The Long Term Effect of On-Lot Sewer Systems

on Groundwater Quality:

An Empirical Analysis

Executive Summary

In many suburban and rural areas, homeowners utilize individual private groundwater wells as their source of potable water and on-lot septic systems to manage their sanitary wastewater. Sanitary wastewater contains Nitrogen at concentrations estimated at 45 mg/L, which exceeds EPA’s10 mg/L drinking water standard for Nitrogen in the form of Nitrate.  Therefore, it is possible that under some circumstances, septic systems could cause the concentration of nitrate in groundwater wells to exceed the drinking water standard. Under what circumstances is it reasonable to expect that this would occur? Are private on-lot septic systems a safe alternative to more costly community systems that provide removal of nitrogen before the effluent is discharged to the subsurface environment?
Hydrogeologic investigations intended to answer these questions are required as part of the sewage facility planning process.  The Pennsylvania Department of Environmental Protection (PADEP) specifies the use of a conservative nitrate mass balance equation which the authors of this study hypothesize would significantly overestimate the impact to groundwater quality.  Further, it was hypothesized that in locations where the predevelopment nitrate concentrations were elevated due to historic agricultural land use, concentrations would decrease over time.  In those areas where predevelopment concentrations were not elevated, increases on the order of 2 to 4 mg/L were expected. The overestimation is the result of several factors including but not limited to: 1) excluding the impact of changing land use inherent in the land development process; 2) assuming all Nitrogen in wastewater is converted to Nitrogen in the form of Nitrate and that the natural process of denitrification does not occur and; 3) basing the flow of wastewater from single family homes from census data collected in 1970 when average households were largr 
To test the hypothesis, 75 existing private water supply wells were sampled and analyzed for Nitrate.  The wells were located in seven existing residential communities located in Southern Chester County, Pennsylvania. Each of these communities utilizes private water supply wells and on-lot septic systems. The average lot size (including dedicated open space) was 1.3 acres. The sampling data was then compared to the results of 165 samples of drinking water collected and analyzed in those same communities when they wells were originally constructed in the 1980’s and early 1990’s.  This allowed for an assessment of the degree to which nitrate concentrations in the water wells changed over the past 10 to 25 years.
The data collected supported the study hypothesis.  The predevelopment data  was used to solve the PADEP prescribed nitrate mass balance equation.  This exercise predicted increases in the nitrate concentration ranging from 5.8 mg/L to 8.8 mg/L.  In many instances, adding the predicted increases to the predevelopment data resulted in concentrations exceeding the drinking water standard.  If current requirements were in place at that time, this would have disallowed the use of on-lot septic systems. The actual measured increases were far less than those predicted.  The average nitrate concentration for all seven communities increased 0.3 mg/L.  In communities where the pre-development data was not elevated by historic land use, the measured average nitrate concentration increased from 1.2 to 1.4 mg/L.  In those communities where the background data displayed evidence of significant impact from historic agricultural operations, the average nitrate concentrations decreased from 0.6 to 0.7 mg/L.  
The study did not identify evidence of significant increases or decreases in the concentration of nitrate in drinking water wells associated with the development of low density residential communities using standard individual on lot septic systems.  This was true regardless of the pre-development nitrate concentration. Therefore, for residential communities with densities similar to those included in the study, on lot septic systems are considered a safe and effective method of managing sanitary wastewater.  
