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Abstract: Water use has been growing globally at more than twice the rate of the population increase
over the last century. Water scarcity is one of the main problems facing the world, especially the
scarcity of clean and safe drinking water. Scarcity of drinking water is not only relevant in arid or
semiarid regions, but also occurs in water-rich regions due to the decline in water quantity caused by
pollution or salinity intrusion. As a part of Taihu Lake Basin, a famous water-rich region in China,
Yixing City has a total area of 1996.6 km?, including 242.29 km? from Taihu Lake, 215 rivers with an
area of 130 km?, more than 20 ponds with an area of 0.05 km?, and 20 reservoirs with a total capacity
of 126 million m3. There always has enough water in Yixing City. However, meteorological conditions
and water quality both affect the available drinking water sources. Poor-quality water was used as a
drinking water source in Yixing City during a drought event in 2011. Approximately 1.4 x 107 m3 of
poor-quality water was used for drinking water in Yixing city, providing 37.13% of the total drinking
water. It was a source of concern that the water quality was too poor to be used as drinking water
and that the water treatment processes were expensive. The scarcity of drinking water has become a
serious issue, not only in arid and semiarid regions but also in water towns such as Taihu Lake Basin,
and this issue requires society’s attention. Many measures should be taken to relieve the drinking
water shortage, such as seeking new drinking water sources, protecting the current water source
areas, controlling pollution emissions, and implementing effective water resource management.

Keywords: drinking water source; drinking water scarcity; water demand; water quality decline

1. Introduction

Water scarcity is one of the main problems facing the world [1]. Conflicts between water demand
and supply have become more intense recently [2]. Approximately 8% of the world’s population
is exposed to water scarcity threats [3]. More than a billion people currently live in water-scarce
regions, and as many as 3.5 billion could experience water scarcity by 2025 [4]. Due to the increasing
human population and accelerated economic activity, the global water demand will increase from
approximately 3500 km?3 in 2000 to nearly 5500 km? in 2050 as shown in Figure 1 [5], with a sharp
rise in manufacturing, electricity and domestic supply. However, the amount of available freshwater
sources is limited due to the influence of both climate change and a decline in water quality.
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Figure 1. Global water demand (Baseline Scenario 2000 and 2050).

1.1. Climate-Related Water Scarcity

Arid and semiarid regions are most obviously water scarce in the physical sense [6]. These areas
occupy more than one third of the land surface on the planet and host approximately 30% of the
world’s population [7]. In Africa, one third of all nations suffered from clean water scarcity due
to very significant inter-and intra-annual variability of climate and water resource characteristics.
In particular, Sub-Saharan Africa has the largest number of water-stressed countries on the planet.
Water scarcity constrains economic growth and threatens the livelihoods of people in Africa. According
to findings presented at the 2012 Conference on “Water Scarcity in Africa: Issues and Challenges” [8],
it is estimated that 75 million to 250 million people in Africa will be living in areas of high water stress
by 2030. According to Wallace [9], people in the North-Africa belt had less than 1000 m? water per year
in 2000. Within the next 25 years, it will drop below 500 m3/capita/year in Egypt, the most populous
country in this region.

In South America, the average water use per person is 0.01 m3/day in the semiarid region
of Brazil [10], while the World Health Organization states that 0.02 m® of water per person per
day is needed to ensure the basic needs of every person. Due to the high frequency of water
scarcity during severe droughts, the use of dams has been limited over the years in Northeast
Brazil, which has the second largest number of dams in the world. In Chile, the precipitation
ranges from near zero in the north to an annual 2000 mm in the south, due to a unique geography
which causes significant regional differences in per capita water availability. The average water
availability is below 1000 m3/person/year in the north of Santiago, while it is much larger reaching
over 10,000 m?/person/year in the south of Santiago. In drought years, such as 2012, water shortages
occur in approximately 88% of northern Chile, and approximately 20% of southern Chile [11].

In Europe, water availability per capita varies widely because water supply and people are
unevenly distributed. It has been estimated that at least 11% of Europe’s population and 17% of
its territory have been affected by water scarcity. One of the worst droughts occurred in 2003,
when one-third of European territory and over 100 million people were affected [12]. Spain is
one of the most sensitive countries to climate change in Europe, due to its socioeconomic and
geographic features [13]. Renewable water resources in the Jucar River Basin of Spain [14] are nearly
1700 million m3, while water extraction is 1680 million m?3, very close to the renewable resource,
causing more vulnerability to water scarcity in the future.
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In Asia, Saudi Arabia and other countries in the Middle East, i.e., Qatar, United Arab Emirates,
and Kuwait, are already classified by the United Nations as water-scarce nations. Saudi Arabia
constitutes the majority of the Arabian Peninsula and is one of the largest arid countries without
permanent rivers or lakes. The renewable water resource in Saudi Arabia is 89.5 m3 water per capita per
year, which is much lower than the severe water scarcity threshold of 500 m® per capita per year [15].
In Amman, the capital of Jordan, water needs have risen to 300,000 m3/ day which is 90,000 m> more
than the maximum available daily water level and leads to a deficit of 35 million m® of water per
year [16]. In China, 300 cities out of a total of 662 will have insufficient water supplies and 110 cities
will experience severe water shortages in normal water years [17]. The total water shortage is estimated
to be 3040 billion m3 per year and will be even larger in dry years [18]. The north and northwest
regions of China are especially arid and drought prone due to insufficient local water resources and
climatic conditions. The amount of renewable water ranges from 0.860 m® per capita per day in the
Hai River basin to 1.841 m® per capita per day in the Yellow River basin in China [19]. In recent years
several exceptional drought disasters occurred in southwest China, such as Yunnan in 2005, Sichuan in
2009, and in other southwest areas in 2009 and 2010, which had a significant impact on local residences’
lives and economic development [20].

1.2. Quality-Related Water Scarcity

Water scarcity is not only relevant in arid or semiarid regions. The widespread degradation of
water quality across the world is one of the most serious water problems threatening human health
and ecosystem integrity. The decline in water quantity caused by pollution or salinity intrusion, etc.,
is a major concern for water resource sustainability. If the quality does not meet the requirements for a
water function zone, it causes quality related water scarcity.

In Europe, such as in the Netherlands, water scarcity is less extreme than in Mediterranean
regions [21]. Surface water from the rivers Meuse and Rhine account for 40% of the drinking water
production in the Netherlands [22]. However, the current water quality of these rivers does not meet
the surface water quality standards that are required by the Water Framework Directive or the target
values for drinking water production [23] by the European Environment Agency [24]. In the Meuse
River, the concentrations of pharmaceuticals, diagnostic contrast media and endocrine disruptors
exceed target values set by the European River Memorandum, which seriously threatens the local
drinking water supply [25].

Bangladesh, known as the “land of water,” also faces a safe drinking water crisis. In the coastal
regions of Bangladesh, safe drinking water scarcity is an acute problem due to saline surface waters [26]
and arsenic in groundwater, as well as frequent droughts [27]. Approximately 15 million people are
already forced to drink saline water and 30 million people are unable to collect potable drinking water
due to a lack of available safe water sources [28].

According to the Chinese national standard GB3838-2002 [29], water quality standard for the
function zoning of surface water is divide into five classes in China. Generally, drinking water sources
are required to reach Class-I and Class-II water quality standards. However, 47.6% of river lengths
and 72% of lake areas in China did not meet the water quality standards for drinking water sources,
and only 55.1% of the water function zones reached the standards in 2015 [30]. Water pollution,
including accidental water pollution events, have become key factors affecting water supply. Due to
spatially distributed water resources, China’s water scarcity has mostly been studied in North and
Northwest China [31-34]. However, water quality decline caused by increasing pollution [30] has
resulted in quality related water scarcity in southern China, which has abundant water. Taking
cyanobacterial bloom events in Taihu Lake on the Yangtze Delta as an example, residents in Wuxi City,
located on the shore of Taihu Lake, noticed an intolerable odor coming from their water taps on the
morning of 29 May 2007. The odor was caused by cyanobacterial blooms due to eutrophication, and a
decomposed cyanobacterial scum covered the intake of the water works in Taihu Lake [35]. The main
drinking water source for the urban area in Wuxi City is the Gonghu Lake, which is in the northern
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part of Taihu Lake. Although there is abundant water in Taihu Lake, most water cannot be used
as a drinking water source due to its poor water quality [36]. Because of the odor of tap water and
concern about cyanotoxins with these blooms, the local residents consumed bottled water instead of
city water derived from the lake. The cyanobacterial bloom caused a drinking water shortage and
directly affected approximately two million people who were without drinking water for at least
a week.

Water quality or water pollution is rarely regarded as an important factor in water scarcity
assessments [3,37]. However, water scarcity is often underestimated without considering water quality.
Water scarcity is related to not only the amount of water resources but also the water quality. Scarcity
in drinking water caused by declining water quality requires urgent attention. Although there is plenty
of water in Taihu Lake of southern China, the quality of most of the water in the Lake does not reach
the national standard for drinking water sources and cannot be used for drinking water due to its poor
quality [36]. Therefore, scarcity of drinking water sources also occurs occasionally in Taihu Lake Basin
and more attention to this should be given, especially during drought years.

Many researchers have conducted studies about the water scarcity in arid and semiarid regions.
However, only a few have focused on the quality-related water scarcity in water-rich regions.
This paper focuses on the drinking water scarcity caused by decline of water quality in Yixing City,
Taihu Lake Basin, China. It provides a brief overview of the current water resource and water quality
conditions in Taihu Lake Basin. Then it furtherly analyzes the drinking water scarcity during a drought
event and discusses its coping measures to overcome the crisis in Yixing City. This paper also suggests
few future measures to combat drinking water scarcity in water-rich regions. It could give some
suggests for water resource management in Taihu Lake Basin. It may also provide some support for
decision-making in the fields of drinking water scarcity, water protection and emergency response in
other similar areas. The paper is organized as follows. The methods and data source were introduced
in Section 2. A brief description about the conflict between drinking water sources and water demand
in Taihu Lake Basin is presented in Section 3. Then, taking Yixing City as an example, drinking
water scarcity and coping measures are presented in Section 4. The final part of the paper shows
the conclusions.

2. Methods and Data

The Standardized Precipitation Index (SPI) and single factor water quality analysis were used
in this paper to analyze the influences of meteorological droughts and declines in water quality on
scarcity of drinking water in Yixing City, Taihu Lake Basin.

The SPI Index is a meteorological drought index that was first formulated by McKee et al. [38] to
define and monitor droughts. It is commonly used to categorize observed rainfall as a standardized
departure with respect to a rainfall probability distribution function and to determine the rarity of a
drought on a given time scale. The index has been widely used by many researchers [39-42]. It also
has been adopted by the US National Drought Mitigation Center for operational use to replace the
traditional Palmer Drought Severity Index. The calculation of the SPI index is based on the density
and probability function Gamma as shown in Equations (1)—(3).

1

300 = g e 0

Xk 1 X 1 X
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where g(xy) is the probability density function. x; is the amount of precipitation over k consecutive
months (x; > 0). The function I'(x) is the gamma function. The « is the form parameter (« > 0), and j
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is the scale parameter (8 > 0). G(x¢) is the cumulative probability (time ¢t = x;/f). The cumulative
probability is written as H(xy). g is the probability of zero precipitation. The cumulative probability,
H(x;) could be transformed to the standard normal random variable with mean zero and variance of
one, which is the value of the SPI. The SPI calculation uses rainfall values only, and it can be calculated
for a selection of time scales (1-12 months). SPI Values and their interpretation are shown in Table 1.

According to China national standard GB3838-2002 (environmental quality standard for surface
water, 2002) [29], single factor water quality analysis was adopted to assess the water quality of the
backup drinking water source in Yixing City during a drought event.

P =— (4)

where M, is the measured concentration of water quality index i (mg/L). S; is the standard concentration
of water quality index i (mg/L). If P; > 1 (M; > S;), the water quality cannot meet the requirement of
water quality standard.

Data of precipitation, water resource and demand in both Taihu Lake Basin and Yixing City were
collected from the Bulletin of Water Resource in China to analyze the local meteorological condition
and the conflict between water demand and available drinking water. Water levels in the main water
source and water quality indices in the backup drinking water source in Yixing City, which were
surveyed by the local environmental protection and monitoring administration office, were selected to
discuss about the influences of meteorological droughts and declines in water quality on scarcity of
drinking water in Yixing City.

Table 1. SPI class and interpretation.

SPI Class Interpretation
>2.0 Extremely wet
1.5 to0 1.99 Severely wet
1.0to 1.49 Moderately wet
0.99 to —0.99 Near normal
—1.0to —1.49 Moderately dry
—1.5to —1.99 Severely dry
<-2.0 Extremely dry

3. Conflict between Water Demand and Available Drinking Water in Taihu Lake Basin

Taihu Lake Basin (30°7'197-32°14'56" N, 119°3’1”7-121°54'26" E) lies on the Yangtze Delta and
is bounded to the north by the Yangtze River, to the east by the East Sea and to the south by the
connecting Qiantang River, with a total area of 36,895 km? (Figure 2). As one of the most famous
water-rich regions in the world, Taihu Lake Basin is characterized by the presence of many rivers and
lakes, including Taihu Lake which is the third largest freshwater lake in China [43]. According to
Table 2 [44], the total water resource, including both surface water and groundwater, was increasing in
Taihu Lake Basin from 2003 to 2016, except in 2011 and 2013, which recorded relatively lower values of
19.5 billion m?3 and 16.1 billion m3, respectively. Precipitation in Taihu Lake Basin during 1954-2016 is
shown in Figure 3. In recent years, the precipitation values are lower than the average values in 2011
and 2013 (1119 mm and 1091 mm respectively), which were meteorological drought years. After 2013,
the annual precipitation keeps increasing. The precipitation trend is consistent with the total water
resource distribution in Taihu Lake Basin.
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Figure 3. Precipitation in Taihu Lake Basin during 1954-2016.

According to Table 2, more than 70% of river water in Taihu Lake Basin is worse than Class-III
water quality standards during 2003-2016, which cannot reach the national water quality standards
for drinking water sources. There has a large gap between the amount of available drinking water
and the drinking water demand. In addition, the percentage of water quality in the water function
zone that meet the standard requirement is lower than 50%, and the percentage that meet the standard
for drinking water sources was only 50% in 2005, 62.5% in 2006, and 28.6% in 2007. According to
previous studies [45-50], the shortage of high-quality water, including drinking water, is an average of
approximately 2.0-3.5 billion m? for a normal year in Taihu Lake Basin.
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Table 2. Water resource and demand in Taihu Lake Basin.

Y Total Water Worse than Class-III Drinking Water Qu?hty Standard

ear Resource (10 m?)  Standards River Water Rate*  Demand (108 m®) ~ keaching Rate of Water
Function Zone

2003 110.6 90.60% 22.5 -

2004 125.9 93.50% 23.5 -

2005 133.7 89.70% 24.4 a 50.0%

2006 146.2 86.50% 252 a 62.5%

2007 172.7 85.70% 26.6 a 28.6%

2008 199.4 85.20% 27.7 -

2009 248.1 88.20% 28.5 -

2010 209.8 87.50% 289 b 5.1%

2011 195.0 83.40% 29.7 b 14.2%

2012 2333 81.30% 30.4 b 35.5%

2013 160.5 80.10% 31.7 b 26.7%

2014 228.9 75.70% 30.9 b 29.7%

2015 342.4 79.70% 31.1 b 27.9%

2016 439.2 71.80% 32.0 b 41.9%

* According to the Chinese national standard GB3838-2002 (environmental quality standard for surface water,
2002) [29]; a: Water function zoning for drinking water sources; b: All of the water function zones.

Meteorological droughts and water pollution both aggravate drinking water scarcity in Taihu Lake
Basin. In Taihu Lake Basin, which has an abundance of water, a shortage of good quality drinking water
is the reality at present. As one of the most populated, urbanized and industrialized regions in China,
Taihu Lake Basin has experienced remarkable economic development with an annual gross domestic
product growth rate of 15.7%, an annual population growth rate of 3.0%, and an annual urbanization
growth rate of 9.2% over the past 30 years [51]. The rapid economic and social development in Taihu
Lake Basin results in higher water resource requirements in regard to both quantity and quality. In the
meantime, the industrial development, economic expansion and population growth could cause
increasing amounts of organic substances, nutrients and heavy metals to be discharged into the water
system and lead to more serious water pollution, resulting in an overall decline in the water quality of
rivers and lakes in the basin.

4. A Case Study in Yixing City, Taihu Lake Basin

Yixing City is located west of Taihu Lake with a total area of 1996.6 km?, including 242.29 km?
from Taihu Lake, 215 rivers (total length of 1058 km and total area of 130 kmz), more than 20 ponds
(water area of 0.05 km?), and 20 reservoirs (total capacity of 126 million m®) as shown in Figure 4.
Although it appears that there is enough water, the amount of drinking water that meets the national
quality standard is still insufficient and it is restricted to only a few reservoirs. In the past, the main
drinking water source of Yixing City has been Xijiu Lake (Figure 5). However, due to a decline in
water quality, water in Xijiu Lake cannot meet the national quality standard for drinking water sources.
Since 2003 the main drinking water source of Yixing City was changed to the Hengshan Reservoir.
Xijiu Lake is considered a backup water source, and is rarely used due to its poor water quality.
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Figure 5. Current and future drinking water sources in reservoirs in Yixing City.

4.1. Drought Event in 2011

In 2011, precipitation in Taihu Lake Basin was notably less than in other years, approximately
60% less than the average value during the same period (Figure 3). From January to June, the severest
drought in the past 60 years occurred in the whole basin [45]. The water level in Taihu Lake and
the related river networks continually declined. The lowest water level in Taihu Lake was 2.74 m on
18 May, while the mean water level in Taihu Lake was 3.08 m during the same period. It indicated
that there was 0.8 billion m? less water in the lake in 2011. The government has prescribed that the
lowest allowed water level in the Taihu Lake is 2.8 m. However, during 16 April-5 June, water levels
in Taihu Lake only met the standard for 5 days. In 2011, not only was the amount of water reduced
due to the meteorological drought, but the water quality also deteriorated in the lake. According to
the Taihu Lake Basin Water Resources Protection Bureau [36], water quality in Taihu Lake was worse
than Class-III standards for all of 2011. During April-July, the quality of most water in Taihu Lake was
worse than Class-V standards due to eutrophication and blue algal blooms. These waters with poor
quality cannot be used as a drinking water source.
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Figure 6 shows the annual precipitation in Yixing City from 1980 to 2014. The average annual
precipitation in Yixing City is 1306 mm. In recent years, the annual precipitation has been relatively low,
such as in 1997, 2004, 2007, and 2013. The annual precipitation in 2011 was approximately 1499.6 mm,
which is higher than in 2010 and 2012. However, the amount of precipitation in Yixing City is uneven
throughout the year.

The SPI index is calculated using monthly precipitation data in Yixing City from 1980 to 2014.
Figure 7a,b shows the SPI values of Yixing City with time scales of three and six months from 1980
to 2014. Dry periods occur 13-15% of the time according to historical data from Yixing City (Table 3).
A severe drought event occurred from February to July 2011 according to the SPI index.

In 2011, the water level in Hengshan Reservoir, the main drinking water source of Yixing City,
was much lower due to less precipitation and less inflow runoff [52]. The lowest annual water level
in Hengshan Reservoir from 2004 to 2011 is shown in Figure 8. The lowest annual water level usually
occurs in winter (November, December, and January), but it unusually occurred in June 2011. The lowest
annual water level was 24.33 m in 2011, which almost reached the dead water level (24.0 m).
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Figure 6. Annual precipitation in Yixing City from 1980 to 2014.
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to 2014. (a) Standardized Precipitation Index (SPI)-3 Months; (b) Standardized Precipitation Index
(SPI)-6 Months.
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Figure 8. Lowest water levels in Hengshan Reservoir from 2004 to 2011.

Table 3. Three- and six-month SPI values for Yixing City from 1980 to 2014.

SPI Class Three Month SPI Six Month SPI Values Interpretation
Values in Yixing City in Yixing City
>2.0 2.63% 3.13% Extremely wet
1.5t01.99 3.59% 4.58% Severely wet
1.0to 1.49 10.05% 9.88% Moderately wet
0.99 to —0.99 70.33% 67.71% Near normal
—1.0to —1.49 6.46% 7.95% Moderately dry
—15t0 —1.99 4.55% 4.82% Severely dry
<-2.0 2.39% 1.93% Extremely dry

4.2. Coping Measures

As the main drinking water source of Yixing City, the original planned water supply of Hengshan
Reservoir was 5.7 x 107 m?®/year. With development of the economy and the rise in population, the water
demand in Yixing City is continually increasing. In 2011, the real water supply from Hengshang Reservoir
was 8.15 x 107 m3, 43% higher than the planned water supply amount. However, it still cannot meet the
increasing water demand, especially in drought years such as 2011. From Figure 9, it can be seen that the
total water demand of Yixing City is much higher than the water taken from Hengshan Reservoir from
15 February to 11 June 2011. To fix the huge water demand gap, water from Xijiu Lake was used as a
backup drinking water source during the drought event in 2011, although the water quality in Xijiu Lake
does not reach the national standard for drinking water sources in China. Water taken from Xijiu Lake
was approximately 4.6 x 10* m?® on 15 February and increased to approximately 1.7 x 10° m? on 11 June.
During these 117 days, the total amount of water taken from Xijiu Lake was approximately 1.4 x 107 m3,
providing 37.13% of the city’s water supply. Table 4 shows the daily maximum, -minimum, -average and
the total amount of water from Xijiu Lake with poor quality and water from Hengshan Reservoir with high
quality during the drought period. The highest ratio of poor quality water to high quality water was 0.90:1.

500,000 — Total water demand of Yixing City
= = Water supply from Henshan Reservoir with good quality
':;400,000
300,000
= -\
2200000 fmermamv=msam_ =nam,,m TN WY e T
Q
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Figure 9. Water demand in Yixing City in 2011.
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Table 4. Amounts of poor- and high-quality water during a drought event in 2011.

Water Amount (m?) Daily Maximum Daily Minimum Daily Average Total Amount
Poor quality water 216,321 40,898 121,666 14,234,906
High quality water 240,229 192,029 206,035 24,106,113

Ratio 0.90:1 0.21:1 0.59:1 0.59:1

It is concerning that water from Xijiu Lakeis too poor to be used as a drinking water source.
Water quality indices including chemical oxygen demand (COD), biochemical oxygen demand (BOD),
ammonia nitrogen (NH;3-N), total nitrogen (TN), total phosphorus (TP), iron (Fe), manganese (Mn),
and petroleum were measured once a month when water was being pumped from Xijiu Lake in 2011.
As shown in Figure 10, measured concentrations of the eight indices in Xijiu Lake were higher than
the critical values most of the time during the water pumping period. The maximum concentrations
of COD and Fe were more than twice the critical value (Table 5). The maximum concentration of
TP was more than four times the critical value, NH3-N was eight times higher, and both TN and
petroleum were almost 20 times higher their critical values. Even so, this poor quality water was still
used as a drinking water source during the drought event in 2011. The water treatment processes were
extremely expensive.

Table 5. Measured maximums during the 2011 water pumping period and the critical values of Class-II
water in the Chinese Environmental Quality Standards for Surface Water (mg/L).

Index COD BOD NH3-N N TP Fe Mn Petroleum
Measured Maximums 40.4 5.3 4.51 9.51 0.4 0.72 0.17 1.30
Critical Values 15 3 0.5 0.5 0.1 0.3 0.1 0.05

Drinking water scarcity has become a serious threat in Yixing City. To relieve the stress of
increasing demands of good quality water, Youche Reservoir was constructed and used as a new
source of drinking water for Yixing City since July 2013. Taoxi Wetland and Yonghong Creek are
planned to be built as future drinking water sources (Figure 5). Many scholars put great effort into
predicting the variation in future drinking water sources and exploring the influence of global climate
change and human activities. In addition, the Chinese government has spent billions on researching
drinking water problems in key river basin and lakes, including Taihu Lake Basin, since 2012. One of
the major projects called “Major Science and Technology Program for Water Pollution Control and
Treatment” has been implemented in Yixing City. It cost 0.18 billion Yuan and aims to relieve the
drinking water shortage.

50 —+—COD = = = Critical Value 6 —+—BOD = = = Critical Value
3 3
2 2
= Sie
5 52
0 o1t
0 L L . 0
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Figure 10. Cont.
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Figure 10. Water quality indices (COD, BOD, NH3-NTN, TP, Fe, Mn, and Petroleum) in Xijiu Lake
during 2011, showing poor water quality that does not meet the standards for drinking water sources.

5. Conclusions

Drinking water scarcity has become a serious issue in the whole world. It occurs not only in arid
and semiarid regions but also in water-rich regions such as those in Taihu Lake Basin. It is both a
natural and human-made phenomenon. Both meteorological droughts and declines in water quality
could result in drinking water shortages, which requires the attention of the entire society. In some
areas, there is enough water, but most of it is wasted, polluted or unsustainably managed. Taking
Yixing City in Taihu Lake Basin as an example, poor-quality water from Xijiu Lake was used as a
drinking water source during the drought event in 2011. Many people were affected in this drinking
water crisis and it cost a lot in the water treatment processes. Many measures should be taken to
alleviate drinking water scarcity in water-rich regions such as Tiahu Lake Basin.

1.  Optimal regulation on water resource under the joint operation of both water quantity and quality.
In water-rich regions where have plenty water, the optimal regulation on water resource should
be based on the water quantity for reasonable demand of the local water users and the water
quality to ensure the water supply security. It is an economic and efficient method to alleviate the
shortage of drinking water and protect the water environment.



Water 2019, 11, 362 13 of 15

2. Strict protection on the current water source area, such as controlling pollution emitted into water
considering water environmental capacity and the quality standard of water function zone, use
of the remote monitor and control system in water resources management, enforcing laws and
regulations for water protection.

3.  Promoting water purification technology and advocating water recycling.

4. Seeking new drinking water sources with good quality water.
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