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 Highlights 
• Assessment of occurrence of FF though M(V) curves and b coefficient. 
• Lid implementation can reduce the pollutants discharge load. 

 

Introduction 
Stormwater runoff tends to reduce water quality due to diffuse pollutant loads resultant from urbanization 

upstream (COSTA et al, 2017; YOSOP et al, 2005; MERCADO et al, 2012, MULLER et al, 2019). One alternative 

to prevent the discharge of these pollutant loads to receiving waters is the use of compensatory measures 

or low impact development (LID) to retain the pollutants inside its structure (GALVIS et al, 2014; 

ZAHMATKESH et al, 2014; ROSA et al, 2019; ZANADREA & LOPES, 2019; FILENI et al, 2019). 

To evaluate the possible gains due to implementation of ponds, the First Flush study is recommended. 

According to Deletic (1998), to characterize the first flush in an event, it is necessary that more than 20% of 

pollution load is transported by the first 20% of runoff volume. In general, FF occurs when, during a rainfall 

event, the largest load of pollutants is carried by the initial part of the volume drained (BERTRAND-

KRAJEWSKI; et al, 1998; DELETIC, 1998; LEE et al., 2002; LI et al., 2014).  It is important to optimize the volume 

captured and the area occupied to design an efficient LID that promotes improvements for water quality 

downstream. 

The curve M(V) is a representation of the first flush phenomenon and it considers the flow Q(m³/s) and 

pollutant concentration C (mg/L) parcels (GEIGER, 1984; RIGHETTO et al, 2017). In addition, it is possible to 

calculate the numerical coefficient “b” of these curves, by simple linear regression. This value expresses the 

gap between the M(V) curve and the 45º line (bisector). If b is equal to 1, there is a uniform carriage. Values 

less than 1 indicate the occurrence of the First Flush and the lower the b value, the greater the spacing and 

therefore greater pollutant load was carried by the initial volumes (BERTRAND KRAJEWSKI et al., 1998). 

This study aims to characterize the FF in an urban catchment in Paranoá Lake watershed though evaluation 

of M(V) curves and b coefficient, enabling the knowledge of the distribution of pollutant during the flood. 

 

Methodology 
The urban basin is located at Brasilia, Federal District in Brazil. It is situated inside the Riacho Fundo basin, 

Paranoá Lake main affluent. Paranoá has been used as water supply source since 2017. The urban catchment, 

drains 7.4 km² from 6 different neighborhoods with distinct land and use occupancy, involving around 50.000 

people (PDAD, 2018). The outfall of the drainage system is a gallery with 3 sections with 2.7x2.5 m each one 

that discharge the stormwaters into a detention pond, that, in turn, releases the effluent to Guará River. 

Flow monitoring was carried out with a level logger measuring the water level each 5 minutes. Flow was 

estimated using a rating curve adjusted using measured flows. For water quality analysis it was used an 

automatic sequential sampler triggered by water level, collecting water samples each 5 minutes during the 

flood. The samples were analyzed in the Laboratory of Environmental Sanitation at the University of Brasilia. 

Concentration of organic matter (COD), solids (dissolved, suspended and total) and nutrients (reactive and 

total phosphorus; ammonia, nitrate and nitrite) were determined according to Standard Methods (APHA et 

al., 2017) procedures. 



Results and discussion 
Three events were chosen to analyze the M(V) curves, on December 2018, February 2019 and March 2019. 

The first presented the largest rainfall volume, intensity and Return Period monitored, 60.6 mm, 61 mm/h 

and 12 y respectively.  The second one presented 14.6 mm of rainfall depth and 25 mm/h intensity. The third 

event presented peak flow of 7.44 m³/s during an event with 16.1 mm/h intensity. 

In Figure 1 it is shown the M(V) curves for each pollutant and in Table 1 the values of b. It can be noted that 

in the event occurred in 03/16/2019 is not identified the FF, 8 values of b are higher than 1. Only for COD, 

which presented FF in all the 3 events analyzed. For the other two, the FF happens at solids and ammonia, 

COD, and phosphorus analysis not to Nitrite and Nitrate. 

   

   

   
Figure 1. M(V) Curves for all parameters for each polluttants. 

 
Table 1. Values of b coefficinets for 3 events and 9 pollutants. 

 b value  

Samples  COD TP RP Ammonia Nitrite Nitrate SS DS TS 
12/8/2018  0.765 0.916 0.920 0.686 0.876 0.900 0.868 0.775 0.795 
2/25/2019  0.843 0.979 1.093 0.759 1.035 1.386 0.940 0.845 0.898 
3/16/2019  0.692 0.971 0.934 1.031 1.199 1.840 1.244 3.064 1.379 

 



Conclusions and future work 
The FF can be a good tool to evaluate the diffuse pollution distribution behaviour in an urban basin because 
this phenomenon provides information about the wash off process of pollutant through land use and 
occupation. 
The study showed that if a LID is capable to retain the first 20% of the runoff volume during a flood, probably 
it can hold a large percentage of mass of pollutants as SS, DS, TS, ammonia, and COD. Therefore, the use of 
LID can reduce the pollutants loads discharge into the receiving water and protect it from polluted urban 
waters. 
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