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Abstract
The ecological and environmental problems of the Three Gorges Reservoir Area have different effects on its
ecological security. In order to explore the present situation of rural domestic waste pollution in the three
Gorges Reservoir area and to find out reasonable rural domestic waste management measures, the typical
villages in the upper reaches of the Yangtze River and in the mountainous hilly areas of central and eastern
Chongqing were selected as experimental samples. The results showed that the per capita MSW production
was 0.33 ~ 0.45 kg/d in the mountainous areas of central and eastern Chongqing. There is a linear positive
correlation between the amount of rural domestic refuse production and the disposable income of residents.
At present, typical components of rural domestic waste in the three Gorges Reservoir area include kitchen
waste, bamboo and wood, ash (slag) soil, rubber and plastics, waste paper, textiles, used batteries, expired
drugs, pesticides, insecticides, etc. Among them, the amount of organic matter such as kitchen garbage and
bamboo wood exceeded 60%, and the waste plastics (including expired drugs, agricultural plastic mulch,
pesticide and chemical fertilizer packaging) and so on were close to 15%. It is pointed out that the current
system of garbage collection, storage, transportation and disposal of rural residents in the central and western
regions of China needs to be further optimized and improved.
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INTRODUCTION
China is the second largest economy in the world.
With the rapid development of economy, the living
standard of the residents in rural areas of our country is
improving day by day. At the same time, the increasing
rate of urbanization is also changing the way of life of
rural residents in China (Nie et al. 2017). In rural areas
of China, the amount of domestic waste is increasing,
and the composition of domestic waste is also changing
(Zhang et al. 2016). At present, as the way of life of rural
residents in China is becoming more and more
urbanized, the production of domestic waste is
becoming higher and higher (Liang et al. 2017). Rural
domestic refuse is a comprehensive waste produced by
rural residents in the process of life. The main
ingredients are kitchen waste, waste plastics, waste
paper, broken glass, broken ceramics, waste textiles, and
other discarded household goods (Ding et al. 2011).
The undegradable wastes contained in rural domestic
waste mainly include used electronic products, all kinds
of rubber and plastic packaging (Zeng et al. 2012). If

these domestic wastes are discarded at random and
without effective recycling into farmland, arable land
and surface water, they are likely to cause irreversible
pollution and damage to the fragile rural ecological
environment. To the vast rural areas of our country
bring incalculable impact and loss. Although the
intensity of environmental protection in rural areas is
being strengthened and remarkable progress has been
made in rural environmental management, the
environmental problems in rural areas are still
prominent (Han et al. 2017).
The sources of rural domestic waste are relatively
wide and scattered, and the production rate of domestic
waste is relatively low (Bian et al. 2014). At present, the
intensity of MSW produced by rural residents is
significantly lower than that of urban residents.
However, due to the large rural population base, the
total production of domestic waste is relatively large.
Therefore, the problem of environmental pollution and
prevention of rural domestic waste in China is also
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Table 1. The basic information for sampling points
Village
code
Vil.-A
Vil.-B
Vil.-C
Vil.-D

Distance from
central city
The combination of urban and rural areas in central urban areas.
About 3 km
Adjoining a rural market town
About 11 km
Far from the center of the city
About 27 km
Remote mountain areas
About 40 km
Geographical position

increasingly prominent. Studies have shown that a large
amount of methane, ammonia and other pollutants are
released into the atmosphere from random piles of
garbage, and the smell is disgusting and unpleasant
(Zhou et al.) 2015). Garbage will produce a large
amount of acidic and alkaline substances in the process
of corruption and leaching heavy metals into water and
soil, directly threatening the drinking water and food
production safety of rural and urban residents (Yue et
al. 2014). Garbage accumulates in large numbers of
bacteria and mosquitoes, seriously affecting rural
environmental hygiene and health (Ma et al. 2012).
Pollution and treatment of rural domestic waste is
gradually attracting more and more attention.
Chongqing is located in the mountainous hilly area
of central and western China, and is the economic and
cultural center of the upper reaches of the Yangtze
River. Chongqing has a population of more than 30
million, of which the rural population is close to 14
million, and most of them are distributed along the
Yangtze River, the main tributaries and secondary
tributaries along the Yangtze River (Cai et al. 2015).
Because of the unique hilly landform and geographical
location, the rural residents are widely distributed and
the
municipal
transportation
facilities
are
underdeveloped. The disposal of rural domestic waste
in the three Gorges Reservoir area of Chongqing is
directly related to the safety of water quality in the three
Gorges Reservoir area of the Yangtze River (Luo et al.
2009). Therefore, it is an important prerequisite for
scientific management and reasonable disposal of rural
domestic waste to understand the law and composition
of rural domestic garbage production in an all-round
way (Zhong et al. 2014). This study takes several
representative natural villages in an economically
underdeveloped rural area in the upper reaches of the
Yangtze River as samples. Based on the quantitative
investigation and analysis of the amount of domestic
waste produced by rural residents at sampling sites, the
pollution status of domestic refuse in rural
mountainous areas of western China is studied. It
provides theoretical data support for further exploring
the treatment measures of rural residents in
mountainous areas with Chinese characteristics.
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Economic
form
NF
NABH
ACH
PF

Income*
Total
(Yuan, RMB) population
7,200
About 3,000
6,600
About 2,000
4,500
About 800
3,800
About 200

MATERIALS AND METHODS
Investigation
Four typical natural villages in the mountainous and
hilly areas of central and eastern Chongqing were
selected as sampling sites to carry out sampling
investigation in different seasons. The project adopts
the method of household investigation and garbage
dump site investigation. The component analysis of
MSW was carried out according to the method of
sampling and Analysis of MSW in China (CJ/T 3132009). The MSW collected from each sampling point is
sorted by manual sorting, and the mixed waste is
classified to weigh the quality of each component, and
the proportion of the components of MSW is
calculated. Ten households were randomly selected as
garbage collection points in each village. The sampling
sites covered the centralized refuse transfer boxes in
each village. The sampling time is January, April, July
and October of 2018, and the sampling frequency is 10
consecutive days per month.
Basic Information on Sampling Points
The distribution of garbage collection points is
shown in Table 1. According to Table 1, the sampling
sites selected in the study basically cover the typical rural
residential areas in the mountainous areas of central and
eastern Chongqing, and the sampling results have
strong representativeness. The household types of
household survey are divided into 4 categories: pure
farmers (PF), agricultural and commercial households
(ACH), non-agricultural and business households
(NABH) and non-farmers (NF) (Chen et al. 2010).
Data Analysis
The correlation analysis between the intensity of
MSW production and the main influencing factors,
image rendering and linear regression analysis were
carried out with Origin8.0 software.
RESULT AND DISCUSSION
Domestic Waste Produces Intensity
Statistical analysis of daily domestic waste per capita
As shown in Table 2, the amount of MSW
produced in the residential areas was the lowest in
January, with a daily output of 0.33 kg per capita, while
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Table 2. Statistics of daily household garbage per capita in sampling sites
Jan.
Range Avg.
Vil.-A
0.36-0.62
0.45
Vil.-B
0.24-0.56
0.36
Vil.-C
0.15-0.45
0.28
Vil.-D
0.16-0.25
0.22
Avg.
0.33
Remarks: “-” means no data
Series

Apr.
Range Avg.
0.34-0.93
0.51
0.25-0.71
0.41
0.15-0.59
0.31
0.14-0.37
0.24
0.37

Jul.
Range Avg.
0.43-1.08
0.65
0.27-0.77
0.50
0.22-0.72
0.39
0.17-0.36
0.27
0.45

Oct.
Range Avg.
0.29-1.05
0.61
0.32-0.75
0.49
0.18-0.65
0.35
0.16-0.31
0.24
0.42

Avg.
0.56
0.44
0.33
0.24
-

Fig. 1. The effect of resident’s income on the production of domestic refuse
in July it was the highest, with a daily output of 0.45 kg.
It is concluded that the main reason for this
phenomenon lies in the seasonal variation of
production activity in sampling settlements. Some
scholars have pointed out that the regression
characteristics of the alternation growth of rural
domestic waste with seasons (Wei et al. 2009). The
mountainous areas of central and eastern Chongqing
were colder in January, and rural residents were
relatively less active in production and life, so the
amount of domestic waste produced was relatively
small. July was the summer season, and the villager’s
leisure activities are more active, residents of domestic
waste production is relatively increasing.
As a whole, the output of MSW in Vil.-D was not
obvious with the seasons, and the variation range was
that the daily garbage output per person in 0.05kg. The
Vil.-A changed most significantly with the season, and
the variation range was 0.20kg. It is pointed out that the
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income level of residents in Vil.-D is low, and the
traditional agricultural production mode and frugal
living habits lead to the low production of domestic
refuse, and the fluctuation of garbage output with the
seasons is also relatively small. On the other hand, the
Vil.-A with better economic conditions, the life style
and consumption habits of urban residents tend to lead
to higher garbage production and fluctuate significantly
with the seasons. In view of the seasonal trend of
domestic refuse production in rural areas, the study
points out that it is necessary to explore the
management mode of rural domestic waste in different
periods. The purpose of this study is to optimize the
allocation of human resources and machinery for waste
disposal in order to reduce the cost of domestic waste
disposal and to improve the ecological environment
quality of rural domestic waste management mode.
According to Fig. 1, it is not difficult to see that as
the income level increases, the production of domestic
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Table 3. Correlation between resident income and domestic refuse production
Time
Jan.
Apr.
Jul.
Oct.

Fitting equation
Y=-0.01+6.07*10-5X
Y=-0.02+7.05*10-5X
Y=-0.07+9.52*10-5X
Y=-0.11+9.71*10-5X

Correlation Coefficient（R2）
0.9266
0.9296
0.8850
0.9438

waste increases gradually. When the per capita income
of rural residents approached 4500 yuan from the lower
level, the amount of domestic waste increased
significantly. It is believed that this is due to the rapid
increase in the level of per capita income of rural
residents, the gradual transformation and urbanization
of traditional rural lifestyles, and the acceleration of the
growth of domestic waste (Wei et al. 2009). When the
per capita income of rural residents ranged between
4500-6500 yuan, the growth trend of domestic waste
production slowed down. The study suggests that this
is due to the interaction between the urbanization
lifestyle and the living habits of the traditional rural
residents, which leads to the small influence of the
fluctuation of income level on the production of
domestic waste. And when the per capita disposable
income level exceeded 6500 yuan, there was a sharp
increase in domestic waste production. This is due to
the remarkable improvement of the living standards of
rural residents and the decrease of the scale of
traditional agricultural production, while the lifestyle
and habits of rural residents are closer to those of urban
residents.
In this study, the linear fitting function of Origin8.0
software was used to investigate the influence of
resident’s income on the production of domestic waste,
and the specific parameters were shown in Table 3.
Table 3 shows that there is a highly positive
correlation between the daily garbage production per
capita and the income level of rural households. The
correlation between per capita MSW production and
per capita disposable income can be described as the
following linear equation.
𝑌𝑌 = 𝑎𝑎 + 𝑏𝑏 ∗ 𝑋𝑋

(1)

Among them, Y represents the amount of domestic
waste, the unit of (kg); X is per capita disposable
income, unit (Yuan RMB).
From the statistical data in Table 2, it is found that
the per capita disposable income is the highest in Vil.A, which is dominated by NF, and the per capita daily
living garbage is the highest 0.56 kg. 0.44kg and 0.33kg
of daily garbage per capita in Vil.-B and Vil.-C, which
are mainly NABH and ACH, respectively. The per
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Correlativity
Forward correlation
Forward correlation
Forward correlation
Forward correlation

Fig. 2. The average daily production of domestic waste
capita disposable income is the lowest in Vil.-D, where
the per capita daily garbage is the lowest 0.24 kg. Thus,
the per capita domestic waste production reflects the
level of economic development in the region to a certain
extent. The more developed the economy, the higher
the standard of living of the residents, the greater the
production of domestic waste. This also accords with
the research argument that the amount of domestic
waste produced by the residents in the economically
developed areas is higher than that in the less developed
areas.
Analysis of daily garbage production in sampled
residential areas.
According to the population statistics of the
sampling sites in Table 1 and the average daily garbage
production of the residents in Table 2, the daily average
daily garbage production curve of the sampling sites is
calculated and drawn as shown in Fig. 2.
According to Fig. 2, it is not difficult to see that the
daily average production of MSW in Vil.-A and Vil.-B is
obviously higher than that in Vil.-C and Vil.-D. The
analysis shows that the gap between urban and rural
development is becoming smaller and smaller, and the
rural lifestyle is becoming more and more urbanized. In
particular, the rural residential areas located in the
combination of urban and rural areas, convenient
transportation, medical care, education, health and
other infrastructure and urban development and
sharing, its population density is slightly lower than the
Ekoloji 28(107): 1131-1140 (2019)
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central city. The living style of rural residents in the
adjacent central urban areas tends to be urbanized, and
the daily life garbage per capita is also higher. A large
number of permanent residents make the rural
residential areas near the suburbs produce a large
amount of domestic waste. The average daily refuse
production of Vil.-A and Vil.-B is between 0.7-2.0 tons.
The Vil.-D is the remotest village from the central city,
produces less than 50 kg of domestic waste per day.
There are two reasons for the low daily garbage
production in Vil.-D: first, the geographical location is
remote, the economy is backward, and the daily life of
residents is simple and economical; Second, the
population is relatively small, and the age structure of
the population is mostly the elderly and children, and
the per capita daily garbage production rate is low. It is
concluded that the production of rural domestic waste
is greatly affected by the population, economic level and
living habits. In the rural areas with underdeveloped
traffic, different modes of collection, storage,
transportation and disposal of domestic refuse should
be adopted.
Source and Composition
Sources of garbage
Some studies have shown that the distinct
characteristics of rural domestic waste are as follows:
wide sources, distribution is not conducive to
centralized collection, low garbage production rate but
larger total garbage production. With the rapid
development of economy, rural domestic refuse and
urban domestic refuse converge day by day. The
migration of rural surplus labor force leads to the
increase of rural population mobility, resulting in
significant fluctuations in the production of rural
domestic waste (Guan et al. 2013, Wang et al. 2017)
Through the investigation and sampling analysis, we
know that the main sources of rural domestic refuse in
the hilly areas of central and eastern Chongqing are as
follows:
(1) Food and beverage sources: mainly include
kitchen waste, such as leftover food residue, waste food
materials and so on.
(2) Sources of daily consumption: it mainly includes
the outer packaging and residue of all kinds of
household items, such as plastic, paper, glass bottles,
cans, expired drugs and sanitary articles waste, etc. This
kind of garbage is one of the main sources in the
research area.
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Fig. 3. Composition of rural domestic waste in sample
sites
(3) Used household goods: mainly include all kinds
of used household appliances, electronic products, used
clothes and used furniture.
(4) Sanitary cleaning sources: mainly including the
garbage produced by cleaning in and out of the home
and in public areas, such as dust, cigarette butts, ash and
bricks and so on.
(5) Sources of agricultural production: agricultural
film, pesticide residue and its packaging, animal manure
and so on.
Composition
The composition of household garbage is always in
constant change. In this case study, the total amount of
MSW in each sampling point is counted, and then the
mass percentage of the main MSW components is
calculated according to the classification and weighing
of the main MSW categories. The composition of MSW
in rural areas is shown in Fig. 3.
According to Fig. 3, it is not difficult to see that the
composition of MSW in rural residential areas in central
and eastern mountainous areas of Chongqing has the
following characteristics: 1) the proportion of kitchen
waste, ash and dust in rural resident’s domestic waste is
high. The proportion of kitchen waste is the highest in
Vil.-A near the central urban area, while the proportion
of kitchen waste is the lowest in Vil.-D, which is the
farthest away from the urban area. The production of
kitchen waste presents the rule of NF > NABH >
ACH > PF. The proportion of ash and dust is opposite
to the distribution of kitchen waste. It is concluded that
this is due to the fact that the way of life of rural
residents in our country is gradually approaching to the
city, and that the scale of poultry is gradually decreasing,
which leads to an increase in the production and
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discharge of kitchen waste. The ash comes mainly from
yard cleaning and fuel bottom slag, but it is still not used
in some remote mountain areas, such as natural gas,
liquefied petroleum gas and so on. Coal and bamboo
wood are the main fuel sources (Zhang et al. 2015). The
yield of ash in the urban and rural areas near the town
is low, due to the change in fuel structure and the
extensive paving of land, roads, yards and so on.
2) The proportion of waste paper and rubber and
plastic products should not be underestimated.
Research shows that the proportion of waste paper and
rubber-plastic items in the sampling sites is close to 10.
It is believed that this is due to the rapid development
of China network ecommerce express logistics industry
brought the main impact. Every day a large number of
parcels pour into every corner of our country, both in
the countryside and in the city. These couriers use
cartons, rubber and plastics to package items. The
widespread use of household hygiene paper and some
non-woven fabrics has also contributed to an increase in
the proportion of waste paper and rubber and plastics.
3) The proportion of textile, bamboo, wood, brick
and glass is small. It is concluded that the appearance of
textiles objectively reflects the improvement of the
quality of life of rural residents. Through field visits, it
was found that it was very difficult to see the old and
shabby residents in rural areas, and some of the
resident’s waste clothing and daily life textiles became
domestic waste after they were damaged or lost use
value. However, textile waste accounts for a relatively
low proportion of garbage, which is due to the slow
turnover of textile products among rural residents and
the full utilization of most of the waste textiles (Zhang
et al. 2015). Bamboo wood brick and glass and other
items appear in the rural residents of domestic waste
mainly due to the development of new rural
construction the vast number of rural resident’s income
increased and then repaired housing and agricultural
production facilities generated construction waste.
4) The output of metal articles is very small, and the
proportion of other wastes should be paid more
attention to. Metal waste is a valuable recycling material,
mainly in the field of house repair and infrastructure
maintenance in rural areas. This type of waste is less
productive and has economic value for recycling, so it is
rarely found in domestic waste. Other kinds of articles
mainly refer to expired drugs, waste batteries, discarded
pesticides and their packaging. Although the quantity of
these items is rare, they are relatively harmful to the
environment.
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Countermeasures for the Treatment of Rural
Domestic Waste
Status of pollution
Through this case study, we know that the present
situation of rural domestic waste pollution in the
middle and eastern mountainous areas of Chongqing
has the following characteristics: 1) the amount of
garbage production is large and the distribution range is
wide. The average amount of MSW produced in rural
areas of central and eastern Chongqing is 0.33-0.45kg/d.
Due to the lack of systematic collection and treatment
of domestic garbage in rural areas, there are
spontaneous garbage storage sites in some areas, and
domestic garbage is accumulated for a long time, and
the amount of garbage accumulated in some villages is
large. Rural domestic waste is distributed in many
corners of the village, such as the banks of rivers and
lakes, the roads, and the slopes around the courtyard. In
the combination of urban and rural areas where the
population distribution is relatively concentrated, the
village areas around the market town, the common
garbage piles, garbage disposal sites and centralized
refuse transfer boxes are poor, and the sanitary
conditions are extremely poor. Obviously, rural
domestic waste is one of the main pollution sources of
rural non-point source environmental pollution.
2) The treatment of rural domestic waste is difficult
and the rate of harmless disposal is low. The rural per
capita income of central and eastern mountainous areas
of Chongqing is relatively low, the education level of
residents is low, the awareness of environmental
protection of residents is not high, the propaganda of
environmental protection is insufficient, and so on are
the constraints of environmental governance in rural
areas. Of course, because of the unscientific location of
some concentrated collection sites, some residents are
reluctant to dump their garbage into the garbage
enclosure and still choose the nearest place to dump.
Poor sanitation at garbage collection points is also an
important reason for resident’s reluctance to use
garbage collection points. The population density in
rural areas is relatively low, the residential buildings are
scattered, the transportation in mountainous areas is not
convenient, and the municipal infrastructure
construction is not perfect. These are the important
factors restricting the treatment of rural domestic waste.
Management measures
At present, our country generally adopts the “unified
management, centralized transportation, landfills”
mode of domestic waste disposal (Zhou et al. 2018).
However, for some mountainous villages with remote
Ekoloji 28(107): 1131-1140 (2019)
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Fig. 4. Disposal of domestic waste in rural areas
geographical location, scattered residents and poor road
traffic conditions, this traditional MSW treatment mode
is difficult to implement effectively and the operating
and management costs are too high (Zhang et al. 2017).
This project fully considers the special geographical
location, resource endowment, traffic conditions,
sanitation cleaning, economic development level,
industrial structure and living customs of rural areas in
the mountainous areas of central and eastern
Chongqing. The paper puts forward the different
disposal mode of the suburb and the countryside.
1) The disposal mode of domestic waste in rural
areas

This mode of centralized transportation and disposal
is suitable for the rural areas with convenient
transportation. The rural domestic waste is collected
and transferred by vehicles to the regional landfills after
being dumped into the village garbage bins. The setting
of refuse transfer station depends on the quantity of
waste, dry and wet ratio, compressibility, gross weight
index and so on. This model needs to optimize the
layout of garbage bins and refuse stations (including
transit stations), expand the service radius of sanitation
facilities, but also consider the convenience of residents
to release garbage.
2) The disposal mode of domestic waste in rural
areas in the far suburbs

Scholars such as Zeng Rong have pointed out that
the decentralized transportation treatment model is
suitable for the mountainous areas of the three Gorges
Reservoir area and the southeast of Chongqing (Zeng et
al. 2017). The economy of this area is undeveloped, the
transportation is inconvenient, the population density is
small and the amount of garbage is less. The model of
“household classification-village collection and
transshipment-county
(township)
centralized
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Fig. 5. Disposal of domestic waste in rural areas in the
far suburbs
treatment” is adopted. This kind of source classification
collection and treatment model is suitable for the rural
areas with underdeveloped transportation. In view of
the fact that the economic and cultural level of rural
residents in the central and eastern part of Chongqing is
not high, and the recognition of garbage classification is
not in place and the awareness of environmental
protection is poor, the study points out a relatively
simple source classification model of domestic waste, as
shown in Fig. 5. Carrying out the classification of the
rural domestic waste source, composting the degradable
waste such as kitchen waste for agriculture; transporting
non-recyclable garbage such as bricks, ash and other
wastes to the low-lying areas to fill the land or pave the
road; sending recyclable garbage, such as plastics,
metals, etc., to the recycling bin; Batteries, drugs and
other harmful waste sent to qualified units for
innocuous treatment. This kind of method can
effectively reduce the quantity of outboard
transportation and disposal of rural domestic waste,
reduce the operating cost, make full use of the rural
environmental capacity and realize the resource
utilization of organic waste. However, it is necessary to
improve the awareness and effect of garbage
classification of rural residents for a long period of time,
such as policy propaganda, technical guidance and habit
formation.
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CONCLUSIONS
According to study Eco-agriculture is a kind of
modern agriculture system, which can produce better
economic benefits, social benefits and ecological
benefits by modern management method, according to
ecology theory, economy theory and eco- economy
theory.
The main conclusions are as follows:
1) The per capita daily production of domestic waste
in rural areas is relatively small. The daily production of
MSW is the highest in the rural residential area near the
central urban area, but the lowest in the residential area
farthest away from the central urban area. The average
amount of MSW produced in rural areas of central and
eastern Chongqing is 0.33-0.45kg/d. The amount of
daily life garbage per person varies from season to
season. Overall, the amount of domestic waste
produced between July and October was higher than in
other periods.
2) There is a linear correlation between the amount
of household garbage production and the per capita
disposable income of rural residents. The population of
rural settlements near the central city is large, and the
amount of daily garbage is larger. Rural settlements far

from the city have a small population and a small
amount of daily garbage.
3) The household garbage in rural areas is widely
distributed, which is not conducive to centralized
collection and disposal. Garbage consists mainly of
kitchen waste and ash dust, followed by waste paper and
rubber-plastic articles. Used electronic products,
expired drugs, pesticide residues and their packaging are
also the main components of rural domestic waste.
4) The three-level treatment model of “village
collection-town transfer-county treatment” should be
adopted in the rural areas of the near suburbs, and the
four levels treatment mode of “residents source
classification-village collection-town transfer-county
treatment” should be adopted in the rural areas in the
far suburbs.
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