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Abstract: The initial rainwater carries a large amount of pollutants, which is easy to 

cause urban non-point source pollution. Mastering the pollution concentration of initial 

rainwater runoff is an important basis for controlling urban non-point source pollution. 

In view of the possible non-point source pollution caused by initial rainwater, this 

project proposes an improved filler for initial rainwater purification. The main 

conclusions are as follows: (1) After adding the modified material, the permeability of 

the filler is obviously improved, and the permeability of the coarse sand + modified 

material is better than that of medium-coarse sand + modified material. (2) The 

comprehensive reduction rate of the pollutant load by the artificial filler with coarse 

sand and medium coarse sand as the main filler is 39.67% and 43.76% respectively, 

and the medium coarse sand is 4.09% higher than the coarse sand. Compared with 

coarse sand, medium-coarse sand has certain advantages in the comprehensive 

reduction effect of pollutant load. (3) The artificial filler with the mixing ratio of 90% 

basic filler + 5% blast furnace slag + 5% zeolite has better removal effect on NH3-N 

and TN. 
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1. Introduction 

Rainwater is gradually recognized and widely used as an unconventional water 

resource. However, with the acceleration of urbanization and the gradual increase in 
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the impervious area of the city, the rainfall runoff and the load carried by the runoff, 

that is, the runoff pollution, also increase. The impact of non-point source pollution 

has become increasingly prominent, especially the initial rainwater carrying a large 

amount of pollutants, which may directly lead to the ecological security of the receiving 

water body [1]. In the process of sponge city construction in my country, there are 

many applications of rainwater gardens, bioretention and other centralized rainwater 

runoff infiltration facilities (sponge facilities) [2-3]. These facilities mainly use the 

improved filler backfill layer with better infiltration performance and better pollutant 

adsorption performance to naturally purify the pollutants carried by rainfall runoff 

through physical, chemical and biological actions such as filler adsorption, filtration, 

ion exchange, and microbial degradation. Then infiltrate to replenish groundwater or 

collect and reuse it, which has the comprehensive function of alleviating urban 

waterlogging, purifying water quality and conserving groundwater resources. 

Therefore, improved fillers in sponge facilities are particularly important [4].  

Therefore, this paper takes the runoff rainwater from the typical underlying surface of 

Xi'an as the research object, and compares and studies the purification effects of 

different improved fillers on pollutants through the artificial filter column test, which 

provides theoretical support for the rational utilization of rainwater resources and 

promotes the healthy development of sponge cities in my country.  

 

2. Methods 

9 simulated filter columns were set up in the experiment. Fill with different improved 

fillers and fill in layers. The purification effect of different improved fillers on initial 

rainwater was compared and analyzed. 

Table 1 Proportion scheme of artificial filler 

Number 
Main Filler 

Type 
Natural River 

Sand 
Zeolite 

Blast 
Furnace 

Slag 

Sponge 
Iron 

1# I 100% — — — 
2# II 100% — — — 
3# I 90% — — 10% 
4# II 90% — — 10% 
5# I 90% — 10% — 
6# II 90% — 10% — 
7# I 90% 10% — — 
8# II 90% 10% — — 
9# I 90% 5% — 5% 
10# II 90% 5% — 5% 
11# I 90% — 5% 5% 
12# II 90% — 5% 5% 
13# I 90% 5% 5% — 
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14# II 90% 5% 5% — 
15# I 70% 10% 10% 10% 
16# II 70% 10% 10% 10% 
17# I 55% 15% 15% 15% 
18# II 55% 15% 15% 15% 

Three return periods of 0.5a, 1a, and 2a were designed in this study, and the rainfall 

duration was 90min. According to the rainstorm intensity formula in Xi'an, the 

corresponding rainstorm intensity and influent water volume were calculated. Finally, 

the influent water volumes corresponding to the three return periods were determined 

as: 40.5L, 135L, and 225L. The corresponding flow rates of each water volume are 

0.45L/min, 1.5L/min and 2.5L/min respectively. The artificial simulated rainwater is 

configured according to high, medium and low water quality concentrations. 

 The configuration of the three water quality concentrations is mainly based on the 

monitoring of pollutants in Xi'an rainwater runoff by this research group and other 

scholars in recent years. In the test, a constant concentration of water was used. The 

determined water concentration of each pollutant is shown in Table 2. 

Table 2 Water distribution concentration and drugs 

 NO3-N（mg/L） NH3-N（mg/L） TP（mg/L） 

High concentration 8.0 3.0 2.0 

Medium 
concentration 

5.0 2.0 1.0 

Low concentration 2.0 1.0 0.5 

Reagent KNO3 NH4Cl KH2PO4 
 

3. Results and Analysis 

3.1 Analysis of the purification effect of different artificial fillers on NH3-N 

Sponge iron can reduce NO3-N to ammonia nitrogen, nitrous nitrogen, nitrogen and 

other nitrogen-containing gases due to its own reducibility, which reduces the content 

of NO3-N in rainwater runoff and increases the content of NH3-N. The removal of 

ammonia nitrogen from blast furnace slag is mainly achieved by adsorption. Zeolite 

can remove ammonia nitrogen from water through ion exchange of ionic ammonia 

and adsorption of molecular ammonia. 

It can be seen from Figure 1 that the artificial filler with medium and coarse sand as 

the main filler has obvious advantages in reducing the NH3-N load with an average 

reduction rate of 28.19% compared with the coarse sand with an average reduction 

rate of 15.91%. Only using sponge iron as the artificial filler of the improved material, 

its load reduction rate to NH3-N is all negative. The reason may be that sponge iron 

can reduce NO3-N to NH3-N, so that the NH3-N in artificial rainwater can be reduced. 

The content is greatly increased, resulting in a higher concentration of effluent than 
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that of influent. Compared with 1# and 2#, the artificial fillers 5# and 6#, which only 

use blast furnace slag as the improvement material, have little change in the reduction 

effect of NH3-N load, which is increased by -0.67% and 5.29%, respectively. 

Compared with 1# and 2#, the artificial fillers 7# and 8#, which only use zeolite as 

the improvement material, have significantly improved NH3-N load reduction effects, 

which are increased by 10.16% and 14.65%, respectively. Reducing the blending ratio 

of sponge iron will increase the reduction effect of NH3-N load. Compared with 3# and 

4#, the reduction rates of 9#, 11# and 10# and 12# are increased by 11.27%, 33.13% 

and 62.68%, respectively. 55.15%. Reducing the mixing ratio of blast furnace slag will 

reduce the NH3-N load reduction effect. Compared with 5# and 6#, the reduction rate 

of 11# and 12# is reduced by 23.93% and 3.50%, respectively. Reducing the blending 

ratio of zeolite will also reduce the NH3-N load reduction effect. Compared with 7# 

and 8#, the reduction rates of 9# and 10 are reduced by 56.62% and 5.33%, 

respectively. 90% main filler + 5% blast furnace slag + 5% zeolite had the best effect 

on reducing NH3-N load, which were 41.25% (coarse sand) and 52.57% (medium-

coarse sand), respectively. Increasing the blending ratio of the improved material will 

reduce the load reduction rate of NH3-N. To sum up, 90% main filler + 5% blast 

furnace slag + 5% zeolite has the best effect on reducing NH3-N load compared with 

other blending schemes. 

 
Figure 1 The average load reduction effect of NH3-N 

 
3.2 Analysis of the purification effect of different artificial fillers on TN 

 
Figure 2 TN average load reduction effect 

 



Volume 9 Issue 6 2022 
 

   37 

R
em

o
v
e 

ra
te

/%
 

It can be seen from Figure 2 that the average reduction rate of TN load by the artificial 

filler with medium and coarse sand as the main filler is 23.44%, which is improved to 

a certain extent compared with the average reduction rate of coarse sand, which is 

20.79%. The artificial fillers 7# and 8#, which only use zeolite as the improvement 

material, have the most obvious improvement in the removal of TN, which is 4.93% 

and 8.15% higher than that of 1# and 2#, respectively. Compared with 1# and 2#, 

the artificial fillers 5# and 6#, which only use blast furnace slag as the improvement 

material, are increased by 0.69% and 4.01% respectively. Compared with 1# and 2#, 

artificial fillers 3# and 4#, which only use sponge iron as the improvement material, 

are not significantly improved, and even the removal effect is reduced. 90% main filler 

+ 10% zeolite and 90% main filler + 5% blast furnace slag + 5% zeolite, the artificial 

filler prepared by these two blending schemes has better load reduction effect on TN 

than other blending schemes, and the reduction rate is 25.52% (7#), 28.32% (8#), 

25.01% (13#), 27.86% (14#), respectively. Compared with other blending schemes, 

increasing the blending ratio of the modified material showed no obvious advantage. 

In summary, 90% main filler + 10% zeolite and 90% main filler + 5% blast furnace 

slag + 5% zeolite have better load reduction effects on TN. 

 

3.3 Analysis of Purification Effect of Different Artificial Fillers on Phosphorus 

 

 
Figure 3 TP average load reduction effect 

It can be seen from the figure that the average reduction rate of TP load by artificial 

fillers with medium-coarse sand and coarse sand as the main fillers is 82.92% and 

72.76%, respectively, and the medium-coarse sand is obviously better than the coarse 

sand. Compared with pure sand (1# and 2#), all artificial fillers added with sponge 

iron have greatly improved the removal effect of TP. For medium-coarse sand (2#) 

and coarse sand (1#), it increased from 67.63% and 51.84% to over 90%, 

respectively. The reduction in the proportion of sponge iron has little change in the 

removal effect of TP. The reason may be that 5% of the sponge iron can already 

satisfy the removal of TP. The artificial fillers with only zeolite and blast furnace slag 

added have little change in the reduction effect or even a certain degree of reduction. 



Volume 9 Issue 6 2022 
 

   38 

To sum up, 90% main filler + 10% sponge iron is the best solution for removing 

phosphorus in rainwater runoff. 

 

4. Conclusion 

(1) After adding the modified material, the permeability of the filler is obviously 

improved, and the permeability of the coarse sand + modified material is better than 

that of medium and coarse sand + modified material. The addition ratio of the 

improved material has a significant effect on the permeability coefficient of the artificial 

filler. After adding the improved material, the average water discharge time of artificial 

fillers will be advanced to different degrees, and the average start overflow time and 

average overflow volume will be delayed and reduced to different degrees. 

(2) The comprehensive reduction rate of the pollutant load by the artificial filler with 

coarse sand and medium coarse sand as the main filler is 39.67% and 43.76% 

respectively, and the medium coarse sand is 4.09% higher than the coarse sand. 

Compared with coarse sand, medium-coarse sand has certain advantages in the 

comprehensive reduction effect of pollutant load. Compared with pure sand, artificial 

fillers with improved materials will have a certain degree of improvement in the 

removal of pollutants. The artificial fillers with 30% and 45% of the modified material 

did not show a clear advantage in the purification of pollutants compared to the 

artificial filler with only 10% of the modified material (the highest reduction rate 

scheme). 

(3) Due to the differences in the characteristics of the three improved materials, the 

removal effects of each pollutant are quite different. The artificial filler with a blending 

ratio of 90% basic filler + 5% blast furnace slag + 5% zeolite has a better removal 

effect on NH3-N and TN; the artificial filler with a blending ratio of 90% basic filler + 

10% sponge iron has a good effect on TP. The removal effect is better. 
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