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Abstract
Background: Awareness, knowledge, and attitude towards waste management, environmental factors 
of waste disposal sites and citizens’ as well as waste generators’ behaviors should be considered for 
implementing a waste segregation plan at the source.
Methods: The statistical population of this cross-sectional study includes 150 000 households living in 
Kerman. The sample size is calculated as 444 individuals using a stratified sampling method considering 
a 15% withdrawal probability. The correlation between Kerman citizens’ demographic data (age, 
gender, mean income, and household head’s educational level) and behavioral patterns (knowledge and 
awareness, attitude and behavior) regarding waste management and environmental factors of waste 
disposal sites was evaluated using SPSS software. 
Results: Examining the variables indicates that attitude, environmental factors, behavior, awareness, 
and knowledge have the highest mean and standard deviation, respectively. The highest mean score 
of awareness and knowledge was observed among individuals who earned 40 million IRR and higher 
income (2.55 ± 0.24) and those who had a PhD degree (2.63 ± 0.27). The results show that one unit 
increase in the score of awareness and knowledge, attitude and environmental factors could increase 
the mean behavior score.
Conclusion: Teaching the households waste-related environmental issues and how to properly separate 
recyclable waste as well as providing correct information regarding the current (COVID-19 period) and 
future plans and policies of the waste management organization, and developing suitable motivational 
mechanisms could improve the performance level of a society.
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Introduction
Due to the increased waste generation, land scarcity for 
landfilling in urban areas, and concerns for ecological 
and environmental damage by hazardous waste, urban 
waste management is of particular importance (1-3). 
Municipal solid waste management is a fundamental bio-
environmental issue in human societies in all developed 
and developing countries. Urbanization growth in Iran 
and increased welfare level and, consequently, more goods 
consumption and services have increased waste generation 
(4). Due to the increased municipal waste generation, 
greater attention should be paid to its management, in 

such a way that estimates have indicated waste generation 
will increase in Iran in the coming years (5). 

Every Iranian citizen generates an average of 700-
1000 g of waste per day, 70%, 29%, and 1% of which are 
food waste, recyclable dry waste, and hazardous waste, 
respectively (5,6). In other words, with 81 million people, 
Iran is the 18th most populous country in the world, which 
produces annually over 18 million tons of municipal solid 
waste (7).

Solid waste management, especially waste separation 
at the source in large cities is a key prerequisite for 
safe handling and disposal of wastes in the COVID-19 
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outbreak, which is influenced by various factors. 
Individuals’ knowledge and attitude, incentives, and 
situational factors such as the existence of a place for waste 
storage are among the factors influencing waste recycling 
and segregation at the source (8-10). These factors could 
increase citizen participation in segregation plans. In 
developed countries, high public participation is reported 
to be among the reasons for their success (11). Not only 
focusing on public perceptions is necessary for increasing 
public participation, but also a proper waste management 
system is required for the successful implementation of 
programs. Thus, appropriate equipment and facilities, 
expert human resources, and proper policies should 
be used. The main challenges observed in the field of 
waste management are mostly of infrastructural type 
in developing countries, i.e., these countries could not 
provide equipment, human resources, and collection 
methods. The best programs and policies will not be 
efficient when there are no infrastructure facilities. 
Studies have implemented various programs to improve 
waste segregation, but these programs have failed due to 
the lack of a clear policy. The organization or program 
policies should be derived from problems and attempt to 
solve them (12). Unlike other waste management sectors, 
developing waste segregation plans at the source does 
not significantly depend on technology and economic 
problems. Increasing public participation is the only way 
to achieve this goal (13). 

Participation could be defined as the role of citizens 
in the political and socioeconomic life of the country 
to achieve comprehensive goals. In other words, 
participation refers to the centralized actions taken by 
citizens to coordinate with the management system 
(14). Research on the people’s knowledge, attitudes, 
and practices (KAP) regarding solid waste management 
programs is one of the best tools for evaluating public 
attitude and involvement toward waste management 
issues (15). Daryabeigi Zand et al have investigated the 
KAP of residents in Tehran City towards municipal solid 
waste management (MSWM) after the COVID-19 from 
August 2021 to March 2022 (7). According to the results, 
64.9% and 56.6% of residents had adequate knowledge 
and attitude regarding MSW management during the 
COVID-19 pandemic, while 33.1% performed moderate 
practice. Vaezi Heir and Daryabeigi Zand conducted 
a study in District 5 in Tehran Municipality and found 
that about a quarter of the people’s awareness of waste 
segregation methods at the source and waste reduction 
methods was at the moderate level and higher (16). 
Hajizadeh et al reported women’s awareness, attitude, 
and performance related to household waste recycling 
plans were favorable, moderate, and poor, respectively 
(8). Gravand et al investigated housewives’ awareness, 
attitude, and performance regarding waste recycling in 
Kouhdasht and reported that awareness of recycling was 

low among three-quarters of women and attitude was at a 
moderate level among more than half of them. Therefore, 
citizens, especially housewives, should be informed about 
different waste disposal methods, so that this issue should 
be placed on the agenda of the responsible organizations 
(17). Bahrami et al investigated “knowledge and 
performance of Rafsanjan residents towards municipal 
solid waste management” and reported that residents’ 
awareness of MSWM was low. Therefore, holding training 
courses, increasing general knowledge, and building 
culture in this field could improve awareness (18). 
Ebrahimi et al investigated Yazd residents’ awareness and 
performance regarding MSWM in 2008 and reported that 
the residents had moderate to good awareness of waste 
recycling such as paper and cardboard, glass, metals, and 
plastic. Reducing waste production and disposal methods 
were not favorable. The citizens’ awareness of diseases 
transmitted by waste and its effects was at a moderate to 
good level (19). Malakootian and Yaghmaean indicated 
the majority of people had sufficient information on 
municipal solid waste in Kerman (20). Social behaviors 
could be predicted by examining people’s views and 
awareness in the community, evaluating households’ 
opinions, and being aware of the current situation, and 
then, could be used for proper MSWM (19). 

The present research investigated the KAP of Kerman 
residents on segregation and recycling of household solid 
wastes during COVID-19 period.

Materials and Methods
Study area and sample collection
This study was conducted in Kerman (Figure 1). Kerman, 
with an area of nearly 240 km2, is a metropolis and the 
capital city of Kerman Province in the southeast of Iran. 
This city is located at 30° 28’ N and 57° 02’ E and is 1755 
m above sea level. Kerman comprises 4 urban areas based 
on the SIB system and includes about 780 000 people. 
The amount of waste produced in Kerman in 2019 was 
107 548 478 ton. Due to the COVID-19 outbreak in 2020, 
this value increased to 113 619 719 ton (21).

Determining sample size
The statistical population included 150 000 households 
living in Kerman. The sample size was calculated as Eq. (1):

n = 
 1  

2 
2

 2z

d

σ∝
−

 
 
  (1) 

where n is the statistical sample size, Z and α are 
considered 0.95 and 0.05, respectively, σ is the attitude 
deviation (this variable is set to 0.57 based on the study of 
Zare et al in 2018), and d is the accuracy (0.1) (22).

The sample size was calculated as 385 individuals. 
The final sample size was considered 444 individuals 
considering a 15% withdrawal probability (Table 1). The 
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stratified sampling method was used and the questionnaires 
were randomly completed by the household heads based 
on the residents’ data registered in the SIB system in 
Kerman.

Materials and Methods 
The data were collected using questionnaires, consisting of 
two parts: The first part included demographic data (age, 
gender, mean income, and household head’s educational 
level) and the second part contained questionnaires 
related to the individuals’ behavioral patterns in Kerman 
as follows:
1. Knowledge and awareness of waste
2. Attitude towards waste
3. Citizens’ waste behavior
4. Environmental factors of waste disposal site

The questionnaire used in the study by Kalantari et 
al was employed with modifications in some items, 
the validity of which was confirmed (23). The validity 
of awareness and knowledge, attitude, environmental 
factors, and waste management behavior was obtained 
as 0.72, 0.75, 0.70, and 0.74, respectively. Based on 
a preliminary study on 25 individuals, the internal 
reliability of waste behavioral pattern questionnaires in 
Kerman was calculated using Cronbach’s alpha (Table 2). 
As the Cronbach’s alpha was greater than 0.7, the internal 

reliability of all the questionnaires was confirmed. The 
statistics showed the questionnaires had high reliability. 
The questionnaires were completed by the households in 
Kerman using stratified sampling method.

The “knowledge and awareness” and “attitude” 
questionnaires consisted of 12 and 21 items, respectively. 
The number of items of other variables, which included 
12 items in total, was examined from several aspects. 
The items were rated based on a five-point Likert scale, 
ranging from completely agree to completely disagree. 
The minimum and maximum scores were 1 and 5, 
respectively. Hair scoring scale was used for better 
interpretation of the mean (24) (Table 3).

Data analysis
The data were analyzed using SPSS version 25.0. In 
the descriptive statistics section, mean and standard 
deviation were used to describe the quantitative variables, 
and number and percentage frequency were employed 
to describe the qualitative variables. In the inferential 
statistics section, Kruskal-Wallis, Mann-Whitney, 
ANOVA, and multivariate regression were used. The 
confidence level of 95% and significance level of 0.05 were 
considered.

Results 
Determination of Kerman citizens’ demographic data

Figure 1. The study area of Kerman residents on KAP of separation and recycling of household solid wastes

Table 1. The sample size based on the population of each district

District District population based 
on the SIB system Sample size

1 139.845 93

2 194.879 130

3 197.577 132

4 129.487 89

Total 661.788 444

Table 2. The reliability of the questionnaire dimensions

Variable Cronbach’s alpha Number of items in 
each dimension

Knowledge awareness 0.86 12

Attitude 0.90 21

Environmental factors 0.87 8

Behavior 0.79 4
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The results of the distribution of demographic variables of 
Kerman citizens in 2022 showed most of the respondents 
were male (75.5%) and aged 31-40 years (40.9%). They 
earned 40 million IRR or higher income (62.2%), lived in 
District 3 and had a bachelor’s degree (Table S1, for more 
information, see Supplementary file 1).

Distribution of studied variables
Table 4 presents the distribution of the investigated 
variables among Kerman citizens in 2022. The results of 
data analysis showed the mean and standard deviation 
of “awareness and knowledge”, “attitude”, “behavior” 
and “environmental factors” were “2.53 ± 0.28”, 
“3.77 ± 0.37”, “4.21 ± 1.01” and “3.48 ± 0.52”, respectively. 
The minimum, maximum, and median are presented in 
Table 4.

Evaluation of Kerman residents’ knowledge and 
awareness of waste with an emphasis on household waste 
management during COVID-19 period considering 
demographic variables
As presented in Table 5, there was a significant correlation 
between the mean score of knowledge and awareness and 
income categories and educational level (P < 0.05). The 
highest mean score of awareness and knowledge was 
observed among individuals who earned 40 million IRR 
and higher (2.55 ± 0.24) and those who had a PhD degree 
(2.63 ± 0.27).

Evaluation of Kerman residents’ attitude towards waste 
with an emphasis on household waste management 
during COVID-19 period considering demographic 
variables
As presented in Table 6, there was a statistically significant 
correlation between the mean score of attitude and 
district, income, educational level and gender (P < 0.05). 
The highest mean attitude was observed in District 2 
(3.84 ± 0.36) among those who earned 40 million IRR and 
higher (3.83 ± 0.38), those with a PhD degree (3.89 ± 0.38), 
and women (3.82 ± 0.34).

Evaluation of Kerman residents’ behaviors with an 
emphasis on household waste management during 
COVID-19 period considering demographic variables
As presented in Table 7, there was no significant 
correlation between behavior and other demographic 
variables (P > 0.05).

Evaluation of environmental factors influencing 
household waste management during COVID-19 period 
considering demographic variables
As presented in Table 8, there was no significant 
correlation between environmental factors (enough 
space to segregate waste at home, distance of segregated 
waste collection bases from people’s homes, presence of 
recyclable waste collection bins, etc) and demographic 
variables (P < 0.05).

Determination of the impact of awareness and knowledge, 
attitude and environmental factors on Kerman residents’ 
behaviors by controlling demographic variables with 
an emphasis on household waste management during 
COVID-19 period
The analysis results using multivariate regression 
(Table 9) showed a significant correlation between 
Kerman residents’ awareness and knowledge and 
behavior. One unit increase in awareness, attitude and 
environmental factors’ score increased the mean behavior 
score by 0.72, 0.32, and 0.21, respectively, by controlling 
demographic variables (Table 9) (for more information, 
see Table S2-S4 of Supplementary file 1). 

Discussion
Based on the mean obtained for each variable (Table 4) and 
the Hier scoring scale (Table 3), awareness, knowledge, 
attitude, and environmental factors were at a moderate 
level and behavior was at a high level. It seems holding 
regular and continuous educational workshops for all 
ages could increase general knowledge and improve 
public participation in the recycling program. Moreover, 
incentive programs should be provided in the field of 
recycling to improve urban waste management and public 
performance. This approach could be used to increase 
Kerman residents’ awareness and knowledge, attitude 
and behavior.

The comparison of the results of the present study with 
the results of other researchers showed some agreement 
and negative results. Several studies have indicated no 
significant correlation between gender, marital status 
and age (25), attitude, age, educational level and gender 
(26), age, gender, educational level, and waste segregation 
behavior (27).

Despite all the cons results, there are some studies, 
the results of which are consistent with the results of 
the present study. Specifically, the levels of awareness, 
attitude, and performance of women of Hassanabad city in 

Table 3. Hair scoring scale

Low Moderate High

1-2.33 2.34-3.67 3.68-5.00

Table 4. Descriptive statistics of the investigated variables among Kerman 
citizens in 2022

Variables Mean SD Minimum Maximum Median 

Awareness and 
knowledge 2.53 0.28 1.33 3.00 2.58

Attitude 3.77 0.37 2.67 4.86 3.76

Behavior 4.21 1.01 1.00 5.00 5.00

Environmental 
factors 3.48 0.52 1.75 4.88 3.50
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Table 6. The correlation between Kerman citizens’ attitude towards waste 
management and district, income, educational level, and gender

Variable Mean ± SD P value

District 

1 3.77 ± 0.43

 < 0.0001
2 3.84 ± 0.36

3 3.77 ± 0.34

4 3.66 ± 0.36

Age (y)

20-30 3.76 ± 0.34

0.15

31-40 3.78 ± 0.37

41-50 3.82 ± 0.839

51-60 3.77 ± 0.38

61 and older 3.65 ± 0.37

Income (IRR)

Less than 10 million 3.68 ± 0.50

0.002

10-20 million 3.65 ± 0.38

20-30 million 3.63 ± 0.26

30-40 million 3.72 ± 0.35

40 million and higher 3.83 ± 0.38

Educational level

High school, no degree 3.67 ± 0.34

 < 0.0001

Diploma 3.66 ± 0.40

Bachelor’s degree 3.82 ± 0.35

Master’s degree 3.85 ± 0.37

PhD and higher 3.89 ± 0.38

Gender 
Female 3.82 ± 0.34

0.04
Male 3.75 ± 0.38

Table 5. The correlation between Kerman citizens’ knowledge and 
awareness of household waste management income categories and 
educational level

Variable Mean ± SD P value

District 

1 0.20 ± 2.58

0.06
2 2.56 ± 0.25

3 2.51 ± 0.27

4 2.48 ± 0.28

Age (year old) 

20-30 2.52 ± 0.27

0.12

31-40 2.53 ± 0.26

41-50 2.58 ± 0.23

51-60 2.53 ± 0.23

61 and older 2.46 ± 0.29

Income (IRR)

Less than 10 million 2.37 ± 0.37

0.02

10-20 million 2.43 ± 0.27

20-30 million 2.49 ± 0.22

30-40 million 2.55 ± 0.28

40 million and higher 2.55 ± 0.24

Educational level

High school, no degree 2.49 ± 0.20

0.002

Diploma 2.49 ± 0.29

Bachelor’s degree 2.54 ± 0.23

Master’s degree 2.59 ± 0.28

PhD and higher 2.63 ± 0.27

Gender 
Female 2.57 ± 0.24

0.05
Male 2.52 ± 0.26

Table 7. The correlation between Kerman citizens’ behaviors toward waste 
management and demographic variables

Variable Mean ± SD P value

District 

1 4.22 ± 0.88

0.16
2 4.26 ± 0.92

3 4.07 ± 1.02

4 3.92 ± 1.1

Age (year old)

20-30 4.05 ± 1.02

0.75

31-40 4.1 ± 1.04

41-50 4.2 ± 0.91

51-60 4.2 ± 0.90

61 and older 3.9 ± 1.1

Income (IRR)

Less than 10 million 4.21 ± 1.1

0.19

10-20 million 4.4 ± 0.99

20-30 million 4.05 ± 1.06

30-40 million 4.15 ± 0.95

40 million and higher 4.1 ± 1.00

Educational level

High school, no degree 4.24 ± 1.01

0.57

Diploma 4.06 ± 1.05

Bachelor’s degree 4.08 ± 1.03

Master’s degree 4.22 ± 0.74

PhD and higher 4.38 ± 0.86

Gender 
Female 4.11 ± 0.95

0.51
Male 4.14 ± 1.01

Table 8. The correlation between environmental factors influencing waste 
management during COVID-19 period in 2022 and demographic variables

Variable Mean ± SD P value

District 

1 3.40 ± 0.53

0.05
2 3.49 ± 0.50

3 3.58 ± 0.51

4 3.42 ± 0.55

Age (year old)

20-30 3.41 ± 0.57

0.26

31-40 3.54 ± 0.53

41-50 3.44 ± 0.53

51-60 3.50 ± 0.47

61 and older 3.42 ± 0.451

Income (IRR)

Less than 10 million 3.39 ± 0.43

0.24

10-20 million 3.32 ± 0.56

20-30 million 3.55 ± 0.56

30-40 million 3.42 ± 0.55

40 million and higher 3.51 ± 0.51

Educational level

High school, no degree 3.32 ± 0.63

0.21

Diploma 3.49 ± 0.51

Bachelor’s degree 3.52 ± 0.53

Master’s degree 3.52 ± 0.45

PhD and higher 3.38 ± 0.45

Gender 
Female 3.45 ± 0.52

0.37
Male 3.49 ± 0.52
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Isfahan province showed a significant correlation between 
socio-demographic factors such as age, educational 
level and household size and individuals` awareness, 
attitude and performance (8), a significant correlation 
between residents’ knowledge and awareness and gender, 
educational level and occupation of Tabriz residents (28), 
between individuals’ awareness and age and educational 
level in Qom (26), between age and awareness of waste 
segregation and recycling in Iskandar, Malaysia, so that 
performance was better at older ages (29). 

Vicente and Reis examined factors influencing household 
participation in recycling in Northern European countries 
and investigated people’s participation and awareness 
of segregation at the source in waste management. The 
results showed that the people’s knowledge of waste 
management was unfavorable. People received training 
at a poor or very poor level. Moreover, income level, 
educational level, age, and getting information about 
waste segregation plans at the source had a significant 
effect on the people’s participation in waste collection 
(30). 

It seems the reasons for the failure and success of waste 
separation can be awareness, knowledge and educational 
level (26,27,31,32), teaching (31), identification of the 
importance of waste separation through public media 
(33), and economic aspect of recycling and proximity of 
recycling centers to the citizens (26), which has a direct 
and positive correlation between waste segregation 
education and knowledge and waste separation behavior 
(Table 9). In general, the results empirically confirmed 
the effect of education on citizens’ waste segregation 
behavior and highlighted the necessity of paying attention 
to other sociocultural factors. Education, especially at 
low levels, could complement the awareness process and 
inform citizens. Determining some spots as recycling 
stations in urban areas and installing recycling containers 
with suitable distances and desirable appearance could 
maximize public participation. 

Also, the lack of awareness and knowledge can be the 
most important barriers to citizens’ behaviors in waste 
management (33-35). 

No study has ever identified the environmental factors 
of waste disposal sites with an emphasis on household 
waste management during COVID-19 period considering 
demographic variables (Table 8). The results showed the 
citizens’ individual characteristics were effective in their 
participation in the waste management process. Education 

is among the important factors increasing the public 
awareness level. Environmental education is considered 
important for reducing waste generation as well as waste 
segregation and proper recycling. The most important 
reasons for citizen participation were the appropriate 
quality of recycled products as a result of source segregation, 
environmental protection, promoting health, and helping 
municipalities. The important reasons for the failure of 
this program from the citizens’ viewpoints were failure to 
implement or irregularly implementing the programs by 
the municipality, insufficient training of citizens, and poor 
cooperation of people due to sociocultural issues or lack 
of economic justification. A high percentage of citizens 
were familiar with the source urban waste segregation 
plan and its benefits, so that corrections by the municipal 
authorities could favorably increase citizen participation 
and cooperation in this plan (5).

Padilla and Trujillo conducted a study, entitled “waste 
disposal and household heterogeneity: identifying factors 
shaping attitudes towards source-separated recycling in 
Bogotá”, and showed the households’ attitude towards 
waste segregation was a vital component in waste 
management. Moreover, households with a higher 
socioeconomic level had a greater desire to separate solid 
waste. In households with a low socioeconomic level, the 
attitude towards waste segregation was influenced by the 
access to the Internet, the household head’s educational 
level, residential house ownership and membership in 
environmental protection organizations (36). 

No study has ever examined the effect of environmental 
factors on Kerman residents’ behaviors by controlling 
demographic variables with an emphasis on household 
waste management during COVID-19 period. The 
obtained results showed citizens had a critical role in the 
success of the urban waste management approach. In 
general, three factors, including individual characteristics, 
participation intention, and possibility of participation 
could contribute, and factors such as responsibility, 
training and citizens’ motivation, advertising, conditions 
and facilities, and laws and regulations could influence 
public participation. Economic incentives such as buying 
recycled materials or waiving waste fees for households 
that recycle regularly could play a significant role in 
motivating citizens to participate.

The obtained results highlighted the correlation between 
education, employment, gender, and age of respondents 
with KAP levels on MSWM (P < 0.05). The training was 
found to be an important tool to enhance residents’ 
awareness and attitude, but strict MSW legislation must 
also be implemented to restart appropriate separation, 
recycling, and composting programs during the pandemic 
(7).

Nowadays, most of the urban management experts 
believe centralized urban management has failed and is 
unsuccessful without citizen participation. Therefore, 

Table 9. Impact of awareness and knowledge, attitude, and environmental 
factors on Kerman residents’ behaviors with an emphasis on household 
waste management

Variable Regression 
coefficient

95% Confidence 
interval P value

Awareness and knowledge 0.72 0.37-1.07  < 0.0001

Attitude 0.32 0.07-0.56 0.01

Environmental factors 0.21 0.04-0.38 0.01
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attracting citizen participation is among the main concerns 
of modern urban management. Cost reduction, project 
sustainability, project design improvement, ensuring 
the success of programs, increasing project acceptability, 
obtaining necessary information on the spot, properly 
evaluating causes and needs, choosing suitable options 
considering people’s conditions and needs as well as 
increasing efficiency and productivity are among the 
other positive consequences of citizen participation (37). 
Evidence has shown people, as waste producers, play the 
main role in implementing waste segregation plans at the 
source, so that this procedure is not successful without 
their participation. Given that public participation in 
urban management is influenced by several factors 
including individual (age, gender, and marital status), 
contextual (education, place of birth, history of residence 
and ownership), and social (satisfaction, trust, awareness, 
attitude, environmental performance, etc).

Conclusion
It seems that there are no written laws for the optimal 
implementation of waste management programs at the 
source for Kerman residents during COVID-19 period. 
Other barriers include problems in the waste collection 
system, failure to inform and educate the citizens 
sufficiently, lack of an integrated urban management 
system, weakness in developing waste segregation 
policies at the source, low social participation of 
citizens, unbalanced resources, and weak private sector 
performance. Education and improving knowledge 
alone could not lead to waste segregation and should 
be investigated along with other factors affecting waste 
segregation behavior. 

Therefore, it is expected that our results could improve 
Kerman residents’ behavioral patterns with an emphasis 
on household waste management during COVID-19 
period in 2022. Planners should explain environmental 
issues of waste to households and how to correctly separate 
recyclable waste, provide correct information regarding 
the current (COVID-19 period) and future planning 
and policies of waste management organizations, and 
create suitable motivational mechanisms in households 
to increase waste segregation. The media and necessary 
facilities should be used to educate and motivate Kerman 
residents to participate in waste segregation and improve 
household waste management during COVID-19. 
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