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ABSTRACT 

A lot of research has been done to determine levels of contamination in runoff 

from urban and rural catchment areas. Some authors compare their results with 

other authors, or look for relationships between the variations of pollutant 

concentration and the catchment characteristics but they seldom focus on 

determining the statistical significance of their results. This paper presents a 

review of 37 papers selected from a total of 169 papers consulted about runoff 

water quality throughout the world (America, Asia and Europe). The results 
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presented in these 37 papers have been reviewed and statistically analyzed in 

order to evaluate the influence of catchment area characteristics (location, 

catchment area size, average daily traffic and type of land use) on the 

stormwater runoff pollution. It has been concluded that for the cases studied, 

most of the results about the polluting agents studied are comparable and no 

important element of the catchment characteristics had significant influence on 

the pollutants’ concentration.  

 

KEYWORDS 

Water quality; Stormwater; Non-point pollution; Runoff; EMC.   

 

INTRODUCTION 

The contamination of rain water caused by the surface wash off has been under 

study for about 30 years. In this time, the investigations have demonstrated that 

the polluting agents present in the runoff have a mainly anthropogenic origin 

and can negatively affect the environment and the community (Boving and 

Neary, 2006). 

 

A number of investigations analyze the quantity of runoff pollution, some of 

them comparing their results with other research results in other catchment 

areas (Prestes et al. 2006; Tuccillo 2006; Zhang et al. 2008). These 

comparisons are only quantitative and they do not focus on determining 

whether the comparison of the results has statistical significance. 
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Göbel et al. (2006) and Mitchell (2005) go beyond the simple comparison, 

building international databases. The former compiled a matrix of pollutant load 

in relation to land use, and the latter found that the majority of the pollutant 

agents have a logarithmic distribution when they are grouped by land use. 

 

Another analysis carried out in diverse studies consists in looking for 

relationships between the variations of pollutant concentration and the 

catchment characteristics (Göbel et al. 2006; Mitchell 2005; Kayahanian et al. 

2007; Crabtree et al. 2006; Brown and Peake 2006; Soller et al. 2005; Lee and 

Bang 2000; Irish et al. 1998). These studies attempt to find out whether it is 

possible to determine the concentration of several pollutants by analyzing only 

some of the associated factors, especially those that can be easily and 

economically assessed. 

 

These factors include catchment area size, average daily traffic and wind 

direction; other factors are related to precipitation characteristics such as 

intensity, magnitude, duration and dry periods between events. Some 

researchers recommend precaution before extrapolating their results to other 

catchment areas (Khan et al. 2006) because the pollutant concentrations and 

their relationships could vary form one place to another. 

 

In this context, the objective of this paper is to review the event mean 

concentration (EMC) of the main runoff pollutants: total suspended solids (TSS), 

oils and grease (O&G), zinc (Zn), copper (Cu) and chemical oxygen demand 

(COD); from different studied catchment areas across the world. This is done by 
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reviewing different available data from published papers in order to evaluate the 

influence of catchment area characteristics such as location, catchment area 

size, average daily traffic and type of land use, on the stormwater runoff 

pollution.  

 

METHODOLOGY 

The first step in this analysis consisted in creating a database of runoff pollutant 

concentrations from different catchment areas. These data were extracted from 

the published articles, obtained by an extended consultation of the existing 

information in the main web search engines of scientific and technological 

information. The articles grouped by continent are: 

 America: Thomson et al. (1997), Barrett et al. (1998a, 1998b), 

Charbeneau and Barrett (1998), Sansalone et al. (1998), Wu 

et al. (1998), Lau et al. (2002), Dean et al. (2005), Behera et 

al. (2006), Han et al. (2006), Heyvaert et al. (2006), Khan et al. 

(2006), Flint and Davis (2007), Fulkerson et al. (2007), Li et al. 

(2008). 

 Asia:  Lee et al. (2005), Kim et al. (2007), Gan et al. (2008). 

 Europe: Stotz and Krauth (1994), Barbosa and Hvitved-Jacobsen 

(1999), Legret and Colandini (1999), Pettersson et al. (1999), 

Gnecco et al. (2005), Hallberg and Renman (2006), Hallberg et 

al. (2007). 

 

The conditions for inclusion of a catchment area in the database were: 

1. Samples are taken in a separate rain water conduction system. 
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2. Catchment area size is under 200 ha. This value was selected to limit 

the complexity associated with the analysis of bigger catchment areas. 

3. Pollution load determination is done by EMC. The adopted value of the 

EMC for each analyzed pollutant corresponds to the average of the data 

provided. 

4. Information exists on the following catchment characteristics: 

 Location. 

 Average Daily Traffic (ADT). 

 Type of land use. 

 

After the selection, the database was made up of 46 catchment areas, with 

common information on: 

 TSS in 89% of cases (41 catchment areas).  

 O&G in 30% of cases (14 catchment areas). 

 Zn in 54% of cases (25 catchment areas). 

 Cu in 54% of cases (25 catchment areas). 

 COD in 56% of cases (26 catchment areas). 

 

A preliminary analysis of the data confirmed the normality of the different 

pollutant EMCs by the Shapiro-Wilk test. The results of this test show that the 

values of COD and O&G fit within a normal distribution, but the values of TSS, 

Zn and Cu do not (p-value < 0.05). After a logarithmic transformation, a normal 

distribution of the EMC of TSS, Zn and Cu values was obtained, agreeing with 

the results provided by Mitchell (2005).   
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Then, the values of “Catchment size” and “ADT” were divided into quartiles, 

assigning to each quartile a label condition that could be: Low, Medium, High or 

Very High. 

 

In the case of the type of land use in the catchment area, the following 

simplified groups were considered, taking into account the description in each of 

the papers considered:  

 Commercial. 

 Residential (outskirts of a city). 

 Rural. 

 Roadway. 

 Urban (center of the city). 

 

With the values of the pollutants grouped by categories, a statistical analysis 

was carried out with the SPSS program.  

 

ANALYSIS 

In order to evaluate the influence of the different catchment characteristics on 

the variation of the selected water quality parameters, different ANOVA tests 

were done, all of them with a significance level of 0.05. A summary of the 

ANOVAs can be seen in Table 1. 

 

Total Suspended Solids 

The ANOVA determined that EMC for different continents does not show 

significant statistical variations. Similarly, the influence of the other catchment 
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area characteristics was compared. The result of these comparisons was that 

the catchment size, the type of land use and the ADT does not have statistical 

relevance in the variation of the pollutant EMC of the catchment area, in 

agreement with the conclusions of Crabtree et al. (2006). In Figure 1, the 

variation of the EMC of TSS is shown for the analyzed catchment 

characteristics. 

 

Oils and Grease 

In the case of the O&G, valid data were only available from America and Asia. 

Most of the information on Europe corresponds to combined sewer systems and 

in the case of separate systems there is no information about O&G. 

 

In this case, the t-test showed that the EMC for America and Asia does not 

present significant statistical variations, similarly to the case of TSS. The 

influence of the catchment area characteristics was analyzed for the EMC of 

O&G. For the catchment area size and type of land use, it was determined that 

these variables did not have statistical relevance in the variation of pollutant 

EMC. With respect to the ADT, it was determined that there is a significant 

statistical difference at a confidence level of 95%. Thus the traffic really 

influences the O&G EMC, while neither the catchment area size nor the land 

use does. 

 

Applying Tukey’s test for the different categories of ADT, it was concluded that 

the category High shows differences compared with the categories Low and 

Medium, but it is not possible to differentiate it from the Very High category. The 
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comparison between the other categories (Low, Medium and Very High) did not 

present differences according to this analysis. The High traffic behaves 

differently as it has different characteristics which cause the statistical p-value 

for ANOVA be lower than 0.05. In Figure 2, the EMC of O&G is shown for the 

analyzed catchment area characteristics. 

 

Zinc. 

The results of the ANOVA for Zn conclude that there is a significant statistical 

difference for the different continents. Applying Tukey’s test, it was determined 

that the results from Asian investigations were different to the European and 

American ones. For the European and American data, significant statistical 

differences were not found. This is shown in the first graph in Figure 3. 

 

The analysis of the influence of the other different catchment area 

characteristics shows that there are no statistical differences caused by the 

different catchment area sizes, land uses or ADT (Figure 3). 

 

Copper. 

As in the case of TSS by continent, the ANOVA shows that there are no 

significant statistical differences for EMC of Cu, as is shown in Figure 4. 

 

The analysis of the other different catchment area characteristics indicates that 

there is no significant statistical difference for the values of Log EMC of Cu 

associated with catchment area size or land use, but there is in the case of the 

ADT groups (Figure 4).  
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Tukey’s analysis of ADT values showed that the Low category has differences 

compared to the High category. Nevertheless, the Medium category does not 

show differences compared to the categories High and Low 

 

Chemical Oxygen Demand 

In the case of COD, only Gnecco et al. (2005) carried out research valid in 

Europe, so this continent was not included in the ANOVA, only America and 

Asia being considered for the comparison. The t-test results for the continents 

considered show that there are no differences between the EMC of COD, as is 

shown in Figure 5. 

 

In a similar way to the other runoff pollutants studied, the analysis does not aid 

in the appreciation of significant differences in the EMC of COD for most of the 

catchment area characteristics. Only in the case of the land use do significant 

statistical differences appear among the categories (Figure 5). Tukey’s test 

indicates that the EMCs of the urban zones are different from the rest of land 

use categories. 

 

DISCUSSION 

The lack of significant differences in the EMC of runoff pollutant for the studied 

characteristics can be explained by the fact that all the studies were carried out 

with similar catchment elements. The environment conditions were clearly 

different in a rural area to those in an urban one, but in both cases the study 

focuses on the same issue: what happens in impervious pavements under 
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specific traffic conditions. Therefore, this could be considered a similar element 

in which the changes in the environment do not have a great significance in the 

measurements. 

 

Another reason for this lack of influence of the catchment area characteristics 

studied may be the consideration of small basins (less than 2 km2) without 

industry. In this type of catchment areas, effects such as urban densification 

would not have much relevance, as would be expected in large urban 

catchment areas or in highly industrialized areas. 

 

An interesting point is that the ADT is the only factor that shows significant 

statistical differences in the Cu and O&G pollutants. 

 

Regarding the case of Cu, the extreme groups (Low and High) can be clearly 

differentiated. In contrast, these groups do not differ from the Medium category. 

The explanation is that when ADT increases, the consequence is that the 

concentration of Cu increases too, but the increase rate is small, so that the 

point where the differentiation occurs is within the Medium category. This leads 

to the formation of two groups, one containing the category Low and Medium 

and another group that includes the categories Medium and High. 

 

In the case of O&G, a particular effect is produced. The category High differs 

from Very High but not from Low or Medium, likewise, the category Very High 

does not differ from the categories Low and Medium, so that two groups are 

formed, Low-Medium-High and Low-Medium-Very High. This effect cannot be 
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explained with the information compiled. Therefore more analysis must be done 

on the influence of the ADT on the O&G with a greater number of basins. 

 

CONCLUSIONS.  

The main findings of the analysis carried out and presented in this paper are: 

 

 The EMC of TSS, Zn and Cu have a Log distribution; while the EMC of COD 

and O&G have a normal distribution. 

 

 The EMC of TSS calculated from studies focused on America, Asia and 

Europe does not have statistically significant differences, so it is possible to 

make comparisons between the concentrations measured in different places 

in these continents. 

 

 The EMC of TSS in catchment areas of less than 200 ha. does not depend 

on the catchment area size, traffic (ADT) or type of land use. 

 

 The EMC of O&G does not show statistical difference between Asia and 

America. In this case, there was no information from Europe because the 

sewer systems analyzed are mainly combined and in the case of separate 

systems the papers did not contain information about the O&G. 

 

 The catchment area’s size and the type of land use do not have statistically 

significant influence on the EMC of O&G in Asia and America. 
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 The EMC of Zn is higher in Asia than in America or Europe. 

 

 Catchment area size and traffic (ADT) do not have influence on the EMC of 

Zn in America and Europe. In the case of the type of land use, the analysis 

is not conclusive. 

 

 The EMC of Cu and COD are similar for the continents studied. 

 

 The catchment size does not have influence on Cu and COD concentration. 

However, the ADT presents differences for Cu and the land use shows 

differences for COD. 
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Table 1. Summary of ANOVAs 

ANOVA 
   Sum of Squares df Mean Square F Sig. 

Log TSS 

 Between Groups .241 2 .121 1.266 .294 

Continent Within Groups 3.335 35 .095   

 Total 3.576 37    

 Between Groups .564 3 .188 2.123 .115 

Catchment Area Size Within Groups 3.012 34 .089   

 Total 3.576 37    

 Between Groups .790 4 .197 2.196 .094 

Land Uses Within Groups 2.609 29 .090   

 Total 3.399 33    

 Between Groups .038 2 .019 .112 .895 

Average Daily Traffic Within Groups 2.404 14 .172   

 Total 2.442 16    

Log Zn 

 Between Groups .554 2 .277 3.765 .042 

Continent Within Groups 1.398 19 .074   

 Total 1.952 21    

 Between Groups .307 3 .102 1.121 .367 

Catchment Area Size Within Groups 1.645 18 .091   

 Total 1.952 21    

 Between Groups .958 4 .240 4.282 .020 

Land Uses Within Groups .728 13 .056   

 Total 1.686 17    

 Between Groups .237 2 .118 1.111 .367 

Average Daily Traffic Within Groups 1.066 10 .107   

 Total 1.303 12    

Log Cu 

 Between Groups .575 2 .288 3.274 .060 

Continent Within Groups 1.669 19 .088   

 Total 2.244 21    

 Between Groups .168 3 .056 .484 .697 

Catchment Area Size Within Groups 2.076 18 .115   

 Total 2.244 21    

 Between Groups .431 4 .108 .937 .471 

Land Uses Within Groups 1.608 14 .115   

 Total 2.039 18    

 Between Groups 1.122 2 .561 8.329 .006 

Average Daily Traffic Within Groups .741 11 .067   

 Total 1.863 13    
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COD 

 Between Groups 843.185 2 421.592 .193 .826 

Continent Within Groups 43601.530 20 2180.077   

 Total 44444.715 22    

 Between Groups 6716.411 3 2238.804 1.127 .363 

Catchment Area Size Within Groups 37728.304 19 1985.700   

 Total 44444.715 22    

 Between Groups 22268.203 4 5567.051 4.334 .013 

Land Uses Within Groups 21835.489 17 1284.441   

 Total 44103.693 21    

 Between Groups 22243.236 3 7414.412 5.772 .007 

Average Daily Traffic Within Groups 21835.489 17 1284.441   

 Total 44078.726 20    

O & G 

 Between Groups 82.737 2 41.368 2.207 .161 

Continent Within Groups 187.483 10 18.748   

 Total 270.220 12    

 Between Groups 180.580 4 45.145 4.029 .044 

Catchment Area Size Within Groups 89.640 8 11.205   

 Total 270.220 12    

 Between Groups 132.469 2 66.235 5.911 .027 

Land Uses Within Groups 89.640 8 11.205   

 Total 222.109 10    

 Between Groups 192.636 3 64.212 7.463 .010 

Average Daily Traffic Within Groups 68.837 8 8.605   

 Total 261.473 11    
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