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Surface and pore water sampies were taken from a stormwater detention pond in 

Richmond HiU, Ontario, to determine the mobility of sediment-bound cationic metals on a 

seasonal basis. Analyses of surface waters indicated that the stonnwater detention pond behaved 

as sink for nutrients, except total phosphoms, and trace metals as intended. However, low 

dissolved oxygen, and very high total phosphorus, chloride, ammonia; and some trace metals 

make the pond a chaiienging environment for biota. Occasionally Cu, Fe, and Zn exceeded 

recommended Provincial Water Quality Objectives. An increase of 50 - 60 % in trace metal 

concentrations occurred during the winter. Plottiog of pore water profiles and diffùsive flux 

calculations indicated an upward flux of trace metals fiom the sedirnents that were recycled and 

precipitated to the sediments as Fe and Mn oxides throughout the s u m e r ,  fall, and s p ~ g .  A 

downward flux of trace metals into the sediments occurred during the winter. 
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1.0 INTRODUCTION 

It is well recognised that urban runoff contains a wide may of chemicds at concentrations 

that can cause deleterious effects. Higher pollutant levels are associated with more intensive 

development such that urban runoff pollutant levels may be comparable to secondary treated 

wastewater effluent (Scholes et. al., 1998). Nutrients, trace metals, and synthetic organic 

compounds fiom runoff cm accumulate in the sediments and biota of receiving waters (William 

et. ai, 1995). in ternis of natural wetlands, this process of chemical accumulation has led to 

cleaner water at the expense of wetland ecosystem quaiity (Shaw et. al., 1997). To avoid these 

problems with natural wetlands, governent policies have promoted the use of stormwater 

detention ponds as they are considered a compromise between the preservation of existing natural 

systems and exploitation of the biological and physicochemical processes that remove 

contaminants €rom water (Debusk et. al., 1996). 

Stormwater detention ponds were originally designed for stomwater quantity mitigation. 

However, recently developed ponds have been designed for rnitigating contaminants within 

stomwater as well. Hence, polluted urban stormwater is routed through the stormwater 

detention pond which then acts as a pollution control device by allowing pollutants to settle or 

decay (Shaw et. al., 1997). It is for this reason that the Ontario Ministry of the Environment has 

included the implementation of stormwater detention ponds (SDPs) as a best management 

practice in its mandate to mitigate stormwater runoff in newly developed areas of Ontario 

(MOEE, 1991 a). The construction of SDPs for stormwater management has been viewed as a 

feasible solution to improve water qudity in urban and rural environments (MOEE, 1992). m i l e  

these SDPs appear to be a cost-effective and reasonable means of de- with urban runoff, the 



expectations of their role as a water treatment option are high. For exarnple, Makos and Hnicir 

( 1995) state: 

"Whik SDPs eflcientiy remove mmy poIft~tarits from trrban wastmater strems, SDPs 
also greut& chance the enviro~~ment by provzding a habitat for vegeîation, jish, birdr. d 
other wildrfe. '" 

Helfield and Diarnond (1997) have raised concerns that achieving the objectives of water quality 

improvement and provision of habitat may not be compatible, and that insufficient attention has 

been paid to long term &te and effects of chemicai ioadings into these treatment systems. 

Most studies of SDP performance have been carried out over restricted time penods, 

usually during the summer, during the first few years of operation when accumulated loadings are 

low, and over a single or restricted range of toading rates (Tanner et. al., 1998). in addition, 

much of the literature on the implementation and use of SDP's cornes from wanner climates, such 

the southem United States (Debusk et. al., 1996, Dombeck et. al., 1998, Gambrell et. al., 1991, 

Makos and Hrncir, 1995, and Tanner et. ai., 1998). These short-terrn studies conducted under 

conditions optima1 for chernical removal are unlikely to provide us with an unbiased assessrnent of 

SDP efficiency under ambient conditions. 

The major constituents of urban runoff are metals (Makepeace et al., 1995). They 

originate from a variety of municipal and industriai sources (Marsalek et al., 1997). Metals may 

exist in a variety of forms that are govemed by ambient conditions such as pH and redox 

potential. Metal mobility is a h c t i o n  of environmental conditions, including those that govern 

speciation. Therefore, to understand metal mobiïity in SDP's we must investigate overall SDP 

performance under ambient conditions as well as factors that influence metal speciation. 

The overall goal in this study was to investigate the effectiveness of SDP's for retaining 

metals. The objectives of this field-based research were: 
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to determine the seasonal mobility of trace metals, and; 

to examine factors that influence metal mobiiity (eg. salinity, ionic strength, water temperature, 

position of the redoxycline, Eh, DIC/DOC, POC, and nutrient levels). 

These objectives were achieved by conducting field studies at SDP. The sarnpling 

program was designed to: 

assess the difisive flux of metals across the sediment-water interface, 

and to measure metal inputs and outputs across a SDP. 

The SDP was located in Harding Park in Richmond Hill, Ontario, Canada. The pond was 

constructed in 1993 - 1994 and consists of a forebay and a wet detention pond that discharges to 

wetland before entering German Miils Creek, a tributary of the east Don River. 



2.0 LITERATURE REVIEIN 

2.1 Urban and Stonnwater Rhnoff Sources of Trace Metds to Stonnwater mention Ponds 

Urban soils, sediments, and waters are prone to environmental degradation through 

excessive inputs of toxic contaminants. These contaminants, including both toxic elements and 

organic contaminants, originate fiom municipal and industriai sources. Concentrations of many 

pollutants in urban stormwater are at least an order of magnitude above background levels 

(Marsalek et. al., 1997). Stormwater discharges are characterised by high flows during or shortly 

afier penods of wet weather or during periods of snowmelt. The discharges contain high 

concentrations of suspended solids, and significant quantities of nutrients and toxic substances 

( e g  trace metals, chlorides tiom deicing salts, hydrocarbons) (Chambers et al., 1997, and Bodo, 

1989). Loadings fiom stormwater are dependent upon the drainage area and the land use 

activities in that area (Chambers et al., 1997). Once particles and particle-sorbed chernicals have 

settled, the sediments themselves may act as a reservoir for trace met& since chernical reactions 

(Le. sorption, precipitation, and complexation), flow or wind induced currents and bioturbation 

may contnbute to the flux of trace metals to and fiom the sediments (Dornbeck et al., 1998). 

In a summary of stormwater loadings published for the Canadian Great Lakes basin 

(Marsalek and Schroeter, 1988), the annual loading for inorganics (mostly trace metals) was 

estimated at 102 - 105 kg/yr. Toxic metals comrnonly found in stormwater runoff that have the 

potential to affect aquatic life and human health include aluminium, beryllium, mercury, silver, 

zinc, lead, iron, copper, cadmium, chromiurn, nickel and manganese (Marsalek et al., 1997, and 

Makepeace et al., 1995). Such metais originate from automobile operation, abrasior. and 

corrosion of roadways, and roadway maintenance procedures. Significant fractions of trace 



metals are found in runoff in the dissolved phase and are generally considered bioavailable 

(Marsalek et al., 1997). 

2.2 Review of the Sources a d  Uses of Trace M d d s  Ekamined in this Stutij 

The following is a review of the sources and uses of the met& that were examined in this 

study. These trace metals were selected based on their abundance in the Harding Park SDP. The 

metals examineci included barium, copper, iron, manganese, strontium, sodium, and zinc. 

2.2.1 Barium Ba 

A silvery-white metal (atornic number 56; atomic weight 137.6; specific gravity 3.5; 

melting point 725°C; boiling point 1640°C, oxidation state +2) (Adriano, 1986, and Reeves, 

I979), barium is the heaviest of the stable alkaline earth elements. The fiee element oxidises 

readily in moist air and reacts with water o r  with dilute acids under evolution of hydrogen gas. 

The element is used in the fonn of barium compounds, primarily as barite (BaSO& which in tum 

is produced Crom high-grade ore (75%-89%), often in association with granite and shale (Adriano, 

1986). About 80% of ground and crushed barite sold have been used directly as a weighting 

agent in oil- and gas-weU drillhg mud. The remainder of barite, and al1 witherite (Bas), are used 

in the manufacture of glass, ceramics, television picture tubes, brick and tile refactones, plastic 

stabilisers, railroad flares, fireworks, fine chemicals, lubricating oil additives, brake pads, and 

permanent magnets (Reeves, 1979, and Hildemann et. al., 1991). Barium is also used in the 

manufacturing processes of sugar refining, paper coating, steel hardening, and as a pigment in 

paint (Reeves, 1979). Barïum containing household and consumer products constitue a 

minuscule part of barium consumption, but have the great est toxicological significance. They 

include rodenticides, insecticides, and depilatones (Reeves, 1979). Recently barïum has also been 



found to be used in red Lipsticks and has also been considered a source of barium to the 

environment (Rastogi and Pritzl, 1998). 

2.2.2 C O D D ~ ~ ,  Cu 

Copper (atomic number 29; atomic weight 63.5; density 8.9;  melting point 1083.4OC; 

boiling point 2567OC) is one of the most important metais to humans. It is reddish coloured, 

takes on a bright metallic luster, is malleable, ductile and a good conductor of heat and electricity 

(Piscator, 1979, and Adriano, 1986). The principle uses of copper are in the production of wire 

and its b ras  and bronze alloys. Copper is aiioyed with tin, lead, zinc, nickel, aluminium, and 

manganese. The electrical industry is one of the major users of Cu in the production of electrical 

wires and other electrical apparatus. Because of its high thermal conductance and relative 

inertness, copper is extensively used in containers such as boilers, stem pipes, automobile 

radiators, and cooking utensils. The metal is widely used in water delivery systems. It 1s also 

extensively used in agriculture in the form of fertilisers, bactericides, and fùngicides, and as an 

algaecide in water purification. It is used as a feed additive, such as in antibiotics, drugs, and 

selected chemical compounds, as a growth promoter, and as an agent of disease control in 

livestock and poultry production (Adriano, 1986, and Piscator, 1979). 

2.2.3 Iron. Fe 

Iron (atomic number 26; atomic weight 55.8; density 7.9; melting point 153S°C; boiling 

point 3000°C) is supenor to al1 other elements in magnetic properties. The pnnciple foms of iron 

are ferrous ( ~ e ~ ' )  and femc ('Fe3? (Adriano, 1986, and Elinder and Piscator, 1979). Iron 

undergoes severai structural changes when heated or mixed with other metals and these 

phenornena are the basis for metallurgy. Humans have used iron for several thousand years and 

production of steel is one of the corner Stones of the industrialised world. Steel and iron products 
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are used in the construction of ships, bridges, railroads, highways, buildings, etc. Large amounts 

of steel are also used in the production of transportation vehicles and weapons. kon compounds 

have a great number of applications though they constitute less than 1% of the total iron 

consumption. Iron oxides are used as pigments in paints, plastics, etc. Femte materials made of 

iron oxide are utilised in the electronic indüstry for products such as cornputer-memory cores. 

Certain iron salts, rnainly ferrous sulphate and ferrous succinate, are fiequently used for the 

treatment and prevention of iron deficiency in humans (Adriano, 1986, and Elinder and Piscator, 

1 979). 

2.2.4 Manganese. Mn 

Manganese (atomic number 25, atomic weight 54.93 8; melting point 1 244°C; boiling 

point 1962°C; density 7.21-7.44 depending on forxn, oxidation states O, +1, +2, +3, +4, +5, +6, 

+7) is a whitish grey metal, harder than iron but very brittle (Adriano, 1986, Piscator, 1979). 

Since 1939, Mn has been used primarily in the metallurgicai industry. As an essential ingredient in 

steel, it neutralises the h d l  effects of sulphur, serves as an anti-oxidant, and provides strength, 

toughness, and hardness. For these reasons, Mn is used also in the production of alioys of steel, 

aluminium, and copper. These alioys are used in the electncal industry and for ship propeilers. 

Manganese, or its compounds, is used quite extensively in akaline batteries, electrical coils, 

cerarnics, matches, welding rods, glass, dyes paints, and drying industries. Other compounds that 

contain manganese are dryers for paints, vamishes and oils, fertilisers, disuifectants, and animal 

food additives. It is also used as a component of anti-knock compounds for intemal combustion 

of engines (Adriano, 1986, and Piscator, 1979). 



2.2.5 Sodium Na 

Sodium (atomic number 11; atomic weight 22.99; density 0.97; melting point 97S°C; 

boiling point 880 OC; oxidation state +1) has a bright metallic luster that won dulls as the surface 

is oxidised. It is a good conductor of heat and electricity however, because it is soft, mechanically 

weak, and reacts with the atmosphere, it is not used as a stmcturai material. As it is an alkdi 

metal, it commonly occurs as rock salt, NaCl, in enormous salt deposits that were formed by the 

evaporation of ancient seas. It is mined either by conventional methods or by forcing water into 

the deposit to f o m  a concentrated salt solution, b ~ e ,  that is pumped to the surface and 

evaporated (Gillespie et ai., 1989). In this form, NaCl, is applied to roadways as a deicing agent 

in order to maintain bare pavement throughout the winter in Canada and the northern United 

States (Buttle and Labadia, 1999, and Mason et al., 1999). 

2.2.6 Strontium Sr 

Strontium (atomic number 38; atomic weight 87.62; density 2.6; melting point 770°C; 

boiling point 1380 OC; oxidation state +2) is a silvery white metai. It tends to be a good 

conductor of heat, has a high electrical conductivity, and is maiieable and ductile. Because it is a 

sofi metal it has no imponance as a structurai materiai (Gillespie et al., 1989). Industrial uses of 

strontium are limited to the manufacture of pyrotechnie devices, the processing of steel and paint, 

and the refining of sugar. Strontium bromide is often used for x-ray diagnostic work and as a 

t herapeutic agent in reducing gastnc hyperacidity (Beliles, 1979). 

2.2.7 Zinc, Zn 

Zinc (atomic number 29; atornic weight 65.4; density 7.1; melting point 420°C; boiling 

point 907"C, oxidation state +2) is a crystalline bluish white metal (Adnano, 1986, and Elinder 

and Piscator, 1979). It is a relatively soR metal and bas a strong tendency to react with inorganic 
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compounds (oxides, sdphates, phosphates) as weil as organic ones (Elinder and Piscator, 1 979). 

Zinc ranks fourth among metals of the world in annual consumption, behind Fe, Al, and Cu. The 

automobile industry accounts for almost one third of United States use and consumption 

(Adriano, 1986). Zinc is also extensively used as a protective coating on a number of metais to 

prevent corrosion and in alloys such as brass and bronze. Galvanised rnetals have a variety of 

applications in the building, transportation, and appliance industries. Gaivanised pipes are 

commonly used in domestic water delivery systems, and Bnc solubilised by corrosion is thought 

to make some contribution to the zinc concentrations found in wastewater. Zinc and its 

compounds are ingredients of many household items, including utensils, cosmetics, powders, 

ointments, antiseptics and astringents, paints, vaniishes, linoleum, rubber, and others. They are 

also used in the manufacture of parchment papers, glass, automobile tires, television screens, dry 

ce11 batteries, and electrical apparatus. Ot her uses include agricultural micronut rient fertilisers, 

insecticides, hardeners in cement and concrete, and pMting and drying textiles. They are also 

used in the production of adhesives, as a flux in metaiiurgical operations, and as a wood 

preservative (Adriano, 1986). 

2.3 Water Quaiiîy Minguîio~ and Habitat Generation in Stormwrrter Detention Ponds 

The potential hazard to organisms from exposure to trace metais in the SDP ecosystem 

(influent, sediment reflux) may be great due to the extreme toxicity of trace metals. However, the 

impacts of metais on organisms are dependent on numerous mechanisms including the pathway of 

exposure, the trace metal concentration and physicochernical state (i.e. speciation) in the 

environment, and the uptake mechanisms. Stormwater detention ponds attmct a host of aquatic 

and aquatic-dependent organisrns (Dombeck et. al., 1998). However, the dual purposes and 
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objectives of stormwater management and water quaiity mitigation dong with those for habitat 

quality and creation may not be reasonable. Wildlife (both aquatic and terrestrial) that use these 

systems may be exposed to accumulated contamuiants within the stomwater detention pond 

(Helfield and Diamond, 1997). In addition to threatening the viability of the vegetative 

comrnunity and decreasing the system's capacity to process additional contaminant inputs, 

contaminants sequestered in vegetation and substrates may bioconcentrate and biomagniQ 

through the aquatic food web. The diversity of biota that may be impact4 by chemical 

contamination include benthic invertebrates, fish, and floating plants in aquatic habitats; and soi1 

invertebrates, insect s, plants, rnammals, waterfowl, and predatory birds in terrestrial habitats 

(Pascoe, 1993). Studies of the lower Don River and Keating Channel have cited bioaccumulation 

of trace metals in fish and wading birds via direct uptake fiom the water colurnn and ingestion of 

sediment contaminated particles or  biota (MTRC A, 1 983 ). 

The mechanisms of metal-ion toxicity have been divided into the following three 

categories by Nieboer and Richardson ( 1 980): ( 1 ) blocking of essential biological functional 

groups of biomolecules, (2) displacing the essential metal ion in biomolecules, and (3) modwng 

the active conformation of biomolecules. The overail result of the binding of metal ions to 

reactive sites, where they are not normally required, is often inhibitory. These effects may result 

in acute and chronic toxicity impacts in organisms @ombeck et. al., 1998). 

Hence, the dichotomous roles of stomwater detention ponds for water quality mitigation 

and habitat enhancement ecologically oppose one another as the habitat benefits related to feeding 

and reproduction by aquatic fauna may be threatened in areas subject to substantid loadings of 

trace metals (Helfield and Diamond, 1997). In addition, in cases of large and chronic contaminant 

loadings, the proximity of stomwater detention ponds and other surrounding or comecting 
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syaems (e.g. upland-based wiidlife) may allow for impacts to be manifested outside the 

stormwater detention pond (Cataiio, 1993). The ecological consequences of stomwater 

detention ponds are of great concem since they are designed to accumulate contaminants. These 

contaminants may then bioconcentrate throughout the aquatic and aquatic-dependent faunal 

structure, since these pond systems are aiso designed to be open for habitat establishment 

(Helfield and Diamond, 1 997). In addition, the great ly increased circulation of trace metals 

through soils, sediments, water, and air and their eventual transfer to the hurnan food chah 

remains an important environmental issue which may result in some unknown health nsks for 

fbture generations (Nriagu and Pacyna, 1988). 

2.4 Factors A m ' n g  MdaI Mobiliatio~~ in Stonnwater Detentim Pond En vinminen h 

There are a nurnber of physical and chemical properties of soils and sediments affécting 

metd mobilisation-immobilisation processes. Physical properties include texture (proportion of 

sand, silt, and clay), organic matter content, and to some eaent the type of clay minerais. 

Chernical properties include redox potential, pH, salinity, and the presence and solubility of 

important inorganic chemical components such as carbonates and sulp hides. Contaminant s can 

partit ion t hemselves between the various solid phases contained within soils and sediments. These 

phases include phyilosiiicate clays, hydrous oxides of iron, aluminium and manganese, and hurnic 

materiais. The surfaces of these phases are chemicaliy active, which allows charged ions to be 

adsorbed to their surfaces. 

2.4.1 Phvsical Characteristics 

The edges of clays and oxide minerais accept and donate protons and assume negative, 

neutral, or positive charges. Many metallic cations, such as toxic trace metals, can fom strong 



complexes with pH-dependent charged mineral surfaces found in soils and sediments, whereas 

others, such as Ca, Mg and Ba, form weak complexes. Specfic adsorption of cations ont0 

mineral surfaces occurs most readiiy for those met& that hydrolyse in water. The extent of 

adsorption is dependent on pH and increases to a maximum, as the pH is raised (Bolton and 

Evans, 1997). Positively charged cations in solution are attracted by electrostatic forces to the 

negatively charged edges and swfaces of sediment and soii particles (Evans, 1989). Such metals 

include most of the transition elements and the rare earth elements, in addition to other ions, such 

as Hg and Pb. The adsorption reaction generally involves the formation of an imer sphere 

complex between the hydroxo-metai complex and the negatively charged deprotonated surface of 

oxides, hydroxides, and oxyhydroxides of Al, Mn, and Fe (Evans, 1989). 

Humic Mderials 

Soi1 and sediment organic matter contains hurnic materials that are significant to the 

environment in terms of the storage of trace metais. Hurnic materials contain fùnctional groups 

(carboxyls, phonernics, aicohois, methoxyls, carbonyls, ethers, and esters) that can act as 

complexant organic Iigands (Bolton et al., 1996). They are a mixture of poorly degradable 

decomposition products and by-products of natural organic matter produced by both plants and 

animals and they account for the bulk of the organic materiai in nahiral waters and soils (Snoeyink 

and Jenkins, 1980). Humic substances are able to combine with, or bind, considerable quantities 

of metal ions. For example, many metals can be enriched into peat, a type of soi1 organic matter 

of a hurnic nature, fiom soi1 waters so that the enrichment of the metal in the peat is up to 10 000 

times the concentration in the water (Snoeymk and Jenkins, 1980). Hence, it is the fine-textured 

soils and sediments containing an appreciable organic matter content that tend to accumulate 



contaminants in surface water bodies and thereby act as reservoirs of contaminants (Gambrell, 

1 994). 

2.4.2 Chernical Characteristics 

The metais in contaminated soils and sediments are usually in unavailable forms: a) 

precipitated as metal oxides, hydroxides, and carbonates of low solubility, b) adsorbed to  colloidal 

hydrous oxides of iron and manganese in aerobic, neutral or aikaline pH environments, c) 

precipitated as highly insoluble sulphides under strongiy reducing conditions, and d) complexed 

with dissolved and insoluble humic materials (Gambreli and Patrick, 1988). However, metals may 

undergo chemicai transformations thereby affecthg theu mobility and availabiiity. These 

transformations are a result of changes in the physicochernical properties of the system such as 

pH, redox potential, and salinity (Gambrell and Patrick, 1988). 

pH and Redox 

The importance of pH in controlling trace metal partitioning between solid and solution 

phases has been widely identified. Ln addition, the oxidation status of soils and sediments has 

been shown to affect the distribution of some trace met& between bound, unavailable forms and 

soluble and/or plant-available forms (Gambrell et. al., 1991). As soils are flooded and becorne 

anaerobic or reducing, the pH tends to converge toward 7 (neutrality). The pHs of natural 

wetland soils generally ranges fiom around 6.5 to 7.5 and favours metal immobilisation. 

However, upon oxidation, many wetland soils and sediments with a near neutral pH may become 

sufficiently acid to induce rnetal release (Gambrell, 1994). Naturai waters are, in general, highly 

dynamic with respect to oxidation-reduction reactions. There is a marked difference in the redox 

environment between the surface in contact with oxygen in the atmosphere and the bottom waters 
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at the sediment-water interface. The region in between may also reflect large redox gradients 

depending upon mixing, difision, and the extent of biologid activity. Exact measurement of 

redox environments in natural water systems is probably not as important as understanding and 

defining the redox gradients and transport mechanisnu acting within the system (Leckie and 

James, 1974). Changing redox environments may dso affect trace metals in aquatic systems in 

the following two ways: (1) by direct changes in the oxidation state of the metd ion, and (2) by 

redox changes in available and competing ligands or chelates (Leckie and James, 1974). In the 

study by Gambrell and Patrick (I988), substantiai amounts of Cd and Zn were released under 

moderately acid, oxidising conditions. in a more recent study by Garnbreli et al. (1991), under 

slightly basic, strongly anaerobic environrnents of marsh sediment, metals were found to be 

effectively immobilised. Substantial release could occur for some of the metals if the sediments 

were excavated and placed under upland conditions where they would eventually become oxidised 

and strongly acidic. 

I~tteractiotts with Sulphjdes 

Intense redox activity occurs at the sediment-water interface mainly because of the 

deposition and accumulation of organic matter and the lack of molecular oxygen difising down 

into the sediment interstitial waters, thus creating a large redox gradient. It is weil known that 

high organic sediments generally contain large quantities of reduced material, especially sulphides. 

Since most trace metal sulphides tend to be rather insoluble, it is clear that interaction in 

heterogeneous sulphide systems cm be important processes whereby trace metais are retained or 

released from the aqueous phase (Leckie and James, 1974). 



Temperaîure and Ch fonde 

In systems where pH remains relatively constant, particularly in well-buffered systems with 

high pH values, other environmental factors rnay become more important sources of variance for 

metai partitioning, solubility, mobility and potential bioavailability of particle bound metals. 

Temperature and NaCl (fiom road salt) have aiso been found to be key environmental variables 

influencing trace metal partitioning (Warren and Zimmerman, 1994). Warren and Zimmerman 

(1994) found that a decrease in water temperature caused decreases in the accumulation of Cd, 

Cu and Zn in the particulate pool used in the laboratory. In addition, increasïng NaCl 

concentrations decreased concentrations of Cd and Zn associated with the particulate leachable 

phase and the Cd, Zn, and Cu content in the oxidisable suspended particulate matter (Warren and 

Zimmerman, 1994). Lumsdon et al. (1995) obtained similar results for Hg, but the observed 

effect of high Cl' ion concentration on Cd, Pb, and Zn retention was substantially less. 

2.5 Pore Wder Sampfing 

Bottom sediments in natural systems are formed by sedirnentation of particles corn the 

overlying water column. During this process, water will be trapped and entrained in the sediment, 

forming the interstitial or pore water mufflap and Allen, 1995). Sediment pore water, aiso 

referred to as interstitial water, is defined as the water fiUing the space between sediment particles 

and not held by surface forces, such as adsorption and capillarity, to sediment particles. Sediment 

pore water acts as a linking agent between the bottom sediments and the overlying water (Adams, 

1 994). Within the sediment system, chemicai species will tend toward equilibnum between the 

pore water and solid phase. However, due to diagenetic processes such as precipitation, 

adsorption, sulphide formation, remobilization, biologicai degradation, and biological uptake, the 
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concentrations of chemical species in the pore water and the overlying water WU not necessarily 

be the same (Bufflap and Allen, 1995)- 

The increasing number of studies of contaminant concentrations in sediment pore water io 

marine and lacustine environments reflect the significance of this part of the aquatic environment 

(Adams, 1994). An important fraction of the substances present in the aquatic environment is 

reversibly associated with suficial sediments (i.e. acting as reservoir for contaminants and thereby 

possibly contributing to the poilution of the overlying water column). The study of substance 

dynamics in surficial sediments is prerequisite to the understanding of their behaviour in whole 

aquatic systems. Particular aspects to be addressed include the study of  sediment-water 

exchanges, the chernical speciation of substances in surficial sediments, and their diagenetic 

modelling ( AngeIidis, 1997). 

The toxicity of metals in sediment depends largely upon the extent to which the metals 

bind to the sedirnent. Such binding will alter the concentration of metals to which organisms are 

subjected, resulting in diierent sedirnents exhibithg dflerent degrees of toxicity for the sarne total 

quantity of metais. These differences in sediment binding capacity can be reconciled by relating 

organism toxicity to metal concentration in the pore water. Thus, the measure of metals in pore 

water can provide one indication of the potentiai toxicity of the sediment with respect to these 

contaminants (May et. al., 1997). Knowledge of pore water chemical concentrations is also 

important in dredging operations, as these chernicals wdl potentiaiiy be released into the water 

column or mobilised afler sedirnent disposaf as sediment is removed fiom the natural environment 

(Bufflap and Allen, 1995). 

Several techniques have been developed for pore water sampling. Table 2.1 summarises 

the most cornrnonly used methods for sediment pore water sampling and theîr main advantages 
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and disadvantages (Mudroch, 1995). This study involved the use of dialysis samplers, the most 

cornmon of which is known as a "peeper7'. The general p ~ c i p l e  of these samplers involves 

allowing a volume of deionisecl, distilled water to come to equilibrium with the sediment pore 

water in order to determine chemical concentrations (Buffiap and Men, 1995). 

Table 2.1: Advaotages aod Disadvantriges of Techniques Commonly Used for Pore Water 
Sampling (Crom Mudroch, 1995) 

Method Advaotages Disadvratap:es 
Squeezing 

Centrifiigation 

Dialysis 

Suction 

Simple equipment 
Portable 
Inexpensive 
Sediment composition available 

Simple 
Sedirnents composition available 
Easy to obtain large volumes 

Minimal manipulation of sample 
No induction of interstitial water 
flow 
AUows maximal replication 
Analysis of dissolved gases is 
possible 
Temperature- and pressure- 
related artifacts are avoided 
Simple and easy to use 
AUows sampling at fairly weU- 
defined depth 

Oxygen contamination 
CO2 degassing that d change 
pore water composition 
Temperature-induced changes 
Pressure-related additions of 
metabolites 
Risk of sarnpling artifacts 
Pressure artifacts 
Effects of oxidation and efevated 
temperatures 
Disturbance of the sediment 
structure 
Need scuba divers or 
submersibles 
Timing (minimum 12 days) 
Risks of incomplete equilibration 
Risks of membrane breakdown 

Fine particles could be collected 
(reduction of mesh size may 
cause clogging) 
Oxidation effects are hard to 
prevent 

One important problem in the use of dialysis samplers is the production of oxidation 

arti facts. Dialysis samplers must be deaerated before insertion into anoxic sediments. Another 

problem is the type of membrane material used. The membrane must be able to exclude sediment 

particles, allow the chemical species in the pore water to d f i s e  into the sampler, retain the 



dialysis water, and maintain its integrity while in the sediment mufflap and Allen, 1995). Due to 

problems associated with microbial aîtack, ceilulose-based dialysis membranes are not 

recommended (Adams, 1994). 

Other issues that require consideration include the limited volume of sample, length of 

equilibrat ion tirne, the need for S C n A  divers for peeper placement, and too many manipulations 

of the sample and time. The volume of sample obtained is limited and should be considered 

beforehand for anaiytical considerations. The equilibration time is dependent on a number of 

factors such as the porosity of the sediment, the diffusion coefficient of the species of interest, 

temperature, and the areakolume ratio of the sample compartment (Bufflap and Allen, 1995). 

Equilibration times may be as long as 20 days (Bufflap and Allen, 1995), or longer for winter pore 

water sampling (Rosa, 1998). Because most pore water sampling studies have been performed in 

deep-water locations, the use of peepers normally requires SCUBA divers for their placement and 

retneval (Bufflap and Ailen, 1995). Too many manipulations of the samples may result in 

contamination or changes in the sample concentrations due to exposure to various atmospheres 

and temperatures. T h e  is critical especidy in the case of field measurements where the sampiing 

site and the analytical laboratory are separated geographically. The tirne elapsed between 

sampling and anaiysis may result in significant concentration changes (Angelidis, 1997). 

2- 6 Trace Mdal Analysis 

One of the most commonly requested analyses in environmental chemistry is metd analysis 

of solid and aqueous samples. The most common procedure for this analysis is to solubilise the 

elements in question using an acid digestion procedure and analyse the resulting liquid digestate in 

either an absorption or ernission instrument (Kirnbrough and Wakakuwa, 1994). When choosing 
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the analytical instrument the following issues must be considered: sensitivity, cost, 

simplicity/reliability, dynamic range of  concentration, speed, accuracy, precision, utility, waste 

generation, field portability, ruggedness, and compatibility with existing EPA methods (Pyle et. 

d., 1996). 

The ICP-OES consistently provides the most precise results for the highest concentration 

samples. It is a robust technique that a large number of laboratories can appty independently to 

the same materiai and obtaïn very simiIar resdts (Kunbrough and Wakakuwa, 1994). Generaily, 

emission technologies are subject to  inter-element interferences (Kimbrough and Wakakuwa, 

1994). Interferents have the largest impact at lower concentrations where the signal fiom the 

analyte is comparable to the signal from the interferent thereby causing a high rate of false 

negatives and positives (Kimbrough and Wakakuwa, 1994). However, for anaiysis of water by 

ICP-OES, ICP-OES is virtualiy fiee of inter-element interferences as there are no on-peak 

spectral interferences at the levels of metals found in water samples environment Canada, 

1994b). 



3.0 METEODS 

3.1 Study Site 

The stormwater detention pond investigated in this study was constmcted in 1994-95. 

The site is situated in a residential park, Harding Park, in Richmond Hill, Ontario. It was 

constmcted adjacent to the German Mills Creek, located in the west Don River subcatchment 

are* in order to mitigate stonnwater quality in the headwaters region of the Don River system 

(Figure 3.1). The stonnwater discharges into a primary settling pond t h  reduces the water 

velocity and encourages settlement of suspended solids. Water then passes through a 

Hickenbottom inlet into a second, larger wet detention pond. The maximum depth of this pear- 

shaped pond is 2 to 3 m and the pond has a surface area of about 5 ha. Sediments are fine- 

grained in the deepest section, and very sandy in the more shaüow areas. Water discharges from 

this wet detention pond into a small wetland of about 1 to 2 ha. This study concentrated on the 

wet detention pond containing the fine-grained sediments. 

Figure 3.1 Diagram o f  the Harding Park Stonnwater Detention Pond 

I Residentiai Area 

Gerrnan Mills Creek 
Wet Detention Pond 

Hickenbottem lnlet 

Small Wetland 

- 
1 



Normal mean monthly precipitation data for Toronto, Ontario obtained through 

Environment Canada's G r d a n e ,  Atmospheric Services website are found in Table 3.1. This 

data indicates that the Toronto area, including Richmond HiIl, should have expected precipitation 

to increase throughout the sumrner of 1998, foliowed by a slight decrease into the fall and early 

winter. DuMg the winter precipitation decreases substantidy. Beginning in early spring 

precipitation begins to increase again. However, fiom personal observation, this did not occur as 

al1 of southem Ontario experienced drought-Like conditions for the s m e r  of 1998 and increased 

precipitation was not experienced until the fd.  

Table 3.1: Normal Mcan Monthiy Precipitation (mm) for Toronto, Ontario 
(Environment Canada, 1999). 

. . .  - 

Jan. Feb. Mar. Apr. May Jun. h l .  Aug. Sept. Oct. NOV. Dec. 
55.1 52.6 65.2 65.4 68.0 67.0 71.0 82-5 76.2 63.3 76.1 76.5 

3.2 Field Studies 

Approximately evey four to six weeks, surface water samples were taken fiom the inflow, 

outflow and two sites within the main wet detention pond for subsequent andysis. Surface water 

samples were analysed for trace metals, nutrients (ammonia, nitrate, chloride, and total 

phosphorus), dissolved inorganic and dissolved organic carbon (DICIDOC), total particuiate 

carbon (TPC), and suspended solids concentrations. In addition, two pore water peepers were 

also deployed at each of the two sites centraily located within the SDP. The pore water samples 

were analysed for trace met& as well as for redox and pH. Water column profles of pH, redox, 

conductivity, temperature and dissolved oxygen were taken at the two centraiiy located sites. 



3.3 Peeper Assembi'y, InstalI'itm, and RetnetnevaI fadopied from Rosa a d  h u e ,  1993) 

Rosa and Azcue (1993) provide a thorough explmation of pore water sampiing using peepers. 

The following discussion has been excerpted from their paper. Special attention has to be paid to 

avoid contamination when cleaning and sampling al1 sampling equipment and containers for 

collection of the pore water samples. 

A large pre-cleaned plastic bin with lid was füled with doubly distiiled water (DDW). 

Water in the bin was purged with nitrogen gas (Nz) that was bubbled through a rubber tube with 

an adapted end. 

Peepers were soaked in 5% HN03 for six days, then rinsed with DDW and placed one 

peeper at a tirne in the b h  containing the deoxygenated DDW. In order to minimise the trapping 

of air bubbles in the celis; the peepers were submerged lengthwise and on an angle. The peeper 

coverplate and pre-cut 0.45 pm dialysis paper (membrane) were submerged in a similar manner. 

The coverplate, paper and peeper were then aligned and screwed shut. Once al1 the peepers were 

assembled they were purged overnight with & before transport into the field. 

In the field two peepers per site were inserted perpendicularly into the surficial sediment 

using a telescoping pole. Approximately half to one third of the peeper was inserted into the 

sedirnents. The peepers were left to equilibrate with the sediment pore water and overlying water 

for approximately three to four weeks. 

In the laboratory, sample vials were placed in Styrofoarn trays for easy manipulation in the 

field. The trays were set up in order to provide enough space between sample containers, for easy 

uncapping, and to clearly show the sample number. Before leaving to  go out to the study site, the 

sarnple vials, labelled according to peeper number and ce11 number (plus a few extras), were pre- 

treated with 10 ui of environmental grade HN03. 
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Upon retrieval, the peeper was briefly agitated in the water to remove any visible sediment 

particles adhering to the membrane surface. The positions of the sediment water interface and the 

redoxycline were noted. The position of the redoxycline was indicated by the red fenic 

oxyhydroxide staining on the peeper membrane. Pore water was removed fiom one peeper per 

site using syruiges (one per ce11 for cells around the sediment-water interface, one for al1 the cells 

above the area around the sediment-water interface and another for ceiis below). The peeper 

sarnples were placed in acid washed vials containing 10 @ of environmental grade HNO3 and 

stored for subsequent metal andysis. Pore water from the second peeper at each site was 

removed by syringe, emptied into a beaker, and assessed in the field for pH and Eh. 

3.4 Carbon, Snspended Sdids, and Nuîrients Anaiysis 

3.4.1 Dissolved lnoreanic and Organic Carbon in Surface Waters 

In the laboratory, surface waters were fltered through 0.45 pm celiulose acetate filters for 

dissolved inorganic carbon and dissolved organic carbon DIC/DOC analysis at the National 

Laboratory for Environmental Testing, Environment Canada. 

For DIC measurement, the inorganic carbonate is removed by mixing the sampIes with 

sulphuric acid (2.4 % vlv) and stripping the carbon dioxide in a heated (95 OC) packed column. 

The packed column of the stripper is wrapped with an electric heating wire to which 150 watts is 

applied. In the packed column, the sample is boiled and stnpped with oxygen. With oxygen as a 

carrier gas, the CO2 released is carried to an infiared detector for quantitation. 

For DOC measurement, the inorganic carbonate is first removed fiom the sarnpIe as 

described above. The liquid 6om the bottom of the stripper is immediately segmenteci with 

oxygen and cooled by being passed through a srnail-jacketed c d .  The solution is de-bubbled, re- 
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sampled, mixed with a 4% potassium persulphate solution and passed through a continuous UV 

digester for digestion. After leaving the digester, the hot sample flow is passed through a second 

stripper, where the carbon dioxide is stripped off into a stream of oxygen. The packed wlumn of 

the stripper is insulated with asbestos paper. The Liquid stream is run to waste and the gas stream 

is passed to the infiareci detector for quantitation (Environment Canada, 1994a). 

3.4.2 Total Particdate Carbon (Leco Induction Furnace) 

TPC samples were fiitered using pre-ashed g l a s  fibre nIters and analysed at the University 

of Guelph, Analytical Services Laboratory. The Leco SC-444 method of carbon determination is 

based on the combustion and oxidation of C to f o m  CO2 by buming the sample at 1450°C in a 

stream of purified 02. The amount of evolved CO2 is measured by infrared detection and used to 

calculate the percentages of C in the çample. In this method, approxirnately 0.2g of oven-dried 

sarnple is analysed (Tabatabi and Bremner, 1970). 

3.4.3 Sus~ended Solid Concentration of Surface Water Samples 

Surface water sarnples were fiitered in the laboratory using 0.45 pm pre-weighed 

membrane filters and the volume of water fiitered recorded. Filters were then dried in an oven at 

100 OC for 1 hour. The fiiters were allowed to cool for about 10 minutes before recording their 

weight again. The filter pre-weight was subtracted fiom the sample and filter weight in order to 

determine the amount of suspended soiids filtered. The suspendeci soiid weight was then divided 

by the volume of water fiitered to determine the suspended solid concentration in the water. 



3.4.4 Ammonium. Nitrate and Nitrite in water 

Unfiltered d a c e  water samples were submitted to the University of  Guelph, Analytical 

Services Laboratory for analysis of  nitrate ( N 0 3 ) ,  nitrite (NO& and ammonium (Nt4). A Braun 

and Leub be TrAAcs 800 was used to determine the ammonium, nit rate and nitrite concent rations 

according to the following methods. 

The automated method of  nitrate andysis is based on the reaction whereby nitrate is 

reduced to nitrite at pH 7.5 in a copper-cadmium reductor cell. This nitnte (plus any free nitrite) 

reacts under acidic conditions with sulphanilamide to form a diazo cornpound that couples with 

N-LNaphthylethylenediarnine dihydrochloride t o  form a reddish-purple azo dye which is 

measured colourimetricaliy. A dialysis membrane is used in the system to remove any precipitate 

or original colour tiom the sample extracts. In this technique, the intensity of the  reddish-purple 

colour in the extracts is compared to  that in calibrated standards to  determine NO,-N + N02-N 

concentrations (rng/L) in the extracts. 

NO2-N is determined by repeating the above analysis, using nitrate standards and 

bypassing the cadmium coil. 

The automated method of ammonium analysis utilises the Berthelot reaction in which the 

formation of a blue coloured compound when the solution of an ammonium salt is added to 

sodium phenoxide, followed by sodium hypochlonte. A solution of EDTA is added to the sample 

Stream to eliminate the precipitation of the hydroxides of calcium and magnesium. Sodium 

nitroprusside is added to intemie the blue colour. in this technique, the intensity of  the blue 

colour in the extracts is compared to that in calibrated standards to determine m - N  

concentrations (mg/L) in the extracts. 



3 4.5 Total Phosphorus in Surface Water 

Total phosphorus content of the pond water was measured at the University of Toronto at 

Scarborough by Vtvian Campbell fotiowing the methods of Memel and CoMin (1965) and 

Murphy and Riley (1 962), which were stightly medified by Smith et al.. 1984. Standards were 

prepared from a concentrated solution o f  potassium hydrogen onhophosphate. Ail samples and 

standards were run in triplicate. Fifty mL of each sample was transferred to 25mm x 20 cm glass 

culture tubes. Upon addition of potassium persulphate, the tubes were capped with 

polypropylene lids and were autoclaved for 45 minutes. To each cooled tube, five mL of a 

mumire of ascorbic acid combined with a premixed solution of ammonium molybdate, potassium 

antimony tartrate and sulphuric acid was added. After 20 minutes, the absorbances were read 

TM 
using a Spectronic Genesys 5 spectrometer at 885 nm. The spectrometer was blanked using 

ultrapure water. The cuvettes were ïïnsed several times with each sample prior to reading the 

absorbances 

3 -4.6 Chloride in Surface Water 

Chloride samples fiom June and July 1998 were analysed at the University of Toronto at 

Scarborough by Vivian Campbell. Chloride samples were diluted with ultrapure water to an 

approximate concentration of 100 ppm pior  to analysis with a high performance liquid 

chrornatograph, using a PRPXlOO   am il ton- anion column. To ensure a level baseline the 

eluent, 4.0mM p-hyroxybenzoic acid with 2.5% methanol adjusted to pH 8.5, was used to 

equitibrate the instrument for 60 minutes prior to injecting the fira sample of each analysis day. 

Each analysis day, fresh standards were made by dihting a stock solution of 1000 ppm Cl 

(made fiom oven dried NaCl). Concentrations were calculated based on areas of peaks, using 
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Millenniurnm software. Each sample was nin in duplicate to ensure that concentrations measured 

were within a 3% relative standard error. 

Samples colected fiom August 1998 through to May 1999 were submitted to University 

of Guelph, Analytical Services Laboratory for chloride in water analysis. A Braun and Leubbe 

TrAAcs 800 was used to determine the chloride in water samples. This automated procedure for 

the determination of chloride depends on the liberation of thicyanate fiom mercuric thiocyanate, 

by the formation of unionized but solubie mercuric chioride. The tiberated thiocyanate, in the 

presence of femc ion, forms highly coloured femc thiocyanate, the concentration of which is 

proportional to the original chioride concentration. 

3.5 SoiUSedïment Anafysis 

3.5.1  Particle Size Distribution 

SampIe Preparation: 

Sediment samples were submitted to the University of Guelph, Analytical Services 

Laboratory for particle size distribution according to the method outlined in Manual of Soi1 

Sampling and Methods of Anaiysis, 1979. The sediment was air-dried and sieved to <2mm. if 

there were any particles >2mm, their mass and dong with the total mass of the sarnple were 

recorded. Organic matter was removed by treating the sarnple with hydrogen peroxide. The 

sarnple was dispersed in water with Calgon. 

The sample+water+Caigon mixture was poured through a 53 micron sieve into a lOOOmL 

insulated graduated cylinder, washing weU. The sand fiaction was dried and weighed (retained on 

the sieve). The silt and clay fractions were separated in the cylinder using a sliding pipette. Each 



fraction was d&d and weighed. The sand, silt and clay percentages of the organic matter-free soi1 

were then calculateci. 

For sarnples containing >IO% sand, a nest of sieves was used to separate the sand fiaction 

into the following gradations: 

Very Coarse sand 1 000 to 2 000 um 

Coarse sand 500 to 1 000 um 

Medium sand 250 to 500 urn 

Fie sand 100 to 250 um 

Very Fine sand 50 to 100 um 

Each fraction was then expressed as a percentage of the total sand Fraction. 

3 .5 .2  Cation Exchanae Ca~acitv: 

The cation exchange capacity of the sediment was determined at the University of Toronto 

at Scarborough by Vivian Campbell using the method of Evans (1982) by means of saturation 

with 0.5M barium chloride dihydrate, followed by saturation with 1.OM neutral ammonium 

acetate. The resulting amount of exchanged barium in solution was determined using a Varian 

SpectrAA-300 atomic absorption spectrorneter. 

3.5.3 Extractable Iron 

Extractable iron fiactions were detennined at the University of Toronto at Scarborough by 

Vivian Campbell using three dEerent reagents. The first, a mked reagent of dithionite and citrate 

extracted total organic and inorganic foms  of iron, F m .  Poorly crystalline iron minerais and 

organically bound Fe were extracted using acid ammonium oxdate, Fe,w. Finally, sodium 

pyrophosphate was used to extract the organicaiîy bound iron, F-. The extracts were diluted as 
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appropriate and Fe was measured using a Varian Spetr AA-3 00 atomic absorption spectrometer. 

The amount of organicdly bound Fe was considered equivalent to that of Fm*. The amount of 

inorganic, poorly crystalline iron was calculated as Fea* - Fess and the inorganic crystalline Fe 

was determined to be F m  - Feu0 (Evans and Wilson, 1985). 

3.5 -4 Inoraanic. Oraanic Carbon in Sediments 

Sedirnent sarnples were submitted to the University of Guelph, Analytical Services 

Laboratory for analysis. To determine the inorganic carbon content of a sample, approxhately 

2g of sample is heated in a rnuffle h a c e  for five hours at 475 OC to remove the organic carbon. 

The sample is then analysed in the LECO SC-444 as described above to determine the inorganic C 

content. Total C in sediments was determined without prior heating of the sample in a m d e  

fumace and the use of the LECO SC-444 as described above. The organic C content is calculated 

as the difference between the total and inorganic C values. 

3.6 Trace Meta1 Anabsis 

Surface water sarnples for trace metal analysis were filtered through pre-acid washed 

0.45pm cellutose acetate filters. Unfilteredhotal and filtered/dissolved samples were preserved 

with 1 mi of 1: 1 HN03 and refngerated until anaiysed. AU surface water and peeper sarnples 

were analysed for 22 metals according to NLET method 02-2001 (Environment Canada, 1994b) 

at the National Water Research Institute (NWRI) in Burlington, Ontario. Organically bound 

metals and metal complexes were converted to metal ions by digesting with hydrochloric acid 

(HCI). To increase the signal detected by the ICP, the surface water samples were concentrated 

five times before subsequent acid digestion with HCl. Peeper ce11 samples were prepared by 

taking a 1 mi sub-sarnple and diluting to 10 ml with dilution solution containing DDW, H N û 3 ,  
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and intemal standard. An analytical run consisted of four method blanks, four reference 

duplicates, two certified references, two DDW, two spiked blanks, 30 to 100 samples, one 

duplicate sample per 20 samples, and one spiked sample per 20 samples. 

Method detection limits were calculated d e r  the method validation, seven sets of analysis, 

four method blanks per analysis. The standard deviation of the method blanks were calculated 

and multiplied by two and these method detection limits have been piaced in Appendix A 

(Environment Canada, 1994b). 



4.0 Results and Discussion 

4. i Surface Water 

The surface waters were profiled for temperature, pH, Eh, dissolved oxygen content, and 

redox. Surface water profile data was not complete for the entire year, especidy dunng the 

summer, due to lack of availability of the shared Hydrolab. Surface water samples coliected fiom 

the inlet, two sites within the pond, and the outlet, were analyzed for total and dissolved metals, 

as well as chloride, ammonium, nitrate, total phosphorus, total partidate carbon (TPC), and 

dissolved inorganic and organic carbon @IC/DOC). Total phosphorus sarnpling and analysis did 

not begin until September. 

4.1 . 1  Phvsical Characteristics 

The pH of the wet detention pond ranged fiom 6.2 to 8.3 with pH tending to decrease 

with depth (Figures 4.1 and 4.2) during the summer and f d .  The values were outside the PWQO 

range of 6.5 - 8.5 (MOEE, 1994) on only one occasion, during the summer near the bottom of the 

pond at site P2 when the pH was 6.4. The Don River watershed is located on Wisconsin tiU and 

subsequent deposits that overlie either bedrock (lirnestone and shaies) or unconsolidated material 

deposits fiorn previous ice invasions (Chapman and Putnam, 1966). The limestone and shale 

bedrock confers high pH to local water systems (approximately 8) Woyd, unpublished data, as 

cited in Warren and Zimrnerman, 1994). In addition, urban areas are developed with large areas 

of concrete and alkaline rocks that may also contribute to a more alkaline pH. These near neutral 

and alkaline pH conditions within the pond favour trace metal immobilisation (Gambrell et al., 

1991). Since the pond is so weU buffered due to the local geology, even the increasingly oxic 

conditions that occurred in the surface waters in March and April (Figures 4.1.3 and 4.1.4) did 

not result in strongly acidic conditions that could induce metal release. Changes in the proton 
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balance resulting fiom redox processes can arise from the addition of nitrate or sulphate to the 

water as in nitrification or sulphur oxidation and thereby increase acidity, while reduction of 

nitrate and sulphate causes an increase in alkalinity (Schnoor and Snimm, 1985). 

Dissolved oxygen ranged fkom - 5 - 15 mg/L and decreased with depth (Figures 4.3 and 

4.4). Dissolved oxygen concentrations in the Harding Park pond were similar to the 8 - 1 1 mg/L 

measured within the German Miiis Creek (MOEE, 199 lb). Oxygen concentrations were as low 

as 1 m@ during the sumrner, especially at the deeper locations. Mayer et al. (1999) ais0 

measured depleted dissolved oxygen at increased depths in a nearby wet detention pond (1.0 

mg/L at a depth of 2.5 m and 0.75 mg/L at a depth of 3 m in August 1998). The oxygen content 

can be depleted when vascular hydrophytes and macroalgae scenesce and die at the end of their 

growing season in late summer when temperatures are high. Oxygen depletion at the sediment- 

water interface is the consecpence of oxygen uptake during the oxidation of organic matter during 

bacterial decomposition (Wetzell, 1975). The decrease in DO concentrations result in an 

increasingly reduced environment that may then induce the mobilisation of Fe and Mn oxides and 

associated trace metals (Gambrell and Patrick, 1988, and Forstner et al., 1990). 

DO concentrations were also low in the winter when the pond was ice covered due to the 

lack of exchange of oxygen with the atmosphere. However, in March and A p d  the pond became 

supersaturated (DO > 12 - 13 mg/L). Slight supersaturation results fiom photosynthetic activity 

in excess of losses to the atmosphere. Photosynthetic production of organic matter, although 

reduced, continues throughout the winter, and is often vigorous at the later stages of winter ice- 

cover (Wetzell, 1975). These increasingly oxic conditions decrease the rnobility of Fe and Mn 

ailowing for the complexation of trace metals with Fe and Mn hydroxides (Gambrell and Patrick, 

1988, and Forstner et al., 1990). 



Figure 4.1: pH at P l  

Figure 4.3: Dissoivd Oxygen at Pl  

Figure 4.2: pH at PZ 

Figure 4.4: Dissoived Oxygen at PZ 



Figure 4.5: Temperature at P l  

Figure 4.7: Conductance at P l  

Figure 4.6: temperature at PZ 

Figure 4.8: Conductance at P2 



Temperature was fairly uniform with depth (Figures 4.5 and 4.6). During the surnrner and 

fall, temperatures decreased slightly with depth but then increased with depth during winter. 

Temperature also has an affect on dissolved oxygen concentrations. Increased temperatures such 

as during the summer decrease the solubiiity of oxygen in water while decreased temperatures 

such as throughout the f d  and winter increase the solubility of oxygen in water (Wetzell, 1975). 

DO for the year appear to follow these trends Figures 4.3 and 4.4). In addition, decreased 

sorption of metals may be expected at lower temperatures (e.g. during winter months) since the 

extent of sorption varies positively with temperature (Stumm and Morgaq 198 1 as cited in 

Warren and Zimrnerman, 1994). Hence, temperature may impact trace metal mobilisation due to 

its influence on dissolved oxygen concentrations and on the sorption of metals to particdates. 

Conductance ranged fiom - 250 - 1000 mS/cm except during the winter when it peaked at 

5000 mS/cm (Figures 4.7 and 4.8). This peak coincided with a peak in chloride and sodium 

concentrations (Figures 4.10 and 4.25) related to road salting (MOEE, 1983), and elevated 

concentrations of several metals (eg. dissolved Cu, Ba, Mn, Sr, and Zn) (Figures 4.17,4.19, 4.23, 

4.27, and 4.29). 

4.1.2 Suspended Solids 

Suspended soiids concentrations did not appear to foUow a temporal trend (Figure 4.9). 

Mean suspended solids concentrations were 12 and 22 mg/L in the inlet and SI, respectively. 

Measured values lie within the mean SS values for the Don River of 12 to 30 mg/L (MOEE, 

1991b). Summer SS concentrations may be composed of - 25 to 50% particulate carbon 

associated with biotic growth of algae in the pond (Figure 4.14). However, this is cificuit to 

verie since particulate carbon was analyzed rather than particulate organic carbon. 
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4.1 . 3  Chloride and Nutrients 

Chloride and Na concentrations were highest in winter and spring when NaCI-based road 

de-icers are appiied (Figure 4.1.10 and 4.1.26). The maximum chloride concentration was almost 

1500 mg/L in January, and then dropped to a minimum of - 100 m g L  Mayer et ai. (1 W6), also 

measured high concentrations of chloride in the winter (-1000 mgR) for a detention pond in a 

maidy residential area of Markham, Ontario. The 12 month average chloride concentration for 

the Don River ranged from 120 - 250 mg/L fiom 1983-86 (MOEE, 1991b). Warren and 

Zirnrnerman (1994) obtained chioride concentrations within the Don River for the period of 

October 1990 to February 1991 that ranged fiom 164 - 1900 m a .  The Harding Park 

concentrations are very high in cornparison to background concentrations of 5 - 10 mg/L 

observed for the more pristine Saugeen River Basin (MOEE, 199 1 b). 

Settling or biological processes do not affect chloride concentrations and as such it is a 

conservative ion impacted more by variations in hydrology. Hence, changes in chloride 

concentrations are the result of additional inputs of chiorides or dilution from runoff (Wetzell, 

1975). lncreases in Cl' concentrations from the use of NaCl for snow and ice removal alter the 

cornpetition for particulate binding sites and promote soluble chloro complexes thereby reducing 

formation of particulate metal complexes. These results appear to indicate that additions of NaCl 

due to road salting practices induce increases in the proportion of metals in the dissolved and 

potentiaily more bioavaiiable phase (Figures 4.17, 4.19, 4.23, 4.27, and 4.29) (Warren and 

Zirnrnerman, 1994). 

The ammonia concentration at the inlet, pond and outlet were similar and fiequently above 

the Provincial Water Quality Objectives of Ontario (PWQO) of 0.02 mgR (Figure 4.1 1) (MOEE, 

1994). Arnmonia is of concem because it is highly toràc to fish and other aquatic biota (MOEE, 
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1991b) especially when it is present as undissociated m 0 H .  The proportions of Nf&' to 

W O H  are dependent upon dissociation dynamics govemed by pH. From pH 7 to pH 8, the 

proportion of NH, to m O H  changes from 300: 1 to 30: 1 (Hutchinson, 1957 as cited in Wetzeil, 

1975). Hence, due to the alkaline pH within the Harding Park pond, m O H  may be present in 

high enough proportions to be exerting a toxic effect upon algae and macrophytes thereby 

resdting in the low DOC concentrations observed w i t h  the pond (Figure 4.16). Concentrations 

near or above 1 mg!L occurred during ice cover and coincided with depressed dissolved oxygen. 

Under anoxic conditions, the adsorptive capacity of the sediments is greatly reduced and the result 

is a marked release of ammonia fiom the sediments (Wetzell, 1975). Summer and fa11 ammonia 

concentrations ranged from K0.02 - 0.7 m e .  Mayer et al. (1996) reported elevated ammonium 

concentrations during the winter (0.602 - 1 .O82 mg/L) in two residential ponds. Arnmonia in the 

German Miils Creek was measured at 0.03 mg5 (MOEE, 1991b) which is aIso above PWQO. 

Total phosphorus concentrations were high and indicative of hypereutrophic conditions 

(Wetzell, 1975) (Figure 4.1 2). However, total particulate carbon (Figure 4.14), low DOC (Figure 

4.1 6), and the organic content of 1.75% in the sedirnents (Table 4.2) are not consistent with 

hypereutrophic conditions. TP concentrations were highest at - 0.25 mg/L in the fall and declined 

to around 0.07 mg/L in winter and summer. Fall concentrations were likely higher as a result of 

increased precipitation events that generate mnoff fiom the surrounding residential area. The 

annual decay of macrophytes at the end of summer and into fa11 cause a release of phosphorus 

(WetzeU, 1975). Mayer et al. (1 996) reported the same range (0.03 - 0.2 mg/L) for two nearby 

residential ponds. The average total phosphorus for German Mills Creek was 0.06 m g L  fkom 

1982-86 WOEE, 199 1 b). The total phosphorus concentrations of most uncontaminateci surface 

waters are between 0.01 to 0.05 mg/ '  or 3 to 5 times lower (Wetzeil, 1975). Outlet 
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concentrations were fiequently higher than the inlet concentrations indicating that the pond was 

often a source rather than a sink for phosphorus. 

Nitrate concentrations did not vary seasondy (Figure 4.13). Infiow concentrations were 

usually greater than outnow concentrations indicating that the pond was a net sink for nitrate. 

Concentrations of around 1 m g R  are hi@ compared to  those w i t h  the German Mills Creek of 

0.4 mg& (MOEE, 1991b). Concentrations of nitrate range fiom -O to neariy 10 mg/L in 

unpolluted fiesh waters (Wetzell, 1975). Nitrate is an important nutrient for photoautotrophic 

plants (Wetzell, 1975). Nitrite concentrations in samples were below detection Lunits (c0.02 

m a )  and concentrations in unpoiluted waters are generally very low, in the range of 4 to 0.01 

mg/L (Wetzell, 1975). 

Total particulate carbon (TPC) concentrations ranged fiom O - 25 mg/L and O - 10 mgR 

in the inlet and pond respectively (Figure 4.14). Summer TPC may have increased due to 

increases in the organic carbon content when algae and aquatic plant growth. This cannot be 

proven, as TPC does not distinguish between organic and inorganic content. TPC concentrations 

were generally lower throughout fali, winter and s p ~ g  than in the surnrner. However, in 

November and March increases in the TPC were observed in the inlet and pond, respectively. 

The increase in the inlet in November was iikely the result of the increased incidence of rainfall 

events that carried particulate carbon associated with foliage loss in the fall and an influx of 

carbonates fiom the surroundhg watershed. Total particulate carbon increase in March rnay have 

been due to the synthesis of organic matter photosynthetically, aithough reduced, that continues 

throughout the winter, and is ofken vigorous at the later stages of winter ice-cover (Wetzell, 

1975). 



Dissolved inorganic carbon (DIC) concentrations ranged fkom 30 - 50 and 10 - 40 mg/L in 

the inlet and pond, respectively (Figure 4.15 and 4.16). Compounds ffom abiotic or minera1 

sources such as carbon dioxide and carbonates contribute to  DIC (Gillespie et al., 1989). The 

origins of DIC within the Harding Park pond are carbonates fiom the limestone and shale 

carbonaceous bedrock and till, and also concrete building materials €tom the local urbanized 

watershed. Dissolved organic carbon (DOC) concentrations ranged fiom approximately 5 - 15 

mg/L in both the inlet and pond. Organic carbon is derived from biotic sources, e.g. plant and 

animal matter (Gillespie et al., 1989). The DOC concentrations of swamps may be greater than 

30 mg/L (Environment Canada, 1994a). Hence, even though total phosphorus concentrations 

were very high and indicated that the pond should be hypereutrophic, the low DOC concentration 

within Harding Park pond was not indicative of this classification. 

DOC cornpetes with oxides and sediments for trace metals (Warren, 1994). However, 

since DOC concentrations were low, trace metals within Harding Park pond were more likely to 

be associated with Fe and Mn oxides. Neither displayed a temporal pattern. The approximate 

10: 1 DIC to DOC ratio indicates that the carbon is predorninantly inorganic and likeiy 

carbonaceous. 



Figure 4.9: Suspended Solids 
at Harding Park for the Inkt and S I  

Figure 4.1 1 :Ammonium in 
Surface Waters 

Figure 4.1 0:Chloride in 
Surface Waten 

Figure 4.1 2: Total Phosphorus 
in Surface Waters 



Figure 4.i 3: Nitrate in 
Surface Waters 

Figure4.15: Dissolved lnorganic Carbon 
in Surface Waters at the lnkt & Si  

Figure 4.14: Tohl Particulate 
Carbon in Surface Waters 

Figure 4.1 6: Dissolved Organic Carbon 
in Surface Waters rt the lniet and SI  



4.1.1 Trace Metals 

4-1.4.1 Relaliomhip fo Provincial Wuter Qtîaliiy Objectives (P WQO) and other Wafer Bodies 

PWQO were available for only three of the seven metals analyzed: Cu, 5 p&, Fe, 300 

pg/L, and Zn, 20 pg/L (MOEE, 1994). Total Zn, Cu, and Fe exceeded the guidelines 26, 70 and 

80% of the time at the inlet and 16, 21, and 84 % of the thne in the outlet, respectively (Figures 

4.20, 4.22, and 4.30). Total Cu and Zn in the pond sample sites exceeded the guideluies 20% of 

the time and coincided with ïncreases in the proportion of these metals in the dissolved phase, 

while iron exceeded the guideline 73% of the t h e .  The most drarnatic exceedances of the 

guidelines occurred d u ~ g  the winter sample dates. 

Meta1 concentrations found in Harding Park were sunilar to those of other stormwater 

detention ponds located in residential areas, and those found within the Don River (Table 4.1). 

Metai concentrations obtained for highway runoff were higher than those of Harding Park. 

Table 4.1 : Cornparison of Trace Metal Concentrations from Harding Park with other 
studies, @fi). 

Trace Metais Harding Park Resiâential East Don River Higwy h o f f  PWQC) (MOEE. 
( P ~ W  Detention Pond Detention Pond (min. - mu.) (min. -=K.) 1994) 

(min. - max.) ( m i n - m . )  (MOEE. 199 1 b) (Marsaiek et al.. 
(Mayer et al., 1997) 

19%) 



4.1.4.2 Total versus Dissolved Phase and Tem~oral Trends 

Ba, Na, and Sr were 60 - 10W, and Cu and Zn were 20 - 80% in the dissolved phase, while 

Fe was almost 80 - 1 00% associated with the particulate phase (Figures 4.1.1 7- 4.1.30). Contrary 

to expectations, Mn varied fiom one extreme to the other. The study by Marsalek et al. (1 997) 

found 30 - 45% of the total metal samples to be in the dissolved phase in highway runoR 

Dissoived phase metals are of concern since they are bioavailable and thereby more toxic than 

those in the particulate phases (Hail and Anderson, 1987). 

Total concentrations of Cu and Zn tended to decrease over the surnrner followed by a 

gradua1 increase throughout the fàil (Figures 4.1.19,4.1.20,4.1.29, and 4.1 -30). These trends are 

Likely attributed to a very dry summer with minimai loadings that favour gravitational settling of 

particulate bound metals followed by an increase in rainfall during the fail and hence an influx of 

Street ninoff. However, in the summer the DO content decreased resulting in a siightly more 

reducing environment that causes Cu and Zn to become more mobile. M o  the fall, the DO 

increased creating more oxic conditions, aliowing Cu and Zn to become less mobile. The increase 

of Cu and Zn concentrations into the fa11 were opposite to expected DO trends due to inputs with 

increased runoff Ba and Sr did not seem to follow any seasonal trends in dissolved to particulate 

distribution. Fe becomes less mobile under oxic conditions as it was transformed to the less 

soluble femc complexes. Thus, Fe increased fiom 88% to 97% particulate phase when DO 

increased in the fall. Mn, which was expected to behave simiiarly to Fe, decreased fiom 70% to 

20% in the particulate phase f?om summer into the faii when the DO increased, the reason for 

which is uncertain. 

A 50 - 60% increase in al1 total trace metal concentrations, except total Fe which 

decreased +O%, was observed during the winter when the pond was ice covered. This coincided 
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with an increase of metais in the dissolved phase. AU metals increased their proportions in the 

dissolved phase, including Fe even though DO increased: fiom 85% to 90% dissolved for Ba and 

Sr, 60% to 90% dissolved for Cu and Zn, 80% to 95% dissolved for Mn, and 10Yo to 25% 

dissolved for Fe. Increased % dissolved metals in the winter were likety a fùnction of a) street 

scouring of metals fiom engine, tire, and brake wear on the roads during fieeze-thaw events 

(Marsaiek, 1 99 1 ), b) decreased temperature, and c) increased concentrations Cr (Warren and 

Zirnmerman, 1994). Warren and Zirnmerman (19941, found an increase in the percentage of 

metais in the dissolved phase in winter and speculated that it was due to decreased sorption of 

trace metals on particulates at lower temperatures. Chloride has been found to reduce cationic 

metal sorption. Increases in Cl- concentrations were found to decrease the relative partitioning of 

trace metals to solid phase materials due to the ability of metals to form soluble chloro complexes 

(O'Shea and Mancey, 1978 as cited in Warren and Zimmennan, 1994). Complexant ligands in 

solution, such as Cl-, can compete with the sediment surface complexes for metals thereby 

reducing the extent to which metals are retained by sediments (turnsdon et al., 1995). Thus in the 

Harding Park SDP, which is located within the weU buffered system of the Don River watershed, 

both temperature and NaCl concentrations appear to have a large impact on the partitioning of 

trace metais between dissolved and particulate phases. An increase in the proportion of dissolved 

metals could potentially increase the pool of bioavailable metals (Warren and Zimrnerman, 1994). 

A simple regression exercise was perfonned to investigate the impact of total Fe 

concentration on the partitioning of other trace metais within the dissolved or particulate phases. 

The molar ratios of total Cu: total Fe concentrations were plotted against % dissolved Cu 

concentration for the inlet, within the pond, and the outlet and a regression anaiysis performed 

(Figures 4.3 1 to 4.33). Regression analyses of these plots was performed to determine the 
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significance of the relationship between total Cu: Fe to % dissolved Cu and to also produce a 

mathematical equation that describes the relationship. An 3 value of 1 signifies a perfect positive 

relationship between an independent variable and a dependent variable. An 8 value close to 1 

would signifi that an increase in the total concentration of a trace metal such as Cu relative to Fe 

would result in an increased proportion of that trace metal in the dissolved phase. An 8 value 

close to -1 signifies a perfect negative relationship whereby an increase in total trace metal 

concentration relative to total Fe wodd result in a decrease in the proportion of that trace metal in 

the dissolved phase (Griffith and Arnrhein, 199 1). The computed 8 values for total Cu:Fe and % 

dissolved Cu were 0.06, 0.021, and 0.004 for the inlet, pond (SI and S2), and the outlet, 

respectively. These ? values are significantly less than 1 indicating a poor but positive 

relationship between total Cu:Fe and % dissolved Cu. Hence, an increase in the total 

concentration of Cu relative to Fe does not have a large impact on the proportion of Cu in the 

dissolved phase. 



Figure 4.19: Dissolved Copper - - 
in Surface Wabm 

Figure 4.18: Total Brium 
i l l S ~ W ~  



Figure 4.21 : Dissolved lron 
in Surface Waters 

Figure 4.23: Diuolved Manganese 
in Surtace Waters 

FiQum 4.22: Total lron 
in Surface Waaers 

rn 

Figure 4.24: Total MlnQane~e 
in Surface Waters 



Figure 4.25: Dissolved Sodium 
in SuMce Waters 

Figure 4.27: Dbsolved Strontium 
in Surface Waters 

Figure 4.26: Total Sodium 
in Surface WaWs 

Figure 4.28: Total Sîrontium 
in Surface Waters 



Figure 4.29: Dissolved Zinc 
in Surhce Waters 

Figure 4.30: Total Zinc 
in Surface Waters 



Figure 4.31: Total Cu:Fe vs. 
% ~ C u a t m 6 h d a  

Figure 4.32: Total Cu:Fe vs. 
W Dbohmâ Cu at Avg. S I  and S2 I 
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Figure 4.33: Total Cu:Fe v a  



4.1.4.3 Sink versus Source 

To assess whether the SDP was acting as a sink for metals, as intended, trace metal 

concentrations in the outlet were subtracted fiom those in the inlet for each sampiing tirne. Total 

and dissolved trace metal concentrations tended to be higher at the inlet than in the pond or outlet 

(Figures 4.34 - 4.47). These measurements suggest that the pond was acting as a net sink for 

metals as intended. Exceptions to this were during the winter and spring when increased NaC1 and 

decreased temperature in the winter favoured trace metal mobilisation, while uicreased DO in the 

spring favoured trace metal immobilisation in the dissolved phase due increasingly oxic conditions 

that would induce metal complexation with Fe and Mn oxides. in addition, increased flows during 

the winter and spring rnay have decreased the retention time such that it was insufficient for 

particle bound metals to settle. The study by Nu Hoai et al. (1998) found that the trap efficiency 

of an artificial wetland decreased following any medium rainfali. Also, sampling during a major 

rainfall event resulted in loadings leaving the system to be greater than the load of metals entering 

the systern (Nu Hoai et al., 1998). During the spring the pond behaved as a source of Na as it 

was still flushing fiom the pond and inputs fiom the watershed had decreased. A more accurate 

analysis would require flow data and more fiequent sampling fiom which mass loadings can be 

calculated, however these data are unavailable. Loading data would fiirther explain whether the 

pond behaves as a net sink for trace metals throughout the year or whether large flow volumes at 

critical times in the year result in the pond behaving as a net source of trace metals. 

The Harding Park pond appears to be more of an efficient sink for trace metals 

during the summer when flows are low. It is not entirely clear whether the pond is an efficient 

sink when flows are hi& e-g. March. However, whether the pond is a sink or source appears to 

be controlled more by water residence time than by complexation with Fe and Mn oxides. 
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f'gure 4.34: Sink vs. Source 
Assesrment of Diudved Barium 

Figure 4.36: Sink vs .Source 
Assessnnwit br Total Borium 

Figure 4.36: Sink vs .Source 
Assesrment Ibr Ditsoîved Copper 

Figure 4.37: Sink vs. Sowce 
A s s e s s ~  total Copper 
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Figure 4.38: Sink vs. Source 
Assessmantof Dissohred lron 

Figure 4.U: Sink vs. Source 
Assessment of Dkoived Manganese 

Figure 4.39: Sink vs. Source 
Assessment of Total lron 
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Figure 4.41 : Sink vs. Source 
Assessrnent of Total Mangenese 



Faure 4.42: Sink vs. Somx 
Assessmcnt of Dissoîvd Sodium 

Figure 4.44: Sink vs. Source 
Assessrnent of Dissoived Strontium 

Figure 4.43: Sink vs. Source 
Assessnnnt of Total Sodium 

Figure 4.4s: Sink vs. Source 



Figure 4.47: Sink vs. Source 
k u s s l n m l t d  lofil anc 



4.2 Sedmen? Chor(l~te7is~~on and P m  Waer Ptofi[es 

Sediments were sampled and characterized. Pore water sarnples were analyzed for trace 

metals and characterized for redox and pH levels with the use of a platinum electrode. Pore water 

samples were diluted in order to  bring pore water samples to the correct volume required for the 

analysis by ICP-OES and because concentrations of some metals in sediments (e-g. Fe and Mn) 

would not have been within the detection lirnits of the instrument. Because sarnples were diluted 

for analysis purposes, Cu and Zn were near detection limits in pore water samples. Detection 

limits are in Appendix A 

4.2.1 Sediment Characterisation 

Sediments within Harding Park aormwater detention pond were comprised of 33.8 % 

sand, 46.4% silt, and 1 9.8% clay . The sand composition of the pond sediments may be expected 

to increase over tirne due to winter Street sanding practices of the town of Richmond Hill, 

Ontario. A pond studied in Kingston, Ontario found silt (41%) and clay (54%) to dominate in 

sediment deposits with the remaining 5% as sand (Marsalek, et. al., 1997). Clay minerals found to 

be present, but not dominant, were srnectite, kaolinite, chlorite, clay mica, hydroxy-interlayered 

vermiculite, and trace amounts of vermiculite. The edges of clays accept and donate protons and 

due to their prorninently negative charges, are important in the retention of trace metals (Bolton 

and Evans, 1997). The cation exchange capacity was measured as 15 cmolkg. The sedirnent 

contained 643 mgkg organicaily bound Fe, 3549 mgkg inorganic poorly crystaliine Fe, and 2035 

mgkg inorganic crystaliine Fe. 

As indicated in table 4.2, the sediment contained 1.21% organic carbon which was lower 

thm the sediment of the Rouge River detention pond that was found to have an organic carbon 

content of 7.10% (Mayer et ai, 1999). This lower organic carbon content in Harding Park 
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sedirnent supports the lower concentrations of particdate carbon (Figure 4.1.14) and WC 

(Figure 4-1-16} found in surface waters. The very high concentrations of total phosphonis 

indicate that the pond could potentially have induced more growth of micro- and macrophytes. 

During sampling events it was observed that sediments at the sediment-water interface were very 

black which is indicative of a high organic carbon content at the sediment surface. Below this 

dark layer, the sediments were a greyblue colour, indicative of the presence of iron under reduced 

conditions (Fitzpatrick, 1986). Mixing of these two zones within the sediments may have resulted 

in an overall lower organic carbon content when sediments were characterised. 

Tabk 4.2. Miment  Chrnctcrisation 

Sedirnent Characteristics Content 
Total Carbon 5.00 O h  

Inorganic Carbon 3.75 % 
Organic Carbon 1.75 % 

Cation Exchange Capacity 15 cmoi/kg; 
Organicall y Bound Fe 643 

Lnorganic Poorly Crystaliine Fe 3 549 mgkg  
Inorganic Crystalline Fe 2035 m&kg 

Anaiysis by neutron activation energy (Table 4.3) indicate that Ca, Ai, Fe, Mg, and Na were 

found in the greatest amounts and of the trace metafs, Mn, Ba, and Sr were found to have 

substantiai concentrations. No data was reported for either Cu or Zn. 

Table 4.3 Data from Neutron Activation Encrgy Anaîysis 

Major Element s 
Element 'NO 

Al 4.88 
Ca 11.2 
Fe 2.80 
K 1.76 

Mg 1.23 
Na 1.22 

Trace Metals 
Element ppm 

Ba 544 
Cu No data 
Mn 571 
Sr 332 
Zn No data 



4.2.2 D e ~ t h  Trends 

Throughout most of the year, trace metals in pore water profiles reached a maximum 

met al concentration near the sediment-water interface that t hen declined wit h depth. Pore water 

profiles for two sampling dates (My 29/98 and March 1 1/99) are shown, for illustrative purposes 

(Figures 4.48 - 4.6 1 and 4.62 - 4.68). Ba, Cu, Sr, Na, and Zn profiles resemble those for Fe and 

Mn, reachhg a maximum concentration at -10 cm. Pore water profiles for al1 metals at al1 

sampIing dates are in Appendk B. Eh profiles indicate a decrease in redox potential with depth 

fiorn oxidizing conditions above the sedirnent water interface to reducing conditions below 

(Figure 4.69 - 4.80). The pH profiles again indicated a weli-buffered system, v-g fiom 8 at 

the surface to neutrality into the sediments (pH - 7.0). For illustrative purposes the pH pronle for 

March 1 1 /99 is shown in Figure 4.8 1. Since the pH profiles did not change significantly 

throughout the year, pH profiles at al1 sampling dates are in Appendk C. Changes in these factors 

are of importance since Eh and pH control metal mobiiity. 

Under strongly oxidizing conditions ( e g  120 to 225 mV), Fe and Mn are immobilised as they 

form oxides. Other metais such as Ba, Cu, Sr, Na, and Zn are immobilised due to complexation 

with Fe and Mn oxides (Forstner et al., 1990, Gambrell and Patrick, 199 1, Calmano et ai., 1993, 

and Gambrell, 1994,). Under strongiy reducing conditions (e-g. -200 mV), as exhibited by the 

pond sedirnents at depth of -10 to 20 cm within the sediments, metals also become imobilised as 

they form insoluble complexes with sulphides. Sulphate is transformed to sulphide when the 

redox potential reaches -75 to -1 50 mV (Mitsch and Gosselink, 1993). The formation of minerals 

such as iron and manganese sulphides controls solubility at depth (Davison, 1985 and F6rstner et 



al., 1990). Between these two zones, manganese is transformed fiom manganic to manganous 

compounds at about 225 mV, wMe iron is transformed tiom femc to ferrous forms at about 120 

mV (Mitsch and Gosselink, 1993). This suggests a mobilisation of these metals at 120 mV to -75 

mV, just below the sediment-water interface, and immobilisation above and below this zone. 



Figure 4.a: Barhm P M k  at P i  
fbr Juiy 29îW 

Figure 4.50: Copper Profile at P l  
for July 29/98 

Figure 4.49: Barïum Profils at PZ 
for July 2ûM 

Fîîure 4-51: Copper Profik at PZ 
for July 29198 



Figure 4.52: lron Profile at P l  
for July 29/98 

Figure 4.51: Mmgamse Profile rt f 1 
for Juîy 2 9 M  

Figure 4.56: Mangawse Profik at PZ 
b r  Juîy 29/99 



Figure 4.56: Sodium Pmfik aî P l  
for July 2 9 M  
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Figure 4.58: Strontium Profile at P1 
for July 29/98 

Figure 4.57: Sodium Conc. at PZ 
for July 29/98 

Figure 4.59: Strontium Pmfik at PZ 
for July 2 9 M  



Figure 4.60: Zinc P d k  at P l  
for July 29/96 

Figure 4.61 : Zinc Profile at PZ 
for July 2 9 M  



Figure 4.62: Wurn Prdlk at P l  
foi Much 11/09 

Figure 4.64: lron Profile at P l  
for Mvch 11/99 

Figure 4.63: Copper Plofile at P l  
for Marcil 11/99 

Figure 4.65: Mangrnese Profile at P l  
for M r c h  11199 



Figure 4.66: Sodium Ptofik at P l  
for Match f lm 

Fîgure 4.68: Zinc Profik at P l  

Figure 4.67: Strontium Profik at P l  
for Mrch 11198 



Figure 4.69: Redox at Pl  
for June 4/91 
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Figure 4.71: Uedox at PZ 
for June 30198 
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Figure 4.70: Redox at PZ 
for June 4198 

Figure 4.72: Redox at 92 
for July 29B8 



Figure 4.74: Redox at P i  
for Nov 11m 

Figure 4.75: Redox at PZ 
far Nov 1W9û 



Figure 4.76: Redox at P l  
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Figure 4.78: Reâox Profik at P l  
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Figure 4.77: Redox at PZ 
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FÏgure 4.7'9: Redox Profiies at P l  



Figure 4.W: Radox at P l  
br May 2SiBS 

Figure 4.81 : pH at Pf for Maidi 1 1 M  



The Mn profiles indicate dissolution beginning at -10 - 20 cm above the sediment water 

interface (Figwe 4.54 and 4.55) with the reduction of manganese to  its more soluble manganous 

form. This coincides with a decrease in Eh to -200 mV (Figure 4.72) at -20 cm above the 

sediment-water interface. Fe dissolution to its soluble ferric fonn does not begin until at the 

sediment-interface (Figures 4.52 and 4.53) which coincides with an Eh of -50mV at this depth 

(Figure 4.72). Ba, Sr, and Na pore water profiies aiso indicate dissolution that coincide with both 

Mn and Fe dissolution (Figures 4.48 - 4.49, 4.56 - 4.57, and 4.58 - 4.59). Cu and Zn pore water 

concentrations were close to  the detection limits, however, they too generaiiy have simiiar profiles 

to Fe and Mn. Hence, Fe and Mn seem to be controiihg the solubility of the other trace metals 

subsequent to their reduction to more soluble forrns followed by precipitation as suphides and 

carbonates. Many studies, as cited by Davison (1985), have found similar dissolved metal profiles 

in lake sediments (e-g. Robbins and Callender, 1975, Murray et al., 1978, Crerar et al., 1980, 

Emerson, 1976, Emerson and Widmer, 1978, and Cook, 198 1). Mayer et ai. (1 999) and Donahoe 

and Liu (1998) aiso found similar dissolved trace metal depth trends. 

4.2.3 Temporal Trends in D e ~ t h  Profiles 

During the summer DO was depleted in surface waters which resulted in low redox values 

of 200 mV at -20-30 cm and 100 mV at 4 - 1 5  cm above the sediment-water interface (Figure 

4.72). Dissolution of reduced Fe and Mn oxides occurred higher in the profiles within the water 

column between O t o  15 cm and 20 to 30 cm above the sediment-water interface, respectively. 

Ba, Sr, and Na pore water profiles follow Fe and Mn profiles. Cu and Zn appeared to have 

increased dissolution throughout the water column possibly due to these reduced conditions. Zn 



appears to foliow the Fe and Mn protiles more closely than Cu. Again, Cu and Zn profiles were 

difficult to interpret as their concentrations were close to the instrument detection h t s .  

However, duriag the winter when DO had increased (Figure 4.3 - 4.4), low redox values 

of -200 mV did not occur until -10 cm above the sediment-water interface and -125 mV 

occurred very close to the sediment-water interface (Figure 4.78). ï h e  main dissolution of Fe and 

Mn occurs -10 cm below the sediment-water interface. Ba, Cu, Sr, and Zn do not appear to be 

controiled by Fe and Mn above the sediment-water interface. However, at - 10 cm below the 

sediment-water interface, Ba, Cu, Sr, and Zn begin to foliow the profiles of Fe and Mn. 

The supersaturation of DO (Figure 4.3 - 4.4) that occurred at the end of ice cover in 

March coincided with trace metal profiles siniilar to  those that occurred in January where Cr 

concentrations were at their maximum (Figure 4.10). Possibly CI- concentrations, although 

decreased, were still exerting an eEect on the trace metals in the dissolved phase. It was not until 

late spring that decreased concentrations of trace metals occurred above the sediment-water 

interface. 

For most of the year, Ba, Cu, Sr, Na, and Zn concentrations appeared to be controlied by 

Fe and Mn. These metals had similar profiles to Fe and Mn where concentrations reached a 

maximum that shifted according to changes in the position of  the redoxycline caused by changes 

in DO. During the winter however, Ba, Cu, Sr, Na, and Zn differed fiom those profiles for Fe 

and Mn above the sediment-water interface. Hence, immobilisation with Fe and Mn oxides did 

not appear to be controlling the concentrations of these met& in the water column at this time. 



4.2.4 Difision Calculations 

The diffusive Oux for each trace metal was caiculated based on the peeper concentration 

profiles obtained for the year (Figure 4.82 - 4.95). The difisive flux of each of the trace metals 

between the sedirnents and the overlying water column was calculated according to the following 

equation fiom Li and Gregory (1974): 

N = -Dca(dC/dZ), Dd = D. k, 

where N is the flux (pg/day-m2), dC is the concentration gradient (&m3), dZ is the path length 

(m), D is the molecular diffusion coefficient, and k is the dfisivity correction factor (Li and 

Gregory, 1974). The concentration gradient was taken as the pore water concentration 1 cm 

above minus 1 cm below the sediment-water interface. Thus, the path length was 2 cm. Specific 

D values for each metal and accordhg to temperature were taken Erom Li and Gregory, 1974. 

The correction factor is a h c t i o n  of sediment porosity and for the Harding Park pond sediments, 

k was estimated at 0.8 (Diamond, 1999). DiflÙsive flux calculations were uncertain for Cu due to 

the proximity of diluted pore water Cu concentrations to the instrument detection ümit for Cu. 

Positive flux values indicate that the trace metals are difising fiom the overlying water 

column to the sediments and negative flux values indicate ditfùsion Erom the sediments to the 

water column. Metals that d f i s e  upwards due to the reduction and dissolution of Fe and Mn, 

are likely reimobilised with Fe and Mn oxidized complexes in oxic sufiace water. This likely 

results in the metais retuming to the sedirnents in the paniculate phase. Hence, a recycling of 

metals occurs between the zone of dissolution at or below the sediment-water interface at the 

redoxycline and above where oxidation occurs. Recycling k e l y  increases the residence time of 

the metals near the sediment-water intenace. Immobilisation as metal sulphide complexes occurs 



below the Fe and Mn zone of dissolution, and likely enhances the overd statu of the pond as a 

sink. 

Trace metals diffùsed fiom the sediments into the water 70-100% of the year. During the 

winter, especialiy in January and again in March, Ba, Cu, Na, and Zn were dfising f?om the 

water into the sediments (10 - 30% of the time). Metal immobilisation in surface waters was 

decreased at this time possibly due to the influx of Cl- fiom road salting applications and to 

decreased temperatures even though increased DO and the likely complexation with Fe and Mn 

oxides was expected to decrease the mobility of metals. 



Figure 4.84: Diffusive Flux 

O CO15 
of Copper at P l  

Figure 4.83: Dimisive Ffw 
ofBriumatP2 

Figure 4.85: Diffusive Flux 
of Copper at PZ 



Figure 4.86: Diffusive Flux 
of lron at Pt 

Figure 4.M: Ditfusive Flux 
of Mangenese et P l  

Figure 4.87: Diffusive Flux 
of kon et 92 

Figure 4.89: Diffusive Flux 
of Mangamse rt P2 



Figure 4.90: Difhive F h  
of Sodium at P l  

Figure 4.91 : Diffusive Flux 
of Sodium at PZ 

Figure 4.93: Difiusive Flux 
of Sbwrtium at PZ 



Figure 434: Diffusive Flux 
of zinc at P l  

Fqwe 4.96: Dimisive Flux 
ofZincatP2 



5.0 Conclusion 

The chernical investigation of  the Harding Park storrn water detention pond was designed 

to provide information about the seasonal mobility of trace metds and nutnents, and about the 

factors affecting mobilisation. This investigation revealed t hat although the pond was 

hypereutrophic in tenns of the total phosphonis, the arnount of organic matter within the pond 

surface waters, as indicated by DOC and organic carbon content within the sediments, were low 

suggesting possible toxic suppression of biological activity. Throughout most of the year, the 

pond behaved as a net sink for nitrogen (ammonia and nitrate) and trace metals even though trace 

metals were predominantly in the dissolved phase. Howwer, the pond appeared to be a net 

source of total phosphorus. Occasionally trace metal concentrations in surface waters exceeded 

PWQO's for Cu, Fe, and Zn. Seasonal variations in NaCl fiom road salt and decreased 

temperature, appeared to increase the total trace metal concentrations by 50 to 60% and increase 

the proportion of trace metals in the dissolved phase by 10 to 30%. Due to the increased trace 

rnetal mobility in the winter and spring, trace metals could be released fiom the pond system at 

this tirne. There are concerns with regards to the toxicity of Cu and Zn during March and A p d  

since the spring is an ecologically significant time for aquatic and aquatic dependent organisms. 

Throughout most of the year complexation of trace metals with Fe and Mn oxides and 

gravitational settling were important removal mechanisms of  trace metals fiom the surfaces 

waters to the sediments below. 

Metal pore water concentrations tended to follow the characteristic profiles of Fe and Mn 

where concentrations increased to a maximum just below the sediment-water interface, 

coincident with redox induced dissolution of Fe and Mn oxides. Below this maximum metal 

concentrations presumably declined due to precipitation with sulphides under very low redox 



conditions. Recycling of metals due to their immobilisation with oxidised Fe and Mn 

compounds likel y increased the retention of trace metals in the pond sediments. 

Difisive flux calculations indicated upward fluxes fkom sediment to water most of the 

year except dunng winter when dissolved metal concentrations increased in surface waters. 

However, the upwardly diffising metals presumably complexed with Fe and Mn oxic 

compounds above the sediment-water interface. 

Overall, the pond appears to be a net sink for met& and nutrients with the exception of 

total phosphorus. It is suggested that the extrernely high nutrient levels do not support high 

biological productivity due to toxicity induced by elevated arnmonia and some metal 

concentrations and the transient depletion of DO at depth. 

6.0 Rccommcadations 

1.  This investigation revealed that there were times during the year when surface water 

concentrations of trace metals in the Harding Park pond were rnaintained such that release 

from the pond system could occur. To better assess the significance of the trace metal 

release, trace metals should be investigated hinher in terms of mass loading from the pond to 

the nearby tnbutary, German Mills Creek, of the East Don River. A mass balance mode1 for 

the pond should be implemented so as to establish whether the pond is a sink or source for 

nutrients and trace metals. This would require more fiequent sampling of surface waters, 

especially dunng storm events. 

2. The exact mechanisms to explain why increased concentrations of trace metals occur in the 

dissolved phase in the Harding Park pond surface waters during the winter are not fully 

understood. Hence, a combination of field sampling, mesocosm, and batch expenments 



should be used to fiirther investigate the mechanism(s) for increases in dissolved metal 

concentrations during the winter. 

3. Also, even though total phosphorus data indicated that the Harding Park pond should be 

hypereutrophic, the WC concentrations in surface waters and organic carbon content in the 

sediment did not support this classification. To better assess the biological productivity and 

trophic status of the pond, analysis of surface waters should include particulate organic 

carbon (POC), chlorophyll total phosphorus (TP) and soluble reactive phosphorus (SM)- 

4. Ammonia and uptake of Cu and Zn, and transient depletion of DO at depth may have 

suppressed biological activity within the pond. A Toxicity Identification Evaluation (TE), as 

outlined in Wenholz and Crunkilton (1995), should be used to assess the toxicity of the 

surface waters and pore water in sediments of the Harding Park pond. 
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Appcndix A: Detection Limits for ICP-OES 
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