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Abstract: Road runoff produced during rainfalls has signif-
icant pollutant load, which can cause important environ-
mental impacts on waste and soil. The efficiency of a de-
tention basin for removing heavy metals (Cr, Cu and Zn) in
road runoff was evaluated for 8 rainfalls over one year with
different intensities (between 16 mm and 103 mm) and du-
rations (higher than 3 hours). The basin showed good per-
formance for removing all metals for precipitation intensi-
ties between 16 mm and 103 mm and rainfall durations up
to 3 hours. The volume of the basin is suitable for retaining
all the road runoff coming from rainfalls with intensities
lower than 29.4 mm and duration longer than 6 hours. This
type of monitoring should be introduced in Environmental
Monitoring Plans of roads because it allows evaluating the
effectiveness of treatment systems and preventing the pos-
sible impacts of discharges into the environment.
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1 Introduction

Road runoff is produced by rainwater runoff in contact
with roads and surrounding watershed. In roads, pollu-
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tants are produced due to wear of the track and security
guards (e.g. hydrocarbons, copper, chromium, lead, nickel
and zinc), other are released by vehicles (e.g., copper, cad-
mium, chromium, nickel, lead and zinc) and transported
from surrounding soil (e.g. biodegradable organic matter,
pesticides, nitrogen and phosphorus) [1, 2].

The characteristics of this stream are variable and de-
pend on factors such as road type, average daily traffic
(ADT), vehicle type and traffic conditions, use of the sur-
rounding soil, vegetation type, intensity and duration of
rainfall, dry period without precipitation, type of drainage
system and speed and wind direction [1, 3].

Road runoff is considered a source of diffuse pollu-
tion, given their discontinuous nature only occurring dur-
ing rains, which can cause significant environmental im-
pacts on surface water, groundwater and soil over long dis-
tances [4]. To minimize the effects of polluting the envi-
ronment, this stream is usually treated in infrastructure
downstream road drainage systems, which normally in-
clude bar tracks channels, grit chambers, oils and fats re-
moving tanks, and detention and storage basins or reten-
tion basin or infiltration basins, with or without vegeta-
tion, for removing contaminants [1, 5-7].

To evaluate the effectiveness of treatment basins in
removing pollutants it is necessary to monitoring several
rainfalls throughout years, with different intensity and du-
ration of precipitation, and collecting water samples of
road runoff along the rainfall [7-9]. This procedure allows
identifying the first flux, which usually occurs in the first
minutes and contains the higher pollutant load [3, 10]. Al-
buquerque et al. [9] has found higher pollutant loads in
high intensity rainfalls associated to previous low periods
of dry weather conditions, which that somehow contra-
dicts the results and conclusions of Kayhanian et al. [11]
and Polkowska et al. [10].

The results of monitoring performed by Barbosa [3],
Antunes and Barbosa [12], Crabtree et al. [8], Kayhanian
et al. [11] and Polkowska et al. [10] present different con-
centrations for organic materials, nitrogen, phosphorus
and heavy metals (Cd, Cu, Cr, Fe, Ni, Pb and Zn). The de-
terminations were made in the drainage basin, drainage
ditches, junction boxes and at inlet of treatment systems.
Thus, the characterization of pollutants is an important
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step in this type of study because, besides allowing the
early identification of potential negative environmental
impacts, and for the definition of mitigation measures, it
allows having data for the design or assessment of treat-
ment systems.

Heavy metals present in the road runoff result mainly
from combustion processes in vehicles and are responsi-
ble for releasing Pb. Tire wear is a strong source of Zn, the
brake wear is a source of Cu, Pb and Cr, and engine wear
and stroke liquids are a source of Cr and Zn [3, 4]. Typ-
ically, the main fraction of metal is in suspension asso-
ciated to suspended solids or colloid organic matter, and
only a small fraction of it, is in the dissolved form, which is
considered the most toxic part [2, 13]. It is therefore impor-
tant assessing if heavy metals are conveniently removed in
the retention and treatment structures sized for pollution
control of road runoff.

The objective of this study was to evaluate the efficacy
of a detention basin in removing chromium (Cr), copper
(Cu) and zinc (Zn), which are typical heavy metals present
in road runoff and can cause significant environmental im-
pacts on the environment.

2 Materials and Methods

2.1 Location and characteristics of the
detention basin

The detention basin (Figure 1) used for this study is located
next to the access of the A23 motorway (Covilha, Portugal),
very close to the Zézere river, in an agricultural area clas-
sified as sensitive to pollution by the Environmental Im-
pact Study of the motorway [14]. The drainage catchment
has an area of 10 097 m? of agricultural land and an area
of 4 275 m? of road [14]. By considering the drainage co-
efficients presented by Chow et al. [15], 0.9 for roads and
0.4 for agricultural soils, the effective drainage areas are
3 847 m? and 4 038 m?, respectively.

The basin has a total height of 2.35 m, a maximum sur-
face area of 172.6 m? and an effective volume of 232 m>.
The structure was sized for a minimum of 3 hours of de-
tention time and to store the entire volume of a runoff
with a flowrate of 21.5 L/s. According to calculations of Be-
lizario [14], the basin can retain all runoff from rainfalls up
to 29.4 mm and lasting less than 6 hours (i.e. it can retain
a runoff less than 232 m?).

The basin only retains the volume between two con-
secutives precipitation and should be effective in remov-
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ing the pollutant load by precipitation (e.g., heavy metals)
and biodegradation (e.g. organic matter) [14].

Figure 1: Detention basin for road runoff.

2.2 Water sampling

To assess the efficacy of the basin in removing heavy met-
als, it was considered 8 rainfalls over one year with dif-
ferent intensities (between 16 mm and 103 mm) and du-
rations (higher than 3 hours). Level measurements were
performed for determining the inflow flowrate to the basin
and water samples were collected at the inlet and outlet
of the structure, for the following periods of time: 0, 0.17,
0.33, 0.5, 0.67, 0.92, 1.17, 1.67, 2.17, 3.17, 4.17, 5.17, 6.17 and 7.17
hours after the beginning of each precipitation.

For level measurement it was installed an ultrasonic
level meter HydroRanger Plus (Milltronics, USA), with a
data acquisition system DAS 8000 over a small Bazin weir,
installed in a channel with a 0.6 m width upstream the en-
trance to the basin. The flow law Bazin was used for es-
timating the flowrate according the formulation given in
Quintela [16]. Water samples were collected manually and
sent to laboratory for determination of the following qual-
ity parameters: Cr, Cu and Zn, according to the methods
defined in APHA-AWWA-WEF [17]. The pH was measured
locally with a sensor Sentix 41 and a multiparameter Mul-
tiline P4 meter (WTW, Germany).

3 Results and Discussion

The flowrate measurement results show that in the rains of
February 19, March 24, October 25 and November 16, the av-
erage flowrate was 25.8 L/s, 34.8 L/s, 33.7 L/s and 33.6 L/s,
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Figure 2: Variation of the mass load of Cr for the 8 raining events.

higher than the average reference value given for the re-
tention of pollutants in the basin, which is 21.5 L/s [14].

After calculating the accumulated volume that en-
tered the basin after each rain, it was found that the ca-
pacity of the detention basin was exceeded after 1h 40min
in 4 events (February, March, October and November), and
therefore there were discharge of the final effluent into the
Corges stream for the remainder of the rainfall. The aver-
age time of detention in these 4 events were 2.5, 1.85, 1.91
and 1.92 hours, that are lower than the values suggested
internationally as suitable for a good metal removal [3].

Thus, for events with precipitation exceeding 29.4 mm
(i.e. with intensities exceeding 8.15 mm/h) and duration
between 3 h and 7 h, the basin has no holding capacity
for all the road runoff volume and the pollutant load is dis-
charged into the environment. The negative consequences
of this circumstance may be minimized by adding an ad-
sorption material in order to retain more metal loads, since
it is difficult to increase the volume of the basin.

It is common to characterize the quality of road runoff
through its average local concentration, which is the aver-
age or the median of the average concentrations of moni-
tored events [3, 11]. When the number of events monitored
is relatively low, the calculation of the average local con-
centration is more indicated by the average of the average
concentrations of events, or simply by analysing the latter
parameter, as seen in Barbosa [3].

To better assessing the mass of heavy metals entering
the basin over the precipitations and in all the events, it
was calculated its average mass load between two succes-

sive water samplings, using the Eq. (1). The calculated val-
ues correspond to the pollutant mass, which entered the
basin at each sampling time interval [14].

The variation of mass load for the 3 heavy metals over
the 8 rainfalls is shown in Figures 2 to 4. The pH ranged
between 7.0 and 7.3 in all rains, values that have with no
interference in the removal of metals.

Ciy x Qn + C; x
CMi(n,rHl):( iy X Qn ) Q)

) X At(n,n+1) (1)

CM;(n n+1) - Mass load of the parameter i in the times inter-
val At(n,n+1) (g)

Citm) - Concentration of the parameter i the sampling pe-
rion n (g/m?)

Qn - Flowrate in the sampling period (n) (m?/minutes)
Q+1) - Flowrate in the sampling period (n + 1)
(m3/minutes)

Ci(n+1) - Concentration of the parameter i in the sampling
period (n + 1) (g/m?)

At n+1) - Time interval between sampling in the periods n
e(n + 1) (minutes)

Zn had the higher concentration over the monitored
events, with maximum values close to 1 mg/L, while Crand
Cu reached maximum values of approximately 0.04 mg/L.
These values are within the ranges presented by‘[3]
and [12] in studies developed in Portuguese roads, where it
was observed Zn concentrations from 2 to 6 mg/L, but for
approximately ten times the ADT, different drainage condi-
tions, approximately five times the drainage areas and pre-
cipitation characteristics. The concentrations of the three
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Figure 3: Variation of the mass load of Cu for the 8 raining events.
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Figure 4: Variation of the mass load of Zn for the 8 raining events.

metals were higher in the first 20 minutes (0.33 hours) and
then decreased in most of the precipitation events until to
reach not datable values.

The identification of the peak of pollutants entering
the basin (called the first flux) is important for the analy-
sis of the mass loading pollutant in the road runoff, since
it can give important information on the load source, its
accumulation on the road and surrounding catchment in
dry periods. This registration, in particular if it is calcu-

lated as mass loading, as noted in Albuquerque et al. [9]
and Polkowska et al. [10] can give important indications
either on the load origin or on their accumulation on the
road and surrounding basin in dry periods. The peak load
in the pollutogram may occur before the maximum peak
runoff flow and, in periods of heavy rainfall, it may not oc-
cur.

The results show that the first flux for the 3 metals, in
most of the rainfalls, passed between 10 and 30 minutes
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Table 1: Results for the final effluent.
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Parameter Jan Fev Mar Apr May

pH 7.12-7.13 7.01-7.05 7.19-7.21 7.21-7.28 7.15-7.19
Cu (mg/L) 0.015-0.016 0.001 0.001 0.001 - 0.002 0.006 — 0.009
Cr (mg/L) 0.003 - 0.004 0.001 - 0.002 0.000 - 0.001 0.000 - 0.001 0.006 - 0.010
Zn (mg/L) <0.10 0.16 -0.21 <0.10 0.01-0.02 <0.12
Parameter Sept Oct Nov VLE

pH 7.08-7.12 7.21-7.25 7.21-7.26 6-9
Cu (mg/L) 0.001 - 0.003 0.001 - 0.002 0.001 - 0.002 1
Cr (mg/L) 0.001 - 0.004 0.001 - 0.002 0 2
Zn (mg/L) <0.10 <0.10 0.10-0.16 -

(0.17 and 0.5 hours) after arriving the road runoff, although
there were 2 rainfalls where the first flux was detected be-
yond the 1 h (the events of January and May).

There was no significant variation in mass quanti-
ties of Cr and Cu entering the basin, with the exception
of September precipitation, where values roughly 6 times
higher than those obtained during the other events were
detected. Zn has a mass range that extends through pre-
cipitations, with several peaks, which would mean that it
is not a pollutant mainly dragged in the first flow, contin-
uing to be removed from the road along the precipitation.

Due to technical difficulties related to the output sam-
pling point (located in the outside box), it was only pos-
sible to collect some samples of the treated effluent. The
range of values for each analysed quality parameter is pre-
sented in Table 1. It is also presented the Emission Limit
Value (ELV) allowed by the Portuguese Decree-Law No.
236/98 [18] (legislation on water quality for several uses).

It can be noted that the basin showed a good capacity
for retention of the 3 heavy metals, with removal efficien-
cies above 95%, and final concentrations of metals below
the emission limit values defined in legislation.

4 Conclusions

The detention basin showed good ability for removing Cr,
Cu and Zn for precipitation intensities between 15 mm and
103 mm and rainfall durations up to 3 hours. However, the
basin does not have a suitable volume for retaining all the
volume coming from rainfalls with intensities greater than
29.4 mm and durations longer than 6 hours and, there-
fore, pollutants can be discharged into the water stream
for those conditions. This type of monitoring should be
setup in Environmental Monitoring Plans of roads because
it allows evaluating the effectiveness of treatment systems

and preventing the possible environmental impact of dis-
charges into the receiving waters. Additionally, it can pro-
vide a good source of information on pollutant load, its
sources and variation over rainfalls.
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