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Abstract. On-site wastewater treatment systems 
(OWTSs) are widely used in the Southeastern United States 
for municipal wastewater treatment. As urban and suburban 
populations increase, the use of OWTSs is expected to fur-
ther increase. This region heavily depends on surface waters 
for its water supply, therefore, the impact of OWTSs on sur-
face water quality and quantity must be investigated. Con-
ventional OWTSs can be potential sources of N pollution for 
groundwater and streams that can cause human health con-
cerns and stimulate algal growth resulting in eutrophication. 
The overall goal of this project is to determine the impact of 
OWTSs on the N load and baseflow in urbanizing watersheds 
of Ocmulgee and Oconee River basins in Georgia. This paper 
presents preliminary results of the differences in the N load 
and baseflow as well as other water quality indicators such as 
electrical conductivity (EC) and chloride (Cl-) in streams of 
watersheds impacted by high (HD) and low density (LD) 
OWTSs. Synoptic samples and discharge measurements of 
24 watersheds were taken 3 times per year in fall, spring, and 
summer under baseflow conditions. EC and Cl- concentra-
tions were significantly higher in HD OWTS watersheds for 
all three sampling events. N concentrations were not statisti-
cally different between HD and LD watersheds for all three 
sampling events. Baseflow measurements in the fall and 
spring were not statistically different between HD and LD 
watersheds, but summer measurements were significantly 
higher in the HD watersheds. The results indicate the pres-
ence of OWTS effluent in streams of watersheds with HD 
OWTSs, while N analysis indicates a reduction in concentra-
tion through dilution and denitrification. However, increased 
baseflow in watersheds impacted by HD OWTSs results in 
an increase in total N load. Further analysis is needed to ac-
curately determine and quantify the impact of OWTSs on 
water quality and quantity at the watershed-scale. 

 
INTRODUCTION 

Water quality and quantity concerns have increased sig-
nificantly in recent years as people continue to move into the 
Piedmont region of the Southeastern United States. The pop-
ulations in this region that includes Alabama, Georgia, South 
Carolina, and North Carolina increased 7.5 to 18.5 percent 
from 2000 to 2010. Georgia, with an 18.3 percent increase, 
almost doubled that of the national average of 9.7 percent. 
Most of its growth occurred along the Interstate 85 corridor 
in Metropolitan Atlanta. This fourteen county district in the 
northern part of the state experienced a 23.3 percent increase 
in population, and the growth is expected to continue in the 

future. (US Census Bureau, 2010). The groundwater and sur-
face water systems are well connected in the Piedmont, with 
each watershed acting as a unit due to the relatively imper-
meable underlying rock. Due to the limited availability of 
high yield wells, surface water withdrawals account for about 
78 percent of the public water supply of Metropolitan Atlan-
ta.(Clarke and Peck, 1991; Fanning, 2001). 

On-site wastewater treatment systems (OWTSs) are 
widely used for municipal wastewater treatment throughout 
the Southeast. It is estimated that more than 30 percent of the 
homes in Georgia are on OWTSs which is higher than the 
national average of 23 percent (U.S.EPA, 2002). The number 
of OWTSs in Metropolitan Atlanta is estimated to be 526,000 
which is 26 percent of the total housing units in the district 
(MNGWPD, 2006). The number of OWTSs is expected to 
increase as populations increase in this region because of the 
high costs of centralized systems to extend out to suburban 
populations. OWTSs are no longer considered a temporary 
solution to be replaced eventually by centralized collection 
and treatment (Oakley et al., 2010). Therefore, as populations 
in Metropolitan Atlanta increase and the use of OWTSs in-
creases, their impact on surface water quality and quantity 
must be investigated. 

Traditional OWTS can be potential sources of pollution 
for groundwater and surface water. Contaminations include 
nutrients such as nitrogen (N) and phosphorus (P), microbial 
contaminants, viruses, and hormones. Nitrogen is the primary 
nutrient and contaminant of concern for this study. High N 
concentrations can impact both human health and the envi-
ronment. Elevated N concentrations (typically in the form of 
nitrate-N) in drinking water can be harmful to humans caus-
ing restriction of oxygen transport in the bloodstream. This 
can be potentially fatal for young infants or can cause prob-
lems during pregnancy as they lack the enzyme needed to 
correct the condition. Excess N can also cause over stimula-
tion of growth of aquatic plants and algae that can clog water 
intakes, block light to deeper waters, and use up dissolved 
oxygen as they decompose. This results in eutrophication that 
can produce fish kills and a decrease in animal and plant di-
versity within the watershed (USGS, 2012). 

Many studies have shown groundwater in residential ar-
eas with high density OWTSs to have high nitrate-N concen-
trations that are up to 4 times the drinking water limit of 10 
mg L-1 set by the USEPA (Harman et al., 1996; Kaushal et 
al., 2006; Postma et al., 1992). Several studies have also in-
dicated elevated nitrate-N concentrations in groundwater 
below or down gradient from properly maintained and func-



tioning OWTSs especially after high precipitation events 
(Arnade, 1999; Bernhardt et al., 2008; Gold et al., 1990). 
Other studies have identified OWTSs as the dominant source 
of N pollution at the watershed scale in streams where the 
watershed is developed with neighborhoods dependent upon 
OWTSs (Burns et al., 2005; Hatt et al., 2004; Kaushal et al., 
2006; Reay, 2004). There have also been studies to confirm 
the origin of nitrate-N concentration to be from OWTSs us-
ing source tracking techniques that geochemically fingerprint 
the source (Aravena et al., 1993; Lu et al., 2008; McQuillan, 
2004; Silva et al., 2002). 

Water quality performance requirements for OWTSs are 
not clearly defined because of uncertainty about the process-
es involved in groundwater discharging systems. Primary 
drinking water standards are typically addressed in code reg-
ulations only by requirements that the infiltration system be 
located a specified horizontal distance from the wellhead and 
vertical distance from the seasonally high water table 
(U.S.EPA, 2002). Most states estimate the minimum lot size 
for OWTSs that will protect drinking water wells from ex-
ceeding the 10 mg L-1 drinking water standard for N. Howev-
er, in surface waters that are sensitive to nutrient inputs, the 
threshold concentrations can be significantly lower than the 
drinking water standard (U.S. EPA, 2010). TMDLs (Total 
Maximum Daily Loads) are also becoming important water-
shed management and planning strategies to minimize water-
shed contamination. A TMDL developed for Lake Allatoona, 
a large reservoir north of Atlanta, includes N limits and at-
tributes part of the nutrient load to OWTSs in the watershed 
(GADNR, 2012). There is a need however, for a more accu-
rate assessment of the N load to streams contributed from 
OWTSs. 

While most studies investigate the impacts of OWTSs on 
water quality, their influence on groundwater recharge and 
baseflow in streams is also an important water management 
issue for urbanizing watersheds of Metropolitan Atlanta. 
Several studies have indicated that increased impervious sur-
faces and constructed channels due to urbanization decrease 
infiltration and baseflow and increase storm water runoff 
(Calhoun et al., 2003; Landers et al., 2007; Simmons and 
Reynolds, 1982). However, some studies have reported that 
rising groundwater levels from the combination of leaking 
water and waste water-supply mains and OWTSs drainage 
networks more than offset the effects of reduced infiltration 
and baseflow resulting from urbanization (Lerner, 2002; 
Yang et al., 1999). The specific effect of OWTSs on water 
quantity has been investigated by two studies, both of which 
found that baseflow in watersheds with high-density OWTSs 
was significantly greater than in watersheds with low-density 
OWTSs indicating that while suburban developments do ac-
celerate the transport of storm water runoff into streams, 
OWTSs can change the expected effects of development on 
storm water runoff and groundwater recharge (Burns et al., 
2005; Landers and Ankcorn, 2008). 

A common assumption by some environmental officials 
in Georgia is that OWTSs can be considered consumptive 
use and therefore reduce the amount of water recharging sur-

face waters in Georgia. In the original guidelines for develop-
ing a state-wide comprehensive water management plan, the 
state Environmental Protection Division stated that OWTSs 
should be considered 100 percent consumptive use 
(MNGWPD, 2006). However, as a result of the study done 
by Landers and Ankcorn (2008), they have revised their 
guidelines to say that the degree of consumptive use is not 
known, but assumed to be more consumptive than centralized 
systems with surface water discharges (MNGWPD, 2009). 
Therefore, there is a need to more clearly define the contribu-
tion of OWTSs to groundwater recharge and to the baseflow 
in the streams of Metropolitan Atlanta. 

The object of this study is to determine the impact of 
OWTSs on the N load and the baseflow in urbanizing water-
sheds of Ocmulgee and Oconee River basins in Metropolitan 
Atlanta, Georgia. This paper presents preliminary results of 
the differences in the N load and baseflow as well as other 
water quality indicators in streams of watersheds impacted by 
high (HD) and low density (LD) OWTSs. Results from this 
study will inform OWTS users, the OWTS industry, as well 
as local and state planners about the impacts of OWTSs and 
their contribution to the N load and baseflow of streams. 
 

STUDY AREA 
The study area has been described in detail in Landers 

and Ankcorn (2008). The area is in the Southern Piedmont 
region of southeast Atlanta, Georgia and has a mean annual 
precipitation of about 50 inches (National Weather Service, 
2008). The small watersheds selected for the site are in the 
Ocmulgee and Oconee River basins, which drain to the 
Altamaha River and the Atlantic Ocean. The watersheds 
range in area from 0.07 to 3.4 square miles with an average 
area of 0.96 square miles. Of the 24 watersheds selected, 
twelve are characterized as having high density OWTSs with 
the remaining twelve characterized as having low density 
OWTSs. A watershed with less than 100 OWTSs per square 
mile was considered as a LD watershed while watersheds 
with greater than 200 OWTSs per square mile was consid-
ered as a HD watershed (Table 1). Other watershed selection 
criteria used were geological setting, precipitation, climate, 
accurate baseflow measurement locations and available spa-
tial datasets of natural, infrastructure, and water use charac-
teristics. The study area and watershed boundaries are shown 
in Figure 1. 
 

METHODS 
Synoptic measurements of baseflow were taken concur-

rently with water sampling three times a year to capture the 
different (seasonal) flow conditions. The stream flow meas-
urements for the 24 sites were measured within a 48 hour 
period, with no intervening rainfall. In addition to baseflow, 
basic water quality parameters such as temperature, pH, elec-
trical conductivity, and dissolved oxygen were measured 
using a multi-parameter water quality sonde.  

Water samples were collected during baseflow periods 
three times per year at the same time as the synoptic stream 
flow measurements. All collected stream samples were ana-



lyzed by the University of Georgia Environmental Services 
Laboratory for NH4

+, NO3
-, total Kjeldahl N (TKN), δ15N, 

and Cl-. 
 
Table 1: The characteristics of the study area watersheds 
in Gwinnett County, Georgia (Landers and Ankcorn, 
2008) 

 

 
 

 
 

Figure 1: Location of the study area, 24 watershed 
boundaries, sampling sites and OWTSs in Gwinnett 
County, Georgia (Landers and Ankcorn, 2008). 
 

The hypothesis was that watersheds impacted by HD 
OWTSs will have a higher N load and a higher baseflow 
when compared to watersheds with LD OWTSs. Nitrate-N 
(NO3

-) concentrations were expected to be significantly high-
er in HD OWTS watersheds because it is considered quite 
mobile in soils and can be leached to groundwater where 
drinking water wells and surface water supplies may be con-
taminated. 

The amount of N contributed from conventional OWTSs 
is dependent on the removal efficiency of the system through 
denitrification and dilution. Chloride (Cl-) was used as a con-

servative tracer to observe N transformations and the effect 
of dilution within the watersheds. Cl- is a non-reactive solute 
that is not subject to transformation by microbial activity, and 
it has been shown to increase linearly from a background of 
about 20 mg L-1 with increasing NO3

- concentrations. Cl- also 
serves as a good indicator parameter for OWTS impacts be-
cause it is present in all sewage (McQuillan, 2004). There-
fore Cl- concentrations were expected to be significantly 
higher in HD OWTS watersheds. 

The concentration of 15N a stable isotope of N, was also 
observed in order to identify the sources of N within the wa-
tersheds. Biological organisms preferentially use the lighter 
isotope of nitrogen, 14N, rather than the heavier isotope, 15N,  
for respiration and assimilation because the chemical bonds 
of lighter isotopes are generally broken down easier than 
those of heavier isotopes. As a result, 14N becomes concen-
trated in cell mass while 15N becomes concentrated in the 
residual N source and in human and animal wastes. NO3

- in 
groundwater that has been denitrified by microbes or origi-
nates from human or animal waste is enriched with 15N 
(McQuillan, 2004). Distinct isotopic compositions have been 
identified to characterize N of different origin so that the 
molar ratio of 15N to 14N can be measured to distinguish be-
tween human waste, animal waste, and synthetic fertilizers 
(Aravena et al., 1993). Therefore, 15N concentrations were 
expected to be significantly higher in HD OWTS watersheds. 
 

RESULTS AND DISCUSSION 
Synoptic samples and discharge measurements of 12 LD 

and 12 HD OWTS watersheds were taken 3 times in Novem-
ber 2011, March 2012, and July 2012 under baseflow condi-
tions. Electrical conductivity (EC; Figure 2) and chloride (Cl; 
Figure 3) concentrations were significantly higher in streams 
of watersheds impacted by HD OWTSs for all three sampling 
periods (p-value < 0.05). All forms of nitrogen (N) including 
nitrate (NO3

-; Figure 4), ammonium (NH4
+), total Kjeldahl N 

(TKN), and δ15N concentrations were not statistically differ-
ent between LD and HD OWTS watersheds for all three 
sampling periods (p-value > 0.05). Baseflow measurements 
in November 2011 and March 2012 were not statistically 
different between LD and HD OWTS watersheds, but July 
2012 measurements were significantly higher in streams of 
watersheds impacted by HD OWTSs (p-value < 0.05; Figure 
5). 

EC and Cl- results indicate the presence of OWTS efflu-
ent in streams of watersheds with HD OWTSs. Baseflow 
results also indicate the presence of OWTS effluent in HD 
OWTS watersheds despite the lack of difference between 
watersheds in the first two sampling events. An important 
watershed characteristic is the percentage of impervious sur-
faces. As shown in Table 1, the HD OWTS watersheds are 
significantly higher in impervious surfaces (p-value < 0.05). 
Watersheds with a high percentage of impervious surfaces 
are expected to have a lower baseflow than watersheds with a 
low percentage of impervious surfaces due to less infiltration 
and more runoff. However, the results show no difference in 
the baseflow in November 2011 and March 2012 and a high-



er baseflow in July 2012 indicating an increase in baseflow 
due to OWTS effluent. 
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Figure 2: Electrical conductivity concentrations in 
streams of watersheds with LD and HD OWTSs in Fall 
2011, Spring 2012, and Summer 2012. 
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Figure 3: Chloride concentrations in streams of water-
sheds with LD and HD OWTSs in Fall 2011, Spring 2012, 
and Summer 2012. 
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Figure 4: Nitrate-N concentrations in streams of water-
sheds with LD and HD OWTSs in Fall 2011, Spring 2012, 
and Summer 2012. 
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Figure 5: Baseflow measurements in streams of water-
sheds with LD and HD OWTSs in Fall 2011, Spring 2012, 
and Summer 2012. 
 

N results indicate a reduction in concentration through a 
combination of dilution and dentrification in OWTS drain-
fields and along flow paths to streams. However, increased 
baseflow in the watersheds impacted by HD OWTSs results 
in an increase in the N load as shown in Figure 6. The N load 
in the HD OWTS watersheds was significantly higher during 
the July 2012 sampling event due to the significantly higher 
baseflow (p-value < 0.05). 

Cl- regression analysis showed a linear increase in con-
centration as a function of OWTS density within the water-
shed as shown in Figure 7 from July 2012 (R2 = 0.6751). 
Results are similar for the November 2011 and March 2012 
sampling events which indicate an increase in the presence of 
OWTS effluent with an increase in OWTS density. NO3

- re-
gression analysis of concentration as a function of OWTS 
density showed a weak correlation as shown in Figure 8 from 
July 2012 (R2 = 0.1724). Results are similar for the Novem-
ber 2011 and March 2012 sampling events. However, some 
LD OWTS watersheds appear to have high NO3

- concentra-
tions that may be due to agricultural runoff, animal wastes, or 
leaking sewer lines. 15N regression analysis, as shown in Fig-
ure 9, indicates the presence of NO3

- derived from human or 
animal wastes in some LD OWTS watersheds. Therefore, 
further analysis is needed to identify other sources of N with-
in the watersheds in order to correctly determine the impact 
of OWTSs on the N load within the watershed. 
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Figure 6: Nitrate yield (load per unit area) in streams of 
watersheds with HD and LD OWTSs in July 2012. 
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Figure 7: Chloride concentration as a function of OWTS 
density within the watershed in July 2012. 
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Figure 8: Nitrate-N concentration as a function of OWTS 
density within the watershed in July 2012. 
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Figure 9: δ15N concentrations as a function of OWTS 
density within the watershed in Fall 2011, Spring 2012, 
and Summer 2012. 
 

CONCLUSION 
The results indicate the presence of OWTS effluent in 

streams of watersheds impacted by HD OWTSs. N analysis 
indicates a reduction in concentration through a combination 
of dilution and denitrification within the watershed. Howev-
er, an increase in baseflow results in an increase in N load. 
Further analysis is needed to identify all sources of N within 
the watersheds, to quantify the OWTS contribution to the N 
load and baseflow in the watersheds of the region, and to 

accurately determine the impact of OWTSs on water quality 
and water quantity at the watershed-scale. 
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