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• ESOPHAGEAL CANCER •
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Abstract
AIM: In order to detect risk factors for esophageal cancer,
a national research program was carried out during the Eighth
Five-Year Plan (from 1991 to 1995).

METHODS: Cixian County and Chichen County in Hebei
Province were selected as the index and the control for the
study fields with higher or lower incidence of esophagus
cancer in China, respectively. In these areas, we investigated
the pollution of three nitrogenous compounds in well water
for drinking and the use of nitrogen fertilizer in farming.

RESULTS: In well water, nitrate nitrogen, nitrite nitrogen
and ammonia nitrogen were 8.77 mg/L, 0.014 mg/L and
0.009 mg/L in Cixian County in 1993, respectively. They were
significantly higher than their levels (3.84 mg/L, 0.004 mg/L
and 0.004 mg/L) in Chichen County (P<0.01, t=6.281,
t=3.784, t=3.775). There was a trend that the nitrogenous
compounds in well water increased from 1993 to 1996.
The amount of nitrogen fertilizer used in farming was 787.
6 kg per hectare land in Cixian County in 1991, significantly
higher than 186 kg per hectare in Chichen County (t=9.603,
P<0.001).

CONCLUSION: These investigations indicate that the pollution
of nitrogenous compounds in well water for drinking is closely
related to the use of nitrogen fertilizer in farming, and there is
a significantly positive correlation between the level of three
nitrogenous compounds in well water and the mortality of
esophageal cancer (correlation coefficient =0.5992). We suggest
that improvement of well system for drinking water quality
should be an effective measure for esophageal cancer
prevention and control in rural areas.
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INTRODUCTION
It is well known that the chief causes of most cancers are
environmental, dietary and lifestyle factors. In China, there is
a special area around the Taihang Mountain with the highest
incidence of esophageal cancer. Esophageal cancer has been
studied in this rural area for a long time[1-3]. These studies
indicate some relationship between local environmental factors
and esophageal cancer [4-8]. Among these, nitrogenous
compounds in well water for drinking is considered as a
possible risk factor for esophageal cancer because of its close
relationship with local people’s life[7, 8]. In this rural area, well
is the main water source for drinking. It is polluted usually by
nitrogenous compounds. In order to identify the effect of
nitrogenous compound pollution on esophageal cancer, we
designed a 2×2 cross-sectional study for factor analysis during
the Eighth Five-Year Plan (from 1991 to 1995). The research
program for investigating the relationship between drinking
water pollution and esophageal cancer was carried out. It also
included a step of improvement in well water quality and
pollution control.

MATERIALS AND METHODS

Study fields
According to mortality, two counties from Hebei Province were
selected for the present study fields, Cixian County as index
and Chichen County as control, respectively. From 1974 to
1976, the mortality per 100 000 of esophageal cancer
standardized by Chinese population in Cixian County and in
Chichen County was 147.7 and 8.3 in male, and 79.33 and 2.8
in female, respectively. Cixian County is located at the southern
part of Hebei Province and the eastern foot of the Taihang
Mountain. There are 354 villages under 35 local town
governments in Cixian County. It covers an area of 1 015 Km2

and has a population of 580 000.

Well registration
Before the investigation, a team for the program was organized.
The investigators and other work staff were trained based on
the program guideline. From the end of 1991 to the beginning
of 1992, we completed registration of the wells located in 101
villages (9 towns) in Cixian County and made well file. The
registered items of well file included (1) position, (2) type, (3)
depth, (4) enclosing wall, (5) wall structure, (6) pipeline, (7)
pollution source within 10 meter distance, (8) served
population, and (9) served time. According to the well
registration, we started a consecutive monitor on the pollution
of three nitrogenous compounds (nitrate nitrogen, nitrite
nitrogen and ammonia nitrogen) in the selected wells.
Meanwhile, we investigated the amount of nitrogen fertilizer
used in farming per year in the study fields.

Nitrogenous compounds examination
The level of ammonia nitrogen in water was analyzed by
Nessler’s reagent method. The amount of nitrate nitrogen and
of nitrite nitrogen was tested in terms of Cadmium column



1188                 ISSN 1007-9327          CN 14-1219/ R          World J Gastroenterol     Jun 15, 2003   Volume 9   Number 6

reduction method. The water samples were collected according
to the routine method[9-12].

Statistical analysis
Statistical analysis was performed by t test, and linear
correlation was used for analysis on the relationship between
three nitrogenous compounds and mortality of esophageal
cancer. Two-tailed P value of less than 0.05 was defined as
statistically significant.

RESULTS
Among 9 towns in Cixian County, there were three types of
well served for drinking water, manual-pump well, motor-pump
well and non-pump well. Non-pump well was main type, about
554 were built in these areas. This type of well had a big opening
mouth without pipe, enclosing wall and cover. Recently, some
new motor-pump wells were built. They were 200 meter in depth
with brick wall. These old and new wells provided drinking
water for 130 952 people. In the control areas, 1/3 of wells was
about 8 meters and 2/3 was less than 40 meters in depth. The
depth of water varied with season. The served time of wells was
different. The oldest one, for example, the Longwangmiao Well
of the Xiguanglu Village of the Guanglu Town had a history of
300 years, and the new one was only 2 years.
     The pollution of nitrogenous compounds in drinking water
was a big health problem. We found that 41.2 % of the motor-
pump wells and 88.5 % of non-pump wells existed pollution
sources within 10 meter distance, for example, excrement and
urine from the residents and animals, and pollution sources
increased year by year. The monitoring data from the sampled
wells showed that nitrate nitrogen, nitrite nitrogen and ammonia
nitrogen in Cixian County were significantly higher than those
in Chichen County (P<0.01), and the pollution increased
gradually from 1993 to 1996 (Table 1). They were 20.6 %, 50.5
% and 33.3 % higher than the state permissive level,
respectively. The amount of nitrogen fertilizer used in Cixian
County’s farming was significantly higher than in Chichen
County (P<0.01), and there was an increasing trend (Table 2).
The time trend of three nitrogen compounds in relation to the
use of nitrogen fertilizer is shown in Figure 1, Figure 2 and
Figure 3 for Cixian County and Chichen County, respectively.

Table 1  Three nitrogenous compounds pollution (mg/L) of
the well water in Cixian County and Chichen County from
1993 to 1996

        Numbers  1993   1994     1995         1996
           of well

Nitrate nitrogen

      Cixian 33 8.770b 13.381b   14.473b           19.554b

      Chichen 31 3.829   4.452     4.351             8.022

      Ratio 2.29   3.00     3.33             2.44

      (Cixian/Chichen)

Nitrite nitrogen

      Cixian 33 0.0144b   0.0629b     0.0407b          0.0101b

      Chichen 31 0.0039   0.0094     0.0085              0.0020

      Ratio 3.69   6.69     4.79              5.05

(Cixian/Chichen)

      Ammonia nitrogen

      Cixian 33 0.0094 b   0.0256b     0.0237             0.0117b

      Chichen 31 0.0039   0.0029     0.0230             0.0028

      Ratio 2.41   8.82     1.03              4.18

      (Cixian/Chichen)

bP<0.01, There was a significant difference between two
counties.

Table 2  Farming use of nitrogen fertilizer (kg/hectare) in
Cixian County and Chichen County from 1991 to 1996

 1991   1992    1993       1994          1995         1996

Cixian 787.6   825.1   1293.1      1213.6      1251.1      1053.1
Chichen 186.0 b   202.5b     196.5b        201.0b       220.5b       219.0b

Ratio (Cixian     4.20       4.07         6.58           6.04          5.67  4.81
/Chichen)

bP<0.01, There was a significant difference between two counties.

Figure 1  Time trend of nitrate nitrogen in relation to the farming
use of nitrogen fertilizer in Cixian County and Chichen County.

Figure 2  Time trend of nitrite nitrogen in relation to the farming
use of nitrogen fertilizer in Cixian County and Chichen County.

Figure 3  Time trend of ammonia nitrogen in relation to the
farming use of nitrogen fertilizer in Cixian County and Chichen
County.

DISCUSSION
It has been proven in animal experiments that nitrosamine
compounds (NOC) are a kind of strong carcinogen and can
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cause tumor in different animal tissues and organs[13-21]. The
epidemiological investigation has also demonstrated an
increased risk of human gastric cancer with food intake polluted
by nitrosamine compounds[22,23]. Nitrate and nitrite are
precursors of NOC[24,25].
     If well water contains a large amount of three nitrogenous
compounds, and serve as main water source, there may be two
harmful effects on local people’s health. One is that three
nitrogenous compounds would accumulate in plants and in
crops[25-29]. Usually, nitrate is easily reduced to nitrite, and then
it is synthesized into NOC. The other harmful effect is that
local people and livestock or poultry would have an increased
intake of three nitrogenous compounds through the drinking
water[30-32]. These nitrogenous compounds with ammonia can
be changed to a strong carcinogen, NOC, in stomach since its
pH value is 1-3 from gastric acid[33].
     The present investigation showed that the pollution of three
nitrogenous compounds in the index area with high risk of
esophageal cancer was significantly higher than that in the
control area (P<0.01). The mortality ratio between Cixian
County and Chichen County was 17.9 (147.7 per 100 000 /8.
3 per 100 000) in male, and 28.5 (79.3/2.8) in female in the
period of 1974 through 1976. There was a positive correlation
between the nitrate nitrogen, nitrite nitrogen in well water and
mortality of esophageal cancer in the study fields. The present
findings indicate that heavy pollution of nitrogenous
compounds in drinking water in the index area is a possible
risk factor for esophageal cancer.
    There were two possible pollution sources of nitrogenous
compounds for well in the investigated fields, living garbage
or excrement and farming nitrogen fertilizer. In comparison
of the two counties, we found that the amount of nitrogen
fertilizer used in farming in Cixian County was significantly
higher than that in Chichen County, and the pollution of nitrate
nitrogen and nitrite nitrogen in well water had a similar trend
(Figure 1 and Figure 2). It can be understood that the nitrate
nitrogen and nitrite nitrogen in well water come mainly from
the pollution of farming nitrogen fertilizer. The amount of
ammonia nitrogen in well has not a regular change. Its pollution
to the drinking water is possibly resulted from the excrement
of local people and animals other than farming nitrogen
fertilizer.
     Based on these evidences, well water pollution control of
three nitrogenous compounds will be one of the important
measures for the primary prevention of esophageal cancer in
the higher risk areas. The study revealed that water quality
improvement had a beneficial effect on gastric cancer
prevention[34]. At the beginning of the Ninth Five-Year Plan
(1996-2000), a program for improvement of water supply
system in the index area was started. Initial effect was observed
(Table 3). There was a significant decline of three nitrogenous
compounds in well water after several years’ pollution control.
These findings indicate that the program for improvement in
water supply system is successful for pollution control. Whether
pollution control of nitrogenous compounds contributes to
incidence decline of esophageal cancer in the higher risk area,
needs further study and more evidence.

Table 3  Three nitrogenous compounds (mg/L) in well water
before and after well reconstruction

  Nitrate nitrogen        Nitrite nitrogen        Ammonia nitrogen
No. of well

  Before      After       Before        After         Before       After

12# 14.9621     8.0097       0.0077        0.0033        0.0131       0.0048
14#   8.9890     1.9099       0.0208        0.0067        0.0127       0.0053
29# 18.4929     0.0000       0.2929        0.0100        0.0459       0.0087

12#, 14#, 29# are the number of the sampled well.

     Based on the presently investigated results, measures for
pollution prevention and control in the areas with high risk of
esophageal cancer should include: (1) The first measure is to
improve the health consciousness of local people on drinking
water, and to develop the type of deep well with pipeline. (2)
The second is to focus on the environmental hygiene surrounding
the well. It includes garbage control near water source, and
sanitary management of excrement and urine. (3) The third is to
establish and to improve the system management of water source,
and to supply clean water with pipeline. (4) The fourth is to
build high quality lavatory and to prevent its pollution to well
water. (5) The fifth is to encourage local farmers to use rational
formula fertilization in order to decrease effectively organic
nitrogen pollution in the environment.
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