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Table 1. Median concentrations in runoff of heavy metals and hydrocarbons from different
drained surfaces

Drained Unsealed Roof, Roof, Roof, Roof, Roof, Traffic,  Traffic, Traffic,

surface surfaces, green without with zinc copper pedestrian car residential
garden, roof metal zinc lane, yard park  street
grassland elements drains

Heavy metals

Cd ug/l 0.7 0.1 0.8 08 10 08 0.8 1.2 1.6

Zn ug/l 80 468 370 1851 6000 370 585 400 400

Cu ug/l 11 58 153 153 153 2600 23 80 86

Pb ug/l 9 6 69 69 69 69 107 137 137

Hydrocarbons

PAH  pg/ll 039 - 044 044 044 044 1.00 3.50 4.50

MOTH mg/l  0.38 - 070 0.70 0.70 0.70 0.16 0.16 0.16

PAH: polycyclic aromatic hydrocarbons
MOTH: mineral oil type hydrocarbons

POLLUTION RETENTION IN INFILTRATION SYSTEMS

During the natural infiltration process, the soil removes most substances from the water. The
pollution retention capacity for particulate matter is based on filtration and biological
degradation. The processes important in the case of dissolved substances are physicochemical
filtration, biological degradation and uptake by roots of plants. Physicochemical processes
include adsorption, ion exchange, complex building and chemical precipitation.

German environmental authorities have recently sponsored a research project entitled
“Evaluation and reduction of the emission of heavy metals - copper, zinc and lead - from roof
surfaces, gutters and down pipes®. The results of this research, which are shown in Table 2,
highlight the need for stormwater treatment prior to infiltration (Athanasiadis et al. 2004).

Table 2. Total emission and distribution of heavy metals from roofs and coverings in
Germany in watercourses and soil

Total emissions copper lead zinc

ka/s ka/s ka/s

Roofs and coverings 0.0027 0.0008 0.022

Watercourses 0.0019 0.0005 0.015

Soil 0.0005 0.0002 0.004
STUDY OBJECTIVES

The main objective of this study was to develop a compact, decentralised stormwater
treatment system, consisting of a treatment pit with a specially coated porous concrete filter
and a variable length of porous concrete infiltration pipe. The facility needed to be optimized
to achieve both high pollution retention capacity and a satisfactory flow-rate. Solid and
dissolved pollutants needed to be removed from runoff by sedimentation, filtration,
adsorption and chemical precipitation. The mobility of heavy metals and hydrocarbons and
the impact on soil and groundwater was investigated.
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treat more than 98 % of annual runoff. Systems are equipped with an overflow, so that when a
severe storm occurs, stormwater is able to bypass the filter and flow directly into the
infiltration pipes.

Precipitation Oil Retention

Separator
Sediment storage
Manhole base

Figure 1. The stormwater pollution control pit

Laboratory tests

Laboratory tests using rigs and an artificial runoff were undertaken at the University of
Minster. Five filters were investigated in parallel during one test. The test rigs had
dimensions of 0,4 m x 0,4 m. Tests for different kinds of runoff were carried out. Presented
are the results of runoff from a copper roof. Only dissolved copper was simulated, since
particulate metals will be removed in the pre-filtering chamber. The flow rate in the tests was
about 0.59 I/s, which corresponds to a rain intensity of 56 I/(sxha). The filters were subjected
to concentrated runoff at 5 times the expected normal level. Heavy metals concentrations
were analyzed in the inflow and in the outflow of the rigs.

Test under near natural conditions

A real scale concrete filter pit followed by a trench with infiltration pipe was built. The trench
was installed in a stainless-steel basin of 2.80 m x 1,50 m x 0,80 m with an infiltration pipe
DN 300. Atrtificial runoff was mixed in two stainless steel tanks with a volume of 2 m* that
were equipped with stirrers. Therefore rainwater was collected on a roof and was spiked with
additional heavy metals. The water was pumped by a peristaltic pump through the filter pit
into the infiltration pipe. Simulated rain intensity was controlled by flowmeters. For testing
runoff from traffic areas oil was added directly into the inlet of the pit. Samples were taken
from the inlet, the outlet of the filter pit and at the seepage of the trench. Diferent kinds of
runoff were used. Tests were carried out, simulating a period of 2 years.
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Figure 3. Flowrate through filters 1 to 4 at various hydraulic pressures
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Figure 4. Removal efficiency for copper

Figure 4 shows the amount of copper removed over 8 experiments during a simulated 8
month period in the laboratory tests. Best results were achieved by the filter containing iron
hydroxide fill and epoxy resin cement (no. 6), which over the period of the tests decreased
from 100 % at the beginning to 87 % at the end. This decline is due to the behaviour of
copper, since the dissolved metal is adsorbed by the iron hydroxide material. After several
months of operation, the adsorption capacity decreases and higher amounts of copper are able
to pass the filter. Concrete-based filters allow chemical precipitation as well as adsorption
processes to take place. Such filters showed lower removal efficiencies in the beginning, but
efficiency did not decrease as in the case of the GEH filter over the tested period. Thus,
concrete-based filters can be assumed to have a longer operational life. Since the amount of
dissolved copper in the effluent from these filters is less than 1 %, the remaining copper
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