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Abstract: This paper introduced the development of tourism
and its impact on the water environment. Then, taking the
West Lake Basin as an example, the change of water
quality in the basin between 2007 and 2018 and the
changes of tourism population, tourism economic income,
and tourism garbage between 2007 and 2018 through
Hangzhou Tourism Bureau were investigated to analyze
the impact of human tourism activities on the water en-
vironment of theWest Lake Basin. The results showed that
the change in curve trends of the comprehensive pollution
index, number of tourists, tourism economic income, and
tourism garbage in the West Lake Basin was similar, all
rising; reasons for the increase of water pollution in the
basin are that the increase in the number of tourists led to
the increase of garbage and the government pursued the
tourism economic benefits unilaterally and neglected the
pollution brought by the tourism activities. Finally, we put
forward three measures to reduce pollution.

Keywords: tourism activities, river basin water, pollution,
impact

1 Introduction

Travel has gradually become a major choice for most
people on holidays, and the tourism industry has also
developed rapidly [1]. One of the purposes of travel is
to relax, so the choice of tourist destinations is often those
places with a beautiful environment [2]. Moreover, areas
with rich natural resources are often more likely to become
popular tourist attractions. Although the development of

tourism has promoted the economic growth to a certain
extent, frequent human tourism activities inevitably cause
different degrees of damages to the environment of tourist
attractions. Especially when the tourism industry is just
starting, due to the lack of management experience of local
relevant departments and the unilateral pursuit of eco-
nomic benefits, the tourism industry presents extensive
development, and environmental damages to tourist at-
tractions are large [3]. Especially for tourism that takes
water resources as the development subject, the water en-
vironment is more easily affected by human tourism activ-
ities; therefore, it is more necessary to control the pollution
degree of the water environment to ensure the normal de-
velopment of tourism. Through the study of the impact of
human tourism activities on the tourism water environ-
ment, it can provide a reference for the control of water
pollution, improve the service quality of tourism, and
maintain sustainable development. Yu et al. [4] investi-
gated Shuifang Spring where the Jinfoshan holiday hotel
is located through the high-resolution online tracing ex-
periment and found that the fluctuation period of the
groundwater chemical parameters of Shuifang Spring co-
incided with the peak period of tourism activities, which
verified that tourism activities were the main reason for the
change of groundwater chemical parameters of Shuifang
Spring. The research of Ouattara et al. [5] shows that the
implementation of ecotourism canmaintain environmental
quality. Based on the statistics of water environment pollu-
tion in the Dongjiang Lake scenic spot, Zhou and Xiong [6]
conducted a quantitative research and analysis on its water
environment capacity and then planned the scenic spot on
this basis. Markogianni et al. [16] analyzed the impact of
human activities, land utilization, and water and soil loss
on the water quality of Plastira mountainous Mediterra-
nean Lake and found from the final analysis results that
human activities had a significant influence on the water
quality of the lake, but with a low degree, the nutrient
components in the water of the lake tended to be balanced,
and water and soil loss had an influence on the phos-
phorus and iron balance of the lake. This paper briefly
introduced the development of tourism and its impact on
the water environment. Then, taking the West Lake Basin
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as an example, it investigated the changes of water quality
in the basin between 2007 and 2018 and the changes in
tourism population, tourism economic income, and tourism
garbage between 2007 and 2018 through Hangzhou Tourism
Bureau, to analyze the impact of human tourism activities
on the water environment of the West Lake Basin. The final
results suggested that the composite pollution index of the
West Lake showed an increasing trend, and the number of
tourism, economic income, and a number of garbage all had
significant impacts on the comprehensive pollution index of
the West Lake. Finally, corresponding suggestions were put
forward according to the analysis results.

2 Tourism and water environment

In the tourism industry, to improve the comfort of tourists
in the process of tourism, the environment will be trans-
formed in different degrees, and tourists will also produce
different levels of pollutants in the process of tourism [7].
The water environment in the natural environment is rela-
tively easier to be affected by human activities. Once the
water environment is polluted, the first one to be affected is
the aquatic organisms, and then, the land environment
near the water environment watershed, which will affect
the growth of surface organisms. If not prevented, the un-
sustainable development of tourist attractions will even-
tually lead to exhaustion of tourism resources and stagna-
tion of tourism development [8].

The healthy development of tourism is the balance
among environmental production, material production,
and human production. Material production in tourism re-
fers to tourism development based on the use of tourism
resources in the natural environment and waste generated
in the development process; human production in tourism
refers to human tourism activities, economic benefits, and
pollutants generated in the process; and environmental
production in the tourism industry, especially the tourism
with water environment as the selling point, refers to the
water environment capacity for pollution and the provi-
sion of tourism resources under the natural and human
influence [9].

The change in water environment has objective laws,
but all kinds of human tourism activities will have an im-
pact on the water environment at the same time (usually
negative impact), and the change in water environment
will react to human tourism activities. For example, if the
water environment becomes more excellent, more tour-
ists will be attracted to travel, and the economic benefits
of tourism will be improved. If the water environment

becomes bad, tourists will not consider the tour of the
place, tourism will be difficult to develop, and the local
living environment will become worse [10].

3 Example analysis

3.1 Overview of the study area

The basic structure of the West Lake is shown in Figure 1.
The West Lake is a famous tourist attraction in Hangzhou,
Zhejiang province, China. It is surrounded by mountains
on three sides, connected with the urban area on the East
and Qiantang River on the south. The elevation of the hills
around the West Lake increases outwards taking the West
Lake as the center. The elevation of the hills is 50–400m.
The West Lake scenic spot is located on the northern edge
of the subtropical zone, with an annual sunshine time of
1,800–2,100 h and a total radiation amount of 609–
646W/m2. It is clear in all seasons, with obvious monsoon
alternation and sufficient rainfall. As a tourist attraction,
the West Lake also has rich tourism resources. In the West
Lake scenic area, there are more than 20 kinds of mammals
and 120 kinds of birds among the animal landscape re-
sources. There are more than 100 scenic spots in the whole
West Lake scenic area, including the Broken Bridge, Leifeng
Pagoda, and Su Causeway. There are also quite rich myths
and legends in the local area, which not only enriches the
local cultural color but also adds a romantic atmosphere to
the local scenic spots.

3.2 Investigation method of water
environment and human tourism
activities in the research area

The data used to reflect the human tourism activities in
theWest Lake scenic spot came from the tourism statistics
of the Hangzhou Tourism Bureau of Zhejiang Province
over the years. The relevant data content includes the
number of people in the West Lake tourist area over
the years (2007–2018), the economic income of the West
Lake tourist area over the years (2007–2018), and the
amount of tourism garbage generated by the tourists in
theWest Lake tourist area over the years (2007–2018). The
relevant data are listed in Table 1.

The investigation method of the water environment
in the West Lake tourist area was to conducting tests after
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sampling at the West Lake sampling point. There were a
total of six sampling points, and the locations of them are
shown in the red box in Figure 1. The sampling points
were set along the edge of the West Lake and near to the
water inlet and outlet. The reason for the selection of the
location is that the center of the West Lake is the key
protection area, it is difficult to sample in the middle of
the lake because of the large area, the edge of the West
Lake, and the water inlet that are closer to the living area
of the local people, and the tourism area can reflect the
impact of local tourism activities on water quality effec-
tively. An area with a size of 10 m × 10 mwas divided from
the sampling points in Figure 1, and the West Lake water

was sampled every 2 m, 2 L once. Then, the sampled
water was detected using the following method:
(1) The pH value of the sample was detected using a pH

meter [11].
(2) The suspended solids were detected using the weight

method [12]. First, the mass of the dried filter mem-
brane that has been dried to the constant weight was
weighed, and then the sample was processed by ex-
traction filtration using the filter membrane. The filter
membrane was dried to the constant weight and
cooled. Themass of the filter membrane after extraction
filtration was recorded, so that the mass of suspended
solids in the sample could be known. The content

Figure 1: The West Lake in Hangzhou.

Table 1: The tourism statistics of the West Lake between 2007 and 2008

Year Number of
tourists/tens of
millions

Economic income/
100 million yuan

Economic income/
100 million yuan

Year Number of
tourists/tens of
millions

Economic income/
100 million yuan

Economic income/
100 million yuan

2007 0.8 1.2 0.5 2013 3.8 2.9 1.7
2008 1.3 1.6 0.6 2014 3.9 2.9 1.8
2009 2.2 1.9 0.8 2015 3.8 3.1 1.8
2010 2.5 2.3 1 2016 3.7 3.1 2
2011 2.1 1.9 0.9 2017 3.9 3.1 2.1
2012 3 2.4 1.3 2018 5.8 4 3.5
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of suspended solids in the drainage basin water was
calculated [17].

(3) The dissolved oxygen (DO) content in the sample
water was detected by a DO meter.

(4) The chemical oxygen demand (COD) content in the
sample water was detected using the potassium per-
manganate method [13]. The sample solution was
adjusted to acid using dilute sulfuric acid, then po-
tassium permanganate solution was added. The mix-
ture was heated in 70°C water bath for a period of
time and then added with sodium oxalate standard
solution while it was hot. Potassium permanganate
titration was used, and the COD content was calcu-
lated according to the titration amount.

(5) The content of ammonia nitrogen in the sample water
was detected using the electrode method [14]: the
sample water was taken and immersed in the mea-
suring electrode; after the addition of NaOH–Na2-
EDTA solution, the potential value was read while
stirring, and the content of ammonia nitrogen in
the sample was obtained referring to the standard
curve.

After obtaining the detection indexes of the water
sample, the water quality was evaluated using the com-
prehensive pollution index method [15], and the calcula-
tion formula is as follows:
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where n stands for the number of pollution detection in-
dexes, pi indicates the pollution index of the ith index, ci
represents the average value of the ith pollution index, ci0
is the standard evaluation of the ith pollution index, and
p is the comprehensive pollution index.

3.3 Investigation results

The change in water quality pollution indexes of the West
Lake Basin between 2007 and 2018 obtained by sampling
and testing at six sampling points in the West Lake Basin
is shown in Figure 2, and the specific data are shown in
Table 2. It was seen from Figure 2 and Table 2 that the
change in pH of the water quality of the West Lake Basin
between 2007 and 2018 was in the range of 6.8–7.8, i.e.,
slightly acidic; the change in pH was relatively gentle
before 2015, but significantly decreased after 2015; the

change in suspended solids in the water quality of the
West Lake Basin between 2007 and 2018 was in the range
of 30–240mg/L, of which the content of suspended solids
in 2009, 2012, and 2013 was significantly high, and the
increase in amplitude was large, but after 2014, it showed
a small decrease and then a small increase, showing an
increasing trend overall; the change in ammonia nitrogen
content in water quality was relatively stable; the fluctua-
tion amplitude of DO content was relatively small. It was
seen from Figure 2 that the fluctuation of the COD content
was large, among which there was a large increase be-
tween 2009 and 2012, then a significant decrease and the
change was gentle overall after 2014.

The above text shows the changes in water quality
indicators in the West Lake Basin between 2007 and 2018.
Although every indicator could reflect the quality of
water quality in the basin to a certain extent, it was not

Figure 2: Changes in water quality pollution indicators in the West
Lake Basin from 2007 to 2018.

Table 2: The water pollution index in the West Lake Basin between
2007 and 2018

Year Suspended
solids (mg/L)

Ammonia
nitrogen (mg/L)

pH DO
(mg/L)

COD
(mg/L)

2007 100 0 7.5 6.1 7.4
2008 30 2 7.8 6.2 8.6
2009 199 20 7.7 6.4 3.8
2010 101 2 7.6 5.3 7.1
2011 32 0 7.5 7.5 9.2
2012 180 0 7.6 7.5 12.2
2013 240 0 7.5 5.3 6.8
2014 140 0 7.6 6 7.8
2015 110 0 7.5 5.2 8
2016 90 0 7 6.5 8
2017 105 0 6.9 5 8.2
2018 120 0 6.8 5.5 7.4

Note: DO: dissolved oxygen; COD: chemical oxygen demand.
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able to comprehensively evaluate the water quality of the
basin alone. In particular, as shown in Figure 2, some in-
dicators fluctuated violently, and some indicators were
basically unchanged or changed slowly; therefore, it was
difficult to directly see the overall water quality of the
basin. Therefore, this study used the comprehensive pollu-
tion index to measure the overall pollution level of the
water quality of the basin, used data such as the number
of tourists, tourism economic income, and tourism garbage
to reflect the human tourism activities, and analyzed the
impact of human tourism activities on the water environ-
ment of the West Lake Basin based on the above two kinds
of data.

As shown in Figure 3, with the increase of the year,
the comprehensive pollution index of the West Lake
Basin had a downward trend between 2010 and 2012
and between 2015 and 2016, an upward trend in other
years, and an overall upward trend. The data in Figure
2 showed that the water quality of the West Lake Basin
gradually changed from moderately clean (0.66) to mod-
erately polluted (1.40). According to the tourism data
statistics provided by Hangzhou Tourism Bureau, it was
seen that the number of tourists traveling to the West
Lake Basin increased from 2007 to 2018, but decreased
significantly in 2011. The data showed that the number of
tourists in the West Lake Basin gradually increased from

6.5 million to 28 million, and the economic income
brought by tourism also increased in the corresponding
years; although the change amplitude of the economic
income was different from that of the number of tourists,
the changing trend of the curves was quite close; especially
in 2011, the tourism economic income decreased, and the
data showed that the local tourism economic income gra-
dually increased from 120 million yuan to 400 million
yuan. The tourism waste generated by tourism activities
had an upward trend in corresponding years, and the
changing trend of the curve was quite close to the number
of tourists, among which the tourism waste in 2011 de-
clined, but not significant, and the data showed that the
waste generated by tourism gradually increased from
50,00,000 to 3,50,00,000 t.

Although the change in the curves of the number of
tourists, economic income, tourism garbage, and com-
prehensive pollution index of the West Lake in Figure 3
tended to be the same in trend and they could reflect the
impact of human tourism activities on the water quality
of the West Lake, it was not sure that the change of water
quality due to pollution in the West Lake must be caused
by human tourism activities. Therefore, to further verify
the impact of human tourism activities on the water pollu-
tion of the West Lake, a correlation analysis was conducted
on the number of tourists, economic income, tourism gar-
bage, and comprehensive pollution index of the West Lake
between 2007 and 2018. The results are shown in Table 3. It
was seen from Table 3 that the number of tourists, eco-
nomic income, and tourism waste had obvious correlations
with the comprehensive pollution index, especially the
number of tourists and tourism garbage, and all of the
three indexes were in a positive correlation with the com-
prehensive pollution index.

The main reasons are as follows: (1) The increase of
the number of tourists in the West Lake was equivalent to
the increase of the local population density in a short
period of time, which not only exceeded the local envir-
onmental bearing range but also increased the genera-
tion of tourism garbage, which led to the increase of
water pollution in the basin. It was the reason why the
number of tourists and tourism garbage had a significant

Figure 3: Human tourism activities and the change of comprehen-
sive pollution index of water environment in the West Lake Basin.

Table 3: The correlation between human tourism activities related data and the comprehensive pollution index of water quality in the
West Lake

Number of tourists Tourism economic income Tourism garbage

Comprehensive pollution index 1.213** 1.874* 1.545**

Note: ** and * indicate P < 0.01 and 0.05 respectively, i.e., difference had statistical significance.
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correlation with the comprehensive pollution index. (2)
Facing the good tourism economy brought by the West
Lake, the government ignored the pollution brought by
tourism and carried out unscientific planning; in the pro-
cess of the construction of tourism facilities, it would also
bring considerable water pollution. It was the reason why
tourism economic income had a significant correlation
with the comprehensive pollution index.

3.4 Discussion and analysis

As shown in the above survey results, the comprehensive
pollution index of the water environment of the West
Lake Basin generally showed an increasing trend be-
tween 2007 and 2018, although there was a decrease in
some years, i.e., the water environment of the West Lake
Basin was gradually getting worse. Besides the objective
changes caused by climate and other natural reasons, the
pollution of human tourism activities to the water envir-
onment is a major reason, which was also found by the
above data survey on tourism activities. The high-quality
tourism resources of the West Lake attracted a large
number of tourists, and the number of tourists is in-
creasing year by year, which makes the local tourism
economy also to increase, but it is also the growth of
the number of tourists that makes the garbage generated
in the process of tourism increase, which increases the
pollution in the river basin water. Moreover, the growth
of the number of tourists also brings the growth of the
economic income, which makes the government pay
more attention to the economic benefits and ignore envir-
onmental protection. The expanded construction of tourism
facilities will also cause pollution to the West Lake.

To reduce the impact of human tourism activities on
the water environment of the West Lake Basin, the fol-
lowing measures are proposed:
(1) Tourists need to be diverted to reduce the situation of

excessive population density in a single period of
time. The increasing number of tourists is a phenom-
enon caused by the improvement of people’s living
standards, which is hard to inhibit. In the West Lake
tourist area, there are peak season and offseason.
Usually, there are many tourists in the peak season;
therefore, tourism activities are frequent and pollu-
tion is more serious. Thus, we can reduce the density
of tourists in a single period and reduce the burden of
the water environment in the West Lake Basin by di-
verting the tourists in the peak season to the offseason
period. The means of diversion include increasing

ticket prices in the peak season and offering high dis-
counts in the offseason.

(2) The awareness of tourism environmental protection
should be strengthened. In addition to the unavoidable
pollution caused by a large number of people, the main
reason for the severe pollution is the low environ-
mental awareness of tourists themselves. Therefore,
in the West Lake tourist area, relevant departments
need to strengthen the environmental protection pub-
licity for tourists and reduce the impact of pollution on
the water environment from the source.

(3) The scientific planning of tourism facilities is needed.
To ensure the sustainable development of the water
environment in the West Lake Basin, the existing
tourism facilities that do not conform to the scientific
planning shall be demolished, and the original ecolo-
gical environment shall be restored as much as pos-
sible. Moreover, in response to the growing tourism
population, the new tourism facilities shall be planned
scientifically to reduce the pollution of the water en-
vironment during the construction process as much as
possible.

4 Conclusion

This paper introduced the development of tourism and its
impact on the water environment. Then, taking the West
Lake Basin as an example, it investigated the change of
water quality in the basin between 2007 and 2018 and the
changes of tourism population, tourism economic in-
come, and tourism garbage between 2007 and 2018
through Hangzhou Tourism Bureau, to analyze the im-
pact of human tourism activities on the water environ-
ment of the West Lake Basin. The results are as follows.
With the increase of the year, the changing trend of the
curves for comprehensive pollution index, number of
tourists, tourism economic income, and tourism garbage
in the West Lake Basin was similar, and the overall trend
was upward. According to the analysis, the reason for
the increase in water environment pollution in the West
Lake Basin was related to human tourism activities. The
main reason was that the increase in the number of tour-
ists made the local population intensive, and the garbage
generated by tourism increased, which exceeded the
bearing capacity of the water environment. The govern-
ment departments pursued tourism economic benefits
unilaterally and ignored the pollution caused by tourism
activities. To reduce the impact of tourism activities on
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the river basin water environment, several measures
were put forward, including time division of tourists,
strengthening the publicity of tourism environmental
protection, and scientific planning of tourism facilities.

Abbreviations

COD chemical oxygen demand
DO dissolved oxygen
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