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Abstract

species were more affected.

ment, the presented method has shown good performance.

Background: Waste has negative impacts on animal species and their habitats.

Objectives: This study was aimed to evaluate the wild mammals status affected by human wastes.

Methods: The study was carried out in villages of Oshtorankooh protected area of Lorestan province in 2019. The quality and quan-
tity of waste was measured by sampling and measuring waste in 42 villages. The Technique for Order of Preference by Similarity to
Ideal Solution (TOPSIS) in combination with the Fuzzy Analytic Hierarchy Process (FAHP) was used to evaluate impacts.

Results: The waste generation rate and density were 555 g/day and 412 kg/m’, respectively. Also, the results of ranking showed that
Canis lupus, Vulpes vulpes, and Hyaena hyaena were ranked with the highest scores of 2.260,1.958, and 1.948, respectively, and these

Conclusions: It is necessary to consider waste effects on animal species, and according to the results of TOPSIS and impacts assess-
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1. Background

Rural waste has negative impact on animal species and
their habitats (1, 2). These wastes cause a huge disturbance
in the onshore and aquatic ecosystems of animals (3). The
main cause of pollution caused by rural waste for wildlife
is lack of waste management system in rural areas (4).
The negative effects of waste on wildlife habitats can be
reduced with proper management (5). The lack of rural
waste management has adverse consequences on wildlife
in the areas near the villages (6, 7). Several studies have
found that incomplete disposal of wastes in the natural ar-
eas affects all animals (2, 6, 7). Some studies also indicated
that some of the environmental problems caused by waste
on animal habitats are soil pollution, water pollution, dis-
ease and death of wildlife (8). Ye and Qin evaluated the
status of rural waste management in China. The results
showed that wastes have negative impacts on the local en-
vironment and decrease the quality of wildlife habitat (9).
Apostol and Mihai assessed the challenges of rural waste
management in the local environment in Romania. Their
study showed dysfunctions of traditional waste manage-
ment system in rural areas and their implications on ani-
mals and birds (10). Taghipour et al. investigated the quan-

tity and quality (composition) of solid waste of rural com-
munities in the northwest of Iran. According to the results
of this study, it could be concluded that rural communi-
ties have more effect on natural areas (11). Wang et al., by
drawing on field data from a survey of 100 villages from
five provinces across China, studied solid waste of rural ar-
eas. The results showed that 61% of the sampled villages
had negatively significant effects on natural areas (12). An-
war et al. evaluated solid waste in rural villages of Egypt.
The results showed that increasing volume of waste causes
the impacts of wastes on animal species. In this study, suit-
able waste disposal sites were identified in regions far from
the protected area (13). Asgari et al. determined the qual-
ity (composition) of solid waste of rural communities in
Tehran and Alborz provinces. The results showed that the
highest waste generation rate was in spring, and it coin-
cided with the activity of animal species near the villages
(14). Przydatek and Gancarczyk assessed solid waste accu-
mulation in rural areas of European Union. The results
indicated that there is a fundamental difference between
the number of wildlife and the amount of waste generated
(15). Kadam and Sarawade studied the role of public par-
ticipation for waste reduction in order to rural develop-
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ment. The results showed that the high generation of ru-
ral solid waste is a serious problem for wildlife. It created
a challenge for rural solid waste management. Waste cre-
ates huge problems in wildlife habitats, i.e., air pollution,
water pollution, and soil pollution (16). Therefore, assess-
ing solid waste for the rural regions is necessary to prevent
the above-mentioned impacts on animals and their habi-
tats and reduce environmental losses. Also, access to reli-
able tools for quantifying and measuring waste is essen-
tial. There are also many methods for environmental im-
pacts assessment using decision-making models in order
to rank the best or the worst option (17-22). The Technique
for Order of Preference by Similarity to Ideal Solution (TOP-
SIS) method is one of the multi-criteria decision-making
(MADM) methods that rank options (23-27). In the TOPSIS
method, qualitative criteria can be easily quantified, and
decision-making is possible with quantitative and qualita-
tive criteria (28). The output of the technique is quantita-
tive, and in addition to determining the best option, the
ranking of the other options is numerically expressed (29).
Therefore, the main purpose of the present study was us-
ing TOPSIS in combination of fuzzy for assessment of the
wild mammals status affected by human wastes in rural ar-
eas in the east of Lorestan province.

2. Objectives

The aim of this study was the assessment of the wild
mammals status affected by human wastes using fuzzy
TOPSIS in villages of the Oshtorankooh protected area of
Lorestan province in 2019.

3. Methods

3.1. Case Study

This study was carried out in 42 villages of Osh-
torankooh protected area of Lorestan province in 2019. The
study area is located in the east of Lorestan province, bor-
dering the area of Azna, Droud, and Aligudarz. The area is
located at 33°18’27"/ N latitude and 49°16’54’’ E longitude
(Figure 1). It has an area 0f 106,693.5 ha. This area has an al-
titude of 1,300 to 4,080 m, an average annual temperature
of 4 to 12°C and the average annual precipitation of 500 to
900 mm. Fauna and flora biodiversity of the area is very
high, and 600 plant species and 274 animal species have
been identified in the area (30). Residential land uses are
one of the management problems in the area.

3.2. Method

In this study, the TOPSIS method, in combination with
FAHP, was used to evaluate the effects of rural waste on

animal species. The dominant mammals were identified
by environmental experts and reports of the department
of the environment. Important mammals of the area in-
clude Vulpes vulpes (S1), Felis silvestris (S2), Ovis orientalis
(S3), Capra aegagrus (S4), Hystirix indica (S5), Panthera par-
dus (S6), Canis lupus (S7), Ursus arctos (S8), and Hyaena
hyaena (S9). The target villages were categorized into three
groups (group 1(G1), group 2 (G2), group 3 (G3)) according
to population, plan of waste management, easy access and
the possibility of monitoring in the research. The research
process is as follows:

3.2.1. The Process of Physical Analysis of Solid Waste

In this study, rural wastes were measured by the
SOEHNLE scale (model: 6107, precision: 0.1 kg) (11, 13) on
3 days in the middle decade of the second month of each
season. Total solid wastes of each village were divided on
population, then the solid waste generation rates were ob-
tained. All wastes were mixed to determine the density of
the waste. In the step, sampling was performed with 3 rep-
etitions (11). Sampling was completely randomized at 150
kg and the samples were transported in a cylindrical plas-
tic container (volume: 1.2 m3) (15). Finally, waste weight
was calculated in a cubic meter. To identify the compo-
nents of the wastes (degradable material (C1), plastic and
rubber (C2), wood and paper (C3), metals (C4), glass (C5),
textiles (C6), and others (C7)), each component (1.5 m? con-
tainer)was transported into a special plastic container and
weighed by the SOEHNLE scale (13). In this operation, the
weight of the components was calculated in percentage.

3.2.2. The Process of Impacts Assessment

The TOPSIS method was used to rank and determine
the significance of effects to assess the effects of waste on
animals. The Technique for Order of Preference by Simi-
larity to Ideal Solution (TOPSIS) is a multi-criteria decision
making (MCDM) model, which is according to the mean
thatthe chosen alternative must have the shortestdistance
from the positive ideal solution and the longest distance
from the negative ideal solution (23). The TOPSIS process
was carried out as follows (23, 24):

Step 1: In the step, an evaluation matrix is created. The
decision matrix contains a set of criteria and alternatives
(24). The criteria (wastes) are in columns, and the alter-
natives (species) are in rows. Every matrix cell evaluates
every alternative against every criterion {\displaystyle s_-
{iw}\,\,(i=1,2,\ldots ,m).}.

Step 2: The normalization of the evaluation matrix is
carried out by Equation 1(25):

Py = e i=1,2,..,m;j=1,2,...,n )

V2
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Figure 1. Location of the study area and studied villages

Where x;; and rj; are the initial scores of the evaluation
matrix and the normalization of the evaluation matrix, re-
spectively.

Step 3: The Fuzzy AHP method was used to determine
the weight of the criteria (Figure 2). Table 1 presents the
Fuzzy assessment scale in Fuzzy AHP.

Step 4: The worst alternative (A-) and the best alterna-
tive (A-) were determined by Equations 2

A+ = {(maz (t;;/ ¢

=1,2,....,m)/jAJ=), (min(t;/i @)
=12 ....m)/jAJ+)}

A— = {(mzn (tij/i
=1,2 ...,m)/jAJ=), (maz (ti;/]i €)
=1,2,...,m) /i AJ+)}

Where J+ and |- are associated with the criteria of posi-
tive and negative impacts, respectively.
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Table 1. Fuzzy Assessment Scale in FAHP (22)

Linguistic Terms Fuzzy Score
Absolutely strong (5/2,3,7/2,4)
Very strong (25)23,72)
Fairly strong (225[23)
slightly strong (132,2,5/2)
Equal (11,11
slightly weak (2/5.1/2.2[3,1)
Fairly weak (13,2/51/2,23)
Very weak (2/7:3,2/5,1/2)
Absolutely weak (1/4,2[7,1[3,2/5)

Step 5: The shortest distance from the best alternative
(D+) and the longest distance from the worst alternative
(D-) were calculated by Equations 4 (23):
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U (Gorsevski et al.)

Figure 2. Membership function of the triangular fuzzy number (28)

D+ = Z (tij—tw;)? (4)
j—1

D— = Z (tij—tb]’)2 (5)
j—1

Finally, the similarity(S) to the worst condition was cal-
culated by Equation 6 (23, 25):

S 0<S<1 (6)

j— di

S d— +d+’
According to the similarity, the alternatives were
ranked.

4. Results

According to the results, the rural waste generation
rate was 555 g/day. The highest and lowest amount of waste
were 764 g/day and 326 g/day in autumn and spring, respec-
tively (Figure 3). The average solid waste rate in the second
group was 628 g/day, which was higher than other villages
in different seasons. The average density of these villages
was 412 kg/m>3. According to the results of this study, the
total average of degradable material, plastic and rubber,
wood and paper, metals glass, textiles, and other materi-
als were as follows: 57%, 12%, 11.2%, 6.4%, 4.9%, 2.3%, and 5.8 %,
respectively (Table 2).

To analyze the impacts, the TOPSIS method was used to
rank and determine the significance of the effects. Also, in
this study, weights of indices were calculated by the Fuzzy
AHP method. Table 1 shows the final weights of the indices
to rank. The results of weighing show that plastic and rub-
ber were the highest impacts on animals (0.195), and wood
and paper were the least impacts on animals (0.5) (Table 3).
The first step of TOPSIS was to create an evaluation matrix.
The decision matrix was composed of 9 rows (species) and

7 columns (wastes). The options (species) were the rows of
this matrix, and the wastes were the columns. After creat-
ing the decision matrix and scaling it, the weighted deci-
sion matrix was determined. Table 4 presents the weighted
normalized decision matrix.

After determining the weighted normalized decision
matrix, the worst alternative and the best alternative were
calculated. Table 5 shows the worst alternative and the best
alternative. Then, the distance from the target alternative
and the worst condition were calculated (Table 6). The dis-
tances indicate the priority of the dimensions, the proxim-
ity to the positive alternative (D+) and avoid the negative
alternatives (D-). Finally, according to the importance of
wastes, the ranking of animal species was carried out. Ta-
ble 7 shows the rank of each species. Canis lupus, Vulpes
vulpes, and Hyaena hyaena were ranked with the highest
scores of 2.260,1.958, and 1.948, respectively, and the most
effects will be on these species.

5. Discussion

This study was aimed to evaluate the wild mammals
status affected by human wastes in villages in the east of
Lorestan. In this study, the wastes of 42 villages from the
Oshtorankooh protected area of Lorestan province were
investigated. The study revealed that wastes were signifi-
cantly correlated with the rural population (P = 0.01). In
addition, the occupation status (P=0.02), economic status
(P=0.07), number of children (P=0.04), and living status
(P=0.02) were also significantly correlated with the waste
generation rate in the present study. This finding is similar
to the finding of previous studies conducted in China (9),
Romania (10), the northwest of Iran (11), Egypt (13) and the
European Union (15), indicating that the above-mentioned
indexes were likely to be significantly associated with the
waste generation rate of villages.

The present study revealed that plastic and rubber (C2)
were identified as the most negative effects of waste on an-
imals (W = 0.195), and that wood and paper (C3) were also
were detected as the least negative effects of waste on ani-
mals (W = 0.091). Previous studies support these findings
as they document that plastic and rubber have the worst
effect on the environment (14), and wood and paper make
the least changes in animal habitats (12). Another study
found that the presence of plastic and paper in the animal
habitat was correlated with chemical pollutants such as or-
ganic pollutants and heavy metals in animal habitats re-
sources (16). A study in Iran showed that animal species
have eaten plastics that are stuck in the throat of the ani-
mal or cause infection, disease, and death (11).

To the best of our knowledge, there was no research as-
sessing the status of animal species, especially based on hu-
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Table 2. The Percentage of Solid Waste Components in Three Target Village Groups

Area C1 (] a Ca C5 ce Cc7
G1 56.2 143 93 7.2 6.2 1.4 4.1
G2 613 12.1 11.6 5.8 4.2 25 6.8
G3 53.7 10.4 12.9 6.4 4.5 3.2 6.5
Total 57 12 1.2 6.4 4.9 23 5.8
200 B waste Generation Rates
O pensity
600
500 7
()
Ex:p 400 7
g
<
300 7
200 7
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o I
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Figure 3. The average waste generation rate and density in three target village groups
Table 3. Final Weights of the Indices to Rank
Criteria a 2 a Ca C5 Cce C7
Weight 0.142 0.195 0.091 0.163 0.172 0.094 0.141
Table 4. The Weighted Decision Matrix
Species a C2 a Ca (5] (€3 C7
S1 0.038 0.075 0.029 0.070 0.062 0.029 0.050
S2 0.017 0.091 0.019 0.054 0.064 0.031 0.041
S3 0.080 0.013 0.031 0.021 0.054 0.025 0.028
S4 0.007 0.064 0.037 0.063 0.053 0.041 0.042
S5 0.028 0.058 0.020 0.051 0.065 0.028 0.053
S6 0.062 0.030 0.028 0.045 0.041 0.033 0.056
S7 0.057 0.082 0.043 0.055 0.059 0.025 0.029
S8 0.049 0.052 0.024 0.038 0.048 0.033 0.059
S9 0.038 0.075 0.029 0.070 0.062 0.029 0.050
Table 5. Determination of the Worst Alternative (A-) and the Best Alternative (A+)
Criteria C1 C2 a Ca G5 ce 7
A+ 0.080 0.091 0.043 0.070 0.065 0.041 0.059
A- 0.007 0.013 0.019 0.021 0.041 0.025 0.028

man wastes, but the results of some studies (11-15) showed
that rural wastes had negative effects on animal and their

Jundishapur | Health Sci. 2020; 12(2):e102390.

habitats. For explaining this part, it could be inferred that
the assessment of the wild mammals status affected by hu-
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Table 6. Determination of the Distance from the Target Alternative and the Worst
Condition

Species D+ D-

S1 0.049 0.091
S2 0.072 0.089
S3 0.099 0.075
S4 0.080 0.0736
S5 0.069 0.068
S6 0.070 0.070
S7 0.044 0.097
S8 0.063 0.068
S9 0.049 0.081

Table 7. Rank of the Species

Species Score Rank
S1 Vulpes vulpes 1.958 2
S2 Felis silvestris 1323 4
S3 Ovis orientalis 0.836 9
S4 Capra aegagrus 0.975 8
S5 Hystirix indica 1.051 7
S6 Panthera pardus 1.065 6
S7 Canis lupus 2.260 1
S8 Ursus arctos 1158 5
S9 Hyaena hyaena 1.948 3

man wastes is an introduction to reduce the negative ef-
fects of waste on the animal in the future; According to this
perspective, the results of this study are comparable with
the results of studies in the field of waste impact assess-
ment on the environment. The results obtained regard-
ing this hypothesis showed that species with the highest
geographical distribution in the region are most affected
by human wastes. The compassion of the species in terms
of all the waste components showed that the mean scores
were higher in the more species distribution than in other
species. Therefore, the effects of human wastes on higher
dispersed species were found to be more intense.

5.1. Conclusion

According to the finding, the rural waste generation
rate was high in studied villages. Plastic and rubber have
the worst negative effects on animal and their habitats. The
animal species with the highest geographical distribution
in the region were the most affected by human wastes. Pre-
ventive strategies are needed to reduce the wastes effects
on animal and their habitats. The finding of this study can
provide the data required for the effectiveness of regional

plans to prevent and control the negative effects of human
wastes in studied villages, especially in the protected area.

Additionally, conservation strategies are needed to
change the unsuitable habitats, minimize the increasing
effects of human waste, and reduce the ecological impacts
imposed on the animal population. Further studies are rec-
ommended to evaluate the negative consequences of hu-
man waste on animal species and reduction of the human
waste generation rate. There was not enough information
about other species and assessing the chemical character-
istics of wastes in this study, so further studies are recom-
mended for other aspects in the region.

Acknowledgments

The authors would like to acknowledge and thank the
Lorestan Department of Environment for their invaluable
support provided throughout the current study.

Footnotes

Authors’ Contribution: = Masumeh Ahmadipari per-
formed the literature review, data collection, analyzed and
interpreted the data, and prepared the manuscript text.
Maryam Pazoki performed the literature review, prepared
the manuscript text and data collection. Morteza Ghobadi
helped in the literature review, manuscript edition and
manuscript preparation.

Conflict of Interests: The authors declare no conflict of
interest.

Funding/Support: No funding/support is declared.

References

1. Huertas PS, Leon EA, Tarabla HD. Zoonosis and veterinary waste dis-
posal in rural practice. Rev Argent Microbiol. 2019;51(3):251-4. doi:
10.1016/j.ram.2018.08.004. [PubMed: 30558853].

2. Pawlita-Posmyk M, Wzorek M. Assessing the possible use of se-
lected types of rural waste in biogas production. Intercathedra.
2018;36(3):283-9.

3. Makarenko N, Budak O. Waste management in Ukraine: Municipal
solid waste landfills and their impact on rural areas. Annals of Agrar-
ian Science. 2017;15(1):80-7. doi: 10.1016/j.aasci.2017.02.009.

4. LiX, Bai R, McKechnie ]. Waste from livestock and poultry breeding
and its potential assessment of biogas energy in rural China. Journal
of Cleaner Production. 2016;126:451-60.

5. Lopez-Rayo S, Laursen KH, Lekfeldt D, Delle Grazie F, Magid ]. Long-
term amendment of urban and animal wastes equivalent to more
than 100 years of application had minimal effect on plant uptake
of potentially toxic elements. Agriculture, Ecosystems & Environment.
2016;231:44-53. doi: 10.1016/j.agee.2016.06.019.

6. Mihai F, Ingrao C. Assessment of biowaste losses through un-
sound waste management practices in rural areas and the role of
home composting. Journal of Cleaner Production. 2018;172:1631-8. doi:
10.1016/j.jclepro.2016.10.163.

Jundishapur ] Health Sci. 2020; 12(2):102390.


http://dx.doi.org/10.1016/j.ram.2018.08.004
http://www.ncbi.nlm.nih.gov/pubmed/30558853
http://dx.doi.org/10.1016/j.aasci.2017.02.009
http://dx.doi.org/10.1016/j.agee.2016.06.019
http://dx.doi.org/10.1016/j.jclepro.2016.10.163

Ahmadipari M et al.

10.

1.

13.

14.

16.

17.

18.

. Bel G, Mur M. Intermunicipal cooperation, privatization and waste

management costs: evidence from rural municipalities. Waste
Manag. 2009;29(10):2772-8. doi:  10.1016/j.wasman.2009.06.002.
[PubMed: 19556117].

. Keske CM, Mills M, Godfrey T, Tanguay L, Dicker ]. Waste Manage-

ment in Remote Rural Communities across the Canadian North: Chal-
lenges and Opportunities. Detritus. 2018;2(1):63. doi: 10.31025/2611-
4135/2018.13641.

. Ye C, Qin P. Provision of Residential Solid Waste Management Ser-

vice in Rural China. China & World Economy. 2008;16(5):118-28. doi:
10.1111/j.1749-124X.2008.00133.X.

Apostol L, Mihai F. Rural waste management: challenges and issues in
Romania. Rural waste management: challenges and issues in Romania,
Present Environment and Sustainable Development. 2012;6(2):105-14.
Taghipour H, Amjad Z, Aslani H, Armanfar F, Dehghanzadeh R. Char-
acterizing and quantifying solid waste of rural communities. Jour-
nal of Material Cycles and Waste Management. 2015;18(4):790-7. doi:
10.1007/s10163-015-0365-Z.

. Wang F, Cheng Z, Reisner A, Liu Y. Compliance with household solid

waste management in rural villages in developing countries. Journal
of Cleaner Production. 2018;202:293-8. doi: 10.1016/j.jclepro.2018.08.135.
Anwar S, Elagroudy S, Abdel Razik M, Gaber A, Bong CPC, Ho WS. Opti-
mization of solid waste management in rural villages of developing
countries. Clean Technologies and Environmental Policy. 2018;20(3):489-
502. doi: 10.1007/s10098-018-1485-7.

Asgari AR, Ghorbanian T, Dadashzadeh D, Khalili F, Yari AR, Bagheri
A, et al. Solid Waste Characterization and Management Practices
in Rural Communities, Tehran and Alborz (Iran). The Journal
of Solid Waste Technology and Management. 2019;45(1):111-8. doi:
10.5276/]'swtm.2019.111.

. Przydatek G, Gancarczyk K. A Comparative Assessment of Municipal

Waste Accumulation in Selected Rural Communes. In: Wrobel M, Jew-
iarz M, Szlek A, editors. Renewable Energy Sources: Engineering, Technol-
ogy, Innovation. Springer Proceedings in Energy. Springer; 2020. p. 753-
62. doi: 10.1007/978-3-030-13888»2_73.

Kadam MS, Sarawade SS. Role of Management and Treatment of Vil-
lage Solid Waste in Rural Development. In: Pawar P, Ronge B, Balasub-
ramaniam R, Vibhute A, Apte S, editors. Techno-Societal 2018. Springer;
2020. p. 363-74. doi: 10.1007/978-3-030-16848-3_34.

Deus RM, Mele FD, Bezerra BS, Battistelle RAG. A municipal solid
waste indicator for environmental impact: Assessment and identi-
fication of best management practices. Journal of Cleaner Production.
2020;242:118433. doi: 10.1016/j.jclepro.2019.118433.

Hoveidi H, Pari MA, Hossein Vahidi MP, Koulaeian T. Industrial Waste
Management with Application of RIAM Environmental Assessment: A
Case Study on Toos Industrial State, Mashhad. Iranica Journal of Energy
& Environment. 2013. doi: 10.5829(idosi.ijee.2013.04.02.11.

Jundishapur | Health Sci. 2020; 12(2):e102390.

20.

21

22.

23.

24.

25.

26.

27.

28.

209.

30.

. Ghobadi M, Jafari HR. Environmental Impact Assessment of Petro-

chemical Industry using Fuzzy Rapid Impact Assessment Matrix.
Journal of Petroleum & Environmental Biotechnology. 2015;6(6). doi:
10.41722157-7463.1000247.

Havukainen ], Zhan M, Dong J, Liikanen M, Deviatkin |, Li X, et al. En-
vironmental impact assessment of municipal solid waste manage-
ment incorporating mechanical treatment of waste and incineration
in Hangzhou, China. Journal of Cleaner Production. 2017;141:453-61. doi:
10.1016(j.jclepro.2016.09.146.

Attallah MF, Metwally SS, Moussa SI, Soliman MA. Environmental
impact assessment of phosphate fertilizers and phosphogypsum
waste: Elemental and radiological effects. Microchemical Journal.
2019;146:789-97. doi: 10.1016j.microc.2019.02.001.

Ghobadi M, Ahmadipari M. Environmental Planning for Wind Power
Plant Site Selection using a Fuzzy PROMETHEE-Based Outranking
Method in Geographical Information System. Environmental Energy
and Economic Research. 2018;2(2):75-87.

Padash A. Modeling of Environmental Impact Assessment Based on
RIAM and TOPSIS for Desalination and Operating Units. Environmental

Energy and Economic Research. 2017;1(1):75-88.

Erdin C, Akbas HE. A Comparative Analysis of Fuzzy TOPSIS and Geo-
graphic Information Systems (GIS) for the Location Selection of Shop-
ping Malls: A Case Study from Turkey. Sustainability. 2019;11(14):3837.
doi: 10.3390/su11143837.

Govind Kharat M, Murthy S, Jaisingh Kamble S, Raut RD, Kam-
ble SS, Govind Kharat M. Fuzzy multi-criteria decision analysis
for environmentally conscious solid waste treatment and dis-
posal technology selection. Technology in Society. 2019;57:20-9. doi:
10.1016/j.techsoc.2018.12.005.

Awasthi A, Chauhan SS. A hybrid approach integrating Affin-
ity Diagram, AHP and fuzzy TOPSIS for sustainable city logistics
planning. Applied Mathematical Modelling. 2012;36(2):573-84. doi:
10.1016/j.apm.2011.07.033.

Kaya T, Kahraman C. Multicriteria decision making in energy plan-
ning using a modified fuzzy TOPSIS methodology. Expert Systems with
Applications. 2011;38(6):6577-85. doi: 10.1016/j.eswa.2010.11.081.

Jain V, Sangaiah AK, Sakhuja S, Thoduka N, Aggarwal R. Supplier se-
lection using fuzzy AHP and TOPSIS: a case study in the Indian auto-
motive industry. Neural Computing and Applications. 2016;29(7):555-
64.doi: 10.1007/500521-016-2533-2.

Nickandish A, Dashti S, Sabzghabaei G. Kharkheh National Park
and Protected Area Environmental Risks Assessment Using TOPSIS
Method. Journal of Spatial Analysis Environmental Hazarts. 2018;5(2):55-
72.doi:10.29252[jsaeh.5.2.55.

Department of Environment. Management plan of Lorestan protected
areas. Department of environment publications; 2019.


http://dx.doi.org/10.1016/j.wasman.2009.06.002
http://www.ncbi.nlm.nih.gov/pubmed/19556117
http://dx.doi.org/10.31025/2611-4135/2018.13641
http://dx.doi.org/10.31025/2611-4135/2018.13641
http://dx.doi.org/10.1111/j.1749-124X.2008.00133.x
http://dx.doi.org/10.1007/s10163-015-0365-z
http://dx.doi.org/10.1016/j.jclepro.2018.08.135
http://dx.doi.org/10.1007/s10098-018-1485-7
http://dx.doi.org/10.5276/jswtm.2019.111
http://dx.doi.org/10.1007/978-3-030-13888-2_73
http://dx.doi.org/10.1007/978-3-030-16848-3_34
http://dx.doi.org/10.1016/j.jclepro.2019.118433
http://dx.doi.org/10.5829/idosi.ijee.2013.04.02.11
http://dx.doi.org/10.4172/2157-7463.1000247
http://dx.doi.org/10.1016/j.jclepro.2016.09.146
http://dx.doi.org/10.1016/j.microc.2019.02.001
http://dx.doi.org/10.3390/su11143837
http://dx.doi.org/10.1016/j.techsoc.2018.12.005
http://dx.doi.org/10.1016/j.apm.2011.07.033
http://dx.doi.org/10.1016/j.eswa.2010.11.081
http://dx.doi.org/10.1007/s00521-016-2533-z
http://dx.doi.org/10.29252/jsaeh.5.2.55

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Case Study
	Figure 1

	3.2. Method
	3.2.1. The Process of Physical Analysis of Solid Waste
	3.2.2. The Process of Impacts Assessment 
	Table 1
	Figure 2



	4. Results
	Table 2
	Figure 3
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7

	5. Discussion
	5.1. Conclusion

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Funding/Support: 

	References

