
study are analyzed and discussed in section 5. Finally,
evaluations are provided in the conclusion section.

2. Related studies

There are extensive literature related to routing
problem. The problem is solved with different
techniques such as mathematical modeling, meta-
heuristics and geographic information system—based
methods [3]. In this part literature is divided as three
sub-section. Firstly, literature for the location-routing
are analyzed then literature of hazardous material
routing and medical waste collection are examined
respectively.

A location-routing problem can be described as given a
set of potential depots and a set of customers with
known demand, define the optimal locations of the
depots with vehicle routes from chosen depots to the
customers simultaneously while minimizing the total
system costs [4]. Exact solution and heuristic/
metaheuristic methods are developed for location-
routing problem in the literature. The first exact
solution approach for the general location-routing
problem is proposed by Laporte and Nobert [5]. Later,
Laporte et al. [6], Ghiani and Laporte [7], Averbakh
and Berman [8], Labbe et al. [9], Alumur and Kara [10],
Ponboon et al. [11] and Farham et al. [12] also propose
exact methods to solve the problem with optimal
manner. Heuristic and meta-heuristic approaches are
also proposed to solve the problem since the
complexity of the location-routing problem is NP-Hard
nature [13]. Exact methods ensure important insights
into problems, but they can tackle for small/medium
instances due to the complexity of the problem [14].
Therefore, many researchers focus on the heuristic and
metaheuristic approach to solve the problem such as
simulated annealing algorithm [15], ant colony
optimization [16], tabu search [17-18], hybrid heuristic
algorithm approach [19] and memetic algorithm [20].
The reader is referred to the comprehensive surveys by
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Nagy and Salhi [14] for models and issues, models and
methods of the location-routing problems, and they also
develop a classification scheme for the location-routing
studies.

There are extensive literature related to hazardous
material routing problem. Different solution
approaches are developed for hazardous material
routing problem. Erkut and Verter [21] develop
different risk models formulation to solve hazardous
material shipment problem between a given origin-
destination pair. Leonelli et al. [22] propose
mathematical formulation to select the best route of the
transportation ~ of a  hazardous  substance.
Androutsopoulos and Zografos [23] present model to
solve the bicriterion routing and scheduling problem
for hazardous material distribution. The concept of
chaos theory based on dynamic risk definition and
damage severity network is used by Mahmoudabadi
and Seyedhosseini [24] to determine best route for
transportation of hazardous material. On the other
hand, meta-heuristics approaches are proposed to solve
hazardous material routing problem. Zografos and
Androutsopoulos [25] propose a heuristic algorithm
integrated with GIS based decision support system to
solve hazardous material distribution network. Huang
et al. [26] integrate genetic algorithm with GIS based
system to evaluate the risk of hazardous material
transportation. Pamucar et al. [27] propose a new
approach, which is based on adaptive neuro fuzzy
inference system, artificial bee colony algorithm and
Dijkstra’s algorithm, for cost and risk assessment of
hazardous material transportation on a network of city
roads. Ozceylan et al. [3] present a solution approach
based on GIS for solving hazardous material routing
with a case study. Hazardous waste has been
investigated with consideration population and
environmental impact by Yilmaz et al. [28]. The reader
is referred to the comprehensive survey by Erkut et al.
[29] for a recent coverage of the state of the art on
models and solution algorithms.

We investigate the related problems in detail since our
focus area is to solve problems of transportation and
collection of medical waste. There are studied related
medical waste routing and collection in the literature.
Shih and Chang [30] use a computer program for the
gathered of infectious medical waste. They propose a
mathematical model and a two-phase periodic vehicle
routing problem for scheduling and routing the
gathered of medical waste. The proposed approach is
also applied to 348 hospitals in the Tainan City/
Taiwan. Mourao and Almeida [31] define a capacitated
arc routing problem to minimize total cost of a refuse
collection in Lisbon. Therefore, two lower bounding
method and a three-phase heuristic approach are
developed for solving the problem. Alagdz and
Kocasoy [2] use special software programs, which are
called Maplnfo and Roadnet, to solve the scheduling
and route optimization for transportation health-care
waste collection in Istanbul. Marinkovic et al. [32]
introduce a combine approach based on a hierarchical
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structure from generation medical waste point to
disposal center. The aim of proposed integrated
approach points out probable solution for the
management medical waste in Croatia. Abdulla et al.
[33] investigate the medical waste management system,
which is used in health institutions in northern Jordan.
Therefore, they analyze a comprehensive inspection
survey for all hospital located in the area, and they
propose results of main findings of the study. Birpinar
et al. [1] examine the present status of medical waste
management in the light of the Medical Waste Control
Regulation in Istanbul. Windfeld and Brooks [34]
investigate medical waste management related studies
including the common sources, governing legislation
and handling and disposal methods. Alshraideh and
Qdais [35] pay attention to stochastic medical waste
collection problem in Jordan and proposed a route
scheduling model for minimizing the total
transportation cost and reduces emissions. Mmereki et
al. [36] introduce an overview of the current generated
waste from health institutions in Botswana. Hence, they
analyze storage, collection, treatment and disposal
system for the case in Botswana.

Scope of this study is to answer as follows questions:
(i) how to route the produced medical waste from
collection center to disposal center, (ii) which of the
presented solutions are reasonable according to total
distance. Therefore, a GIS-based solution approach is
developed to solve routing of medical waste problem.
The approach is applied to case study of TRB1 region
in Turkey, which include Malatya, Elazig, Bingdl and
Tunceli provinces. Data related collection and disposal
center are provided from QGIS 3.0 and
OpenStreetMap.

3. The methodology

The mathematical model for routing is used in this
paper to determine the best location for disposal center
and routing. The model used in this study is proposed
by Baldacci et al. [37]. The problem can be defined as
capacitated vehicle routing problem. The mathematical
model formulation is given as follows:

min ¥; jep dij Xij 1)
Zijetmy Xij = 2, Vhev, )
Zi,jet(S)Xij > 2k(S), VSEs, 3)
Yjev Xoj = 2r, 4)
X, €{01}, Vi,j €EN\(0,j:j €V) )
X €012, VO, jEV, ©6)

S={5:5cV,|S| =2}, and q(S) = Yiesq; be the
total produced of medical waste S €s and k(S)
minimum number of sub-routes that is equal to
minimum number of vehicles with Q capacity for
multi-vehicle routing problem, and r is the number of
sub-route. Further, let t(S) ={{i,j} €EE:i€S, j¢
Sori &S, j€S} X, ;: abinary variable equal to 1 if

and only if edge(i; j) is chosen in the solution for all
{i,j} e E\{{0,j}:j € V} and value {0,1,2, for all
{0,j3},j € V with X; ; = 1 when edge is traversed and
Xo,; = 2 when a route (0, j, 0) in the solution.

The objective function (1) is to minimize total
transportation distance between collection center and
disposal center. Constraint (2) is degree restriction and
it specifies the degree of each collection center.
Constraint (3) are determined capacity restriction.
Constraint (4) represent that a truck must leave and
back to disposal center. Constraint (5 and 6) are
integrality restriction.

The usage of GIS-based solution method for the
medical waste routing problem presents several
advantages. GIS offers database properties that can
handle data qualification, and it allows the addition of
relevant layers for using spatial analysis [38;40;41]. In
this paper, a GIS-based routing problem for
transporting medical waste between 167 collection
centers and five different possible location for disposal
centers is considered. Spatial data of collection and
disposal centers were gathered on OpenStreetMap and
stored to PostgreSQL database via QGIS 3.0 software.
QGIS known as Quantum GIS is an open source and
free software used for Geographic Information
Systems. The gathered data were used as input for
PostGIS an extension of PostgreSQL database. The
results were obtained by using pgRouting, which is an
extension of PostGIS for routing operation. A routing
function of pgRouting, pgr_TSP, were used to solve
the problem as travelling salesperson problem. Finally
the route results were shown on the OpenStreetMap via
QGIS.

4. The case study of TRBL1 region in Turkey

In this paper, 167 collection centers and 5
predetermined disposal centers that are located in
TRBL1 region in Turkey are considered (see Figure 1).
The following locations are selected as candidates for
disposal center: (i) the four locations are predetermined
in Malatya, Elazig, Bing6l and Tunceli provinces
respectively, (ii) one location is also predetermined
between Elazig, Bing6l and Tunceli provinces. In other
words, we face a problem with 5 possible locations for
disposal center, where we can choose only one of them.

o

Figure 1. Study area: TRB1 region of Turkey

Health institutions consist of state hospitals, special
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hospitals, health centers and university hospitals. The
locations of health institutions (red nodes) and disposal
centers (green nodes) are given in Figure 2. In addition,
related data including coordinates, number of

population and district for each locations of collection
center are given in Table Al as appendix.
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Figure 2. The locations of 167 collection centers (red nodes) and 5 disposal centers (green nodes)

Tablel: Weekly produced medical waste according to the population of each collection center

Medical Waste Medical Waste Medical Waste Medical Waste Medical Waste
Center Produced (Kg) Center Produced (Kg) Center  Produced (Kg) Center Produced (Kg) Center Produced (Kg)
1 120.462 35 99.116 69 45.938 103 183.490 137 63.261
2 120.462 36 99.116 70 45.938 104 183.490 138 98.164
3 120.462 37 79.829 71 45.938 105 183.490 139 98.164
4 120.462 38 79.829 72 45.938 106 183.490 140 142.760
5 120.462 39 98.999 73 45.938 107 183.490 141 1192.829
6 120.462 40 54.870 74 45.938 108 183.490 142 1192.829
7 72.953 41 37.448 75 27.225 109 183.490 143 1192.829
8 72.953 42 257.764 76 27.225 110 183.490 144 1192.829
9 136.758 43 257.764 77 27.225 111 183.490 145 1192.829
10 152.102 44 257.764 78 27.225 112 183.490 146 247.741
11 56.055 45 257.764 79 27.225 113 183.490 147 247.741
12 115.956 46 257.764 80 31.967 114 183.490 148 187.608
13 106.594 47 257.764 81 31.967 115 183.490 149 187.608
14 106.594 48 257.764 82 31.967 116 183.490 150 187.608
15 59.532 49 257.764 83 21.552 117 183.490 151 187.608
16 340.797 50 257.764 84 21.552 118 183.490 152 25.774
17 340.797 51 257.764 85 21.552 119 183.490 153 25.774
18 340.797 52 257.764 86 25.217 120 183.490 154 25.774
19 340.797 53 257.764 87 25.217 121 183.490 155 108.342
20 340.797 54 257.764 88 21.278 122 183.490 156 108.342
21 340.797 55 257.764 89 21.278 123 183.490 157 108.342
22 340.797 56 257.764 90 12.084 124 183.490 158 49.840
23 340.797 57 257.764 91 12.084 125 183.490 159 49.840
24 340.797 58 257.764 92 12.084 126 183.490 160 70.001
25 217.616 59 257.764 93 26.858 127 183.490 161 70.001
26 217.616 60 257.764 94 21.576 128 183.490 162 93.173
27 217.616 61 257.764 95 21.562 129 183.490 163 93.173
28 214.489 62 257.764 96 8.782 130 63.261 164 93.173
29 214.489 63 257.764 97 32.701 131 63.261 165 82.412
30 214.489 64 257.764 98 32.701 132 63.261 166 82.412
31 99.116 65 257.764 99 32.701 133 63.261 167 82.412
32 99.116 66 257.764 100 32.701 134 63.261
33 99.116 67 257.764 101 32.701 135 63.261
34 99.116 68 257.764 102 32.701 136 63.261
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The medical waste per person in Turkey is computed
using the following formula: (Total generated medical
waste for a year / total population). Hence, the annual
produced medical waste per person is 8,1024,000 /
79,510,000=1.01 kg/person for the year 2016 according
to Turkish Statistical Institute [39]. Total population of
the TRB1 regions is approximately 1,726,199 people.
Weekly produced medical waste according to the
population of each health institutions (collection
center) is given in Table 1. These values are calculated

according to the population of each collection center. In
other words, the generated medical waste in weekly for
each collection center can be computed: (The total
population of city x 1.01 / the number of collection
center) / 52 week. For example, Tunceli province has
six collection centers which are 1, 2, 3, 4, 5, 6, and each
of them are produced approximately 120.462 kg/week
medical waste with a population of 6,202 people (see
Table 1).

Transportation cost of the medical waste is more than
other waste since medical waste is shipped with special
equipment and trucks. Therefore, distances between
collection and disposal centers are used as a measure of
cost. Thus, the cost of distance has a significant role to
determine routing and disposal center. There is one type
of truck that is used in this study to collect medical
waste from collection center to disposal center, and it
has 3,000 kg capacity. On a weekly basis, truck starts
its trip from the disposal center, collects medical waste
from the 167 collection centers, then drives back to the
disposal center. When the truck reaches its capacity
during trips, it back to disposal center to unload the
medical waste, and then continues the trip. This trip is
scheduled for every week.

In the study, single depot and single vehicle are
considered for the problem. Euclidean distances
between the identified collection points and the
alternative locations were obtained by using QGIS 3.0
Girona software and OpenStreetMap, and the distances
are calculated in meters. All runs are taken on a server
with 2.4 GHz Intel® Core™ processor and 8 GB RAM,
and the computation time required to solve the problem
is less than 1 CPU second. Results for the routing
problem of medical waste are analyzed in next section.

5. Results and Discussions

In this section, results of the five alternatives are
analyzed, and the best of one is selected. A GIS-based
solution approach is proposed to search feasible routes
for shipping medical waste from 167 collection centers
to one of the five alternative location (disposal centers).
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The objective is to minimize total distance which
consist of total trip distance including loading and
unloading distance. By this way, total risk of medical
waste during shipping can be minimized.

Five different location areas are predefined for disposal
center. These location areas are in Tunceli, Bing6l,
Elaz1g and Malatya provinces. Besides, one of the them
is located between Tunceli, Bingdl and Elazig
provinces. Thus, we can determine the best location for
disposal center among 5 different alternatives
locations. Routes of these alternatives location for
feasible routes between collection and disposal center
are given in Figure 3. For example, if the disposal
center locates in Tunceli province, total trip takes
6,558,215 meters and the truck will have to go through
the disposal center 12 times during trip (see Figure 3a).
Total trip takes 5,082,553 meters if disposal center
locates in Malatya province (see Table 2). The results
show that the opening of a disposal center in Malatya
province seems to be a reasonable decision.

Total travel distance includes the distance from
disposal center to first collection center, between
sequential collection centers, and from last collection
(where truck is full, or collections are finished) center
to disposal center. Therefore, unloading number and
amount of medical waste generated according to
population is significant indicator to select location of
disposal center. Thus, disposal center located in
Malatya province is logical according to total
population, amount of medical waste generated and
distance.

Results of the feasible routes for location of disposal
center in Malatya province are shown in Figure 4.
There are 12 sub-routes (truck unloading number) for
this solution.

Table 2. Total travel distance and truck unloading number
according to disposal center

Location Total travel Unloading
area distance (m) number
Tunceli 6,558,215 12

Bingol 8,308,406 13

T-B-E* 6,126,680 13

Elazig 5,237,900 13
Malatya 5,082,553 12

*Location area is between Tunceli, Bingdl and Elazig
provinces
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Figure 3. Feasible routes between collection and disposal center a) the disposal center located in Tunceli, b) the disposal
center located in Bing6l, ¢) the disposal center located between Tunceli, Bingdl and Elaz1g provinces, d) the disposal center
located in Elaz1g, e) the disposal center located in Malatya
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Figure 4. Disposal center located in Malatya province

Each of the sub-routes is painted with different colour
(see Figure 5b). The route starts the disposal center and
then collect medical waste from the first collection
center and continue collecting waste from the other
collection center until the route is terminated by truck
capacity (see Figure 5a). When it reaches capacity,
truck backs to disposal center to unload medical waste.
For example, detail of a sub-route shown in Figure 5a,

a

truck starts from disposal center located in Malatya
then gather medical waste until it reaches its capacity
after visit 25 collection center. Then, the truck returns
back to disposal center with load of 2884.37 kg in order
to unload waste (the sub-route 8 is given in Table 3).

Figure 5. The best solution among 5 alternatives. a) Detail of one sub-route b) starting and finishing point for all sub-routes
with different colour

All sub-routes of the best solution among the
alternatives are given in Table 3. If the disposal center
is opened in Malatya, the best solution is achieved

according to total distance or total transportation cost.
For example, if truck visits collection center 143 and
141 in the sub-route 11, it fills capacity with 2385.658
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kg and returns to the disposal center. That is, these two
health institutions are produced many waste, and they
are in Malatya city center.

In this study, the weekly collection of medical waste
from health institutions in TRB1 region of Turkey to
the final disposal center are examined, and the best
feasible (the most efficient) route among the
alternatives is selected as disposal center with
perspective of efficiency. Using the selected disposal
center reduces risks to human health, cost arising from
transportation and provides economic advantages

Table 3. Results of the best solution among all alternatives
(disposal center in Malatya)

Sub-
. Waste
route Trips (kq)
1 115-159-89-88-95-96-8-7-9-6- 2801.644
5-1-4-2-3-10-11-41-39-37-38-
40-31-32-35-34-33-36

2 30-29-28-24-17-16-23-22-21 2688.249

3 19-18-20-27-26-25-86-87-94-  2948.947
91-90-92-93-74-68

4 70-69-50-49-48-47-44-46-43-  2835.404
65-64

5 66-67-45-63-60-61-62-58-59-  2835.404
42-54

6 72-73-53-52-51-71-55-56-57-  2991.353
14-13-75-76-77

7 78-83-85-84-79-80-81-82-15-  2992.009
12-138-139-140-167-166-165-
155-157-160-161-146-147-
137

8 136-133-130-132-131-134- 2884.37
135-151-148-149-150-162-
163-164-154-152-153-158-
113-114-127-126-110-111-
112

9 123-109-108-107-106-124- 2935.84
105-104-102-101-120-118-97-
116-117-98

10 119-99-100-122-121-103-125- 2660.749
128-142

11 143-141 2385.658

12 145-144-129 2569.148

6. Conclusion

The medical waste routing is important problem among
all logistic transportation. Therefore, nearly all
societies have regulation and law for transportation
waste to protect people and environment. Medical
wastes are needed special regulations to transport them.
Thus, the scope of this study is to answer as follows
questions: (i) how to route the produced medical waste
from collection center to disposal center, (ii) which of
the presented solutions are reasonable according to
total cost.

The TRB1 region of Turkey is the focus for this study.
A GIS-based solution approach is applied the case
study, which consist of Malatya, Elazig, Bing6l, and
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Tunceli provinces, to determine the best location of
disposal center and routing. The results show that the
opening of a disposal center located in Malatya
province seems to be a reasonable decision. The
opening of disposal center near to Malatya province
would be appropriate decision for planners or decision-
makers due to number of collection center and
generated amount of medical waste in Malatya.

Some of the limitations of this study is given as follows:
we are focusing only TRB1 region of Turkey that
makes the study a bit narrow scoped. The other region
of Turkey can be considered for future research and
different scenario can be analyzed. The values used in
study are not real produced medical waste, these are
taken based on the total population for each health
institutions. Hence, the exact amount of medical waste
generated per year can be determined from each health
institution, and accordingly the real values can provide
more rational decisions for future research. Lastly, we
have used Euclidean distance between collection and
disposal center, but in real life applications these
distances must be real distances or rectilinear.

In this study, the problem is considered as single depot
and single vehicle. However, the problem can be
considered as multi-depot and single vehicle, single
depot and multi-vehicle, or multi-depot and multi-
vehicle in future works.
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Table Al. Details of each collection center (health institutions)

Coordinates of each

Coordinates of each

No collection center Population District No collection center Population District
1 39.092656, 39.534555 6202 Tunceli 86 38.563042, 40.133517 7285 Aricak
2 39.107586, 39.548470 6202 Tunceli 87 38.526074, 40.024725 7285 Aricak
3 39.108177, 39.549838 6202 Tunceli 88 38.572833, 38.825329 6147 Baskil
4 39.105014, 39.537221 6202 Tunceli 89 38.469615, 38.897301 6147 Baskil
5 39.085395, 39.537456 6202 Tunceli 90 38.391986, 39.668712 3491 Maden
6 39.071738, 39.531108 6202 Tunceli 91 38.393291, 39.669636 3491 Maden
7 39.056797, 38.915608 3756 Cemisgezek 92 38.391711, 39.667650 3491 Maden
8 39.063197, 38.910971 3756 Cemiggezek 93 38.449708, 39.306255 7759 Sivrice
9 39.107788, 39.219301 7041 Hozat 94 38.461784, 39.862198 6233 Alacakaya
10 39.017486, 39.604064 7831 Mazgirt 95 38.791417, 38.747895 6229 Keban
11 39.181128, 39.828766 2886 Nazimiye 96 38.944260, 38.715064 2537 Agin
12 39.358613, 39.213172 5970 Ovacik 97 38.306264, 38.249966 9447 Malatya
13 38.868046, 39.325471 5488 Pertek 98 38.338283, 38.246168 9447 Malatya
14 38.864925, 39.326670 5488 Pertek 99 38.343494, 38.272933 9447 Malatya
15 39.486677, 39.899012 3065 Pilimiir 100 38.343520, 38.275126 9447 Malatya
16 38.893839, 40.512630 17546 Bingol 101 38.347269, 38.281832 9447 Malatya
17 38.896886, 40.508926 17546 Bingol 102 38.349641, 38.282068 9447 Malatya
18 38.903743, 40.493254 17546 Bingol 103 38.363603, 38.285414 9447 Malatya
19 38.894091, 40.493612 17546 Bingol 104 38.349209, 38.303028 9447 Malatya
20 38.884586, 40.4838033 17546 Bingol 105 38.353717, 38.300896 9447 Malatya
21 38.884425, 40.499017 17546 Bingol 106 38.348958, 38.317117 9447 Malatya
22 38.885775, 40.503229 17546 Bingsl 107 38.349523, 38.320828 9447 Malatya
23 38.888507, 40.516567 17546 Bingol 108 38.349181, 38.322555 9447 Malatya
24 38.896382, 40.515534 17546 Bingol 109 38.349161, 38.322899 9447 Malatya
25 38.748457, 40.552280 11204 Geng 110 38.347355, 38.329214 9447 Malatya
26 38.750893, 40.559666 11204 Geng 111 38.346763, 38.330915 9447 Malatya
27 38.752232, 40.562885 11204 Geng 112 38.345762, 38.329923 9447 Malatya
28 38.960349, 41.039450 11043 Solhan 113 38.363641, 38.348608 9447 Malatya
29 38.968884, 41.054195 11043 Solhan 114 38.363067, 38.346979 9447 Malatya
30 38.968853, 41.057233 11043 Solhan 115 38.339852, 38.429746 9447 Malatya
31 30.184484, 40.822721 5103 Karliova 116 38.338702, 38.218910 9447 Malatya
32 39.166470, 40.859766 5103 Karliova 117 38.338702, 38.241226 9447 Malatya
33 39.160725, 40.892433 5103 Karliova 118 38.322543, 38.276932 9447 Malatya
34 39.148974, 40.872563 5103 Karliova 119 38.342497, 38.260033 9447 Malatya
35 39.133302, 40.851683 5103 Karliova 120 38.333575, 38.289083 9447 Malatya
36 39.297461, 41.012747 5103 Karliova 121 38.361435, 38.282608 9447 Malatya
37 39.231998, 40.474007 4110 Adaklt 122 38.371177, 38.251983 9447 Malatya
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38 39.228551, 40.482647 4110 Adakl 123 38.341261, 38.327933 9447 Malatya
39 39.311165, 40.350023 5097 Kigi 124 38.354986, 38.307458 9447 Malatya
40 39.434421, 40.545510 2825 Yedisu 125 38.365277, 38.312533 9447 Malatya
41 39.225182, 40.068196 1928 Yayladere 126 38.353613, 38.331258 9447 Malatya
42 38.665451, 39.176808 13271 Elazig 127 38.354711, 38.335983 9447 Malatya
43 38.668440, 39.215796 13271 Elaz1g 128 38.372137, 38.318308 9447 Malatya
44 38.675805, 39.218482 13271 Elaz1g 129 38.380643, 38.361883 9447 Malatya
45 38.681706, 39.205488 13271 Elaz1g 130 38.341398, 37.964915 3257 Akgadag
46 38.675665, 39.218072 13271 Elaz1g 131 38.344551, 37.971046 3257 Akgadag
47 38.675526, 39.222176 13271 Elaz1g 132 38.341889, 37.965867 3257 Akgadag
48 38.675710, 39.224222 13271 Elaz1g 133 38.345567, 37.966340 3257 Akgadag
49 38.676096, 39.226041 13271 Elaz1g 134 38.284262, 38.047939 3257 Akgadag
50 38.676552, 39.226463 13271 Elaz1g 135 38.257135, 37.939866 3257 Akgadag
51 38.680583, 39.230025 13271 Elaz1g 136 38.441390, 37.869899 3257 Akgadag
52 38.682097, 39.226022 13271 Elaz1g 137 38.439853, 37.860979 3257 Akgadag
53 38.683806, 39.227159 13271 Elaz1g 138 39.042819, 38.489391 5054 Arapgir
54 38.687404, 39.226380 13271 Elazig 139 39.043341, 38.487801 5054 Arapgir
55 38.681304, 39.256234 13271 Elaz1g 140 38.782882, 38.265986 7350 Arguvan
56 38.686995, 39.268710 13271 Elaz1g 141 38.426661, 38.366989 61413 Battalgazi
57 38.690172, 39.274589 13271 Elazig 142 38.414407, 38.363186 61413 Battalgazi
58 38.656429, 39.147293 13271 Elaz1g 143 38.425235, 38.367706 61413 Battalgazi
59 38.663050, 39.171864 13271 Elaz1g 144 38.420140, 38.311554 61413 Battalgazi
60 38.668174, 39.184377 13271 Elaz1g 145 38.422173, 38.307073 61413 Battalgazi
61 38.672751, 39.181227 13271 Elaz1g 146 38.567572, 37.488809 12755 Darende
62 38.677054, 39.162677 13271 Elaz1g 147 38.558679, 37.490319 12755 Darende
63 38.667702, 39.196292 13271 Elaz1g 148 38.103632, 37.889787 9659 Dogansehir
64 38.668448, 39.204698 13271 Elaz1g 149 38.094143, 37.876737 9659 Dogansehir
65 38.666832, 39.209029 13271 Elaz1g 150 38.014520, 37.978566 9659 Dogansehir
66 38.672330, 39.208134 13271 Elaz1g 151 38.162058, 37.866300 9659 Dogansehir
67 38.672774, 39.208180 13271 Elaz1g 152 38.312752, 39.038298 1327 Doganyol
68 38.659779, 39.248515 13271 Elaz1g 153 38.312919, 39.037713 1327 Doganyol
69 38.669269, 39.234170 13271 Elaz1g 154 38.283361, 39.002510 1327 Doganyol
70 38.669867, 39.254512 13271 Elazig 155 38.809920, 37.940828 5578 Hekimhan
71 38.675446, 39.243989 13271 Elaz1g 156 38.816863, 37.930921 5578 Hekimhan
72 38.684490, 39.227117 13271 Elaz1g 157 38.819480, 37.932717 5578 Hekimhan
73 38.684306, 39.226773 13271 Elaz1g 158 38.358658, 38.662539 2566 Kale
74 38.594938, 39.339688 13271 Elaz1g 159 38.409407, 38.751558 2566 Kale
75 38.722280, 39.857082 7865 Kovancilar 160 38.879655, 37.670062 3604 Kuluncak
76 38.721591, 39.864926 7865 Kovancilar 161 38.945336, 37.558323 3604 Kuluncak
77 38.719497, 39.870589 7865 Kovancilar 162 38.196186, 38.869032 4797 Pitiirge
78 38.726224, 39.877146 7865 Kovancilar 163 38.198197, 38.872848 4797 Piitiirge
79 38.767172, 39.968681 7865 Kovancilar 164 38.280418, 38.904296 4797 Pitiirge
80 38.948427, 40.050371 9235 Karakogan 165 38.594554, 38.179979 4243 Yazihan
81 38.955583, 40.040303 9235 Karakogan 166 38.595805, 38.180568 4243 Yazihan
82 38.955853, 40.036226 9235 Karakogan 167 38.598539, 38.180332 4243 Yazihan
83 38.695150, 39.926747 6226 Palu

84 38.695564, 39.931961 6226 Palu

85 38.693875, 39.930698 6226 Palu
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