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OBJECTIVESOBJECTIVES

All possible equivalent information (same distance from road, same
sampling methods, etc.)

Integration of many different situations concerning:
Road pavement, age of the road, localisation (urban, rural, 
highway, etc.), climate, geology, soil type, land cover (from forest to 
farm land), stop and go areas, etc.

Evaluate road pollution in: 
� soils
� vadose zone and groundwater  

Impact of Road Runoff in Soils and Groundwater Impact of Road Runoff in Soils and Groundwater 
GuimarãesGuimarães, 11 , 11 -- 14 July 200514 July 2005

GroundwaterGroundwaterDivisionDivision(NAS)                                                          (NAS)                                                          http://http://www.dha.lnec.ptwww.dha.lnec.pt/nas//nas/



������

... It was not intended ... It was not intended 

To analyse the reasons for the different pollution case-studies butbut
the overall behaviour of the pollutants

For soilsthe Dutch Legislation was used Target Value and 
Intervention Value

For groundwaterthe Portuguese and Dutch Legislation were used
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INTRODUCTIONINTRODUCTION

Pollutants analysed in this presentation:Pollutants analysed in this presentation:

� Heavy metals: Cd, Cr, Cu, Pb, Zn

Type of element Source of pollution
Metals       Cadmium Tyres, brake pads

Chromium Bearing, tyres, brake pads
Copper Tyres, brake pads, radiators
Lead Fuel, tyres, brake pads
Zinc Lubricating oils, tyres, brake pads

Organics   PAHs Fuel, plastics, pavement
Hydrocarbons Oils

De-icing salts and herbicides Road maintenance chemicals
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37 published case-studies in 10 different countries were analysed:
Diamantino, 2002; P 
DWW, 1995; NL
Harrison et al., 1981; UK
Ward, 1990a; UK
Ward, 1990b; UK
García e Millán, 1994; SP
Sánchez-Camazanoet al., 1994; SP
Ward e Savage, 1994; UK
Campo et al., 1996; SP
Reinirkens 1996; D
Legret e Pagotto, 1999; F
Pagottoet al., 2001; F
POLMIT, 2000; P, F, NL, DK, UK, SW, Fin

A- Reading

N- Vila Real

M- Recta de Cabo

K- Erdre

L- Houdan

D- Spaarnwoude

C- Nieuwegein

I- Vejenbrod

J- Rud

E- Svaneberg

F- Norsholm

H- Utti

G- Lohja

B- Oxford
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CdCd

Tends to be more mobile in soils (more then Pb and Cu) and 
therefore: 

Low concentration in soils should be expected when compared 
with vadose zone and groundwater concentrations
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CdCd-- soilsoil

máx 

mín. 

mediana 

quartil sup. 

quartil inf. 

 

0

4

8

12

0-
2 

cm
 p

ro
f.

2-
10

 c
m

 p
ro

f.

10
-3

0 
cm

 p
ro

f.

0-
2 

cm
 p

ro
f.

2-
10

 c
m

 p
ro

f.

10
-3

0 
cm

 p
ro

f.

0-
2 

cm
 p

ro
f.

2-
10

 c
m

 p
ro

f.

- 37 casos de estudo; 10 países (P, SP, F, I, D, SW, NL, DK, UK, FIN) - 

Variação de Cd (mg/kg) em solos adjacentes a estradas, a 3 distâncias e 3 profundidades

Valor de Intervenção
(12 mg/kg)

Valor guia
(0,8 mg/kg)

0 -1 m 1 - 5 m 20 - 30 m

� low level of Cd in soil

� decrease of 
concentration with 
distance and prof.

� clear effect of road 
pollution, even with the 
low level of Cd in runoff 
water 
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CdCd–– vadosevadose
zonezone

� Values above 
VMR, but below  
VMA

� no clear 
diminution with 
distance (mobile)
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CdCdgroundwatergroundwater

� similar to the 
vadose zone

� Values above 
VMR, but below  
VMA
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CrCr

Tends to have low mobility

� it accumulates in soil 

� its presence in the more 
distant areas denotes 
atmospheric dispersion
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 - 26 casos de estudo; 10 países (P, SP, F, I, D, SW, NL, DK, UK, FIN) - 

Variação de Cr (mg/kg) em solos adjacentes a estradas, a 3 distâncias e 3 profundidades

Valor de Intervenção
(380 mg/kg)

Valor guia
(100 mg/kg)

0 -1 m 1 - 5 m 20 - 30 m
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CrCr
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� it decreases with 
the distance to the 
road (low mobility)
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CuCu

� tends to accumulate in 
the soil (in association with 
OM; it does not change 
significantly with changes 
in pH or salts)

� its presence in the more 
distant areas denotes 
atmospheric dispersion 0
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- 37 casos de estudo; 10 países (P, SP, F, I, D, SW, NL, DK, UK, FIN) - 

Variação de Cu (mg/kg) em solos adjacentes a estradas, a 3 distâncias e 3 profundidades

Valor de Intervenção
(190 mg/kg)

Valor guia
(36 mg/kg)

0 -1 m 1 - 5 m 20 - 30 m

máx 

mín. 

mediana 

quartil sup. 

quartil inf. 

 

Tends to have low mobility
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MHSPE, 1994)� values below 
VMR

� it decreases with 
the distance to the 
road (low mobility)
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PbPb

Tends to have low mobility

� it can be strongly 
associated with 
carbonates and Fe-Mn
oxides and to organic 
compounds

� in those conditions it 
can be accumulated in the 
upper part of the soil 0
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- 37 casos de estudo; 10 países (P, SP, F, I, D, SW, NL, DK, UK, FIN) - 

Variação de Pb (mg/kg) em solos adjacentes a estradas, a 3 distâncias e 3 profundidades

Valor de Intervenção
(530 mg/kg)

Valor guia
(85 mg/kg)

0 -1 m 1 - 5 m 20 - 30 m
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PbPb



PbPb

� it changes with 
the distance to the 
road (some 
mobility)

� concentrations 
below VMA
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ZnZn

It shows some mobility 

� specially in acid and 
sandy soils 

� it is particularly sensitive 
to decrease in pH
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 - 37 casos de estudo; 10 países (P, SP, F, I, D, SW, NL, DK, UK, FIN) - 

Variação de Zn (mg/kg) em solos adjacentes a estradas, a 3 distâncias e 3 profundidades

Valor de Intervenção
(720 mg/kg)

Valor guia
(140 mg/kg)

0 -1 m 1 - 5 m 20 - 30 m
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ZnZn

� no clear 
diminution with 
distance (mobile)

� values always 
below VMR
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Cd being mobile it does not create a significant problem since it 
appears in low concentration in runoff

Zn is an intermediate case once it can be very mobile in acid 
environments, causing the presence of high values in ground waters

Pb, Cr and Cu are present in higher concentrations in the soils due 
to their low mobility (low pH and complexation namely with OM and 
carbonates are the conditions to make then more mobile)
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Conclusions

Roads are a source of pollution for soil and groundwater

It is a must to protect those areas for which the intrinsic 
characteristics of the media shows higher sensitivity to 
road pollution. 

This pollution shows no immediate concern but is a problem 
of cumulative pollution

Its effects diminish with the distance to the road and in depth in 
most situations, specially for the more mobile elements (Cd e Zn) 

GroundwaterGroundwaterDivisionDivision(NAS)                                                          (NAS)                                                          http://http://www.dha.lnec.ptwww.dha.lnec.pt/nas//nas/

Impact of Road Runoff in Soils and Groundwater Impact of Road Runoff in Soils and Groundwater 
GuimarãesGuimarães, 11 , 11 -- 14 July 200514 July 2005



������

Borba Basin

Fátima Basin
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