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Abstract
This paper presents data on spatial variability in urban road-deposited sediment (RDS) composition (HCl-digestable Mn, Cu, 
Pb and Zn, H2O-leachable sulphate, nitrate and chloride) across the centre of the Greater Manchester conurbation. Given 
the importance of RDS to surface water quality within the urban environment, an understanding of the spatial variability 
in RDS composition is an important component of managing RDS and associated pollution.
Road-deposited sediment (RDS) was sampled on a five-day period in June 2003 over a 5km by 5km area of Manchester and 
Salford City centres, at a sampling density of 0.25km2 (100 samples in total). The highest levels of accumulated sediment were 
recorded away from the city centres, probably as a result of regular removal of RDS by street sweeping in the city centres. 
HCl-extractable Fe, Mn, Zn, Cu and Pb, and H2O-leachable chloride, sulphate and ammonium, all displayed high levels of 
variability across the sampled area. In general, Pb and Zn displayed high levels in the centres of Manchester and Salford, 
probably reflecting increased traffic density, with lower values outside these areas. Iron and Mn were highest away from the 
city centre, possibly suggesting derivation from soils and other geogenic sources that are rare in the city centres. Cu distribution 
was distinctive from both Pb and Zn, and Fe and Mn. Whilst Cu has previously been sourced to vehicle activity, the data for 
Manchester RDS suggest additional, unidentified, sources. H2O-leachable chloride, sulphate and ammonium all showed 
similar distribution patterns, with high values in the centres of Manchester and Salford, and low values outside the centres. 
Sulphate and ammonium probably derive from wet and dry deposition, ultimately derived from vehicular and industrial 
processes. Chloride is presumed to be derived from road-salting. The presence of high levels of these soluble components 
indicates that RDS should be expected to have an impact upon surface water quality, and their chemical characteristics should 
be considered in surface water quality management. The recognition of spatial variability in the RDS in this city suggests 
that such data should be routinely collected to aid in the effective implementation of urban pollution management strategies 
based upon contaminant source control.
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Introduction
Road-deposited sediments (RDS – also commonly referred 
to as ‘street dust’ or ‘road dust’) are an accumulation of 
particulates on surfaces such as pavements and road 
surfaces in urban environments. RDS are a complex mix of 
particulates and contaminants derived from an extensive 
range of urban and industrial sources and processes. Sources 
are either anthropogenic in nature (including vehicle 
exhaust emissions, vehicle tyre and body wear, brake-lining 
material, building and construction material, road salt, 
atmospheric deposition), or naturally-derived (soil material, 
plant and leaf litter, and atmospheric deposition) (Hopke et 
al. 1980; Beckwith et al. 1986; Xie et al. 1999; Lecoanet et al. 
2003. Robertson et al. 2003). 

RDS has been documented to carry a high loading of 
contaminants including metals (Fe, Cu, Zn, Pb, Mn, Cr, Cd) 
and organic pollutants (Farmer and Lyon 1977; Harrison 
1979; Beckwith et al. 1986; Stone and Marsalek 1996; Kim 
et al. 1998; Yunker et al. 2002). RDS, and their associated 
contaminant load, are ubiquitous in urban and suburban 
drainage basins and are typically available for mobilisation 
and transportation to subsurface drainage systems by 
stormwater runoff, thus playing a critical role in degrading 
receiving water bodies. 

Given the importance of RDS to surface water 
quality within the urban environment, an understanding 
of the spatial variability in RDS composition is an 
important component of managing RDS and associated 
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pollution. A limited number of studies (Linton et al. 1980) 
have documented the small scale variability of metal 
concentrations on street surfaces that may be present, whilst 
it has also been documented that Pb levels are commonly 
lower in outer city locations compared to inner city sites, 
indicating the role that vehicle traffic density plays in 
determining the spatial pattern of this contaminant (Duggan 
and Williams 1977; Massadeh & Snook 2002; Robertson et 
al. 2003). Such inner and outer city patterns have also been 
reported for urban soils (Madrid et al. 2000). There has 
been a paucity, however, of systematic spatial analysis of 
RDS composition over the scale of a city. A recent spatial 
survey of Birmingham and Coventry, UK (Charlesworth 
et al. 2003) documented significant city-scale variability, 
with contamination hotspots evident. An understanding 
of the city-scale spatial variability of RDS composition is a 
critical requirement for two reasons. First, urban pollution 
management strategies consider the city-scale as the most 
appropriate unit for pollution control. Second, with respect 
to surface water quality the river basin-scale (generally 
equal to or larger than the city-scale) is considered the 
most appropriate scale to consider (Owens et al. 2004). 
Therefore, an increased understanding of the variability of 
RDS composition, and its sources, is a pre-requisite for urban 
pollution management; data that are largely lacking. 

The aim of the research presented here was to 
determine the spatial variability in RDS composition (HCl-
digestable Mn, Cu, Pb and Zn, H2O-soluble sulphate, nitrate 
and chloride) across the centre of the Greater Manchester 

conurbation in north west of England. The study here 
focuses on the coarser fraction of the RDS, which is likely to 
impact surface water quality, (in contrast to finer particulates 
less than 10μm in size which have an impact upon air 
quality). The number of major waterways running through 
Greater Manchester means that such data are required to 
inform surface water quality management. 

 
Methods
Study area and sample locations
The conurbation of Greater Manchester is extensive, contains 
major rail and road routes, and impacts heavily upon river 
catchments in the area. The location of sample sites and 
sampling density were predetermined using a random 
stratified sampling strategy approach. The area studied 
covered the central Manchester and Salford; a sampling 
density of four samples per 1km2 in a 25 square km section 
was chosen, resulting in 100 sample sites (Fig. 1). The area 
sampled is characterised by a range of urban environments, 
including relatively quiet to busy central city streets, busy 
commercial shopping streets, major urban thoroughfares, 
quiet residential areas close to busy thoroughfares, light 
industrial areas and busy, main thoroughfare junctions. 
Within this paper we consider “city centre” to apply to those 
areas where commercial retail activity is concentrated, and 
traffic is slow flowing. The areas outside these are dominated 
by light commercial, light industrial and residential areas 
with relatively fast flowing traffic.
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Figure 1:  Location map of the study site, showing the location of individual samples taken in the study.
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Sample collection
Sample collection took place over five consecutive days in 
June 2003 after a two-week dry spell of weather to enable 
adequate quantities of accumulated sediment for a multi-
analytical investigation. This allowed for an analysis of the 
spatial variability, but does not allow for an assessment of the 
temporal variability. Several methods have been successfully 
applied by researchers to collect urban street dust samples 
including battery-powered vacuum cleaners (Grottker, 
1987), small vacuum sweeper trucks (Rogge et al. 1993; 
Yang & Baumann 1995), and by using a clean polyethylene 
dustpan and brush (Kim et al. 1998; Xie et al. 1999; Vermette 
et al. 1991). Although this method may bias against smaller 
particles compared to the use of a vacuum cleaner (Bris et al. 
1999), previous observations have shown that RDS collected 
from Manchester are made up primarily of medium sand-
sized particles (Robertson et al. 2003). Consequently, the 
utilisation of a dustpan and brush was chosen as a suitable 
sampling method for the research presented here. Samples 
were taken from a constant area (1 m2) of the curbside of 
the road surface. 

Sample analysis
Air-dried samples were sieved to remove the greater than 
2mm size fraction and homogenised. Sub-samples of all 
<2mm samples (n=100) were digested for metal analysis. 
All samples were digested in 0.5M HCl for one hour at 
room temperature (methods described in Sutherland et al. 
2004), which has been shown to be useful in determining 
the bioavailable portion of metals in sediments (Luoma 
and Bryan 1982; Sutherland 2001). In addition to <2mm 
sediment samples, samples were dry-sieved to obtain the 
<63μm size fraction. This size fraction has been shown to 
be a major carrier of contaminants in sediments, due to the 
increased surface area (Horowitz 1991), and it was separated 
here to test for the level of contaminant loadings in the fine-
grained fraction of these RDS. Due to the coarse nature of the 
sediment, only 50 samples provided enough <63μm sample 
for metal analysis. These <63μm were digested in 0.5M 

HCl in the same manner as for the <2mm samples. Metal 
contents (Fe, Mn, Cu, Pb, Zn) for all digests were determined 
on resulting solutions using a Unicam 929 atomic absorption 
spectrometer (AAS). The accuracy of the extraction procedure 
was determined by analysing certified reference material 
(stream sediment GBW07311), and was found to be within 
10%. H2O-leachable chloride, sulphate and ammonium were 
determined using ion chromatography to approximate to 
that component soluble in surface water runoff. Organic 
matter content was estimated by loss on ignition at 450oC 
(Charlesworth and Lees 1999; Xie et al. 1999; Robertson et al. 
2003). Low field magnetic susceptibility (χlf) was measured 
on all samples (<2mm fraction). Magnetic susceptibility has 
been shown to aid in determining source apportionment 
(Robertson et al. 2003), and has also been proposed as a 
rapid proxy method for metal levels in sediments (Berry 
and Plater 1998). Spatial distribution maps were generated 
for geospatially-referenced data using SurferTM. We stress 
here that these maps are presented solely to display spatial 
patterns in compositional variability, and are not used for 
interpolation and prediction of unknown values between 
sample points.

Results

RDS composition
The physical characteristics and composition of the RDS are 
summarised in Table 1. The mass of RDS recovered from the 
street surfaces was highly variable (7.3 to 740 gm-2), as was 
percent mass <63µm size fraction in the RDS (0.5-20.8%). 
Loss-on-ignition values range from 3.8-22.6%. The metal 
contents removed by the 0.5M HCl leach all display high 
ranges, with means for Cu, Fe, Mn, Pb and Zn of 88, 2005, 
170, 164 and 268 ��������������������  µg/g respectively.��  H2O-leachable sulphate, 
chloride and ammonium display similar wide ranges in 
values (means of 152, 66 and 76 ����µg/g-1). ������������������   Levels of Fe, Mn, 
Pb, Cu and Zn are significantly higher in the <63µm than 
in the <2mm size fraction (Table 2; significant to 0.01 level 
in Wilcoxon ranked pairs tests). 

Table 1: Summary data for RDS <2mm sample composition. 

Mass

(g/m2)

% mass

<63µm

Loss on 

ignition 

(%)

Cu

(µg/g)

Fe

(µg/g)

Mn

(µg/g)

Pb

(µg/g)

Zn

(µg/g)

H2O-

leachable

Cl-  (µg/g)

H2O-

leachable 

SO4
2-  (µg/g)

H2O-

leachable 

NH4
+  (µg/g)

χlf

(10-6m3kg-1)

Mean 96.3 6.0 7.8 88 2005 170 164 268 66 152 76 4.25

Range 7.3-740 0.5-20.8 3.8-22.6 14-342
438-

5251

63-

856

45-

1461

65-

990
5-776 19-2139 20-412 1.19-18.34
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RDS Spatial Variability
The spatial variability in RDS composition across the 

city of Manchester is shown in Figures 2, 3 and 4. Both mass 
of sediment recovered per m2 of road surface and percent 
of the sediment <63μm in size show a similar distribution 
pattern, with generally higher values outside Manchester 
and Salford City centres, and low values in the centres (Fig 
2). Neither loss-on-ignition or magnetic susceptibility data 
display systematic patterns of distribution (Fig. 3). 

Of the metals, only Zn and Pb possess significant 
correlation (r = 0.454, P<0.001), with weaker, but significant, 

relationships between Cu and Zn (r = 0.329, P<0.01), and 
Fe and Mn (r = 0.224, P<0.05). As a consequence, Pb and 
Zn display similar distribution patterns, with generally 
higher levels in the city centres (Fig. 3). Iron, and to a lesser 
extent Mn, tends to display higher levels outside the centres, 
whilst Cu displays highest levels to the south of Manchester 
City centre (Fig. 3). H2O-leachable chloride, sulphate and 
ammonium all display high values in the city centres, with 
low values away from the centres (Fig. 4), and all possess 
highly significant correlations with each other.

Table 2: 0.5M HCl leach metal concentration ������ (µg g -1)� ���������  ��������������  for RDS <63������������ µ����������� m fraction.

Metal concentration Cu
(µg/g)

Fe
(µg/g)

Mn
(µg/g)

Pb
(µg/g)

Zn
(µg/g)

Mean 181 3438 293 263 394

Range 25-1532 772-7398 128-495 25-1496 106-1212

Mass of RDS (g/m2)

<63 µm (%) LOI (%)

250

0

15

0

20

0

381396 386396

381401 38601

Figure 2:  Spatial distribution of RDS sample mass recovered, proportion <63μm, and loss-on-ignition values.
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Figure 3:  Spatial distribution of Fe, Mn, Pb, Zn, Cu and magnetic susceptibility for RDS samples.
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Discussion

Physical Characteristics
There is a high degree of variability in the mass of sediment 
recovered at different sample sites, from 7.3 to 740 gm-2. 
These variations will represent an interplay between those 
processes responsible for accumulation and removal of 
particulates. Within the urban environment there are several 
mechanisms that will remove RDS from street surfaces, 
including wind, surface water runoff and street sweeping. 
Given similar climatic conditions across Greater Manchester, 
the most likely controls on RDS accumulation are extent 
of sediment sources and frequency of street sweeping. 
The former of these is hard to assess. For aesthetic reasons 
street sweeping takes place much more regularly in the city 
centres and, therefore, significant sediment accumulation 
can only take place away from these areas. We, therefore, 

conclude that this is the most important control on this 
data set. Loss-on-ignition values display a high range (3.8-
22.6%). The lower end of this range is similar to values 
reported in previous studies of RDS (Fergusson and Ryan 
1984; Al-Chalabi and Hawker 1996; Xie et al. 1999; Robertson 
et al. 2003), but the higher end of the range is significantly 
higher than in these published studies. Organic matter is 
generally higher in the city centre (Fig. 2), suggesting an 
anthropogenic component, but the specific sources are un-
determined.

Metal levels and distributions
Whilst numerous data sets have been published on metals 
in RDS, different studies have used different digestion 
methods, thereby limiting the direct comparisons that can 
be made to this study. This is particularly true for the HCl 
leach method utilised here. Sutherland (2002), using a single 

Figure 4:  Spatial distribution of H2O-leachable chloride, sulphate and ammonium for RDS samples.
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step 0.5M HCl digest on soils and RDS in an urban catchment 
in Hawaii, reported similar levels of Pb, Zn and Cu to this 
study, but higher levels of Mn and Fe. However, that study 
included soils, which would be expected to have higher 
levels of Fe and Mn than in this study, which did not include 
soils. The finding that metal levels are significantly higher in 
the <63µm size fraction is consistent with other published 
studies on urban RDS (Sutherland 2003). However, there 
is no significant paired correlation between metal levels in 
the <2mm samples and the weight % of 63µm size fraction 
in the samples. Therefore, spatial variations in contaminant 
concentrations of the samples (see below) are not a result of 
variations in grain-size, but real variations in contaminant 
levels.

Previous study of the Manchester RDS (Robertson et 
al. 2003) documented that Pb levels were highest in inner 
city sites, an observation reinforced by the larger data set 
presented here (Fig. 3). Such patterns of Pb distribution have 
been explained by the increased density of traffic in city 
centres (Farmer and Lyons 1977; Duggan and Williams 1977; 
Hamilton 1984), and we interpret the patterns in Manchester 
to be explained similarly. In the UK, the reduction, and then 
discontinuation, of leaded-petrol has led to reductions of 
RDS-Pb loads in recent years (Massadeh and Snook 2002). 
The presence of significant Pb levels in the RDS samples in 
this study suggest that there are other sources of Pb than fuel 
combustion, possibly redistributed historical soil pollution. 
The distribution of Zn in this study (Fig. 4), similar to that 
of Pb, suggests similar sources. Zn has been suggested to 
have been derived from tyre wear (Hopke et al. 1980; Kim et 
al. 1998), consistent with this interpretation. Cu distribution 
is distinctive from Pb and Zn (Fig. 3). Whilst Cu has been 
sourced to vehicle activity, coming from corroded car 
bodywork (Beckwith et al. 1986), the data for Manchester 
RDS suggest additional, unidentified, sources. Iron and 
Mn display similar spatial distribution to each other, but 
distinct from other metals (Fig. 3). Iron and Mn have been 
documented to have been derived from a large number of 
sources, including geogenic background sources (Hopke et 
al. 1980; Linton et al. 1980). In this study, they are highest 
away from the city centre, possibly suggesting derivation 
from soils and other geogenic sources that are rare in the 
city centres.

Some studies have suggested that magnetic suscept-
ibility may be a quick and easy proxy for metal contamination 
in aquatic sediment (Berry and Plater 1998; Chan et al. 2001; 
Perry and Taylor 2004). Magnetic susceptibility in this study, 
however, displays a spatial distribution that contrasts to 
metals, suggesting that it is not a good measure of metal 

contamination in these sediments. This is probably due to 
the mineralogy of RDS. Robertson et al. (2003) concluded 
that the magnetic mineralogy of RDS is derived from 
combustion processes, rather than from soils. Furthermore, 
Robertson and Taylor (in review) document that a significant 
proportion of the metals in RDS are hosted in industrial 
glass grains and iron oxide fragments derived from vehicle 
wear. Therefore, it is unsurprising that mineral magnetic 
measurements in the RDS do not act as a proxy for metal 
levels, as the metals and mineral-magnetic components are 
derived from different sources. 

H2O-leachable chemical species.
High levels of H2O-leachable chloride, sulphate 

and ammonium have been observed in this study. Such 
components have not been reported from RDS previously, 
and so comparison to published data is not possible. 
However, surface water quality in urban areas has been 
studied extensively, and the effect of readily mobilised 
chemical species has been clearly documented; the ‘first-
flush’ associated with rainfall events (Morrison et al. 1984; 
Lee and Bang 2000). The high levels of H2O-leachable Cl-, 
SO4

2- and NH4
+, clearly indicate the presence of soluble 

phases within the Manchester RDS. The application of de-
icing salt (NaCl) is the likely source of soluble chloride to 
RDS (Norrstrom and Jacks 1998). Sulphate and ammonium 
are most likely derived from atmospheric deposition onto 
street surfaces, and is related to vehicular and industrial 
emissions (Samrani et al. 2004). The same authors also report 
barium sulphate particles in urban runoff sourced from 
automobile brake material and road paint. The clear spatial 
association to the city centres for all soluble species in this 
study suggests a vehicular source. 

The presence of soluble chloride mineral phases in 
RDS has been previously documented, and these may also 
play a role in metal complexing (Lumsden et al. 1995; Serrano-
Belles and Leharne 1997). The significant levels of leachable 
components in the RDS suggest that these sediments can 
have significant impacts upon surface water chemistry. 
The management, through removal and minimisation of 
these sediments on street surfaces should, therefore, form 
a significant component of urban pollution management. 
Further mineralogical and chemical study is needed to 
understand the nature of soluble species in RDS. 

This study has illustrated that there is significant 
spatial variability in RDS contaminant levels across the 
centre of Manchester. This date set was taken from a single 
5-day period in time, which minimised temporal variation. 
Seasonal variations in RDS have been documented by 
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Vermette et al. (1991), the high seasonal variability being 
associated with the anthropogenic source materials 
contributing to RDS. Seasonal variability has been suggested 
to be controlled by climate (Vermette et al. 1991; Fergusson 
and Kim 1991) specifically, the number of dry days, rainfall 
wash off and prevailing wind direction, all of which 
contribute to the extent of washing of sediments and the 
dominant source materials. These studies documented that 
concentrations of Pb fell due to the washing of sediments 
and concentrations of Zn rose due to the washing of 
galvanised roofing. Monitoring data, both spatial (which 
have been monitored in the present study) and seasonal, 
are required in order to gain a better representation of major 
polluting episodes that remain unaccounted for within spot 
sampling regimes. Such monitoring data would lead to a 
better understanding of RDS quality and associated urban 
pollution.

Conclusions
First, road-deposited sediment (RDS) was sampled on a 
five-day period over a 5km by 5km area of the centres of 
Manchester and Salford, at a sampling density of 0.25km2 
(100 samples in total). The highest levels of accumulated 
sediment were recorded away from the city centres, 
probably as a result of regular removal of RDS by street 
sweeping in the city centres. 

	 Second, for the RDS samples, HCl-extractable Fe, 
Mn, Zn, Cu and Pb, and H2O-leachable chloride, sulphate 
and ammonium, all displayed high levels of variability across 
the sampled area. In general, Pb and Zn displayed high 
levels in the centres of Manchester and Salford, probably 
reflecting increased traffic density, with lower values outside 
these areas. Iron and Mn were highest away from the 
city centre, possibly suggesting derivation from soils and 
other geogenic sources that are rare in the city centres. Cu 
distribution was distinctive from both Pb and Zn, and Fe 
and Mn. Whilst Cu has previously been sourced to vehicle 
activity, the data for Manchester RDS suggest additional, 
unidentified, sources. 

	 Third, magnetic susceptibility displays a spatial 
distribution that contrasts to metals, and, therefore, does 
not serve as a good proxy for metal contamination in these 
sediments. 

Fourth, H2O-leachable chloride, sulphate and 
ammonium all show similar distribution patterns, with 
high values in the centres of Manchester and Salford, and 
low values outside the centres. Sulphate and ammonium 
probably derive from wet and dry deposition, ultimately 
derived from vehicular and industrial processes. Chloride 
is presumed to be derived from road-salting. The presence 
of high levels of these soluble components indicates that 
RDS should be expected to have an impact upon surface 
water quality, and their chemical characteristics should be 
considered in surface water quality management. 

	 Fifth, the recognition of spatial variability in the 
RDS in this city suggests that such data should be routinely 
collected to aid in the effective implementation of urban 
pollution management strategies based upon contaminant 
source control. A small-scale sampling regime, within one 
grid would also supplement these findings. This study 
sampled over a single period of five days but temporal 
(seasonal, yearly) variability also needs to be considered in 
future assessments.

Acknowledgements
This was partly funded through a Nuffield Foundation Undergraduate Research Bursary to FC, and through funds from 
the Manchester Geographical Society, which is gratefully acknowledged. Technical assistance was provided by David 
McKendrick. 



North West Geography,  Volume 6, 2006 18

References
Al-Chalabi A S and Hawker D 1996 Retention and exchange behaviour of vehicular lead in street dusts from major roads The Science 

of the Total Environment 187 105-119

Beckwith P R. Ellis J B and Revitt D M 1986 Heavy metal and magnetic relationships for urban source sediments Physics of the Earth 
and Planetary Interiors 42 67-75

Berry A and Plater A J 1998 Rates of tidal sedimentation from records of industrial pollution and environmental magnetism: the Tees 
Estuary, north-east England Water Air and Soil Pollution 106 463-479

Bris F J Garnaud S Apperry N Gonzalez A Mouchel J M Chebbo G and Thevenot D R 1999 A street deposit sampling method for 
metal and hydrocarbon contamination assessment The Science of the Total Environment 235 211-220

Chan L S Ng S L Davis A M Yim W W S and Yeung C H 2001 Magnetic properties and heavy metal contents of contaminated sea-bed 
sediments of Penny’s Bay, Hong Kong Marine Pollution Bulletin 42 569-583

Charlesworth S M Everett M McCarthy R Ordonez A and de Miguel E 2003 A comparative study of heavy metal distribution in 
deposited street dusts in a large and small urban area: Birmingham and Coventry, West Midlands, UK Environment 
International 29 563-573

Charlesworth S M and Lees J A 1999 The distribution of heavy metals in deposited urban dusts and sediments, Coventry, England 
Environmental Geochemistry and Health 21 97-115

Duggan M J and Williams S 1977 Lead-in-dust in city streets The Science of the Total Environment 7 91-97

Farmer J F and Lyon T D B 1977 Lead in Glasgow street dirt and soil The Science of the Total Environment 8 89-93

Fergusson J E and Kim N D 1991 Trace elements in street and house dusts: sources and speciation The Science of the Total Environment 
100 125-150

Fergusson J E and Ryan D E 1984 The elemental composition of street dust from large and small urban areas related to city type, source 
and particle size The Science of the Total Environment 34 101-116

Grottker M 1987 Runoff quality from a street with medium traffic loading The Science of the Total Environment 59 457-466

Hamilton R S Revitt D M and Warren R S 1984. �������������������������������������������������������������������������������            Levels and physico-chemical association of Cd, Cu, Pb and Zn in road sediments The 
Science of the Total Environment 33 59-74

Harrison R M 1979 Toxic metals in street and household dusts The Science of the Total Environment 11 89-97

Hopke P K Lamb R E and Natusch F S 1980 Multielemental characterization of urban roadway dust Environmental Science and Technology 
14 164-172

Horowitz A J 1991 A primer to trace-element chemistry Lewis, Michigan

Kim K W Myung J H Ahn J S and Chon H T 1998 Heavy metal contamination in dusts and stream sediments in the Taejon Area, Korea 
Journal of Geochemical Exploration 64 409-419

Lecoanet H Leveque F and Ambrosi J P 2003 Combination of magnetic parameters: an efficient way to discriminate soil-contamination 
sources (south France) Environmental Pollution 122 229-234

Lee J and Bang W 2000 Characterization of urban stormwater runoff Water Research 34 1773-1780

Linton R W Natusch D F S Solomon R L and Evans C A 1980 Physicochemical characterisation of lead in urban dusts: a microanalytical 
approach to lead tracing Environmental Science and Technology 4 159-164

Louma S N and Bryan G W 1982 A statistical study of environmental factors controlling concentrations of heavy metals in the burrowing 
bivalve Scrobicularia plana and polychaete Nereis diversicolor. Estuarine Coastal Shelf Science 15 95-108

Lumsden D G Evans L J and Bolton K A 1995 �������������������������������������������������������������������������������������              The influence of pH and chloride on the retention of cadmium, lead, mercury and zinc 
by solid Journal of Soil Contamination 4 137-150

Madrid L Diaz-Barrientos E and Madrid F 2002 Distribution of heavy metal contents of urban soils in parks of Seville Chemosphere 49 
1301-1308

Massadeh A M and Snook R D 2002 Determination of Pb and Cd in road dusts over the period in which Pb was removed from petrol 
in the UK Journal of Environmental Monitoring 4 567-572

Morrison G M Revitt D M Ellis J B Svensson G and Balmer P 1984 Variations of dissolved and suspended solid heavy metals through 
an urban hydrograph Environmental Science and Technology Letters 7 313-318

Norrstrom A C and Jacks G 1998 Concentration and fractionation of heavy metals in roadside soils receiving de-icing salts The Science 
of the Total Environment 218 161-174

Owens P N Apitz S Batalla R Collins A Eisma M Glindemann H Hoornstra S Kothe H Quinton J Taylor K G Westrich B and White 
S 2004 Sediment management at the river basin scale Journal of Soils and Sediments 4 219-222

Perry C T and Taylor K G 2004 Impacts of bauxite sediment inputs on a carbonate-dominated embayment, Discovery Bay Jamaica. 
Journal of Coastal Research 20 1070-1079

Robertson D J Taylor K G and Hoon S R 2003 Geochemical and mineral magnetic characterisation of urban sediment particulates, 
Manchester, UK Applied Geochemistry 18 269-282

Rogge W F Hildemann L M Mazurek M A Cass G R and Simoneit B R T 1993 Road dust, tire debris, and organometallic brake lining 
dust – roads as sources and sinks Environmental Science and Technology 27 1892-1904

El Samrani A G Lartiges B S Ghanbaja J Yvon J and Kohler A 2004 Trace element carriers in combined sewer during dry and wet 
weather: an electron microscope investigation Water Research 38 2063-2076



North West Geography,  Volume 6, 2006 19

Stone M and Marsalek J 1996 Trace metal composition and speciation in street sediment: Sault Ste, Marie, Canada Water, Air and Soil 
Pollution 87 149-169

Sutherland R A 2002 Comparison between non-residual Al, Co, Cu, Fe, Mn, Ni, Pb and Zn released by a three-step sequential extraction 

procedure and a dilute hydrochloric acid leach for soil and road deposited sediment Applied Geochemistry 17 353-365

Sutherland R A 2003 Lead in grain size fractions of road-deposited sediment Environmental Pollution 121 229-237

Sutherland R A Filip Tack M G Tolosa C A and Verloo M G 2001 Metal extraction from road sediment using different strength reagents: 
impact on anthropogenic contaminant signals Environmental Monitoring and Assessment 71 221-242

Sutherland R A Filip Tack M G Ziegler A D and Bussen O J 2004 Metal extraction from road-deposited sediments using nine partial 
decomposition procedures Applied Geochemistry 19 947-955

Thuy H T T Tobschall H J and An P V 2000 Distribution of heavy metals in urban soils – a case study of Danang-Hoain area (Vietnam) 
Environmental Geology 39 603-610

Vermette S J Irvine K N and Drake J J 1991 �����������������������������������������������������������������������         Temporal variability of the elemental composition in urban street dust Environmental 
Monitoring and Assessment 18 69-77

Wang W H Wong M H Leharne S and Fisher B 1998 Fractionation and biotoxicity of heavy metals in urban dusts collected from Hong 
Kong and London Environmental Geochemistry and Health 20 195-198

Xie S Dearing J Bloemendal J and Boyle J 1999 Association between the organic matter content and magnetic properties in street dust, 
Liverpool, UK The Science of the Total Environment 241 205-214

Yang Y and Baumann W 1995 Seasonal and areal variations of polycyclic aromatic hydrocarbon concentrations of street dust determined 
by supercritical fluid extraction and gas chromatography-mass spectrometry Analyst 120 243-248

Yunker M B Macdonald R W Vingarzan R Mitchell R H Goyette D and Sylvestre S 2002 PAHs in the Fraser River basin: a critical 
appraisal of PAH ratios as indicators of PAH source and composition Organic Geochemistry 33 489-515


