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Introduction

Urbanization and the introduction of impervious surface cover are becoming an increasingly important issue for Georgia coastal communities. The South Atlantic region has exhibited the largest rate of population growth in the country with a 58% increase between 1980 and 2003 (NOAA 2004). The U.S. Census Bureau (2000) projects that by 2025, 11 million additional people will live in the Carolinas and Georgia. Between 1992 and 1997 Georgia had the largest increase from undeveloped land to developed land in the Southeast with a 27.4% change towards urbanization (USDA, 2000). As more people move to the coast, areas that were undeveloped are quickly being altered into urbanized land. Urban growth, both inland and at the coastal zone, puts many stresses on the physical, chemical, and biological resources of the environment. One of the most obvious results of development is the introduction of impervious surface.


Impervious surface consists of manmade coverings of the natural landscape where water cannot soak through, and includes any hard surface like roof tops, asphalt, or concrete. Any increase in impervious surface has a direct effect on water storage and movement in the system. Figure 1 details the changes in the hydrologic system that occur as the amount of impervious surface increases. In an undeveloped or forested system, runoff composes only 10% of the hydrologic flow with the rest of the water either lost to evaporation or infiltrating into the ground. However, as the amount of impervious surface increases to 35-50%, runoff increases to 30% and far less water is stored via infiltration. Runoff presents a particularly important problem to sensitive tidal creeks and estuarine systems: it frequently contains high concentrations of nutrients such as nitrogen and phosphorus, as well as pollutants such as polycyclic aromatic hydrocarbons (PAHs) and fecal coliform, which can cause harm to freshwater and marine organisms (Schiff, 2002; Lee, 2005, Mallin, 2006). 
Figure 1: Effect of impervious surface cover on hydrologic flows (Paul and Meyer, 2001).  Evapo-transpiration is water that evaporates back into the atmosphere; infiltration (whether shallow or deep) is water that percolates through the soil and becomes groundwater; runoff is water that flows over land, directly into surface water.
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Current Research

Since the late 1970’s, scientists have been attempting to quantify the biological and chemical effects of increases in impervious surfaces on the natural environment. Initial research focused on the impact of urbanization on freshwater streams: Klein (1979), for example, found a decline in species diversity when impervious surface covered more than 12% of the system. Similar studies have followed. Table 1 provides a summary of the most recent papers and the percentages of impervious area that accompanied changes in stream conditions.

One study of particular interest focused on the Etowah River basin in Georgia. Roy et al. (2003) researched the relationship between stream organisms and the amount of urbanization in the stream catchment area. The researchers also recorded water quality parameters such as total suspended solids, nutrients (nitrogen and phosphorus), dissolved oxygen, and total chlorophyll. Greater species diversity was found when stream water quality was good and reduced water quality was observed when the amount of urban land cover was >15%. 
Table 1: Ecosystem Health and the Relationship to Impervious Surface
	Location
	Stream Condition Marker
	% Impervious Area where marked change occurred
	Reference

	Delaware
	Decline in species diversity 
	8-15%
	Paul and Meyer, 2001

	Georgia
	Decline in species diversity 
	15%
	Roy et al., 2003

	North Carolina
	Water quality (fecal coliform)
	>10%
	Mallin et al., 2000

	South Carolina
	Physical, chemical, and biological indicators
	10-20%
	Holland et al., 2004

	Washington
	Loss of aquatic system function
	10%
	Booth and Jackson, 1997

	Wisconsin
	Decline in species diversity 
	8-12%
	Stepenuck et al., 2002

Wang et al., 2000



There has been less research on the effect of impervious surface in coastal areas as compared to inland sites. However, there have been several recent studies of this type for the Carolina coasts (which share physical and biological attributes with the Georgia coast). Mallin et al. (2000) studied five watersheds in North Carolina with varying amounts of urbanization. The project focused on fecal coliform as an indicator of water quality since high fecal coliform concentrations are frequently cited when beaches and shellfish areas are closed. The study found that fecal coliform abundance was significantly correlated with watershed population (i.e. as population increased, fecal coliform abundance increased), particularly when impervious cover was greater than 10% (Mallin et al., 2000). The relationship between impervious surface and fecal coliform concentration was even more striking, and suggests that impervious surface is a very good predictor of fecal coliform (Mallin, 2006).

Holland et al. (2004) also sought to study the relationship of watershed urbanization and tidal creek health. This work focused on twenty-three tidal creeks in South Carolina that represented different levels of urbanization. They found that creeks with higher levels of impervious cover had measurable physical, chemical, and biological impairments compared with undeveloped areas.  High impervious surface correlated with high sediment contamination, coarser sediments, high fecal coliform levels, and different organisms. Changes occurred in both the physical and chemical characteristics of the creeks when impervious cover exceeded 10-20%. Detrimental biological changes occurred when impervious cover exceeded 20-30%.


There is also a small body of research on the effects of stormwater runoff on marine systems. Schiff et al. (2002) exposed sea urchins to stormwater diluted with various concentrations of seawater. At concentration of 6-12% stormwater, sea urchins exhibited a reduction in reproduction fertilization
. The stormwater was analyzed for several chemical constituents, including nutrients and trace metals.  The researchers suggested that trace metals were responsible for the reproduction changes observed.

In two separate studies (one in SC and one in GA), Lee (2005; Lee et al., 2004) tested the effect that PAHs originating from stormwater runoff might have on grass shrimp. In both cases, he found that exposure to PAHs increased breakage in DNA and reduced embryonic development.  For the Georgia study, Lee studied PAHs and other chemical pollutants originating from runoff and retention ponds located in Chatham, Glynn and McIntosh counties near several Georgia estuaries.  Along with PAHs, Lee also reported elevated concentrations in the retention ponds of metals and pesticides while estuarine sediments had higher concentrations of copper, chromium, lead, zinc and nickel.
Conclusions


The studies described here demonstrate that increases in impervious surface and concomitant surface runoff routinely lead to impairments in water quality and biological communities in both freshwater and estuarine systems (see also Paul and Meyer, 2001). Although the results vary from study to study, most studies find that detrimental effects are observable when the amount of impervious surface increases past 10-15%, with biological changes frequently observed above 15% (Mallin et al., 2000; Roy et al., 2003; Holland et al., 2004). Booth and Jackson (1997) and Booth et al. (2002) suggest that changes that occur due to increases in impervious surface through watersheds are irreversible. Paul and Meyer (2001) argue that if stream restoration is possible, it will require scientists and planners to reintroduce or stabilize the physical, chemical, and biological systems of the impaired systems
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