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Abstract: Esophageal cancer exhibits one of the highest incidence and mortality rates in 
China. Malignant tumors caused by esophageal cancer, and the relationship to environmental 
factors has been the focus of many public health studies. This study applied spatial analysis 
to ascertain the relationship between water pollution and esophageal cancer mortality rates 
nationwide. We employed two datasets, including a national investigation of esophageal 
cancer rates and distribution, and national water quality grades in China’s primary rivers and 
lakes. Esophageal cancer data were grouped based on different water quality grades, which 
included a scaled buffer distance from rivers and lakes. Non-parametric correlation analyses 
were performed to examine the presence or absence of the following correlations: (i) eso-
phageal cancer mortality and buffer distance from rivers and lakes; and (ii) esophageal can-
cer mortality and water quality grade values. The present study revealed a significant positive 
correlation between widespread water pollution and esophageal cancer mortality nationwide; 
and a significant negative correlation between esophageal cancer mortality, and buffer dis-
tance from rivers and lakes.  
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1  Introduction 

Esophageal cancer is one of the most common human malignant tumors worldwide. The 
World Health Report 2004 ranked esophageal cancer as the highest cause of cancer mortality 
in China. Among the 446,000 cases of death caused by esophageal cancer worldwide, more 
than half occurred in China, i.e. 228 thousand (WHO, 2004). A national sample survey of 
malignant tumor mortality conducted between 2003 and 2006 showed the esophageal cancer 
mortality rate ranked fourth in China, following gastric, liver, and lung cancers. In recent 
years, the rapid economic growth in China has amplified the increasingly polluted waters in 
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several main rivers and lakes, resulting in substantial threats to the health of residents living 
adjacent to these ecosystems (Van Grinsven et al., 2006; Kenneth et al., 1987; Wang and Liu, 
2006; Chang, 2006; Hu et al., 2009; Song et al., 2008; Zhen et al., 2008). To date, it has not 
been definitively established if pollution is a major risk factor for esophageal cancer on a 
national scale. Consequently, specific measures at the national level to counter the effects of 
water pollution, and reduce/prevent esophageal cancer rates have not been implemented. 
Therefore, medical geography research (Yang et al., 2010), which identifies the degree of 
health effects and associated geographic patterns, will serve to examine water pollution in 
major rivers and lakes of China, the relationship with increased rates of esophageal cancer, 
and establish any significant correlation between increased pollution and disease. Disease 
prevention is of primary importance to elucidate pathogenesis, and formulate strategies and 
countermeasures to prevent and treat esophageal cancer in China. 

Research on cancer risk factors remains the foundation and focus of cancer prevention 
and treatment investigations (Zhang and Wang, 2009; James, 1999; Brownstein et al., 2002; 
Gatton et al., 2005; David et al., 2012). Presently, risk factor research is focused on poor 
eating habits (Lei et al., 2006), smoking and other unhealthy lifestyles (Liu et al., 2006), 
stress and other mental health and illness factors (Pan, 2006), the absence of trace elements 
in diets (Yang, 2009; Huang et al., 2002), upper gastrointestinal disease history (Yang et al., 
2008), genetic predisposition for various cancers (Luan et al., 2010; Liu et al., 2008), eco-
nomic conditions (Tong et al., 2007), and food contamination and carcinogens in the local 
environment, including water (Farhad et al., 2009; Nobuaki et al. 1996; Li et al., 2006). 
Most studies on the relationship between esophageal cancer and water pollution reflect the 
individual case specifics in a distinct geographic region (Han et al., 2007; Wang et al., 2007; 
Zhu et al., 2010; Shen et al., 2002; Wei et al., 1999; Soliman et al., 2006). Some studies 
have conducted spatial-temporal analyses of esophageal cancer (Jacob et al., 2008; Nuria et 
al., 2007; Mohammadreza et al., 2011), particularly the relationship between high localized 
incidence of esophageal cancer and environmental degradation of major drainage systems at 
the national scale. Previous research on environment and malignant tumor-related issues 
primarily adopted traditional approaches, including epidemiological investigations 
(Baudouin et al., 2002), statistical analyses of risk factors in specific medical populations 
(James, 2004; Manami et al., 2006; Zhou et al., 2006), and laboratory testing (Peng et al., 
2005; Li et al., 2008), among other methods. Two major differences have been identified 
between these two approaches. One method emphasizes statistical parameters to explain a 
relationship (Liao et al., 2012; Kulldorff, 2005) between risk factors and malignant cancers. 
This methodology serves an important role in determining the mechanisms that influence 
cancer and the spatial threshold range of cancer and its risk factors (Liu et al., 2003; Li et al., 
2006). Unfortunately, policy dictates that some studies must apply administrative divisions 
as research units, which prevent the effects of rivers, lakes, and other natural topographical 
units as risk factors in cancer research (Jiang et al., 2009; Li and Wang, 2005). In recent 
years, a combination of traditional statistical methods and spatial analyses has facilitated 
enhanced understanding of the relationship between disease and the environment (Kate et al., 
2008; Rogers and Randolph, 2003; Melissa et al., 2011; Hubbard et al., 2002; Wang et al., 
2006).  

The present study served to establish spatial associations between water degradation and 
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pollution, and esophageal cancer mortality rates on a national scale in China by combining 
medical statistics with spatial analyses. The spatial threshold included water polluted major 
rivers and lakes, and the surrounding waterways to assess the impacts on human esophageal 
cancer mortality rates. 

2  Methods 

2.1  Esophageal cancer spatial distribution data from 2003 to 2006 

Esophageal cancer mortality data were obtained from the China Ministry of Health. The Na-

tional Sample Survey Dataset from 2003–2006 indicated 213 counties (municipalities 
and districts), including 116 urban sampling sites, and 97 rural sampling sites were selected 
in the study. Figure 1 provides the sample spatial distribution, including urban and rural 
sample esophageal mortality rates distributed throughout China, and the water quality grade 
in regional water sources. 
 

 

Figure 1  Esophageal cancer mortality distribution and water quality in rivers and lakes in China 

 

The Haihe and Huaihe river drainage basins exhibited high esophageal cancer mortality 
rates. Many regions showed high esophageal cancer mortality, including Cixian, Huixian, 
Junxian, and Yancheng counties, and Linzhou, Huaian, Taixing, Yangzhong, and Feicheng 
cities. Data indicated populations distributed adjacent to various river and lake drainage ba-
sins in southwest China had lower average esophageal cancer mortality. 
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2.2  Water quality data 

The China Ministry of Environmental Protection (MEP) provided water quality data. The 
earliest published national water quality data was in 2007, which is one year later than the 
national esophageal cancer investigation period 2003–2006. Consequently, we recognized 
limitations existed in examining a relationship between the two datasets. MEP and the State 
Environmental Protection Agency (SEPA) delimited five water quality grade levels in China 
on a scale from I to V; where grades I-III indicate water safe for human consumption fol-
lowing treatment, grades IV-V are safe for industrial and irrigation use, and grade V+ refers 
to water that is unsafe for any purpose, and in some cases, the water may be unsafe to touch. 
The primary water pollution indicators in rivers and lakes are total nitrogen and phosphorus. 
The general water quality conditions in rivers and lakes in China are presented in Figure 1. 
Seven major river systems are moderately polluted in China. Water quality data sampled 
from 407 sections that pertained to a network of 197 rivers, and found 49.9% and 51.1% 
were respectively classified in grades I to III and grades IV and V+. The Yangtze River is 
generally considered to maintain good water quality, however the Songhua River shows 
slight pollution, Yellow and Huaihe rivers are moderately polluted, and Liaohe and Haihe 
rivers suffer from heavy pollution. The 28 key state-controlled lakes and reservoirs exhibited 
7.1% at Grade II; 21.4% at Grade III; 14.3% at Grade IV, including Jingpo, Dongting, Poy-
ang and Xingkai lakes; and 57.2% at Grade V, including Chaohu, Nansi, Taihu, Dianchi, 
Baiyangdian, Dalai, Hongze, West, East, Xuanwu, and Daming lakes, and Laoshan Moun-
tain, Dahuofang, and Yuqiao reservoirs. 

2.3  Basic hypotheses 

We established the following basic hypotheses to examine the effects of water pollution on 
esophageal cancer mortality at the 116 urban, and 97 rural sampling sites described in sec-
tion 2.1. 

We assumed people used untreated river and/or lake water, or untreated groundwater as 
the primary source of drinking water. Due to distance cost, the number of people fetching 
water from a river reach is inversely proportional to the distance from the reach, i.e. the 
closer a population is to a river, the greater the probability water will be fetched from that 
water source. Alternatively, as the distance from a river and population increases, a con-
comitant decrease occurs in the probability a population will fetch water from that river. 
People will choose alternative sources of water if rivers and lakes are not close geographi-
cally. Furthermore, the impacts of infiltration resistance result in the contamination of 
groundwater from adjacent polluted rivers and lakes, which is also inversely proportional to 
the distance from rivers and lakes. Beyond a certain distance, water contamination exhibits 
no effect on groundwater quality. Therefore, it is necessary to determine a distance threshold. 
If lake and river pollution do in fact affect esophageal cancer mortality rates within this 
threshold among people fetching drinking water from river or groundwater, then we propose 
the following hypotheses: 

(1) Water pollution has increased the effects on esophageal cancer mortality rates in 
populations living adjacent to polluted river or lake sources; while populations residing fur-
ther away from polluted water sources are at less risk of increased mortality rates due to eso-
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esophageal cancer. 
(2) Mortality rates due to esophageal cancer are higher among people that ingest and have 

exposure to highly polluted river and/or lake water; and mortality rates due to esophageal 
cancer are lower among people that ingest and have exposure to cleaner river and/or lake 
water. 

2.4  Grouping model of river and lake water quality grade – buffer distance  

We can test the above hypotheses by spatially modeling the sampling site environmental 
differences and esophageal cancer mortality rates among sites, i.e. levels of MEP/SEPA 
classified water pollution data, and mortality rates derived from the Ministry of Health sur-
veys. Based on the distance from river and lake water infiltrating into the groundwater, we 
also needed to investigate differences between mortality rates from sampling sites at various 
distances from rivers and lakes, and differences among sampling sites with a range of water 
pollution grades (I-V+). We applied ArcGIS 10 and spatial analyses (Wang et al., 2000; 
Leung and Kwong, 1993), designed two different grouping models: 
2.4.1  Grouping according to the buffer distance from rivers and lakes 
The practical distance for fetching water from various river and lake channels was 20 km, 
which was therefore set as a distance threshold. A total of 10 buffer zones were established 
for each river and lake, with each buffer zone arranged at a 2 km interval. Grouping based 
on esophageal cancer mortality and buffer distance from rivers and lakes was expressed as: 

1...10p id i  

where p represents the esophageal cancer mortality survey sampling site; and dp is the 
grouping according to the buffer distance from the sampling site to the river or lake. Subse-
quently, the sampling sites for the esophageal cancer mortality survey were assigned to 10 
buffer zones with different distances from the rivers and lakes. 
2.4.2  Grouping according to the water quality grade 
SEPA water quality grades I through V were used as a reference. Near function was applied 
in the spatial analysis approach to assign the esophageal cancer mortality survey sampling 
site to the nearest water quality grade group, which was expressed as: 

1...5p jc j   

where p represents the esophageal cancer mortality survey sampling site; and cp is the 
grouping according to the water quality grade. Subsequently, the esophageal cancer mortal-
ity survey sampling sites were assigned to one of the five water quality grades. 

Based on the different water quality grades and buffer distances, the Haihe River Basin 
was chosen as a model in this study. SS of the spatial analysis is presented in Figure 2. 

There are 10 buffer zones marked by light green to deep green, at 2 km intervals. Due to 
serious water pollution, Grade I was not reported in the Haihe River Basin. 

3  Results 

3.1  Correlation between esophageal cancer mortality and the distance from rivers 
and lakes 

Spatial computation was used to establish ten buffer zones for major rivers and lakes in 
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Figure 2  Water quality grade-buffer distance grouping model in the Haihe River Basin 
 

China using the grouping method based on buffer distance from rivers and lakes at 2 km 
intervals for each buffer zone; 119 of 213 sampling sites satisfied the grouping conditions. 
The remaining 94 Sampling sites with distance to rivers and lakes exceeding 20 km were 
excluded from the analysis. Results indicated differences between urban and rural drinking 
water sources. Urban residents primarily used treated drinking water, while rural residents 
used untreated water as the primary source of drinking water. A 2006 survey showed people 
drinking untreated water represented 83.92% of the rural residents. Among the 119 sampling 
sites selected within the buffer zones, 72 urban sampling sites did not meet the requirement 
that individuals residing in the sampling sites used untreated river water or groundwater as 
their drinking water. Therefore, these 72 sampling sites were excluded. A total of 47 rural 
sampling sites met the requirements (Figure 3). These 47 sampling sites represented 22.07% 
of the total, however, this region represented 32.26% of the total esophageal cancer deaths 
nationwide. The mean esophageal cancer mortality rate for the 47 sampling sites was 12.72 
in 1/10 million deaths, much higher than the national average (8.70 in 1/10 million deaths) 
calculated for all sampling sites.  

We spatially located esophageal cancer mortality sampling sites in 10 buffer zones (Fig-
ure 3). The increased distance from rivers showed a mean decline in the esophageal cancer 
mortality rate (Figure 4). The X coordinate represents the buffer distance from rivers and 
lakes, while Y represents the mean value of esophageal cancer mortality (in 1/10 million 
deaths) in each group. Results showed the increase in buffer distance resulted in a decreased 
trend in esophageal cancer mortality. A total of 80.4% of the esophageal cancer deaths 
among the 47 sampling sites were distributed in the five buffer zones close to rivers and 
lakes, while 19.6% were in the five buffer zones further away from rivers and lakes. 
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Figure 3  Sampling site distribution for esophageal cancer mortality survey in river and lake buffer zones 

 

 

Figure 4  Correlation coefficients between esophageal cancer mortality (Y-axis) and distance from rivers and 
lakes (X-axis) 

 
We used Spearman’s and Kendall τ rank correlation analyses to determine if a significant 

correlation in esophageal cancer mortality and distance from rivers and lakes could be de-
tected throughout the sample sites. 
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Table 1  Spearman’s and Kendall τ rank correlation coefficient results: distance from rivers and lakes and eso-
phageal cancer mortality 

Correlation statistic analysis result 
Variable 1 Variable 2 

Spearman (r) P Kendall (r) P 

Esophageal cancer mortality Distance –0.721* 0.019 –0.600* 0.016 

Note: * There is a significant correlation at the 0.05 significance test range 

 
The results showed a significant negative correlation between esophageal cancer mortal-

ity and distance from rivers and lakes (Spearman’s r = –0.721, P < 0.05; Kendall τ = –0.600, 
P < 0.05) (Table 1). The results indicated that when infiltration resistance and distance costs 
were assumed, the first hypothesis was supported. The shorter the distance of sampling sites 
was from polluted rivers and lakes, the higher the number of esophageal cancer deaths, and 
vice versa. 

3.2  Correlation between esophageal cancer mortality and water quality grade of riv-
ers and lakes 

The nearest neighbor function was used to assign the 47 esophageal cancer mortality sam-
pling sites to the nearest river or lake. We subsequently obtained five sets of river and lake 
water quality grades (I-V), and esophageal cancer mortality (in 1/10 million deaths) data 
groups. Results showed increased water pollution in rivers and lakes resulted in a rise     
in mean esophageal cancer mortality cases, from 9.47 at Grade I to 15.76 at Grade V   
(Figure 5).  
 

 

Figure 5  Correlation coefficients between esophageal cancer mortality (Y-axis) and water quality class in rivers 
and lakes (X-axis) 

 
The X coordinate shows water quality grades of rivers and lakes, and the Y coordinate in-

dicates mean esophageal cancer mortality values from sampling sites (Figure 5). Deteriora-
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tion of river and lake water quality demonstrated an increasing esophageal cancer mortality 
rate trend. Grade V water quality areas, where water pollution was most serious, exhibited 
the highest esophageal cancer mortality, and represented 42.17% of the total esophageal 
cancer deaths among the 47 sampling sites. 

 
Table 2  Spearman’s and Kendall τ rank correlation coefficient results: water quality classes and esophageal 
cancer mortality 

Correlation statistic analysis result 
Variable 1 Variable 2 

Spearman (r) P Kendall (r) P 

Esophageal cancer mortality Water quality class 1.000** 0.000 1.000** 0.014 

* There is a significant correlation at the 0.05 significance test range 

 
Results showed a significant positive correlation between esophageal cancer mortality 

and water quality grades (Spearman’s r = 1.000, P < 0.001; Kendall τ = 1.000, P < 0.05) 
(Table 2). Our results also supported our second hypothesis. River and lake water quality 
grades (I-V), i.e. indicative of pollution levels, suggested a significant effect on esophageal 
cancer mortality. 

The results of correlation analyses based on the two grouping approaches verified the 
hypotheses proposed in this paper. A significant positive correlation between esophageal 
cancer mortality and water quality grades, and a significant negative correlation between 
esophageal cancer mortality, and distance from rivers and lakes were supported. The corre-
lation coefficient values indicated a higher correlation between esophageal cancer mortality 
and water quality grade, than with buffer distance from rivers and lakes. Therefore, the re-
sults of our study provided compelling evidence that river and lake water pollution plays a 
leading role in esophageal cancer mortality. 

4  Discussion 

Previous studies on the relationship between esophageal cancer and the environment re-
ported that water pollution was associated with esophageal cancer mortality (Dissanayake 
and Rohana, 2009; Meri et al., 1997; Han et al., 1997; Zhao et al., 2005), congruent with the 
results of the present study. However, these studies were scattered in different parts of the 
region with a high incidence of esophageal cancer. Moreover, the environmental contami-
nant indicators selected for the studies were varied, such as pollution index and nitrosamines 
(Sabo-Attwood et al., 2006; Liu et al., 2010). Research methods also differed, including 
laboratory analyses that examined the influence of carcinogenic substances on the human 
body’s internal environment, epidemiological investigations, and comparative analyses of 
case studies, among other approaches. We adopted SEPA/MEP standard water quality grades 
for China’s major rivers and lakes, and used the distance from rivers and lakes as a unified 
and comparable indicator to explore the relationship between water pollution and esophageal 
cancer at a national scale. By combining statistical and spatial analyses, the influence of 
water pollution on esophageal cancer mortality was objectively analyzed. 

We defined two basic artificial research units as a result of this study. Rivers, lakes, water 
systems, drainage basins, and other natural geographic units were basic water pollution en-
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vironmental research units; whereas surveys and statistical sampling that estimated eso-
phageal cancer mortality rates delimited an administrative region, which determined basic 
administrative research units. In most cases, these unit types did not correspond. Neighbor-
hood function, buffer zone, and other spatial analyses were employed to achieve enhanced 
correspondence between geographic and administrative units, with increased mastery of the 
spatial relationship between water pollution and esophageal cancer mortality. Delimiting a 
geographic research unit served to overcome the limitations of only addressing risk factors 
for malignant tumors using a basic administrative research branch. 

We established buffer zones to determine the presence of a pollutant dispersion distance 
threshold between sampling sites, and rivers and lakes. We found esophageal cancer mortal-
ity at sampling sites in five buffer zones closer and five buffer zones further away from riv-
ers and lakes showed a respective 80.4% and 19.6% of the total among the 47 sampling sites. 
A distance threshold clearly existed in the approximate 10 km.  

The primary purpose of this paper was the discussion of research methods, and not water 
quality indicators as a means to identify and prevent disease. We provided two general hy-
potheses to test the influence and distance threshold of groundwater pollution by rivers and 
lakes in this study. Quantization groundwater quality, river/lake pollution, and distance 
threshold still require in-depth discussions. 

5  Conclusions 

The main results and conclusions of this study are as follows: 
(1) A significant negative correlation was detected between esophageal cancer mortality 

and buffer distance from rivers and lakes at the sampling sites within the 20 km distance 
threshold, which was an analytical result of grouping according to buffer distance. Spear-
man’s and Kendall τ rank correlation coefficients were r = –0.721 and r = –0.600, respec-
tively, P < 0.05. The esophageal cancer mortality at sampling sites in five buffer zones 
closer and five buffer zones further away from rivers and lakes showed a respective 80.4% 
and 19.6% of the total among the 47 sampling sites. Therefore, within the distance threshold 
(20 km), the resident distance from the polluted water sources indicated an effect on eso-
phageal cancer mortality among residents. Due to infiltration resistance limitations, and dis-
tance costs for people fetching drinking water from water sources, the closer the water 
source (lower buffer distance), the higher esophageal cancer deaths; alternatively, the greater 
the distance to water sources (greater buffer distance), the lower the number of esophageal 
cancer deaths. 

(2) A significant positive correlation was determined between esophageal cancer mortality 
and water quality grades at the 47 sampling sites that satisfied the study criteria. Spearman’s 
and Kendall τ rank correlation coefficients both exhibited r = 1.000 with respective P < 

0.001 and P < 0.0.05. In the areas with water quality grades I to V, esophageal cancer mor-

tality in Grade V water sampling sites alone was responsible for 42.17% of the total eso-
phageal cancer deaths. Results showed areas with water pollution Grade V were also areas 
with the highest esophageal cancer mortality. Therefore, our study clearly indicated water 
pollution levels affected esophageal cancer mortality. 

(3) Correlation coefficient value comparisons demonstrated that esophageal cancer mor-
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tality rates exhibited higher correlations with water quality grades than with distance from 
rivers and lakes. The effect of water quality grades on esophageal cancer mortality was 
greater than distance from rivers and lakes. However, water quality grades, i.e. water pollu-
tion and river/lake distance were two leading factors in affecting esophageal cancer mortal-
ity. 

We identified significant correlations affecting esophageal cancer mortality in China: (i) 
esophageal cancer mortality and buffer distance from rivers and lakes; and (ii) esophageal 
cancer mortality and water quality grade values. The results clearly indicated that water 
pollution is a risk factor for esophageal cancer mortality in China. Environmental manage-
ment must review water pollution, and integrate these health risk data into management 
plans to improve and sustain environmental and human health. Water quality must be ele-
vated to acceptable levels in contaminated areas, and subsequently maintained at suitable 
standards to ensure the health of residents living in these areas will not be threatened in the 
future. 
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