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ABSTRACT

Water quality in irrigation areas is related to food security and many other national strategies. This study
takes China’s Yingkou Irrigation District as the research object and analyzes 4 water quality indicators,
including NH,*-N, TP, DO and COD, from 2017 to 2019 at 3 water quality monitoring points set up in the
irrigation area. Simultaneously, a comprehensive pollution index is introduced to evaluate the quality of
returned water in the irrigation area. Using Redundancy Analysis (RDA), the correlation between water
quality indicators and Land-use and socio-economic indicators are analyzed separately. The results
show that the water quality of the Yingkou lIrrigation District varies greatly within and between years,
and the months with poor water quality are concentrated in autumn and winter. This is mainly related
to the geographical location of the irrigation area and the drainage cycle of rice planting. The quality
of receding water shows a positive correlation with the water area and a negative correlation with the
unused land. The RDA analysis with socio-economic indicators shows that PD and IP are the ones that
have a more significant impact on the quality of return water in irrigation areas. The prevention and
control of industrial point source pollution, as well as the interception of non-point source pollution in

water regions, should be the focus of water pollution prevention and control in irrigation areas.

INTRODUCTION

As the most populous country in the world, China’s food
security is related to social stability, economic development,
and even national security. Irrigation areas are the primary
food production areas, especially large-scale irrigation ar-
eas where rice is the main crop. Studying the water quality
of its irrigation water, accurately evaluating water quality
categories, and clarifying the response relationship between
water quality and Land-use in irrigation areas are of vital
importance for ensuring the country’s food security.

The influence of agricultural non-point source pollution
on the quality of the water environment has been increasingly
significant in recent years. If it is released directly without
treatment as one of the main output channels of farmland re-
treat, it would not only wastewater resources but also have an
impact on the water quality of receiving water bodies. Yang
et al. (2009) pointed out that the unreasonable application
of farmland chemical fertilizers, pesticides, livestock and
poultry breeding, and agricultural film residues all produced
agricultural pollution to varying degrees, which entered the
Yellow River along with runoff or drainage, resulting in
deterioration of water quality. Xing et al. (2011) selected 3
typical agricultural irrigation drainage ditches to estimate the
amount of non-point source pollutants entering the Yellow

River in the Ningxia irrigation area and pointed out that the
main reason for the sharp increase in water mineralization
in the Ningxia section of the Yellow River is the non-point
source of agricultural irrigation. Point source pollution is
primarily to blame for the increase in COD levels. Point
and non-point source pollution both contribute to the rise in
nitrogen pollution concentrations. Yang et al. (2015a) studied
the Yinxin ditch and the fifth drainage ditch and found that
there is a significant positive correlation between the pollu-
tion load of farmland in the two ditches and the amount of
returned water.

At the same time, there are many methods for evalu-
ating surface water quality (Wang et al. 2019, Zhou et al.
2016). There are mainly analytic hierarchy processes and
fuzzy evaluation methods (Zhang 2019). Others include
the gray evaluation method and the support vector machine
classification method (Chen et al. 2013). Baghapour et al.
(2013) used the pollution index approach to assess the water
quality of an irrigation area in Canada. In comparison to
other water quality evaluation methods, it can authentically
and thoroughly depict water quality by taking into account
the diversity of water quality indicators and combining
them with water quality requirements through the weighted
average procedure.
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Many scholars have studied the relationship between
Land-use types and farmland withdrawal from different
perspectives. The intensity of the land use/cover type of the
watershed and the different scales from the river bank also have
an important impact on various water quality indicators in the
water body (Wang et al. 2015). In addition, studies have shown
that the social economy of the basin also has an individual
impact on the quality of the water environment (Wang et al.
2018). Land-use types can reveal the status quo of regional
socio-economic development to a certain extent (Yang 2004,
Yang et al. 2015b), and affect the spatial changes of popula-
tion settlement and mobility (Zhao et al. 2018). At the same
time, social development, economic structure, population, and
residents’ lifestyles also affect the spatial changes of regional
land-use types (Seto & Fragkias 2005, Yang 2015, Li et al.
2017b). This circular effect always affects the water environ-
ment quality of the basin in the process of social development
(Wang et al. 2012, Zhao et al. 2013, Li et al. 2017a).

The Daliao River is the principal water source for the
Yingkou Irrigation District in Liaoning Province, China,
and two separate irrigation and drainage systems have been
established within the irrigation area. The irrigation area
adopts extensive irrigation methods, and the controlled
irrigation area is large, the drainage and other facilities are
low, and the field irrigation water utilization coefficient
is low. There is a large amount of irrigation water in the
irrigation area to replenish groundwater or drain into the
trench by way of serious leakage. The excessive problem
is more serious, which is not conducive to the rational use
of water resources. As the retreating water enters the river,
there are also farmland nutrients and agricultural chemicals,
which not only affect the water quality of the river, but the
retreat from the irrigation area will eventually enter the
Daliao River, which will also have a certain impact on the
water environment of the Daliao River. This study takes
Yingkou Irrigation District as the research object, uses the
comprehensive pollutant index method to evaluate the water
quality, and analyzes the intra-year and inter-annual changes
in water quality. Simultaneously, the link between Land-use
and socio-economic parameters in the irrigation region and
the quality of returned water was investigated using RDA
analysis. It is planned to serve as a foundation for Land-use
optimization and water pollution prevention and management
in the Yingkou Irrigation District.

MATERIALS AND METHODS

Study Area

Yingkou Irrigation District is located at the southern end of
the Central Plains of Liaoning, China, on the left bank of
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the lowest reaches of the Daliao River. It involves Zhangian,
Laobian, and Dashiqgiao City in Yingkou City, with a total
land area of 91246 hectares (Fig. 1). The irrigation area is
flat, with many river networks and depressions. The terrain
is high in the northeast and low in the southwest, and the
ground elevation is mostly between 2.0m and 6.0m.

The study area has a monsoon climate with cold and
dry winters, windy and less rainy in spring, concentrated
hot rainfall in summer, and long cool sunshine in autumn.
The annual average temperature is 9.1°, the monthly average
temperature is 27.1° in July, and the lowest in January is
-15.0°. The average yearly precipitation is 650.5 mm. The
precipitation is unevenly distributed throughout the year,
and the main period (June to September) accounts for about
71.9% of the annual rainfall.

The western and southern parts of the study area devel-
oped into irrigation areas after long-term river alluvium and
human activities. Most plots of topsoil salt are separated into
extremely mild and moderate after decades of rice farming
improvements, and there are fewer salinized soils above
moderate. During the flood season, the groundwater level
in the irrigation region is rather high, with a burial depth of
0.7-1.0 m and it being close to the surface.

Data Source

Landuse data: The Landsat satellite remote sensing image
(spatial resolution 30 m) in September 2018 was used to cut
out the study area corresponding to the Yingkou Irrigation
Area and perform related pre-processing image enhancement
in ArcGIS and ENVI software. Combining field surveys,
Google Earth software, and image resolution characteristics,
remote sensing images are interpreted and classified based on
the Recognition software supervised classification method.
The Land-use categorization system is based on the Chinese
Academy of Sciences’ land resources classification system,
which covers six types of land use: forest land, grassland, ag-
ricultural land, construction land, water area, and unused land.

Water quality monitoring: The local environmental protec-
tion bureau set up water quality sampling points at the section
of the main canal of the Laodong River into the Daliao River
estuary. The location of the monitoring section is shown in
Fig. 1. The water quality monitoring period is from January
2017 to December 2019. The monitoring frequency is once
a month. The measured water quality indicators include
NH,"-N TP, DO, and COD.

Research Methods

Pollution index evaluation: The pollution index evalua-
tion method is a relatively common method for evaluating
river pollution levels at home and abroad. The evaluation
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indicators involve various organic pollutants and inorganic
pollutants, such as nitrogen, phosphorus, and COD. The
water quality evaluation in this paper adopts the average

pollution index method, which is:
n

12 s
n ¢i/S;

i=1

Pl =

Where Pl is the average pollution index, n is the number
of pollution factors participating in the evaluation, i is the
pollution factor, c; is the measured content of the pollution
factor i, and S; is the standard evaluation value of the pollution
factor i. Refer to the surface water environmental quality
standard (GB 3838- 2002) and comprehensively determine
the water quality standards of the water function zone where
the river section is located. (Because the more extensive the
dissolved oxygen value, the smaller the pollution, so this
index adopts its reciprocal value).

RDA Analysis

Redundancy analysis (RDA) is a sorting method developed
based on correspondence analysis. It is a restricted ranking.
It can be found by comparing principal component analysis.
Redundancy analysis is constrained principal component
analysis, which combines correspondence analysis and
multiple regression analysis. Each step of the calculation
is a regression with environmental factors, also known as
multiple direct gradient analysis.

In this study, the proportion of Land-use types and so-
cio-economic parameters were used as environmental factors,
and the above indicators were used to reflect the relationship
between water quality parameters. The RDA analysis of this
research is realized by CANOCO 5.0 software.

122°100°E 122°200°E 122°300°E

APSO0N

050N

Legend
[ irrigation District Boundary
—— Main canal

A Water Quality Monitoring Station R ——— —tic5

AH00N

APA0N

122°100°E 122°200"E 122730°0E.

Fig.1: Geographic location of the study area.

RESULTS AND DISCUSSION
Water Quality Change Trend

This study analyzed the four water quality indicators of
NH,*-N, TP, DO, and COD monitored by three water quality
monitoring stations in Yingkou Irrigation District from 2017
t0 2019, as well as the calculated PI. The inter-annual analysis
of each parameter is shown in Table 1, and the multi-year
statistical data is shown in Fig. 2.

Through analysis, it can be seen that various indicators
have changed significantly during the year. For NH,"-N, the
maximum value appeared in February 2018, which was 26
mg.L", and the minimum value appeared in June 2017, which
was only 0.12 mg.L"". The main reason for this phenomenon
may be that in February, the entire river in the study area
was frozen, the fluidity of the water body was weak, and the
dilution effect of the water body on the pollutants was not
strong, which caused the appearance of the maximum value.
In June, the study area was in the flood season. At this time,
the water in the study area was abundant. At the same time, in
terms of irrigation, the rice was in the growth period and the
paddy field drainage was less during this period. The above
reasons caused the lowest ammonia nitrogen concentration
in the month.

For TP, the inter-annual and intra-annual changes are
relatively small, the maximum occurs in April, at 0.83 mg.L ™,
and the minimum occurs in June, at 0.11 mg.L"". The main
reason for the peak value in April maybe because the paddy
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Fig. 2: Changes in water quality parameters during the year.
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Table 1: Interannual statistical analysis of water quality parameters.
YEAR NH,*-N TP DO COD PI
2017 AVERAGE 5.74 0.51 5.10 45.36 2.90
MIN 0.12 0.16 3.40 18.00 1.05
MAX 13.00 0.83 7.00 185.00 4.70
STDEV 4.77 0.23 1.46 44.70 1.39
2018 AVERAGE 3.80 0.35 7.48 32.08 1.97
MIN 0.16 0.14 3.90 21.00 0.80
MAX 25.60 0.83 9.80 46.00 8.00
STDEV 7.14 0.23 2.14 7.28 2.04
2019 AVERAGE 0.79 0.26 7.52 23.73 1.00
MIN 0.08 0.11 3.70 17.00 0.61
MAX 2.40 0.35 11.00 33.00 1.50
STDEV 0.85 0.09 2.38 6.05 0.28

field in the irrigation area just ended during this period.
Phosphorus-containing pollutants adhered to the suspended
solids such as silt and entered the river with the receding
water from the farmland. Rise. The reason for the minimum
value is the same as NH,*-N.

The largest month of DO appearance is April 2019. The
emergence of the maximum value is accompanied by the
spring floods and the receding of farmland during the same
period. The increase of surface runoff greatly increases the
water volume in the river, and the water flow is sufficient,
which significantly increases the dissolved oxygen content
in the water body. The DO content was the lowest in Octo-
ber 2017. During this season, a certain degree of freezing
has occurred in the rivers in the study area, the exchange
between water and air has weakened, and the water has low
oxygen content.

COD index time variability is large. The maximum value
(185 mg.L'l) is 10.9 times the minimum value (17 mg.L'l).

Percentage (%)
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The main reason for the large deviation of COD may be due to
the different levels of pesticides applied in the irrigation areas
at different times, which caused large differences in COD
content. At the same time, due to the continuous accumula-
tion of organic pollutants, some areas, especially downstream
rivers, will be more affected by organic pollutants.

PI can comprehensively reflect the pollutant situation. As
can be seen in Fig. 3, there is a big difference in PI during
the year, with the largest average value occurring in February
and the smallest value occurring in June. The freezing of
rivers in February weakened the dilution of pollutants from
external water sources, resulting in higher pollutant concen-
trations during this period. During the flood season in June,
there was more precipitation and less drainage from the rice
fields, which dilutes the concentration of pollutants and does
not increase the number of new pollutants in the river. This
is the main reason for the small pollutant index during this
period.
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Fig. 3: The area proportion of different land-use types in Yingkou Irrigation Area
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The Impact of Land-use on Water Quality

Land-use composition of yingkou irrigation district:
The spatial analysis software of ArcGIS 10.2 is used to
superimpose analysis and calculation of the boundary and
Land-use data of the irrigation area, and the distribution of
each land-use type in the irrigation area is shown in Fig. 3.

It can be seen from the figure that the primary Land-use
type in the irrigation area is agricultural land, accounting
for 69.98%, followed by construction land (19.98%), and
the remaining land is water area (8.37%) and unused land
(0.85%), woodland (0.82%), and grassland has the smallest
area. As the irrigation area is mainly planted with rice and
corn, the area of agricultural land is the largest. The south-
ern part of the irrigation area is currently mixed with major
industrial and mining enterprises in the main urban area, so
the construction land area is also relatively large. A large
number of fish ponds and dense channels distributed in the
irrigation area are the main reasons for the large water area.

Correlation analysis between the quality of returning
water and land use: It can be seen from Fig. 4 that DO has
a negative correlation with water surface area and a positive
correlation with unused land. This may be mainly because the
unused land in the irrigation area contains less organic matter,
so there are fewer oxygen-consuming microorganisms, which
makes the dissolved oxygen content in the water higher.
The NH4-N, TP, COD, and PI indexes of Yingkou Irrigation
District all show a positive correlation with water area and a
negative correlation with unused land. This may be because
the receding water in the Yingkou Irrigation District is the
receding water of the rice fields. The receding water from the
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Fig. 4: Correlation between water quality indicators and Land-use types.

fields entrained pollutants into the water body, thus showing
a positive correlation with the water area.

The Impact of Socio-Economic Indicators on Water
Quality

This study selects four indicators, including population
density (PD), agricultural production value (AP), industrial
production value (IP), and service industry production value
(SIP) as social-economic factors, to evaluate the correlation
between them and water quality indicators. It can be seen
from Fig. 5 that, except for the dissolved oxygen index, other
indicators, including the comprehensive pollution index,
show a positive correlation with the GDP of the secondary
industry. DO shows a positive correlation between PD and
AP. The main reason may be that some industries in the
Yingkou Irrigation District currently do not have sewage
interception pipes, and the direct discharge of sewage has
caused the degradation of water quality. In pollution preven-
tion and control, attention should be paid to the impact of
industrial point source pollution on water quality.

In addition to the above-mentioned impact analysis,
attention should also be paid to controlling drainage in
Yingkou Irrigation District. By controlling the drainage to
regulate and control the return of water in the irrigation area,
the field drainage and the output of pollutants can be effec-
tively reduced (Skaggs et al. 1994, Wesstrom et al. 2001).
As a water-deficient area, the Yingkou Irrigation District has
huge potential for reuse. Therefore, in future research, we
must consider the combination of project operation mode

c P
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Fig. 5: Correlation between water quality indicators and
socio-economic indicators.
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and irrigation management measures to jointly promote the
construction of the irrigation area.

CONCLUSIONS

This paper introduces the comprehensive pollution index
and analyzes the time changes of the pollution index and
the water quality index of Yingkou Irrigation District. At the
same time, using the method of RDA analysis, the correla-
tion between the quality of returning water and Land-use
and socio-economic indicators are analyzed, and the main
conclusions are as follows:

(1) The pollutant indicators of the Yingkou Irrigation Dis-
trict show significant variability during and interannual.
The extreme values of indicators are mainly concentrat-
ed in autumn and winter. The possible reason is that the
particular geographical and meteorological conditions
of the Yingkou Irrigation District have weakened water
flow. Decrease and cause deterioration of water quality.
The fall is mainly because the backwater from farmland
was discharged into river water bodies during this pe-
riod, which resulted in poor water quality during this
period. Pollution prevention and control should pay
enough attention to these two periods.

(2) The ammonia nitrogen, total phosphorus, COD, and PI
indexes of Yingkou Irrigation District all show a positive
correlation with water area and a negative correlation
with unused land. Water quality pollution indicators
indicate a positive link with a water area as backwater
from paddy fields increases. To limit the number of con-
taminants entering the river, measures such as planting
buffer zones around the waterways can be explored.

(3) The RDA analysis of water quality pollutant indicators
and socio-economic indicators shows that pollutant in-
dicators show a positive correlation with the secondary
industry but show a negative correlation with population
density and gross agricultural production. The next step
is to strengthen industrial power pollution treatment and
adopt measures such as interception and pipes to reduce
the amount of pollution.
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