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ABSTRACT
A Subsurface Drip Irrigation System (SDIS) was analyzed to determine the need for a secondary filtering requirement for residential wastewater dispersal.  The theory suggests the use of SDIS will take advantage the soil’s natural purifying capabilities and be able to treat domestic wastewater effectively without the use of secondary treatment.  
Two systems were analyzed.  Both are located in residential subdivided communities.  Each home has individual septic tanks for primary treatment.  The effluent is linked to a decentralized wastewater treatment facility consisting of a sand filter and absorption field.  Each location has a test plot with effluent dispersal using a SDIS.  Raw Septic Tank Effluent (STE) is applied to one half of each test plot and the other half receives Recirculated Sand Filtered Effluent (RSFE).  The objectives of this study were to: determine the level of treatment of effluent in the soil on each side and compare the two sides.  
Physical and Chemical properties were analyzed using Statistical Analysis Software (SAS 2008).  Saturated Conductivity (Ksat) was the physical property investigated while Nitrate-Nitrogen (NO3ˉ), Total Carbon (TC), Total Nitrogen (TN), and Total Phosphorus (TP) were the chemical properties investigated.  Each property was analyzed separately using mixed model analysis of variance to determine their mean separations.  Each mean separation analyzed the differences between treatments (STE, RSFE, and Control), differences due to depth of sample (1ft and 2ft below emitter), and the interactions between depth and treatment.  
Results show that the STE samples had a lower Ksat average than the RSFE and control samples.  This is evidence of a more developed biological layer in the soil matrix. The biological layer is beneficial to the removal of contaminants present in wastewater.  The NO3ˉ and TN levels were elevated on the STE side.  This was expected because of the recirculating sand filter’s higher efficiency at removing nitrogen before it was applied to the soil.  This also explains the absence of a biological layer on the RSFE side.  The sand filtered effluent on the RSFE side lack the nutrients needed to feed the organisms in the biological layer.    
Total carbon is lower on the STE side.  Literature suggests that this is due to the increased microbiological activity.  High Organic Matter is conducive to a high Biochemical Oxygen Demand (BOD).  Residential wastewater typically has a high BOD which feeds the organisms in the biological layer in the STE side.  The RSFE side does not have a developed biological layer so it cannot deal with the increased BOD of the wastewater. 






Chapter 1
INTRODUCTION
According to the U.S. EPA (2000), more than 25% of homes in the United States rely on decentralized wastewater treatment systems for their wastewater dispersal needs.  Forty percent of new homes being built are also going to be connected to decentralized wastewater systems (U.S. EPA, 2000).  This means that they are not connected to any sort of central sewerage system.  A conventional decentralized wastewater treatment system consists of a septic tank for primary treatment and an absorption field for effluent dispersal (figure 1.1).  Due to inadequate soil conditions and or the availability of land, some systems are required to add a secondary-treatment device to the system before applying effluent to the soil.  Secondary treatment usually involves an aerobic treatment unit (ATU) or a recirculating media filter (RSF).Figure 1.1 - Conventional Subsurface Wastewater Infiltration System

The soil has a tremendous ability to renovate domestic wastewater under aerobic and non-saturated conditions.  The formation of a clogging zone (biomat) in the soil where the effluent is being applied is beneficial for the removal of viruses and bacteria but the use of secondary treatment may retard this formation.  Utilization of a secondary treatment can reduce total suspended solids (TSS) and biochemical oxygen demand (BOD) but may not be an effective means of removing bacteria and viruses.  The clogging zone reduces the percolation rate of the effluent allowing for prolonged contact between the wastewater and the soil particles allowing for adsorption of bacteria and viruses.  
Secondary treated effluent allows for greater hydraulic loading because of the reduced clogging potential.  This means that a smaller area absorption field can be used or shorter distance between infiltration zone and a restrictive layer (such as groundwater or bedrock). However this may reduce treatment in the soil due to shorter contact time between the effluent and soil particles.  
Secondary treatment is an effective method to advance purification of primary effluent but it may leave groundwater vulnerable to contamination from pathogens present in residential waste (Van Cuyk, 2001a; Lowe et al., 2007).  
	This study is specifically dealing with the comparison of two alternative decentralized wastewater treatment systems. One system utilizes a RSF to provide secondary treatment to the wastewater before it is applied and the second system applies the wastewater directly from the septic tank.  The reason these systems are considered “alternative” is because they use a subsurface drip irrigation system (SDIS) to apply the effluent to the soil instead of a conventional gravel filled trench system.  The general consensus is that when using a SDIS, secondary treatment is required to reduce system failure through the clogging of emitters and filters due to biological growth and the buildup of particulate matter (Gilbert., et al 1979; Gillespie and Tasato, 1980; Nakayama and Bucks, 1991; Massoud et al., 1994; Ravina et al., 1997).    A benefit of subsurface drip irrigation (SDI) is that it allows for adsorption fields to be installed on land where a conventional dispersal system would not be appropriate.  SDI can be installed on shallower soils and in poor soil conditions.  Soil has a tremendous ability to renovate residential wastewater.  SDI applies the effluent to the soil in a way that maximizes this property so that the effluent can meet proper purification requirements before it reaches the groundwater or surface waters (i.e. rivers and lakes).
Justification
Many studies have been conducted to investigate the effects of irrigating with wastewater but few look at the application of wastewater using SDI.  Even fewer authors research the need for secondary treatment of wastewater when irrigating with a SDIS.  Secondary treatment can be very expensive and may not be necessary.  This study will show the comparison between identical SDIS’s with one receiving primary effluent and the other receiving secondary effluent.  Jnad et al. (2001) discusses the effects of irrigating with wastewater using SDI on the soil’s chemical and physical properties.  This study (like Jnad et al. (2001)) used both an elemental and a physical approach to analyze the effectiveness of each treatment.  This analysis is used to make the comparison.  


Hypothesis
	The primary hypothesis of this study is that:
· With SDIS, secondary (sand filter) treatment is not needed to adequately purify residential wastewater

This study will prove or disprove this hypothesis by analyzing the soil and soil solution below the emitter.  By looking at the saturated hydraulic conductivity measured as Ksat; it can be seen how effluent that has been secondarily treated with a sand filter (RSFE) and primary effluent (STE) change the soil’s physical properties.  An elemental analysis will also help determine other effects of wastewater dispersal on the soil. The elemental analysis will include nitrate-nitrogen (NO3ˉ), total nitrogen (TN), total phosphorus (TP), and total carbon (TC).  These are the main constituents in residential wastewater that may be of concern in the environment.  Nitrogen making its way into drinking water is of concern because of the potential for disease like methemoglobinemia (blue baby syndrome). Phosphorus runoff into bodies of water can result in eutrophication, destroying habitat for local fish and water wildlife.  Measuring TC will provide information on how much oxygen demand the wastewater is adding to the system.





Chapter 2
REVIEW OF LITERATURE
Soil’s Purification Abilities
Soil based wastewater renovation for onsite and small community applications commonly relies on infiltration and percolation of primary effluent through soil to achieve purification prior to recharge to groundwater (US EPA, 1978, 1980, 1997; Jenssen and Seigrist, 1990; Crites and Tchobanoglous, 1998; Van Cuyk et al., 2000).  The soil removes wastewater constituents through filtration of suspended solids, sorption of phosphorus, transformations of nitrogen, biodegradation of organic matter, die-off of bacteria, and inactivation of viruses (Siegrist and Van Cuyk, 2007).  Studies have shown that pathogens can be reduced (99% to 99.9% removal) through 0.6-0.9m of unsaturated subsoil (Kristiansen, 1981; Van Cuyk et al., 2004).  Unsaturated flow conditions promote lengthy contact of the wastewater constituents and the surface of the soil particles and associated biofilm (which is talked about later) which is critical for the purification of wastewater (Emerick et al., 1997; Schwagger and Boller, 1997; Van Cuyk et al., 1998; Van Cuyk et al., 2001b; Siegrist et al., 2000; Beach et al., 2005).  Van Cuyk (2000) wrote “extensive and lengthy contact between wastewater constituents and the soil matrix and associated biofilms occurs during unsaturated flow achieved by intermittent dosing of daily loadings limited to a small fraction of the soil’s saturated hydraulic conductivity and by spatially uniform application.”  Meaning that with unsaturated conditions, the wastewater is forced into contact with the biofilm that is attached to the soil particles.  Under saturated conditions, the wastewater can flow by the soil particles without directly contacting the biofilm.   Also, with lengthy contact and unsaturated flow conditions, critical oxygen will be provided to aide micro-organisms (in the soil’s biofilm) to consume organic wastewater constituents and more time is allowed for important processes to occur.  These processes include: filtration of TSS and bacteria, nitrification / denitrification, adsorption of phosphorus, and inactivation of viruses by adsorption.  Subsurface drip irrigation allows uniform application and the intermittent dosing of daily loads (also called dosing cycle) needed for the development and control of the biofilm layer. 
Lance and Gerba (1984) found that virus penetration during unsaturated flow is much less than during saturated flow.  
Studies show that most of the biological activity occurs within the initial percolation zone (McCoy and Zeibell, 1975; Hagedorn et al., 1981; Gill et al., 2007).  This means that most of the purification process is occurring in this area.  The biomat (also called: clogging layer, biological layer, etc…) is the biologically active layer that develops at the infiltrative surface of conventional gravel filled trenches as a result of wastewater application (Beach et al., 2005).  Not to be confused with biofilm, the biomat is a result of an accumulation of suspended solids that collect in the soil pores and microbial growth (Jones & Taylor, 1965; Thomas et al., 1966; Bouma, 1975; Siegrist and Boyle, 1987; Tyler et al., 1991; Tyler & Converse, 1994; Beach et al., 2005).  The biomat is a biofilm that has become so thick that it can overly restrict the downward flow of effluent.
The influence that residential wastewater has on soil hydraulic properties depends on the effluent quality, application rate, and soil type (Jnad et al., 2001b).  These variables control the extent of development of the biomat layer.  If the biomat grows too dense it may cause reduced infiltration at the emitter due to lower hydraulic conductivity.  Drip dispersal allows for dosing and resting cycles that will maximize soil-water-oxygen contact and aerobic conditions can be maintained thus controlling the biomat formation (Buchanan, unpublished presentation).  Biomat is developed during saturated anaerobic conditions.  The dosing and resting cycles of the SDIS creates the balance between beneficial biofilm and potentially detrimental biomat growth by providing the oxygen needed to limit the biomat growth. Biofilm is a biologically active layer that develops in the biofilter media, in this case soil.  
[image: ]Figure 2.1 illustrates a simple example of biofilm versus biomat. The biofilm aides greatly in the purification of effluent and this zone can be retarded by highly pretreated effluent (e.g. sand filter effluent) (Van Cuyk et al., 2001b).  This retardation may limit the soils purification capabilities.  Figure 2.1 –Biofilm vs. Biomat

Hepner found that application of Septic Tank Effluent (STE) from 3 single family homes received significant treatment when it was applied using SDI (Hepner et al., 2007).  Hepner measured a statistically significant reduction of BOD5, NH4-N, NO3ˉ-N, and Phosphorus.  
Gill et al. (2007) found that STE achieved equivalent purification as secondary effluent after it had percolated through 0.6m of unsaturated soil.  Their study was done at 4 sites, 2 receiving STE and 2 receiving sand filter effluent (SE because Gill did not specify if it was recirculated).  The effluent was applied using conventional percolation trenches.  Samples for effluent evaluation were collected using suction lysimeters placed at 1, 2, and 3 feet (0.3, 0.6, and 1.0 m) below the invert of the percolation trenches.  Gill also found that SE received no further substantial treatment in the subsoil, except for P which was dependant on the characteristics of the soil.  Due to the reduced treatment from the soil, Gill stated that N loading was higher (resulting in higher N loads moving toward groundwater because of less nitrification/denitrification taking place in the soil).  Bohrer (2000) found that levels of fecal coliform and E. coli from 3 STE only sites were below detection levels at a depth of 45 cm below the drip line.  Lance (1976) found that most viruses used in their study were removed within the first few centimeters of soil.  Once the sewage travelled past the first 2 cm of soil the rate of virus removal is dramatically reduced leading the authors to believe that absorption of the viruses onto soil particles is not the only factor in virus removal.  Lance suggests that an increase in microbial activity near the infiltrative surface might have led to optimum conditions for virus removal.  Maybe the increased biomat reduced the infiltration rate such that the viruses have more time to absorb to the soil particles.
Similar Study
Jnad et al (2001) conducted a study concentrating on the soil’s physical and chemical characteristics and how they changed when residential effluent was applied through subsurface drip tubing.  The study looked at four sites in which residential effluent flowed through an artificial wetland and then delivered to a subsurface drip irrigation system.  Samples were collected by using an Uhland soil core sampler (Blake and Hartge, 1986).  They found that the quantity and distribution of chemical constituents in the soil profile were influenced by soil properties, soil structure that affected water movement patterns, crop uptake, concentration of the chemical in applied effluent, concentration of the chemical in the original soil, and distance from the emitter.  They found no significant change in the concentrations of soil TN, Ca, Mg, K, EC, and TOC. This study concluded that the most important effect of wastewater irrigation using SDI was the increase of Na in the soil when the applied effluent had a high Na concentration.  Increased sodium concentration in the soil is a concern when irrigating with wastewater with any method of application.   Jnad found an increase in sodium where Ca and Mg concentrations were reduced and they found an increase in P concentrations near the surface.   An increase in Na could create a saline environment which would leave the fields barren.  Also an increase in P near the surface could lead to surface water pollution.  Increased P could cause eutrophication. 
The soil physical properties investigated include; soil water retention curve around the emitters, pore size distribution around the emitters, and the saturated hydraulic conductivity around the emitters.  Results show that the deeper the soil is, the number of pores increased and the pore size decreased.  Also, the saturated hydraulic conductivities tended to decrease compared to the control, as the soil got deeper underneath the emitters but was greater above the emitters.   (effect of soil sodicity?).  
Although the Ksat decreased as the soil got deeper, the Ksat values where still within an order of magnitude of the original soils.  Jnad’s study shows some of the parameters that will be used to assess the performance of purification of residential effluent for each system in this study.  
Nitrogen and Phosphorus Removal
Research has shown that the soil can remove greater than 90% of the Suspended Solids (SS) and BOD in wastewater through filtration, sorption, and biodegradation processes but the removal of nitrogen and phoshorus can be more limited (Virarghavan and Warnock, 1976; USEPA, 1980; Jenssen and Siegrist, 1990; Van Cuyk et al., 2001b; Rodgers et al., 2004; Beal et al., 2005; Gill et al., 2007).    Common nutrients contained in wastewater that may constrain hydraulic loading by limiting the amount of water that can be added to the soil are usually nitrogen and phosphorus (Vasquez-Montiel et al., 1996).  Wastewater irrigation can also significantly increase the amount of N, P, and potassium (K) in the soil (Jnad et al., 2001a; Munir et al., 2006).  The nitrogenous organic matter in the wastewater undergoes different complex processes, such as decomposition, nitrification and denitrification, micelle fixation to soil particles, nitrate (NO3ˉ) leaching, and volatilization in the soil water system (Kunjikutty et al., 2007).  Nitrogen removal is vital to reduce the risk of consumption of polluted water at potentially toxic levels to humans.  The U.S. EPA has set a limit of 10 ppm for NO3ˉ in drinking water with the Safe Drinking Water Act.  Consumption of water with NO3ˉ levels exceeding 10 ppm can result in methoglobinemia (blue baby syndrome) in infants (Majundar, 2003).  Blue Baby Syndrome is caused by the ingestion on N in the form of nitrate. NO3ˉ is reduced in the body to nitrite (NO2ˉ) in the intestine.  Nitrite forms methemoglobin which is a substance that prevents oxygen from being transported to tissues causing asphyxiation.
Nitrogen is removed by the nitrification/denitrification process.  For wastewater infiltration systems, nitrification occurs beneath the biomat in the unsaturated zone (Pell and Nyberg, 1989; Van Cuyk et al., 2001b).  The oxidation of wastewater ammonium in aerobic and unsaturated conditions form nitrite (NO2ˉ) then nitrate (NO3ˉ).  Denitrification takes place in oxygen depleted environments, during the saturated period, and produces gaseous forms of nitrogen that evolves to the atmosphere.  
Phosphorus pollution leads to eutrophication of surface waters (Mamo, 2005; Bowden et al., 2008).  Phosphorus can be removed from the wastewater before it reaches groundwater by Fe, Al, or Ca retention in the soil (Mamo, 2005).  Significant leaching of phosphorus can occur via leaching through sandy soils (Mamo, 2005).  Sandy soils do not have Fe, Al, and Ca and are therefore subject to P leaching.  Mamo (2005), states that the agricultural practice that is most conducive to the significant downward phosphorus movement is the long-term application of organic wastes.  Application of organic wastes increases the saturation of P in the soil causing increased leaching.








































Chapter 3
MATERIALS AND METHODS
Site Description
In order to ensure a consistent supply of domestic wastewater, this research was conducted at two residential subdivisions, each being serviced by a decentralized wastewater management system.  At both location, wastewater from each home flows into a septic tank (primary treatment).  On a demand basis, a pump transfers the filtered effluent into a small diameter pressurized effluent sewer.  This transfers the effluent to a recirculating media filter for secondary treatment.  The highly renovated effluent is then dispersed to the soil using subsurface drip irrigation.  
At each location, two 1000-ft² SDI plots were constructed.  With the objective of conducting side-by-side trials with septic tank effluent (STE) and recirculating sand filter effluent (RSFE).  A diversion valve was installed just prior to the media filter in order to collect primary treated water for this investigation.
For the purposes of this experiment the STE is considered high-strength effluent and RSFE is considered low-strength effluent. The research plots in each location are nearly identical.  Each plot has 1000-ft of drip tubing installed.  In four zones, a 100-ft, 200-ft, 300-ft, and 400-ft foot length zone was installed in each plot.  Each zone is made up of drip tubing that is laid out in lines spaced 2-ft apart.   The drip tubing has emitters placed 2-ft apart so that every 4-ft² of the plot has an emitter delivering water to it.  The soil receives 0.1 gallons of wastewater per day per square-foot.  Each field receives 200 gallons per day every day.  Figure 3.1 shows the basic layout of each site.

House
Figure 3.1 - Study Site Layout
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Figure 3.2 shows the layout of the drip tubing in each subplot.
Figure 3.2 - Subplot Tubing Layout









The first site, Jackson Bend (JB), is located in Blount County, TN.  The soil in JB is primarily a sandy loam and is 4-8-ft to groundwater.  Jackson Bend is made up of high-end housing with large lots.  The second site, Crescent Glen (CG), is located in Rutherford County, TN.  The soil in CG is primarily a clay loam with about 2-ft to bedrock.  The homes in Crescent Glen are mainly starter homes with small lots.  Figures 3.3a and 3.3b show satellite images of the two sites.  The highlighted areas show the locations of the test plots and RSF’s.Figure 3.3a - Jackson Bend, Blount County, TN
Figure 3.3b - Crescent Glenn, Rutherford County, TN


	











Sample Collection and Analysis
Four rounds of sampling were completed starting in August of 2009 and ending in April, 2010.   Samples were collected from the area surrounding the test plots for a control.  Soil samples were collected in a similar manner as Lesikar (2001). Soil samples were collected from each subplot within each site.    Soil samples were taken with a coring device and transported to the lab to be analyzed.  The individual cores have 5 cm in diameters and are 7.6 cm long[footnoteRef:1].  Samples were obtained from two depths; 30 cm below the emitter level, and 60 cm below the emitter level.  At each depth samples were taken at 6 locations relative to the emitter.  Each core location was labeled with a number 1-14 depending on its location relative to the drip emitter.   Locations 1-12 were located near the emitter while locations 13 and 14 were the control samples.  The control samples were used to determine the background properties of the soil.  Figure 3.4 shows the locations of the core samples relative to the emitter. [1:  Klute (1986) describes the standard diameter and length for soil core samples that are going to be analyzed in the laboratory.   The diameter of the core sample should be between 2 and 10 cm and the length should be between 5 and 25 cm (Klute, pg. 691).] 

Figure 3.4 - Location of the Core Samples 

    







The odd numbered cores correspond with samples taken from the 30 cm depth and even numbered cores correspond with samples taken from the 60 cm depth.  Figure 3.5 show a front and side view of the locations where the samples were taken.  Samples are taken directly below the drip emitter and at 30 cm to either side of the drip later and 30 cm down the drip lateral.  The same pattern is repeated at 60 cm below the drip lateral.Figure 3.5 – Front and Side View of Sample Placement

A picture from an actual sampling site is shown in figure 3.6.  This picture was taken from the RSFE side of the Crescent Glen location on September 1, 2009.
Figure 3.6 – Sample Site, Crescent Glen, RSFE, September 1, 2009











An initial rectangular hole was excavated to the depth of the drip tubing.   The holes seen in Figure 3.6 were made using a 15cm diameter coring device.  Each hole was initially excavated to a depth of 25 cm so that the coring sampler could extract grab a sample with the 30 cm depth in the middle of the core.  Once the first core was taken, a loose soil sample was collected for soil solution extraction.  The hole was then extended to a depth of 55 cm and a core sample and loose soil sample was taken again.  The process is then repeated for the next 5 locations around the drip tubing.  Locations 3 and 4 are located directly beneath the drip emitter.  The same sampling process was repeated one more time in an area surrounding the drip field that is not affected by the lateral flow of the treated wastewater for control samples.  This whole process was done in both plots (STE and RSFE) at both locations (JB and CG).


Physical AnalysisFigure 3.7 – Falling Head Permeameter Setup

A falling head permeameter setup was used to determine the saturated hydraulic conductivity (Ksat) of each core sample.  Figure (3.7) shows the basic setup.  Fourteen permeameters were installed in a rack to run all 14 samples for each sampling event at one time.  Preliminary testing showed that the saturated hydraulic conductivity for the samples ranged from 0.3 to 0.8 cm/day.  Equation (3.1) was used to calculate the Ksat.  The cross sectional area of the standpipe (a), the cross sectional area of the sample (A), the length of the sample (L), time (t), and the heights of the water levels relative to the bottom of the sample (H1 and H2) were used to calculate the Ksat for each core.


 (
Equation 3.1-Falling Head Permeameter Equation
)




Soil Solution Extraction
After preliminary testing, it was determined that soil solution cannot be reliably collected from soil samples directly taken from the field.  Even when soil solution samples can be collected the field the concentrations are highly variable between different samples due to the differing moisture contents of the fields.  Soil samples collected in the same area but on different dates produce solutions that have differing concentrations because the moisture contents are constantly fluctuating.  This is influenced by several factors but the most influential with samples collected at the same site is the intensity and the time since the last rainfall event.  To standardize the method of analysis, many researchers recommend drying the soil and rewetting it to some percent of its field capacity for water.  This was not done because the drying process alters the chemical makeup of the soil so it will not be exactly the same as in field condition.  Drying methods releases phosphorus in the soil solution when rewetted (Blackwell et al 2009).  Many researchers show the effects of drying and rewetting of the soil with the nitrogen and carbon (Birch, 1958; Merckx et al., 2000; Kruse et al., 2004; Dyer et al., 2007; Blackwell et al., 2009).  The effects of drying and rewetting the soil, on the soil solution, are different for different soils.  Preliminary testing showed an increase in phosphorus and nitrate concentrations for a soil sample that was separated and solution collected directly from part of the sample and the other part was dried, ground to pass through a 2mm sieve, and rewetted and then centrifuged to collect a soil solution sample.  
To more accurately determine the difference in purification between the two sides, as many variables need to be made constant as possible.  In this study, 100g of each sample (wet wt.) was measured and added to a bottle and 50ml of deionized water was added.  The leftover sample was dried at 105°C for 24 hours and weighed to determine the moisture content. This method provided a means to collect a soil solution volume, which can be reliably taken, and the final solution concentration can be corrected for dilution.  Equation 3.2 was used to calculate the concentration on an mg-constituent / kg-soil basis.




Equation 3.2 – Equation used to correct for dilution for final concentration


[image: ]Example Calculation









	






	Figure 4.8 – Example calculation for concentration of NO3





Total Kjeldahl Phosphorus (TKP) and Total Kjeldahl Nitrogen (TKN) and Soluble Nitrogen were determined by the Block Digestor Method in the Biosystems Water Quality Lab (APHA).  Total Organic Carbon (TOC) was determined using the Combustion Method in the same lab (APHA).  TKN measures the organic nitrogen and ammonium in the sample.  Soluble nitrogen includes nitrate and nitrite, is not determined using the TKN method.  Most soil elemental analysis does not include soluble nitrogen due to the ease of the TKN method and the concentration of nitrate and nitrite in most soils is very limited.  Because wastewater is being applied to this soil, the concentrations of soluble nitrogen should be greater and is important to this study.  
Statistical Analysis	
	Each plot was sampled 4 times.  The experimental design used is a randomized block design – split-plot (RBD-SP).  The analysis of variance (ANOVA) using the mixed models procedure for RBD split-plot design (SAS version 8.0, University of Tennessee, Knoxville) was used to analyze the data.  Each location (Jackson Bend and Crescent Glen) was divided into two whole plots receiving either STE or RSFE.  Depth is the second factor that was tested by the split-plot design.  The control samples were also analyzed as a whole plot, giving a third main treatment factor.  In order for the P-values level of significance to be trusted, log transformations had to be done on Ksat, NO3, and TP.  The estimated means reported are the back transformed means (figures X.X).  The code used for the SAS analysis is attached in the appendix.

Chapter 4
RESULTS AND DISCUSSION
Hydraulic Conductivity
Saturated hydraulic conductivity (Ksat) was measured to test the differences in the STE and RSFE treatments to the soil.  Different treatment level means (STE, RSFE, and Control) at two depths (1 and 2 ft) were compared using the LSD method (SAS 2008).  The analysis found no significant differences between the two main treatments (STE and RSFE) and a control and the two depths (1 and 2 ft below the emitter). At 1 ft and 2 ft beneath the level of the emitter, the STE and the RSFE sides have similar values for Ksat (0.032 and 0.036 cm/day respectively).  At 1 ft below the emitter the control samples had higher Ksat values than the STE and RSFE samples but the difference with the RSFE samples were not statistically significant due to the variability in the data.  At 2 ft below the emitter the control samples again have a higher Ksat value than the STE and RSFE samples but are not statistically different from either STE or RSFE.  Two methods were used to improve the normality of the data.  First a logarithm transformation was conducted to improve the confidence in the P values generated by SAS. This transformation is necessary to accurately detect significant differences in the means.   Second, some of the outliers were deleted[footnoteRef:2].  The letter groupings are based on this transformation and then the transformed estimates are back transformed and are presented in the btestimate column in table 4.1. [2:  Deleted data available in the appendix] 

	Hydraulic conductivity is of interest in this study because it shows an indication of what might be happening in the soil because of the introduction of wastewater.  Normally when using soil absorption fields to treat wastewater, the accumulation of suspended solids and microbial material will cause a clogging layer in the infiltrative surface of the soil and in conventional adsorption systems this clogging layer will develop to a point where the field will fail to accept wastewater resulting in surfacing of wastewater in the field or even worse, backflow into the home.  The dosing cycles of a SDIS system will allow for some biological growth to develop during the anaerobic stage (which is beneficial) but will keep this layer in check[footnoteRef:3] during the aerobic stage so that the SDIS will not reach the point of failure.  The results show a lowered Ksat for the STE and the RSFE treatments as compared to the Control but it is in the same order of magnitude.  It was expected that the STE treatment would cause a greater difference in Ksat than it did however the data suggests that the STE and RSFE are essentially the same.    Based on hydraulic conductivity, it cannot be shown that there is any benefit of using a RSF to pre-treat wastewater before applying with a SDIS. [3:  Biomat occurs when the oxygen demand is cannot be met within the immediate area around the emitter] 





[image: ]








Figure 4.1 – Biomat Growth

Nitrate 
	The nitrate means were significantly different between the STE side and the RSFE side (8 ppm and 1 ppm respectively).  Nitrogen was much greater on the STE side at 1 ft and 2 ft below the emitter (9.1 and 7.0 ppm - STE, 0.9 and 1.0 ppm – RSFE respectively).  The RSFE side was expected to have very low concentrations of NO3ˉ because of the RSFs ability to denitrify the wastewater.  The control samples showed higher levels of nitrate than the RSFE side (1.7 ppm), this was probably due to the RSFE mobilizing the nitrate already present in the soil or this section might nitrogen deficient although it would be strange for this to happen in both locations (Jackson Bend and Crescent Glen)[footnoteRef:4].  Depth was also significant in this analysis.  The samples taken at 1 ft below the emitter had higher levels of NO3ˉ than at 2 ft below the emitter (2.9 ppm and 2.2 ppm respectively).  The STE and Control areas show differences with concentrations due to depth but the differences were not statistically significant.  The difference in NO3ˉ concentration in the RSFE area due to depth is not as great as with the STE and Control.  The Control sample shows an initial NO3ˉ concentration in the soil, which the RSFE’s relatively low NO3ˉ concentration is probably removing some of this initial concentration from the RSFE side resulting in lower NO3ˉ levels.  Table 4.2 shows the results of the mean separation conducted by SAS. [4:  See tables 4.7a and 4.7b] 

Total Carbon
	There were no differences found in total carbon for either side or the control.  Data for total carbon was highly variable ranging from 0 to over 350 ppm.  The statistical means for the STE, RSFE and control were 21.72, 34.45, and 35.63 ppm respectively.  The means show that the RSFE side and the control had higher concentrations of total carbon than the STE side.  This was not expected due to the RSF’s ability to remove BOD5 from the wastewater.  The mean separation did not show differences because of the high standard errors that resulted from the variability in the data.  Apparent outliers were removed to improve the confidence in the LSD results.  The removed outliers helped a little but still the errors are too high to statistically detect a difference.  Attached in the appendix is a list of the raw data collected before outliers were removed.  The SAS code is attached in the appendix were the data after outliers are removed can be reviewed.  
Concentrations of total carbon in the STE side might have been lower because of the biologically active layer present at the infiltrative surface of the soil (Figure 4.1).   The biomat on the RSFE and Control side may not be as developed as with the STE and may not consume organic carbon from the wastewater as effectively.  Figure 4.3 shows the SAS generated LSD table for total carbon. 
Total Nitrogen
TN or Total Kjeldahl Nitrogen (TKN) is the measure of organic nitrogen and ammonium in the soil.  When wastewater exits the septic tank, most of the nitrogen is in the form of ammonium (Feigin et al., 1991).  By the time the wastewater enters the soil, NH4 is typically oxidized to NO3ˉ (Jnad et al., 2001). 
Much like the Nitrate test, the STE side showes higher concentrations of TN than the RSFE side or the Control area although the RSFE and the Control do have  a greater ratio of organic nitrogen to STE than with the inorganic forms.  The Control sample at 1 ft below the emitter is even statistically not different than the STE samples at 1 and 2 ft below the emitter.  Organic forms of nitrogen are much more abundant in the soil and these results confirm that.  Many studies do not include inorganic nitrogen in their analysis for this reason.
Total Phosphorus
The background Phosphorus (P) was found to be twice the average concentration as on either the STE or the RSFE side (0.246, 0.128, 0.128 ppm respectively) of the test plots (table 4.5).  Soil usually acts as a sink for P, it is understood that oxides of Fe and AL and free Ca will retain P in the soil.  It is possible for P to move through the soil once it is already saturated with P, many studies show this occurrence happening after 10-12 years of wastewater application (Sommers et al., 1979; King et al.,1990; Sims et al., 1998; Toor et al., 2004; Mamo et al., 2005).  The trt*depth[footnoteRef:5] interaction showed little differences due to depth.  The treatment effects were more important to the level of concentration of P in the soil.  As was expected the concentration of P was greater near the emitter but the difference was not significant.   [5:  trt*depth is a heading from the SAS output] 


Differences in Locations
Ksat
The hydraulic conductivities in both locations were very similar with Ksat values ranging from 0.02 to 0.03 cm/day at both depths (1 and 2 ft) and with both RSFE and STE treatments (table 4.6a and 4.6b).  The Control in from Jackson Bend averaged around 0.08 cm/day at both depths while the Crescent Glen Control only produced a value for the 1 ft depth[footnoteRef:6] and it was 0.08 cm/day also.    [6:  Due to missing data, SAS was only able to generate Ksat means for 1 ft depth] 

Nitrate
The nitrate concentrations for the RSFE and Control are much lower at Crescent Glen than at Jackson Bend (table 4.7a and 4.7b) but the CG STE nitrate concentration is nearly twice as the JB STE nitrate concentration.  Depth was a significant factor for nitrate concentration at JB with the concentration getting higher nearer the emitter.  Depth did not matter at CG but the greatest difference in depth occurred with the CG STE samples.  The concentration on NO3ˉ at 1 ft below the emitter at CG – STE was 14.6 ppm but by 2 ft below the emitter, the concentration is lower than the 10 ppm regulation the EPA has set for drinking water. 
Total Carbon
The concentration of total carbon at JB for the STE treatment was much lower than with the RSFE and Control treatments but not significant due to the variability in the data (table 4.8a and 4.8b).  The differences less with the CG samples, the TC concentrations in CG range from 25.6 to 29.8 ppm for the STE, RSFE and Control treatments, all of these are less than the RSFE and Control Concentrations from JB.  The depth did not seem to impact the concentration of TC found in the soil.
Total Nitrogen
The total nitrogen concentration at JB did was not significantly different between the 3 treatments.  The treatment means ranged from 6.4 to 8.4 ppm (table 4.9a and 4.9b).  The differences between the means were more significant at CG.  The RSFE and Control TN concentrations were 2.8 ppm while the STE was 9.8 ppm.  
Total Phosphorus
The overall treatment differences in TP at JB and CG were not significantly different but there were differences when the trt*depth interactions are examined.  The control samples from JB at the 1 ft depth are significantly higher than the STE and RSFE samples (table 4.10a and 4.10b).  The means for RSFE at JB are higher than the means for STE but are not significant.  The RSFE samples at CG have a lower TP concentration than the STE and Control samples which is different than the overall results  where the STE and RSFE had the same concentration (0.128 ppm) and the Control had roughly twice the concentration (0.246 ppm) as RSFE and STE (table 4.5).
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Conclusion
The purpose of this study was to evaluate two strengths of wastewater (STE and RSFE) being applied to a SDIS to determine the need for secondary treatment.  The purpose was not to evaluate the performance of SDIS as a whole.  The soil has a tremendous ability to treat wastewater but its full potential may be retarded by the use of a costly RSF.  Physical and chemical properties of the soil were measured to make the comparison.  It was found that the soil had been irrigated with the high strength wastewater (STE) was not significantly different than the soil that had been irrigated with secondary treated wastewater (RSFE).  The hydraulic conductivity of the STE side show significant reduction as compared to the RSFE and control areas and this is beneficial for the treatment of the wastewater. Nitrate and total nitrogen were significantly higher in the STE treated areas but showed a decrease with depth.  TC and TP showed no significant differences.  
The RSF is efficient at removing nitrogen from wastewater because it allows for aerobic/anaerobic cycles to enhance denitrification.  With the use of SDIS, dosing and resting cycles have the same effect on wastewater but this kind of treatment depends on time and length of travel through the soil for this to take place.  wastewater from the RSF has had the nitrogen removed before it enters the soil so it was expected to see higher concentrations of nitrogen in the areas irrigated with STE.
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Sample Calculation

RSFE Crescent Glen 

steps

1start with 271.01g soil sample

2100.00g_sample + 50g_H2O > (solution for lab)

3leftover soil (171.01g) goes to moisture content 

wet wt dry wt water moisture

pan wt. pan+soilpan+soilremovedcontent

47.72g 218.73g185.25g 33.48g 0.2

4determine amount of soil present

100g_soil -100*0.2 = 80.42g_soil 

5determine amount of water present

50g_H2O + 100*0.2 = 69.58g_H2O

6NO3 = 0.53mg_NO3/kg_H2O (from lab solution)

7Use equation 3.2 to determin NO3 in mh/kg

April 6, 2010
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Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

1 CTRL _ -0.5528 0.03353 A 0.075324 0.019289

2 RSFE _ -0.6227 0.01198 AB 0.036478 0.006428

3 STE _ -0.6319 0.01223 B 0.031573 0.006503

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

4 _ 1 -0.6027 0.01425 A 0.047343 0.007802

5 _ 2 -0.6023 0.01816 A 0.047552 0.009944

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

6 CTRL 1 -0.556 0.03507 A 0.073524 0.020114

7 CTRL 2 -0.5497 0.04835 AB 0.077129 0.027904

8 RSFE 1 -0.6224 0.01259 AB 0.036679 0.006756

9 RSFE 2 -0.6231 0.01431 AB 0.036277 0.007676

10 STE 1 -0.6297 0.01355 B 0.032735 0.007216

11 STE 2 -0.6341 0.01406 B 0.030413 0.007457

Table 4.1 – LSD for Ksat - Overall

--------------------------- Effect=depth   Method=LSD(P<.05)   Set=2 ----------------------------

------------------------- Effect=trt*depth   Method=LSD(P<.05)   Set=3 --------------------------

Back-transformed (bt) Mean Separation for log Ksat

---------------------------- Effect=trt   Method=LSD(P<.05)   Set=1 -----------------------------
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Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

1 CTRL _ 0.7909 0.2793 B 1.7054 0.61597

2 RSFE _ 0.3892 0.2463 B 0.97582 0.36345

3 STE _ 2.141 0.254 A 8.00802 2.16084

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

  _ 1 1.2261 0.1572 A 2.90797 0.53581

5 _ 2 0.988 0.157 B 2.18578 0.42178

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

6 CTRL 1 1.0643 0.2992 B 2.3987 0.86716

7 CTRL 2 0.5176 0.2992 C 1.17792 0.50196

8 RSFE 1 0.3506 0.2525 BC 0.9199 0.35859

9 RSFE 2 0.4278 0.2525 BC 1.03394 0.38739

10 STE 1 2.2635 0.263 A 9.11666 2.52966

11 STE 2 2.0185 0.2621 A 7.02718 1.97268

Table 4.2 – LSD for Nitrate - Overall

--------------------------- Effect=depth   Method=LSD(P<.05)   Set=2 ----------------------------

------------------------- Effect=trt*depth   Method=LSD(P<.05)   Set=3 --------------------------

Back-transformed (bt) Mean Separation for log NO3

---------------------------- Effect=trt   Method=LSD(P<.05)   Set=1 -----------------------------


image21.emf
Standard Letter

Obs trt depth Estimate Error Group

1 CTRL _ 35.6262 10.0371 A

2 RSFE _ 34.4542 9.5072 A

3 STE _ 21.7171 9.7412 A

Standard Letter

Obs trt depth Estimate Error Group

4 _ 1 31.6084 8.8826 A

5 _ 2 29.5899 8.8376 A

Standard Letter

Obs trt depth Estimate Error Group

6 CTRL 1 35.6855 10.4835 AB

7 CTRL 2 35.5669 10.1785 AB

8 RSFE 1 36.2446 9.5911 A

9 RSFE 2 32.6638 9.5503 AB

10 STE 1 22.8952 9.8143 AB

11 STE 2 20.539 9.7912 B

Table 4.3 – LSD for Total Carbon - Overall

--------------------------- Effect=depth   Method=LSD(P<.05)   Set=2 ----------------------------

------------------------- Effect=trt*depth   Method=LSD(P<.05)   Set=3 --------------------------

Mean separation for  TC

---------------------------- Effect=trt   Method=LSD(P<.05)   Set=1 -----------------------------


image22.emf
Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

1 CTRL _ 2.1697 0.4411 B 4.70752 1.91399

2 RSFE _ 2.158 0.4174 B 4.65712 1.80161

3 STE _ 3.1186 0.4296 A 9.72569 2.67955

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

4 _ 1 2.6134 0.3852 A 6.82978 2.01337

5 _ 2 2.3508 0.3852 B 5.52639 1.81109

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

6 CTRL 1 2.4162 0.4596 AB 5.8379 2.22074

7 CTRL 2 1.9232 0.4596 B 3.6986 1.76762

8 RSFE 1 2.2039 0.4253 B 4.8571 1.8748

9 RSFE 2 2.1122 0.4253 B 4.4613 1.79678

10 STE 1 3.2201 0.4382 A 10.369 2.82181

11 STE 2 3.0171 0.4382 A 9.103 2.64395

Table 4.4 – LSD for Total Nitrogen - Overall

--------------------------- Effect=depth   Method=LSD(P<.05)   Set=2 ----------------------------

------------------------- Effect=trt*depth   Method=LSD(P<.05)   Set=3 --------------------------

Back-transformed (bt) Mean Separation for sqrt TN

---------------------------- Effect=trt   Method=LSD(P<.05)   Set=1 -----------------------------


image23.emf
Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

1 CTRL _ -1.402 0.5605 A 0.24612 0.13794

2 RSFE _ -2.052 0.5553 A 0.12848 0.07135

3 STE _ -2.052 0.5046 A 0.12847 0.06482

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

4 _ 1 -1.757 0.346 A 0.17256 0.059706

5 _ 2 -1.9136 0.3467 A 0.14754 0.051152

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

6 CTRL 1 -1.2497 0.5707 A 0.28658 0.16356

7 CTRL 2 -1.5542 0.5733 A 0.21137 0.12117

8 RSFE 1 -2.0166 0.5577 A 0.13311 0.07423

9 RSFE 2 -2.0873 0.5598 A 0.12402 0.06942

10 STEE 1 -2.0047 0.5081 A 0.13471 0.06845

11 STEE 2 -2.0994 0.5073 A 0.12253 0.06216

Table 4.5 – LSD for Total Phosphorus - Overall

--------------------------- Effect=depth   Method=LSD(P<.05)   Set=2 ----------------------------

------------------------- Effect=trt*depth   Method=LSD(P<.05)   Set=3 --------------------------

Back-transformed (bt) Mean Separation for log TP

---------------------------- Effect=trt   Method=LSD(P<.05)   Set=1 -----------------------------


image24.emf
Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

1 CTRL _ 0.2989 0.06216 A 0.089349 0.037163

2 RSFE _ 0.1595 0.03400 B 0.025452 0.010850

3 STE _ 0.1803 0.03390 B 0.032511 0.012225

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

4 _ 1 0.2076 0.03992 A 0.043109 0.016575

5 _ 2 0.2182 0.04012 A 0.047616 0.017508

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

6 CTRL 1 0.2891 0.08034 AB 0.083579 0.046450

7 CTRL 2 0.3087 0.08034 A 0.095312 0.049604

8 RSFE 1 0.1514 0.03461 B 0.022936 0.010483

9 RSFE 2 0.1676 0.04040 AB 0.028098 0.013543

10 STE 1 0.1823 0.03748 AB 0.033245 0.013666

11 STE 2 0.1783 0.03753 AB 0.031785 0.013383

Table 4.6a – LSD for Ksat - Jackson Bend

--------------------------- Effect=depth   Method=LSD(P<.05)   Set=2 ----------------------------

------------------------- Effect=trt*depth   Method=LSD(P<.05)   Set=3 --------------------------

Back-transformed (bt) Mean Separation for sqrt Ksat

---------------------------- Effect=trt   Method=LSD(P<.05)   Set=1 -----------------------------


image25.emf
Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

1 CTRL _ . . . .

2 RSFE _ -0.6163 0.01469 A 0.039953 0.0079306

3 STE _ -0.6451 0.01474 A 0.02463 0.0077334

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

4 _ 1 -0.5986 0.01707 A 0.049603 0.0093815

5 _ 2 . . . .

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

6 CTRL 1 -0.5447 0.04554 A 0.08 0.026411

7 RSFE 1 -0.6116 0.01636 AB 0.042468 0.008875

8 RSFE 2 -0.6209 0.01751 AB 0.037449 0.00941

9 STE 1 -0.6393 0.01677 AB 0.027649 0.008848

10 STE 2 -0.6508 0.01795 B 0.021627 0.009364

Table 4.6b – LSD for Ksat - Crescent Glen

--------------------------- Effect=depth   Method=LSD(P<.05)   Set=2 ----------------------------

------------------------- Effect=trt*depth   Method=LSD(P<.05)   Set=3 --------------------------

 Back-transformed (bt) Mean Separation for log Ksat

---------------------------- Effect=trt   Method=LSD(P<.05)   Set=1 -----------------------------


image26.emf
Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

1 CTRL _ 1.1879 0.3493 A 2.78013 1.14566

2 RSFE _ 0.9151 0.3307 A 1.99692 0.82574

3 STE _ 1.8413 0.3299 A 5.80449 2.08016

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

4 _ 1 1.4975 0.2025 A 3.97036 0.90520

5 _ 2 1.1320 0.2027 B 2.60186 0.62887

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

6 CTRL 1 1.6403 0.3736 A 4.65690 1.92663

7 CTRL 2 0.7354 0.3736 B 1.58639 0.77948

8 RSFE 1 0.9321 0.3394 AB 2.03977 0.86213

9 RSFE 2 0.8980 0.3394 AB 1.95480 0.83328

10 STE 1 1.9200 0.3380 A 6.32095 2.30518

11 STE 2 1.7625 0.3393 AB 5.32713 1.97715

Table 4.7a – LSD for Nitrate - Jackson Bend

--------------------------- Effect=depth   Method=LSD(P<.05)   Set=2 ----------------------------

------------------------- Effect=trt*depth   Method=LSD(P<.05)   Set=3 --------------------------

Back-transformed (bt) Mean Separation for log NO3

---------------------------- Effect=trt   Method=LSD(P<.05)   Set=1 -----------------------------


image27.emf
Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

1 CTRL _ -0.1144 0.3896 B 0.6919 0.34752

2 RSFE _ -0.6237 0.2814 B 0.336 0.15081

3 STE _ 2.4421 0.3248 A 11.2969 3.73461

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

4 _ 1 0.6279 0.2434 A 1.67375 0.45599

5 _ 2 0.5081 0.2432 A 1.46206 0.40428

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

6 CTRL 1 -0.062 0.4427 B 0.7399 0.41604

7 CTRL 2 -0.1667 0.4427 B 0.6464 0.37468

8 RSFE 1 -0.7495 0.298 B 0.2726 0.14082

9 RSFE 2 -0.498 0.298 B 0.4078 0.18109

10 STE 1 2.6953 0.3633 A 14.6102 5.37997

11 STE 2 2.1888 0.3519 A 8.7248 3.14024

Table 4.7b – LSD for Nitrate - Crescent Glen

--------------------------- Effect=depth   Method=LSD(P<.05)   Set=2 ----------------------------

------------------------- Effect=trt*depth   Method=LSD(P<.05)   Set=3 --------------------------

Back-transformed (bt) Mean Separation for log NO3

---------------------------- Effect=trt   Method=LSD(P<.05)   Set=1 -----------------------------


image28.emf
Standard Letter

Obs trt depth Estimate Error Group

1 CTRL _ 42.674 13.1302 A

2 RSFE _ 39.132 12.5640 A

3 STE _ 13.560 14.0155 A

Standard Letter

Obs trt depth Estimate Error Group

4 _ 1 33.442 10.8759 A

5 _ 2 30.135 10.7972 A

Standard Letter

Obs trt depth Estimate Error Group

6 CTRL 1 43.521 13.9815 A

7 CTRL 2 41.826 13.4326 A

8 RSFE 1 42.668 12.7629 A

9 RSFE 2 35.596 12.6601 A

10 STE 1 14.136 14.1391 A

11 STE 2 12.984 14.1391 A

Table 4.8a – LSD for Total Carbon - Jackson Bend

--------------------------- Effect=depth   Method=LSD(P<.05)   Set=2 ----------------------------

------------------------- Effect=trt*depth   Method=LSD(P<.05)   Set=3 --------------------------

Mean separation for  TC

---------------------------- Effect=trt   Method=LSD(P<.05)   Set=1 -----------------------------


image29.emf
Standard Letter

Obs trt depth Estimate Error Group

1 CTRL _ 25.6903 15.758 A

2 RSFE _ 29.8134 15.4396 A

3 STE _ 26.7645 15.4406 A

Standard Letter

Obs trt depth Estimate Error Group

4 _ 1 27.9141 15.4959 A

5 _ 2 26.9313 15.4423 A

Standard Letter

Obs trt depth Estimate Error Group

6 CTRL 1 24.6455 16.2891 A

7 CTRL 2 26.7351 15.9513 A

8 RSFE 1 29.9894 15.5341 A

9 RSFE 2 29.6374 15.4943 A

10 STE 1 29.1075 15.5403 A

11 STE 2 24.4215 15.4945 A

Table 4.8b – LSD for Total Carbon - Crescent Glen

--------------------------- Effect=depth   Method=LSD(P<.05)   Set=2 ----------------------------

------------------------- Effect=trt*depth   Method=LSD(P<.05)   Set=3 --------------------------

Mean separation for  TC

---------------------------- Effect=trt   Method=LSD(P<.05)   Set=1 -----------------------------


image30.emf
Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

1 CTRL _ 2.5354 0.5642 A 6.42816 2.86117

2 RSFE _ 2.6499 0.5468 A 7.02207 2.89817

3 STE _ 2.9042 0.63 A 8.43452 3.65924

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

4 _ 1 2.9332 0.4527 A 8.60349 2.65549

5 _ 2 2.4598 0.4527 B 6.05085 2.22697

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

6 CTRL 1 2.9912 0.5983 A 8.94702 3.57917

7 CTRL 2 2.0796 0.5983 B 4.32477 2.48843

8 RSFE 1 2.6950 0.5663 AB 7.26327 3.05247

9 RSFE 2 2.6048 0.5663 AB 6.78495 2.95026

10 STE 1 3.1133 0.6508 AB 9.69270 4.05238

11 STE 2 2.6951 0.6508 AB 7.26377 3.50807

Table 4.9a – LSD for Total Nitrogen - Jackson Bend

--------------------------- Effect=depth   Method=LSD(P<.05)   Set=2 ----------------------------

------------------------- Effect=trt*depth   Method=LSD(P<.05)   Set=3 --------------------------

 Back-transformed (bt) Mean Separation for sqrt TN

---------------------------- Effect=trt   Method=LSD(P<.05)   Set=1 -----------------------------


image31.emf
Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

1 CTRL _ 1.6781 0.6595 B 2.81613 2.21349

2 RSFE _ 1.6743 0.6402 B 2.80337 2.14392

3 STE _ 3.1304 0.6405 A 9.79969 4.01023

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

4 _ 1 2.1691 0.6389 A 4.70496 2.77151

5 _ 2 2.1528 0.6389 A 4.63474 2.75075

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

6 CTRL 1 1.6299 0.6776 B 2.65655 2.2087

7 CTRL 2 1.7264 0.6776 B 2.98036 2.33943

8 RSFE 1 1.7226 0.6443 B 2.96723 2.21976

9 RSFE 2 1.6261 0.6443 B 2.64416 2.09543

10 STE 1 3.1548 0.6448 A 9.95287 4.06837

11 STE 2 3.1061 0.6448 A 9.6477 4.00552

Table 4.9b – LSD for Total Nitrogen - Crescent Glen

--------------------------- Effect=depth   Method=LSD(P<.05)   Set=2 ----------------------------

------------------------- Effect=trt*depth   Method=LSD(P<.05)   Set=3 --------------------------

Back-transformed (bt) Mean Separation for sqrt TN

---------------------------- Effect=trt   Method=LSD(P<.05)   Set=1 -----------------------------


image32.emf
Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

1 CTRL _ -0.4747 0.2612 A 0.42207 0.16251

2 RSFE _ -0.7705 0.2619 A 0.26279 0.12122

3 STE _ -1.1390 0.2542 A 0.12013 0.08138

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

4 _ 1 -0.7086 0.1517 A 0.29234 0.07471

5 _ 2 -0.8809 0.1531 B 0.21440 0.06346

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

6 CTRL 1 -0.2921 0.2681 A 0.54669 0.20021

7 CTRL 2 -0.6573 0.2720 B 0.31824 0.14096

8 RSFE 1 -0.7362 0.2631 AB 0.27894 0.12600

9 RSFE 2 -0.8048 0.2672 AB 0.24717 0.11948

10 STE 1 -1.0975 0.2572 AB 0.13372 0.08582

11 STE 2 -1.1806 0.2563 AB 0.10708 0.07871

Table 4.10a – LSD for Total Phosphorus - Jackson Bend

--------------------------- Effect=depth   Method=LSD(P<.05)   Set=2 ----------------------------

------------------------- Effect=trt*depth   Method=LSD(P<.05)   Set=3 --------------------------

 Back-transformed (bt) Mean Separation for log TP

---------------------------- Effect=trt   Method=LSD(P<.05)   Set=1 -----------------------------


image33.emf
Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

1 CTRL _ -1.87 0.8005 A 0.15413 0.12338

2 RSFE _ -2.7022 0.6942 A 0.06706 0.04655

3 STE _ -1.6373 0.6856 A 0.1945 0.13335

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

4 _ 1 -2.0364 0.5605 A 0.1305 0.073147

5 _ 2 -2.1033 0.5616 A 0.12205 0.068539

Standard Letter

Obs trt depth Estimate Error Group btestimate btstderr

6 CTRL 1 -1.8731 0.8251 A 0.15365 0.12678

7 CTRL 2 -1.8669 0.8251 A 0.1546 0.12756

8 RSFE 1 -2.692 0.6994 A 0.06774 0.04738

9 RSFE 2 -2.7124 0.7096 A 0.06638 0.0471

10 STE 1 -1.544 0.6954 A 0.21352 0.14847

11 STE 2 -1.7306 0.694 A 0.17718 0.12295

Table 4.10b – LSD for Total Phosphorus - Crescent Glen

--------------------------- Effect=depth   Method=LSD(P<.05)   Set=2 ----------------------------

------------------------- Effect=trt*depth   Method=LSD(P<.05)   Set=3 --------------------------

Back-transformed (bt) Mean Separation for log TP

---------------------------- Effect=trt   Method=LSD(P<.05)   Set=1 -----------------------------


image1.emf

