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Dry sediments were collected from one roof and two roads in the central area of Beijing. The sediments were dry and wet sieved. 
The concentrations of total phosphorus (TP) and heavy metals were analyzed. The highest mass proportion of the dry sediments 
from the roads were between 125 and 300 μm in diameter, while the roof sediments were much smaller, with 75% of the total 
sediment mass between 40 and 74 μm in diameter. The concentrations of TP and heavy metals in the roof sediments were much 
higher than in the road sediments. The concentrations of the six heavy metals investigated had a similar order for all three sam-
pling sites, with the Zn concentration always being the highest, followed by the Mn concentration, and the Ni concentration was 
always the lowest. After wet sieving, 76.9% to 91% of the TP in the sediments from the three sites remained in undesorbable par-
ticulate form, and 68.9% to 97% of the heavy metals were present in undesorbable particulate form. The concentrations of unde-
sorbed heavy metals in the roof sediments tended to increase with increasing sediment size, but a similar trend was not found in 
the road sediments. This study shows that more attention should be given to the particulate matter in stormwater runoff, as reduc-
ing the amount of particulates will improve the efficiency of pollution control measures. 
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Stormwater is recognized as a significant pollution source in 
aquatic environments. Many studies have shown that a large 
number of pollutants are present in stormwater runoff [1,2]. 
Dry sediments on impervious surfaces in urban areas com-
pose one of the most important sources of pollutants in 
stormwater and may enter runoff in dissolved, colloidal and 
particulate-bound forms during rainfall events [3–5]. The 
characteristics of pollutant transformation from dry sedi-
ments to dissolved, colloidal and particulate-bound forms 
are important for understanding pollutant behavior in 
stormwater [6–8]. Some research has been undertaken on 
dry sediment desorption [9,10] and the results show that 
most of the total phosphorus (TP) is attached to the particu-
lates after wet sieving. Further research work is required to 
elucidate the desorption capacity of various pollutants from 

dry sediments to better understand the pollutant transfor-
mation behavior from dry sediments to different forms in 
water. The objective of this study is to investigate the de-
sorption behavior of TP and heavy metals in dry sediments 
collected from different types of urban areas and to under-
stand the transformation of pollutants from dry sediments 
during rainfall. The results may assist in developing control 
strategies that target the trapping and immobilization of 
these sediments. 

1  Methodology 

1.1  Sampling methodology 

Three sampling sites, one roof and two roads, were chosen 
around the city center of Beijing. The two road sites were 
on a campus road inside Beijing Normal University (BNU) 
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and north 3rd-ring Street, which is approximately 0.2 km 
eastern of the cross of the north 3rd-ring street and Xingtan 
Road. These two roads have different traffic loads with av-
erage daily traffic (ADT) numbers of 3000 and 110000 cars 
per day, respectively. The roof chose was on a building in-
side the BNU campus. Sediment samples were collected 
using a Panasonic MC-CG663 vacuum cleaner between late 
August and early September 2007.  

1.2  Laboratory analysis 

A portion of the dry sediments collected from each sam-
pling site were weighed and then dry sieved through a com-
bination of nylon and metal sieves with mesh sizes of 1000, 
500, 300, 125, 74, and 40 μm. The masses of sediments in 
each size range were measured and the mass proportion was 
calculated.  

A wet sieving procedure was conducted separately on the 
dry sediments collected from each site. Two grams of the 
dry sediment was added to 1 L distilled water and then 
sieved through a series of sieves with mesh sizes of 100, 40, 
10, and 0.45 μm. A 20 mL sample of filtrate was taken from 
the well-mixed liquid passed through each sieve. The con-
centrations of TP and heavy metals in each well-mixed fil-
trate sample were measured using the phosphorous-molyb- 
denum blue spectra-photometric and inductively coupled 
plasma-mass spectrometry (ICP-MS) methods, respectively, 
in according to the National Environmental Protection Ad-
ministration (NEPA) technical specification for soil envi-
ronmental monitoring. 

2  Results and discussion 

2.1  Dry sediment mass proportion 

The mass proportions of each size range obtained from the 
dry sieving are shown in Figure 1. The results show that for 
the road sediments, the highest mass proportions occurred 
for sediments with diameters between 125 and 300 μm, with 
34% and 39% of the total sediment mass for the campus 
road and 3rd-ring street, respectively. The roof sediments 
were much smaller, and 75% of the total sediment mass had 
diameters between 40 and 74 μm. The reason for this dis-
crepancy is most likely because roof sediments mainly 
come from dust in the air, while road sediments have more 
varied sources such as tire and pavement erosion. 

2.2  TP concentration in the filtrate passing through 
each sieve   

The TP concentration in the filtrate passing through each 
sieve is shown on Figure 2(a). This result shows that the 
roof sediments have much higher TP concentrations than do 
the road sediments. The TP concentration in the filtrate 
from the roof sediments passing through each sieve ranges  

 

Figure 1  Dry sediment mass proportions in different size ranges. 

from 0.055 to 0.54 mg/L, while the TP concentrations in the 
filtrates of the campus road sediments and 3rd-ring street 
sediments are 0.023 to 0.23 mg/L, and 0.062 to 0.16 mg/L, 
respectively. Figure 2(b) shows the concentrations of par-
ticulate TP in different size ranges that were not desorbed 
during the wet sieving procedure. This undesorbed concen-
tration is calculated by subtracting the TP concentration in 
the filtrate passing through a certain sized mesh from the TP 
concentration in the filtrate passing through the immediately 
larger mesh size sieve shown on Figure 2(a). The results 
show that the undesorbed particulate TP concentration on 
sediments between 0.45 and 100 μm from the roof is much 
higher than on sediments of any same size from the two 
roads. The proportions of undesorbable TP from the differ-
ent particulate samples are 90.4%, 91.0% and 76.9% for 
sediments from the roof, the campus road, and 3rd-ring 
street, respectively. Figure 2 shows that the total TP con-
centration in roof sediments was more than twice the total 
TP concentration in road sediments. This difference is 
caused by the smaller particle size of the roof sediments, as 
smaller particles contain more TP than the larger sediments. 
Most of the TP on the dry sediments does not dissolve easi-
ly in water and will remain attached to particulates when the 
particulates enter water. 

2.3  Heavy metal concentrations in filtrate passing 
through each sieve  

The heavy metal concentrations in the filtrate passing 
through each sieve are shown on Figure 3(a), (c), and (e). 
This result shows that the proportions of heavy metals in the 
sediments from all three sites are similar. For all three sam-
pling sites, the total Zn concentration is the highest of the 
six heavy metals investigated, and this is followed by the 
total Mn concentration, while the total Ni concentration is  



 Li Y X, et al.   Chin Sci Bull   September (2013) Vol.58 No.27 3359 

 
Figure 2  TP concentration in the filtrate passing through each sieve (a) and undesorbable TP concentration on particulates in different size ranges (b). 

 
Figure 3  Heavy metal concentrations in the filtrate passing through each sieve (a), (c), (e) and undesorbable heavy metal concentrations on particulates in 
different size ranges (b), (d), (f). 
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the lowest. The orders of the total Cu, Pb and Cr concentra-
tions are more variable. In terms of site differences, the roof 
sediments have higher heavy metal concentrations than do 
the road sediments. Figure 3(b), (d), and (f) show the con-
centrations of particulate heavy metals in different size 
ranges that cannot be desorbed by the wet sieving procedure. 
The results show that the roof sediments also have higher 
undesorbable particulate heavy metal concentrations than do 
the sediments from the two roads. For the six heavy metals 
analyzed, 87.0% to 97.0% of the total heavy metal mass is 
present in undesorbable particulate form for the roof sedi-
ments, while 68.9% to 93.6%, and 74.6% to 94.1% of the 
total heavy metals in the campus road and 3rd-ring street, 
respectively, are in undesorbable particulate form. There-
fore, as with TP, heavy metals tend to be bound to particu-
lates and the majority of the heavy metals will not dissolve 
in water. The concentrations of undesorbable heavy metals 
in the roof sediments tended to increase with increasing 
sediment size, but this trend was not observed in the road 
sediments. 

During rainfall events, the dry sediments present on ur-
ban surfaces will be flushed into the surrounding water 
bodies. Pollutants in both dissolved and undesorbable par-
ticulate forms will have an adverse effect on those water 
bodies. The increased nutrient loading, including TP, can 
cause eutrophication, while the heavy metals can accumu-
late in living organisms and become toxic. Reducing the 
input of these pollutants is one of the most important tasks 
to protect urban water bodies. 

For both roof and road sediments, undesorbable particu-
lates form the majority of the pollutant load. This finding 
suggests that more attention should be paid to the particu-
lates in stormwater runoff, and controlling these particulates 
will greatly improve the pollutant removal efficiency of 
stormwater treatment systems. High-efficiency sweeping is 
an important method of stormwater pollution control in ur-
ban area. 

3  Conclusions 

The highest mass proportion for the dry road sediments was 
between 125 and 300 μm in diameter, with 34% and 39% 
for the campus road and 3rd-ring street, respectively. The 
roof sediments were much smaller with 75% of the total 
sediment mass between 40 and 74 μm. The roof sediments 
had much higher TP and heavy metal concentrations than 
did the road sediments. For all three sampling sites, the total 

Zn concentration was the highest of the six heavy metals 
investigated followed by the total Mn concentration, with 
the total Ni concentration being the lowest. The concentra-
tions of Cu, Pb, and Cr were more variable, but all were 
between the Mn and Ni concentrations for all three sites. 
After wet sieving, the proportions of undesorbable particu-
late TP in the sediments were 90.4%, 91.0% and 76.9% for 
the roof, the campus road and 3rd-ring street, respectively. 
Of the six heavy metals analyzed, 87.0% to 97.0% from the 
roof sediment was present in undesorbable particulate form, 
while from the campus road and 3rd-ring street, 68.9% to 
93.6% and 74.6% to 94.1%, respectively, were present in 
undesorbable particulate form. The concentrations of unde-
sorbable heavy metals tended to increase with increasing 
sediment size for the roof sediments, but this trend was not 
found in the road sediments. This study indicates that TP 
and heavy metals from road and roof sediments are mainly 
present in undesorbable particulate form in stormwater run-
off. Consequently, removing the particulates from storm-
water runoff will improve stormwater pollution control. 
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