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Abstract: Initial rainfall, in the early stage of rainfall, carries a large amount of 

pollutants which can easily cause urban non-point source pollution. Obtaining the type 

of initial stormwater runoff pollution and the content of pollutants is an important basis 

for controlling urban non-point source pollution. Through on-site monitoring of road 

and roof rainfall runoff in Xi’an. This paper has confirmed that the level of pollutants 

on road surface is significantly higher than that of roofs in Xi’an, and all of them have 

reached the "Surface Water Environmental Quality Standard" (GB3838-2002) inferior 

five types of water quality. Under different rainfall types, the content of road and roof 

pollutants gradually decreases with the time of runoff. The research conclusions and 

the results of this project provide basic information and technical support for the new 

urbanization and beautiful rural construction, and provide an effective technical path 

for urban rainfall runoff pollution control and rainfall utilization. 
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1. Introduction 

Rainfall runoff is gradually recognized and widely used as unconventional water 

resources, such as spraying roads and landscape water[1-2]. However, with the 

acceleration of urbanization and the gradual increase of urban impervious areas, the 

load carried by rainfall runoff also increases. The impact of rainfall pollution from non-

point sources has become increasingly prominent, especially the initial rainfall that 
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carries a large amount of pollutants, which is likely to directly threaten the ecological 

safety of receiving water bodies[3-4]. The initial rain, as the name suggests, is the 

runoff rain at the beginning of the rain. However, the initial rainfall in the city dissolved 

a large amount of acid gas, automobile exhaust, factory exhaust and other polluting 

gases in the air at the beginning of the rain. The accumulated sewage, sludge, garbage, 

etc. make rainfall contain a lot of organic matter, pathogens, heavy metals, grease, 

suspended solids, and acidic substances dissolved in water. Therefore, the initial 

rainfall pollution level is relatively high, which usually exceeds the pollution level of 

ordinary urban sewage[5]. 

At present, there is no uniform regulation on the initial rainfall discharge flow. The 

complexity of the scour rules of different underlying surfaces, coupled with the 

numerous influencing factors of the initial effects and the close correlation with 

regional characteristics, makes only the research conclusions based on specific local 

conditions have guiding significance for the determination of the initial rainfall 

rejection[6]. By consulting the literature, it is found that the research on the 

concentration and load of rainfall pollutants in Xi'an is not comprehensive [2]. The 

initial abandonment flow lacks a final conclusion, which has affected the urban 

planning and design of Xi'an. In addition, in the process of sponge city construction, 

rainfall gardens and biological retention facilities are the most commonly used source 

treatment facilities. Pollutants carried by the initial rain erosion have concentrated in 

these permeable areas for a long time, and the relationship between runoff rainfall 

and soil pollution in the permeable area The lack of research restricts the utilization 

efficiency of source facilities[7]. 

This project takes the typical underlying surface of Xi’an as the research object. 

Through data collection and on-site monitoring tests, the initial runoff rainfall pollution 

of the typical underlying surface of Xi’an is studied. 

 

2. Test area and method 

From 2020 to 2021, we collected 8 initial rainfall runoff events on roofs and roads in 

Xi'an, combined with the 22~26 rainfall runoff data collected from 2016 to 2019, to 

analyze the size of the initial rainfall runoff pollutants in Xi'an City. The distribution 

and characteristics of monitoring points are shown in Tables 1. 

Tables 1 Distribution and characteristics of monitoring points 

Classification Test area 

Underlying 

surface 

material 

Feature 
Rainfall 

events 
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Road runoff 

Zaoyuan Road 

Asphalt 

concrete 

surface 

Motor vehicle 3 

Changle Bridge 

Downspout 

Cement 

surface 
Motor vehicle 7 

Roads in Xi'an 

University of 

Technology 

Cement 

surface 

Motor vehicle  and 

pedestrian 
8 

Xianning Middle Road 
Cement 

surface 

Motor vehicle, 

bike、and 

pedestrian 

8 

Roof runoff 

315 metallurgical 

community 

Asphalt 

surface 
/ 4 

Family Building of 

Xi'an University of 

Technology 

Asphalt 

surface 
/ 4 

Water Resources 

Institute of Xi'an 

University of 

Technology 

Asphalt 

surface 
/ 9 

Shaanxi Steel Factory 

Affiliated Institute 

Asphalt 

surface 
/ 5 

 

3. Results and analysis   

3.1 The contents of COD, N and P in initial rainfall runoff of different underlying 

surfaces 

Table 2 COD, N and P content in initial rainfall runoff (within 30min)         mg/L 

Test area pH COD NH3-N NO3-N TN TP 

Road 

runoff 

Concentration 

range 
6.68~6.96 70.45~374.4 0.27~4.97 0.20~2.38 1.77~9.78 0.11~1.80 

Mean 

concentration 
6.88 133.22 2.04 1.13 4.58 0.86 

Roof 

runoff 

Concentration 

range 
6.75~7.12 20.41~157.46 0.27~2.02 0.03~1.73 0.81~6.87 0.04~0.85 

Mean 

concentration 
6.91 52.64 1.10 0.48 2.42 0.22 

It can be seen from table 2 that the content of COD, nitrogen, and phosphorus in the 

initial rainfall runoff on the road surface is significantly higher than that in the roof 

runoff. The content of COD, ammonia nitrogen, nitrate nitrogen, total nitrogen and 

total phosphorus in the road runoff are 2.53, 1.85, and 2.35 of the roof runoff, 1.89, 
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3.91 times. Road runoff COD, ammonia nitrogen, total nitrogen, and total phosphorus 

all meet the "Surface Water Environmental Quality Standards" (GB3838-2002) inferior 

to the five categories of water quality; roof runoff COD and total nitrogen reach the 

inferior five categories, and ammonia nitrogen and total phosphorus meet the five 

categories of water quality. 

3.2 Heavy metal content in initial rainfallr runoff of different underlying surfaces 

Table 3 Heavy metal content in initial rainfall runoff (within 30min)      μg/L 

Test area Cu Zn Cd Pb 

Road 

runoff 

Concentration 

range 
28.34~135.24 856.25~4532.34 0.24~23.40 66.75~202.38 

Mean 

concentration 
68.46 2145.25 7.58 108.26 

Roof 

runoff 

Concentration 

range 
31.21~118.76 37.59~2144.52 0~11.31 42.35~186.74 

Mean 

concentration 
65.14 324.68 5.34 83.34 

It can be seen from table 3 that the difference in the content of heavy metal Cu in the 

initial runoff of the road and the roof is small, with the average values being 68.46 

and 65.14 μg/L, respectively. The heavy metal Zn in road runoff is much higher than 

that in roof runoff. The content of heavy metal Zn in road runoff is 2145.25μg/L, roof 

runoff is 324.68μg/L, road runoff is 6.61 times that of roof runoff. Through a large 

number of studies, Davis et al. believe that the main sources of zinc in urban areas 

are vehicle tire wear, brake wear, atmospheric dry and wet deposition, and the 

combustion of oil and natural gas [8]. Automobile tires usually contain antioxidants 

such as diethyl zinc salt or dimethyl zinc salt. Lubricating oil usually contains 

antioxidants and dispersants such as zinc dithiophosphate. Therefore, automobile tire 

wear and lubricating oil burning are roadside soils. An important source of Zn pollution 
[9]. The heavy metals Cd and Pb in road runoff are slightly larger than roof runoff. 

 

4. Conclusion 

Xi'an has high levels of pollutants in the initial rainfall runoff from roads and roofs, 

with COD, nitrogen, phosphorus and some heavy metals reaching inferior to Category 

5 water quality, and the main road pollutants content in road runoff is higher than 

that of secondary roads, and roof runoff pollutants in old communities are significantly 

higher In the new community. 
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