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Abstract
Background: The amount of waste generated has been increasing over the years, while the ability to
dispose of it does not meet the needs at waste treatment plants (WTP), resulting in negative
consequences on the natural environment and health of the residents living near these plants; these
effects can signi�cantly degrade their quality of life (QoL). Although previous studies on the impact of
solid waste and wastewater treatment plants have focused on the health problems suffered by nearby
residents, the impact of these plants has scarcely been discussed in the context of mental health, social
relationships, and the environment. The objectives of this study are to evaluate the QoL as a
comprehensive indicator of the impact the presence of a WTP has on nearby residents, and determine the
factors that in�uence their QoL.

Methods: A cross-sectional descriptive study was conducted involving 801 subjects, aged 18 and above,
who live near the WTP of Hue city, Thua Thien Hue province, Vietnam. The QoL of the subjects was
quantitatively assessed using the World Health Organization's (WHO) QoL assessment scale (WHOQOL-
BREF). The general, health, and environmental factors in�uencing QoL were identi�ed using bivariate and
multivariate logistic regression analyses.

Results: It was found that only 22.6% of the subjects have a good QoL. In particular, the proportions for
good psychological health (6.9%) and environment (13.6%) were low, which may indicate an in�uence of
the WTP. Signi�cant factors that degraded the residents’ QoL are: a lower educational level de�ned by not
graduating from high school (OR=2.78; 1.09−7.06), poor health status (OR=2.50; 95% CI: 1.56−4.01),
dissatisfaction with water quality (OR=2.41; 95% CI: 1.10−5.25), and unacceptance of the WTP presence
(OR=1.70; 95% CI: 1.11−2.60). Moreover, it was found that subjects living within 2 km of the plant had
dermatological syndromes and digestive disorders more frequently than those who lived farther away
from the plant. They also reported more complaints about water, air, and soil quality, which were probably
due to the operation of the WTP.

Conclusions: Burying and disposing of solid waste at the WTP could lead to a degradation of the
surrounding water and soil environments, while its collection and transportation is believed to cause odor
and dust. The efforts of responsible authorities to strictly supervise and inspect these activities at the
WTP are essential, not only to protect the surrounding environment but also to improve the QoL of those
who live near these plants.

1. Introduction
The rapid development of industry and technology has led to enhancement in the quality of life (QoL) all
over the world. However, as a result of these changes, people have also had to face huge challenges of
waste management and treatment. It is estimated that the rate of waste accumulation is even faster than
the rate of urbanization [1]. For example, a study reported that humans have produced 8.3 billion tons of
plastic waste since the beginning of the industry in the 1950s, but only a negligible 9% of it was recycled;
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12% was burned, and the rest was discarded and buried worldwide [2]. Such waste comes directly from
daily activities of human beings and sometimes causes serious issues for the natural environment and
human health, such as diarrhea, respiratory illnesses, or cancer [3–5]. Besides, as shown in a research
study, the environment surrounding a waste treatment plant (WTP) and the system of underlying
groundwater resources have also been damaged to a serious degree as the result of the long-term
operation of such plants [6]. Moreover, along with the unsustainable practices of natural resource use and
environmental management, the QoL of residents living near these WTPs is also likely to be affected
negatively due to their operation [6–9]. Even in developed countries, despite the promulgation of policies
and strategies on waste recycling and disposal, the effectiveness of these policies is low. For example,
only 25.8% of the waste in the USA was recycled in 2017, and countries in the European Union (EU) are in
a similar situation with only 30% of the waste recycled every year [10–12].

The QoL of a population can be affected by environmental factors. For example, the QoL of people in the
physical and psychological domains was negatively impacted by air pollutants, toxins, noise and
dirtiness in a study in Colombia [13]. In Vietnam, a typical developing country in Asia, the amount of
domestic waste in urban areas nationwide was 38,000 tons per day in 2015, 85% of which was collected
and treated. Whereas, in the same year, the amount in rural areas was 32,000 tons per day and only about
55% was collected [14]. Domestic waste is mainly treated by burial (70%), leading to rising indignation
among people living near unsanitary land�lls [15], although its detrimental effect on water and soil
environment has not been well investigated. Burning without closed processing technology, which is likely
to degrade air environment, is another popular waste treatment (up to 28%) in Vietnam [16]. These
treatments of domestic waste probably have contributed to the fact this country was ranked 77th out of
132 countries in an overall environmental assessment by the Environmental Performance Index in 2015
[17]. Speci�cally, air pollution (for which Vietnam is in 123rd place) had the most detrimental effect [17].
According to a research study conducted in Ho Chi Minh city, Vietnam, in 2016, a 10 µg/m3 increment in
air pollutants increases the risk of respiratory admissions from 0.7–8.0% and that of cardiovascular
diseases from 0.5–4.0% [18].

The Thua Thien Hue (T.T. Hue) province is a center of economy and tourism in central Vietnam with a
local population of over 1.1 million and more than 4 million tourists visiting in 2018 [19]. The pressure for
waste treatment in this province has invariably been high and a WTP was built and operations started in
2007. The treatment capacity is 200 tons per day and solves the problem of household waste disposal. In
the treatment plant, the waste is sprayed with antiseptic chemicals, followed by a process of waste
categorization, composting, and combustion. The inert waste is dumped into a nearby land�ll. However,
the massively increasing amount of waste has overloaded the WTP, which very likely has caused
environmental pollution with negative impacts on the QoL of people living in this area. Even in this
situation, they seem to be unaware of its long-term impacts on their QoL due to a lack of knowledge of
these issues or a belief that an authority is responsible for providing a better waste recycling system [20].

While most previous studies that evaluated the impact of WTPs focused on the health problems from
which nearby residents suffer, other aspects such as mental health, social relationships, and the
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environment have been scarcely discussed [21–25]. The present study aims to evaluate the residents’
QoL as a comprehensive indicator of the impact of a WTP on these aspects for the people living near one
using the World Health Organization's (WHO) Quality of Life assessment scale, WHOQOL-BREF, which has
been used to measure the QoL both for the general population and for those suffering from different
diseases [26,27,28]. This study also aims to determine the factors in�uencing the QoL of the residents. To
the best of our knowledge, this is the �rst study investigating the QoL of people living near a WTP.

2. Materials And Methods

2.1 Study design
This study is a cross-sectional descriptive study conducted from May to August of 2019 in a town near
Hue city, the capital of T. T. Hue province in Vietnam. In this study, the required sample size was
calculated to be 768, based on previous research [29]. A multi-stage strati�ed sampling method was used
to select the participants. First, the town, which is composed of 12 wards, was separated into two regions
based on the distance from the WTP (one within 2 km and the other farther away than 2 km). Then, two
wards from each region were randomly selected and 10 hamlets randomly isolated from the four selected
wards, and the number of subjects from each hamlet was determined corresponding to its population
(Appendix 1). Only those subjects that complied with the following criteria were included in the study (n = 
801): (1) aged 18 or above, (2) have lived continuously in the target area for at least six months prior to
the study, and (3) willing to be involved in the study. Those who were in a state of inattentiveness, di�cult
to contact, suffering from a mental illness, hearing or speech impaired, and those who could not control
their actions and thoughts mentally, were excluded.

2.2 Measures and instruments
Using the WHO's QoL assessment scale (WHOQOL-BREF) [30], the QoL was quanti�ed based on the main
domains, including physical, mental, environmental, social, and general aspects [22]. The QoL was
assessed based on the scores obtained, following a previous study of the QoL of Indian women, where
the following criteria were applied: those who obtained scores from 0 to 33.3%, from 33.3–66.7%, and
66.7% and higher were judged to have poor, average, and good QoL, respectively [31]. In the present study,
the score was compared only with the range of 66.7% and higher, since the aim is to judge whether the
subjects have a good QoL or not.

In order to determine the factors in�uencing the QoL, general characteristics of the research subjects,
including gender, age, marital status, economic status, occupation, educational level, number of persons
living together, and duration of living in the target area, were obtained through face-to-face interviews.
The subjects were also asked verbally about their general health status, past illnesses, treatment history,
and satisfaction levels with air, water, and soil qualities and noise in the surrounding area.

As another environmental factor, the residential distance from the WTP was considered by categorizing
the subjects into two groups, with Group 1 (n = 405) comprising those living within 2 km of the WTP, and
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Group 2 (n = 396) those who live outside the range of 2 km from the WTP.

2.3 Statistical analysis
A chi-square test was performed to analyze the associations between the score of the overall QoL
evaluation and possible factors in�uencing it. A P value less than 0.05 was considered statistically
signi�cant. Afterwards, the multivariate logistic regression analysis was performed to evaluate the
independent associations between the overall QoL and the variables which were found to be signi�cantly
associated in the previous analysis. The odds ratio (OR) was used to assess the strength of the
associations. SPSS 18.0 was used for all statistical analyses.

2.4 Research ethics
This study was approved by the Hue University of Medicine and Pharmacy and the local authorities in the
area where the study was conducted. Written informed consent was obtained from all participants after
clearly introducing the survey process. The research subjects participated voluntarily and could refuse to
participate or withdraw from the interview at any time. The data collected were used for scienti�c
purposes only, and all information related to the subjects was encrypted and kept con�dential.

3. Results

3.1 Quality of Life assessment of the research subjects
Table 1 shows the QoL of the research subjects assessed on the WHOQOL-BREF scale. The overall
assessment illustrates that only 22.6% of the residents had a good QoL. The factors physical health and
social relationships contributed positively to the QoL, although the mean scores are lower than the
criterion (66.7). However, factors that led to a lower QoL are clearly related to psychological health and
environment, which may be attributed to the operation of the target WTP.

Table 1
Quality of life of the research subjects on WHOQOL-BREF scale (n = 801)
Aspects Mean score ± SD Subjects with good QoL (%)

Physical health 62.7 ± 12.4 41.8

Psychological health 58.0 ± 7.7 6.9

Social relationships 65.7 ± 13.6 45.2

Environment 56.8 ± 9.8 13.6

Overall evaluation 60.8 ± 7.7 22.6

3.2 General characteristics of the research subjects
Table 2 shows the general characteristics of the research subjects. The number of female and male
subjects was approximately the same in this study. The average age of the subjects was 45.9 ± 
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16.5 years and one-�fth of them were over 60 years old at the time of this study. Further, 88.6% of the
subjects were married and only 3.4% of them lived alone. Besides, 4.1% lived in di�cult economic
circumstances, and more than 90% of the subjects had lived in the study area for a period of more than
�ve years.
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Table 2
General characteristics of the research subjects (n = 801) and the association with overall QoL

based on the chi-square test
Factors All Overall QoL P

N % Not good

(n = 620)

(%)

Good

(n = 181)

(%)

Gender Women 427 53.3 344 (53.4) 83 (45.9) 0.052

Men 372 46.4 274 (46.4) 98 (54.1)

Others 2 0.2 2 (0.2) 0 (0.0)

Age < 60 622 77.7 475 (76.6) 147 (81.2) 0.191

≥ 60 179 22.3 145 (23.4) 34 (18.8)

Marital

status

Not married 91 11.4 63 (10.2) 28 (15.5) 0.048

Married 710 88.6 557 (89.8) 153 (84.5)

Living alone No 774 96.6 597 (96.3) 177 (97.8) 0.325

Yes 27 3.4 23 (3.7) 4 (2.2)

Educational

background

Unschooled 70 8.7 64 (10.3) 6 (3.3) < 0.001

Primary school 155 19.4 135 (21.8) 20 (11.0)

Secondary school 217 27.1 170 (27.4) 47 (26.0)

High school 195 24.3 146 (23.5) 49 (27.1)

University/Post-graduate 164 20.5 105 (16.9) 59 (32.6)

Financial

status

Poor 33 4.1 30 (4.8) 3 (1.7) 0.058

Average or above 768 95.9 590 (95.2) 178 (98.3)

Time living

in the

study area

Under 1 year 6 0.7 3 (0.5) 3 (1.7) 0.169

1 to 5 years 65 8.1 52 (8.4) 13 (7.2)

5 to 10 years 68 8.5 48 (7.7) 20 (11.0)

Above 10 years 662 82.6 517 (83.4) 145 (80.1)

Self-report

health

status

Not satis�ed 351 56.2 312 (50.3) 39 (21.5) < 0.001

Satis�ed 450 43.8 308 (49.7) 142 (78.2)
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Table 2 also shows the associations between marital status, educational background, self-reported health
status, and the overall QoL (P < 0.05). Being married, having a higher educational degree, and good health
were identi�ed as signi�cant factors that determined a better QoL.

3.3 Health status of the research subjects
The above-mentioned analysis reveals that 56.2% of the subjects were not satis�ed with their current
health status. Table 3 shows the health problems reported by the subjects, which might be possible
reasons for their dissatisfaction. Health problems with a high incidence reported in this community
include musculoskeletal diseases (27.1%), chronic diseases (25.3%), and digestive disorders (25.0%). The
subjects who reported a “not good” QoL had higher incidences of musculoskeletal, respiratory, and
chronic diseases (P < 0.05) than the other subjects, while no signi�cant difference was found for digestive
disorders.
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Table 3
Health issues of the research subjects (n = 801) and the association with QoL based on the chi-square

test
Diseases All subjects (n = 801) Overall QoL P value

Not good (n = 620) Good (n = 181)

Suffered

n (%)

Non-

suffered

n (%)

Suffered

n (%)

Non-

suffered

n (%)

Suffered

n (%)

Non-

suffered

n (%)

Respiratory 145

(18.1)

656

(81.9)

127

(20.5)

493

(79.5)

18

(9.9)

163

(90.1)

0.001

Digestion 200

(25.0)

601

(75.0)

156

(25.2)

464

(74.8)

44

(24.3)

137

(75.7)

0.816

Dermatology 131

(16.4)

670

(83.6)

99

(16.0)

521

(84.0)

32

(17.7)

149

(82.3)

0.584

Chronic

diseases

203

(25.3)

598

(74.7)

176

(28.4)

444

(71.6)

27

(14.9)

154

(85.1)

< 0.001

Allergy 56

(7.0)

745

(93.0)

40

(6.5)

580

(93.5)

16

(8.8)

165

(91.2)

0.268

Blood 52

(6.5)

749

(93.5)

45

(7.3)

575

(92.7)

7

(3.9)

174

(96.1)

0.103

Musculoskeletal 217

(27.1)

584

(72.9)

187

(30.2)

433

(69.8)

30

(16.6)

151

(83.4)

< 0.001

3.4 Factors in�uencing the QoL of the research subjects:
results of a
multivariate logistic regression analysis

Table 4 shows the results of the multivariate logistic regression analysis carried out to isolate the factors
that in�uence the overall QoL of the research subjects. This analysis involved only those factors that
were signi�cant in the chi-square test (Tables 2 and 3 and Appendix 2). The results show that the overall
evaluation was in�uenced by the educational background, with those who graduated from high school
(OR = 2.78; 95% CI: 1.09 − 7.06; P = 0.032) and university (OR = 3.89; 95% CI: 1.52 − 9.99; P = 0.005) having
a signi�cantly better QoL. Independently from the educational background, satisfaction with general
health status signi�cantly increased the QoL (OR = 2.50; 95% CI: 1.56 − 4.01; P < 0.001).
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Table 4
Factors affecting the quality of life of the subjects (n = 801) as the result of multiple

logistic regression analysis
Factors OR 95% CI P value

Educational background Unschooled

Primary school

Secondary

school

High school

University/

Post-graduate

1

1.58

2.44

2.78

3.89

0.59–4.23

0.96–6.19

1.09–7.06

1.52–9.99

0.366

0.060

0.032

0.005

Marital status Not married

Married

1

1.05

0.62–1.77 0.871

Self-report health status Not satis�ed

Satis�ed

1

2.50

1.56–4.01 < 0.001

Respiratory

diseases

Suffered

Non-suffered

1

1.51

0.86–2.64 0.152

Chronic diseases Suffered

Non-suffered

1

0.97

0.57–1.65 0.912

Musculoskeletal diseases Suffered

Non-suffered

1

1.22

0.76–1.97 0.414

Water quality Not satis�ed

Satis�ed

1

2.41

1.10–5.25 0.027

Impact of the waste treatment plant Not accepted

Accepted

1

1.70

1.11–2.60 0.015

Among the environmental factors, the water quality shows a signi�cant relationship with QoL. The QoL of
subjects who were unsatis�ed with the water quality was signi�cantly lower than that of subjects who
expressed satisfaction (OR = 2.41; 95% CI: 1.10 − 5.25; P = 0.027). The existence of the WTP is another
relevant factor, as suggested by the fact that the subjects who reported being annoyed by the plant had a
lower QoL than those who reported acceptance of it (OR = 1.70, 95% CI: 1.11 − 2.60; P = 0.015).

4. Discussion
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Only a small proportion (22.6%) of participants were found to have a good QoL. Especially, the
proportions for psychological health (6.9%) and environment (13.6%) were low, which may re�ect the
in�uence of the WTP. The multiple logistic regression analysis reveals that the signi�cant factors for low
QoL are poor educational background, dissatisfaction with health status and water quality, shorter
distance from the plant, and unacceptance of the plant (Table 4). A higher QoL in terms of the
psychological aspect among senior residents was found in a previous study in Canada [24]. It is possible
that the participants with higher education may be able to lead a more comfortable life even under the
effect of the WTP. Further, it is possible that the health status of the residents and water quality were
affected by the operation of the plant.

Particular attention was paid to the residential distance from the plant and we categorized the subjects
into two groups as follows: Group 1 included those who lived near the WTP within a distance of 2 km,
and Group 2 included those who lived farther away. The subjects in Group 1 reported poorer physical
health than those in Group 2 (P = 0.001) (Appendix 3). In particular, 57.8% of those in Group 1 thought
that the operation of the plant had a negative impact on their lives (Appendix 4). A previous study carried
out in Greece [21] noted that the frequency of being in a bad mood, being angry, and getting sick reported
by the subjects was signi�cantly higher among residents living close to a wastewater treatment plant
than all others. Although the impact of a wastewater treatment plant is certainly different from that of the
plant studied here, both results combined suggest that the distance from a plant is likely an important
determinant of the QoL for the residents.

In this study, although the QoL score for the aspect of physical health was relatively high, signi�cant
differences in dermatological syndromes and digestive disorders between the two residential groups (P < 
0.05) could be determined (Appendix 5). In contrast, previous studies do not report any increases in
illness [21] or demonstrate an increase mainly in respiratory diseases in populations living near
wastewater treatment plants [23]. This could be attributed to the different impacts of solid waste
treatment plants and wastewater treatment plants, as well as local factors such as living environment,
health status, climate, geography, genetics, and immune status of the population.

Water quality is another relevant factor for the QoL. Most of the research subjects used tap water for
domestic purposes; however, 13.4% still used water from wells and ponds for animal breeding and
cultivation, making them vulnerable to the possible impact of the WTP on water quality. The most
common changes in water quality were found in visible factors such as strange odors (61.8%) and colors
(55.9%) for Group 1 (Appendix 6). Many subjects reported that the water quality had changed markedly
after the construction of the WTP, especially in ponds and groundwater from drilled wells. The presence
of chemicals, heavy metals, and pathogens in water is one of the key factors that determines the risks for
human health, which is indicated by the signi�cant differences of the dermatological diseases and the
digestive disorders between Groups 1 and 2 (Appendix 5).

In additon, 64.9% of Group 1 residents reported experiencing polluted air around the WTP, especially in the
early morning, late evening, and after rain or weather changes, while only 39.4% in Group 2 did so
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(Appendix 7). Further, 90.9% and 4.6% of subjects in Groups 1 and 2, respectively, believed that it was
caused by the WTP (Appendix 8). A study in Greece also revealed that a large number (79.6%) of subjects
living near a wastewater treatment plant were affected by odors [21]. Waste transportation, which can
cause dust, was also identi�ed as a negative factor for the air quality; while 12.6% of the subjects in
Group 1 mentioned this issue, none of the subjects in Group 2 were affected by the waste transportation
(Appendix 9). Another impact of the WTP on the environment is soil quality, with 17.5% of subjects in
Group 1 negatively affected by the degraded soil quality, in contrast with 11.1% in Group 2 (P < 0.05)
(Appendix 7).

The lacked observation of air, water and soil qualities in this study limits the discussion about the impact
of the WTP to the environment and human health. Monitoring of contaminants in the air, water, and soil
environments from the WTP is a topic that requires further investigation for a more reliable health risk
assessment.

5. Conclusions
The present study comprehensively assessed the impact of a WTP in Hue city, Vietnam, on the QoL of its
residents in the aspects of physical health, psychological health, social relationships, and environment,
using the WHOQOL-BREF. The overall QoL was lower compared with the general criteria because of low
scores in psychological health and environment. Among the possible in�uencing factors in these aspects,
the residential distance from the WTP was signi�cant and shown to contribute to a degradation of the
QoL, along with poor education, dissatisfaction with health status and water quality, and unacceptance
of the WTP. It appears that dermatological syndromes and digestive disorders were reported more
frequently, corresponding to the reported degradation of water quality, among those who live near the
WTP. Air pollution, such as odor and dust, and degraded soil quality may also make the plant
unacceptable to the residents.

Burying and disposing waste at the WTP could degrade surrounding water and soil environments, while
its collection and transportation are believed to cause odor and dust. Based on the �ndings in this study,
the efforts of responsible authorities to strictly supervise and inspect these activities at the WTP can not
only protect the surrounding environment but also improve the QoL of those who live near the plant.
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World Health Organization's
WHOQOL-BREF
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EU
European Union
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Thua Thien Hue province
OR
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Con�dence intervals
SD
Standard deviation
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