Comparison of the pollutant potential of two Portuguese
highways located in different climatic regions

AE Barbosa and JN Fernandes

National Laboratory for Civil Engineering. E.malkestela@Inec.pt

Abstract

The accomplishment of the Water Framework Directieguires a good
understanding of the impacts of the different galu sources. In the
framework of G-Terra study, two Portuguese highwagated in different
climatic regions from Portugal have been monitofEake role of climatic
variables in controlling the presence of 6 selegeliutants in the roads
runoff was evaluated. The results showed the raksaf the rain depth
and the antecedent dry period in the dischargegbfeln concentrations of
pollutants. Highways located in more arid areas,naore likely to produce
acute impacts. The Total Suspended Solids and hieeni€al Oxygen De-
mand appear to be important target pollutants toooérolled in Portugal.

Introduction

The accomplishment of the Water Framework Diredtiveerms of a good
ecological status for all water bodies, by 201§uies a good understand-
ing of the impacts of pollution sources and thetamrof the most relevant
ones. For the case of roads (and other diffusecesunf pollution) it is
most relevant that the evaluation of pollutantshaentrations and loads
are assessed taking into consideration both treeand the climate charac-
teristics.

Parameters such as the Event Mean Concentratio€)E®Site Median
Concentration (SMC) and pollutant load characterizad runoff quality
and are useful to understand the potential impattsoad runoff dis-
charged into the environment. Nevertheless thekmilaions may hide
the occurrence of peaks of concentrations. It maknthat under different
conditions highway runoff may cause not only checoimpacts but acute
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effects on the chemical quality and ecologicalustatf the receiving water
4, 7.

When assessing impacts and risks in receiving wassses, attention
should be paid to distinguish between acute ancutative impacts. Typi-
cally, short term impacts occur at time scalesesslthan 1 hour up to 1
day, and are related to hydraulic effects; disobharfgbiodegradable organ-
ic matter or of suspended solids [6].

Road runoff in Portugal showed values of Total $usied Solids (TSS)
and Chemical Oxygen Demand (COD) that surpasséhmitied level for
discharge of point effluents (Decree-Law 236/9815% and 50% of the
samples, for COD, and in 62% of the samples for TI5&]. Therefore,
these pollutants are on focus in Portugal and a gmalerstanding of their
genesis and removal process by rainfall is of rimpbrtance.

The final goal of an ongoing research project nat@addelines for In-
tegrated Road Runoff Pollution Management in Padtuds-Terra, is to
characterize road runoff and improve the understgnaf the inter-
relationship between pollutants and specific sitgiables [3]. In the
framework of G-Terra, two Portuguese highways Hasen monitored in
2008 and 2009: A1l site is located in central Patugnd A22 is placed in
southern Portugal. The two monitored highways acated in very differ-
ent geographic and climatic regions from Portugalshown in Fig. 1. For
the monitoring period Al presented an average dndady traffic
(AADT) of 27746 and A22 of 24000. The studied catemt area is of
22800 mi (100% impervious) for A1, and of 15427 1{85% impervious)
for A22.

Fig. 1. L ocation of the two sites and average annual precipitation.
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The objective of this paper is to compare the teads using the results
of the monitoring study, and further understandrtsie of climatic varia-
bles in controlling the pollutants presence in roadoff. The sort of im-
pacts that may be expected are evaluated as well.

Methodology

An automatic equipment consisting of a rain gaageomatic sampler and
flow meter, associated to a V-notch weir, were @that each site, at dif-
ferent times. The monitoring period was of 4 monitisA22, and of 2
months and 10 days for Al. The collected data stediof rainfall and
flow (recorded each 5 minutes) and between 6 ts&ete samples along
10 or 11 events. The samples were analyzed byaaiatt laboratories for
a total of 18 quality parameters. The laboratof@®wed standard and
certified procedures for analysis and quality colndf results. The results
of the quantity and quality data were analyzed thedcommon characteri-
zation for the runoff was produced [3].

For the present analysis a set of 6 quality parareetvere selected:
TSS; COD, Total Organic Carbon (TOC), copper (dgn (Fe) and
Kjeldahl Nitrogen (N-Kjel). The selection was basadthe following cri-
teria: parameters that represent different sortgadifition; that were, for
both roads, detected and quantified in a significaimber of samples, and
were observed in concentrations higher than thadiof the referred Por-
tuguese law. Fe is not among the road runoff metétls more toxic ef-
fects, but was selected for the last motive.

The variables selected to represent climatic factmre, for each moni-
tored event: Rain depth (Rain Dp); Rain duratioaifRDr); Rain intensity
(Rain Int) and antecedent dry period (ADP). Forhegaartile of each
event (based on the % of runoff volume) the aveftgye (I/s) and the %
of each pollutant mass transported were calculated.

The data analysis was conducted with Excel® antisBta® tools. The
latter was mostly utilized for the multivariate éqatory analysis using
Clusters and Principal Component Analysis. To penfthe Cluster analy-
sis the variables were standardized, in order todathe distortion of the
results by the values characteristics.
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Results

Characterization of the sites based on climatic variables

To distinguish the climate characteristics of eanitoring site, two me-
teorological stations were chosen (a minimum sefe&) years was con-
sidered for all the parameters) [9]. Fig. 1 showeslvariability of the av-
erage annual precipitation. The annual precipitatiolume for Al is
1100 mm and for A22 it is 560 mm. For the monthshef monitoring pe-
riod when samples were collected (April, May andelior A1 and Janu-
ary, February and March for A22), the average mgreliaporation was
144 mm and 88 mm for A1 and A22, respectively. Bgrihose periods,
the average temperature was 17.6°C for A1 and@2d3°A22.

Table 1 shows the climatic variables for all evenish the exception of
event 4 for A22, and event 7 for Al. For the evemtf A1l a problem oc-
curred with the equipment and the precipitatioradaés not well charac-
terized. Event 4, in the case of A22, was disregrtzbcause the collection
of samples did not cover all the flow. It is knowrat the definition of a
rainfall event has to be in accordance to the disbeodata; it can be of
few hours to 3 days (e.g., [8]). For this studg thin events were defined
as independence when the period between rain ewestdonger than the
concentration time of the watershed.

Fig. 2 presents the results for the calculationthefaverage flow (Qm)
for each quartile of each event — defined base@®fo fractions of the
event volume.

(\/s) (I/s)

18,0 il 18,0

16,0 16,0

14,0 14,0

12,0 12,0 0 25% Vol
10,0 10,0 — 50% Vol

80 8,0 = 75%Vol

60 60 ] W 100% Vol

4,0 - 4,0 +— e
0,0 H . 0,0

Qm1l Gm2 Qm3 Qm4 Qm5 Qm6 Qm7 Qm8& Qm9Qm10Qm 11 aQml Qm2 Qm3 Qm5 Qm6 Qm7 Qm8 Qm9 Qm10

Fig. 2. Average flow (Qm) in each quartile of each of the monitored events at
A1l (11 events) and A22 (9 events, dueto the exclusion of event 4).
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Table 1. Characterization of the precipitation eésen

Rain Dp Rain Dr Rain Int Run. Coef.

Site  Event (mm)  (hours) (mm/h) ADP (days)
1 4.6 2.0 2.3 0.04 3*
2 2.2 0.6 3.8 0.0t 4.4
3 2.8 1.3 2.2 0.1t 0.2
4 2.8 0.8 3.4 0.08 0.8
Al 5 24 0.8 3.2 0.22 0.2
6 11.2 9.1 1.2 0.29 0.3
8 16.2 2.8 5.7 0.24 14*
9 4.2 1.1 3.9 0.15 12.7
10 3.2 0.3 12.8 0.28 0.7
11 2.8 0.9 31 0.12 1k
Average (n=10) 5.2 2.0 4.2 0.16 3.6
1 5.2 3.1 1.7 0.20 10.t
2 1.8 2.7 0.7 0.14 1.9
3 1.0 0.8 1.2 0.29 3.6
5 4.8 24 2.C 0.5¢€ 1.8
A22 6 14 1.C 14 0.1¢ 0.7
7 8.0 2.8 2.9 0.42 0.9
8 1.0 0.2 6.0 0.71 0.2
9 1.4 2.1 0.7 2.00* 2.7
10 34 3.1 1.1 1.co 20.4
Aver age (n=9) 3.1 2.0 2.0 0.45 4.7

*Value estimated based on national data [9] anditanng records.
** Value inconsistent (probably due to wrong floneasurement) and not consid-
ered for the average calculation.

Characterizations of the pollutant concentrations and loads at the
two sites

Table 2 presents a characterization of the SMQufaoit load and maxi-
mum observed concentration for the selected pammethe flow of the
event 7 for A1 was estimated based on comparisbrileorainfall data
from the local meteorological records [9] with damirainfall events, with
correspondent flow measurements monitored durimgstiudy. Table 3
presents the percentage of samples with concemigatif TSS, COD and
Fe that exceed the level for discharge of the Betev 236/98. It states
also the number of samples (n) for each case.

Fig. 3 and Fig. 4 show the evaluation of the fihséh effect for the
TSS, COD, Cu and Fe, for A1 and A22 highways, retsypaly. Fig. 5 and
Fig. 6 illustrate the percentage of mass of TSSPCOu and Fe that is
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transported in each quartile of the volume for eaxnt, respectively for
the case of Al and of A22.

Table 2. Characterization of A1 and A22 road rurfioffsellected pollutants.

Parameters Al (11 events A22 (9 events
SMC Max.  Poll. Load SMC Max.  Poll. Load

andr0ads (mgl) (mgl) (kghalyr) (mgl) (mgl) (kg/halyn)

TSS 22.2 350.0 5956 52.4 220.0 2937
TOC 22.7 72.0 2624 18.4 38.0 1028
COD 81.¢ 330.( 947¢ 38.c 226.( 2147
Cu 0.02 0.051 2.3 0.03 0.046 14
Fe 0.35 7.192 40.2 1.9 6.627 108.7
N-Kjel 2.0 5.0 230 2.7 10.0 152

Table 3. Percentage of samples of TSS, COD antidekceed the level for dis-
charge of the Decree-Law 236/98.

% and numbe Al AD2 Level for discharg:
samples for each case Decree-Law
TSE 11% (n=71 30% (n=65 150 mg/
COD 13% (n=71) 1.3% (n=75) 60 mgl/l
Fe 6% (n=73) 41% (n=76) 2 mg/l

Multivariate Statistical Analysis and Linear Regressions

Cluster analysis showed that the Rain Dp and th® Albe the climatic
variables closer to the variables describing thiéutamts, for both high-
ways.

The TSS and the Cu, especially their mass, evideacgoser connec-
tion to the Rain Dp; the COD and the TOC EMC ancimam concentra-
tions were closer to the ADP. N-Kjel was the onbflgtant included in the
same cluster as the Rain Int, for both case studlies Principal Compo-
nent Analysis performed did not add further infotiom

Simple linear regressions were established betwleerclimatic varia-
bles and the variables describing the pollutanie fesults were in agree-
ment with the evidences from the multivariate ergiory analysis. The
presence of pollutants was more correlated withRam Dp for Al and,
for A2, with the ADP — especially for COD and TOthe coefficients of
determination @) ranged between 0.507 and 0.833. The lowest respec
to N-Kjel correlation with the Rain Int at Al; tHeghest f concerned
ADP and TOC, at A22.
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Fig. 3. First flush evaluation for TSS, COD, Cu and Fefor Al highway.
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Fig. 4. First flush evaluation for TSS, COD, Cu and Fefor A22 highway.
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Fig. 5. % of massof TSS, COD, Cu and Fetransported in each quartile of the
monitored eventsat Al.
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Fig. 6. % of massof TSS, COD, Cu and Fetransported in each quartile of the
monitored events at A22.
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Discussion

It is clear the different climatic characteristits the two sites analyzed
(Table 1). The ADP in average is higher for A227(days, compared to
3.7 days in Al). The average Rain Dp, on the coptfsigher at Al site
(5.2 mm against 3.1 mm).

These were the two variables showing a closer &d8mt to the pres-
ence of pollutants in highway runoff for both cgsasagreement with the
variable that is stronger for each site. Other agtleached to exactly the
same conclusions [5] or these variables are amoa@nes showing rele-
vance [7]. In average the runoff coefficient is mmudgher for A22 than
for A1 which should be a result of a smaller drgmarea and lower tem-
perature for the monitored period. Table 2 datagievidences that, alt-
hough for most pollutants Al is responsible forheigannual loads than
A22, the latter may have maximum concentrationsoatnas high as Al
(or higher, for the case of N-Kjel). Table 3 sugpdhis assumption.

The results concerning the first-flush evaluatidiig( 3 and Fig. 4)
showed for COD and Cu similar curves for each chgdy, with a slight
first-flush effect. For the case of the TSS thereraore variations among
the events, and the first-flush effect seems moleweced. The curves for
the Fe case are similar to the TSS, for highway;A@2A1 the pattern is
sharper; most of the events show a quick firstHlefect.

Comparing the average flow (Fig. 2) and the redativass of pollutant
transported in each quartile of each event (Fign® Fig. 6), it is clear the
absence of direct relations among these variatdesny of the case stud-
ies. For instance, A22 has a % of transport of @i BOC homogeneous
along the event, not showing any response to thleehiaverage intensity
for the second and third quartile of the event'rree.

The characteristics of the catchment (area, slodecancentration time)
should be, at least in part, responsible for tlodservations.
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Conclusions

The objective of the study undertaken was not tthér explore the analy-
sis of two case studies or quantifying relationstamong variables, but to
gather evidences concerning the role of climatidabdes in controlling
the pollutant potential of roads. It is also coesa that the amount of da-
ta is not sufficient for characterization of allbsens, which may provide
rain depths, intensities and interevent dry periwdhl different character-
istics. Therefore, the conclusions that can be naadeof a broader sort —
but considered to be very relevant in assessingcanttolling the impacts
of road runoff.

There is evidence that in Portugal a special fahwuld be placed on
controlling TSS, COD and Fe in road runoff, duatdeast two of the fol-
lowing reasons: high EMC; high maximum concentrai@nd potential
for first-flush occurrence. Highways located in maarid areas of the
country (with longer ADP) are more likely to produeacute impacts in
short time durations, because of their potentialischarge higher concen-
trations of these pollutants.

It should be referred that the runoff from the tstadied road catch-
ments are discharged into treatment systems; treraione of them
should cause environmental impacts.
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