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Three case studies on trace metal contamination in urban stormwater are presented from the Greater Vancouver area of
British Columbia. In the first case study, the spatial and temporal variability in trace metals in sediments were determined
in the completely urbanized Brunette watershed. A natural lake in the middle of the watershed acts as a sediment detention
system, and an analysis of the sediment core showed the historic accumulation of metal and selective organic contaminants
in sediments since the early 1800s. Suspended sediments transported during storm events showed significantly higher
concentrations of trace metals than bedload sediments, and the largest proportion of the geochemically active metals was
found to be associated with the organic-sulphur-based fraction. Benthic organism survival tests showed mixed results with
lower survival and growth in urban sediments than in control sediments from a forested watershed. In the second case study,
significant correlations were obtained between percent impervious cover and trace metal concentrations in 28 subwatersheds
with various degrees of urbanization. It is shown that imperviousness combined with traffic density can significantly improve
the prediction of metal contamination in highly urbanized watersheds. In the third case study five urban stormwater detention
systems were examined over one year to determine how effective these systems were in removing metal contamination. The
results were highly variable depending on a wide range of physical conditions, land use activities, traffic volume, and detention
system designs. The range of total metal detention was between –15 to +72% for copper (Cu), lead (Pb), and zinc (Zn), while
iron (Fe) and manganese (Mn) retention was generally poor. Labile Zn was more effectively retained in four of the five ponds,
and a significant relationship was found between percent imperviousness, traffic volume, and Zn concentrations in water,
sediment, and labile form.
Key words: imperviousness, trace metals, sediment quality, cumulative effect, diffusive gradients in thin films (DGT), detention
ponds

Introduction

diverse and healthy aquatic community and minimize
habitat degradation (Cianfrani et al. 2006). Catchments
containing 12 to 25% impervious surfaces are considered
impacted, and those above 25% are considered unhealthy
aquatic environments (Cianfrani et al. 2006). Although
total impervious area can easily be determined from
aerial imagery, it is not a direct measure of the effective
impervious area, which can only be determined by costly
and time-consuming field investigations (Cianfrani et
al. 2006). The underlying factors that determine the
impact of imperviousness on hydrologic regime, water
quality, and aquatic health of a stream are complex. The
wet weather performance of different best management
practices is highly variable in different geographic areas
(Booth et al. 2002; Pennington et al. 2003; Pontier et al.
2004; Novotny et al. 2005). Accordingly, two research
questions are emerging from the literature: 1) Can we
develop new urban watersheds with less than 8 to 12%
impervious surface cover? 2) What are the best options
to mitigate impacts on streams in urban watersheds,
particularly those with >12% impervious surface cover?
The main sources of contamination in urban
watersheds are trace metals, organic contaminants,
nutrients, pathogens, and dissolved solids (Sartor and
Boyd 1972; Stone and Marsalek 1996; Deletic and Orr
2005) that accumulate on road surfaces from car traffic

The extent of impervious surface coverage in urban
watersheds is commonly used as a cumulative effects
indicator (Schueler 1994; Booth and Jackson 1997).
Imperviousness is the indirect cause of urban water pollution
and its impact on aquatic organisms. Imperviousness
increases surface runoff, causes flashy streamflow
responses, increases erosion, and transfers contaminants
that accumulate on road surfaces and driveways into
receiving waters. Depending on the antecedent rainfall/
runoff relationship, higher contaminant loadings and
rapidly changing concentrations of pollutants during
storm events are associated with increasing impervious
cover (Larkin and Hall 1998; Ichiki et al. 2001).
Relationships between imperviousness and aquatic
health have, in most cases, shown negative curvilinear
relationships between the percent of imperviousness and
benthic macroinvertebrate diversity (May et al. 1997;
Stepenuck et al. 2002; Wang and Kanehl 2003; Novotny
et al. 2005). The literature suggests that if the effective
impervious surface areas (impervious surfaces directly
connected via a drainage system to urban streams)
are less than 10 to 12%, it is possible to maintain a
* Corresponding author: star@interchange.ubc.ca
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and from urban land use activities. These contaminants
enter receiving waters in both dissolved and particulate
forms and are transported primarily during storm events.
Contaminant transfer is highly variable and dependent on
land use activities, traffic density, storm intensity, storm
duration, and the conveyance system that links impervious
surfaces to the stream channel. The objectives of this
paper are to 1) quantify sediment-associated pollutant
levels in the highly urbanized Brunette watershed in the
Vancouver area, 2) examine the effect of imperviousness
and traffic density on contaminant loading of metals, on
sediments, and on aquatic health, and 3) determine the
efficiency of retaining metals in detention systems and
wetlands. Three case studies are presented to meet the
proposed objectives.

hour on the Trans-Canada highway and 3,000 to 5,000
vehicles per hour on the Lougheed Highway (McCallum
1995) (Fig. 1). Burnaby Lake is located in the middle of
the Brunette watershed and is a natural sediment trap.
Concerns have emerged about sedimentation in the lake,
the loss of recreational opportunities, and related impacts
on aquatic and human health (GVRD 2001). Over the
past 35 years, several studies have been conducted in the
Brunette watershed to determine levels of trace metal
contaminants in bed-sediments, in lake core samples
and suspended sediments in tributary inflows, in the lake
outflow, and at locations downstream (Bindra and Hall
1977; McCallum 1995; Muraro 2005; Li 2007).
Five sample sites were selected in the Brunette
Watershed (Fig.1). Still Creek and Eagle Creek are two
tributaries draining into Burnaby Lake. Stoney Creek is
a first-order tributary entering the river below the lake,
and the Lower Brunette River station is below the lake
which drains into the Fraser River (Fig. 1). The land use
in each subwatershed is described in Table 1.
Bed sediments were collected in late summer of
1973, 1993, and 2003. The samples were wet sieved
and the <63-μm sediment fraction (Fergusson 1990)
was analyzed using the hydrofluoric acid digestion (HF)
method (Bindra and Hall 1977; McCallum 1995; Muraro
2005).

Case Study Materials and Methods
Case Study 1: Examining Sediments in the Brunette
Watershed
The Brunette watershed is a highly urbanized watershed
in the Burnaby-Vancouver area, which has approximately
45% impervious cover and has two of the busiest
transportation corridors in the Lower Fraser Valley. The
peak a.m. traffic volumes are 5,000 to 7,000 vehicles per

Fig. 1. Location of sampling stations in the Brunette watershed.

2

Challenges in Urban Watersheds and Mitigation

The Pb, Zn, Cu, Mn, Ni, Cr, Fe, and Co concentrations
were determined using the atomic absorption and
inductively coupled plasma atomic emission spectroscopy
(ICP-AES) instruments. The bioavailable metal fractions
were determined from sediment samples from three
stations in Still Creek and one site in Eagle Creek. Various
geochemical phases were determined using the sequential
extraction procedure described by Engler et al. (1974)
and Rule and Alden (1992).
The growth and survival of Chironomus riparius
and survival of Hyalella azteca were assessed to estimate
sediment toxicity using standard bioassays (Ingersoll
and Nelson 1990). The solid phase 5-minute Microtox
EC50 test which measures decreases in light emission
of photoluminescent bacteria was also used to measure
sediment toxicity (Microbics Corp. 1991).
In 2004, three 1.5-m long sediment cores were
obtained near the inlet of the lake, and the cores were
examined to document historic changes in sedimentation
rates and contaminant accumulation over time. The
Pb210 dating technique (Graney and Eriksen 2004) was
used on the best core, and selective sediment layers were
dated and analyzed for trace metals and chlorinated
organics. The HF technique described by McCallum
(1995) was used to determine the metal concentrations,
and the chlorinated hydrocarbons (dichloro-diphenyltrichloroethanes [DDTs] and polychlorinated biphenyls
[PCBs]) were extracted from the sediments with acetone
and then partitioned into hexane. Individual compounds
were detected using electron capture gas chromatography
(McCallum and Hall 1998).
A third study examined the metal loadings to the
lake during several storm events using a field-based
centrifuge. The suspended sediment was analyzed using
techniques described by Sekela et al. (1998).
Collectively, these data provide important information
about the effectiveness of the lake as a natural detention
system, and illustrate the spatial and temporal variability
in metal contamination present.

imperviousness and traffic density on sediment
contamination. Bed sediments were sampled in 1973
(Westwater Research Centre 1973) and again in 2006,
and the changes in imperviousness were determined from
historic aerial photos and recent orthophotos to measure
changes in metal concentrations as a function of the
increasing imperviousness at the regional scale over time
(Iwata 2007). For the 2006 samples, the <63-μm fraction
and the U.S. EPA (1994) extraction method combined
with the ICP-AES instrument were used for the analysis.
The 1973 sediment samples were analyzed with the aqua
regia-HF digestion method (Smoley 1992) followed by
absorption spectrophotometric analysis instead of ICPAES (Iwata 2007). Since the analytical methods have
improved dramatically over this 33-year time period, it is
difficult to compare the changes in metal concentrations
between the two data sets. Only the very large changes
in concentrations are likely relevant. The change in
imperviousness from 1973 to 2006 was determined using
digital orthophotos of the area and geocorrected digital
aerial photos. The changes in imperviousness from 1973
to 2006 were determined using geographic information
system (GIS) overlay techniques.

Case Study 3: Effectiveness of Metal Retention in
Stormwater Ponds and Wetlands
The third case study was designed to demonstrate the
effectiveness of five constructed wet and dry detention
ponds and wetlands in detaining metals in sediments
from urban runoff. The detention systems were selected
in the Greater Vancouver and Lower Fraser Valley areas,
and the input and outflow of sediments and associated
trace metals were determined over a one-year period
(Brydon 2004).
Two of the five study ponds were built primarily
for the purpose of peak runoff control (Westview
and 52 Ave/221A St.), while three also incorporated
additional measures for water quality improvement
(Tempe Heights, Griffin Park, and Oakalla). The ponds
represented a cross section of the attempts to implement
stormwater ponds in the area since the early 1990s.
They are all located in suburban areas, four of which
collect runoff from housing developments and one which
collects highway runoff (Westview). The catchments vary

Case Study 2: Relationships Between Imperviousness,
Traffic, and Metal Pollution in Sediments
Twenty-eight subwatersheds in the Greater Vancouver
area were examined to determine the effects of

3

Brydon et al.

in size, traffic intensity, and percent impervious cover.
The pond designs range from a strict detention pond to a
constructed wetland, with varying surface areas, volumes,
and extents of vegetation. Although these factors have
been shown to affect metal removal (Mallin et al. 2002;
Walker and Hurl 2002; Minton 2005), they provide an
opportunity to observe the level of contamination in the
sediments and water in different systems. A summary of
the characteristics of the individual ponds is provided in
Table 2.
The monitoring program consisted of analyzing
accumulated sediments in the detention systems over a
one year period (2003 to 2004) and exploring the use
of diffusive gradients in thin films technique (DGT) to
measure labile metal concentrations in the water. The
DGT units were deployed for periods of three to four
weeks at the inlet and outlet of each pond and wetland.
The DGT units consisted of a binding agent that

accumulated solutes quantitatively after their passage
through a well-defined diffusion layer. A polyacrylamide
hydrogel was used as the diffusive layer, while Chelex
100 resin, incorporated into a second gel layer, served as
the binding agent. The two gels were enclosed in a small
plastic device that could be deployed in situ (Zhang et
al. 1998; Gimpel et al. 2001; Peters et al. 2003; Zhang
2003). Since ion exchange resins accumulate ions through
exchange mechanisms, they model the action of cell
walls on plant roots, fish gills, and aquatic invertebrates
(Reichman 2002).
DGT preconcentrates metal solutes, which alleviates
the problems of contamination and poor detection at
trace levels. DGT units have proven to be useful due to
their ability to operate in situ and eliminate the need for
sample collection and storage. It has been found that the
concentrations of metals measured by DGT in solutions
with pH values between 5 and 8.3 agree well with those
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obtained by direct measurement. When DGT is deployed
in rivers or streams with reasonable flow rates, the
measurement should be independent of flow to within
5% (Zhang et al. 1998; Gimpel et al. 2001).
Bed sediment sampling took place in July 2003
and again in September 2003 followed by systematic
sampling every three to four weeks from November
2003 to January 2004 in response to frequent rainfall. As
precipitation diminished, sediment sampling was reduced
to six to seven week intervals from January to June 2004.
Surficial sediments were collected at the inlet and outlet
of each pond and wetland.
The DGT units were transported to the laboratory
in small plastic bags and analyzed according to directions
provided by Zhang (2003). The resin gel layer was shaken
in a 30-mL plastic Nalgene bottle containing 20 mL of
1 M nitric acid. The resin gel was left in the acid for
72 to 96 hours to ensure that sufficient elution time was
provided. The nitric acid extracts were analyzed using
ICP-AES. The concentrations reported for DGT results
represent the concentration of metals measured in the
eluent. Sediment samples were wet sieved to the <63-μm
fraction, were digested using the aqua regia technique,
and were analyzed for metals using ICP-AES (Smoley
1992).
Quality assurance/quality control procedures for
all analyses included field and laboratory duplicates
and blanks. Sediment analysis also included the use
of standard reference sediment, and the DGT units
were calibrated in the laboratory prior to deployment
according to guidelines provided by the manufacturer
(Zhang 2003).

Fig. 2. Trace metals in bed sediments in the Brunette
watershed, 1973 to 2003.

historic profile of metal contaminant accumulation in
the sediment core is shown in Fig. 3. There was a steady
increase in Pb concentration from the 1920s until the
early 1980s when source controls, such as Pb removal
in gasoline, were implemented. The observed decrease in
Pb during the 1970s resulted from the accumulation of a
large sand layer likely deposited during the largest rainfall
event recorded over the past 100 years. In contrast, Zn
and Cu concentrations continued to accumulate and this
is attributed to the increase in traffic over time.
Accumulation of organic pollutants such as PCBs and
DDT in the Burnaby Lake sediment core occurred from
the 1950s to the 1980s (Fig. 4). In shallower sediments,
these concentrations declined rapidly after DDT was
banned in Canada and uses of PCBs were prohibited.
Presently, 360,000 m3 of sediment are scheduled to be
dredged from Burnaby Lake by 2012 to improve water
quality and recreational opportunities (BCEAO 2008).
There is a serious concern of resuspending contaminants
during the reclamation process and dredging, and onsite
treatment must be carried out before the sediments can
safely be disposed of in landfills.

Results
Case Study 1
Results of metal concentrations in sediments in the
Brunette watershed. The results from the bed sediment
analysis showed that the dry weight concentrations of Cu,
Pb, and Zn were significantly higher in Still Creek than
in the lower Brunette River (Fig. 2). This trend appears
to be the result of Burnaby Lake acting as a sink for
sediment and associated metals. There has been a general
decline in some metal levels over time (particularly Pb
concentrations) since source control measures, such
as removal of Pb from gasoline, were introduced in
the 1980s. The extent of impervious surface area and
related traffic volume is likely the main cause of the
fairly constant concentrations of Zn in all stations and
of Cu in Eagle Creek and the Brunette River. The high
concentration of Mn in the Eagle Creek subwatershed
is likely due to direct anthropogenic inputs from eroded
clay-rich deposits of marine origin that were exposed by
construction in the headwaters of the creek.

Trace metals in suspended sediments during storm
events. Using suspended sediment data allowed the
determination of annual metal loading to Burnaby Lake.
The results shown in Table 3 indicate the contribution to
the annual loading of every hectare of urban area in the
subwatersheds. As was determined by Sekela et al. (1998)
and Li (2007), between 50 to 750 g of Cu, Pb, and Zn
is estimated to originate each year from every hectare of
urban land in the watershed.
Similarly, high concentrations of organic pollutants,
such as polycyclic aromatic hydrocarbons (PAHs), PCBs,
and derivative byproducts of DDT, were transported
during this storm event and the loading rates were
generally twice as high at the Burnaby Lake intake (Still
Creek) than in the Lower Brunette River below the lake
(Table 4). This again suggests that sediments are trapped
in the lake, which results in a significant reduction in
downstream concentrations of these contaminants.

Results of a historic reconstruction of accumulated
contaminants in sediment core from Burnaby Lake. A
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Fig. 3. Historic records of Cu, Zn, and Pb concentrations in sediment cores from Burnaby Lake (d.w. = dry weight).

Fig. 4. Historic records of DDT and PCB concentrations in
sediment cores from Burnaby Lake (d.w. = dry weight).
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tests. However, when the survival and growth test for
Chironomids and Daphnia were compared with those
from Musqueam Creek (an undisturbed creek in a
forested environment) the impact of the urban pollution
was clearly evident (Table 5) (Smith 1994).
The relationship between sediment contaminant
levels and negative impacts on aquatic biota starts
to become more significant when one considers both
trace metals and organic contaminants relative to their
cumulative PEL (Fig. 6). The x-axis of Fig. 6 represents
the fractional sum of the trace metals (Cu, Pb, and Zn),
each divided by their PEL in addition to the similar
fractional sums of three PAHs (phenanthrene, fluorine,
and pyrene) (equation 1) (CCME 2003).

Bioavailability and toxicity of metals. Maintaining
a healthy aquatic ecosystem in urban watersheds is a
management priority, and measures are needed to reduce
the fraction of bioavailable metals entering receiving
waters. The data in Fig. 5 show that Cu was primarily
associated in the organic-sulphur phase (OSP) which was
proportionally higher (up to 50%) than all other fractions.
Thirty to 50% of the Zn was associated with the easily
reducible sediment phase in 1973, which decreased to 10
to 20% in 1997, with a higher proportion in the OSP
in 1997. The highest contaminated station for both Cu
and Zn in 1973 was in the lower reaches of Still Creek
(Douglas Ave.), but this decreased by 1997, likely as a
result of the phasing out of heavy industry in the area
above the station.
With the exception of Cu in the Brunette River
(Table 3), the levels of Cu, Pb, and Zn in the suspended
sediments exceeded the probable effects levels (PEL) that
have been considered by CCME (2003) to be detrimental
to aquatic biota. Research on the speciation of trace
metals in sediments substantiates the distribution of
relatively high levels of Cu associated with the organicsulfur phase, and of Zn with the easily reducible sediment
phase (Fytiano and Louranton 2004; Wang et al. 2004;
Van der Veen et al. 2006; Morillo et al. 2007).
Table 5 shows Chironomid and Hyalella survival
and Microtox test results for 1996 and 1997 (Microbics
Corp. 1991). No clear trends were observed during these

(1)

Where: PAH1 = phenanthrene, PAH2 = fluorene, PAH3
= pyrene.
Both the solid-phase Microtox (EC50) and the
percent survival of Chironomids in surface sediments
from four stations in Still Creek (Fig. 1) demonstrated
a toxic response in relation to the cumulative weighted
levels of these contaminants. The results show that metal
concentrations in urban sediments are highly variable
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(A)

(B)

(C)

(D)

Fig. 5. Percent of total a) Cu (1973), b) Cu (1997), c) Zn (1973), and d) Zn (1997) concentrations found in different phases
in Brunette River watershed sediments (<63 μm). IW = interstitial water; EP = exchangeable phase; ERP = easily reducible
phase; OSP = organic sulphur phase.

and the concentrations in the suspended fractions,
particularly during storm events, are significantly higher
than in the bedload. The bioavailable fraction of trace
metals will tend to be associated with the chemical
fraction that is mobilized by weaker chemical reagents
and can potentially move across cellular membranes and
then become toxic to organisms. Other bioassays show
sediments from a highly impacted urban site to be far
more detrimental to the survival of test organisms than
sediment from a control site unaffected by land use
changes.

Case Study 2
Regional relationships between imperviousness, traffic,
and metal pollution in sediments. The imperviousness
increased between 1973 and 2006 in 23 of 24
subwatersheds with comparable data, but the changes

Fig. 6. Comparison of sediment quality guidelines (probable
effects levels [PEL]) and bioassays.
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Fig. 7. Relationship between cobalt and nickel concentrations in sediments and a) percent imperviousness and b) road density
in 28 subwatersheds. Significant logarithmic correlations (p < 0.05).

were relatively small (<9%) in 20 of these subwatersheds.
In those subwatersheds where the changes in urbanization
were large (>30%) it was evident that trace metals in
sediment have also increased in a significant manner. The
trace metal contamination in bed sediments increased
between 30 and 50% in those watersheds that had more
than a 30% increase in impervious surfaces between
1973 and 2006.
The 2006 results showed that there were significant
logarithmic relationships between the percent
imperviousness and the Ni and Co concentrations in
sediments (Fig. 7). In contrast, Zn and Cu showed
significant linear relationships (Fig. 8). Since the major
sources of Zn and Cu originate from transportation
activities, it was anticipated that road density rather than
total imperviousness would provide a better relationship
with these metals, but the relationships between these
factors were insignificant (Table 6). It is likely the traffic
volume and not the road density will have the greatest
impact on metal accumulation in sediments.
Another way to refine the imperviousness index is
to determine the effect of urbanization within a 100-m
riparian buffer zone because land use activities within
this zone are likely to have a more pronounced impact
on the urban stream (Wang et al. 2001; Wang and Kanehl
2003). However, when imperviousness and road density
were examined within the 100-m riparian buffer zone,
these relationships did not improve significantly (Table
6).
These overall relationships between imperviousness
and Cu, Zn, Co, and Ni are adequate as a first
approximation, but it should be remembered that
imperviousness as determined from aerial imagery is a
crude indicator. To complement it, analysis should include
a field assessment of the effective impervious area, the

amount of traffic, other urban land use activities, and the
prevailing hydrological regime. The four most urbanized
subwatersheds were selected from West Vancouver
and from the Alouette watershed, and were compared.
They all have similar degrees of percent impervious
areas; however, it is evident from Fig. 9 that this can
generate very different Cu and Zn concentrations in bed
sediments. Cu and Zn concentrations were significantly
higher in the West Vancouver subwatersheds than in the
Alouette. A possible explanation for this is that the West
Vancouver subwatersheds are all transected by a major
highway (estimated at 20,000 vehicles/day), while those
in the Alouette system contain extensive road networks
in suburban neighbourhoods with significantly lower
traffic densities (estimated at 500 to 1,000 vehicles/day).
Unfortunately, most low road density areas do not have
traffic information in order to quantify such impacts.
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Fig. 8. Relation between zinc and copper in river sediments and a) percent imperviousness and b) road density in 28 subwatersheds. Grey symbols correspond to areas with very little traffic flow. Open symbols are points sampled near high traffic
causeways. Black symbols represent low traffic in residential areas. Significant Spearman’s correlations (p < 0.01).

Fig. 9. Differences in imperviousness and Cu and Zn between four urbanized subwatersheds in West Vancouver (WV) and
in the Alouette watershed (2006).

Further research is needed to investigate the cumulative
effects of traffic density, road density, and impervious
surface cover on urban water quality, especially during
storm events.

originated in the Westview catchment area, particularly
with respect to chromium and zinc concentrations. Griffin
Park and Tempe Heights exceeded the PEL in 100% of
samples for inlet copper and zinc in the sediments (CCME
2003). The sediments at the Oakalla biofiltration system
had significantly higher manganese concentrations than
the other ponds.
Table 7 shows the highly variable differences in total
trace metal concentrations in sediments between the inlet
and outlet of each pond. The retention was generally more

Case Study 3
Effectiveness of metal retention in stormwater ponds
and wetlands. Comparing metal levels in different
ponds showed that the highest sediment contamination
10
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Fig. 10. Relationship between average daily traffic volume and percent impervious cover of the catchments and the labile zinc
concentration at the inlets of the five ponds.
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pronounced in the wet season (October to April) than
during the dry season (May to September). Reduction
in Zn concentrations ranged between –4 to +65%, but
was only significant in two of the five ponds. Copper,
chromium, and lead concentrations in the sediments
between the inlet and outlet ranged between –8 to +67%
for Cu, –15 to +53% for Cr, and –8 to +72% for Pb.
Again, significant differences were only obtained in two
of the five ponds. Fe and Mn were generally poorly
retained, ranging from –34 to +30% for Fe, and from
–38 to +74% for Mn. Only two of the five ponds had
positive removal values. These results are similar to those
presented in other investigations which also showed the
highly variable nature of sediment contamination and
detention (Birch et al. 2004; Graney and Eriksen 2004;
Pontier et al. 2004).
The labile manganese concentration of the water,
measured using the DGT technique, at the inlets was
significantly higher at the Oakalla biofiltration system
(Table 8). Labile zinc concentrations were significantly
higher in the Westview interchange detention pond than
all of the other ponds (Wilcoxon signed-rank test, p <
0.05).
The labile metal concentrations of iron and
manganese were generally lower at the outlet than the
inlet, particularly in the wet season, where differences of
up to 81% were seen. The difference between inlet and
outlet labile zinc concentrations ranged between +10 to
+78%, and only one pond had a negative detention (wet
season) (Table 8).
An interesting result was found in the consistently
positive correlations between the traffic volumes and
percent impervious cover of the pond catchments and
the concentrations of zinc in the sediment and labile
water forms, which suggested that the traffic volumes
might be a predictor of zinc accumulation in the ponds
(Fig. 10). However, since the study sites had a wide
gap in daily traffic volumes, from 960 to 72,000 cars,
more intermediary evidence is required to support these
observations.

for continuous monitoring of the metals in the ponds,
which incorporates the spikes of the first flush often
missed by individual grab water samples.

Conclusions
The challenges in measuring and detaining trace metals
in sediments in urban watersheds were illustrated in three
case studies in the Greater Vancouver area of British
Columbia. The results show that a lake in the middle of
the Brunette watershed was very effective in reducing
the metal contamination downstream, and the analysis
of the lake core sediments showed the historic record of
metal and selective organic contamination between 1880
and 2003. Metals in suspended sediments transported
during storm events showed significantly higher levels of
contamination than bed sediments, and in a geochemical
extraction it was shown that the Zn and Cu were mostly
associated with the organic-sulphur fraction. Toxicity
testing based on macroinvertebrate survival and Microtox
showed variable results, but comparison of toxicity tests
between urban and forested watersheds showed that test
organisms had significantly greater mortality and lower
growth when exposed to urban sediments.
In a regional comparison it was shown that percent
imperviousness was significantly correlated with
Co and Ni concentrations in sediments (logarithmic
relationships), while Zn and Cu showed a significant
linear relationships. At high degrees of urbanization it
is evident that the traffic volume is equally as important
as percent imperviousness, since two areas with similar
percent imperviousness showed significantly different Zn
and Cu sediment levels. Again, these two metals are highly
reflective of transport intensity, and imperviousness and
road density alone do not explain the difference.
In testing the effectiveness of five urban stormwater
detention systems, it was shown that the results are
highly variable depending on a wide range of physical
conditions, land use activities, traffic volumes, and
detention system designs. The range of total metal
retention was between –15 to +72% for Cu, Pb, and Zn,
while Fe and Mn retention was generally poor. The labile
Zn concentrations were more effectively retained in four
of the five ponds. The most interesting results were found
between percent impervious cover, traffic volume, and
the Zn concentration in sediments and labile form.

Discussion
The apparent removal of zinc from the water column,
as shown by the differences in inlet and outlet
concentrations, is likely due to the adsorption of zinc to
the clay sediments and subsequent settling to the bottom
of the ponds. Iron and manganese were retained poorly
in most of the ponds, suggesting effects of mobility from
sediments and chemical transformations at the watersediment interface. The geological nature of these metals
contributes to their complex transformations, especially
in wetland soils (Goulet and Pick 2001).
The use of DGT proved to be a useful tool for
comparing concentrations of labile metals in different
areas of the ponds. By measuring the accumulation
of many metals over the same time period, a better
understanding of the overall condition of the stormwater
is obtained. The three-week deployment periods allowed
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