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Abstract: In this study, runoff sampling points were set up in the rectification section 

of the Shichuan River project in Fuping County. The artificial equal interval sampling 

method was used to sample and test the rainfall runoff events in August 2017. The 

heavy metals Cu, Pb, Zn, Cr were studied in the runoff process. The pollution emission 

characteristics of Ni and Cd lead to the following conclusions: During the rainfall runoff 

event, the dissolved pollutants reach the peak at the initial stage of runoff, and are 

not affected by the magnitude of runoff erosion capacity characterized by rain intensity, 

and the peak concentration of particulate pollutants. The occurrence time slightly lags 

behind the peak of rain intensity, the rain intensity changes greatly, and there are 

obvious high-intensity rain peaks. The strong scouring effect of the peak intensity of 

rainfall makes the concentration of particulate pollutants in runoff increase significantly, 

and then decreases rapidly. The runoff pollution of Shichuan River in Fuping County 

was serious before remediation. After remediation, the peaks of SS and COD in the 

runoff were 326mg/L and 179.0mg/L, which were lower than the third-level standard 

of Integrated Wastewater Discharge Standard. The concentration of SS and COD in 

most fields. The bottom value is less than the secondary standard of Integrated 

Wastewater Discharge Standard, which indicates that SS and COD are lower than the 

runoff pollution risk value after remediation; while the heavy metal Pb, Cr, Ni, Cu, Zn, 

Cd and other concentrations are lower than the surface water. Environmental quality 
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standards, Class III standard limits; long-term runoff does not affect the level of metal 

in the receiving water. After the rectification of the Shichuan River in Fuping County, 

the pollution load is small and the pollution of the surrounding water bodies is small. 

Therefore, the comprehensive land improvement project is of great significance for 

the construction of an ecological city. 

 

Keywords: comprehensive land improvement, rainfall runoff pollution, Shichuan 

River, ecological city construction. 

 

1. Introduction 

Comprehensive land remediation is to promote the remediation of land, water, roads, 

forests and villages in a certain area according to the objectives and uses determined 

by the overall plan of land use, with the consolidation, reduction and development of 

land consolidation, reclamation, development and urban and rural construction. The 

comprehensive rectification of land is a long-term and affects the overall situation. 

Only by broadening the horizons, overall planning, innovative ideas, and overall 

planning can we achieve the "government has land, farmers have benefits, and urban 

and rural development." 

New urbanization is the only way to modernize and an important way to solve the 

problems of farmers in agriculture and rural areas. Land projects can fundamentally 

solve problems such as changes in farmers' living environment, improvement of quality 

of life, and overall development of urban and rural areas, so that farmers can truly 

achieve "safe, live, and secure", and can also save, intensively and efficiently use land 

for rural towns. The development has freed up new space. Before the construction 

started, through the detailed field investigation, it was found that the sources of water 

pollutants in the Shichuan River were mainly divided into point source and non-point 

source. The point source pollution originates from the industrial wastewater and 

domestic sewage discharged into the surface water by the Shichuan River City section. 

Non-point source pollution is mainly agricultural non-point source pollution. There are 

a large amount of farmland around the Shichuan River. Soil particles, nitrogen, 

phosphorus, pesticides and other organic or inorganic substances in agricultural 

production activities are in the process of precipitation or irrigation. Pollution is caused 

by surface runoff, farmland drainage and underground seepage into the water body. 

At the same time, because the river sediment is not only a sink of various pollutions 

of water bodies, but also a source of water quality of polluted rivers. Under certain 

conditions, various organic and inorganic pollutants accumulated in the sediment 

become secondary pollution sources of the river channel through physical, chemical 

and biological exchanges with the overlying water body, directly damaging aquatic 
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organisms and human health. 

 

2. Materials and methods 

2.1 Research area overview 

Before remediation: Shichuan River, a tributary of the Weihe River, runs northwest to 

the southeast. Because it is rich in fine sand and pebbles, it is a stone river, so it is 

called Shichuan River. The Shichuan River is 36.4km long in Fuping County, with a 

drainage area of 132.4 km2. It is like a green ribbon embedded in Fuping Earth. It 

feeds more than 800,000 Fuping children and is known as the “Mother River of Fuping 

County People”. In recent years, the Shichuan River has almost been cut off except 

for the flood season. Only the upper reaches of the river have flood water. Since 

Fuping County has a high north and low south and a high west and low east, the main 

flood discharge in the southern part of the county will be in a large amount in the 

flood season. The sewage is discharged into the river. These pollutants have high 

concentration, large odor and deep color, which leads to pollution of the river water 

environment. The residents' lives are messy, seriously destroying the surrounding 

ecological environment and regaining the happiness brought by the childhood 

Shichuan River. The mother river no longer cries and becomes the hope of the people 

of Fuping. The Shichuan River is an important tributary of the Weihe River. It 

originates from Beishan Mountain in Jiaoping Beishan and Yaoxian Town of Tongchuan 

County, Shaanxi Province. It runs from the northwest to the southeast and flows 

through Wangyi District and Yaozhou District of Tongchuan City, Fuping County, 

Weinan City. The Liangzhu District and Linyi District finally flowed into the Weihe River 

in Jiaokou Town (Street Office) in Linyi District, Xi'an City. With a total length of 137km, 

it is rich in fine sand and pebbles. It is a stone river. It is called Shichuan River. The 

total drainage area is 4154.0km2, and the average riverbed ratio is 6.0‰. Among 

them, Fuping County (located in the southern part of the county) has a total length of 

37km and a drainage area of 132.4km2. The development and utilization of the water 

resources of the Shichuan River has a history of 2,200 years. 

After remediation: Shichuan River in Fuping County became an ecological park, 

improving the ecological environment of urban residential areas. 

 

2.2 Sample Collection 

The test method of simultaneous observation of rainfall- production- production- 

sewage is carried out, that is, sampling is carried out at one of the drainage pipes of 

the high-speed viaduct monitoring section. When the initial runoff is generated within 

30 minutes, the polyethylene bottle is collected every 5 minutes; 30min~1h 1 sample 

every 10 minutes; 1~2h, sample every 20min; 2~3h, sample every 30min; thereafter, 
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sample 1h, 2h, and use JFZ-01 digital rain gauge to record rainfall characteristics 

simultaneously. The sampling frequency is appropriately changed according to the 

rainfall intensity; after the sample is collected, it is sent to the laboratory for analysis. 

 

2.3 Rainfall characteristics 

The sampling time of this experiment was after the rectification of the Shichuan River 

project in August 2017, and the rainfall events were monitored throughout the whole 

process. The rainfall characteristics are shown in Table 1. 

Table 1  Characteristics of monitoring rainfalls  

Rainfall Date Rainfall(mm) 
Rainfall 

Duration(min) 

Average Rain 

Strength 

(mm/min) 

Maximum 

Rain 

Strength 

(mm/min) 

Dry Period 

Time (d) 

2017-08-13 10.89 212 0.0513 0.412 2 

 

2.4 Sample Analysis 

The analytical indicators include heavy metals Cu, Pb, Zn, Cr, Ni, and Cd. The above 

indicators are all determined by ICP-MS. Heavy metals need to be pretreated by water 

samples, and then measured by ICP-MS. 

 

3. Results and discussion 

3.1 Total pollutant discharge law 

1) SS, COD emission law 

It is a rain event with a large initial rainfall intensity and a large rainfall of 2017-08-

13. The SS and COD concentrations of rainfall runoff events vary widely with rainfall 

intensity. The peak concentration of pollutants slightly lags behind the peak of rainfall 

intensity and occurs in the initial stage of runoff. Because the whole field rainfall 

intensity is large, the overall runoff is large, and the initial high intensity is high. The 

effective erosion of the pavement formation resulted in a significant decrease in the 

concentration of runoff pollution in the middle and late stages compared with the peak 

value. The final runoff SS and COD concentrations were lower than the peak 

concentration by 1/10. The SS and COD concentrations of rainfall events peaked at 

about 15 minutes after the start of runoff, and the peak appeared slightly behind the 

peak of rain intensity, with values of 326mg/L and 133.0mg/L, respectively. The 

pollution level was high; affected by the strong erosion of the initial high rainfall and 

strong runoff. After the peak, the concentration of pollutants rapidly decreased to the 

bottom value, and the final runoff SS and COD concentrations were 36 mg/L and 12.4 

mg/L, respectively. 
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2) Heavy metal emission 

The law of heavy metal emission is similar to that of SS and COD, that is, the peak 

concentration of pollutants appears in the initial stage of runoff after slightly appearing 

after the peak of rainfall intensity. Because the whole field rainfall intensity is large, 

the overall runoff is large, and the initial high-intensity rainfall is formed on the road 

surface. The effective scouring resulted in a significant decrease in the concentration 

of runoff pollution in the middle and late stages compared with the peak value. The 

concentration of runoff in the whole process varied widely and fluctuated sharply. The 

peak concentrations of six heavy metals in runoff from 2014-08-07 were 21.01μg/L, 

24.04μg/L, 100.07μg/L, 35.21μg/L, 24.80μg/L and 0.71μg/L, respectively. The 

influence of strong runoff on the runoff decreased rapidly after the peak reached the 

bottom value. The concentration and peak concentration of the six heavy metals in 

the middle and late runoff remained at a low level. 

 

3.2 Discharge of dissolved pollutants 

1) Dissolved COD emission law 

The dissolved COD shows a peak in the initial stage of runoff, then rapidly drops to 

the bottom value, and the concentration is slightly increased in the middle and late 

stages of runoff. During the rainfall event, the peak value of dissolved COD appeared 

within 10 min of the initial runoff, and the value was 61 mg/L, respectively. After that, 

the concentration rapidly decreased to the bottom value, the bottom concentration 

was 18.2 mg/L, and the dissolved COD in the middle and late runoff was affected by 

the rain period. The impact of immediate sewage discharge increased slightly, and the 

concentration at the end of runoff was 22.4 mg/L. It can be seen from the runoff 

process that the dissolved pollutants are more likely to enter the runoff. In the initial 

rainfall event with large rainfall intensity and large overall rainfall, the peak value is 

reached at the initial stage of the runoff and the peak concentration is high, and then 

the concentration rapidly drops to the bottom value. It is indicated that the dissolved 

COD is easier to remove from the pavement under the high-intensity initial rainfall 

flushing. The slightly increased concentration in the middle and late stages indicates 

that the instantaneous sewage in the rain period has a certain influence on the 

dissolved COD in the runoff. 

2) Discharge heavy metal emission 

Dissolved heavy metals exhibit a peak in the initial stage of runoff, then rapidly 

descend to the bottom value, and the concentration is slightly increased in the middle 

and late stages of runoff. During the rainfall event, the peak concentrations of 

dissolved heavy metals Cu, Pb, Zn, Cr, Ni and Cd appeared in the initial stage of runoff, 

and the peak concentrations of the six dissolved heavy metals were 20.31μg/L, 
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0.79μg/L, 19.80μg/L, 5.17μg/L, 16.90 μg/L, 0.140 μg/L. After that, the concentration 

of heavy metals dropped rapidly to the bottom value, and the concentration of the 

bottom was about 1/3~1/4 of the peak value. In the middle and late stages of runoff, 

the concentration of dissolved heavy metals increased slightly, but remained basically 

low.  

 

3. Conclusion 

The runoff pollution of Shichuan River in Fuping County was serious before 

remediation, and the peak values of SS and COD in the runoff after treatment were 

326mg/L and 179.0mg/L, which were lower than the third-level standard of Integrated 

Wastewater Discharge Standard. Most sites had SS and COD concentrations. The value 

is less than the secondary standard of Integrated Wastewater Discharge Standard, 

which indicates that SS and COD are lower than the risk of runoff pollution after 

remediation; while the peak concentrations of heavy metals such as Pb, Cr, Ni, Cu, Zn 

and Cd are lower than the surface water environment. Quality Standards Class III 

standard limits; long-term runoff does not affect the level of metal in the receiving 

water. After the rectification of the Shichuan River in Fuping County, the concentration 

of runoff pollutants is low, indicating that the comprehensive improvement project is 

of great significance for the construction of eco-type cities. 
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