
Zaraali and Serrar, J. Mater. Environ. Sci., 2020, 11(12), pp. 1953-1965 1953 
!

!

 

 
J. Mater. Environ. Sci., 2020, Volume 11, Issue 12, Page 1953-1965 

 
http://www.jmaterenvironsci.com!

 
Journal(of(Materials(and((
Environmental(Science(
ISSN(:(2028;2508(
CODEN(:(JMESCN(

 
Copyright(©(2020,(
University(of(Mohammed(Premier((((((
Oujda(Morocco(

 

Eco-friendly Management of Medical and Pharmaceutical Waste: the case of 
Mdiq-Fnideq Hospital (Northern Morocco) 

 
O. Zaraali, D. Serrar 

 

LBAP, Faculty of Science, University of Abdelmalek Essaâdi, Tetouan, Morocco 
 
 

 

 

 

 

 

 
 

 

 

1. Introduction 
 Environmental management is among the most pressing issues of our time. The irreversible 
nature of the environment is confirmed by the gradual decline of natural resources. Health facilities 
such as hospitals become today harmful waste producers. Since 1992 Morocco, ministerial directives 
were sent to public hospitals to resolve the situation of these wastes, however, the legal framework 
for medical and pharmaceutical waste has undergone major changes with the adoption of the 
following laws and regulations [1] - [2] - [3]. 

•! Law No.28-00 on waste management and disposal 
•! Decree No. 2-07-253 carrying MPW classification and determining the list of hazardous waste 
•! Decree No. 2-09-139 on the management of medical waste and pharmaceutical 
•! Law No. 17-04 relating drug code and pharmacy 
•! Law No. 11-03 on the production and development of the environment 
•! Law No. 12-03 relating to environmental impact studies 

However, the MPW management protocols are not respected or even transgressed [4] - [5]. These 
hospital wastes are among the most hazardous waste to health and the environment. They are 
classified at the higher level of risk into four categories depending on the classification of Moroccan 
Decree No. 2-09139 [1] - [3] - [6]: 

Abstract 
The management of harmful medical and pharmaceutical wastes were assessed in the 
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promoting sorting at the source of its waste. The infectious waste will be separated, in 
special waste containers according to colour codes (Law 28-00), from waste considered as 
household waste. Thus, reducing treatment costs of harmful waste and increasing the 
quantity of recycled medical materials. Based on sorting at the source, Medical and 
Pharmaceutical Wastes (MPW) was implemented between 2013 and 2014 following four 
phases: mobilisation, observation, analysis, and synthesis, with interruption of the two last 
phases in 2015. The evaluation of MPW management protocols results during 2015 
showed a significant increase (Tukey HSD test with P <0.05), while the difference ratio 
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-! Category 1: includes waste with a high risk of infection or containing viable microorganisms or 
toxins that could cause disease to man or other living organisms. It includes as well human 
anatomical organs and tissues or unidentifiable animal (e.g. amputation organs), while spiky or 
sharp material intended for desertion, whether or not was in contact with a biological product. 
In addition to all blood products and by-products used in incompletely therapeutic use, 
damaged or expired. 

-! Category 2: Drugs, chemicals and biological unused, damaged or expired, and cytostatic and 
cytotoxic waste. 

-! Category 3: Human or animal anatomical organs and tissues easily identifiable by a non-
specialist. 

-! Category 4: waste similar to domestic waste. 
As a result, health facilities do not have shredders and sterilizers must subcontract their waste 
(category 1 and 2) treatment to specialised company, while those facilities with shredders & 
sterilizers must externalise part of their toxic waste (placenta, blood products, body parts, and 
cytostatic) for special treatment [1]. 

Wearing a close look at studied health institution, by monitoring of waste management process from 
sorting at the source to the treatment by autoclaving and disposal to landfill, and by analysing the 
situation of the PHC M'diq-Fnideq (questionnaire grid observation and interviews), it was found 
that: 

•! Although the process and the steps of MPW management are in place, the first step; which is 
the sorting; is not done properly, due to lack of information, staff training, monitoring, and 
control assessment process. 

•! The health facility is a producer of other non-harmful waste, which can be recycled and 
useful for people and for the environment [7]. 

Based on these findings, we advance the following hypothesis: A reliable and durable sorting in time 
will reduce MPW cost and quantity produced annually in hospital? 

In this work, the management of harmful medical and pharmaceutical wastes were assessed in the 
provincial hospital of the city of Mdiq-Fnideq (Northern Morocco) based on an experiment 
conducted between 2013 and 2017 [8]. 

2. Materials and Methods 
2.1 Place of study 

This work was carried out in the provincial hospital (PHC) of the city of  M'diq-Fnideq 
(Northern Morocco). Since its creation, the hospital offers diversified medical benefits, with a 
bed capacity of 40 beds up to 67 beds. 

2.2 Initial situation: 
The waste management monitoring protocol has been completed from the separation at source, 
treatment by autoclaving, until disposal to landfill. The following observations have been 
perceived: 

"! The MPW management protocol is implemented but the sorting is not done properly. 
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"! The hospital is producer of other waste, not harmful, which can be recycled and used 
elsewhere. 

2.3 Collection of data: 

2.3.1 Quantitative Component: 

-! A questionnaire (11 questions) was distributed to all persons exposed to hazardous medical 
waste and risk to be injured or infected. Of 128 personnel surveyed, 97 responded to the 
questions, and 31 refused to answer. 

-! Direct observation: staff behaviour [9] - [10] in the daily management of infectious waste in 
their service. 

2.3.2 Qualitative component: 

-! The consultation and analysis of archive documents related to the management of MPW 
provide clear overview about the amount of  MPW generated by the hospital, the cost of 
treatment, CPS, investigation reports or supervision, monitoring documents, financial reports 
[10]. 

-! Semi-structured interviews addressed to managers and PAA Chief on institutional waste policy, 
human resources, financial resources available, and the restraint and obligations related to 
waste management. 

 

2.4 Definition of the study variables  

•! The dependent variable is the medical and pharmaceutical solid waste management system, 
which corresponds to a set of interacted elements (components). These components are 
organized to achieve a safe and effective management of MPW [5] - [10] - [11]. 

•! The independent variables are represented by the resources, processes, and results [5] - [10] - 
[11]. 

2.5 Data analysis: 

•! Quantitative data were processed and analysed using Excel 2008 version 2010 (Results of the 
questionnaire, observation, and monthly and annual generation of waste) 

•! Statistical analysis were done (for the generation of medical and pharmaceutical waste 
management and waste recovery) by: 

•! Test-one way ANOVA (Analysis of variance). 
•! Post-Hoc test of Tukey HSD with P <0, 05 (difference Report). 
•! Correlation Analysis 
•! Regression analysis 

•! The qualitative data (interviews) were analysed based on content point of view. 
 

3. Results and Discussion 
3.1 Results of the questionnaire: 

Despite the knowledge of infectious and biological risks, knowledge of waste categories and colour 
codes (Figure 1): 
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•! The sorting practice at source is inadequate 
•! A vacuum in the legislative references and / or regulation is remarkable [12] - [13] 
•! The lack of training materials: guides and posters [14] - [15] 
•! Awareness by the administration is poor 
•! And the inexistence of a person responsible for the management of pharmaceutical 

medical waste. 

 
Figure. 1: Different aspect of personnel knowledge’s 

3.2 Results of observation 

•! Professional practices of sorting and packaging: 
-! 60% of health care staff do not practice and do not respect the sorting rules. 
-! 56% of them do not sort the MPW in suitable containers, despite the availability of materials 

(bags and containers specific for each waste). 
•! Wearing protective equipment by staff 
-! 90% nursing staff wear gloves (as protection) when performing each intervention, particularly 

when blood in involved. Meanwhile, not all staffs transporting and collecting MPW carry 
means of protection. 

•! Professional practice of storage, collection, and transportation 
-! The collection and transportation are provided a housekeeper and two professionals from 

ATHISA; a company responsible for transporting and processing MPW every Thursday at 13h. 
-! The hospital does not have a proper storage room meeting the national standards for MPW 

storage; they remain in each service (room care and sanitation) as until evacuation once a week. 
•! Availability of equipment for collecting and transporting waste 
-! A metal trolley with wheel is used internally to collect and transport MPW produced by the 

various services belonging to the hospital. However, wearing protection tools by the agent 
responsible for the waste treatment company is not fulfilled. 

•! Availability of equipment for the evacuation of MPW outside hospital 
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-! A vehicle belonging to the company responsible for MPW processing provides the evacuation 
of the MPW. 

•! Availability of documents between the hospital and the company responsible for MPW 
processing  

-! The quantity delivered is not weighed at the hospital (weighed at the company), thus, there is a 
lack of traceability between the two parties (certificate or voucher). 
 

3.3 Results of the interview: 

•! The institutional policy for MPW Management 
According to the interview with the director and the head of administrative affairs, we noticed a 
willingness to improve their MPW management policy. 
We noted that the provincial hospital of the city of Mdiq-Fnideq (hospital Mohammed VI) won the 
first price in the quality contest edition 2011 (category of less than 120 beds).The DMP management 
system was among the points to be improved by signing up in the 2013 edition of quality competition 
(lack of documentation, lack of commission, and resistance to change attitudes and behaviours were a 
challenge for the hospital) [7] - [8]. 

•! The organization of the MPW management system in hospital 
The MPW management system in Mohammed VI hospital ( PHC Mdiq) was organized as part of 
the contract signed in 2012, and was reorganized as part of a call No. 09/2013 for externalisation 
and treatment of waste [16]-[ 17]-[18]. This call framework is for a period of three years (2013-
2015). The objective is 'the collection, transport, and treatment of medical and pharmaceutical 
waste of various services of the hospital subject of this study. 

•! Constraints linked to MPW management in CHP  Mdiq 
Interviews with the director, the heads of nursing centres and administrative officer confirms that the 
medical and pharmaceutical waste management system is facing a number of constraints [16] - [17]. 
The main ones include the non-involvement and the immoral behaviour of most head nurses and staff 
of the various departments of the hospital [14], the lack of training and lack of traceability and 
monitoring and supervision tools. 

3.4 MPW  Management  Protocol  (medical and pharmaceuticals waste) 

Following the findings revealed by the survey, observation, and interviews conducted, the 
implementation of an operational plan resolving of the identified problems will improve the 
performance of the MPW management in the hospital Mohammed VI. Thus, the idea to take action 
and implement sorting protocol at source [18] that will: 

•! Ensure the safety of staff 
•! Respect public health and the environment [5] 
•! Ensure that each waste follows an appropriate way 
•! Control costs [19] 

In order to reduce processing costs and increase the amount of recycled materials to be reused [20], 
infectious waste will be separated from waste similar to household waste [21] - [22]. 
This protocol management of MPW (sorting) was introduced in 2013 and 2014 with these 4 phases: 
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•! mobilization phase is a preparatory phase 
•! observation phase which is an implementation phase 
•! Analysis Phase: is a monitoring and evaluation phase 
•! Control phase. 

 
And the year 2015, with interruption of two phases (phase of analysis and synthesis phase) (Figure 2) 
The medical waste management protocol is based on legislation, and good organization, throughout 
the waste channel (from the point of production to final disposal) (Figure 3). 

 
Figure. 2:  Management Protocol (sorting) of MPW 

!

Figure. 3: Schematic of overall MPW management including regulatory conditions that apply (Derraji, 2011) 

The evolution of the production of MPW during this period, 2013-2015 shows an increase (Table 1). 
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Statistical analysis was done to show that there is a significant difference between the years since 2012 
to 2015 (Figure 4). 

 

Table. 1: Evolution of the production of MPW by month and year (2013-2015) 

 Quantity 
MPW2013 (kg) 

Quantity MPW in 
2014 (Kg) 

Quantity MPW in 
2015 (Kg) 

January 209 186 189.5 

February 182.5 187.5 162 

March 158.7 143.6 181.5 

April 132.5 168.1 207 

May 178.5 102.9 292.5 

June 131 141 229.5 

July 160.5 170 318 

August 187.5 147.5 324 

September 152.5 171 323 

October 176.5 227 341 

November 150 184.5 292.5 

December 181.5 197 393 

Total 2000.7 2026.1 3253.5 

 

 

Figure. 4: MPW change between sampling years 
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The Analysis of variance (one-way ANOVA) shows that there is a significant difference (<0001 *) 
(Table 2). The evaluation of the production of DMP in 2015 shows significant increase proven by the 
multiple comparison test of tukey (Tukey HSD test with P <0.05), and the difference ratio, which 
showed that 2015 (A) is much more significant compared to other years 2014 (<0001 *) 2013 (<0001 
*), and 2012 (0.0003 *). (B) (Table 3). 
 

Table. 2: ANOVA test!

Source 
Degrees of 

freedom 
Sum of 
square 

Mean Square F Report Prob. > F 

Year 3 88951.46 29650.5 12.6619 <.0001 * 

residues 44 103,035.45 2341.7   

total corrected 47 191,986.90    

!

Table. 3: Test with Tukey HSD P <0.05 

 Level Average letters  

2015 A 271.12500 A 

2012 B 182.54250 B 

2014 B 168.84167 B 

2013 B 166.72500 B 

 

The cost-consequence analysis shows that the respect of sorting protocol has a positive impact on the 
MPW management, while nonfulfillment of the protocol cause an increase in the amount of waste in 
2015 (combination of recyclable waste similar to household waste with non-recyclable infectious 
waste) (Table 4). 

Table. 4: Report differences 

Year (i) Year (j) Level Difference 
standard 

Error of the 
difference 

lower 
control limit 

upper 
control limit P-value 

2015 2013 104.4000 19.75565 51.6523 157.1477 <.0001 * 

2014 102.2833 19.75565 49.5356 155.0310 <.0001 * 

2012 88.5825 19.75565 35.8348 141.3302 0.0003 * 

2012 2013 15.8175 19.75565 -36.9302 68.5652 0.8537 

2014 13.7008 19.75565 -39.0469 66.4485 0.8990 

2014 2013 2.1167 19.75565 -50.6310 54.8644 0.9996 
!
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Therefore, a tremendous work with various departments of the hospital was carried out, based on the 
mapping of MPW waste (e.g. waste type, production sources) [16] - [17].The work look at the 
possibilities of selling the recycled MPW materials such as bottles of glass [23] - [24]. This action 
required behaviour management, personal motivation and involvement of decision makers [25]. In 
Addition, it should have no negative effects on the provision of healthcare or slow down everyday 
tasks [25] - [26] - [27]. The aim is to provide a healthy ambiance, reduction and sorting of waste at 
source, and recovering and recycling of some residual materials [20] - [28] - [29]. 

To this end, an agreement between the hospital Mohammed VI Mdiq Tetuan and Faculty of Science 
of Abdelmalek Essaâdi University was signed. This partnership concerns the reuse and recovery of 
glass bottles produced as waste by the hospital. The Faculty laboratories received a steady delivery 
over the years 2015, 2016, and 2017. The first delivery was on 2015 to celebrate the World Earth 
Day or World Environment Day. 

We have noticed an increase in bottles valued over the years 2015.2016 and 2017 (Figure 5),!
depending on their type (Figure 6). 

!

Figure . 5: Quantity of recycled bottles 

!

Figure. 6: Types of glass bottles recycled and valued  
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An observation of the MPW management protocol over the years 2015, 2016, and 2017 showed a 
significant decrease during the year 2016 to 2017. It was marked by a major recycling glass bottles 
(the adoption of the recycling as a practice by employees of the CHP Mdiq-Fnideq) (Figure 7). 

 

!

Figure. 7: Quantity of MPW 

To demonstrate this impact, an analysis was done to identify the impact of recycling glass bottles on 
the management of medical and pharmaceuticals waste, and that by a correlation analysis and 
regression analysis. 

* Correlation analysis: 

Correlation analysis between the amount of the recovered bottles and quantity of waste for the 2016-
2017 year. This analysis shows highly significant negative correlation between the waste and the 
amount of bottles valued in the range of - 0.693 (P <0.01) which shows an increase in the valuation is 
for a decrease of pharmaceutical medical waste indirectly (Table 5). 

Table. 5: Correlation between the amount of the recovered bottles and the amount of MPW in 2016-2017 

 Quantity of recycled bottles 

Waste in Kg  -0,693 (P<0,01) 

 

* Regression analysis: 

The regression analysis between the amount of the bottles recovered and the quantity of waste shows 
that the decrease in the amount of waste is closely linked to the increase in the amount of the 
recovered bottles, with R² = 0.48, p <0.05 ( highly significant relationship between the amount of  
recycled bottles and the quantity of MPW) (Table 6) 

Table. 6: Analyse of regression 

Term Estimation standard t ratio Prob. > |t| 

2190,51

2001 2026,62

3253,5 3330
2809,6
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Error  

Constant 357,3327 23,07476 15,49 <,0001* 

quantity of recycled bottles   -0,96934 0,251875  -3,85 0,0014* 

!

The management and recycling of waste (glass bottles) had a positive impact over time on MPW 
management at the hospital, well noticed on the ground, and statistically proven (Figure 8).  

 
Figure. 8: Regression Analysis 

Conclusion 

This sorting of MPW adopted since 2013 has enabled the hospital to develop an internal strategy for 
sustainable development (2014 to 2017) by reducing the quantities of some waste dumped in landfills 
or processed in the processing units. A reliable sorting and sustainable over time, contributed to the 
prevention, protection of the internal and external environment of the HPC Mdiq-Fnideq. In addition, 
it contribute to the reduction treatment-cost and the annual amount of produced MPW. 
In this study, we showed that the hospital Mohammed VI has contributed to the prevention and 
protection of its internal and external environment, by increasing the quantity of recycled waste and 
reducing the quantity of harmful MPW externalised for proper treatment. Thus, becomes a model of 
"rational and sustainable management." 
 
Disclosure statement: Conflict of Interest: The authors declare that there are no conflicts of interest. 
Compliance with Ethical Standards: This article does not contain any studies involving human or 
animal subjects. 

References 



Zaraali and Serrar, J. Mater. Environ. Sci., 2020, 11(12), pp. 1953-1965 1964 
!

!

1.! T. Ajzoul, Déchets médicaux et pharmaceutiques au Maroc: Gestion, Traitement, Cadre Juridique 
(2011) 163-195 

2.! Z. Yong, X. Gang, W. Guanxing, Z. Tao, J. Dawei. Medical waste management in China : a case 
study of Nanjing. US. Nat. Libr. Med. 29(4) (2009) 1376-82  
http://doi: 10.1016/j.wasman.2008.10.023. 

3.! F. Lefebvre, "Loi relative à la gestion des déchets et à leur élimination" Newsletter Maroc 
21(CMS) (2007). 

4.! A. Dhaim, A. Mahjoub, A. El klifi, A. Zahraoui, R. Ijoub, and R. Ben Gueddour  "The hospital 
accreditation program in Morocco after 5 years of launch [Le programme d'Accréditation 
hospitalière au Maroc après ans de lancement ]. Inter. J. of Innov Appl. Stud. 14(3) (2016)801-806 

5.! J. Bouzid, A. Chahlaoui, S. Jaouhar, A. Bouhlal and K. Ouarrak. "Quantification de la production 
de déchets médicaux solides de l'hôpital Mohamed V de Meknès (Maroc). Inter. J. Innov Appl. 
Stud.18(1) (2016) 215-227 

6.! S. Derraji,. ‘’Lecture et explication du Décret 2-09-139 Relatif à la Gestion des Déchets Médicaux 
et Pharmaceutiques. ‘’(2011) 1-35 

7.!  Y. W. Cheng, F. C. Sung, Y.Yang , Y. H.Lo, Y. T Chung, and K. C. Li,. Medical waste 
production at hospitals and associated factors. Waste Management, 29(1)(2008) 440–444. 
http://doi.org/10.1016/j.wasman.2008.01.014 

8.! Y. Azzouzi, M. EL Bakkali, A. Khadmaoui, A. Thami Ahami, and S. Hamama «management et 
ingénierie», établissant l’état de connaissance des dangers causés par les déchets DASRI: Cas de 
l’hôpital Régional Cherif Idrissi dans la Région du Gharb Maroc, Inter J. Innov. Appl. Stud. 7(2) 
(2014) 557-570 

9.! M. Raoui. Importance quantitative des DASRI au niveau de l’hôpital régional à la ville de 
Tétouan, Maroc, J. An. Sci. Sant. 18(2) (2018) 58-67 

10.!M. Ahlaqqach, J. Benhra, S. Mouatassim "Optimisation des tournées de collecte et de desserte des 
déchets médicaux transitant par un entrepôt commun." J. Logist. Managem. 25(1) (2017) 25-33 
https://doi.org/10.1080/12507970.2017.1310601 

11.!E. Asuquo, N. Fobil, G. Gulis. "Solid medical waste management in Africa. Afric. J. Envir. Sci. 
Tech. 9(3) (2015) 244-254 

12.!MS .Hossain, A. Santhanam, NA. Nik Norulaini, AK. Omar. Clinical Solid Waste Management 
Practices and its impact on human health and environment. J. Waste Manag. 31(4) (2011)754–66. 

13.!MI. Adnane, K. Belkacem , E. Abdelkarim, B. Mohamed, Medical Waste Management: A case 
study of the Souss-Massa-Drâa Region, Morocco. J. Environ. Prot. 4(9) (2013) 914-919 
http://dx.doi.org/10.4236/jep.2013.49105.  

14.!MD. Asadullah , GK. Karthik , BA. Dharmappa .study on knowledge, attitude and practices 
regarding biomedical waste management among nursing staff in private hospitals in Udupi City, 
Karnataka, India. Int J Geol Earth Environ Sci. 3(1) (2013) 118–123. 

15.! A. El anssari, C. Yassine, H. Samir, M. Aouane, N. Aouajr "Study on Medical and Pharmaceutical 
Wastes Management Process in El Idrissi Hospital–Kenitra". Europ. J. Sci. Res. 152 (2) (2019) 
136-143  

16.!M. Ndiaye, L. El Metghari, M. Soumah and M. Sow (2012). "Gestion des déchets biomédicaux au 
sein de cinq structures hospitalières de Dakar, Sénégal". Bullet. Soc. Path Exot 105(4) 296-304. 

17.! GID. Gestion Intégrée de Dépenses. Ministère de Finance, Royaume du Maroc (2013-2017) 
18.! O. Awodele, A. Abiodun Adewoye , A. Cyril Opara. Assessment of medical waste management in 

seven hospitals in Lagos, Nigeria.  BMC. Publ. Health. (2016) 16-269 
https://doi.org/10.1186/s12889-016-2916-1 



Zaraali and Serrar, J. Mater. Environ. Sci., 2020, 11(12), pp. 1953-1965 1965 
!

!

19.! I. Hajek .Waste treatment and environmental health : science as a factor of local acceptability? 
The household waste incinerator in Fos-sur-Mer., Rev. Dévelop. Surab. Territ 4(2) (2013) 1-17 

20.! J. Ghalloudi, G. Zahour, M.Talbi "Evaluation de la premiere experience de gestion deleguée des 
dechets ménagers à Casablanca, Maroc. " European Scientific Journal 11(2) (2015) 237-263 

21.! OMS. Préparation des plans nationaux de gestion des déchets de soins médicaux en Afrique 
subsaharienne: manuel d'aide à la décision. (2005) 7-81 

22.! OMS "Préparation des Plans Nationaux de Gestion des Déchets de soins médicaux en Afrique 
Subsaharienne. Manuel d’aide à la décision". Secrétariat de la Convention de Bâle, Série de la 
convention de Bâle. (2010) 34-56 

23.! F. Fortin  "Un évènement majeur pour la bonne gestion des matières résiduelles ''.Vect. Envir; 
Montréal . 48(3) (2015) 62-63.  

24.! A. De Pádua Bosi. A organização capitalista do trabalho "informal": o caso dos catadores de 
recicláveis. Rev. Bras. Ci. Soc. 23 (67) (2008) 1803-9053 

25.! F.Tellier, A. Bougaud . Pour une gestion des déchets à l'hôpital . RBM-News 18(1) (1996) 48-50 
26.! J. Babei, G. Paché. Prévention des risques en logistique de retour : le cas des déchets médicaux 

hospitaliers au Cameroun. J. Gest. Eco. Santé. 3(3)(2020)190-211 
27.! A. Essahale.Quantitative and qualitative study of the medical and pharmaceutical waste 

management system in the province of El Hajeb in Morocco. Rev. Franc. Inter. Infir 6(3) (2020) 
100-205 https://doi.org/10.1016/j.refiri.2020.100205 

28.! A. Manyani, N.Ghalem, O.Ennibi, A. Soulaymani. Management of medical and pharmaceutical 
waste produced at private and public dental offices in the provinces of Rabat and Kenitra, 
Morocco. Rev. Toxic. Analy. Clini. 32(2) (2020) 111-119    
https://doi.org/10.1016/j.toxac.2019.12.003 

29.! A. Niang, S. Bourdin, A. Torre. Circular economy, what development challenges for the 
territories ? Rev. Dévelop. Durab. Territ .11(2) (2020) 1-16 
 

 
 
 
(2020) ;  http://www.jmaterenvironsci.com 

 

 

 

 

 


