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This paper uses field survey data from rural areas of Liaoning Province, China to investigate the relationship between sanitation and the health of rural residents. The results show that the use of traditional latrine pits is significantly negatively correlated with the health of rural residents. Robustness tests using Propensity Score Matching (PSM) further demonstrate the consistency of the results. Further research suggests that traditional latrine pits may affect the health of rural residents indirectly through the poor eating habits of rural residents and by polluting drinking water sources. Using the Life satisfaction approach method, this study concludes that the health value of flush toilets in the sample area accounts for 98% of annual per capita household income.
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1 INTRODUCTION
Adequate sanitation is essential for good health and for social and economic development. According to the United Nations’ 2021 Sustainable Development Goals Report, the proportion of the global population using safely-managed sanitation services was only 54% in 2020. While substantial progress has been made in terms of increasing access to clean drinking water and sanitation, 3.6 billion people, mostly in rural areas, still lacked safely-managed sanitation in 2020.
In rural areas of China, a lack of sanitary toilet facilities has been the main cause of odor and disease (Cheng et al., 2018). According to the results of the third national agricultural census published by the National Bureau of Statistics of China, there were 230 million sanitary toilets in rural areas in 2016, accounting for only 48.6% of toilets in those areas. Moreover, only 14.5% of rural households (about 265 million households in total) had toilets connected to a sewage system by the end of 2017 (Zhou et al., 2022). The potential environmental hazards of fecal sludge in China are still serious.
Of all human excreta, feces are the most dangerous. One Gram of fresh feces from an infected person can contain around 106 viral pathogens and 106–108 bacterial pathogens (Mara et al., 2010). Existing literature has highlighted the impact of sanitation on individual health (Hammer and Spears, 2016; Foster et al., 2021; O'Gorman, 2021; Cameron et al., 2021; Kmush et al., 2021). Systematic reviews suggest that improved sanitation may reduce rates of diarrheal disease by 32%–37% (Fewtrell et al., 2005; Waddington & Snilstveit, 2009). A lack of sanitary toilet facilities is closely correlated with a high incidence of intestinal infectious diseases, due to the fact that lower levels of sanitation coverage increase human fecal pollution and pathogen exposure, thus causing a variety of human diseases, notably diarrheal diseases, soil-transmitted helminthiasis, schistosomiasis, undernutrition, iron-deficiency anemia, trachoma and acute respiratory infections. (Mara et al., 2010; Kumar and Vollmer, 2013; Odagiri et al., 2016; Zhou et al., 2021). Caruso et al. (2014) concluded that improvements in sanitary facilities reduce the risk of infection for Kenyan children and improve their school performance. Another study found that diarrheal disease rates could be substantially decreased through interventions designed to improve the sanitation and general living conditions of Brazilian households (Genser et al., 2006).
Studies in China have proven that improved sanitation has a significant impact on health. The incidence of intestinal infectious diseases among residents in villages without sanitary toilets is 41.67% higher and the incidence of parasitic diseases is 32.96% higher than that in villages with sanitary toilets (Wen & Yang, 2005). For every 1% increase in the rate of access to sanitary toilets, the incidence of hepatitis A drops by 5.6%, and the incidence of dysentery decreases by 36.5% (Zhou et al., 2021). Zhao et al. (2018) also found that the mediating effect of household sanitation facilities on the health of rural residents in China was significant. Other studies focus on the willingness of residents to pay for sanitation improvements, the effects of sanitation reform and policy in areas including public health, environmental health, rural health, the health of school children, and the health of low-income people as well as environmental regulation, green technological progress which are related to the environment (Anwar, 2003; Ulukanligil and Seyrek, 2003; Clark and Gundry, 2004; Fry et al., 2008; Agoramoorthy and Hsu, 2009; Miao et al., 2012; Suparman et al., 2016; Wang et al., 2018; Wang et al., 2021; Wang et al., 2022).
In summary, there are many studies on the relationship between sanitation and health. However, the following two aspects require attention: First, most studies do not consider the problem of sample self-selection. Using field survey data from 1,175 rural households in Liaoning Province, China in 2018, this paper gives full consideration to the problem of sample self-selection and uses the propensity score matching method (PSM) to accurately estimate the impact of sanitation facilities on the health of rural residents, providing the latest research on sanitation in rural China. PSM can effectively reduce selection bias by balancing the differences between the treatment and control groups (D'Agostino, 1998). In addition, PSM uses nonparametric estimation without any assumptions about the relationship between the response variable and the explanatory variable, so it is widely used in research on health and the environment (Chen and Jin, 2012; Kumar and Vollmer, 2013; Ali et al., 2018; Adusumilli et al., 2020). In this study, PSM balanced the covariates of the treatment and control groups to control for the effect of other factors and better separate the effects of traditional latrine pits on the health of rural residents.
Second, there is little literature evaluating the health value of sanitation improvements1. This study attempts to fill this gap in the literature by monetizing the health value of flush toilets using the LSA valuation method. These outcomes are valuable not only because they provide a reference for the evaluation of the overall improvement of the sanitation environment, but also because they provide guidelines for the investment of sanitation resources in the future.
In addition, this study investigates the mechanism of traditional latrine pits affecting personal health from two aspects: drinking water sources and dietary habits. Another contribution to the literature lies in the decomposition of these mechanisms. A method drawn from Gelbach (2016) and Gong et al. (2021) is used to quantify the importance of each channel. The results can help reveal ways to mitigate the impact of poor sanitation on individual health. These conclusions are particularly important in areas where there is no way to change existing health facilities in the short term.
2 MATERIALS AND METHODS
2.1 Data
The data for this paper are drawn from a field survey of rural residents in Liaoning Province, China. The survey was conducted in December 2018, using a multi-stage random sampling method. First, 41 agricultural counties (districts, county-level cities) in the province were divided into three equal groups according to their per capita GDP in 2017. Then, four counties (districts, county-level cities) were randomly selected from each category, totaling 12 sample counties. Next, the same stratified random sampling method was used to select three sample towns from each sample county (districts, county-level cities), and three sample villages from each sample town, totaling 106 villages. Finally, 1,180 households were randomly selected from the 106 villages. After removing incomplete questionnaires, a total of 1,175 valid questionnaires were obtained.
2.2 Descriptive statistics
Definitions of the variables and descriptive statistics are presented in Table 1. The average age of the sample farmers was just over 56 years, and on average they had just under 7 years of education. Most of the sample farmers are male heads of household. The survey questionnaire asked participants to rate their physical health on a scale of one to five, with one representing “very unhealthy” to and five representing “very healthy.” The use of self-rated health status is currently a mainstream approach to health research, and many studies have demonstrated the rationality of this indicator. For example, several previous studies have shown that self-rated health is a good indicator of overall health, future disease incidence, and mortality (Wannamethee and Shaper, 1991; Idle and Benyamini, 1997; Hertzman et al., 2001). When this paper discusses sanitation facilities, it addresses toilet type, namely traditional latrine pits and flush toilets. The treatment variable in this paper is defined based on a survey question answered by the participating households: “What type of toilet is your family using now?” Of the 1,175 households surveyed, 210 households used flush toilets, while the remaining 965 households (82.1% of the sample) still used traditional latrine pits.
TABLE 1 | Summary statistics.
[image: Table 1]When analyzing the toilet type and health of 1,175 farmers, it was found that farmers who use flush toilets have a self-rated health score 0.336 higher than those use traditional latrine pits (Figure 1).
[image: Figure 1]FIGURE 1 | Distribution of self-rated health status between the two main subgroups.
2.3 Empirical specification
2.3.1 Base specification (naïve model)
This paper first examines the impact of the use of traditional latrine pits on the health of rural residents. The following empirical equation is constructed:
[image: image]
The explained variable of the equation [image: image] is the self-reported health status of the rural resident, and the core explanatory variable [image: image] represents whether the family uses traditional latrine pits. [image: image] represents the control variables, including individual, family and village characteristics; [image: image] is the random disturbance term.
2.3.2 Propensity score matching
The decision of whether to use traditional latrine pits is not random, but rather is influenced by family and village-level factors. These factors create the potential for sample self-selection, which may cause endogeneity problems that lead to biased model estimation results. Second, the health of rural residents who use traditional latrine pits is observable, but it is impossible to accurately predict what the health of these residents would be if they used flush toilets. Therefore, there is a lack of counterfactual results in this sample, which creates the potential for bias. Traditional OLS, Oprobit and other models cannot solve the problem of sample self-selection or provide useful counterfactual analysis. In addition, these models also have many limitations in function form and error term distribution. Thus, this paper uses the propensity score matching method in the framework of counterfactual causal inference analysis as a robustness test of the benchmark regression results. PSM not only eliminates the problem of biased estimates from sample self-selection, but also solves the endogenous problem of variables without constraints, such as function form, parameters and error term distribution.
“Psmatch2” provides a wealth of matching methods, but it has the disadvantage of yielding incorrect standard errors. That is, the standard error provided by “psmatch2” does not take into account that the propensity score is estimated, thereby creating the potential for biased estimates (Abadie and Imbens, 2016). Stata 13 introduced a new “teffects” command for estimating treatment effects, which provides the correct standard errors proposed by Abadie and Imbens (“AI Robust Standard Errors”). The “teffects psmatch” command provides limited matching methods; however, its big advantage is that it gives the correct standard error. Therefore, the “teffects psmatch” command was used to perform k-nearest neighbor matching to obtain the correct standard error, and the “psmatch2” command was used to perform radius matching, kernel matching, spline matching and mashi matching to check the robustness of the results.
2.3.3 Life satisfaction approach
This paper uses the LSA valuation method to measure the health value of flush toilets. The LSA valuation method works by constructing a utility function that includes income and an item to be evaluated (in this case, a flush toilet), and then monetizing the value of the item under the condition of constant utility before and after. In this paper, utility is represented by the self-reported health status of individuals in the sample. On the basis of controlling income and other characteristic variables, the amount of income that needs to be compensated when the variable flush toilet changes from 1 to 0 is estimated under the condition that the utility remains unchanged. Referring to the LSA valuation method summarized by van Praag and Baarsma (2005), we first define a utility function including income and flush toilets, as shown in Equation (2):
[image: image]
In Eq. 2, [image: image] is defined as the utility represented by the self-reported health of the individual; y represents income; T represents a flush toilet; the [image: image] function represents the utility for the respondent; h [·] is a non-continuous and non-differentiable function that maps utility [image: image] to self-reported health; μ is a residual term.
Here, the empirical model is constructed as follows:
[image: image]
The health value of flush toilets is defined as the amount of income that must be increased in the absence of flush toilets in order to maintain the same utility as with flush toilets. It is expressed in the indirect utility function as shown in Eqs 4–7:
[image: image]
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Where [image: image] (·) is the indirect utility function, [image: image] is the initial income, and V is the health value of flush toilets as considered in this paper. Ultimately, the health value V of flush toilets can be calculated using the estimated coefficient [image: image], corresponding to the flush toilet and the coefficient [image: image], corresponding to the income:
[image: image]
3 RESULTS AND DISCUSSION
3.1 Baseline results
Table 2 reports the estimation results of the regression model. Regression was estimated using an Order Probit model. In order to eliminate the heteroscedasticity and autocorrelation of residuals, robust standard errors were used for all regressions in this paper. As shown in Table 2, Column 1, the coefficient for the traditional latrine pits is negative and statistically significant. After controlling for individual, household, and village characteristics, the effect is found to be consistently negative and statistically significant at the 1% level, as shown in Column (2). After adding the area fixed effect, the empirical result in Column (3) is in line with expectations–that is, the use of traditional latrine pits is negatively associated with the health of rural residents. The impact of flush toilet usage time on the health of rural residents was also examined, and the results are reported in column (4). It can be seen that use of flush toilets over a longer period of time is correlated with better health in the sample.
TABLE 2 | Baseline regression results.
[image: Table 2]The estimated coefficients on some covariates are sensible in signs and magnitudes. Health worsens with age and improves with higher levels of education. Married people tend to feel healthier than single people. Household income is positively correlated with self-reported health status, while raising livestock is negatively correlated. Distance from the nearest medical facility is significantly negatively correlated with health.
3.2 Robustness check
3.2.1 Estimation of average treatment effect
Table 3 shows the estimation results of the average treatment effect. For k-nearest neighbor matching, different values of k were used, and the matching effect of each model was combined to set k = 1, k = 3, or k = 4. The results in Table 3 indicate that using traditional latrine pits has a significant negative effect on the health of rural residents. Specifically, the average treatment effects from treated k-nearest neighbor matching (k = 1) were −0.251. The results for k-nearest neighbor matching (k = 3) and k-nearest neighbor matching (k = 4) were similar to the former, indicating that the results are robust. At the same time, radius matching, kernel matching, spline matching and mashi matching were used to illustrate the robustness of the results. Specific results are shown in Table 4, and the average treatment effect for all treated is significant, indicating that the results of the benchmark regression are robust.
TABLE 3 | ATT estimation results (based on Teffects psmatch command).
[image: Table 3]TABLE 4 | ATT estimation results (based on psmatch2 command).
[image: Table 4]The balance of each model was also tested. The results of the balance test show no significant difference in mean values across all covariables after matches were made between the control and treatment groups.
3.2.2 Replacing the independent variable
This paper also uses binary dummy variables to describe the health of rural residents: when respondents stated that they were “very healthy” or “healthy,” the value was marked as 1; otherwise, the value was set to 0. Eq. 1 can then be re-estimated, showing that the use of traditional latrine pits is significantly negatively associated with the health of rural residents. In addition, flush toilet usage time has a significant positive association with the health of rural residents (as shown in Table 5). These findings further confirm the benchmark regression conclusions.
TABLE 5 | Robustness checks.
[image: Table 5]3.3 Mechanism analysis
In the above analysis, sanitation had a significant positive impact on the health of rural residents. This section attempts to explore potential mechanisms, particularly focusing on the pollution of drinking water sources (external effect) and poor eating habits (internal effect). It is difficult to rule out the possibility that there are other mechanisms are at play. Accordingly, a decomposition analysis is employed to show that these two mechanisms explain a certain amount of the effect of sanitation on the health of rural residents.
Contamination of drinking water is a frequent problem in developing countries, and fecal matter is considered one of the worst pollutants in bodies of water (Bianco et al., 2020; Loyola et al., 2020). Studies have confirmed that water pollution by wastewater can compromise human health, due to their high levels of intestinal pathogens from human and animal sources (Gomez-Donate et al., 2016; Bianco et al., 2020). According to China’s Rural Poverty Monitoring Report 2019, 56.4% of rural households used purified tap water in 2018. In our sample, the proportion of farmers using tap water is 58.81%, which is consistent with the national level. This means that nearly half of rural households still use unpurified water sources, such as well water or spring water, in their daily lives. Such water sources are more susceptible to contamination by fecal sludge. Therefore, there is the risk that fecal sludge will pollute drinking water, affecting the health of those drinking it.
A second possible mechanism is that traditional latrine pits may increase the possibility of fecal-oral transmission of bacteria, viral and pathogens, which affects the health of rural residents. Enteric pathogens can be transmitted between humans by the fecal-oral route via either direct contact or indirect contact (through contaminated fluids, including those in surface water and food) (de Graaf et al., 2017). In particular, parasites are more likely to be transmitted via food and water than by direct fecal-oral-transmission (Caccio & Chalmers, 2016; Speich et al., 2016). Traditional latrine pits have a stronger odor than flush toilets and are breeding grounds for mosquitoes and flies. Due to the existence of fecal-oral infection, some poor hygiene behaviors (especially dietary habits) may also cause traditional latrine pits to affect health. The survey item “Do you often eat leftovers from a previous meal at home?” was used to investigate this possibility.
If the above indirect mechanisms hold, then the health effects of traditional latrine pit use on rural residents may decrease after adding other water sources or poor dietary habit variables to Eq. 1. To verify this hypothesis, these two variables were added into the control variables of Eq. 1 one at a time. As can be seen from Table 6, the absolute value of the coefficient of traditional latrine pits decreases with the addition of other water sources and poor dietary habits. Specifically, when the two variables are not present in Eq. 1, the coefficient of traditional latrine pits is −0.255, which is significant at the 0.01 level; after adding other water sources, the coefficient rises to −0.214 (p < 0.05); after adding bad eating habits further, the coefficient increases to −0.205 (p < 0.05). The above results indicate that the pollution of drinking water sources and the poor eating habits of rural residents significantly negatively affect their health. The above indirect mechanisms are both valid.
TABLE 6 | Mechanism: Water pollution and Fecal-oral infection.
[image: Table 6]Figure 2 shows the estimated marginal effect of traditional latrine pits on the health of rural residents sorted by water quality. Figure 2 shows that traditional latrine pits affect the health of rural residents through their effect on water quality. Traditional latrine pit use has no significant impact on the health of rural residents who are satisfied or very satisfied with the quality of their water. However, the use of traditional latrine pits significantly affects the health of those dissatisfied with the quality of their water.
[image: Figure 2]FIGURE 2 | Marginal effects of traditional latrine pit use on health status of rural residents (by differences in water quality satisfaction). Note: Hollow circles indicate that the regression coefficients are not significant at the 10% significance level.
To further understand the extent to which each channel explains the impact of traditional latrine pit use and the total explanatory power thereof, this study draws on Gelbach (2016) and Gong et al. (2021) in employing a decomposition method. Specifically, [image: image] is denoted as the mechanism variable j and the following estimation equation is considered:
[image: image]
The following specification is considered, including all relevant mechanism variables in Eq. 1:
[image: image]
In accordance with Gelbach (2016):
[image: image]
This equation suggests that mechanism j’s component is [image: image], and the remaining unexplained part is [image: image]. For each mechanism, explanatory power is computed for the impact of non-farm work by [image: image].2
Figure 3 plots the estimated decomposition of the impact of traditional latrine pits on the health of rural residents in the areas of non-tap water sources, bad eating behaviors, and other factors. Non-tap water sources are found to explain approximately 18.48% of this effect, and bad eating behaviors explain around 5.98%.
[image: Figure 3]FIGURE 3 | Decomposition of mechanisms.
3.4 Health value of flush toilets
Eq. 3 should be estimated before solving for the health value of flush toilets. Since the dependent variable is a sequence utility in the sequence model, it measures relative utility, while OLS is based on the assumption of cardinal utility, and its utility can be quantified. Therefore, a linear model is used to analyze the impact of flush toilets on the health of rural residents and estimate the corresponding monetization value V.
It is calculated that [image: image] = 0.184, [image: image] = 0.145, and the average annual per capita household income of the sample farmers is known to be 18,525 yuan. Therefore, V = 18,155 yuan can be obtained from Eq. 8. The health value of flush toilets in the sample area accounts for 98% of the annual per capita household income. According to the World Health Organization & United Nations Development Programme (2007), for every $1 invested, there is a global return of $9 for sanitation. The government subsidy for toilet renovation in the sample area is about 2,000 yuan per household. It follows that, according to the LSA estimation method, the health value brought about by flush toilets is over nine times the government investment. This result is consistent with those of the World Health Organization.
4 CONCLUSION AND POLICY IMPLICATIONS
This paper uses field survey data from rural areas of Liaoning Province, China to investigate the impact of traditional latrine pit use on the health of rural residents. After controlling for individual, family, and village characteristics, it was found that traditional latrine pits were significantly negatively correlated with health. After using the PSM method to solve the possible sample self-selection and the resulting endogeneity problems, the obtained estimation results are robust. This study also finds that traditional latrine pits may affect health by polluting drinking water sources, the effects of which are exacerbated by poor eating habits. These two mechanisms collectively explain a significant part of the identified effects. Empirical results show that household use of tap water and improved dietary habits can significantly reduce these negative effects. Finally, analysis shows that the health value of flush toilets in the sample area accounts for 98% of the annual per capita household income. According to the results of this study, the following conclusions can be drawn:
First, when promoting the renovation of toilets to alleviate environmental pollution in rural areas, the government should take note of the close connection between toilet renovation and the health and well-being of people living in rural areas. Policymakers should increase investment in the renovation of rural toilets, explore diversified and stable financing mechanisms, and expand sources of funding for management and maintenance. Regional differences in the renovation of rural toilets are also important. Additionally, follow-up work is necessary, such as improving the supporting measures after the renovation of rural toilets, strengthening the centralized management and disposal of feces, improving the conversion efficiency of secondary energy, and ensuring the sustainability of the operation of facilities in order to avoid secondary pollution.
Second, decision-making departments should consider combining rural toilet renovation with other rural environmental infrastructure construction projects to promote mutual development. For example, it is necessary to continue to increase investment in safe drinking water facilities in rural areas, promote the upgrading of water supply facilities, and continue to increase the penetration rate of indoor tap water.
Finally, further efforts should be made to publicize the hazards of toilet pollution, so as to improve health awareness in rural areas. In this way, residents of these areas will be able to gradually change their unhygienic habits, and the demand for environmental health services will increase, allowing improved sanitation facilities to realize their full positive effect on human health.
There are several potential limitations in this study worth noting. First, the findings of this study are based on survey data that may be prone to measurement and reporting errors. Second, our sample is restricted to a single province in China. Nevertheless, we believe that the sample is representative and well-suited to test our theoretical predictions and represents an interesting case for analysis of a low-income setting. Further research using more representative data from different countries and regions is needed to test if the reported relationships hold in other settings and to further improve our understanding of decisions about determinants of health in developing countries.
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FOOTNOTES
1Throughout this paper, sanitation improvement is defined as the use of flush toilets.
2Note that if unmeasured mechanisms are associated with observed mechanisms and/or if the observed mechanisms have measurement errors, [image: image] may be biased. Therefore, caution must be used when interpreting the decomposition results.
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