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Highlights 
• The sediments collected present a medium/high risk to the environment and a low risk for 

biological communities. 
• Size distributions of the sediments play a significant role in the risk for some heavy metals 
• Rainfall characteristics play a significant role in the risk related to Cr 

 

Introduction 
Urban stormwater sediments contain heavy metals (HM) concentrations, such as Cr, Cu, Ni, Pb, and Zn; that 
have received increasing attention in recent years as a result of their impact on water pollution due to their 
prevalence, persistence, biochemical recycling, and toxicity risk (Joshi et al., 2009; Zhang et al., 2017). The 
degree of pollutant enrichment depends on the relative contribution of the natural and anthropogenic 
sources. Therefore, it is important to investigate HM pollution to ensure better stormwater management 
(Wang et al., 2019). Several methods have been used to quantify pollutant enrichment (PE) in soil and road 
deposited sediments. All these different pollution indices are classified into different rankings 
corresponding to specific pollution levels (Loganathan et al., 2013). 
 
Besides, other factors, such as particle size distribution (PSD) and hydrology, influence the concentrations 
of HM in the sediments (Pimiento et al., 2018). In terms of PSD, the fine size fractions always pose a 
considerably high ecological risk (Zhang et al., 2017). The aims of the present study are: (1) to determine 
the PE of urban stormwater sediments, and (2) to identify the relationship between the PE, the PSD and the 
hydrology. 
 

Methodology 
The sediments were collected from the constructed-wetland/storage-tank (CWST) located at the Pontificia 
Universidad Javeriana, Bogota (PUJ), during five months (July to September 2016). We used El Granizo 
rainfall station (PA - 036) of the EAB, located a few meters from the sampling point, to characterize the 
hydrological data. The hydrological and laboratory were analysed as presented in Pimiento et al. (2018). 
 
In the present study, the following indices have been used to assess the HM pollution level in the 
sediments. The geo-accumulation index (igeo) proposed by Müller et al. (1979) allows us to analyse natural 
fluctuations in the content of a given substance in the environment and to detect anthropogenic influence 
(Barbieri, 2016). The ecological risk index (RI) represents the sensitivity of the biological community to toxic 
substances and illustrates the potential ecological risk caused by the overall HM contamination (Zhao & Li, 
2013). The pollution index (PI) of each metal is the ratio of its concentration to their background 
concentration, (Benhaddya & Hadjel, 2014). The enrichment factor (EF) helps to establish the principal 
sources of trace metals normalization with a crustal indicator element (Al) (Joshi et al., 2009). These indices 
have been applied successfully in bed sediments, soils and sediments deposited on roads. However, they 
have not been widely applied to urban stormwater sediments, so it is important to carry out a risk 
assessment since they are one of the main contributors of pollutants to receiving water bodies and disposal 
sites (Wang et al., 2019) 
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The data obtained were analysed by Principal Component Analysis (PCA) and Multiple Correspondence 
Analysis (MCA) using the library ade4 from the R software (R Core Team, 2019) to determine the most 
important variables influencing the variability between samples and to find the relationships between 
variables. Also, correlation and Kruskal-Wallis tests were performed to find relationships between 
variables. Subsequently, a Wilcoxon test was performed to determine significant differences between 
related variables. 
 

Results and discussion 
The median total concentrations in the collected sediments were: Cr = 35.84 mg/kg, Cu = 115.5 mg/kg, Pb = 
331.45 mg/kg, Zn = 1119.6 mg/kg.  
 
The risk assessment (Figure1) demonstrates that according to the igeo analysis, the sediments are 
unpolluted (G0) by Cu and Cr, and heavily polluted (G4) by Pb and Zn. The PI shows that the sediments have 
a low level of pollution by Cr, a middle level of pollution by Cu, and a high level of pollution by Pb and Zn. 
Nevertheless, the RI of the sediments is classified as low risk (G0). The EF shows that the origin of heavy 
metals is from anthropogenic sources because the values obtained are higher than 40, which means that 
the sediments have an extremely high enrichment (Joshi et al., 2009) . 
 

 
 

Figure 1. Risk assessment by Igeo (left) and PI (right) 

The PCA analysis shows a strong relationship between D50 (122m) and the risk assessment by Igeo and PI 

for Pb and Zn, likewise, a strong relationship between D40 (85 m) and the risk assessment by Igeo and PI 
for Cu (Figure 2). A Cu risk relationship was found with the low values of D50, D60, D70 and D80; which in 
turn relate to high values of maximum rainfall intensity (MCA analysis). Besides, a Cr_PI relationship was 
found with the high values of D10, D20, D30 and the antecedent dry weather period. 
 

 
Figure 2. PCA (left) and MCA (right) results 

The Kruskal-Wallis test shows that D40 correlates with Cu_Igeo, Cr_Igeo, Zn_Igeo, Cu_PI, Cr_PI, and Zn_PI. 
However, only Cr_Igeo and Cr_PI vs D40 have significant differences according to the Wilcoxon test. Figure 
3 shows that higher values of D40 are associated with lower risk pollution by Cr (Igeo and PI). 
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Figure 3. Wilcoxon tests results 

Conclusions and future work 
The sediments collected in the CWST present a risk for the environment, due to their high concentrations 
of Pb and Zn. However, they exhibit a low risk of affecting the sensitivity of the biological community. Some 
relationships between the risks measured in the sediments and some physical and hydrological 
characteristics were evidenced. However, a standard relationship between them is not evident. 
 
In further studies, we recommend analysing the sediments from other urban structures to have a better 
understanding of the urban sediment risk and propose better sediment management. 
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