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Abstract

Many studies have demonstrated the importance of the volume reduction and pollutants purification 
effect of rain gardens. However, the pollutants variations in sediment of rainfall runoff and soil of 
rain gardens have been rarely explored. In this study, three rain gardens were conducted from April 
to October 2018 to investigate the pollutants composition of urban stormwater runoff in sediment and 
soil. The results show that: 1) NO2-N and TON were the main forms in the sediments, but for soil, they 
were NO3-N and TON.NH3-N, NO2-N, TON, TN, SRP and TP in the sediment were all greater than 
those in soil, and they were 4.54, 5.0, 2.01, 1.33, 4.1, 14.3 and 2.21, 3.25, 1.62, 1.11,2.5, 5.3 times greater 
in sediment than those in soil. However, less NO3-N content was observed in the sediment. 2) Cu, Zn 
and Cd in sediment were extremely greater than those in soil. Cu was 22.47 and 4.02 times greater in 
sediment than that in soil, which were 18.93, 6.11 and 4.60, 8.57 times for Zn and Cd. 3) the N, P, TOC 
and heavy metals contents had a good linear relationship with the activity of enzymes, and the R2 were 
all more than 0.66.
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Introduction

Rapid urban expansion leads to the replacement 
of native vegetation areas, which provide rainwater 
interception, storage, and infiltration functions, 
with impervious surfaces, which often results in an 
increase in the rate and volume of surface runoff 
of rainwater [1]. Therefore, urban stormwater has 
become an increasingly important source of pollutants 
to receiving waters [2]. Excess pollutants, such as 
nitrogen, phosphorus and heavy metals, input to 
aquatic ecosystems cause eutrophication, which leads 
to alterations in community structure, degradation of 
habitat quality, and increased incidences and duration 
of harmful algal blooms [3-4]. Stormwater nitrogen 
and phosphorus are present in a number of chemical 
forms, including ammonium (NH3-N), nitrate (NO3-N), 
nitrite (NO2-N), dissolved organic N (DON), particulate 
organic N (PON), soluble reactive phosphorus (SRP), 
dissolved organic phosphorus (DOP), and dissolved 
phosphorus (DP), etc [5]. The pollutants composition 
varies with land use and hydrologic conditions [6]. 
Nitrogen and phosphorus behavior in stormwater runoff 
are therefore complex because of the biogeochemical 
complexity of their species.

Facing the serious problems of logging [7], 
environment pollution [8] and lack of groundwater 
recharge caused by traditional urbanization, various 
stormwater control measures (SCMs) are being 
employed in watersheds to reduce pollutant loads 
from stormwater runoff, with rain garden as one of 
the more effective urban SCMs [9-10]. Rain garden 
is an infiltration-based SCM that is widely used in 
residential area because of its ability to improve water 
quality and the hydrologic condition of the developed 
landscape. Rain gardens are effective at removing a 
range of pollutants, including suspended solids, heavy 
metals, nitrogen, phosphorus, oil and grease [11]. 
Laboratory and pilot-scale bioretention tank studies 
have shown that removal efficiencies of Cu, Zn and 
Pb from a synthetic runoff were typically greater than 
95%, those of total phosphorus were approximately 
80%, and total nitrogen were 50-70% [12-13]. However, 
could the pollutants removed by bioretention tanks kept 
in soil? Or they could be decomposed fast? We expect 
that rain water can be effectively purified, meanwhile 
we do not want pollutants to have great impact on the 
soil of the facility. In that way, is it possible to set up a 
pond to sediment rain water before the rainfall runoff 
enters the rain garden? And the amount of pollutants 
in the sedimentation tank is not clear now. Soil 
enzyme activity reflects the intensity and direction of 
various biochemical processes in soil, and it is one of 
the most basic properties of soil [14]. Rain garden soil 
contains different forms of enzymes, and soil enzyme 
activities are closely related to soil nutrients dynamics 
[15]. The enzymatic product of soil urease (SU) is 
ammonia Soil sucrase (SU) is related to soil organic 
matter, phosphorus content, microbial quantity and soil 

respiration intensity. Soil protease (SP) mainly involves 
in the conversion of amino acids, proteins and other 
protein-containing organic compounds in soil. And soil 
acid phosphatase (SAP) can accelerate the conversion 
and hydrolysis of organic phosphorus [16]. Therefore, 
to determine soil N, P and their relations with enzyme 
activity in the rain garden are of great significance to 
understand the mechanism of pollutants purification 
carried in rainfall runoff. At present, many studies 
have been conducted on the regulation and pollutants 
purification effects of rain gardens on rainfall runoff 
[17-18]. Some researchers focus on the structure, 
running effect, influence mechanism and model 
simulation of LID or facility measures themselves [19-
20]. There are also a few experts have carried out the 
impact of concentrated infiltration of rainfall runoff 
on soil facilities in recent years [21-22]. However, the 
pollutants variations in sediment of inflow weir and soil 
in rain garden and the contrast of the two have been 
rarely explored.

Therefore, this paper takes three rain gardens that 
have been used for many years in Xi’an University of 
Technology as the study facilities, and the objectives 
of this study are to (1) contrast the various of nitrogen 
(ammonia nitrogen-NH3-N, nitrate nitrogen-NO3-N, 
nitrite-NO2-N, total organic nitrogen-TON and total 
nitrogen-TN), phosphorus (total phosphorus-TP, soluble 
reactive phosphorus-SRP) and total organic carbon-
TOC in sediments and rain garden soil; (2) study the 
influence of stomwater concentration on heavy metals 
(copper-Cu, zinc-Zn and cadmium-Cd) and enzyme 
activity (urease-SU, sucrose-SS, acid phosphatase-
PPS and protease-PS) in sediments and rain garden 
soil; (3) analyze the quantitative relationship between 
soil N, P, TOC, heavy metal contents and soil enzyme. 
Conclusions from related research can provide important 
theoretical support for further study of LID facilities, 
and will provide scientific basis and theoretical support 
for the rational allocation of concentrated infiltration 
measures.

Materials and Methods

Site Description 

Rain gardens in this study located at Xi’an University 
of Technology, Xi’an, Shaanxi Provence, China. The 
city of Xi’an is in Northwest China (E107°40′-109°49′ 
and N33°39′-34°45’), which has a temperate continental 
climate. The annual average temperature in Xi’an is 
13ºC, and the rainfall is 551 mm, but the evaporation 
is 990 mm [23]. More than 80% of rainfall occurred 
from May to October. The city is situated on widely 
distributed loess soil that generally has deep profile 
of more than 50 m. The soil bulk density is generally  
1.35 g/cm3, comprising 9% clay, 80% silt, and 10% 
sand. The reported infiltration rate of the loess soil 
varies from 0.4 m/d to 2 m/d and higher. This study 
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involves three rain gardens of No. 1 (RG1), No. 2 (RG2) 
and No.3 (RG3), as illustrated in Fig. 1.

Rain Garden of RG1

RG1 was completed in 2010, and it accepted roof 
rainfall from a teaching building. RG1included three 
parts, namely, A, B and C, as illustrated in Fig. 1.  
The confluence area of RG1 was 216 m2, and the 
confluence area ratio (confluenceratio = confluencearea 
/garden area) was 6:1. Thunbergiaalata was planted 
in the rain garden. The bottom of RG1 was laid with 
waterproof geomembrane, placed with perforated 
Polyvinyl Chloride (PVC) tube drainage (d = 110 mm), 
wrapped in permeable geotextile, and covered with  
a layer of gravel. Inflow and outflow of the rain garden 
was measured with pressure transducers mounted  
on V-notch weirs of 30° installed at the inlet and outlet 
of the rain garden. The overall situation of rain gardens 
was shown in Table 1.

Rain Garden of RG2

RG2 was built in 2011 and collected stormwater 
runoff of concrete roof with area of 604.7 m2. The 
confluence area ratio was 20:1. RG2 was the infiltration 
facility without outlet. It was oval with 20 cm loess soil. 
Tageteserecta L. and Hedera nepalensis var. sinensis 
(Tobl.) Rehd were planted in the rain garden. Inflow of 

the rain garden was measured with pressure transducers 
mounted on V-notch weirs of 45° installed at the inlet of 
the rain garden, and overflow was measured with draft 
mounted on V-notch weirs of 30°. Runoff entered RG2 
and infiltrated to recharge the groundwater directly. 
There is a landfill plant at 5 m on the east side of RG2, 
and it is mainly used to collect domestic garbage on 
campus. The bottom of the landfill plant is concrete 
with anti-seepage film, and the landfill leachate will 
not fall vertically or horizontally. A small amount of 
debris from the debris without cleaning on time would 
be washed into the garden with runoff.

Rain Garden of RG3

Rain garden of RG3 was installed in 2012 and 
treated stormwater runoff from road and concrete roof. 
It was oval with 60 cm loess soil. The confluence area 
ratio was 20:1. The flapper in the middle was used to 
divide RG2 into the two sub-sections of part D and E. 
RG3-D was conventionally drained without a saturated 
zone using a perforated plastic pipes, whereas RG3-E 
was permeable without outlet. Soil samples in this 
study were collected in RG3-E. Inflows of RG3-D and 
E were measured with pressure transducers mounted on 
V-notch weirs of 30° installed at the inlet. They had the 
same plants as RG2.The structures of three rain gardens 
were shown in Fig. 2.

Fig. 1. Location of the experimental rain gardens.



Guo C., et al.3536

Water Test Methods

Inflow and outflow were recorded during the 
period of rainfall, and water samples were collected 
immediately. The samples were stored in a refrigerator 
at −4ºC, and analysis was completed within 5 days. 
NH3-N and NO3-N were measured by continuous 
flowing analysis (SKALAR, Holland). TN and TP were 
measured by ultraviolet spectrophotometer (DR5000, 
Hach Company, Colorado, USA). And the weighing 

method was used to measure TSS. Heavy metals were 
determined by atomic absorption spectrophotometry. 
Water samples were mainly used to analyze the 
pollutants load entering the rain gardens.

Soil Samples Collection

Sediment sludge was collected in the inflow weir of 
the three rain gardens, and they were found to be black 
and smelly. The soil samples were collected in RG2 and 

Fig. 2. The structure of three rain gardens.

Rain Gardens Size BottomTreat-
ment Filters and Thickness Confluence 

Area Ratio
Underlying 

Surface

RG1

A Length × Width × Height 
= 4 m × 3 m × 0.9 m Waterproof

Aquifer layer 20 cm

6:1 Roof

Loess soil 55 cm

Gravel 15 cm

B Length × Width × Height 
= 4 m × 3 m × 0.9 m Waterproof

Aquifer layer 20 cm

Loess soil 20 cm

Silver sand 20 cm

Coarse sand 15 cm

Gravel 15 cm

C Length × Width × Height 
= 4 m × 3 m × 0.9 m

Waterproof
Flooded height 

15 cm

Aquifer layer 20 cm

Loess soil 20 cm

Silver sand 20 cm

Coarse sand 15 cm

Gravel 15 cm

RG2 Long axis × Short axis × Depth 
= 7 m × 5.5 m × 0.35 m Permeable

Aquifer layer 20 cm
20:1 Roof

Loess soil 20 cm

RG3

D Long axis × Short axis × Depth
 = 6 m × 2 m × 1.1 m Waterproof

Aquifer layer 50 cm

15:1
Roof and 
concrete 
pavement

Loess soil 60 cm

E Long axis × Short axis × Depth 
= 6 m × 2 m × 1.1 m Permeable

Aquifer layer 50 cm

Loess soil 60 cm

Table 1.The overall situation of rain garden.
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RG3-E (a comparison soil sample (CS) was taken 3 m 
far from RG2) on 27th April, 7th July and 14th October 
2018. The fresh sediment samples are collected by 
plastic shovel, and one sample is about 1 kg. The fresh 
soil samples were collected about 500 g at three points 
(on the concentric circle in RG1 and on the straight line 
in RG3-E), then mixed the three samples thoroughly to 
be used as a test sample. The soil profile of RG2was 
deep, so samples in five layers were collected, and 
they were 0~10 cm, 20~30 cm, 40~50 cm, 70~80 cm,  
90~100 cm, respectively. Soil profile of RG3-Ewas 
shallow (60 cm), so it was divided into three layers from 
0 to 10 cm, 20 to 30 cm, and 40 to 50 cm, respectively. 
And CS was collected at 0~10 cm, 20~30 cm,  
40~50 cm, 70~80 cm.

Soil Analysis 

All samples were naturally ventilated and dried. 
The grass roots and other impurities were removed.  
A part of the samples dried previously was passed 
through a 200-mesh sieve to measure NH3-N and NO3-N 
content, and another part was passed through a 100-
mesh sieve to measure TN, TP, Cu, Zn, Cd and enzyme, 
and the other passed through a 60-mesh sieve to measure 
TOC. The sub-samples were all stored in a refrigerator at  
−20ºC after the previous treatment, and all indicators 
were completed within 1 week.

The soil TOC was determined by potassium 
dichromate oxidation-spectrophotometry. The standard 
curve was drawn with 10 g L-1 glucose standard 
solution. 0.1 g of mercury sulfate, 5.00 ml of potassium 
dichromate solution and 7.5 ml of sulfuric acid were 
added to the soil samples. The mixture was heated in a 
thermostat heater at 135ºC for 30 min. The supernatant 
was taken after cooling, and centrifuged at 2000 r/min 
for 10 min, and finally the absorbance was measured at 
585 nm.

Soil NH3-N was extracted by the potassium chloride 
solution from the soil. Under alkaline conditions,  
the ammonia ion in the extract reacted with phenol in 
the presence of hypochlorite ions, and it formed a blue 
indophenol solution, then the absorbance was measured 
at 630 nm [24]. Soil NO3-N and NO2-N was extracted 
by the potassium chloride solution from the soil, and 
the extract passed through a reduction column to 
reduce nitrate nitrogen to nitrite nitrogen. Under acidic 
conditions, nitrite nitrogen reacted with sulfonamide 
to form diazonium salt. Then, it was coupled with  
N-(1-naphthyl)-ethylenediamine hydrochloride to 
form a red solution with the maximum absorption at 
a wavelength of 543 nm. The total amount of nitrate 
nitrogen and nitrite nitrogen were determined and 
the difference between the total amount of nitrate 
nitrogen and nitrite nitrogen was the nitrate nitrogen 
content [24]. Dual beam UV-visible spectrophotometer  
(UV-2100) was used for the measurement of soil NH3-N 
and NO3-N. The concentration of TN in the soil was 
determined by alkaline potassium persulfate digestion 

[25] and analyzed by the UV spectrophotometric 
method [26]. To measure the concentrations of TP,  
the soil was first heated at 450ºC for 3 h, extracted by 
20 mL of 3.5 M HCl for 16 h, and then determined 
using the ascorbic acid method [26]. The contents of 
TN/TP in the soil were expressed as mg TN/TP g-1.

Soil Cu, Zn and Cr were determined by flame 
atomic absorption spectrophotometry, and Pb and 
Cd were determined by graphite furnace atomic 
absorption spectrophotometry. The methods use a 
total decomposition of hydrochloric acid, nitric acid, 
hydrofluoric acid, and perchloric acid to completely 
destroy the mineral crystal lattice of the soil, so that 
all the elements to be measured in the sample enter the 
sample. 

The activity of soil urease was determined by starch 
blue colorimetry, and the absorbance was measured 
at 578 nm. The soil urease activity was expressed 
in milligrams as μg NH3-N g-1. The sucrase was 
determined by 3, 5-diyl salicylic acid colorimetry, and 
the absorbance was determined at 508 nm. The sucrase 
activity was expressed as μg glucose g-1. The protease 
was measured by Ninhydrin colorimetry, and the 
absorbance was measured at 560 nm. The activity of 
the soil protease was expressed as μg C2H3NO2 g

-1. Soil 
phosphatase activity was measured by phenyl phosphate 
sodium colorimetry, and the absorbance was measured 
at 660 nm. The phosphatase activity was expressed as 
μg P2O5 g-1. Dual beam UV-visible spectrophotometer 
(UV-2100) was used for the measurement of enzyme 
activity.

Sigma Plot12.5 (developed by Systat software 
company, USA; the supplier is Beijing ND Times 
Technology Co., Ltd. BeiJing, China), Minitab 
(developed by Pennsylvania State University, 
Commonwealth of Pennsylvania, USA) and SPSS 20.0 
(developed by Stanford University, California, USA) 
were used for data analysis.

Results and Discussion

Water Quality of the Inflow

Forty-two rainfall events about rain garden of RG1 
were monitored during the period from March 2011 to 
August 2018. The runoff volume reduction ranged from 
9.80% to 100.0%, and the flood peak flow reduction rate 
varied from 20.3% to 100.0%.The NH3-N, NO3-N, TN, 
TP and TSS concentration reduction rate varied from 
7.83%~94.22%, -583.50%~58.65%, -119.30%~85.06%, 
-467.40%~48.89%, -18.60%~100.0% [6]. A total of 47 
rainfall events were monitored of RG2, and only eight 
rainfall events produced the overflow from the system. 
The annual average runoff volume reduction rate of 
RG2 was more than 97.3% [6]. Because of the special 
structure of RG3 with 0.5 m aquifer, no overflow 
occurred in case of RG3-E from 2012 to now. The 
runoff volume reduction rate of RG3-E was 100.0%, so 
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all the pollutants carried in the rainfall runoff entered 
the system [6]. The pollutant EMC concentration and 
the load of inflow were shown in Table 2. The N and 
P concentration of roof runoff are all less than that of 
road runoff, and the heavy metals mainly come from 
road runoff. Therefore, pollutants carried by rainfall 
runoff is one of the important sources of pollution in 
rain gardens.

N and P in Sediment and Soil 
of Rain Garden

The content of N, P and TOC in sediment of three 
inflow weirs (abbreviated asI-RG1, I-RG2 and I-RG3)  
and two rain garden soil (abbreviated asS-RG2 and 
S-RG3), are shown in Fig. 3a). It can be seen that NO2-N 
and TON are the main forms in the inflow weir sediments, 
but the situation is different for the soil N, NO3-N 
and TON are the main forms. However, the content 
of NH3-N in the sediment and soil of the rain garden 
is less, and the other forms of N are all greater than 
those of NH3-N. The N content in CS is the least.

The order of N content in the I-RG1 is NH3-N< 
NO3-N<NO2-N<TON<TN, but they are in order of 
NH3-N<NO3-N<TON<NO2-N<TN in I-RG2 and I-RG3. 
NO2-N in the I-RG2 and I-RG3 is significantly greater 
than that in I-RG1. This is mainly due to the structure 
of the weir of rain garden of RG2 and RG3. A certain 
amount of rainwater is still stored in the inflow weir 
after the rainfall, and the sediment in the weir is in an 
anoxic state, thus the presence of a saturated zone for 
nitrate denitrification provides good conditions, which 
convert nitrate to nitrite [14, 23]. The inflow weir of 
RG1 is a horizontal PVC pipe. The water in the PVC 
pipe is gradually evaporated after the rainfall, and the 
sediment is in an aerobic state in the inflow weir, so the 
nitrite content is less. However, The N in the sediment 
of the rain garden mainly comes from the scouring of 
the rainfall on the underlying surface of the catchment 
area. Research shows that due to the vehicle exhaust, 
tire wear and pedestrian that results the road runoff has 
great concentration of N [13]. This study proved the 
conclusion, and TN in I-RG3 is the greatest.

It is found that the contents of NH3-N, NO3-N, 
NO2-N, TON and TN in the I-RG2 are 5.12, 22.25, 
70.21, 37.42 and 135.0 mg/kg, respectively, but they are 
1.13, 23.73, 14.04, 28.10 and 67.0 mg/kg in the S-RG2. It 
can be seen that the contents of NH3-N, NO3-N, NO2-N, 
TON and TN in the I-RG2 are 4.54, 0.94, 5.0, 2.01, and Fig. 3. N, P and TOC in sediment and soil.

Table 2. EMC and the pollutants load of inflow (2016~2019).

Items
RG1 RG2 RG3

EMC/(mg/L) Load/(g/m2) EMC/(mg/L) Load/(g/m2) EMC/(mg/L) Load/(g/m2)

COD 68.15 237.27 103.91 1205.62 57.78 502.85

TSS 49.79 173.33 93.55 1085.37 65.04 566.04

NH3-N 1.03 3.59 2.45 28.37 1.14 9.92

NO3-N 1.05 3.67 1.11 12.91 1.57 13.69

TN 3.06 10.66 4.24 49.16 3.09 26.91

TP 0.21 0.74 0.32 3.76 0.23 1.99

Cu — — 0.044 0.662 0.106 1.201

Zn — — 0.281 4.212 0.630 7.102

Cd — — 0.022 0.032 0.031 0.035
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1.33 times greater than those in the S-RG2. However 
the situation is same as the RG3, and the contents of 
NH3-N, NO3-N, NO2-N, TON and TN in the I-RG3 
are 2.21, 0.83, 3.25, 1.62 and 1.11 times greater than 
that in the S-RG3. N contents in the I-RG2 and I-RG3 
are all greater than those of soil N, except for NO3-N.
Of course, the various forms of N in CS is the least. 
According to Hatt [4] the experimental results showed 
that the sedimentary TP, OM, and TN levels of the 
entire Nansi Lake appeared to be higher in the upstream 
lake than in the downstream lake. Therefore, setting up 
the sedimentation tank has a better effect on pollutants 
interception carried by rainfall runoff. However, less 
NO3-N content is observed in the sediment. This is 
mainly due to the long time anaerobic conditions in the 
sediment that make the content of NO3-N converse to 
NO2-N.

The soluble reactive phosphorus (SRP) is small 
in the sediment and soil of rain garden, and most of  
the P in the sediment is in the form of particles. It 
can be seen from Fig. 3b) that the content of P in the 
sediment of the inflow weirs is much greater than those 
of soil P, however, CS has small contents of P. TP and 
SRP in I-RG2 are 3084.0 and 85.62 mg/kg, respectively, 
but they are 751.2 and 5.97 mg/kg in S-RG2. And TP 
and SRP in sediment are 4.1 and 14.3 times greater than 
those in soil. TP and SRP are 1959.0 and 65.68 mg/kg 
in I-RG3, but 791.0 and 12.29 mg/kg in S-RG3. And 
they are 2.5 and 5.3 times greater in I-RG3 than those 
in S-RG3. Therefore, P is well precipitated in the inflow 
weirs. Study shows that particulate P is mostly adsorbed 
on the deposits of underling, and it is deposited greatly 
with the migration of rainfall runoff [27]. Therefore, 
more TP content is observed in the sediment.

The order of TOC content in the sediment of the 
three inflow weirs are I-RG1<I-RG2<I-RG3. This 
showed that a large amount of TOC is from road runoff, 
while it is less in the roof runoff. It is mainly because 
the road surface generates a lot of organic pollutants 
due to tire wear, vehicle exhaust and pedestrian [28]. 
During the rainfall scouring, the organic pollutants 
carried in the road deposit enter the inflow weirs with 
the runoff. And the TOC content in the sediment are all 
greater than those in rain garden soil.

To sum up, the sediment in the inflow weirs contains 
great amount of N, P and TOC, therefore, pollutants in 
rainfall runoff are effectively precipitated by inflow weirs. 
And this could reduce the pollutants volume entered 
the rain garden. Thus, if rain garden is used for regulating 
stomwater runoff, sedimentation tank for intercepting 
pollutants is necessary. It can effectively reduce the 
concentration of pollutants entering the rain garden, and 
relieve the soil pollution level in rain gardens.

Heavy Metals in Sediment and Soil 
of Rain Garden

The order of heavy metal contents in the sediment 
is Zn>Cu>Cd, which indicates that the Zn content is 

great in rainfall runoff. The contents of Cu, Zn and 
Cd in three inflow weirs are I-RG2>I-RG3>I-RG1. 
This is mainly due to the landfill plant on the east 
side of RG2, and when the campus garbage is cleaned 
and transported every day, the dust will fall on the 
underlying surface. The result is attributed to the fact 
that heavy metals tend to attach to the suspended solids 
in stormwater [29], and they easily enter the inflow 
weirs with the rainfall runoff. Relevant research shows 
surface sediments from a seaport, aquaculture facilities, 
wastewater discharges, Huanghe (Yellow) River estuary 
and wetland has great contents of Cu, Pb, Zn, Cr, Ni, 
Cd [21].

From Fig. 4, it can be seen that the heavy metal 
contents in the sediment are much greater than those 
in soil. The contents of Cu in the I-RG1, I-RG2 and 
I-RG3 are 235.93, 553.17, 143.03 mg/kg, respectively, 
but they are 24.62 and 35.57 mg/kg in the S-RG2 and 
S-RG3. The contents of Cu in the I-RG2 and I-RG3 are 
22.47 and 4.02 times greater than those in the S-RG2 
and S-RG3. The average contents of Zn in the I-RG1, 
I-RG2 and I-RG3 are 897.49, 1043.02, 959.65 mg/kg, 
respectively, however, they are 55.11 and 157.14 mg/kg 
in the S-RG2 and S-RG3. The contents of Zn in the 
I-RG2 and I-RG3 are 18.93 and 6.11 times greater than 
that in the S-RG2 and S-RG3. The contents of Zn are 
1.742, 1.921, 1.620 mg/kg in the I-RG1, I-RG2 and 
I-RG3, but they are 0.202 and 0.189 mg/kg in the S-RG2 
and S-RG3, respectively. The contents of Zn in the 
I-RG2 and I-RG3 are 4.60 and 8.57 times greater than 
that in the S-RG2 and S-RG3. A large amount of heavy 
metals accumulated in sediment of the inflow weirs, 
which greatly reduced the soil heavy metal contents 
in the rain gardens. Hu [30] studied the distribution 
characteristics and contamination assessment of heavy 
metals in surface sediments of Chaohu Lake, China, 
He declared that the heavy metal distribution of surface 
sediment indicated a higher degree of contamination 
in the east and west regions of the lake than that in 
the middle region. Other research shows that most of 
the heavy metals in rainfall runoff are attached to the 
underlying deposit. When rainfall scouring, they enter 

Fig. 4. Heavy metals in sediment and soil.
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the LID facilities with runoff [31]. The other research 
was found that 13.11% particles can be washed-off 
from the road surfaces, and a vast majority (12.40%) 
of suspended solids (SS) in the road surface runoff was 
retained by LID. Thus LID practices can significantly 
reduce the contribution of road deposited sediments 

pollution to urban receiving water [32]. Therefore, 
sedimentation tank should be set up before runoff 
entering the LID facility, which can effectively reduce 
the pollutants volume.

Enzyme Activity in Sediment and Soil 
of Rain Garden

The enzyme activities (Fig. 5) in the sediment and 
soil of the three rain gardens are phosphatase (PPS)> 
urease (SU)>sucrase (SS)>protease (PS). And they 
are slightly greater in the sediment than those in soil. 
Although the rain garden inflow weirs of RG1 and 
RG2 are cleaned less frequently, and the sediment 
retention time in weirs are long. While the inflow 
weir of RG3 is thoroughly cleaned in March 2018 
and the sediment retention time is short, however, the 
difference of enzyme activity in the sediment of three 
inflow weirs is very small. This result indicates that 
the pollutants carried by the stomwater runoff are not 
enough to have a greater impact on the enzyme activity, 
and the moist environment is more conducive to the 
growth of enzymes [33]. On the other hand, rainfall 
runoff contains a lot of nutrients, which promotes the 
growth of enzyme activity [34]. It further confirmed 

Table 3. Multiple linear regression analysis.

Index Parameter Coefficient Std. Error t value P value VIF R2 R2(Adj)

NH3-N

Constant -1.5 107.3 -0.014 0.989 — — —

SU 233.2 88.2 2.642 0.033 399.8 — —

SS -130.0 85.1 -1.529 0.170 509.4 — —

PPS -120.9 156.5 -0.773 0.465 380.9 — —

Equation NH3-N = -1.5 + (233.2*SU) - (130.0*SS) - (120.9*PPS) 0.71 0.59

NO3-N

Constant -192.5 940.0 -0.205 0.884 — — —

SU 2331.5 772.9 3.016 0.019 399.8 — —

SS -1474.9 745.0 -1980 0.088 509.4 — —

PPS -943.8 1371.1 -0.688 0.513 380.9 — —

Equation NO3-N = -192.5 + (2331.5*SU)-(1474.9*SS) - (943.8*PPS) 0.66 0.52

NO2-N

Constant -1229.0 1064.4 -1.155 0.286 — — —

SU 1247.0 875.3 1.425 0.197 399.8 — —

SS -1327.5 843.6 -1.574 0.160 509.4 — —

PPS 966.9 1552.6 0.623 0.553 380.9 — —

Equation NO2-N = -1229.0 + (1247.0 *SU) - (1327.7* SS) + (966.9 * PPS) 0.81 0.72

TON

Constant 157.4 342.4 0.460 0.660 — — —

SU 46.3 281.6 0.164 0.874 399.8 — —

SS 60.4 271.4 0.223 0.830 509.4 — —

PPS -184.6 499.5 -0.370 0.723 380.9 — —

Equation TON = 157.4 + (46.3 * SU) + (60.4* SS) - (184.6* PPS) 0.16 0.0

Fig. 5. Enzyme activity in sediment and soil.
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(pH, temperature, humidity, etc.), fertilization status, 
grazing, soil microorganisms and different land use, etc 
[35].

the fact that the enzyme activity in the soil is mainly 
affected by the external environment, such as the 
physical and chemical properties of the environment 

Table 3. Continued

TN

Constant -1265.6 1408.2 -0.899 0.399 — — —

SU 3857.9 1157.9 3.332 0.013 399.8 — —

SS -2872.1 1116.1 -2.573 0.037 509.4 — —

PPS -282.3 2053.9 -0.137 0.895 380.9 — —

Equation TN = -1265.6 + (3857.9*SU) - (2872.1 * SS) - (282.3 * PPS) 0.87 0.81

SRP

Constant 362.4 921.9 0.393 0.706 — — —

SU 1092.8 758.1 1.441 0.193 399.8 — —

SS 42.6 730.7 0.058 0.955 509.4 — —

PPS -1259.9 1344.7 -0.937 0.380 380.9 — —

Equation SRP = 362.4 + (1092.8 *SU) + (42.6 * SS) - (1259.9* PPS) 0.95 0.93

TP

Constant -20953.8 54068.8 -0.388 0.712 — — —

SU 27947.1 31240.6 0.895 0.405 410.3 — —

SS -18352.6 42469.8 -0.432 0.681 1030.5 — —

PPS 9824.6 73824.1 0.133 0.898 698.5 — —

Equation TP = -20953.8 + (27947.1 *SU) - (18352.6* SS) + (9824.6* PPS) 0.91 0.97

TOC

Constant -73.8 34.3 -2.155 0.068 — — —

SU 15.2 28.2 0.538 0.607 399.8 — —

SS 45.6 27.2 1.681 0.137 509.4 — —

PPS 48.3 50.0 0.965 0.366 380.9 — —

Equation TOC = -73.8 + (15.2 *SU) + (45.6* SS) + (48.3* PPS) 0.99 0.98

Cu

Constant -8901.8 10433.9 -0.853 0.422 — — —

SU 10063.2 8579.9 1.173 0.279 399.8 — —

SS -10000.1 8269.5 -1.209 0.266 509.4 — —

PPS 6261.1 15218.7 0.411 0.693 380.9 — —

Equation Cu = -8901.8 + (10063.2*SU) - (10000.1* SS) + (6261.1* PPS) 0.73 0.62

Zn

Constant -6641.9 4583.6 -1.449 0.191 — — —

SU 14002.2 3769.2 3.715 0.008 399.8 — —

SS -6989.8 3632.8 -1.924 0.096 509.4 — —

PPS -561.2 6685.5 -0.084 0.935 380.9 — —

Equation Zn = -6641.9 + (14002.2*SU) - (6989.8* SS) - (561.2* PPS) 0.99 0.98

Cd

Constant -7.33 9.58 -0.76 0.47 — — —

SU 11.76 7.88 1.49 0.18 399.8 — —

SS -1.41 7.60 -0.19 0.86 509.4 — —

PPS 0.46 13.98 -0.03 0.98 380.9 — —

Equation Cd = -7.33 + (11.76*SU) - (1.41* SS) + (0.46* PPS) 0.99 0.98

Note: There are independent variables in the regression model that appear to be highly correlated with other independent variables 
or have no variability. These variables have been removed from the regression model. The specific variables are: removed protease, 
because it is collinear.
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The Relation of Pollutants 
and Enzyme Activity

The multivariate linear regression found that the 
N, P, TOC and heavy metals content in sediment and 
soil have a good linear relationship with the activity of 
enzymes, and the R2 are all more than 0.66, except for 
TON (Table 3). Especially, the linear relationships of the 
Cu, Zn and TOC with enzymes activity are very good, 
and the R2 reached 0.99. In addition, the relationships 
of P with enzymes activity are also good, and the R2 
are more than 0.91. However, the relationships of N 
with enzymes activity are unstable. This is mainly due 
to the variability of N in the soil [36]. All pollutants 
are positively correlated with SU, but most of them are 
negatively correlated with SS. However, a part of the 
pollutants is positively correlated PPS, and the others are 
opposite. SU can convert amide organic N into plant-
available inorganic N [37]. Therefore, US can promote 
the accumulation of soil inorganic N. In this study, the 
inorganic N content in the sediment is great, but TON is 
the same as the content in soil. So greatly increased the 
organic N decomposition in sediment. PPS can promote 
the mineralization and resolution of organic phosphorus 
in the soil, and improve the absorption and utilization 
efficiency of plants [38]. 

Conclusions

In this study, the pollutants variations in sediment of 
inflow weir and loess soil of rain gardens are explored 
at the field scale. The main conclusions are presented as 
follows: 

(1) NO2-N and TON are the main forms of N in 
the inflow weir sediments of the rain garden, but the 
situation is different for the soil N, and NO3-N and TON 
are the main forms in soil. The sediment in the inflow 
weirs contains great amount of N, P and TOC, except 
for NO3-N. NH3-N, NO3-N, NO2-N, TON and TN in the 
I-RG2 are 4.54, 0.94, 5.0, 2.01, and 1.33 times greater 
than those in the S-RG2, and they are 2.21, 0.83, 3.25, 
1.62 and 1.11 times greater in I-RG3 than those in the 
S-RG3.
(2) The soluble reactive phosphorus (SRP) is small in 

the sediment of the three inflow weirs. The content 
of P in the sediment of the weirs is much greater than 
those in the soil. TP and SRP in I-RG2 are 4.1 and 
14.3 times greater than those in soil, and they are  
2.5 and 5.3 times greater in I-RG3 than those in 
S-RG3.

(3) The heavy metal contents of Cu, Zn and Cd in 
sediment are much greater. Cu is 22.47 and 4.02 
times greater in sediment than that in soil, and they 
are 18.93, 6.11 and 4.60, 8.57 times for Zn and Cd. 
Therefore pollutants in rainfall runoff are effectively 
precipitated by weirs, and it can reduce the 
concentration of pollutants entering the rain garden, 
thus relieve the soil pollution level in rain garden.

(4) The enzyme activities in the sediment are slightly 
greater than those in soil. The N, P, TOC and heavy 
metals contents have a good linear relationship with 
the activity of enzymes, and the R2 are all more than 
0.66.
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