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ABSTRACT

Many studies have identified metals in urban runoff as a major contributor to the
degradation of urban streams and rivers. Metals of most concern are copper, cadmium,
chromium, lead, mercury, and zinc. Metals in urban runoff can occur as dissolved,
colloidal, and particulate-bound species. Therefore, it is important to measure all forms
of heavy metals, especially the particulate and filterable fractions, when determining their
fate and effects.

The objectives of these tests were to determine the associations of heavy metals
and nutrients with different-sized particulates using cascade sieves and filters. Sequential
extraction experiments were also conducted to examine the treatability and other
characteristics of the filterable (<0.45 um) portion of the heavy metals using Chelex-100
resin, UV-light exposure, and Anodic Stripping Voltammetry (ASV).

A decrease in concentration with sequential removal of particulates was obtained
for total solids, turbidity, chemical oxygen demand, and total phosphorus. Total solids,
turbidity, and total phosphorus were reduced by more than 50% with removal of
particulates. Heavy metals were generally found more in the filterable fraction and not
greatly removed by reduction in particulates. Less than 50% of Zn, Cu, Cd, or Pb were
associated with particulate fraction. New toxicity testing procedures were developed.

Results showed that toxicity was not associated with the particulates in these samples.
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The use of ASV was also developed to measure the ionic forms of heavy metals
in the filterable fractions. Good sensitivity was obtained by using Square Wave Stripping
Voltammetry with a 5 minute deposition time. The use of ASV with samples exposed to
an ion exchange resin were unsuccessful. Colloidal analysis showed that most of the Zn,
Cd, and Pb were not present in the free ionic form, but were bound to the colloids or
organic matter whose bonds could be broken by exposure to UV light. Only Cu occurred
in mostly the ionic form.

Recommendations for future research include work with the new toxicity test
system, decreasing the detection limit of Zn measured by ASV, and developing the use of

ASV for samples digested in nitric acid and for those exposed to the Chelex-100 ion

exchange resin.
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CHAPTERI1

LITERATURE REVIEW

1.1 Heavy Metal Pollution of Stormwater

Many studies have identified heavy metals in urban runoff as a major contributor
to the degradation of urban streams and rivers (Pitt et al. 1995; Drapper, Tomlinson, and
Williams 2000). Metals of most concern are copper (Cu), cadmium (Cd), chromium
(Cr), lead (Pb), mercury (Hg), and zinc (Zn). Of these metals, copper and zinc are
currently receiving the most attention due to their effects and their occurrence and
concentrations in urban runoff. Metals in urban runoff can occur as dissolved, colloidal
and particulate-bound species. Therefore, it is important to measure all forms of heavy
metals, especially the particulate and filterable fractions, when determining their fate and
effects. If possible, associations of the metals with different particle sizes should also be
determined. Finally, to obtain the most meaningful data on either bioavailability or
toxicity, it 1s important that chemical speciation techniques be applied (Florence and
Bately 1980). Chemical speciation is the determination of the individual concentrations
of the various chemical forms of an element that together makes up the total
concentration of that element in a sample. Speciation of metals is dependent upon
chemical and physical parameters such as pH, temperature and the presence of ligands

and particulates. Depending upon the chemical form of the metal, a water with a high
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total metal concentration may be less toxic than another water with a lower total metal
concentration (Florence and Batley 1980).

The threat from metals to humans and aquatic life is due to their toxicity,
persistence and bioaccumulation (Pitt 2003). It is important to determine the speciation
of a metal because of the toxicity of many metals is related to their speciation and valence
state. Most metals are essential nutrients for living cells, but only in small quantities.
When metals are present in excess, they can become cumulative toxins. Some metals,

such as mercury and lead, have no nutritional value and are considered dangerous, even

in small concentrations.

1.2 Characteristics of Stormwater Affecting Treatability of Heavy Metals

1.2.1 Dissolved and Particulate Forms of Pollutants

Table 1 summarizes the filterable fraction of heavy metals found in stormwater
runoff sheet flows from many urban areas (Pitt et al. 1995). Constituents that are mostly
in filterable forms have a greater potential of affecting groundwater and are more difficult
to control using conventional stormwater control practices that mostly rely on
sedimentation and filtration principles. Luckily, most of the metals are associated with
the non-filterable (suspended solids) fraction of stormwater. Likely exceptions include
zinc which may be mostly found in the filtered sample portions. However, dry weather

flows in storm drainage tend to have much more of the heavy metals associated with

filtered sample fractions.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



