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Abstract

:

Background: This study used original survey data to quantitatively investigate the associations between individuals’ perception of locally present wastewater pollution and their self-rated health. Methods: This research used the data from large-scale surveys covering all the 31 provinces and equivalent administrative units in mainland China and interviewed 6112 participants. The ordered logit method was employed to estimate the models. Results: The results indicated that individuals’ perceptions of local industrial and domestic wastewater pollution significantly decrease their self-rated health. If industrial wastewater pollution was reported, the possibility of the observers indicating lower levels of self-rated current health, comparing to the past year, and comparing with peers, all increased by 26% (p < 0.001), 23% (p = 0.005), and 18% (p = 0.006), respectively. Likewise, perceived domestic wastewater pollution led to the increase by 21% (p = 0.012), 17% (p = 0.034), and 33% (p = 0.000), respectively. Meanwhile, reported industrial wastewater pollution also has an obvious negative effect on individuals’ health performance, such as being more fatigued and upset. Conclusions: The survey clearly shows that Chinese individuals who are aware of water pollution in their living environment tend to experience more negative health outcomes, which adds additional urgency to improving wastewater treatment.
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1. Introduction


Water pollution mainly includes industrial wastewater, domestic wastewater, and agricultural wastewater, all of which can cause various diseases and directly threaten public health and quality of life [1,2,3]. The relationship between water pollution and individuals’ actual health statuses has been well documented [4,5]. For example, water contaminated by toxic chemicals has been shown to cause acute and chronic poisoning through drinking water or food chain channels, such as Minamata disease caused by methylmercury poisoning and itai-itai disease caused by cadmium poisoning [6]. Long-term consumptions of water that contains carcinogenic chemicals, such as arsenic, chromium, and nickel, has been shown to cause cancer [7]. Furthermore, biological pollutants, such as human and livestock feces, pollute water sources and enter the human body through drinking water, leading to waterborne infectious diseases, such as dysentery, enteritis, and schistosomiasis [8].



At the same time, a number of studies have explored the direct relationship between water pollution and personal health from the perspective of social science, such as economics and sociology [9,10,11]. Some of the literature particularly focuses on the correlation of individual perception of water quality (pollution, taste, and color) and the related health status from a psychological angle [12,13,14]. Scholars have identified the concept of “perception of risk” to examine individuals’ judgements when they are asked to characterize and evaluate hazardous activities and technologies. Regardless of whether the judgements are right or wrong, the outcomes could help decision-makers to understand how non-professionals participants think about and respond to potential risk, and then take targeted actions [15]. Based on this, studies on the perception of environmental risk, such as the perception of natural hazards, garbage pollution, air pollution, light pollution, oil pollution, and water quality or pollution, can provide insights from the perspective of lay persons on their factually correct, or not, environmental perception [16,17,18,19]. Accordingly, it would be meaningful to assess the evidence of the connections between individual perception of wastewater pollution and health status using quantitative social sciences methods, thus contributing to the research area of perception of environmental risk.



Regarding personal health, self-rated health is one of the most commonly used indicators for personal health measurement. It has been widely used as the substitute variables of actual health status in social science research [20,21]. It requires individuals to score their overall health status from excellent to very poor (or from very poor to excellent) [22]. Self-rated health is a “subjective” indicator, which has been found to be a good predictor of mortality [23], future functional status [24], and outcome of treatment [25], indicating that self-rated health is closely related to medically confirmed health indicators [26]. Although self-rated health is simple as it is a one-dimensional-indicator, previous studies have confirmed that it is an inexpensive, useful, and efficient way to evaluate a person’s overall health status without medical examinations [27]. Meanwhile, the demographic, socioeconomic, and psychosocial determinants of self-rated health, such as gender, age, race, education, employment status, satisfaction, and income, have been confirmed and widely studied [28,29,30,31]. Following the existing literature, this research employed self-rated health as the measurement for individual health status in the study.



The United Nations Children’s Fund and the World Health Organization (2019) pointed out that about 2.2 billion people in the world do not have safe drinking water services, and 4.2 billion people are threatened by wastewater pollution due to a lack of safe management of water resources [32]. Due to the great destructive impact of wastewater pollution on public health and socio-economic development, many countries, including China, have taken to solving the problem of water pollution as an important part of government work, and put improving public environmental awareness and improved water treatment and management as the top priority [21,33,34,35]. For example, the Chinese central government has prepared the “Healthy China” strategy along with the “Healthy China Plan 2030”, which aims to ensure a good natural and social environment for healthy lives of the Chinese individuals [36]. Therefore, exploring the relationship between personal perception of environmental risk and individual self-rated health, such as the perception of wastewater pollution or air pollution, has practical and urgent current significance. However, the studies on the connection mainly focus on individuals’ perception of air pollution and their health status [37,38,39,40,41], while studies on personal perception towards wastewater pollution are rare, especially case studies from China. To supplement existing research, this study aims to investigate the connections between the Chinese individuals’ perception on wastewater pollution and their self-rated health. Further, this study poses a hypothesis that the perception of wastewater pollution in direct vicinity of an individual decreases the individual’s self-rated health status, which will be tested through empirical analysis.




2. Strategy


2.1. Data


This study employed the data from large-scale fieldwork started in January 2018 and focused on investigating the Chinese individuals’ environmental perception and attitudes. This research project complies with the Minzu University of China and the funding body’s research protocols and requirements. The surveys cover all the 31 provinces and equivalent administrative units in mainland China, including a substantial number of observations from all the 5 autonomous regions for ethnic minorities. By the end of 2021, the surveys had interviewed 6112 individuals. As China is heterogeneous between urban and rural sectors, the surveys intentionally cover both China’s urban and rural areas. It is believed that the large sample size is sufficient to meet research needs [42].



The surveys were conducted using face-to-face interviews, telephone interviews, as well as online questionnaires (after the start of the COVID-19 epidemic). The questionnaire covers respondents’ socioeconomic information, the individual’s views on environmental pollution and government’s environmental governance, the individual environmental perception, and the individual evaluation of health status and subjective wellbeing, which is provided in File S1.



Time availability and budget were the major limitations that prevented the research from adopting a probabilistic sampling method (e.g., stratified random sampling) for the surveys. Meanwhile, as China is a large country with many ethnic groups, there are significant language, customs, as well as regional disparities, making it difficult to randomly carry out surveys that account for such differences. The affiliation with the Minzu University of China, the country’s leading institution for the research and training of ethnic minorities, the team members were able to apply their unique social connections to purposefully collect data in regions that are otherwise usually overlooked. As a result, the research employed a basic sociological method, “convenience sampling”, to access interviews with participants in the surveyed areas and obtain an insightful sample for analysis [42]. The surveys covered major cities, towns, and subordinate rural areas in all the provinces or equivalent administrative units. Accordingly, it is believed that the data could minimize sample selection bias at the provincial level, while the results gained from the surveys should be considered reliable and accurate. The number and regional distribution of the questionnaires is available in Table S1. The distribution of questionnaires in the surveys from each province (or equivalent administrative unit) of China’s mainland is shown in Figure 1.



As said above, the large-scale survey faced difficulties in several aspects, including limitation due to team members’ interpersonal relationship networks in each location. Therefore, the number of questionaries obtained from each provincial administrative unit varies. Nevertheless, many members of the research team, as well as students who participated in this project, are from China’s minority areas. This is of great value to gather relatively large amounts of first-hand data from five autonomous regions in China, including Xinjiang, Tibet, Inner Mongolia, Guangxi, and Ningxia, which are frequently excluded from other survey data. Meanwhile, the sample of 6112 individuals in this research is adequate to draw analytical conclusions. For one, most of China’s leading public survey data that is supported by the Chinese central government (e.g., the Chinese General Social Survey) mainly contain 10,000 or fewer observations, and seldom cover data from all the autonomous regions, especially Tibet. At the same time, many social science studies and published research on similar topics employ original survey data with samples that cover dozens, or hundreds of participants [13,14,19,36,38,39]. Therefore, it is believed that the observations that the surveys collected are of research value, and the sample could provide enough observations to support the analytical methods employed in the study.




2.2. Variables


2.2.1. Dependent Variables


Individuals’ self-rated health is an important way to estimate the situation of public health, while certain subjective and objective factors, including environment, emotion, and cognition, may lead to the changes of health assessment levels [43]. This study used 3 discrete dependent variables to quantify the individual self-rated health as the dependent variables. Meanwhile, for exploring the specific impact of individuals’ perception concerned wastewater pollution on subjective health evaluation, the study also employed another 2 discrete variables that related to health as dependent variables. The reasons why 5 dependent variables were designed are as follows. On the one hand, the dependent variables contain several different measures of self-rated health, which enable the study to evaluate participants’ self-rated health comprehensively. On the other hand, the study would like to test the robustness of the model by employing different dependent variables, as well as different subsamples, to check the validity of the relationship between individual perception on wastewater pollution and self-rated health.



Health-present. The question for this discrete variable in the survey reads: “What do you think of your health status at present”, with value range from 1 to 5. More precisely, 1 meant “very healthy”, while 5 meant “very unhealthy”. The values 2, 3, and 4 meant “healthy”, “general”, and “unhealthy”, respectively.



Health-past. The question in the survey reads: “Compared to the last year, how do you evaluate your current health status”, with the values 1, 2, and 3, indicating “better than last year”, “almost the same”, and “worse than last year”, respectively.



Health-peer. The question in the survey reads: “Compared to your peers, how do you evaluate your current health status”. Similarly, the values 1, 2, and 3 meant “better than peers”, “almost the same”, and “worse than peers”, respectively.



Fatigue. It is believed that there is a direct link between water problems (e.g., quality, or contamination) and human health risk assessments, mental health, and well-being [44,45]. As typical mental health indicators [37,39,40], this research employs individual fatigue, as well as upset mood as another dependents. The question of measuring fatigue in the survey reads: “Are you fatigued with no reason”, values ranging was from 1 to 5, indicating “always”, “usually”, “sometimes”, “seldom”, and “never”, respectively.



Upset. Similar with the above, the study uses the question “Are you feeling upset and find it difficult to calm down”, to describe the typical health issue that the participants may face, with a value range from 1 (always) to 5 (never).




2.2.2. Independent Variables


The individually reported presence of wastewater pollution is seen as the key independent variable, aiming to capture the connection between personal self-rated health and perception on the presence of wastewater pollution. The wastewater-related question on the questionnaire in the surveys reads: “What is the main type of wastewater pollution locally?”, and 5 answers were provided for this question, namely, “industrial wastewater”, “agricultural wastewater”, “domestic wastewater”, “other kinds of pollution”, and “do not know”, respectively. To be sure, a participant could report more than one answer for this question, which indicated that there were two or more types of local wastewater pollution that interviewees perceived. Accordingly, 3 dummy variables were design as the independents, which are listed below.



Industrial. If the participants perceived that industrial wastewater was the main kind of wastewater pollution locally, the value equaled to 1. Otherwise, the value equaled to 0. Similarly, this study also designed the dummy variables of “Agricultural” and “Domestic”, indicating that the value equaled to 1 if agricultural wastewater or domestic wastewater was perceived as the main kind of wastewater pollution.



It is important to point out that according to former studies on perception of risk, as well as perception of environmental risk [15,16,17,18,19], with the participants being lay people and non-professionals, their judgements on the potential (environmental) risk may show great variability. However, the decision-makers could use the public’s either factually correct or biased perception to implement optional and targeted actions. During the surveys, the majority of participants reporting witnessing the wastewater discharge, and water contamination by garbage. They tended to judge water quality by smell, color, and visible pollutant. Therefore, as lay persons, they may not tell exactly right judgements in distinguishing the type of wastewater, as well as specific water quality. However, as has been argued in existing literature, the policymakers should see the outcomes as an important reference in environmental policy implantations [12,13,14,15]. Figure 2 and Figure 3 show the typically perceived wastewater and water pollution in the surveys.



In addition, several individual demographic and social characteristics were also considered as control variables, including gender, age, education status, and Hukou status, which might be the important factors in affecting personal self-rated health. More explanations are provided below.



Gender. It is a dummy variable; 0 and 1 indicated male and female, respectively.



Age. The questionnaire designed interviewee’s ages into groups, namely, under 30 years old, between 31–50 years old, and above 50 years old, and assigned values of 1, 2, and 3 respectively to the options of the 3 groups. However, this study needs to transfer a multivariate discrete variable into several dummy variables as independents. Accordingly, 2 dummy variables were designed to cover the participants’ age. They are: 31–50 years old and other age range (value as 1 and 0, respectively); and over 50 years old and other age range (value as 1 and 0, respectively).



Education. The options for the participant’s educational level were 1, 2, 3, 4, and 5, which represented primary school or below, middle school, high school, college or university, and a master’s degree or above, respectively. Similar with handling the variable of individual age, 4 dummy variables were employed to cover all the respondents’ educational levels. They are: middle school and other educational levels (value as 1 and 0, respectively); high school and other educational levels (value as 1 and 0, respectively); university (or college) and other educational levels (value as 1 and 0, respectively); and master’s degree (or higher) and other educational levels (value as 1 and 0, respectively).



Hukou. A Hukou is a legal document that records Chinese individuals’ basic information and allows the holder of a Hukou of a certain place and type (there are two types of Hukou: agricultural and non-agricultural) to access the corresponding social resources, such as educational and public medical insurance. Existing studies tend to follow the legally prescribed categories and distinguish urban and rural individuals by dividing their Hukou status [20,46]. Following the precedent, this study also divided the urban and rural participants by Hukou type. Therefore, Hukou was designed as a dummy variable, while 1 and 0 indicated Non-agricultural and Agricultural Hukou.



Income. Divided by the participants’ Hukou status and survey year, the study defined the interviewee’s income as the per capita disposable income of urban residents (Non-agricultural Hukou) or the per capita net income of rural residents (Agricultural Hukou) in his/her province (or equivalent administrative unit) in 2020, which is the newest public data from the “China Statistical Yearbook 2021”.





2.3. Methodology


In this study, all the 3 dependent variables are discrete variables, so the most common used models are logit or probit models, which report similar estimating results, but the error term is normally distributed, and logistic distributed, respectively. Accordingly, both ordered logit and ordered probit models can be applied under the situation of ordered responses. However, scholars are more accustomed to employ the method of ordered logit to estimate the model in this case [20]. Accordingly, ordered logit method was employed to estimate the model.



More specifically, the research estimates the following models:


   Y i *  =  α 0  +  X i  δ +  C i  θ +  ε i   











In the model, Y* is the latent variable of Y, while Y indicates dependent variables, including Health-present, Health-past, Health-peer, Fatigue, and Upset;    α 0    is an intercept term;    X i    is a vector of key independent variables that relate to individual perception on wastewater pollution;  δ  is the coefficient vector of  X ;    C i    is a vector of control variables;  θ  is the coefficient vector of  C ; and    ε i    is the residual term. Lastly, the study uses the statistical and econometric software STATA (version 16.0, StataCorp LLC, College Station, TX, USA) for empirical analysis. In addition, robustness tests (including substitution of dependent variables, and regression on subsamples), as well as significance value (p-value) are also used.





3. Results


Table 1 shows the general description of the sample. On the one hand, over 60% of the participants evaluated themselves as healthy or very healthy at present, while over half of the individuals believed their health status was almost the same as in the past, or comparable with peers. However, the majority of the interviewees reported that they seldom or sometimes experience fatigue and are upset. On the other hand, wastewater pollution was frequently reported by the participants. Around 40% of individuals perceived industrial wastewater as the main type of wastewater pollution locally, while 26.06% and 62.95% perceived agricultural and domestic wastewater as the main type, respectively.



As the study focused on the relationship between individuals’ perception of wastewater (industrial, agricultural, and domestic wastewater) pollution and their self-rated health, the distribution of health variables among the perception of different types of wastewater pollution was listed in Table 2. On reporting the present health status, individuals tended to evaluate themselves “unhealthy” if they perceived any type of wastewater pollution locally, no matter what type of wastewater. Similarly, interviewees were likely to evaluate their health status as “worse than the past year” or “worse than the peers” if they perceived industrial wastewater pollution, as well as domestic wastewater pollution locally. On the specific performance of individuals’ health evaluations, individuals tended to report that they felt fatigue if they also perceived wastewater pollution in their vicinity. However, it is difficult to speculate about the relationship between the frequency of individuals’ negative feelings and measurable wastewater pollution. A further empirical study would be needed.



Basing on the analysis above, the study took all the control variables into consideration to confirm whether control variables explain additional information on individual self-rated health except the influence of his or her perception of wastewater pollution. Meanwhile, this research also would like to provide a robustness test by comparing the results of all the models. Accordingly, Table 3 presents the results of Model 1 to Model 3 by using the ordered logit method, which shows the influence factors of Chinese individuals’ self-rated health. In addition, the OR (odds ratio) value for reporting each result of the models was also listed, which is convenient for analyzing the empirical results.



The results of the ordered logit model in Table 3 showed that the individual perception of wastewater pollution, along with some individual characteristics, significantly affects the respondents’ self-rated health. First, the participants who perceived industrial wastewater pollution locally tended to mark lower levels of self-rated health (at an odds ratio of 1.26). Specifically, if the independent variable “Industrial” leveled up from 0 to 1, that is, if a respondent perceived industrial wastewater pollution locally (Industrial = 1), the possibility of the individual’s self-rated present health (Health-present) stepping up a notch or more notches (worse self-rated health) increased 0.26 times (p < 0.001). In another word, the individual perception of industrial wastewater pollution led to a 26% increase in local individuals’ rating lower levels on the present health status. Similarly, the individual perception of industrial wastewater pollution also caused a 23% (p = 0.005) and an 18% (p = 0.006) rise in interviewees’ responding to lower levels on the health situation of comparing to the past year (Health-past) and with peers (Health-peers), respectively. Second, individuals were more likely to mark lower levels of self-rated health if domestic wastewater pollution was perceived. More precisely, if an individual perceived domestic wastewater pollution locally, the possibility of him or her evaluating a worse self-rated health status currently, compared to the past year and compared with peers, increased by 21% (p = 0.012), 17% (p = 0.034), and 33% (p = 0.000), respectively (at an odds ratio of 1.21, 1.17, and 1.33, respectively). Third, from the results of Model 1, Model 2, and Model 3, none of the estimated coefficients of the independent “Agricultural” was significant (p > 0.1). Accordingly, there is no evidence to prove that agricultural wastewater pollution reports would influence individuals’ self-rated health, for reasons that will be explained in the end of this section.



In addition, as mentioned above, for the investigation of the specific effects of perceived wastewater pollution on individuals’ health evaluations, the study also employed two other discrete variables that relate to health as dependent variables, namely, “Fatigue” and “Upset”. Accordingly, Model 4 and Model 5 also need to be estimated. Following the operations on Model 1 to Model 3, the regression results are listed in Table 4.



From Table 4, the empirical results of Model 4 and Model 5 are similar with the former three models. It is believed that if industrial wastewater pollution was perceived, the possibility of the participants evaluating a better health performance, namely feeling a lower frequency of fatigue and discomfort, decreased by 22% (p = 0.001) and 18% (p = 0.001), respectively (at an odds ratio of 0.78, and 0.82, respectively). However, individuals’ agricultural and domestic wastewater pollution reports lacked explaining power for the changes in the specific performance of their health status (p > 0.1). In addition, Model 1 to 5 provide the similar conclusions under the estimations by employing different dependent variables and subsamples, which indicates that the empirical results are robust and reliable.



It is widely reported that fertilizers are overused in China’s agriculture, leading to inefficient fertilizer utilization and nutrients loss. China’s agricultural wastewater consists mainly of irrigation water and run-off polluted by the nutrients of fertilizers [47]. The nutrients unabsorbed by plants (e.g., nitrogen and phosphorus) leak into the water system and cause agricultural wastewater pollution, which is difficult to perceive by individuals [48]. As mentioned above, participants judged water quality by witness of wastewater discharge, water smell, color, as well as the visible pollutants. Therefore, it is believed that as lay persons, the survey participants tended to perceive industrial and domestic wastewater more easily, but found it hard to perceive agricultural wastewater, which may lead to the bias of perception on agricultural wastewater [49]. In addition, in China’s case, individuals have limited direct exposure (e.g., drinking, washing, or usage in the daily life) to agricultural wastewater [50], so the perception of agricultural wastewater may not be the reason that participants reported lower levels on self-rated health.



Summing up the above, the research tested the hypothesis of the study through empirical analysis and found that the participants’ perception of wastewater pollution significantly decreased their self-rated health, which indicates that the hypothesis of this study is correct. More exactly, if individuals perceived that industrial and domestic wastewater pollution existed locally, they tended to report a lower level on their self-rated health. Meanwhile, perceived industrial wastewater pollution also has a negative effect on participant’s health performances, while they may have a higher possibility to feel fatigued and upset. Therefore, in China’s case, it is believed that individual perception of environmental risk, such as wastewater pollution, as well as water quality, does have significant impacts on his/her subjective evaluation of health status.




4. Discussion


Using the data from the large-scale surveys that covered all the 31 provinces and equivalent administrative units of mainland China, the relationship between perceived wastewater pollution and individual self-rated health was studied. It is found that reports on certain types of wastewater pollution, especially industrial and domestic wastewater, decreased individuals’ level of self-rated health. The study also discussed the potential impact that perceived wastewater pollution can have on the individual self-rated health. In this section, the research will discuss the connections of perceived wastewater pollution and self-rated health from a global perspective and raise some policy action.



Earlier studies believe that the perception of risk is central to many health behavior theories [51,52]. Particularly, environmental risk perceptions are often anchored in individual and familial experiences with health problems such as cancer and asthma [53]. In fact, certain studies find that there is a strong connection between the perception of environmental risk and mental health, while greater perceived potential environmental pollution, even biased perceived environmental indicators, are associated with poorer personal mental health [51,54], as well as high levels of distress (e.g., worry, annoyance, and intolerance) and disease symptoms [55]. Accordingly, as an important subjective environmental measure, scholars insist that the perception of environmental risk significantly affects individual subjective health, namely, self-rated health [56,57,58].



As expected, this study found that individuals’ perceptions of wastewater pollution, which is a major indicator of environmental risk perceptions, significantly decrease their self-rated health. The empirical results conform to the prevailing view on the connections of environmental risk perception and subjective health mentioned above. Regarding the underlying reasons of why wastewater pollution decreases one’s self-rated health, it has been shown and is often discussed in public forums that wastewater contains high concentrations of persistent organic pollutants, poisonous heavy metal, antibiotics, microplastics, and endocrine disruptors, which makes individuals suffer from a variety of diseases and threatens people accessing clean water. As a whole, this causes serious problems of food safety, resulting in individuals’ poor expectations on health [59,60]. At the same time, wastewater pollution may also have indirect influences on increasing individual purchase on medical services, reducing personal work efficiency and potential income, as well as decreasing one’s subjective wellbeing [61,62], which is harmful to the improvement of individual health level [63]. In fact, the analysis and results of this study come from the Chinese case and data, but it is believed that this study could be linked on a global prospective, because other studies on observing different countries provide similar findings, indicating that the perception of water pollution, contamination, and quality significantly influences personal health-related factors. Accordingly, a comparative table (Table 5) is provided below, which summarizes a selection of typical studies of this or similar topics from other countries.



In summary, based on the global perspective, it is common that individuals’ perceptions of environmental risk, such as perceived wastewater, as well as its resulting pollution, has strong connections on public health. Therefore, it is believed that the suggestions below are applicable to China.



On the one hand, China has been experiencing an economic boom during the past decades, with increased attention paid to environmental governance. As Table 6 shows, there is no obviously downward trend of total amount of wastewater discharge. However, compared with the other countries/regions, China enforces relatively high standards on the permissible limit of wastewater discharge, while the controls of the majority of key pollutants shows an improving trend. Therefore, in order to achieve better environmental management outcomes, as well as avoid the negative impact of wastewater pollution on public health, it is of importance for the Chinese government to control the amount of wastewater discharge and continue to strengthen the treatment on wastewater.



On the other hand, on the supply side of environmental policies, the Chinese government needs to meet public requirements by referencing their perception of environmental risk, which could reflect individuals’ urgent demands and expectations on the environment. Responding to the individuals’ thoughts and hopes for water quality, focusing on providing high-quality water, improving water treatment facilities should be a major concern. Meanwhile, as individuals may misperceive wastewater, water quality, as well as water pollution, the local governmental should enhance environmental education, data availability, and public accountability on water quality and wastewater treatment. Accordingly, relevant environmental policies and actions aiming at improving individuals’ perception of environmental risk, so as to increasing public health levels, should be considered as both an indicator of existing problems and priorities to be addressed.




5. Strengths and Limitations


The major strengths of this study are as follows. Firstly, this research employed data from large-scale surveys from 2018 to the present into the research, covering all the 31 provinces and equivalent administrative units, while 6112 individuals participated, which is brand new and first-hand data. Therefore, the analysis and conclusions are unique and insightful. Secondly, it is believed that this study provides certain theoretical contributions. In recent years, scholars have focused on the direct relationship between subjective environmental factors and individuals’ actual or objective health conditions, neglecting to pay attention to the connections between individual perception on environmental risk and personal health status. Accordingly, this study is a helpful supplement to the existing studies of the individual perception of environmental risk, such as wastewater and water contamination and quality, on the social science perspective. Thirdly, it is believed that the findings of this research have good applicability. This study provides evidence that the Chinese individuals’ perceptions of wastewater pollution significantly decrease their self-rated health. These conclusions are in line with the observed situations of many other countries in different continents and provide an important contribution to the global view of this matter. However, this study faces certain limitations. On the one hand, although this study tests the robustness of the models, and controls most unobserved factors, COVID-19 may still more or less affect participants’ self-rated health, which needs further discussion in the future research. On the other hand, the study only provides evidence of the relationship between the individual perception of wastewater pollution and subjective health status, while the corresponding data on the factual impact on participants’ health cannot be provided. In fact, a mixed study through medical, microbiological, and chemical analyses to complement the survey of perceptions would be a major enhancement and is a promising research path forward.




6. Conclusions


By employing the data from the large-scale surveys, which cover all the 31 provinces and equivalent administrative units in mainland China and 6112 participants, the connections between individuals’ perceptions of wastewater pollution and their self-rated health were studied. The research divided the wastewater into three categories, namely, industrial wastewater, agricultural wastewater, and domestic wastewater, and it is found in the study that the participants’ perception of industrial and domestic wastewater pollution significantly decreases their self-rated health. Meanwhile, perceived industrial wastewater pollution also has an obvious negative effect on individual health performance, such as feeling fatigued and unwell. Accordingly, relevant environmental policies aiming at reducing individuals’ environmental risks, as well as increasing public health levels, should be considered as priorities by the Chinese government. However, the negative effects of COVID-19 on individual self-rated health should be discussed deeply in the future similar studies. Hopefully, this topic will also attract attentions from the perspective of interdisciplinary research.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/ijerph19127291/s1, Table S1: Number of questionnaires and regional distribution; File S1: Questionnaire on researching personal environmental and ecological perception.





Author Contributions


Conceptualization, S.W., K.R. and X.Y.; methodology, S.W. and X.Y.; software, S.W.; validation, S.W. and X.Y.; formal analysis, S.W. and X.Y.; investigation, X.Y.; resources, X.Y.; data curation, W.Y.; writing—original draft preparation, S.W., J.P., K.Z., D.G. and X.Y.; writing—review and editing, S.W., K.R. and X.Y.; supervision, S.W.; project administration, X.Y.; funding acquisition, X.Y. All authors have read and agreed to the published version of the manuscript.




Funding


This research is fully funded by China Postdoctoral Science Foundation (Fund No. 2018M640156); National Ethnic Affairs Commission of the People’s Republic of China (Training Program for Young and Middle-aged Talents, No.2020000219); the research is also supported by “The Fundamental Research Funds for the Central Universities” (Fund No. 2021GDZC08).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Researchers are required to apply for permission to use the data.




Acknowledgments


The authors are grateful to all the students and researchers of our research team in their efforts for data collection.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Gambhir, R.; Kapoor, V.; Nirola, A.; Sohi, R.; Bansal, V. Water Pollution: Impact of Pollutants and New Promising Techniques in Purification Process. J. Hum. Ecol. 2012, 37, 103–109. [Google Scholar] [CrossRef]

	



Juneja, T.; Chaudhary, A. Assessment of Water Quality and Its Effects on the Health of Residents of Jhunjhunu District, Rajasthan: A Cross Sectional Study. Acad. J. 2013, 5, 186–191. [Google Scholar]

	



Sharma, J.; Srivastava, S. Quality of Potable Water and Water Borne Disease—A Review. Plant Arch. 2020, 20, 77–79. [Google Scholar]

	



Halder, J.N.; Islam, M.N. Water Pollution and Its Impact on the Human Health. J. Environ. Hum. 2015, 2, 36–46. [Google Scholar] [CrossRef]

	



Lu, Y.; Song, S.; Wang, R.; Liu, Z.; Meng, J.; Sweetman, A.; Jenkins, A.; Ferrier, R.C.; Li, H.; Luo, W.; et al. Impacts of Soil and Water Pollution on Food Safety and Health Risks in China. Environ. Int. 2015, 77, 5–15. [Google Scholar] [CrossRef]

	



Liu, C.M.; Cao, Y.J. Water Pollution in China and Its Impact on Human Health and Main Countermeasures. Sci. Soc. 2009, 2, 16–22. [Google Scholar]

	



Yang, J.J.; Liu, J. Influence and Harm of Water Pollution on Human Health. Jilin Water Resour. 2003, 11, 37–40. [Google Scholar]

	



Li, W. Impact of Water Pollution on Human Health and Countermeasures. Agric. Technol. 2013, 33, 234. [Google Scholar]

	



Dasgupta, P. Valuing Health Damages from Water Pollution in Urban Delhi, India: A Health Production Function Approach. Environ. Dev. Econ. 2004, 9, 83–106. [Google Scholar] [CrossRef]

	



Shi, Z.; Wu, F.; Huang, H.; Sun, X.; Zhang, L. Comparing Economics, Environmental Pollution and Health Efficiency in China Int. J. Environ. Res. Public Health 2019, 16, 4827. [Google Scholar] [CrossRef]

	



Shi, Z.; Huang, H.; Chiu, Y.; Zhang, B.; Zhang, C. Linkage Analysis of Water Resources, Wastewater Pollution, and Health for Regional Sustainable Development—Using Undesirable Three-stage Dynamic Data Envelopment Analysis. Environ. Sci. Pollut. Res. 2021, 28, 19325–19350. [Google Scholar] [CrossRef]

	



Whelton, A.J.; McMillan, L.; Connell, M.; Kelley, K.M.; Gill, J.; White, K.D.; Gupta, R.; Dey, R.; Novy, C.L. Residential Tap Water Contamination Following the Freedom Industries Chemical Spill: Perceptions, Water Quality, and Health Impacts. Environ. Sci. Technol. 2015, 49, 813–823. [Google Scholar] [CrossRef] [PubMed]

	



Chew, J.F.; Corlin, L.; Ona, F.F.; Pinto, S.; Fenyi-Baah, E.; Osei, B.; Gute, D.M. Water Source Preferences and Water Quality Perceptions among Women in the Eastern Region, Ghana: A Grounded Theory Study. Int. J. Environ. Res. Public Health 2019, 16, 3835. [Google Scholar] [CrossRef] [PubMed]

	



Gevera, P.K.; Dowling, K.; Gikuma-Njuru, P.; Mouri, H. Public Knowledge and Perception of Drinking Water Quality and Its Health Implications: An Example from the Makueni County, South-Eastern Kenya. Int. J. Environ. Res. Public Health 2022, 19, 4530. [Google Scholar] [CrossRef] [PubMed]

	



Slovic, P. Perception of Risk. Science 1987, 236, 280. [Google Scholar] [CrossRef]

	



Eichelberger, L. Household Water Insecurity and Its Cultural Dimensions: Preliminary Results from Newtok, Alaska. Environ. Sci. Pollut. Res. 2017, 25, 32938–32951. [Google Scholar] [CrossRef]

	



Seltenrich, N. Air Pollution and Suicide: Exploring a Potential Risk Factor. Environ. Health Perspect. 2018, 126, 074002. [Google Scholar]

	



Zeng, J.; Jiang, M.; Yuan, M. Environmental Risk Perception, Risk Culture, and Pro-Environmental Behavior. Int. J. Environ. Res. Public Health 2020, 17, 1750. [Google Scholar] [CrossRef]

	



Abir, T.; Kalimullah, N.A.; Osuagwu, U.L.; Yazdani, D.M.N.-A.; Mamun, A.A.; Husain, T.; Basak, P.; Permarupan, P.Y.; Agho, K.E. Factors Associated with the Perception of Risk and Knowledge of Contracting the SARS-CoV-2 among Adults in Bangladesh: Analysis of Online Surveys. Int. J. Environ. Res. Public Health 2020, 17, 5252. [Google Scholar]

	



Yu, X.; Ho, P. Does Non-agricultural Hukou Increase Individual’s Happiness? Stat. Res. 2016, 10, 67–74. [Google Scholar]

	



Zhang, M.; Sun, R.; Wang, W. Study on the Effect of Public Participation on Air Pollution Control Based on China’s Provincial Level Data. Environ. Dev. Sustain. 2021, 23, 12814–12827. [Google Scholar] [CrossRef]

	



Krause, N.M.; Jay, G.M. What Do Global Self-Rated Health Items Measure? Med. Care 1994, 32, 930–942. [Google Scholar] [CrossRef] [PubMed]

	



Idler, E.L.; Benyamini, Y. Self-Rated Health and Mortality: A Review of Twenty-Seven Community Studies. J. Health. Soc. Behav. 1997, 38, 21–37. [Google Scholar] [CrossRef] [PubMed]

	



Idler, E.L.; Kasl, S.V. Self-Ratings of Health: Do They also Predict Change in Functional Ability? J. Gerontol. 1995, 50B, S344–S353. [Google Scholar] [CrossRef] [PubMed]

	



Kananen, L.; Enroth, L.; Raitanen, J.; Jylhv, J.; Jylh, M. Self-Rated Health in Individuals with and without Disease is Associated with Multiple Biomarkers Representing Multiple Biological Domains. Sci. Rep. 2021, 11, 6139. [Google Scholar] [CrossRef] [PubMed]

	



Fayers, P.M.; Sprangers, M.A. Understanding Self-Rated Health. Lancet 2002, 359, 187–188. [Google Scholar] [CrossRef]

	



Silventoinen, K.; Posthuma, D.; Lahelma, E.; Rose, R.J.; Kaprio, J. Genetic and Environmental Factors Affecting Self-Rated Health from Age 16–25: A Longitudinal Study of Finnish Twins. Behav. Genet. 2006, 37, 326–333. [Google Scholar] [CrossRef]

	



Hosoi, K.; Satoh, T.; Kudo, Y.; Tsunoda, M.; Kudo, Y.; Watanabe, M.; Miki, T.; Aizawa, Y. Factors Determining Self-Rated Health: Survey on Evaluation of Health Status. Kitasato Med. J. 2007, 37, 7–15. [Google Scholar]

	



Mikolajczyk, R.T.; Brzoska, P.; Maier, C.; Ottova, V.; Meier, S.; Dudziak, U.; Ilieva, S.; Ansari, E.L. Factors Associated with Self-Rated Health Status in University Students: A Cross-Sectional Study in Three European Countries. BMC Public Health 2008, 8, 215. [Google Scholar] [CrossRef]

	



Gao, P.; Li, H. An Analysis of Factors Influencing the Self-Rated Health of Elderly Chinese People. Open J. Soc. Sci. 2015, 03, 15–20. [Google Scholar] [CrossRef]

	



Damaskinos, P.; Koletsi-Kounari, C.; Mamai-Homata, H.; Papaioannou, W. Social, Clinical and Psychometric Factors Affecting Self-Rated Oral Health, Self-Rated Health and Wellbeing in Adults: A Cross-Sectional Survey. Health 2022, 14, 104–124. [Google Scholar] [CrossRef]

	



Nada, O.; Yemi, L. New Report on Inequalities in Access to Water, Sanitation and Hygiene also Reveals More than Half of the World Does not Have Access to Safe Sanitation Services. Available online: https://www.who.int/news/item/18-06-2019-1-in-3-people-globally-do-not-have-access-to-safe-drinking-water-unicef-who (accessed on 25 May 2022).

	



Geng, Y.N.; Dai, E.H.; Wang, G.L.; Jin, Z.H.; Zhang, J. Study on Temporal and Spatial Distribution, Evolution and Impact Mechanism of Water Pollution Events in China. Environ. Pollut. Control. 2022, 44, 413–419. [Google Scholar]

	



Hong, D.Y.; Fan, Y.C.; Xiao, C.Y. Testing the Chinese Version of Environmental Concern Scale (CNEP): Reanalysis Based on CGSS 2010 Data. Sociol. Stud. 2014, 4, 49–72. [Google Scholar]

	



Kostka, G.; Nahm, J. Central–Local Relations: Recentralization and Environmental Governance in China. China Q. 2017, 231, 567–582. [Google Scholar] [CrossRef]

	



Díaz, E.; Bruce, N.; Pope, D.; Díaz, A.; Smith, K.R.; Smith-Sivertsen, T. Self-rated Health among Mayan Women Participating in a Randomised Intervention Trial Reducing Indoor Air Pollution in Guatemala. BMC Int. Health Hum. Rights 2008, 8, 1–8. [Google Scholar] [CrossRef]

	



Kerry, A.; Cynthia, C.; Marisol, B.; Thelma, V. Two Mechanisms: The Role of Social Capital and Industrial Pollution Exposure in Explaining Racial Disparities in Self-rated Health. Int. J. Environ. Res. Public Health 2016, 13, 1–16. [Google Scholar]

	



Li, Z.; Folmer, H.; Xue, J. Perception of Air Pollution in the Jinchuan Mining Area, China: A Structural Equation Modeling Approach. Int. J. Environ. Res. Public Health 2016, 13, 735. [Google Scholar] [CrossRef]

	



Qian, X.; Xu, G.; Li, L.; Shen, Y.; He, T.; Liang, Y.; Yang, Z.; Zhou, W.W.; Xu, J. Knowledge and perceptions of air pollution in Ningbo, China. BMC Public Health 2016, 16, 1138. [Google Scholar] [CrossRef]

	



Chakraborty, J.; Collins, T.W.; Grineski, S.E. Maldonado, A. Racial Differences in Perceptions of Air Pollution Health Risk: Does Environmental Exposure Matter? Int. J. Environ. Res. Public Health 2017, 14, 116. [Google Scholar] [CrossRef]

	



State Council of China. Outline of “Healthy China 2030” Plan. Available online: http://www.xinhuanet.com/politics/2016-10/25/c_1119785867_2.htm (accessed on 25 March 2022).

	



Bernard, H.R. Research Methods in Anthropology: Qualitative and Quantitative Approaches; Altamira: Oxford, UK, 2006; pp. 191–192. [Google Scholar]

	



Ocampo, J.M. Self-rated Health: Importance of Use in Elderly Adults. Col. Médica 2010, 41, 275–289. [Google Scholar] [CrossRef]

	



Koelmans, A.; Nor, M.; Hermsen, E.; Kooi, M.; Mintenig, M.; De France, J. Microplastics in Freshwaters and DWater: Critical Review and Assessment of Data Quality. Water Res. 2019, 155, 410–422. [Google Scholar] [CrossRef] [PubMed]

	



Lin, H.-H.; Chen, I.-Y.; Tseng, C.-H.; Lee, Y.-S.; Lin, J.-C. A Study of the Impact of River Improvement and Greening on Public Reassurance and the Urban Well-Being Index during the COVID-19 Pandemic. Int. J. Environ. Res. Public Health 2022, 19, 3958. [Google Scholar] [CrossRef] [PubMed]

	



Fu, Q.; Ren, Q. Educational Inequality under China’s Rural–urban Divide: The Hukou System and Return to Education. Environ. Pla. A 2010, 42, 592–610. [Google Scholar] [CrossRef]

	



Zhang, J.; Zhang, H.W.; Zhang, C.G. Effect of Groundwater Irrigation on Soil PAHs Pollution Abatement and Soil Microbial Characteristics: A Case Study in Northeast China. Pedosphere 2010, 20, 557–567. [Google Scholar] [CrossRef]

	



Yang, B.J.; Shang, J.; Yu, F.W. Difficulty, Problems and Countermeasures of Agricultural Non-point Sources Pollution Control in China. Chin. J. Eco-Agric. 2019, 27, 236–245. [Google Scholar]

	



Fleisher, J.; Kay, D. Risk Perception Bias, Self-reporting of Illness, and the Validity of Reported Results in an Epidemiologic Study of Recreational Water Associated Illnesses. Mar. Pollut. Bull. 2006, 52, 264–268. [Google Scholar] [CrossRef]

	



Feng, X.N.; Zhang, G.; Wang, Y. Agricultural Non-point Source Pollution Prevention Measures. Environ. Sci. Manag. 2017, 42, 89–93. [Google Scholar]

	



Ahmed, A.; Shafique, I. Perception of Household in Regards to Water Pollution: An Empirical Evidence from Pakistan. Environ. Sci. Pollut. Res. 2019, 26, 8543–8551. [Google Scholar] [CrossRef]

	



Brewer, N.T.; Chapman, G.B.; Gibbons, F.X.; Gerrard, M.; Mccaul, K.; Weinstein, N.D. Meta-analysis of the Relationship between Risk Perception and Health Behavior: The Example of Vaccination. Health Psychol. Off. J. Div. Health Psychol. Am. Psychol. Assoc. 2007, 26, 136–145. [Google Scholar] [CrossRef]

	



Mayer, B.; Joshweseoma, L.; Sehongva, G. Environmental Risk Perceptions and Community Health: Arsenic, Air Pollution, and Threats to Traditional Values of the Hopi Tribe. J. Community Health 2019, 44, 896–902. [Google Scholar] [CrossRef]

	



Yamashita, T.; Kim, G.; Liu, D.; Bardo, A.R. Associations Between Perceived Environmental Pollution and Mental Health in Middle-Aged and Older Adults in East Asia. Asia Pac. J. Public Health 2020, 33, 109–112. [Google Scholar] [CrossRef] [PubMed]

	



Nriagu, J.; Udofia, E.A.; Ekong, I.; Ebuk, G. Health Risks Associated with Oil Pollution in the Niger Delta, Nigeria. Int. J. Environ. Res. Public Health 2016, 13, 346. [Google Scholar] [CrossRef] [PubMed]

	



Ou, J.Y.; Peters, J.L.; Levy, J.I.; Bongiovanni, R.; Rossini, A.; Scammell, M.K. Self-rated Health and Its Association with Perceived Environmental Hazards, the Social Environment, and Cultural Stressors in an Environmental Justice Population. BMC Public Health 2018, 18, 970. [Google Scholar] [CrossRef] [PubMed]

	



Jiang, Y.; Luo, H.; Yang, F. Influences of Migrant Construction Workers’ Environmental Risk Perception on Their Physical and Mental Health: Evidence from China. Int. J. Environ. Res. Public Health 2020, 17, 7424. [Google Scholar] [CrossRef] [PubMed]

	



Dzhambov, A.M.; Lercher, P.; Stoyanov, D.; Petrova, N.; Novakov, S.; Dimitrova, D.D. University Students’ Self-Rated Health in Relation to Perceived Acoustic Environment during the COVID-19 Home Quarantine. Int. J. Environ. Res. Public Health 2021, 18, 2538. [Google Scholar] [CrossRef] [PubMed]

	



Ding, F.; Huang, L.Y.; Wang, R.; Gao, Y.J.; Yao, J.Y.; Wang, X.Y.; Li, Q. Analysis of Monitoring Data of Water Pollution Emergencies in China from 2004 to 2015. China Public Health 2017, 33, 59–62. [Google Scholar]

	



Xu, M.; Zhang, T.; Wang, D.; Zhao, Y.; Xie, Y.C.; Ma, L.K. Review and Prospect of Water Pollution Prevention and Control in China in the Past 40 Years. China Environ. Manag. 2019, 11, 65–71. [Google Scholar]

	



Gu, H.; Cao, Y.; Elahi, E. Human Health Damages Related to Air Pollution in China. Environ. Sci. Pollut. Res. 2019, 26, 13115–13125. [Google Scholar] [CrossRef]

	



Zhang, K.; Pei, J.P.; Wang, S.; Karlis, R.; Yu, X. Life Satisfaction in China, 2010-2018: Trends and Unique Determinants. Appl. Res. Qual. Life, 2022; in press. [Google Scholar] [CrossRef]

	



Fu, S.; Viard, V.B.; Zhang, P. Air Pollution and Manufacturing Firm Productivity: Nationwide Estimates for China. SSRN Work. Pap. 2018, 131, 2956505. [Google Scholar] [CrossRef]

	



Covert, H.H.; Sherman, M.; Le, D.; Lichtveld, M.Y. Environmental Health Risk Relationships, Responsibility, and Sources of Information among Vietnamese Americans in Coastal Mississippi. Health Risk Soc. 2020, 22, 362–376. [Google Scholar] [CrossRef] [PubMed]

	



Merkel, L.; Bicking, C.; Sekhar, D.L. Parents’ Perceptions of Water Safety and Quality. J. Community Health 2011, 37, 195–201. [Google Scholar] [CrossRef] [PubMed]

	



Ford, L.; Waldner, C.; Sanchez, J.; Bharadwaj, L. Risk Perception and Human Health Risk in Rural Communities Consuming Unregulated Well Water in Saskatchewan, Canada. Risk Anal. 2019, 39, 2559–2575. [Google Scholar] [CrossRef] [PubMed]

	



Caputo, A.; Tomai, M.; Lai, C.; Desideri, A.; Pomoni, E.; Méndez, H.C.; Castellanos, B.A.; La Longa, F.; Crescimbene, M.; On Behalf of the “Agua Futura” Consortium; et al. The Perception of Water Contamination and Risky Consumption in El Salvador from a Community Clinical Psychology Perspective. Int. J. Environ. Res. Public Health 2022, 19, 1109. [Google Scholar] [CrossRef]

	



Benameur, T.; Benameur, N.; Saidi, N.; Tartag, S.; Sayad, H.; Agouni, A. Predicting Factors of Public Awareness and Perception about the Quality, Safety of Drinking Water, and Pollution Incidents. Environ. Monit. Assess. 2021, 194, 1–26. [Google Scholar] [CrossRef] [PubMed]

	



Kangmennaang, J.; Bisung, E.; Elliott, S.J. ‘We Are Drinking Diseases’: Perception of Water Insecurity and Emotional Distress in Urban Slums in Accra, Ghana. Int. J. Environ. Res. Public Health 2020, 17, 890. [Google Scholar] [CrossRef]

	



De França Doria, M.; Pidgeon, N.F.; Hunter, P. Perception of Tap Water Risks and Quality: A Structural Equation Model Approach. Water Sci. Technol. A J. Int. Assoc. Water Pollut. Res. 2005, 52, 143–149. [Google Scholar] [CrossRef]








[image: Ijerph 19 07291 g001 550] 





Figure 1. The number of questionnaires obtained in the surveys from each provincial-level unit of China’s mainland. 
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Figure 2. Perceived wastewater in the rural areas of Sichuan Province (taken in December 2018). 






Figure 2. Perceived wastewater in the rural areas of Sichuan Province (taken in December 2018).



[image: Ijerph 19 07291 g002]







[image: Ijerph 19 07291 g003 550] 





Figure 3. Water pollution in Hebei Province (taken in April 2018) and Fujian Province (taken in September 2019). 
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Table 1. Characteristics of the study sample.
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Variables

	
Category

	
N

	
Ratio (%)






	
Health-present

	
Very Healthy

	
887

	
14.51




	
Healthy

	
2818

	
46.10




	
General

	
1446

	
23.65




	
Unhealthy

	
472

	
7.72




	
Very unhealthy

	
95

	
1.55




	
Missing value

	
395

	
6.46




	
Health-past

	
Better

	
1050

	
17.18




	
Same

	
3389

	
55.44




	
Worse

	
1273

	
20.82




	
Missing value

	
401

	
6.56




	
Health-peers

	
Better

	
1178

	
19.27




	
Same

	
3812

	
62.36




	
Worse

	
727

	
11.89




	
Missing value

	
396

	
6.48




	
Fatigue

	
Always

	
189

	
3.09




	
Usually

	
493

	
8.06




	
Sometimes

	
1069

	
17.49




	
Seldom

	
983

	
16.08




	
Never

	
331

	
5.41




	
Missing value

	
3048

	
49.86




	
Upset

	
Always

	
124

	
2.03




	
Usually

	
304

	
4.97




	
Sometimes

	
1029

	
16.83




	
Seldom

	
1131

	
18.50




	
Never

	
476

	
7.79




	
Missing value

	
3049

	
49.88




	
Industrial

	
No

	
3131

	
51.22




	
Yes

	
2434

	
39.82




	
Missing value

	
548

	
8.96




	
Agricultural

	
No

	
3972

	
64.98




	
Yes

	
1593

	
26.06




	
Missing value

	
548

	
8.96




	
Domestic

	
No

	
1717

	
28.09




	
Yes

	
3848

	
62.95




	
Missing value

	
548

	
8.96




	
Gender

	
Male

	
2818

	
46.10




	
Female

	
2990

	
48.91




	
Missing value

	
305

	
4.99




	
Hukou

	
Agricultural Hukou

	
2655

	
43.43




	
Non-agricultural Hukou

	
2802

	
45.84




	
Missing value

	
656

	
10.73




	
Age

	
0–30

	
3876

	
63.41




	
31–50

	
1561

	
25.54




	
≥51

	
389

	
6.36




	
Missing value

	
0

	
0




	
Education

	
Primary school and lower

	
242

	
3.96




	
Middle school

	
925

	
15.13




	
High school

	
1434

	
23.46




	
University (or college)

	
2894

	
47.34




	
Master’s degree (or higher)

	
348

	
5.69




	
Missing value

	
0

	
0








Note: “N” indicates the number of observations. The sample sets missing values including two conditions: interviewees chose “don’t know” for answers or did not answer at all (including the situation of individuals refusing to answer). Exactly, the question “What is the main type of wastewater pollution locally” in the questionnaire contains the option of “don’t know”, while 431 and 127 participants chose “don’t know” and did not answer, respectively (seen as a total of 548 missing values). Meanwhile, the other questions concerning the relevant variables in the questionnaire do not contain the option of “don’t know”, so the missing values came from the situation that individuals did not answer the question (or refused to answer). In addition, the response number of the variables “Fatigue”, and “Upset” is 3065 and 3064, which accounts for 50.15% and 50.13% of the total participants, respectively. It should be noted that the initial version of the questionnaire did not include the two questions mentioned above; the research project added these questions in the end of 2019 as they were identified as important enhancements to the survey.
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Table 2. The response distribution between health-related variables and wastewater (%).
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Health-present

	
Very Healthy

	
Healthy

	
General

	
Unhealthy

	
Very Unhealthy




	
15.24

	
49.34

	
25.40

	
8.30

	
1.71




	
Industrial

	
Yes

	
14.06

	
48.00

	
26.80

	
9.07

	
2.06




	
No

	
16.16

	
50.38

	
24.30

	
7.70

	
1.44




	
Agricultural

	
Yes

	
15.69

	
47.39

	
25.27

	
9.14

	
2.52




	
No

	
15.07

	
50.13

	
25.46

	
7.96

	
1.39




	
Domestic

	
Yes

	
14.61

	
50.14

	
25.29

	
8.36

	
1.59




	
No

	
16.67

	
47.54

	
25.65

	
8.16

	
2.00




	
Health-past

	
Better

	
Same

	
Worse

	




	
18.33

	
59.22

	
22.45




	
Industrial

	
Yes

	
17.41

	
57.01

	
25.58




	
No

	
19.05

	
60.94

	
20.01




	
Agricultural

	
Yes

	
19.50

	
59.56

	
20.95




	
No

	
17.86

	
59.08

	
23.05




	
Domestic

	
Yes

	
18.02

	
59.17

	
22.82




	
No

	
19.04

	
59.34

	
21.62




	
Health-peers

	
Better

	
Same

	
Worse

	




	
20.43

	
66.88

	
12.69




	
Industrial

	
Yes

	
20.54

	
65.68

	
13.78




	
No

	
20.34

	
67.82

	
11.84




	
Agricultural

	
Yes

	
21.06

	
66.14

	
12.80




	
No

	
20.18

	
67.18

	
12.64




	
Domestic

	
Yes

	
19.74

	
66.77

	
13.49




	
No

	
21.99

	
67.14

	
10.88




	
Fatigue

	
Always

	
Usually

	
Sometimes

	
Seldom

	
Never




	
6.05

	
16.07

	
35.12

	
32.04

	
10.72




	
Industrial

	
Yes

	
7.09

	
16.19

	
36.05

	
31.04

	
9.63




	
No

	
4.94

	
15.95

	
34.12

	
33.12

	
11.87




	
Agricultural

	
Yes

	
5.52

	
17.17

	
35.41

	
31.45

	
10.44




	
No

	
6.26

	
15.63

	
35.00

	
32.28

	
10.83




	
Domestic

	
Yes

	
5.55

	
16.40

	
34.34

	
33.21

	
10.49




	
No

	
7.07

	
15.40

	
36.71

	
29.64

	
11.18




	
Upset

	
Always

	
Usually

	
Sometimes

	
Seldom

	
Never




	
3.91

	
9.79

	
33.71

	
37.21

	
15.39




	
Industrial

	
Yes

	
4.42

	
9.58

	
35.10

	
35.23

	
15.67




	
No

	
3.36

	
10.01

	
32.24

	
39.31

	
15.08




	
Agricultural

	
Yes

	
3.96

	
11.28

	
33.49

	
36.25

	
15.01




	
No

	
3.89

	
9.18

	
33.80

	
37.59

	
15.54




	
Domestic

	
Yes

	
3.19

	
9.62

	
33.38

	
39.51

	
14.30




	
No

	
5.38

	
10.13

	
34.39

	
32.49

	
17.62








Note: The horizontal sum of data in each row equals to 100%.
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Table 3. The influence factors of Chinese individuals’ self-rated health.
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Variable

	
Category

	
Model 1

Health-Present

	
Model 2

Health-Past

	
Model 3

Health-Peers




	

	

	
OR (95% CI)

	
p

	
OR (95% CI)

	
p

	
OR (95% CI)

	
p






	
Industrial (wastewater)

	
1.26 (1.12–1.42)

	
<0.001

	
1.23 (1.06–1.42)

	
0.005

	
1.18 (1.05–1.32)

	
0.006




	
Agricultural (wastewater)

	
1.08 (0.93–1.26)

	
0.334

	
0.92 (0.81–1.04)

	
0.165

	
0.97 (0.81–1.17)

	
0.783




	
Domestic (wastewater)

	
1.21 (1.04–1.41)

	
0.012

	
1.17 (1.01–1.35)

	
0.034

	
1.33 (1.14–1.55)

	
0.000




	
Gender

	
Female

	
0.98 (0.85–1.14)

	
0.816

	
1.27 (1.10–1.48)

	
0.001

	
1.28 (1.09–1.50)

	
0.002




	
Hukou

	
Non-Agricultural

	
1.61 (0.63–4.11)

	
0.319

	
1.18 (0.41–3.39)

	
0.761

	
2.89 (1.16–7.20)

	
0.022




	
Age

	
31–50

	
1.40 (1.18–1.68)

	
<0.001

	
1.22 (1.00–1.49)

	
0.056

	
1.14 (0.91–1.43)

	
0.245




	
≥51

	
1.35 (1.06–1.72)

	
0.015

	
1.12 (0.96–1.32)

	
0.154

	
0.87 (0.63–1.19)

	
0.371




	
Education

	
Middle school

	
0.85 (0.71–1.01)

	
0.067

	
0.94 (0.68–1.31)

	
0.719

	
0.85 (0.67–1.08)

	
0.174




	
High school

	
0.77 (0.61–0.97)

	
0.025

	
0.88 (0.59–1.31)

	
0.522

	
0.70 (0.54–0.91)

	
0.007




	
University

	
0.76 (0.61–0.97)

	
0.027

	
1.08 (0.73–1.60)

	
0.700

	
0.66 (0.51–0.86)

	
0.002




	
Master’s and higher

	
0.68 (0.52–0.88)

	
0.004

	
1.08 (0.67–1.75)

	
0.747

	
0.62 (0.45–0.85)

	
0.003




	
Income

	
Local

	
0.70 (0.25–1.93)

	
0.489

	
0.79 (0.25–2.47)

	
0.682

	
0.30 (0.11–0.84)

	
0.003




	
FE

	
Province

	
Yes

	

	
Yes

	

	
Yes

	




	
Cluster

	
Province

	
Yes

	

	
Yes

	

	
Yes

	








Note: “OR” indicates odds ratio, “CI” indicates confidence interval, “p” indicates p-value, which shows the significance level, “FE” indicates fixed effect (the same below). In addition, “Local” indicates a participant’s location (province). Here the study controlled the economic development status, and residents’ income level in a participant’s province (or equivalent administrative unit) by employing the independent variable of “Income”.
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Table 4. The specific effects of wastewater pollution on individuals’ health evaluations.
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Variable

	
Category

	
Model 4

Fatigue

	
Model 5

Upset




	

	

	
OR (95% CI)

	
p

	
OR (95% CI)

	
p






	
Industrial (wastewater)

	
0.78 (0.68–0.90)

	
0.001

	
0.82 (0.73–0.93)

	
0.001




	
Agricultural (wastewater)

	
0.93 (0.78–1.11)

	
0.417

	
0.97 (0.82–1.15)

	
0.730




	
Domestic (wastewater)

	
1.08 (0.93–1.24)

	
0.306

	
1.09 (0.91–1.31)

	
0.349




	
Gender

	
Female

	
1.08 (0.93–1.25)

	
0.306

	
1.15 (0.97–1.35)

	
0.103




	
Hukou

	
Non-Agricultural

	
1.25 (0.35–4.44)

	
0.731

	
1.19 (0.36–3.88)

	
0.777




	
Age

	
31–50

	
1.02 (0.81–1.29)

	
0.845

	
1.24 (1.01–1.53)

	
0.044




	
≥51

	
2.02 (1.43–2.83)

	
<0.001

	
1.66 (1.13–2.43)

	
0.010




	
Education

	
Middle school

	
0.81 (0.58–1.13)

	
0.219

	
0.86 (0.59–1.25)

	
0.415




	
High school

	
0.90 (0.59–1.37)

	
0.631

	
0.84 (0.49–1.44)

	
0.538




	
University

	
1.18 (0.80–1.75)

	
0.399

	
1.10 (0.68–1.78)

	
0.695




	
Master’s and higher

	
1.29 (0.82–2.02)

	
0.271

	
1.19 (0.73–1.96)

	
0.483




	
Income

	
Local

	
0.65 (0.15–2.87)

	
0.572

	
0.76 (0.20–2.91)

	
0.691




	
FE

	
Province

	
Yes

	

	
Yes

	




	
Cluster

	
Province

	
Yes

	

	
Yes
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Table 5. Similar studies in other countries under a comparative and global perspective.
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Continent

	
Country

	
Authors

	
Main Point






	
America

	
USA

	
Covert et al. (2020) [64]

	
Paricapants’ concerns with water quality has important role in acting on their environmental health risk.




	
USA

	
Merkel et al. (2012) [65]

	
Due to the pediatric health concerns, parents tended to worry about potential contamination of tap water.




	
Canada

	
Ford et al. (2019) [66]

	
Households contradicted their perception and consumed water perceived as unsafe, while integration of risk perception lowered the adult incremental lifetime cancer risk.




	
Brazil

	
Caputo (2022) [67]

	
There is a wide range of subjective perceptions and beliefs about drinking water quality and its impact on health that can diversely affect human behavior.




	
Africa

	
Kenya

	
Gevera et al. (2022) [14]

	
The increased health risks associated with high salinity and high F− in drinking water in Makueni County are poorly understood by most residents.




	
Algeria

	
Benameur et al. (2021) [68]

	
The public knowledge about water pollution-related issues remains low, which affects policy maker’s actions for water contamination prevention and public health protection.




	
Ghana

	
Kangmennaang et al. (2020) [69]

	
Participants not only hold various perceptions regarding the safety and quality of vended water but expressed emotional distresses such as discomfort, and anxiety.




	
Europe

	
Portugal

	
De França Doria et al. (2005) [70]

	
Perceived water quality, which is a risk indicator, seems to be mainly a result of external information, past health problems, and water colour.




	
Asia

	
Pakistan

	
Ahmed and Shafique (2019) [51]

	
There is a strong connection beween the risk perception of households regarding water pollution in Pakistan and its potential effect on human health.
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Table 6. China’s wastewater discharge, key pollutants, and permissible limit comparison.
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Year

	
Total Amount of Discharge (2011–2020)




	
Wastewater

	
COD

	
NH3-N

	
TN

	
TP

	
Petroleum

	
Volatile Phenol




	
(Unit: 10,000 tons)

	
(Unit: 10,000 tons)

	
(Unit: 10,000 tons)

	
(Unit: 10,000 tons)

	
(Unit: 10,000 tons)

	
(Unit: tons)

	
(Unit: tons)






	
2011

	
6,591,922

	
2499.9

	
260.4

	
447.1

	
55.4

	
21,012.1

	
2430.6




	
2012

	
6,847,612

	
2423.7

	
253.6

	
451.4

	
48.9

	
17,493.9

	
1501.3




	
2013

	
6,954,433

	
2352.7

	
245.7

	
448.1

	
48.7

	
18,385.3

	
1277.3




	
2014

	
7,161,751

	
2294.6

	
238.5

	
456.1

	
53.5

	
16,203.6

	
1378.4




	
2015

	
7,353,227

	
2223.5

	
229.9

	
461.3

	
54.7

	
15,192.0

	
988.2




	
2016

	
7,110,954

	
658.1

	
56.8

	
123.6

	
9.0

	
11,599.4

	
272.1




	
2017

	
6,996,610

	
608.9

	
50.9

	
120.3

	
7.0

	
7639.3

	
244.1




	
2018

	
——

	
584.2

	
49.4

	
120.2

	
6.4

	
7157.7

	
174.5




	
2019

	
——

	
567.1

	
46.3

	
117.7

	
5.9

	
6293.0

	
147.1




	
2020

	
——

	
2564.8

	
98.4

	
322.3

	
33.7

	
3734.0

	
59.8




	
Country/Region

	
Maximum Permissible Limit




	
COD

	
NH3-N

	
TN

	
TP

	
Petroleum

	
Volatile Phenol




	
(Unit: mg/L)

	
(Unit: mg/L)

	
(Unit: mg/L)

	
(Unit: mg/L)

	
(Unit: mg/L)

	
(Unit: mg/L)




	
China

	
120

	
25 (30)

	
20

	
5

	
15

	
0.5




	
USA

	
——

	
——

	
8

	
1

	
——

	
——




	
European Union

	
125

	
——

	
15

	
2

	
——

	
——




	
Japan

	
160 (120)

	
——

	
120 (60)

	
16 (8)

	
30

	
5




	
Singapore

	
100

	
——

	
——

	
——

	
10

	
0.2




	
Malaysia

	
200

	
50

	
——

	
10

	
10

	
——








Data source: (1) China’s wastewater discharge and key pollutants: Annual Report of China Ecological and Environmental Statistics 2011–2020 (see https://www.mee.gov.cn/hjzl/ (accessed on 2 May 2022)). The total amount of wastewater discharge in 2018, 2019, and 2020 are no longer reported in the annual reports. (2) Permissible limit of wastewater discharge: China: Cities Sewage Treatment Plant Pollutant Discharged Standard (GB18918-2002), indicator under certain condition (water temperature ≤ 12 °C) in parentheses; USA: USCODE-2018-TITLE 33 (Chap 26)—Navigation and Navigable Waters; EU: Council Directive (91/271/EEC); Japan: General Standard of Drainage (一般排水基準(法) in Japanese), indicator of daily maximum in parentheses; Singapore: Singapore Wastewater Effluent Discharge Standards (see http://www.water-treatment.com.cn/resources/discharge-standards/singapore.htm (accessed on 2 May 2022)); and Malaysia: Environmental Quality (Sewage) Regulations 2009.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png


nav.xhtml


  ijerph-19-07291


  
    		
      ijerph-19-07291
    


  




  





media/file0.png





media/file2.png
Number of observations

The number of questionnaires obtained from each provincial unit in China's mainland

600
537
507

500
400 355
300

200

100

Province (or equivalent administrative unit)





media/file5.jpg





media/file6.png





media/file3.jpg





media/file1.jpg
“The number of quesonasiees btaincd rom cach proviciaunt in Chins's mainand

£
o

H

H

w

£

s
30 =

n Ao 26355258 20,27
mm
u u el
7|
m ” » n

fr‘ff}\}*" ﬁﬁf@fmyf ffyx@fgyr

Proviace (o equivaten admiaisteative uni

§

H






