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ABSTRACT 

 

REMOVAL EFFICIENCY OF SAND FILTER BEDS FOR THE REMOVAL OF 

BACTERIA FROM RESIDENTIAL WASTEWATER 

 

Peyman Samimian Tehrani 

University of Guelph, 2009 

Advisor: 

Professor D. M. Joy 

 

On-site septic systems are potential source for environmental and ground water pollution. In 

Ontario, residential sewage systems with total daily design flow up to 10,000 L/day are regulated 

by Ontario Building Code (OBC). It is accepted in Ontario that wastewater return to environment 

through a soil absorption system (SAS) to receive adequate treatment before reaching 

groundwater. A minimum 900 mm of unsaturated soil is required for any SAS from the release 

point of wastewater vertically down to the limiting layer, i.e. ground water table or bedrock to 

ensure the wastewater receives acceptable level of treatment. Although several researches have 

been conducted to measure the contamination removal in soil, data is not generally available on 

level of contamination below SAS under field conditions. This research is an attempt to provide 

long term data on level of bacterial contamination at different depths under surface of a filter bed. 

Liquid samples were collected from various depths of two filter beds and the respective septic 

tanks and analyzed for E. coli concentration. Research was carried on for over a year. The septic 

tank effluent (STE) which was collected at the outlet of the septic tanks just before the effluent 

filter, had mean E. coli concentrations of 8.5E+05 and 6.8E+05 CFU/100 mL at each site. The 

concentrations at different depths were generally in range of 1E+02 CFU/100 mL, with 

variations. The results suggest that the current depths of sand filter indicated in OBC provide 

sufficient treatment in terms of bacterial removal. Most of the removal occurs in the first 375 mm 

of sand filter. The addition of 150 mm of native soil (from 750 to 900 mm) does not increase 

treatment significantly. The weather data, which is well within the range of long term data for the 

region, did not appear to affect the performance of the filter beds, nor affected the concentrations 

in septic tank.  
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1. Introduction 

 

On-site wastewater treatment systems are one of the major building components 

outlined in the Ontario Building Code (OBC) for rural homes and are installed and used 

where there is no access to municipal sewage systems. If installed and maintained 

properly, they can provide effluent safe for discharge to the environment for many years. 

 

At present over one million on-site septic systems are serving Ontario residents, 

with about 25,000 new or replacement installations each year. Under the new policies of 

the Clean Water Act (CWA) in Ontario these systems are considered a significant source 

of pathogens and may pose a public health risk (MOE, 2006). A number of water born 

disease outbreaks have been reported within recent years, which supports the importance 

of water resource protection plans, including management of on-site wastewater 

treatment systems.  

 

The OBC covers the design and installation details of three different Class 4 

leaching bed systems, which include conventional leaching beds, filter beds and shallow 

buried trenches. New technologies are available in the market that claim higher 

performance than simply a septic tank. These technologies include a variety of aeration 

units and filter systems and are listed in OBC supplementary Standard SB-5. As these 

systems provide tertiary treatment, they discharge much cleaner effluent than a septic 

tank; as a result, the leaching bed or soil absorption system (SAS) can be less restrictive 

for these systems, i.e. less sand thickness, smaller area, and in some cases less vertical 

separation from the limiting layer; although they can use one of the SAS’s listed in the 

OBC. These smaller SAS’s, or area beds, are not covered by the OBC, though they are 

reviewed by the Building Material Evaluation Committee (BMEC) and as long as they 

show they can perform at least as good as one of the SAS’s listed in the OBC, they 

receive approval. 
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The filter bed was introduced during 1970’s in Ontario and now is the accepted 

and dominant type of soil absorption system in many parts of Ontario. This SAS is able 

to treat wastewater to an acceptable level, although the details of this acceptable level 

have not yet been established. Although many researches have been conducted on these 

systems by monitoring the sand filter performance in the lab set ups, very few 

experiments and monitoring have been conducted on these systems under field 

conditions; long term monitoring of filter beds under field conditions and the effluent 

water quality at the bottom of the filter bed is generally not available. 

  

To ensure an on-site septic system was designed and installed properly and was 

safe and functional, several measurements were addressed in the old building code (1997) 

as minimum requirements, one of which was minimum of 900 mm vertical separation 

from the release point of the Septic Tank Effluent (STE) to the groundwater table. 

However, these minimum requirements were set for those systems outlined in the OBC, 

based on limited data available on their performance.  

 

New technologies have proven to perform just as good or better as those systems 

outlined in OBC, and they argue that the acceptable solution (minimum requirements) for 

them can be less restrictive. For instance, a system with tertiary treatment unit which 

produces effluent with much lower level of pollutants than STE may need a thinner layer 

of sand filter (e.g. area bed) before discharge to the ground.  

 

The OBC has been reviewed and changed in 2006 (OBC, 2006) and the term 

“minimum requirement” has been changed to “acceptable solution” in the new building 

code. This enables anyone with new ideas for design and installation of the on-site septic 

systems to step forward and apply for approval. The approval is granted if the innovative 

individuals or technologies show their systems meet the requirements of OBC, which 

means they can perform equal or better than those systems outlined in the code.  

 

One of the design features in the OBC to ensure adequate treatment of the sewage 

effluent is the minimum of 900 mm vertical separation of unsaturated soil in the filter 
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and/or media to a limiting layer such as the groundwater table. The unsaturated soil plays 

a major role in removing microorganisms such as bacteria and other contaminants from 

effluent. There is an ongoing debate in Ontario and elsewhere on the required minimum 

vertical separation from the limiting layer to where effluent is released in the soil. This 

debate has arisen since different treatment systems may require different clearances as 

they have different levels of treatment. Many new designs are available in the market, all 

of which provide effluent cleaner than STE. Installation techniques and materials have 

also improved in the last two decades. 

 

This study investigated the adequacy and efficiency of the vertical unsaturated 

soil between the distribution pipes and the limiting layer for removing E. coli from 

sewage effluent for on-site sewage systems (i.e. Filter Bed). E. coli is a bacteria present 

in STE that cause groundwater pollution and its pathogenic strains have been frequently 

reported as the source of waterborne disease outbreaks.  

 

The result of this research is expected to provide information for legislators and 

designers so that a rational approach to selecting the appropriate vertical separation 

distance can be established for other systems when compared to a standard filter bed. 

 

1.1 Objectives 

 

The objectives of this research are as follows: 

 

 Is the minimum vertical separation below the filter bed, now legislated in 

Ontario, sufficient? 

 What levels of bacteria are being recorded at the existing minimum 

vertical separation distances? 

 What would be the impact of reducing these vertical separation distances 

on bacterial removal under field conditions? 
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2. Literature review 

 

Effluent treatment efficiency of soil as a filter media depends on many factors 

including the wastewater quality, loading rate, dosing system, retention time, 

characteristics of filter media, soil pH, and environmental conditions such as air 

temperature and rain. Optimization of these factors can lead to achieving a high level of 

wastewater treatment in the soil and make the treated effluent safe for return to the 

environment. 

 

This review summarizes some of the reported research on the above factors in the 

literature. 

 

2.1 Characteristics of Septic Tank Effluent 

 

The source of residential wastewater is from toilets, showers, sinks and washers in 

a residential household, with the major constituent being water. It also contains soap, 

feces, urine, kitchen waste and some soil. Toxic substances, heavy metals or volatile 

organic compounds are not likely to be found in the wastewater from a residential 

dwelling (Tyler et al., 2004).   

 

For the purpose of this research it is necessary to have an overview of the 

residential wastewater constituents and their concentration ranges. These constituents are 

generally classified as physical, chemical and biological (Crites and Tchobanoglous, 

1998). The major domestic wastewater constituents and their typical concentration ranges 

are listed in Table 2.1.  
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Table 2.1 Typical concentration of constituents in raw wastewater (USEPA, 

2002) 

 

Constituent  Typical Range 

Total coliform 

Fecal coliform 

Total solids 

Volatile solids 

Volatile suspended solids 

5-day biochemical oxygen demand (BOD5) 

Chemical oxygen demand (COD) 

Total nitrogen 

Ammonia 

Nitrates and nitrites 

Total phosphorus 

Fats, oils and grease 

Volatile organic compounds 

Surfactants 

10
8
-10

10 
MPN/100 mL 

10
6
-10

8 
MPN/100 mL 

500-800 mg/L 

280-375 mg/L 

110-265 mg/L 

155-286 mg/L 

500-660 mg/L 

26-76 mg/L 

4-13 mg/L 

<1 mg/L 

6-12 mg/L 

70-105 mg/L 

0.1-0.3 mg/L 

9-18 mg/L 

 

 

Total and fecal coliform concentration in septic tank effluent is reported by Crites 

and Tchobanoglous (1998) to be in range of 10
7
-10

9
 and 10

6
-10

8
 MPN/100mL, 

respectively. More details are provided about the pathogens concentrations and survival 

in wastewater and soil later in this review. 

 

2.2 Bacteria 

 

Bacterial contamination from septic systems is a major concern. Every individual 

person discharges some 100 to 400 billion coliform bacteria per day, in addition to other 

types of microorganisms (Crites and Tchobanoglous, 1998). A common and potentially 
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pathogenic bacterium is Escherichia coli which belong to the coliform group, part of the 

family Enterobacteriaceae. It is described as a facultative anaerobic, Gram-negative, 

non-spore-forming, rod-shaped bacterium that possesses the enzyme β-glucuronidase 

(Health Canada, website, 2009). The size range is 0.6-1.2 μm in diameter by 2-3 μm 

length (Crites and Tchobanoglous 1998). E. coli is naturally found in the intestines of 

human and warm blooded animals and is present in the feces of animals and human in 

concentration of  approximately 10
9
/gram. The concentration range in STE and raw 

wastewater is 10
6
-10

8
 MPN/100 mL (Crites and Tchobanoglous, 1998). 

 

Pathogenic E. coli has been frequently reported as the cause of disease outbreaks 

in Canada, and as a result it is the subject of attention and research in many areas. The 

O157:H7 strain is a major cause of bloody diarrhea in humans. It can be transmitted 

through infected food, water or person to person. Jackson et al. (1998) identified this 

strain as the one responsible for the Walkerton, Ontario disease outbreak in 2000. He 

isolated these bacteria from a cattle farm, groundwater for the same farm and the stool of 

a child living on the farm. He indicated that cattle were a reservoir of E. coli O157:H7 

and as a result exposure might occur in the farm environment. 

 

One issue with bacteria is its ability to survive in the natural environment. E. coli 

can survive in groundwater as long as 3.5 months. Table 2.2 shows the survival time for 

coliforms and E. coli in different media. 
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Table 2.2 Survival of bacteria in different media, Jackson et al. (1998) 

 

Organism  Media  Survival time 

E. coli 

 

 

 

Fecal coliform 

 

Recharge well 

Groundwater in the field 

Groundwater held in the lab 

 

Fresh water and wastewater (20-

30°C) 

Crops (20-30°C) 

Soil (20-30°C) 

63 days 

90-110 days 

120-135 days 

 

<60 days but usually <30 days 

 

<30 days but usually <15days 

<120 days but usually <50 

days 

 

 

Fecal coliform survival times at 20 to 30 °C are listed by Crites and 

Tchobanoglous (1998) to be less than 60 days (usually less than 30 days) in fresh water 

and wastewater; the survival time improves to less than 120 days (usually less than 50 

days) in soil. 

 

2.3 Soil as a filter media 

 

Suitable soil is an essential component for any soil absorption system. In addition 

to helping distribute the effluent for infiltration into the groundwater, the soil provides a 

significant portion of the treatment as the effluent moves vertically and horizontally 

through the soil. 

 

Tyler et al. (1977) reported a 3-log reduction in bacterial concentrations 30 cm (1 

foot) below absorption trenches in sandy soils. In the second 30 cm of soil, 

concentrations were reduced to a satisfactory range for fully treated wastewater (less than 

100 CFU). The methods of bacteria reduction were listed as: entrapment in the clogging 



 8  

layer, die off by attrition, killed by antibiotics or lack of nutrients. He mentioned the 

research done by Ziebell et al. (1975), who applied various doses of wastewater to 60 cm 

soil columns with sandy soil and silt loam soil in the lab and analyzed the reduction in 

concentration of bacteria and viruses at different depths below the columns. These 

researchers noted, as have others, the formation of a clogging layer or biomat at the 

stone/sand interface, or the infiltration surface. This biomat was seen to improve the 

removal greatly. Dosing rate was found to be a major factor too. At a dosing rate of 50 

mm/day on sandy soils, the removal for bacteria and viruses were as noted above. 

Increasing the dosing rate to 500 mm/day reduced the removal of bacteria considerably to 

about 2-log reduction in 600 mm. 

 

Research was done on drip distribution systems by Bohrer and Converse (2001) to 

evaluate the treatment performance of the soil beneath a drip distribution network in 

Wisconsin. In particular, these systems were monitored for cold weather operation. 

Bohrer selected six drip distribution sites with soil types ranging from coarse sand to clay 

loam. Three of the sites were fed by STE, the others received effluent having undergone 

further treatment. One site received recirculating gravel filter (RGF) effluent and two 

sites received effluent treated by aerobic treatment units (ATU). 

 

Drip lines were laid in depth ranges of 10 to 50 cm below the ground surface. 

Liquid samples were collected from pump chambers representing the influent, and soil 

samples were collected at 15 cm intervals down to a depth of 105 cm beneath and 

adjacent to the drip lines at an emitter. The E. coli concentrations in systems which were 

fed by STE were found to be very low at 45-60 cm (reported as 1 MPN/gram of dry soil, 

meaning below the detection level) under the drip lines and no detects were observed 

below 60 cm. The results were even better in systems fed with pre-treatment units.  

 

For the system fed by RGF effluent there were no detects for the 15-30 cm 

interval under the emitter and below. In the systems fed by ATU effluent there were no 

detects at 2.5 cm under the emitters and below. It was suggested that the results of this 

study could lead to reduction of soil separation distance for drip distribution systems to 
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45 cm for systems receiving STE and probably to 30 cm for systems receiving 

aerobically pre-treated effluent with fecal coliform level of <1000 CFU/100mL. 

 

Brown et al. (1977) reported that coliphage and coliform were removed by 

passage through approximately 100 cm of any of the soils tested, including sand, sandy 

clay, and uniform clay. For each type of soil, six monoliths were installed. The 

dimensions of lysimeters used were 2   1.5 m with a depth of 1.8 m in which the septic 

tile was installed at the depth of 45 cm below the ground surface. Liquid samples were 

collected through porous ceramic cups installed at the bottom of trenches. The ceramic 

cups were installed on a grid pattern in seven rows with the center one sitting directly 

under the trench line and others in 30 cm intervals across the bottom. The cups were 

under a continuous vacuum of -0.8 bar during the experiment to extract liquid samples 

and prevent the lysimeters from overflowing. Soil samples were collected on a grid 

pattern across and below trenches from different depths to be analysed for desired 

parameters. The results of the experiment were used to illustrate a grid pattern of bacteria 

movement in the soil profile. The loading rate used for the experiment was not addressed 

by the authors. The numerous soil samples collected from the trenches indicate extensive 

disturbance of the soil which might have affected the lysimeters such that they provided a 

poor representation of the normal field conditions.  Results of the liquid samples showed 

that 100 cm of all soil types tested completely removed fecal coliforms from STE.  

 

In an attempt to quantify the removal of virus and bacteria in a SAS, Van Cuyk et 

al. (2001) used microbial surrogates and conservative tracers testing 3-D lysimeters in the 

laboratory and examination of mature SAS’s under a field environment. The tracers and 

surrogates used included two viruses (MS-2 and PRD-1 bacteriophages), one bacterium 

(ice-nucleating active Pseudomonas) and one conservative tracer (bromide ion). The 

results of this research, which are in agreement with the earlier work of Tyler (1977), 

indicated that 3-log removal of virus and almost complete removal of fecal bacteria could 

convincingly be expected in SAS with a 60 to 90 cm of the sandy soil used in the study, 

although periodic break through of virus and bacteria through SAS did occur, particularly 

during the early stages of operation.  
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Anderson et al. (1994) monitored the removal of STE pollutants in unsaturated 

soil, under controlled conditions. The soil type they tested was a fine sand 

(Quartzipsamment). They applied STE with loading rates of 31 and 61 mm/d over the 

infiltration surface and collected the soil liquid at 0.6 and 1.2 m under the infiltration 

surface. The STE was applied in six doses during the day to simulate a residential daily 

flow. The mean concentrations of fecal coliform and fecal streptococci in the STE had 

log values of 4.57 and 3.60 CFU/100 mL with ranges of 3.6 to 5.4 and 1.9 to 5.3 

CFU/100 mL, respectively. The mean concentrations of these bacteria at depths of 0.6 

and 1.2 m was reported as none detected, with log value ranges of less than 1 CFU/100 

mL at depth of 1.2 m for both loading rates. At a depth of 0.6 m, the range of fecal 

coliform and fecal streptococci log concentration was less than 1 CFU/100 mL at a 

loading rate of 31 mm/d; the range was higher when the loading rate increased to 61 

mm/d (log concentration of <1 to <10 and <1 to <2 CFU/100 mL, respectively). 

 

2.4 Soil type 

 

The filtration and purification of STE in a soil absorption system is a function of 

soil type. Different soils have different grain size distribution and as a result, different 

pore sizes which affects the water movement velocity in the soil layer. This is reflected in 

legislation and design of a SAS as soil percolation time or T time. With a limit, it is 

generally accepted that soils that contain smaller particles such as clay or silt, have higher 

filtration capacity. This is not only due to higher T time, but also the smaller particles can 

adsorb water chemical or biological content on their surface. In highly permeable sand 

filters, the low T time is adjusted by formation of the clogging layer, increasing the 

effluent retention time in the soil. Soils with high contents of fine material such as clay 

become impermeable causing the SAS surface to saturate and ponding on the surface 

occurs. Generally speaking, sand filters are superior to native soil and many new 

installations use imported material and replace the native soil under the drain tiles with 

sand as filter media. The characteristics of the suitable sand for filter media are listed in 
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OBC: 8.7.5.3. Effective size and uniformity coefficient are the two criteria that must be in 

the range indicated in OBC.  

 

Effective size and the uniformity coefficient were addressed by Chowdhry (1972, 

1974 and 1977), who arranged a series of parallel filter beds to test the effects of filter 

sand specifications on filtration capacity and filter bed behaviour. A research facility was 

built in Whitby, Ontario during late 60’s with initially 6 filter beds and different fill 

materials were tested from 1969 to late 70’s. The filter boxes were made of ¾” plywood 

with a size of 3.531.2 m deep (12’  10’  4’). Plastic sheets were used inside each 

box as a lining material. Two lines of perforated collector pipes were lain at the bottom of 

each box, 2.4 m (8’) long each, connected by a header pipe. Crushed stone (30 to 45 cm) 

covered these pipes up to 15 cm (6 inches) from the bottom of the box, which was 

followed by 0.76 m (30”) of filter media. The filter media was then covered by another 5 

cm (2”) of crushed stone. Three distribution pipes, 2.4 m long each were placed on top 

surrounded by more crushed stone. Finally the filter bed was covered by top soil.  

 

STE was pumped from a septic tank serving eight residential dwellings and a 

comfort station occupied by the hospital staff. The system was designed in such way that 

all important flow rates could be measured. These flow rates included water consumption 

rate of each dwelling, total wastewater entering the septic tank, STE pumped to the 

research station, the loading rate by which each filter bed was fed, and the flow rate of 

effluent coming from the bottom of each filter bed. After the desired samples were 

collected, the rest of the effluent was fed back to the septic tank. Different sands which 

were readily available in Ontario were used as filter material (Table 2.3). These sands had 

effective sizes ranging between 0.15 and 2.5 mm with uniformity coefficient ranging 

from 1.2 to 4.4. 
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Table 2.3 Materials used in filter beds and their characteristics 

 

Bed No. Material  
Effective size (D10), 

mm 

Uniformity 

coefficient, (Cu) 

1 

2 

3 

4 

5 

6 

Concrete sand 

Block sand 

Foundry slag 

Asphalt sand 

Fine gravel with sand 

¼” gravel 

0.19 

0.30 

0.60 

0.15 

1.0 

2.5 

4.4 

4.1 

2.7 

2.8 

2.1 

1.2 

 

 

The filters were fed by STE at a dosing rate of 49 mm/d (1gal/ft
2
/day). After 4 

months of running, filter beds 1 and 4 with effective particle size of 0.19 and 0.15 mm 

were clogged and flooded as a result. Investigation showed that the flood happened due 

to congestion of the filter media. These two filter beds were shut down and the filter 

media were replaced with medium sand with effective size of 0.24 and uniformity 

coefficient of 3.9. These filter beds were then able to run with no problem until 1975 (the 

systems were operated and tested for a total of 46 months). A wide range of parameters 

was studied during the research term including: nitrogen, phosphates, BOD, COD, total 

solids, total suspended solids, volatile solids, fecal and total coliforms and pH. In this 

review the focus will be on the performance of the different material with respect to 

bacterial removal. 

 

  A summary of bacterial removal for the period of 1969 to 1973 is presented in 

Table 2.4 (mean values from Tables 29 and 30, Chowdhry, 1974). It can be seen that 

although considerable reduction was evident, the bacteria counts were still high (10
4
 to 

10
6
 MPN/100 mL). 
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Table 2.4 Fecal and total coliform removal for sand filters 1 to 6, 1969 to 1973 

 

Effluent from 85% of time equal or less than 

Fecal coliform 

MPN/100mL 

Septic tank 4.7   10
6 

 

3.2   10
4
 

6.2   10
4
 

12   10
4
 

0.7   10
4
 

49   10
4
 

1.3   10
6
 

Filter bed 

1 

2 

3 

4 

5 

6 

D10 mm 

0.24 

0.30 

0.60 

0.24 

1.0 

2.5 
 

Cu  

3.9 

4.1 

2.7 

3.9 

2.1 

1.2 
 

 

 

In 1973, four more filter beds with different physical and chemical characteristics 

(Table 2.5) were put in place to study their capability for residential sewage treatment, 

mainly the phosphorus removal. The research continued until 1975 and the same water 

quality parameters were investigated. The results for fecal and total coliform reduction in 

all filter beds from 1973 to 1975 are listed in Table 2.6. Filter 9 with natural soil 

performed poorly in terms of bacterial reduction. Only 15% of all samples had the counts 

less than 100 MPN/100mL. The counts in 85% of samples from this filter were equal or 

less than 110,000 for total coliform and 7,500 MPN/100mL for fecal coliform. 
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Table 2.5 Material used in filter boxes 7 to 10 

 

Bed No. Material  Effective size, 

mm 

Uniformity 

coefficient 

Content  

7 

8 

Medium sand and red mud 

Medium sand and 

Limestone 

 

0.24 

0.24 

 

3.9 

3.9 

 

 

9 

 

 

 

Natural soil 

 

0.29 18.3 55% silt and clay, 

38% sand and 7% 

gravel
 

10 Medium sand and soil   92% silt and clay, 

8% sand 
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Table 2.6 Fecal and total coliform removal for sand filters 1 to 10, 1973 to 1975 

Effluent from 85% of time equal or less than 

Fecal coliform, MPN/100 mL 

Septic tank 3.5   10
6 

 

<100 

400 

1,300 

380 

167avg
*
 

2,200 

130 

1,450 

7,500 

1,250 

Filter bed 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

D10 mm 

0.24 

0.30 

0.60 

0.24 

1.0 

2.5 

0.24 

0.24 

N/A
†
 

N/A 

Cu  

3.9 

4.1 

2.7 

3.9 

2.1 

1.2 

3.9 

3.9 
 

 

 

Comparison of Tables 2.4 and 2.6 indicates slight improvement (about 1 to 2 

orders of magnitude) in bacterial removal in filter beds 1 to 6 over time. Filters 1 and 7 

and 8 contained the same material except different mixtures of red mud in Filters 1 and 7, 

and limestone in Filter 8 instead of red mud. Filter bed 1 was also four years older. Table 

2.6 shows filter bed 1 was performing better than 7, and filter 7 slightly better than 8. 

Filter 9 containing natural soil and filter 10 with mixture of sand and soil did a poor job 

in terms of bacterial removal in compare to other filters, although filter 10 containing less 

sand but no gravel performed better. The material used in this research and the results are 

not consistent with Tyler (1977) who reported 3 log reduction in the first 30 cm of sand 

                                                 
*
 The values reported for filter 5 were the means for the time period instead of 85% equal or less. Filter 5 

did not provide enough samples due to operational problems and number of samples were not sufficient for 

statistical analysis.  
†
 Details are not reported for these filters. 
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filter and concentration below 100 CFU/100 mL in the next 30 cm. In the experiments 

done by Chowdhry only 85% samples from Filter bed 1 had concentrations below 100 

MPN/100 mL after passing through 75 cm of sand. This might be due to higher dosing 

rates and longer time of operation used by Chowdhry.  

 

The effectiveness of sand filter systems was compared to soil-only filter systems 

by Harrison et al. (2000) in the removal of fecal coliform and nitrogen. Zero-tension 

lysimeters were installed at different depths under drip lines of three residential septic 

systems to collect effluent. The STE was delivered under pressure, split between two 

drain fields, one a native soil-only filter system, the other a sand filter system. STE and 

the samples collected from lysimeters (at depths of 0.3, 0.6, and 0.9 m beneath the 

effluent distribution lines) were collected between 1991 and 1994 on 30 occasions. The 

systems were dosed for sampling after the lysimeters were purged by a portable 

peristaltic pump. The results indicated that more than 99.9% of fecal coliforms were 

removed through the sand filter system, while only 90.9% of fecal coliform were 

removed through the soil-only system, indicating the superiority of sand filter systems for 

sewage treatment.  

  

Ausland et al. (2002) monitored removal of fecal coliforms and fecal streptococci 

over a period of 13 months in 14 buried pilot scale filters, treating STE. They used two 

different natural sands (sorted and unsorted) and three different types of light aggregates 

as a filter media, and applied intermittent dosing rates from 20 to 80 mm/d in 12 doses 

per day by uniform pressure distribution or point application by gravity dosing. They 

found that the media with smallest particle size removed fecal coliforms more than three 

orders of magnitude better than the other media. Also, pressure dosed filters showed 

higher removal of fecal coliforms than gravity dosed filters. Dosing rate had an inverse 

effect on removal efficiency; increasing the hydraulic dosing rate decreased removal of 

bacteria. It was also found that minimum retention time was a key parameter for removal 

of bacteria in unsaturated filters with aerobic conditions. The results showed that as 

retention time increased up to 50 hr, removal increased. Beyond 50 hr of retention time, 

removal was essentially complete.  
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Scandura and Sobsey (1997) concluded that in situations less than optimal, septic 

systems in sandy costal plains with seasonally high groundwater table could contaminate 

groundwater with nutrients, bacteria and viruses. The risk of contamination was highest 

in the coarsest (sand) soils with the shallowest water tables and in the winter when the 

temperature was lowest. On the other hand, a reasonable reduction in contaminants could 

be reached by septic systems in sandy costal plains when the clay content of soil was 

15% or more, if there was at least 1 meter of vadose zone available for filtration, as long 

as the distribution lines were not flooded by groundwater.  

 

Results of a study done by Reay (2004) on groundwater quality for bacterial and 

nutrient contamination under the impact of on-site septic systems on three different sites 

indicated a decrease in dissolved inorganic phosphorus and fecal coliforms in contrast 

with shoreline concentrations; The sites had sandy loam, loamy sand and fine sandy loam 

soil types, with groundwater table depths of 1 to 2 m. 

 

2.5 Movement of bacteria 

 

Typical bacteria are much smaller than many of the pores in sand filters. In 

saturation conditions such as high loading rates, high groundwater table, or flooding 

conditions they can easily move in all directions contaminating nearby sources, for 

example drinking water wells, rivers or lakes. Several research projects have been done 

on the movement of different agents such as bacteria, viruses, nutrients, and tracer in 

saturated and unsaturated media. The importance of these research activities was to 

identify the ability of vertical or lateral movement of these agents in hydraulically 

saturated media and the likelihood of contamination of a groundwater source (drinking 

water well) by a pollution source nearby (septic system). On the other hand, the results of 

such studies provided the basic knowledge to compare the movement of such agents in 

saturated versus unsaturated media. This may emphasize the importance of unsaturated 

vertical soil separation required for soil absorption systems. 
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E. coli NAR was used as bio tracer to study groundwater contamination by 

leaching bed systems by Shadford (1994). Three different sites were used for the 

investigation by lysimeters installed in various depths within and around the leaching 

bed. The results indicated that horizontal movement of bacteria in a leaching bed was 

faster than vertical movement of bacteria, high intensity rainfall encouraged bacteria 

transport through filter bed material, and, transport of bacteria was reduced by 

unsaturated soils. Systems with deeper water tables performed satisfactorily even when 

constructed in permeable soils. The results indicated that 2 meters of unsaturated soil was 

more than adequate to ensure that there was no bacterial contamination to the 

groundwater below. 

 

Bacteria transport in alluvial gravel aquifers was monitored by Sinton et al. 

(2000). Two sets of experiments were conducted by injection of tracers in groundwater 

and monitoring the transport by collecting samples from observation wells. In experiment 

1, E. coli 2690, Bacillus subtilis, and Rhodamine WT dye were used; E. coli J6-2, F-RNA 

phage MS2 and Rhodamine WT dye were used in experiment 2. 

 

After converting hydraulic conductivity to velocity, the velocity ranking for the 

tracers was E. coli 2690 > B. subtilis > Rhodamine in experiment 1 and E. coli J6-2 > 

Phage MS2 > Rhodamine in experiment 2. The ranking was shown to be consistent with 

the concept of pore size exclusion: “larger particles are preferentially transported in larger 

interconnected pores where water velocities are higher”. Longitudinal dispersivity 

ranking was also in agreement with pore size exclusion concept, the slower movement of 

viruses in this experiment is in contrast with Noonan and McNabb (1979), cited by 

Keswick and Gerba (1980), who stated a potential for viruses (phage øX174 and T4) to 

move laterally as far as 140 m in just 96 hours, a velocity of more than 30 m/d. This may 

be explained by the different behaviour of viruses in saturated soils due to different 

chemical and physical properties of soils, and the phenomena of adsorption of viruses to 

colloidal particles of soils, which may vary with pH and other characteristics of soil.  
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Brandes (1972) determined the groundwater movement velocity using tritium to 

be in range of 0.02 to 0.1 m/d in uniform undisturbed soil and 0.06 to 0.6 m/d in 

disturbed soil containing stones and boulders (imported fills). When the soil contained 

more than 93% of fine material (clay, silt or fine sand) the velocity of movement was 0.1 

m/d. In the same study he compared the coliform concentration in different observation 

wells along the path of groundwater flow. He reported a mean of 3-log reduction in 

coliform count within a distance of slightly more than 8 m (25 feet) from the tile field. 

Comparing this result with 3-log reduction in 30 cm of unsaturated soil (Tyler, 1977) 

shows the fecal coliform can travel in saturated soil about 25 times further than 

unsaturated soil. 

 

Bolster et al. (2006) compared the movement of a pathogenic microorganism 

(Campylobacter jejuni) and a commonly used non-pathogenic indicator organism 

(Escherichia coli) to check the validity of the assumption: “where pathogenic 

microorganisms are present fecal indicator organisms are present.” The results indicated 

that C. jejuni moved much faster than E. coli which proved that E. coli was not a proper 

indicator for C. jejuni, so careful measurements were recommended by the authors for 

choosing the indicator microorganism when doing a water quality test. 

 

2.6 Clogging layer 

 

The formation and presence of a clogging layer under the distribution pipes at the 

surface of a sand filter or where it is introduced to soil has been known for a long time. 

The clogging layer plays a major role in the treatment and purification of wastewater in 

SAS’s. It improves the treatment by increasing the retention time due to slower water 

movement in the filter media, as its hydraulic conductivity is generally lower than soil or 

sand filter beneath. The clogging layer also has the capability of entrapment of the 

bacteria and viruses. 

 

Tyler et al. (1977) indicated that unsaturated flow would occur if a clogging layer 

was present at the infiltration surface. In naturally well drained soils the actual moisture 
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condition would control the degree of aeration. In general, sands would be aerobic and 

clays anaerobic. Water movement would have unsaturated flow characteristics and 

therefore considerably slower than if saturated flow was possible, allowing for more time 

for efficient treatment. In the absence of a clogging layer (early stages of a SAS 

operation), flow in sand would be rapid and effluents might pass with limited treatment. 

Also in structured soils short circuiting might occur when large continuous pores were in 

direct contact with free water. If that was the case, control of loading rate and frequency 

would be critical to avoid short circuiting problems. 

 

Bouma (1975) noted the formation of a clogging layer at the infiltration surface to 

be due to accumulation of suspended solids and microorganisms on this surface, and 

implicit biological processes, resulting in formation of a biomat or clogging layer 

inducing unsaturated flow in the infiltrative layers beneath the drip lines. For K being the 

one dimensional hydraulic conductivity of the soil, the Darcy’s law would be as: 

Q = K A dH/dZ     (1) 

Where Q is the flow rate, A is the cross sectional area of the flow, and dH/dZ the 

hydraulic gradient. Bouma calculated the flow rates for different K values by measuring 

dH/dZ, the hydraulic gradient between two points using a tensiometer, which involved 

the determination of soil moisture conditions as water potential. When a barrier such as a 

biomat clogging layer was present with a hydraulic conductivity (Kb) lower than the 

hydraulic conductivity of the filter media beneath it (Ks), the steady state infiltration, the 

flow rates in the barrier and the filter media would be the same: 

Qb = Qs       or         Kb (dH/dZ)b = Ks (dH/dZ)s      (2) 

For the steady state flow, when the flow in the soil is only due to gravitational 

forces, dH/dZ would be approximately unity: 

Q = Ks(M) = Kb ( Ho + M + Zb )/Zb        

or                                                                                        (3) 

Ks(M) / (Ho + M + Zb ) = Kb/Zb = 1/Rb 

Where Ks(M) is the K value for moisture tension M, Ho is the hydraulic head on top 

of the clogging layer due to ponding, Zb is the thickness of the clogging layer, and Rb is 



 21  

the hydraulic resistance of the clogging layer. By applying Darcy’s law to the clogging 

layer Rb can be found: 

Q = Kb ΔH/Zb     or      Q = (Kb/Zb) ΔH = ΔH/Rb           (4) 

Bouma measured in-situ K values as a function of soil moisture tension for four 

different soils including a sand, a sandy loam, a silt loam, and a clay. Visual examination 

of the clogging layer showed the layer thickness Zb to be about 2 cm. ΔH could be 

determined as Ho + M + Zb. He calculated Rb by Equation 4 and developed Rb curves 

(resistance of the barrier for a given flow rate as a function of soil moisture tension). 

Knowing the Rb values for the clogging layers and the “K curves” (i.e. the hydraulic 

conductivity vs. the moisture content) for the filter media below the clogging layer, one 

could predict the hydraulic effects of the clogging layer.  

 

Bouma explained how the hydraulic aspects of infiltration media were in contrast 

with filtration aspects. He concluded that increasing Rb, the barrier resistance, decreased 

the infiltration rate and increased the moisture tension below the clogging layer, which 

resulted in more treatment due to increased retention times. Also, clogging layers with 

identical characteristics encouraged different moisture tensions in different soil types as 

their hydraulic effects not only depended on their resistance, but also on the capillary 

properties of the soil underlying them. Bouma explained that although in theory a high 

groundwater table brought the moisture tension to zero and as a result the flux Q would 

be zero, in reality the high groundwater table induced lateral movement of effluent or 

ponding on the surface without necessary treatment, which could cause serious health 

hazards. 

 

Van Cuyk et al. (2001) concluded that fecal coliforms and viruses were not 

completely removed in 60 to 90 cm of medium sand during the start up and early 

operation (initial 10 to 15 weeks). Bacteria and virus removal was improved after a 

clogging zone had evolved at the infiltrative surface, likely due to better purification and 

the unsaturated flow regime in the sand medium. After an initial period of operation and 

clogging zone development, near complete removal of fecal bacteria and a 3-log removal 

of viruses were reported to be reasonably expected in sandy medium with 60 to 90 cm of 
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vadose zone. Additional purification of viruses could occur in the saturated zone during 

groundwater transport away from the SAS. The results also indicated that fecal coliform 

might be indicative of viruses in soil media directly beneath soil absorption system. 

 

2.7 Macropores  

 

Macropores occur in soil absorption systems (SAS’s) due to different factors such 

as plant roots and worms, providing short cuts for the effluent to bypass the soil filter 

media without any filtration or purification. In the presence of macropores chemical and 

biological contaminants move rapidly through the soil profile and reach the lower layers 

beneath the SAS quickly. Soil types that form macropores easily are generally not 

suitable for SAS. 

 

Abu-Ashour et al. (1998) showed the effect of soil macropores on bacteria 

movement under unsaturated soil conditions in an agricultural application (however, 

since they used loading rates and soil types that were in range of those suitable for SAS 

and the bacteria was also E. coli his work was applicable for SAS). He used two types of 

soil (silt loam and loam), and E. coli NAR as biotracer for his experiment. He also 

studied the effects of initial moisture content of the soils on bacteria transport in the soil. 

The results indicated that the presence of macropores had a significant effect on 

microorganism transport in the soil. The microorganisms could pass through the soil 

column only when macropores were present and the initial moisture content of soil was 

high (40%) with or without rainfall simulation. Microorganisms could not pass through 

when macropores were present but the soil was dry; in this case rainfall pushed the 

bacteria deeper into the soil column. In the soils without macropores the initial moisture 

content determined how deep the bacteria moved into the soil, although no bacteria 

passed completely through the soil column. The study also showed that when the 

macropores were not connected to the surface the bacteria movement into the soil was 

significantly reduced. 
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Smith et al. (1985) evaluated the transport of antibiotic resistant E. coli in several 

soils. In this investigation when the solution of bacteria was applied onto the surface of 

undisturbed soil columns, up to 96% of bacteria cells were recovered in the effluent. The 

soil columns were 280 mm deep. The bacteria suspension had a concentration of 10
9
 

CFU/100mL. It was applied onto the surface of soil columns with dosing rates between 5 

to 40 mm/h for 8 to 12 hours, representing local rainfall intensities. Using mixed 

repacked soil columns improved the bacteria filtration considerably. Undisturbed soil 

cores held 22 to 78% of the bacteria cells applied to them. When the same soils were 

disturbed and repacked, they retained at least 93% of the bacteria. Absence of 

macropores enhances absorption and retention capabilities of soil columns. It was also 

found that increasing the rate of water input increased the fraction of bacteria recovered 

in the effluent. For example when the loading rate increased from 5 to 40 mm/hr, the 

portion of bacteria which passed through the soil column (C/Co) increased from 0.05 to 

0.32, for one of the undisturbed soil columns (Maury soil). 

 

2.8 Bacterial die off rates  

 

As noted before, one way of bacteria concentration reduction in a SAS is the die 

off of bacteria as it moves through the filter media. The die off rate of bacteria and the 

factors cause them to die have been investigated by many researchers.  

  

In an attempt to model the bacteria die off in a soil environment, Crane and 

Moore (1986) proposed a first order model with no lag time to explain the bacteria die off 

in the soil environment. They listed the factors affecting die off including the physical 

and chemical nature of the aquatic or soil system (i.e. pH, temperature, soil organic 

matter content, soil moisture, porosity, texture, adsorption and filtration properties), 

atmospheric conditions (i.e. sunlight, moisture and temperature), biological factors such 

as toxins and antibiotics and manure application method (i.e. technique, frequency of 

application), and organism density in the waste material. Die off coefficients (k, day
-1

) 

listed by Crane and Moore (1986) vary with soil type, soil moisture and pH, season 

(temperature) and microorganism type. The coefficients for E. coli, cited by Crane and 
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Moore (1986) are listed in Table 2.7. The die off coefficient, k, can have both positive 

(reduction) and negative (growth) values depending on the process and environment to 

which the bacteria is exposed. As it can be seen from Table 2.7, k varies from -0.188 to 

6.220 d
-1

 depending on season, media, process and environment in which the bacteria is 

inoculated. 



 25  

 

Table 2.7 Die off coefficients for E. coli in different conditions (Crane and 

Moore, 1985) 

 

Description of process Organism  Season or 

temperature 

Type and 

Length of study 

Die off 

coefficient, k 

(d
-1

) 

Stored dairy manure 

slurry (inoculated) 

(Burrows and Rankin, 

1970)  

 

Swine manure slurry 

storage (sterilized and 

inoculated)  

(Kovacs and Tamasi, 

1979) 

 

 

Dairy manure storage 

(exposed to outside 

environment, but 

covered) inoculated 

(Rankin and Taylor, 

1969) 

 

Polishing ponds, 

municipal sewage  

(Toms et al. (1975) 

 

 

E. coli 

 

 

 

 

E. coli 

 

 

 

 

 

 

E. coli 

 

 

 

 

 

 

E. coli 

Feb. 

 

 

 

 

4°C 

4°C, pH 7.0 

4°C, pH 8.0 

4°C, pH 9.0 

20°C, pH 7.0 

20°C, pH 7.0 

 

Jan. to Apr.  

 

 

 

 

 

 

Winter 

Spring 

Summer 

Fall  

Winter 

Spring 

Summer 

Fall  

Lab, 11 weeks 

 

 

 

 

Lab, 5 weeks 

 

 

 

 

 

 

Lab, 12 weeks 

 

 

 

 

 

 

Field  

South aspect 

 

 

Field 

North aspect 

0.102- 0.287 

 

 

 

 

6.220 

0.686 

0.867 

0.931 

0.588 

1.079 

 

0.109 

 

 

 

 

 

 

-0.1370 

-0.774 

-1.188 

-0.3336 

-0.1715 

-0.287 

-0.362 

-0.076 

 

 

Gagliardi (2002) studied the persistence of E. coli O157:H7 in fallow soil, on 

roots of cover crops and in the presence of manure. He reported a persistence of 25 to 41 

days in fallow soil and up to 96 days on rye roots. Manure did not affect the persistence 

of E. coli while clay increased persistence and activity of E. coli O157:H7. More bacteria 

persistence rates in different conditions are listed in Table 2.3. 
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2.9 Temperature  

 

Temperature has been known to affect bacteria behaviour in the environment. 

Colder temperatures increase the survival time of bacteria, which may give them a higher 

chance to move for longer times in a SAS and reach further distances away. This may be 

true particularly in areas with extremely cold winters where frost happens in lower soil 

layers. Though this may not always be the case, as some researchers indicated cold 

temperatures did not affect the SAS efficiency in bacterial removal.   

 

Tyler et al. (1977) indicated that during cold temperatures, the die off of both 

bacteria and viruses might be inhibited considerably, although they did not provide a 

specific value. 

 

Bohrer and Converse (2001) indicated that cold weather did not affect the drip 

distribution system performance which was properly installed. Temperatures below 0°C 

were found in the soil at the depth of drip lines as well as 10 cm below the drip lines for 

an extended period of time. The soil types in this study ranged from coarse sand to clay 

loam.  

 

Scandura and Sobsey (1997) found that the septic systems were negatively 

affected by cold weather during winter, so that the risk of groundwater contamination by 

an on-site sewage system was highest in winter when the air temperature was the lowest. 

This risk was also found to be highest in the SAS with the coarsest sand and when the 

groundwater table was highest (shallow vadose zone). The systems under investigation 

consisted of three conventional and one low pressure system with soil types of: sand-

clay-loam, sand-loam and sand. 

 

Ausland et al. (2002) concluded that lower temperatures between 2 to 17 ºC 

(measured 2 cm below the filter surface) did not have any correlation with fecal coliform 
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concentration in the filter effluent. Details of this research were discussed earlier in 

section 2.4 of this chapter. 

 

2.10 Other 

 

The results of a study done by Carroll and Goonetilleke (2005) indicated that high 

densities of on-site systems could considerably affect the shallow groundwater quality; 

moreover, type of systems could also impact the groundwater quality. 

 

Effects of leaching bed aeration were studied by Potts et al. (2004) by comparing 

effluent treatment in aerated lysimeters with non-aerated lysimeters under the leachfield 

trenches. The aeration was provided by maintaining a headspace O2 concentration of 

0.209 mol mol
-1

. The results indicated that aeration might improve BOD5, fecal coliform 

and nitrogen removal, even though the biomat was not formed. Aeration did not show 

any significant difference in P removal. 

 

2.11 Summary 

 

Much research has been done on different aspects of on-site wastewater treatment 

processes in soils. This review shows that the soil filtration of the wastewater is a 

complicated process which involves a combined physical, chemical and biological 

process that includes the formation of a clogging layer (biological process), entrapment 

of bacteria in the clogging layer or attachment to soil particles (both physical processes), 

and die off due to lack of nutrients (chemical process). The soil treatment efficiency 

depends on a wide range of factors including but not limited to soil properties, 

wastewater quality, distribution system, loading rate, and environmental conditions. 

Some of these factors are better defined in terms of their effect on bacterial removal by 

the soil absorption system. For instance, except for extremely cold temperatures such as   

-40°C, the temperature generally does not affect the bacterial removal in soil, provided 

that the system is installed and maintained properly. There are other factors that show 

more variation in terms of their effect on bacterial removal in soil absorption systems, 

one of which is the depth of soil layer.  
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While many researchers suggest a 3-log removal of bacteria for the first 30 cm of 

the vertical soil layer (Tyler et al. 1977, Brown et al. 1997, Anderson et al. 1994), or 

complete removal after 60 to 90 cm of vadose zone in controlled conditions (Van Cuyk et 

al. 2001), these results are not supported by the results of Chowdhry (1977) who 

monitored ten different sand materials under controlled conditions for two years and 

observed considerable, but not complete removal of bacteria for a sand layer thickness of 

750 mm for all types of sands tested under controlled conditions. The actual level of 

bacteria in treated effluent exiting the bottom of filter bed (sand filter) under field 

conditions is still unknown.  

 

Also, despite a number of studies conducted to measure the level of treatment of 

different types of soil under controlled conditions, there is not much data available on the 

long term performance of SAS under field conditions and the level of bacterial 

contamination at different depths of a SAS is not established yet. 
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3. Ontario Building Code Soil Absorption Systems 

 

Part 8 of OBC classifies the on-site treatment systems under 5 different classes. 

However, most of the systems being installed and used are Class 4 (leaching bed) 

systems. As defined in the OBC, a leaching bed refers to a soil absorption system which 

is constructed as absorption trenches or as a filter bed. It may be completely in ground, 

raised or partially raised above ground as required by local conditions. It receives the 

effluent from a treatment unit (such as septic tank) for treatment and disposal. Class 4 

systems are those that can accept the sewage from a normal residential household, or 

effluent with the same characteristics, and have a capacity of 10,000 L/day or less.  

 

There are four common types of Class 4 on-site wastewater leaching beds in 

Ontario: 

 conventional trenches, 

 filter beds, 

 shallow buried trenches, and 

 area beds
*
. 

All of these systems consist of collection, treatment and release components. The 

collection system in all types of the systems includes the sanitary sewage pipe of the 

building which collects the wastewater from different sources and brings it to the 

treatment unit, typically a septic tank. The septic tank is a two compartment watertight 

tank which receives sewage to separate the solids, grease and scum from the liquid 

without the addition of air. The solids settle and go through anaerobic digestion. 

 

Class 4 systems are distinguished by their distribution and disposal systems as 

outlined below. 

                                                 
*
 Area beds are a type of Class 4 system authorized under Building Material Evaluation Commission 

(BMEC) approvals. 
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3.1 Conventional trenches 

 

Conventional trenches are regulated according to Section 8.7.3.2. in the OBC. 

Perforated pipes (Figure 3.1.A) are lain in trenches with a width of 500 to 1000 mm and a 

depth of 600 to 900 mm (Figure 3.1.B). The length of the pipes should be approximately 

the same and do not exceed 30 m. Effluent flows directly from the septic tank or 

distribution box to the pipes and trickles down through the soil. Vertical clearance from 

the bottom of trench to the limiting layer is a minimum of 900 mm of unsaturated soil to 

provide adequate treatment before the effluent reaches groundwater.  Loading rates on 

conventional trenches can vary between 8 and 400 mm/d depending on the T time of the 

soil. 

   A    

B  

 

Figure 3.1 Pipe detail (A), Detail of absorption trench (B) (MMAH, 1997) 

 

12 

8 
6 

4 

Perforation 

Perforations at approximately 4, 6, and 8 o’clock when laid. 

Minimum hole Ø of 12 mm and spacing of hole to provide at 

least 5800 mm
2
 of hole on standard length (approx. 3m) of 

pipe. 

 

Organic top soil with seed applied 

Porous backfill  

Untreated building 

paper or geotextile 

fabric  

Stone to be 19 mm 

clear aggregate, 

washed to be free of 

fine material 

75 mm Ø or 100 mm Ø 

perforated distribution 

pipe 

Min. 0.5 m 

50 mm Min.  

75 mm  

150 mm Min.  
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3.2 Filter bed  

 

The filter bed, which is now the dominant type of on-site soil absorption system 

in many parts of Ontario, consists of a minimum of a 750 mm thick layer of sand. The 

distribution pipes are placed on the top of sand in a gravel layer evenly spaced over the 

surface of the filter medium (sand). Figure 3.2 illustrates the typical layout of a filter bed.  

 

 

Figure 3.2 Typical filter bed (MMAH, 1997) 
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The construction requirements covered in Section 8.7.5.3 of the OBC indicate the 

sand must be clean and have particle size ranging between the limits of: 

 a minimum effective size (d10) of 0.25 mm with a uniformity coefficient 

(Cu) not less than 3.5, 

 a maximum effective size of 2.5 mm with a uniformity coefficient not 

greater than 1.5, and 

 a uniformity coefficient of not more than 4.5. 

 

The entire depth of the filter media must remain unsaturated. The surface of the 

filter bed must have a minimum vertical separation of 900 mm to the limiting layer such 

as groundwater table, inappropriate soil or bed rock. The base of the filter bed shall 

extend to a minimum thickness of 250 mm over an area such that (Figure 3.3): 

A = QT/850 

Where: 

 A = the contact area between the base of the filter medium and the soil 

beneath (m
2
), 

 Q = daily design flow (L/day), and 

 T = the percolation time of underlying soil or 50 min/cm, whichever is 

smaller. 

 

 

Figure 3.3 In-ground filter bed (MMAH, 1997) 

 

Filter Medium 

Min 0.25 m 

Extended filter base is required by A=QT/850 

[8.7.5.3.(6)] 

1 < T < 15 

S S 
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Building code requires the filter bed to have an effective surface area of between 

10 and 50 m
2
. Loading rates on the surface of filter bed can vary between 50 to 100 

mm/d, depending on total daily design flow of the system and the use of a secondary 

treatment unit.  

 

Raised leaching bed systems are used when the soil and site properties do not 

allow for a conventional in ground leaching bed. This would happen if the native soil has 

a percolation time of more than 50 min/cm, or the limiting layer is close to ground 

surface. In this case the acceptable material for leaching bed fill is brought to the site, 

raising the filter bed above the ground level. The fill material must be at least 250 mm 

over the area that it covers and must extend a minimum of 15 m beyond the outer 

distribution lines to the direction in which the effluent is expected to move horizontally. 

This extension is called a mantle (Figure 3.4).  

 

Table 3.1 summarizes the loading rate factors for systems with mantles.  
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Figure 3.4 Raised leaching bed and mantle (MMAH, 1997) 
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Table 3.1 Loading rates for fill based absorption trenches and filter beds (OBC, 

table 8.7.4.1.A) 

 

Percolation time (T) of soil (min/cm) Loading rates (mm/d) 

1 < T ≤ 20 

20 < T ≤ 35 

35 < T ≤ 50 

T > 50 

10 

8 

6 

4 

 

 

 

3.3 Shallow Buried Trenches 

 

These systems consist of a tertiary treatment unit and a pressurized, time dosed 

distribution system. They may be installed in soils with percolation times between 1 and 

125 min/cm, although they are generally recommended for soils with T times higher than 

50 min/cm. The distribution system is pressurized such that the pressure at the point 

furthest from the pump is not less than 600 mm. A timed dosing system shall be designed 

for the shallow buried trenches such that the effluent is released over a 24 hour period, to 

flatten the effects of peak flows. Figure 3.5 illustrates more details about shallow buried 

trenches. The loading rates for shallow buried trenches vary from 100 to 222 mm/d. 
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Figure 3.5 Shallow buried trenches (MMAH, 1997) 

 

 

3.4 Area bed 

 

Area beds are soil absorption systems that can be used when a tertiary treatment 

unit, as listed in the supplementary guidelines (SB-5) of the OBC is included in the on-

site treatment system. The tertiary treatment unit is capable of treating the wastewater 

effluent to the tertiary level according to Table 8.6.2.2.A. OBC (BOD5 = 15, CBOD5 = 10 

and TSS = 10 mg/L). Area beds are designed to further treat and release the effluent. 

They involve a layer of stone placed on the top of a layer of sand. The top of the stone 
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layer is usually covered with a layer of geotextile to prevent top soil from entering and 

filling the pores of the stone layer.  

 

The OBC does not contain specific requirements for design and construction of 

area beds at present. The design and construction of area beds is proposed by the 

manufacturer companies and includes: 

 Their size and footprint, 

 The gravel and sand sizing when a mantle or imported fill is necessary, 

 The type and thickness of the sand used, for example BMEC approved an 

area bed for the Ecoflo ST-650 biofilter system consisting of a layer of 

sand with a minimum thickness of 250 mm, with a minimum of 200 mm 

of gravel on top. The percolation time of the sand shall be 6 to 10 

min/cm, provided that when the native soil beneath the sand filter has a T 

time of 6 min/cm or less, the groundwater surface remains 600 mm or 

more below the gravel layer (BMEC), and 

 Means of ensuring appropriate distribution of effluent in the filter bed. 

Generally speaking, the design and construction requirements for area beds for 

approval are those listed in BMEC approvals for each specific technology.  

 

Loading rate for the area bed depends on the treatment technology used. For 

example the loading rate on the stone layer of the area bed is 75 mm/d for the area beds 

used for Waterloo Biofilter and Bio-Microbic. When a mantle is used, loading rate on the 

area bed and mantle can vary from 17-75 and 8-75 mm/d for Waterloo Biofilter and Bio-

Microbic, respectively, depending on the T time of the native soil. 

 

Table 3.2 provides a summary of loading rate ranges for different SAS’s. The 

loading rates are Total Daily Design Flow divided by the area. The calculations are based 

on a total daily design flow of 2000 L/d (where required) and the minimum width of 

trenches (0.5 m for conventional trenches and 0.3 m for SBT). When the T time of the 

soil is minimal, the loading rate may be governed by the minimum length of trench (i.e. 

40 m for conventional trenches and 30 m for SBT). 
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Table 3.2 Loading rate range for different SAS  

 

SAS Type Loading rate range, mm/d 

Conventional trenches 8-100 

Filter bed (on top of sand layer) 75 (50-100) 

Filter bed, in-ground (contact area) 57-75 

SAS with mantles 4-10 

Shallow Buried Trenches 100-222 

Area bed Waterloo Biofilter (stone layer) 75 

Area bed Waterloo Biofilter (area bed and mantle) 17-75 

Area bed Bio-Microbic (stone layer) 75 

Area bed Bio-Microbic (area bed and mantle) 8-75 
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4. Methodology 

 

The objective of this research was to determine what levels of treatment were 

achieved in the field for filter bed systems under typical operating conditions. To 

accomplish this, normal field systems were monitored for their performance. Given the 

previously established characteristic that the performance could be highly variable and 

change over time, systems were monitored regularly over a year. In addition, given the 

difference between different household usages, two systems were monitored. 

 

Systems for monitoring were found through the cooperation of local regulatory 

authorities and installers of filter beds. These systems were typical filter bed installations 

in Ontario and both comply with the OBC, although they are different in size. Monitoring 

systems were patterned after that originally used by Shadford (1994) and modified for the 

needs here. This included the installation of multiple pan lysimeters at various depths 

below the gravel-sand interface of the filter bed. These depths corresponded to the 900 

mm minimum separation distance from surface of filter bed to a limiting layer such as 

groundwater table or bed rock, 750 mm at the bottom of the minimum sand depth and 

375 mm. Two lysimeters were placed at each depth under different lines of the system to 

ensure samples would be available even with potential uneven distribution. In addition to 

the lysimeters, monitoring of the septic tank was carried out to establish the strength of 

the effluent being applied to the filter bed. All monitoring equipment was installed as the 

on-site system was being built. Figure 4.1 shows profile view of a typical installation. 

 

Data were collected for other parameters that may have potentially affected the 

performance of the systems such as air temperature, rainfall, loading rate applied on the 

surface of filter bed, and filter sand specifications. These data may explain some 

irregularities, if any, of the system performance. 
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4.1 Materials 

 

Lysimeters were installed in the field to collect liquid samples required for the 

assessment. The design and materials used to build the lysimeters were selected so that: 

 they produced enough liquid samples needed for the analytical tests, 

 were durable enough to last at least for the experiment duration, and 

 did not have any biological or chemical effects on the effluent.  

 

The lysimeters were 27 L plastic pans with an area of 2500 cm
2
 filled with coarse 

un-compacted sand. As the porosity of sand was about 30%, the effective volume of 

lysimeters after installation was estimated to be 9 L, thus the maximum effective depth 

that would be collected by the lysimeters was 3.6 cm. 

 

A plastic elbow fitting was attached to the bottom of the lysimeter with a robust 

watertight connection, to which vinyl tubing was attached with a pressure fitting. A piece 

of screen at the bottom of lysimeter prevented sand from entering and clogging the tube. 

The same screen was also placed on the top of the sand in the lysimeter to prevent the top 

material from mixing with the sand in the lysimeter. An extra line of tubing was placed at 

the outlet of the septic tank, before the filter to collect STE. All tubes from lysimeters and 

septic tank were gathered in an irrigation box at the side of the filter bed for easy access. 

This box will be referred to as sampling access point. 

 

 

Figure 4.1 Installation layout (profile view) 

 

 

 
Septic tank 

750mm 900mm 
375mm 

Filter Bed 

Lysimeter 



 41  

One set of lysimeters was assembled in the lab including the plastic pan, installed 

elbow fitting, vinyl tube, sand and screen, and tested for possible effects of the material 

on bacteria. As it was decided to test the samples in water quality lab at the School of 

Engineering, the results of this lab was compared to an independent lab to ensure the 

accuracy of lab procedures. The results indicated that the material did not have any 

particular effect on bacteria; also the lab results were satisfactorily accurate in 

comparison with the independent lab results. The test procedures and results and a sample 

of Chain of Custody form for lab analysis are listed in Appendix C.  

 

4.2 Installation 

 

At each site, six lysimeters were installed, two for each depth. Figure 4.1 

illustrates a typical layout of the installation. As it can be seen in the figure the lysimeters 

are placed in different depths under the distribution pipes. The depths of 900, 750 and 

375 mm represent minimum vertical separation, minimum sand filter thickness and half 

thickness of the filter media, respectively. Figure 4.2 shows the lysimeters at the time of 

installation at Fergus site. 

 

 

Figure 4.2 A lysimeter, Fergus 
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4.3 Sampling 

 

The purpose of the lysimeters was to collect samples of effluent from specified 

depths under the leaching bed.  Since these lysimeters were installed during the filter bed 

installation and there was no access to them thereafter, they were placed under the pipes 

and close enough to header to maximize the chance of liquid collection. There was no 

need for random placement of the units since the soil properties among the bed was 

assumed to be uniform, and the effluent treatment was primarily a function of depth. 

 

Lysimeters were installed at three different depths, i.e. 375, 750 and 900 mm, two 

for each depth below the sand filter surface, under the distribution lines. The samples are 

identified by the depth and number of the lysimeter, e.g. 900-1 for the first lysimeter at 

900 mm depth. Samples were also collected and analyzed from the septic tank at each site 

for comparison purposes. 

 

Since the start of sampling on December 2007 to December 2008, 24 field trips 

were made to the Fergus site and 22 to the Hillsburgh site. A total of 158 samples were 

extracted from the 12 lysimeters installed in and under the filter beds at the two sites 

during the one year sampling period, and 46 samples from the septic tanks. 

 

The effluent that reached the lysimeters was expected to have originated mainly 

from the STE discharge through the distribution lines. Other sources that could 

potentially contribute to liquid reached the lysimeters were the precipitation and/or snow 

melt on the top of the filter bed, and groundwater flow from a high groundwater table. At 

the time of sampling, after each sample was collected, the lysimeters were completely 

drained using a pump to measure the volume of effluent collected in each lysimeter, 

which would later be used to estimate the loading rate, and also to dry out the lysimeters 

to prevent or reduce the potential bacterial build up. 
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A peristaltic pump was used to collect the samples. In each sampling session the 

pump was connected to the tubes from each lysimeter and the septic tank to extract the 

liquid sample collected by the lysimeter (or directly from the septic tank). Lysimeters 

which produced a low volume sample (or no sample) were occasionally tested for 

possible damages to the tubing, connections or the lysimeter itself. The test was 

conducted by pumping a certain volume of water to the lysimeters and pumping the water 

out after two minutes. Any water loss in this test could be the result of damaged tubes, 

lose connections or broken boxes. All lysimeters passed the test during the course of 

sampling, meaning they were capable of holding any liquid that reached their surface. 

 

When there was no sample produced from a lysimeter during a sampling session, 

the interpretation was no liquid (including STE) reached that lysimeter in the previous 

period. The ultimate reason for why no STE reached the lysimeter would be unknown, 

but a number of reasons could be suggested including no STE reached that depth at all, 

the STE evaporated, or the STE moved down from a different path (or a different 

distribution line).  

 

Sampling trips were made once every two or three weeks over the course of a 

year. The lysimeters were capable of holding any liquid that reached them. When a 

lysimeter did not produce any liquid sample it was very likely that the effluent did not 

reach that point of the filter bed or further, meaning no contamination (including bacteria) 

reached that point from the septic tank, or further to the groundwater.  

 

4.4 Sampling procedure 

 

Samples were collected by connecting a peristaltic pump to each tube coming 

from lysimeters or septic tank. Sampling was always started from samples that were 

expected to have the least bacterial concentration (depth of 900 mm) to the highest (septic 

tank) to minimize the chance of cross contamination. 
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After connecting the pump to a pipe, the liquid was collected in a graduated 

cylinder to measure the volume of liquid in the lysimeter. After one litre of liquid was 

emptied, 250 mL of the liquid was collected in a sampling bottle, labelled properly and 

placed in a cooler. The rest of the liquid was collected in the measuring cylinder to 

measure the total volume of liquid from each lysimeter. The volume measurement 

accuracy was 10 mL and all volumes were then rounded to closest 50 mL (e.g. 1340 mL 

was recorded 1350 mL) . After no further liquid was produced by a lysimeter, the pump 

was run in reverse mode to push any droplets back into the lysimeter to prevent freezing 

and bacterial build up in the tube. 

 

As the lysimeters and tubing were all placed under ground, there was no access 

for cleaning. The samples were all collected after one litre of liquid was pumped out. One 

litre is about four times of volume of the longest run of a plastic tube installed, meaning 

each pipe was washed with at least four times of its volume with the liquid that was 

supposed to be sampled.  

 

Sample bottles were placed in a cooler containing ice and moved to the lab and 

kept in the fridge until tested. Tests were conducted within 24 hours after samples were 

taken. The unused portions of the samples were kept until the results of test were 

recorded. The samples with odd or unexpected results were tested again within 48 hours 

after samples were collected. At the end the bottles were emptied, washed and prepared 

for the next sampling trip. 

 

The samples were examined for E. coli concentration using the membrane filter 

procedure (section 9222 B, Standard methods, 1990). For more details about lab 

procedures see Appendix B.  

 

The accuracy of the plating tests was measured by two tasks: blank dish and 

dilutions. Two blank dishes were prepared during the test to make sure that the tools were 

not infected and the bacteria were coming from the samples only. The blank dishes 

always came with no CFU on them. The consecutive dilutions always produced CFUs 
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proportional to the dilutions (e.g. dilutions of 1, 0.1, and 0.01 mL/100mL produced 500, 

50, and 5 CFU/ 100 mL), which was an indication that the test was accurate and was 

performed properly.  

 

All sampling and lab activity were conducted following the same steps to ensure 

the consistency of the procedures. 

 

4.5 Data analysis 

 

The long term monitoring of two systems provided adequate data for reasonable 

judgment of the performance of those systems.  Geometric means were used to report the 

means of bacteria concentration for each depth. When individual sample values for a 

variable are different by orders of magnitudes the geometric mean is often used which 

tends to moderate the effect of one or two very large or small values. More details about 

statistical analysis of data is provided in Chapter 6 of this document. 
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5. Results  

 

Samples were collected to characterize the wastewater, to determine the E. coli 

concentration in various depths through and under the filter bed, and to explain the 

bacterial removal of the filter bed by comparing those concentrations to the septic tank 

effluent (STE). 

 

In 46 total field trips, 276 attempts were made to extract samples from the 

lysimeters. These attempts were made by connecting the pump to a tube coming from a 

lysimeter and running it for a time long enough to extract the sample. On 118 occasions 

no effluent was present in the lysimeters. 

 

Samples were occasionally analyzed for two other water quality parameters 

(BOD5 and TSS). Weather data such as air temperature (min, max and mean) and site 

conditions (e.g. ground surface covered by snow) were recorded during the course of the 

sampling for each day that samples were collected and for each time period between 

them. These data were collected to explore the effects of parameters other than sand filter 

depth on the filter bed performance and were hoped to help explain, some of the 

irregularities, if any, in the filter bed performance. 

 

The routine data collected included the following: 

1. E. coli concentration of each sample, 

2. Volume of effluent that each lysimeter produced, 

3. Air temperature on the day that sampling was conducted, 

4. Mean air temperature since the previous sampling, and 

5. Precipitation accumulation since the last sampling. 

 

More descriptive data was also logged in the field book about the site conditions 

(e.g. sunny day with light wind, or evidence of recent rain), sampling procedures, weather 

conditions during the sampling, and other details as required. 
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5.1 Weather data 

 

Important weather parameters that may affect the septic system performance were 

air temperature and precipitation and these were collected from a nearby weather station. 

The air temperature for the day of sampling was recorded, including maximum, minimum 

and mean air temperature. Precipitation data was also recorded to check for possible 

contribution of precipitation to the system loading rate.  

 

Although two weather stations are close to sampling sites: the Fergus Shand Dam 

and Orangeville station, daily data is not readily available from those stations. As a result 

the weather data from the Waterloo-Wellington Airport Meteorological Station, which 

provides daily data on Weather Network is chosen for this research. Long term climate 

data from the Fergus Shand Dam and Orangeville station are compared to those of 

Waterloo Wellington Airport Station to ensure that it’s appropriate to use the data from 

Waterloo station for this study. 

 

To assess that the weather data used for this study was representative of the 

weather conditions at Fergus and Hillsburgh, Canadian Climate Normals for Kitchener-

Waterloo region were compared to those of Fergus and Orangeville, which was the next 

station closest to Hillsburgh. The stations selected for this comparison are: Waterloo-

Wellington A, Fergus Shand Dam, and Orangeville Meteorological stations. Waterloo-

Wellington A station represents the area of Kitchener-Waterloo for which meteorological 

data is used for this study, while Fergus Shand dam is right at Fergus and Hillsburgh is 

located at midway between Fergus and Orangeville. These stations and the sampling 

points are illustrated in Figure 5.1, where the vertical white arrows show the location of 

meteorological stations and horizontal dark arrows represent the sampling points. The 

weather normals for these stations in contrast with those for the duration of sampling 

(December 07 to the end of December 08) are presented in Table 5.1 (Environment 

Canada, 2009). Waterloo is about 28 km from Fergus and 50 km from Hillsburgh. The 

distance from Fergus to Hillsburgh is about 20 km. 
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Figure 5.1 Meteorological stations and sampling sites (Google maps) 

 

  

      Sampling sites 

 

       
 

     Meteorological stations 
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Table 5.1 1971-2000 Climate normals for three different weather stations 

 

Month 

Location  

2007-2008 
Waterloo- 

Wellington A 
Fergus Shand 

Dam 
Orangeville 

Prec. 
mm 

Mean 
°C 

Prec. 
mm 

Mean 
°C 

Prec. 
mm 

Mean 
°C 

Prec. 
mm 

mean 
°C 

Dec. 07 77 -4.1 73.6 -3.8 73.9 -4.5 69.3 -4.7 

Jan. 08 64.5 -3.8 64.4 -7.1 69.8 -8 65.2 -8.0 

Feb. 08 49.5 -7 51.5 -6.4 52.5 -7.2 50.9 -7.3 

Mar. 08 52.5 -4.1 69.9 -1.2 66.9 -2.1 65.8 -2.3 

Apr. 08 46.5 8.1 76.9 5.8 76.8 5.1 69.9 4.9 

May. 08 62.5 10.2 78.3 12.5 83.8 12.2 79.3 11.8 

Jun. 08 81.5 18.4 81.3 17.3 88.5 17.1 83.9 16.5 

Jul. 08 205.5 20.2 91.8 19.8 83.9 19.7 75.3 19.1 

Aug. 08 84.5 17.8 86.3 18.7 92.1 18.8 95.6 18.3 

Sep. 08 112 15.3 85.8 14.3 92.3 14.4 83.7 14.0 

Oct. 08 38.5 7.5 65.6 8.2 73.5 8.1 71 7.8 

Nov. 08 89 1.3 82.7 2.3 84.6 1.7 81.8 1.6 

Dec. 08 89.5 -4.3 73.6 -3.8 73.9 -4.5 69.3 -4.7 

Total/ 

Mean 

2008 

963.5 6.6 907.9 6.7 938.5 6.3 891.7 6.0 

 

 

Figures 5.2 and 5.3 illustrate the normals at the three stations in contrast with the 

2008 records. These Figures suggest a close relationship between the weather normals at 

the three stations. Comparisons between Fergus and Orangeville with Waterloo mean air 

temperatures show that the differences between monthly mean air temperatures at 

Waterloo and Fergus are generally less than 1°C, with a maximum of 0.9°C for months of 

January and march and minimum of 0.1°C for the months of July to September. The 

maximum difference between Waterloo and Orangeville is 1.1°C for the month of March 

and the minimum is 0.3°C for the month of September.  
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Figure 5.2 Monthly mean air temperatures for Waterloo, Fergus and Orangeville 

 

The mean temperature difference for the period of study (Dec. 07 to Dec. 08) in 

contrast with the long term means for the Waterloo station is in range of 0.3 to 3.3°C, 

with the lowest value being for December 07 and the highest for January 08. These 

variations are generally close to the long term normals for all of the stations of interest in 

this research. 

 

Daily precipitation accumulation difference between Waterloo and Fergus is also 

in the range of 0.1 mm in April to 7.9 mm in July and October; this range is 0.6 mm on 

February to 16.5 mm on July when comparing Waterloo long term records to those of 

Orangeville. These differences are minor and statistical analysis (Appendix D) shows that 

the long term weather normals for Fergus and Orangeville are not significantly different 

from those of Waterloo. As a result using the data from Kitchener-Waterloo weather 

station is appropriate for this study.  
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Figure 5.3 Precipitation normals for Waterloo, Fergus and Orangeville 

 

Daily precipitation accumulation for each month for the duration of study is 

compared to long term means for three stations under discussion in Figure 5.3. It is 

higher than all stations for the months of December 07 and July, September, November 

and December 08, and lower for the months of March, April, May and October 2008. 

There is a sharp increase for the month of July 08 due to two major storms in this month. 

Large precipitation accumulations of 54 and 49.5 mm were recorded on July 11 and 22, 

2008, respectively. April and October 2008 were generally dryer than mean with 

precipitation of almost half of the normal.  

 

The water in the lysimeters had been collecting during each sampling period and 

if the climate conditions had any effects on the STE quality or the performance of the 

filter bed, the measures should represent the average conditions for the respective time 

period. Thus, mean air temperature and precipitation accumulation since last sampling 

were used to check for their possible effects on the filter bed performance with respect to 
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E. coli removal. Table 5.2 shows sampling dates, number of weeks since start of 

sampling, air temperature for the days of sampling, mean air temperatures and 

precipitation accumulation for the time period between the samplings. It can be seen from 

Table 5.2 that the mean air temperatures since last sampling cover a wide range of air 

temperatures from -11.7 to 25.3 °C. The coldest day of sampling was -15.8 °C and the 

warmest day 28.9 °C. Precipitation accumulation since last sampling is also in a wide 

range from 8.5 to 130 mm. 

 

Annual precipitation for the year of sampling (2008) was 963.5 mm. The mean 

annual precipitation for the reference station of this study, Waterloo-Wellington Airport 

meteorological station, for the time period of 1940 to 2007 is 894.9 mm/yr, with 

minimum in any one year of 490 and maximum of 1180 mm/yr (Region of Waterloo, 

Water Services).  Precipitation for the year of this study is 68.6 mm higher than the long 

term mean, but well within the range of recorded extremes. 
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Table 5.1 Sampling dates and climate data 

No. Date 

Weeks 
since 

start of 
sampling 

Temperature, °C Prec. since 
last 

sampling, 
mm 

Mean temp. 
since last 

sampling, °C max min mean 

1 01/11/07 0 8.3 -3.8 2.3 8.5
‡
 6.3 

2 28/11/07 4 2.3 -7.5 -2.6 75.0 0.9 

3 12/12/07 6 0.7 -12.7 -6.0 40.0 -5.3 

4 08/01/08 10 13.0 9.0 11.0 57.0 -2.4 

5 24/01/08 12 -7.6 -15.8 -11.7 33.0 -4.6 

6 05/02/08 14 N/A
§
 -1.5 N/A 32.5 -4.3 

7 21/02/08 16 -7.1 -12.7 -9.9 20.0 -7.2 

8 06/03/08 18 1.6 -6.4 -2.4 27.0 -6.8 

9 25/03/08 21 2.8 -9.9 -3.5 23.5 -5.4 

10 08/04/08 23 18.5 1.0 9.8 23.5 2.2 

11 23/04/08 25 21.6 4.8 13.2 27.0 9.8 

12 09/05/08 27 15.4 3.9 9.7 43.5 9.0 

13 05/06/08 31 24.6 14.0 19.3 34.0 11.4 

14 19/06/08 33 17.0 7.6 12.3 42.0 19.3 

15 04/07/08 35 23.6 7.4 15.5 36.0 18.1 

16 18/07/08 37 28.9 21.6 25.3 72.5 21.1 

17 01/08/08 39 26.4 14.1 20.3 130.0 20.2 

18 14/08/08 41 24.4 9.0 16.7 57.5 17.7 

19 28/08/08 43 20.3 14.2 17.3 23.5 17.4 

20 11/09/08 45 25.5 3.2 11.8 52.5 16.8 

21 29/09/08 48 14.1 9.8 11.9 58.5 14.8 

22 14/10/08 49 20.5 2.4 11.4 31.5 10.5 

23 03/11/08 52 16.0 3.1 9.6 24.5 5.2 

24 03/12/08 56 3.2 -2.9 0.2 86.0 0.8 

 

 

 

                                                 
‡
 Precipitation and mean air temperature on Line 1 are for one week before the first sampling 

§
 Maximum and mean air temperature was not available for this day 
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Figures 5.4 and 5.5 show the air temperature and precipitation accumulation for 

each period of sampling during the course of observation. 
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Figure 5.4 Mean air temperature (°C)  
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Figure 5.5 Precipitation accumulation  
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5.2 Fergus site 

 

Fergus is located about 20 km north east of Guelph, at 43.700° latitude and -80.367° 

longitude (WGS84 projection system), with an elevation of 417.6 m above see level. 

 

Installation of the Fergus site started on October 10, 2007 and was completed by 

October 15, 2007. Sampling was started from November 1
st
, 2007. A summary of the 

data collected at the Fergus site is presented in this section.  

 

The Fergus site septic system schematic is illustrated in Figure 5.7 (based on permit 

application). The system consists of an11,000 L concrete septic tank and two in-ground 

filter beds each having an effective surface area of 42.36 m
2
. Two beds were required by 

OBC (2006) since the total area required (84.7 m
2
) exceeded 50 m

2
. The distribution 

system is a header pipe that split the water between the two filter beds. The distribution 

pipes are EZ-flow (Figure 5.6), which consists of perforated pipe in a bundle of loose 

styrofoam, placed on the top of the sand filter, covered by a layer of geotextile. This is an 

alternative to pipe and stone normally used but does not affect the operation of the 

system. 
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Figure 5.6 E.Z. Flow drainage system, Fergus 

 

Six pan lysimeters were installed at three different depths of 375, 750 and 900 

mm (two lysimeters for each depth) below the distribution lines. The lysimeters at 750 

and 900 mm were placed under the two centre lines and the lysimeters at 375 mm under 

the next two lines (Figure 5.7). The sampling access point was an irrigation box 

embedded in ground with its cap flush with the ground surface. All tubes from the 

lysimeters and septic tank were gathered in this box. The surface of the filter bed was 

slightly sloped to shed the rainfall and surface runoff away from the septic system and the 

house.  
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Figure 5.7 Sketch of septic system and lysimeters installation, Fergus 

 

The total daily design flow of the system can be estimated from the OBC 

requirements for filter bed systems with flows between 3000 and 5000 L/d. For these 

systems the design loading rate is 50 L/m
2
/d (OBC, clause 8.7.5.2(4) (a)), Combined with 

the surface area of 87 m
2
 gives an estimated design discharge of 4300 L/d. 

 

At the time of installation, samples of native soil and filter sand were collected to 

be analysed and characterized. The soil sample was collected from the native soil at the 

bottom and sides of the filter bed. Sand was also collected of the imported material which 

was to be used as filter media. A sieve test was conducted on both samples and the 

samples were classified based on Unified Soil Classification System (USCS). These 

results are shown in Figures 5.8 and 5.9.  
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Figure 5.8 Particle size distribution curve for native soil, Fergus 

 

Based on the USCS, the native soil is an SP type soil with an estimated T-time 

between 2 to 8 min/cm and thus is suitable for construction of an in-ground filter bed. 

The effective size (d10) of the native soil is 0.19 mm with a uniformity coefficient (Cu) of 

24.2.  

 

<5% passing 0.074 mm sieve 

SP, T = 2 to 8 min/cm 

d10= 0.19 mm 
d60= 4.6 mm 

Cu = 24.2 
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Figure 5.9 Particle size distribution curve for filter sand, Fergus 

 

The filter sand type (Fig. 5.9) is also an SP with effective size and uniformity 

coefficient of 0.17 mm and 8.8, respectively. The filter sand falls out of the acceptable 

range shown on figure and does not comply with OBC (clause 8.7.5.3(3) (a)) which sets 

the minimum effective size for sand material at 0.25 mm and maximum uniformity 

coefficient at 4.5 (OBC, sentence 8.7.5.3 (3)), although it is close. 

 

Volumes of effluent collected from each lysimeter are presented in Table 5.3. 

Lysimeters at depths of 900 and 750 mm which were placed under the center distribution 

lines produced most of the samples. On two occasions some effluent reached the 

lysimeters in 375 mm depth under the outer lines as well. No lysimeters ever reached 

their full capacity of approximately 9 L, which indicated that they were large enough to 

capture and retain almost all the effluent. 

 

<5% passing 0.074 mm sieve 
SP, T = 2 to 8 min/cm 

d10= 0.17 mm 
d60= 1.5 mm 

Cu = 8.8 

 

 

Filter sand curve 
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Table 5.3 Volume of effluent extracted from each lysimeter, Fergus 

Date 

Week 

since 

start of 

sampling 

Volume extracted, mL 

375-1 

 

375-2 

 

Mean 

 

750-1 

 

750-2 

 

Mean 

 

900-1 

 

900-2 

 

Mean 

 

01/11/07 0 0 0 0 0 0 0 8720 1420 5070 

28/11/07 4 0 0 0 60 0 30 1030 1090 1060 

12/12/07 6 0 0 0 0 0 0 0 0 0 

08/01/08 10 200 750 475 2500 150 1325 2800 2650 2725 

24/01/08 12 0 0 0 0 0 0 1300 900 1100 

05/02/08 14 0 0 0 3560 1630 2595 1620 1880 1750 

21/02/08 16 0 0 0 0 0 0 0 0 0 

06/03/08 18 0 0 0 2150 850 1500 1350 1750 1550 

25/03/08 21 50 0 25 3250 1450 2350 1150 1650 1400 

08/04/08 23 0 550 275 550 0 275 1100 1650 1375 

23/04/08 25 0 0 0 2900 1000 1950 900 1000 950 

09/05/08 27 0 0 0 2250 1100 1675 1050 1350 1200 

05/06/08 31 0 0 0 2200 1450 1825 1410 2200 1805 

19/06/08 33 0 0 0 1950 700 1325 650 1250 950 

04/07/08 35 0 0 0 1950 800 1375 850 1200 1025 

18/07/08 37 0 0 0 0 0 0 0 0 0 

01/08/08 39 0 0 0 0 0 0 0 0 0 

14/08/08 41 0 0 0 0 0 0 0 0 0 

28/08/08 43 0 0 0 0 0 0 0 0 0 

11/09/08 45 0 0 0 0 0 0 0 0 0 

29/09/08 48 0 0 0 0 0 0 0 0 0 

14/10/08 49 0 0 0 0 0 0 0 0 0 

03/11/08 52 0 0 0 0 0 0 0 0 0 

03/12/08 56 0 0 0 1250 0 625 0 0 0 

Mean    10 54 32 1024 380 702 997 833 915 
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Figure 5.10 illustrates the mean volume of water from each depth (mean values 

from both lysimeters at the same depth) on each sampling trip to the Fergus site. As it can 

be seen on this figure, the lysimeters under the center lines received most of the effluent 

up to week 35, after which time almost no water reached any of the lysimeters. 

 

0

1000

2000

3000

4000

5000

6000

0 5 10 15 20 25 30 35 40 45 50 55 60

Week since start of sampling

V
o

lu
m

e
, 
m

L mm 375

mm 750

mm 900

 
Figure 5.10   Mean volume of water at each depth, Fergus 

  

The results of the E. coli analysis are given in Table 5.4. E. coli concentration was 

generally higher during the early stages of the system use, and dropped down 

considerably after seven weeks. In this table, N/A means there is no sample and thus no 

results are reported. The value of <1 CFU/100 mL means there is no colony forming unit 

(bacteria) in a 100 mL of sample. More explanation is provided below the table.  

 

Whenever the concentration was less than a certain value, half of that value is 

considered for later calculations and data analysis. For example for a value of <100 

CFU/100 mL, 50 CFU/100 mL was used when determining overall means. In this case, 

the concentration could have any value between 99 and zero CFU/100 mL, with zero 

being too optimistic and 99 too conservative; 50 CFU/100 mL was considered a fair 

estimate and as it was in the same order of magnitude as 99. All values of <1 CFU/100 

mL were considered 1 for sake of discussion and statistical analysis. 
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Table 5.4 E. coli concentration results, Fergus 

 

No Date 

Week since 

start of 

sampling 

E. coli concentration, CFU / 100mL 

STE 375-1 375-2 750-1 750-2 900-1 900-2 

1 01/11/07 0 4.2E+06 N/A
**
 N/A N/A N/A 41000 <1000

††
 

2 28/11/07 4 5.5E+05 N/A N/A 62000 N/A 4 2000 

3 12/12/07 6 3.4E+04 N/A N/A N/A N/A <100 N/A 

4 08/01/08 10 1.9E+06 <100 400 48 2100 <100 1 

5 24/01/08 12 3.8E+06 N/A N/A N/A N/A <100 <100 

6 05/02/08 14 4.4E+04 N/A N/A <100 <100 <100 <100 

7 21/02/08 16 1.0E+03 N/A N/A N/A N/A N/A N/A 

8 06/03/08 18 1.0E+02 N/A N/A <1 4 4 2 

9 25/03/08 21 8.0E+03 <100 N/A 260 310 310 <1 

10 08/04/08 23 1.1E+05 N/A 6 <1 N/A <1 1 

11 23/04/08 25 4.9E+05 N/A N/A <1 <1 <1 <1 

12 09/05/08 27 5.0E+04 N/A N/A <1 <1 4 3 

13 05/06/08 31 1.1E+03 N/A N/A <1 2 19 380 

14 19/06/08 33 6.6E+04 N/A N/A 1 3 22 7 

15 04/07/08 35 4.6E+04 N/A N/A 12 190 <1 <1 

16 18/07/08 37 7.3E+04 N/A N/A N/A N/A N/A N/A 

17 01/08/08 39 1.0E+03 N/A N/A N/A N/A N/A N/A 

18 14/08/08 41 1.3E+04 N/A N/A N/A N/A N/A N/A 

19 28/08/08 43 1.0E+05 N/A N/A N/A N/A N/A N/A 

20 11/09/08 45 4.2E+05 N/A N/A N/A N/A N/A N/A 

21 29/09/08 48 2.9E+06 N/A N/A N/A N/A N/A N/A 

22 14/10/08 49 1.7E+06 N/A N/A N/A N/A N/A N/A 

23 03/11/08 52 9.2E+05 N/A N/A N/A N/A N/A N/A 

24 03/12/08 56 6.8E+05 N/A N/A 530 N/A N/A N/A 

 Geometric Mean 8.5E+05 50 49 16 17 20 11 

 

                                                 
**

 No value is reported when there is no sample 
††

 <1 CFU/100 mL means no colony forming unit in 100 mL of the sample, which is considered 1 CFU/100 

mL for calculations. Values of <10, <100 and <1000 CFU/100 mL are considered 5, 50 and 500 CFU/100 

mL, respectively. 
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These results are illustrated in Figures 5.11 to 5.13. Comparison is made between 

the effluent from each depth and the STE for E. coli concentration.  STE has a mean 

concentration of 85,000 CFU/100 mL, which is a bit low compared to STE value reported 

earlier. The concentration is variable but there is no particular trend. The variations in 

bacterial concentration in the STE can be attributed to the use of anti bacterial soap and 

detergents, bleach and laundry in the wastewater, which reduce the concentration of 

bacteria in the septic tank. 
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Figure 5.11   E. coli concentration at 375 mm depth, Fergus 

 

In Figure 5.11 four readings are reported for the depth of 375 mm, all of which 

are at least 2 orders of magnitude lower than STE for the same day. The E. coli 

concentration at this depth at these locations is in general less than 1000 CFU/100 mL, 

although there is not enough samples to make a sound judgment.  
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Figure 5.12   E. coli concentration at 750 mm depth, Fergus 

 

E. coli concentration at depth of 750 mm is shown in Figure 5.12. The 

concentration at this depth appears to be high at the early stage of system use and 

declines after about week 10 but is still variable. It is also always lower than the 

concentration of the STE for the same day.  
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Figure 5.13   E. coli concentration at 900 mm depth, Fergus 
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Figure 5.13 shows the concentrations at a depth of 900 mm. Again, the 

concentration is a bit higher at the beginning of system use (up to week 5) and then 

declines, but is still variable. The concentration at this depth is always lower than STE.  

 

Overall the different depths do not show much difference in bacteria 

concentration. All depths have lower concentration than STE. The E. coli concentration 

at different depths is high on the first few weeks and then declines over time but remains 

variable. 

 

The Geometric mean values for E. coli concentration at each depth is given in 

Table 5.5, which provides a clearer view of level of contamination at each depth. The 

rows for which no values were available were eliminated from calculation. 

 

 Although the data is limited for some depths, the geometric mean declines from 

the value for the STE (85,000 CFU/100 mL) to 375 mm depth (49 CFU/100 mL) and 

then more for the other two lower depths (750 mm - 15 CFU/100 mL; 900 mm – 14 

CFU/100 mL). 

 



 66  

 

Table 5.5 E. coli concentration results, Geometric mean values by depth, Fergus  

 

No Date 
Week since start of 

sampling 

E. coli concentration CFU/100 mL 

375 mm 750 mm 900 mm 

1 01/11/07 0 N/A N/A 4528 

2 28/11/07 4 N/A 62000 89 

3 12/12/07 6 N/A N/A 50 

4 08/01/08 10 141 317 7 

5 24/01/08 12 N/A N/A 50 

6 05/02/08 14 N/A 50 50 

7 21/02/08 16 N/A N/A N/A 

8 06/03/08 18 N/A 2 3 

9 25/03/08 21 50 284 18 

10 08/04/08 23 6 1 1 

11 23/04/08 25 N/A 1 1 

12 09/05/08 27 N/A 1 3 

13 05/06/08 31 N/A 1 85 

14 19/06/08 33 N/A 2 12 

15 04/07/08 35 N/A 48 1 

16 03/12/08 56 N/A 530 N/A 

Geometric Mean  49 16 15 

 

 

Figure 5.14 illustrates the values reported in Table 5.5. The E. coli concentration 

in STE is higher than all depths at all occasions. It can also be seen that the E. coli 

concentration is relatively higher during the early stage of system use up to about week 

10 to 15, but variation exists over time for STE and all depths. 



 67  

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

1.E+05

1.E+06

1.E+07

0 5

1
0

1
5

2
0

2
5

3
0

3
5

4
0

4
5

5
0

5
5

6
0

Week since start of sampling

E
. 

c
o

li
 c

o
n

c
e
n

tr
a
ti

o
n

 C
F

U
/1

0
0
 m

L

STE

mm 375

mm 750

mm 900

 

Figure 5.14   E. coli concentration in various depths, Geometric mean values, 

Fergus 

 

Septic tank effluent from both sites was occasionally tested for BOD5 and TSS to 

characterize the STE. Treatment of these parameters by a filter bed is beyond the scope of 

this research, but they were found useful to describe the quality of the STE subject to this 

research and compare them to typical STE quality reported in the literature. The results of 

these tests for Fergus are presented in Table 5.6. The results indicated that the STE of 

Fergus was lower than the lower band given for the range by Crites and Tchobanoglous 

(1998).  
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Table 5.6 BOD5 and TSS results for STE, Fergus 

 
Date Parameter STE 

Mean range for 

STE 

(USEPA, 2002) 

BOD5 mg/L 

TSS mg/L 

150-250  

40-140 

12/12/2007 

 

BOD5 mg/L 

TSS mg/L 

6 

N/A 

08/01/2008 

 

BOD5 mg/L 

TSS mg/L 

3 

<1 

05/02/2008 
BOD5 mg/L 

TSS mg/L 

16 

13 

23/04/2008 

 

BOD5 mg/L 

TSS mg/L 

9 

5 

05//06/2008 

 

BOD5 mg/L 

TSS mg/L 

2 

3 

03/11/2008 
BOD5 mg/L 

TSS mg/L 

250 

43 

Mean  
BOD5 mg/L 

TSS mg/L 

48 

11 

 

 

On one occasion the effluent from lysimeters was tested for BOD5 and TSS. The 

results of this test are reported in Table 5.7. BOD5 is in the range of less than 2 to 11 

mg/L and do not change with depth. TSS shows an increase in general as the effluent 

passes through the sand filter.  TSS increase might have been because water had collected 

some fine particles passing through the sand, it might have also collected some 

biochemical material from the biomat layer which caused an increase in BOD5 . 
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Table 5.7 BOD5 and TSS for lysimeters in contrast with STE, Fergus 

Date Parameter  STE 750-1 750-2 900-1 900-2 

05//06/2008 

 

BOD5 mg/L 

TSS mg/L 

2 

3 

<2 

11 

3 

3 

<2 

36 

11 

10 

 

 

Summary data about E. coli concentrations at different depths of the filter bed at 

the Fergus site, extracted from the Table 5.4 is provided in Table 5.8. It can be noticed 

from Table 5.8 that the mean E. coli concentration in all samples form the filter bed is 

below 50 CFU/100 mL. Maximum values generally occurred during the early stages of 

system use (less than 12 weeks). 

 

Table 5.8 Summary E. coli data, Fergus 

 E. coli concentration, CFU/100 mL 

depth Geometric 

Mean 

Std. dev Minimum Maximum Median 

STE 8.5E+04 1.2E+06 1.0E+02 4.2E+06 8.7E+04 

375 mm -1 5.0E+01 0 5.0E+01 5.0E+01 5.0E+01 

375 mm -2 4.9E+01 2.8E+02 6.0E+00 4.0E+02 2.0E+02 

375 mm-mean 4.9E+01 1.8E+02 6.0E+00 4.0E+02 5.0E+01 

750 mm -1 1.6E+01 1.8E+04 <1 6.2E+04 7.0E+00 

750 mm -2 1.7E+01 6.9E+02 <1 2.1E+03 4.0E+00 

750 mm-mean 1.6E+01 1.3E+04 <1 6.2E+04 4.0E+00 

900 mm -1 2.0E+01 1.1E+04 <1 4.1E+04 2.1E+01 

900 mm -2 1.1E+01 5.6E+02 <1 2.0E+03 3.0E+00 

900 mm-mean 1.5E+01 7.9E+03 <1 4.1E+04 7.0E+00 
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5.3 Hillsburgh site 

 

Hillsburgh is located about 28 km north east of Guelph, at latitude 43.81° and 

longitude   -80.15° (WGS84 projection system). 

 

The installation of the Hillsburgh site was carried out on October 30, 2007, while 

the house was under construction, and sampling was started on December 2007, about 3 

weeks after occupation. The results of Hillsburgh site are summarized in this section. 

 

Septic system installation in Hillsburgh is shown in Figure 5.15. The distribution 

system consists of a header pipe which distributes the effluent among the four 

distribution pipes. The permit for this system was not available, so not all details on the 

system design were available. 

 

Six lysimeters were installed under the two center lines at depths of 375, 750 and 

900 mm with two lysimeters at each depth as shown in Figure 5.15. The sampling access 

point is an irrigation box located at the side of the filter bed, in which the tubes from the 

lysimeters and septic tank are gathered.  

 

The surface of the filter bed was slightly raised to shed the rain water and surface 

runoff away to the swale at the property boundary. The native soil was observed to be 

sandy and a high groundwater table or seasonal fluctuations were not evident during the 

site excavation and system installation.  

 

The size of house suggests the total daily design flow to be less than 3000 L/d. As 

a result the area of the filter bed can be as small as 40 m
2
 (A = Q / 75 = 3000 / 75 = 40 

m
2
, OBC, sentence 8.7.5.2(3)). On the other hand if the daily design flow was more than 

3000 L/d, the area of filter bed would have exceeded 50 m
2
 and so the filter bed had to be 

split into two separate filter beds. In this case the area of the filter bed exceeds the 

minimum acceptable solutions required by the OBC. The area of this filter bed is 45 m
2
. 
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Figure 5.15   Septic system and lysimeters installation (NTS), Hillsburgh 

 

Soil samples were collected from the bottom and sides of the filter bed, as well as 

the sand material which was imported to the site for the filter bed. Carried out for these 

samples in the lab for a grain size analysis, and the results are presented in Figures 5.16 

and 5.17. The native soil appeared to be a SP type soil (poorly-graded sands) based on 

USCS with an estimated T-time between 2 to 8 min/cm and thus was suitable for the 

construction of an in ground filter bed according to the OBC. The sand material for the 

filter had an effective size of 0.45 mm, and uniformity coefficient of 5.5 which was 

beyond the maximum value (4.5) allowed by the OBC (clause 8.7.5.3 (3) (c)), although it 

was close. The T-time of the filter bed sand was estimated at between 2 to 8 min/cm. The 

9 m 
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Sampling 
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House 
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750 mm 

900 mm 

NTS 



 72  

particle size distribution curve of the filter sand falls within the particle size range 

accepted by the OBC (Fig. 5.17). 

 

 

Figure 5.16   Particle size distribution curve for native soil, Hillsburgh 

 

 

Figure 5.17   Particle size distribution curve for filter sand, Hillsburgh 

 

Sampling date: Oct. 30, 2007 
Test: Nov. 03, 2007 

SP, T = 2 – 8 min/cm 

Medium permeability 
D10= 0.15 mm 

D60= 0.37 mm 

Cu = 2.5 

 

 

Sampling date: Oct. 30, 2007 

Test: Nov. 03, 2007 
SP, T = 2 – 8 min/cm 

D10= 0.45 mm 

D60= 2.5 mm 
Cu = 5.5 

 

Filter sand curve 
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Table 5.9 shows the volume of effluent extracted from each lysimeter over the 

course of the 1-year of sampling. It can be noticed from this table that all lysimeters 

received some effluent during the intervals between nearly all visits. The volume of 

effluent extracted from lysimeters rarely reached the maximum capacity of the lysimeters 

of about 9 L, with two exceptions on February 5, 2008, when the lysimeter 900-2 

exceeded 9 L, and lysimeter 750-2 almost reached the full capacity with 8.7 L. This 

indicates that the lysimeters were for the most part large enough to capture and retain 

nearly all the effluent. 

 

The mean values listed at the last line of the table indicate that all lysimeters have 

received about the same volume of effluent except lysimeter 900-1 which has received 

the least volume of effluent with an mean of only 118 mL compared to the others with 

means of between 1500 and 3300 mL. In gravity induced systems the distribution of STE 

over the infiltration surface is somewhat lower than perfect and as a result different 

lysimeters my receive different volumes of water. 
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Table 5.9 The volume of effluent extracted from each lysimeter, Hillsburgh 

 

No Date 

Week 

since 

start of 

sampling 

Volume extracted, mL 

375-1 375-2 Mean  

 

750-1 750-2 Mean 

 

900-1 900-2 Mean 

 

1 12/12/07 0 0 3950 1975 0 1410 705 0 1270 635 

2 08/01/08 4 2550 7250 4900 50 4600 2325 0 1190 595 

3 24/01/08 6 2150 4400 3275 0 0 0 0 1200 600 

4 05/02/08 8 0 3450 1725 1150 8700 4925 400 9000 4700 

5 21/02/08 10 0 750 375 0 2250 1125 0 1250 625 

6 06/03/08 12 2750 650 1700 2250 1650 1950 0 1000 500 

7 25/03/08 15 3950 500 2225 1450 1850 1650 0 1350 675 

8 08/04/08 17 5650 250 2950 2950 4450 3700 0 1250 625 

9 23/04/08 19 3500 4850 4175 950 3150 2050 0 1050 525 

10 09/05/08 21 3800 4800 4300 2500 4100 3300 0 1300 650 

11 05/06/08 25 4400 4000 4200 3700 4550 4125 500 1400 950 

12 19/06/08 27 4250 850 2550 3700 5050 4375 300 1450 875 

13 04/07/08 29 5050 500 2775 3350 4150 3750 350 1300 825 

14 18/07/08 31 2150 450 1300 2350 2650 2500 0 1070 535 

15 01/08/08 33 3850 200 2025 1050 2550 1800 400 1250 825 

16 14/08/08 35 2300 650 1475 750 2100 1425 0 1150 575 

17 28/08/08 37 2650 4450 3550 350 1900 1125 0 1100 550 

18 11/09/08 39 1650 2650 2150 0 1750 875 0 1050 525 

19 29/09/08 42 2050 4550 3300 0 4150 2075 0 1450 725 

20 14/10/08 43 750 4850 2800 0 3450 1725 0 950 475 

21 03/11/08 46 1000 5000 3000 2700 4100 3400 0 1200 600 

22 03/12/08 50 1250 4650 2950 3850 5050 4450 650 1450 1050 

 Mean    2893 2532 2713 1505 3346 2425 118 1576 847 
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Figure 5.18 provides a comparison between the volumes of effluent produced at 

each depth. This figure suggests that although depths of 375 and 750 produced more 

effluent on mean, they had more variation in the volume they produced.  
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Figure 5.18   Mean lysimeters volume at each depth, Hillsburgh 

 

The results of the E. coli analysis of the samples are presented in Table 5.10. 

Septic tank effluent had a mean E. coli concentration of 6.8E+5 CFU/100 mL, which is 

within the reported ranges (USEPA, 2002). The mean concentrations for the depths are 2 

to 4 order of magnitude lower than the STE.  

 

The effluent samples from lysimeters at depths of 375 mm show a difference in 

bacteria concentration from each other. The mean E. coli concentration of the effluent 

from lysimeters 375-1 and 375-2 is 2947 and 7 CFU/100 mL, respectively. The other two 

pairs of lysimeters are in same range for each depth. It is noticeable that the mean 

concentrations for the lysimeters at the depth of 900 mm are slightly higher than depth of 

750 mm. 
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Table 5.10 E. coli concentrations, Hillsburgh 

 

No Date 

Week 

since start 

of 

sampling 

E. coli concentration, CFU/100mL 

STE 375-1 375-2 750-1 750-2 900-1 900-2 

1 12/12/07 0 1.8E+07 N/A
‡‡

 <1000 <1
§§

 <1000 N/A <1000 

2 08/01/08 4 2.4E+05 39000 <10 <10 33 N/A 7800 

3 24/01/08 6 3.8E+06 900 <100 <1 <1 N/A 200 

4 05/02/08 8 7.9E+04 N/A <100 <100 <100 4400 3500 

5 21/02/08 10 1.4E+07 N/A <100 <1 300 N/A 1100 

6 06/03/08 12 9.8E+04 3600 <1 2600 350 N/A 630 

7 25/03/08 15 1.0E+06 3800 <1 5 7 N/A 2100 

8 08/04/08 17 2.8E+04 770 1 103 100 N/A 7 

9 23/04/08 19 8.5E+05 2700 <1 21 24 N/A 6 

10 09/05/08 21 2.2E+05 2500 900 7 <1 N/A 130 

11 05/06/08 25 7.0E+04 1830 <1 2 <1 95 10 

12 19/06/08 27 2.7E+06 8500 100 <1 2500 13 280 

13 04/07/08 29 1.2E+05 650000 <1 39 80 8500 73 

14 18/07/08 31 2.5E+05 1140 <1 26 400 N/A 4 

15 01/08/08 33 3.0E+06 47000 <1 12 <1 <1 2 

16 14/08/08 35 2.3E+04 780000 85000 150 25 N/A <1 

17 28/08/08 37 5.5E+05 11000 <1 <1 <1 N/A <1 

18 11/09/08 39 3.4E+06 250 <1 <1 <1 N/A <1 

19 29/09/08 42 2.4E+06 410 <1 <1 865 N/A 34000 

20 14/10/08 43 5.0E+06 2900 2 <1 54000 N/A 260 

21 03/11/08 46 1.5E+06 80 <1 19 39000 N/A 3200 

22 03/12/08 50 2.1E+06 3 <1 79 5100 135 260 

 Mean    6.8E+05 2947 7 19 94 136 104 

 

 

                                                 
‡‡

 No value is reported when there is no sample. 
§§

 <1 CFU/100 mL means no colony forming unit in 100 mL of the sample, which is considered 1 CFU/100 

mL for calculations. Values of <10, <100 and <1000 CFU/100 mL are considered 5, 50 and 500 CFU/100 

mL, respectively. 
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These results are illustrated in Figures 5.20 to 5.22, each showing the 

concentrations in the effluent from lysimeters of one depth in contrast with the STE 

concentrations at the same time. 

 

Figure 5.19 clearly shows that the bacteria concentrations in the effluent from 

lysimeter 375-1 are consistently higher than 375-2. The concentration in the effluent from 

lysimeter 375-2 is less than 100 CFU/100 mL up to week 10 and drop to about 1 

CFU/100 mL or less after this time, with some variations during the sampling period. On 

the other hand, the effluent from lysimeter 375-1 shows higher concentrations than 

lysimeter 375-2, although typically well below the STE concentration. On only two 

occasions was it higher than the associated STE concentration. After week 37 the 

concentration depletes until the end of sampling. 
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Figure 5.19   E. coli concentration at 375 mm depth, Hillsburgh 

 

For the lysimeters at the 750 mm depth (Fig. 5.20), which is the entire depth of 

the filter bed, the concentrations are generally in the same range as each other and both 

are highly variable. All samples from this depth have substantially lower concentrations 

compared to STE and also lower than 375-1. The E. coli concentration in the effluent 
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from lysimeter 750-2 increases at about week 42 and remains high until the end of 

sampling. 
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Figure 5.20 E. coli concentration at 750 mm depth, Hillsburgh 

 

Figure 5.21 illustrates the results for a depth of 900 mm, 150 mm below the 

bottom of the filter bed sand. The effluent samples extracted from lysimeters at this depth 

have lower E. coli concentrations than STE in all occasions and are close to the values at 

750 mm. The concentrations are variable, higher in the beginning and drop over time. 

There is a jump on week 42 for lysimeter 900-2 which drops gradually until the end of 

sampling.  
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Figure 5.21   E. coli concentration at 900 mm depth, Hillsburgh 

 

Comparison between these figures (5.20 and 5.21) and Table 5.10 shows that the 

concentrations of bacteria in the effluent from lysimeters 750-2 and 900-2 are frequently 

higher than concentrations observed in the effluent from 375-2, but they are never higher 

than the STE concentration. 

 

The mean E. coli concentration at each depth at each time is reported in Table 

5.11. Considerable reduction in bacteria level is evident at all depths with some 

exceptions. Each value in this table is the Geometric mean of the two values for each 

depth on each line of Table 5.10. The last line shows the Geometric mean for all values at 

the respective depth. The mean for all samples from the 375 mm depth is higher than all, 

as expected, but the mean concentration for depth of 900 mm is slightly higher than that 

for depth of 750 mm. The mean E. coli concentration for all depths is lower than the 

mean concentration in STE. 
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Table 5.11 E. coli concentration results, Geometric mean values by depth, 

Hillsburgh 

 

No Date 
Week since start 

of sampling 

Geometric mean values 

375 mm 750 mm 900 mm 

1 12/12/07 0 500 500 500 

2 08/01/08 4 442 13 7800 

3 24/01/08 6 212 N/A 200 

4 05/02/08 8 50 50 3924 

5 21/02/08 10 50 300 1100 

6 06/03/08 12 60 954 630 

7 25/03/08 15 62 6 2100 

8 08/04/08 17 28 101 7 

9 23/04/08 19 52 22 6 

10 09/05/08 21 1500 3 130 

11 05/06/08 25 43 1 31 

12 19/06/08 27 922 50 60 

13 04/07/08 29 806 56 788 

14 18/07/08 31 34 102 4 

15 01/08/08 33 217 3 1 

16 14/08/08 35 260,000 61 1 

17 28/08/08 37 105 1 1 

18 11/09/08 39 16 1 1 

19 29/09/08 42 20 865 34000 

20 14/10/08 43 76 54000 260 

21 03/11/08 46 9 861 3200 

22 03/12/08 50 2 2007 187 

 Mean    116 47 110 

 

 

These results are shown in Figure 5.22 which provides a comparison between 

bacteria concentrations in STE to the mean value at each depth. 
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Figure 5.22   E. coli concentration in various depths, Geometric mean values, 

Hillsburgh 

 

The E. coli concentration in the STE is in range of 10
5
 to 10

7
 CFU/100 mL during 

the 50 weeks of sampling with some variations, and is always higher than all depths, with 

one exception on week 35, where the concentration of the effluent for depth of 375 is 

higher than STE. The concentrations of the depths decrease during the time. There is a 

sudden jump on week 42 and then again decreases until the end of sampling. This 

increase occurred in lysimeters under the second distribution line only (Table 5.10). 

There was no dramatic change in STE concentration or the volume of water collected in 

the lysimeters, so the increase could not be attributed to those parameters. It was possible 

that local processes happened in the filter bed and the biomat causing sudden increases in 

bacteria concentration, such as part of biomat came lose and washed down causing the 

increased bacteria concentration. 

 

Samples were occasionally analyzed for BOD5 and TSS to characterize the STE 

quality and the effect of depth on those parameters. These results are reported in Table 

5.12. Although the level of BOD5 and TSS in STE were occasionally out of the range 
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reported by Crites and Tchobanoglous (1998), the mean values for both parameters were 

in the same range. 

 

Table 5.12 STE BOD5 and TSS results, Hillsburgh 

Date Parameter STE concentration (mg/L) 

Mean range for 

STE (USEPA, 

2002) 

BOD5 

TSS 

155-286  

500-800 

12/12/2007 

 

BOD5 

TSS 

220 

N/A 

08/01/2008 

 

BOD5 

TSS 

27 

370 

05/02/2008 
BOD5 

TSS 

11 

22 

23/04/2008 

 

BOD5 

TSS 

190 

30 

05/06/2008 

 

BOD5 

TSS 

200 

40 

03/11/2008 
BOD5 

TSS 

350 

75 

Mean  
BOD5 

TSS 

167 

107 

 

 

Samples from lysimeters were tested for BOD5 and TSS twice. Those results are 

reported in Table 5.13. The results show that the BOD5 decreases considerably by 

passing through the filter bed, but TSS increases at some depths and decreases at the 

others. 
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Table 5.13 BOD5 and TSS from lysimeters in contrast with STE, Hillsburgh 

Date Parameter  STE 375-1 375-2 750-1 750-2 900-1 900-2 

05//06/2008 

 

BOD5 mg/L 

TSS mg/L 

200 

40 

7 

9 

3 

49 

4 

68 

<2 

45 

10 

12 

2 

3 

03/11/2008 BOD5 mg/L 

TSS mg/L 

350 

75 

<2 

51 

<2 

13 

<2 

35 

18 

7 

N/A 

N/A 

<2 

<3 

 

 

The statistical information regarding to the E. coli results in Table 5.10 is 

reflected in Table 5.14. Although considerable reduction in bacteria concentration is 

evident based on this table, the maximum concentrations observed are alerting as they 

occurred not in the early stage of the system use, but in later times during the course of 

study. The concentration of bacteria in lysimeters 750-2 and 900-2 rise after week 42. 

The mean concentration at the 900 mm depth is higher than at 750 mm, but only slightly.  

 

Table 5.14 Summary E. coli data, Hillsburgh 

 

 E. coli concentration, CFU/100 mL 

depth Geometric 

Mean 

Std. dev Minimum Maximum Median 

STE 6.9E+05 4.6E+06 2.3E+04 1.8E+07 9.3E+05 

375 mm -1 2.9E+03 2.2E+05 3.0E+00 7.8E+05 2.7E+03 

375 mm -2 7.0E+00 1.8E+04 <1 8.5E+04 1.0E+00 

375 mm-mean 1.2E+02 1.6E+05 <1 7.8E+05 1.0E+02 

750 mm -1 1.9E+01 6.4E+02 <1 2.6E+03 2.0E+01 

750 mm -2 9.4E+01 1.7E+04 <1 5.4E+04 8.0E+01 

750 mm-mean 4.7E+01 1.3E+04 <1 5.4E+04 3.3E+01 

900 mm -1 1.4E+02 3.5E+03 <1 8.5E+03 1.2E+02 

900 mm -2 1.0E+02 7.3E+03 <1 3.4E+04 2.3E+02 

900 mm-mean 1.1E+02 6.6E+03 <1 3.4E+04 1.7E+02 
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6. Discussion 

 

The most important function of any wastewater treatment system is to remove the 

contaminants from the wastewater, or reduce them to an acceptable level. In Ontario it 

has also been established that the effluent from any on-site system be returned to the 

environment via a soil absorption system. The Ontario Building Code uses the term 

“acceptable solution” for the systems described in it, including the filter bed, meaning the 

effluent released at the bottom of such systems is expected to be treated to an acceptable 

level safe for environment and not posing a public health risk.  Any alternative solution is 

expected to meet or exceed this level of treatment. However, the OBC does not define the 

acceptable level for different contaminants. In other word, the level of contamination 

(bacterial, nutrients) at the bottom of filter bed has not yet established. 

 

Two filter beds were selected and monitored for the E. coli concentrations in 

different depths under the distribution pipes, including the bottom of the filter bed for a 

period of one year. Liquid samples have been collected and analyzed for E. coli 

concentration. The results are discussed in this section. 

 

The liquid collected in the lysimeters at different depths has the potential to have 

originated from any of the following sources: 

 effluent released from the distribution pipes, 

 rainfall directly above the filter bed percolating into the ground, 

 snowmelt above the filter bed, 

 surface runoff over the filter bed, seeping to the ground, and 

 high groundwater table submersing the lysimeters. 

 

One major factor that the performance of the filter bed depends on is the loading 

rate applied on its surface. This can be expressed as volume per area per time (L/m
2
/ day) 

or as a depth/time (mm/day). This loading rate is one of the key design factors in the 

OBC with values specified from 50 to 100 L/m
2
/day. To understand the loading rate of 



 85  

the monitored filter beds, the volumes collected by the lysimeters were converted to 

depth. The following relationship converts the volume extracted from each lysimeter to 

depth of water collected by the lysimeter: 

h(mm) = V(L) / A(m
2

)     (1) 

 

Where: 

 h is the depth of water reached the lysimeter (mm), 

 V is the volume of water extracted from each lysimeter (L), and 

 A is the cross sectional area of the top of the lysimeter, (2400 cm
2
). 

 

Loading of the systems that were monitored could not be controlled nor 

determined due to the nature of the field work, nor was this objective of this research. 

However, having an estimate of loading rate was useful for the interpretation of the 

results, as it was one of the factors for the treatment capability of the filter bed and 

specified in the OBC. At the minimum, it was essential to ensure the loading rates 

applied on the surface of the filter beds did not exceed the maximum values set by the 

OBC. 

 

Another important information is to ensure the water collected from the 

lysimeters originated primarily from the septic tank. The depths of water collected in the 

lysimeters are compared to the estimated effluent discharge from the house to examine 

the likely origin of this liquid; they are also compared to the depth of precipitation since 

last sampling to check for possible contributions of precipitation to liquid in the 

lysimeters. These comparisons would reveal sources of liquid other than house or 

precipitation (if any) contributing to lysimeters (whenever the depth of liquid in lysimeter 

exceeds the sum of the depths of effluent from septic tank and precipitation). 

 

Comparison between the depth of effluent reaching the lysimeters within each 

sampling period to the depth of precipitation in the same time period, and other factors 

which will be discussed for each site leads to the conclusion that the majority of the 
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effluent collected by lysimeters, from which the samples are taken, to have originated 

from the STE released through distribution pipes over the surface of the filter bed.  

 

Some estimates of the household water consumption volume have been provided 

by the home owners. This volume is converted to depth of water over the surface of filter 

bed. To relate this depth to that from lysimeters, it must be assumed that the liquid is 

evenly applied over the entire surface of the filter bed and percolates through the sand 

medium vertically. This assumption may not be true, particularly in the early stages of the 

system use, as the systems are gravity fed and it is common for these systems that the 

areas in the bed closer to the header pipe receive more effluent, as do the areas closer to 

the central distribution lines. The other critical factor in even distribution of liquid over 

the surface of the filter bed is the placement of the header pipe. Any slope on the header 

pipe due to poor installation or settlement of the system after construction has the 

potential to have a huge effect on effluent distribution. Although both systems were 

installed properly and header pipes were placed appropriately, it was possible that the 

header pipes displace and go off balance due to soil settlement. 

 

Having recognized this, it is reasonable to assume that after the clogging layer 

covers the surface of sand filter, it causes the effluent to spread over the top of the sand 

filter more evenly, and then trickle down. It is also assumed that the effluent collected in 

each lysimeter has passed through the vertical column of sand on the top of that 

lysimeter; so the depth of water in each lysimeter can represent the depth of effluent 

loaded on the top of the sand filter, or a fraction of it, based on the size of the lysimeter. 

To calculate the loading rate, the depth of water is divided by the number of days it took 

to accumulate that depth (i.e. since the previous sampling). 

 

The main purpose of this study is to determine the concentration of E. coli at 

certain depths through and beneath the filter bed. These concentrations are then compared 

to those of the STE at the outlet of the septic tank to establish a removal rate to each 

depth to investigate the effect of sand depth on bacterial removal. Although the bacteria 

concentration fluctuation in the STE raises the question of whether this concentration in a 
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particular sampling day represents the concentration of bacteria in the time period in 

which the samples are gathered in lysimeters, looking at the trends over a year overcomes 

the uncertainty in the results. 

 

6.1 Fergus site 

 

As noted earlier, the water extracted from the lysimeters is theoretically a mix of 

effluent released at the surface of the sand filter, precipitation since the last sampling and 

surface runoff percolation through filter bed, and groundwater contributions less the 

losses due to evaporation.  

 

There is no evidence that groundwater contributed to water in lysimeters. Firstly, 

a high groundwater table was not evident during the excavation, nor was the seasonal 

water table fluctuation apparent at the location of filter bed during construction. 

Secondly, since the lysimeters rarely reached their full capacity and further more, no pair 

of lysimeters in one depth ever reached their full capacity at the same time, it is unlikely 

that groundwater contributed to the lysimeters.  

 

The homeowner at the Fergus site declared a water consumption of about 340 L/d 

based on the water meter on the water softener unit in service. The filter bed has an 

effective surface of 84.72 m
2
 and thus the estimated loading rate is 4.0 mm/day. 

 

The volumes of effluent collected from each lysimeter at the Fergus site reported 

in Table 5.3 are converted to depths of water in Table 6.1. These depths are then 

compared to the precipitation accumulation since the last sampling.  

 

Precipitation is uniformly applied on the ground surface. Since soil characteristics 

such as hydraulic conductivity through the filter bed profile are generally the same, the 

rain water or snow melt over the surface of the filter bed is expected to percolate 

uniformly through the whole body of sand filter. As a result water should have reached 

all lysimeters, and to the lysimeters in shallower depth first if they were receiving 
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significant amounts of precipitation in filter bed. Those lysimeters at depths of 375 mm 

hardly ever received any water. In most cases no water reached them even during the 

snow melt periods, despite the fact that there was always some precipitation since the last 

sampling, in many cases more than the effective depth (36 mm) of the lysimeters.  

 

It is difficult to conclude that precipitation or snowmelt has contributed to the 

effluent collected by lysimeters.  
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Table 6.1 Depths of Water, Fergus 

Date 
Weeks since start 

of sampling 

Precipitation 

since last 

sampling mm 

Depth collected for the sampling period, (mm) 

375-1 375-2 750-1 750-2 900-1 900-2 

01/11/07 week 0 8.5 0.0 0.0 0.0 0.0 35.1 5.7 

28/11/07 week 4 75 0.0 0.0 0.2 0.0 4.1 4.4 

12/12/07 week 6 40 0.0 0.0 0.0 0.0 0.0 0.0 

08/01/08 week10 57 0.8 3.0 10.1 0.6 11.3 10.7 

24/01/08 week 12 33 0.0 0.0 0.0 0.0 5.2 3.6 

05/02/08 week 14 32.5 0.0 0.0 14.3 6.6 6.5 7.6 

21/02/08 week 16 20 0.0 0.0 0.0 0.0 0.0 0.0 

06/03/08 week 18 27 0.0 0.0 8.7 3.4 5.4 7.1 

25/03/08 week 21 23.5 0.2 0.0 13.1 5.8 4.6 6.6 

08/04/08 week 23 23.5 0.0 2.2 2.2 0.0 4.4 6.6 

23/04/08 week 25 27 0.0 0.0 11.7 4.0 3.6 4.0 

09/05/08 week 27 43.5 0.0 0.0 9.1 4.4 4.2 5.4 

05/06/08 week 31 34 0.0 0.0 8.9 5.8 5.7 8.9 

19/06/08 week 33 42 0.0 0.0 7.9 2.8 2.6 5.0 

04/07/08 week 35 36 0.0 0.0 7.9 3.2 3.4 4.8 

18/07/08 week 37 72.5 0.0 0.0 0.0 0.0 0.0 0.0 

01/08/08 week 39 130 0.0 0.0 0.0 0.0 0.0 0.0 

14/08/08 week 41 57.5 0.0 0.0 0.0 0.0 0.0 0.0 

28/08/08 week 43 23.5 0.0 0.0 0.0 0.0 0.0 0.0 

11/09/08 week 45 52.5 0.0 0.0 0.0 0.0 0.0 0.0 

29/09/08 week 48 58.5 0.0 0.0 0.0 0.0 0.0 0.0 

14/10/08 week 49 31.5 0.0 0.0 0.0 0.0 0.0 0.0 

03/11/08 week 52 24.5 0.0 0.0 0.0 0.0 0.0 0.0 

03/12/08 week 56 86 0.0 0.0 5.0 0.0 0.0 0.0 

total 1059 1.0 5.2 99.0 36.8 96.4 80.5 

Mean (lysimeter collected 

liquid) 
44.1 0.5 2.6 8.2 4.1 7.4 6.2 

Mean (all attempts)  0.0 0.2 4.1 1.5 4.0 3.4 
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The depth of water collected in each lysimeter is also compared to the 

precipitation accumulation since the last sampling in Figure 6.1. It can be seen that the 

precipitation is always higher than depth of water collected in each lysimeter. Also 

lysimeters under the two center lines (at depths of 750 and 900 mm) have received about 

the same amount of effluent and little or no effluent has reached the other two lysimeters 

at a depth of 375 mm which are located under the next two distribution lines. This 

suggests that for this installation most of the effluent flows to the center lines and little 

reaches the further distribution lines. This is fairly common for gravity fed systems.  

 

Figure 6.1 Depth of water in contrast with precipitation, Fergus  

 

Precipitation accumulation since last sampling decreased between weeks 12 to 26 

during which time the lysimeters under the two center lines collected more effluent. On 

the other hand the precipitation increased at about week 28 and remained high until week 

57, during which time lysimeters did not receive any liquid.  

 

To have a closer look at this data and see if there is a relationship between the 

depth of water collected in lysimeters and depth of precipitation, total water collected 

from the lysimeters at each sampling is plotted as a function of precipitation since the last 
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sampling (Figure 6.2). No particular relationship between the two is evident as the depth 

of water collected from the lysimeters does not increase when precipitation increases 

(R
2
=0.16). 
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Figure 6.2 Total water collected as a function of precipitation, Fergus 

 

It can be concluded from the data that precipitation has likely not contributed to 

the effluent collected by the lysimeters. If rain water had contributed to the water in the 

lysimeters, it seemed logical to expect it reached all lysimeters and the lysimeters in 

shallower depths (375 mm) first; though those lysimeters at 375 mm hardly received 

water. 

 

It has been mentioned before that high groundwater table or seasonal groundwater 

fluctuations has not been evident during site excavation and system installation. 

Apparently, there is no other source of water to contribute to the lysimeters other than 

STE released over the filter beds. 

 

The surface of the filter bed in Fergus site was covered with top soil soon after the 

installation, and was soon covered by snow during the winter. Grass was planted in mid 
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May 2008 (week 30) and it took about a month after planting till the lawn was vigorous, 

which could enhance evapotranspiration over the surface of the filter bed. 

 

After week 35, water was found in only one lysimeter on one occasion. During 

this time the system was being used regularly and no clear change in water consumption 

rate was taking place. It may be concluded that some settlement of the system took place 

and the main header pipe which distributed effluent between two filter beds, slightly 

shifted towards the other filter bed, so all the effluent was directed to that filter bed 

instead of the one under which the lysimeters were placed. 

 

It is of interest to know the effect of air temperature on STE E. coli concentration 

and the filter bed performance. E. coli concentrations in Table 5.4 are plotted as a 

function of mean air temperatures in Figure 6.3 for STE and Figure 6.4 for different 

depths to investigate any particular relationship between the two. With only a few 

exceptions, the E. coli concentration in the STE varied between 10
4
 and 10

7
 CFU/100mL 

and are relatively consistent for all temperatures from -8 to 20°C. This suggests that air 

temperatures have not affected the concentration of E. coli in septic tank.  
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Figure 6.3 E. coli concentration in the STE as a function of air temperature, Fergus 

 



 93  

The effect of air temperature on the performance of filter bed was also 

investigated.  E. coli concentration at various depths of the filter bed was arranged as a 

function of mean air temperature since the last sampling in Figure 6.4. An effect of air 

temperature on the E. coli concentration in various depths of the filter bed was not 

evident. The mean concentration (Geometric mean) for each depth was used for this 

figure. These results are consistent with the results reported by Bohrer and Converse 

(2001) and Ausland et al. (2002) who indicated that lower temperatures did not have any 

correlation with the concentration of bacteria in the filter effluent, but in contrast with 

Scandura and Sobsey (1997) who found the septic systems being negatively affected by 

cold weather (6-8 
o
C monthly average). 
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Figure 6.4 E. coli concentration as a function of mean air temperature, Fergus 
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Filter bed performance is expressed as the reduction when compared to the input 

concentration, i.e. the STE. Log reduction values of the filter bed in Fergus site are 

reported in Table 6.2. These values are calculated by subtracting the log value of E. coli 

concentration at each depth from the log value of E. coli concentration in STE for the 

same day. It can be seen that although the highest value of reduction (6.3) occurred at the 

depth of 900 mm, the overall reduction values are in the same range for all depths. In this 

table the lines with no sample are indicated by N/A. Regardless of the depth or sample 

period all showed a reduction relative to STE. 

Table 6.2 Rremoval efficiency of the filter bed, Fergus 

 
Weeks since 

start of sampling 

log removal (log STE - log depth) 

375-1 375-2 750-1 750-2 900-1 900-2 

0 N/A
***

 N/A N/A N/A 2.0 3.9 

4 N/A N/A 0.9 N/A 5.1 0.9 

6 N/A N/A N/A N/A 2.8 N/A 

10 4.6 3.7 4.6 3.0 4.6 6.3 

12 N/A N/A N/A N/A 4.9 4.9 

14 N/A N/A 3.0 3.0 3.0 3.0 

18 N/A N/A 2.0 1.4 1.4 1.7 

21 2.2 N/A 1.5 1.4 1.4 3.9 

23 N/A 4.3 5.0 N/A 5.0 5.0 

25 N/A N/A 5.7 5.7 5.7 5.7 

27 N/A N/A 4.7 4.7 4.1 4.2 

31 N/A N/A 3.1 2.8 1.8 0.5 

33 N/A N/A 4.8 4.3 3.5 4.0 

35 N/A N/A 3.6 2.4 4.7 4.7 

56 N/A N/A 3.1 N/A N/A N/A 

Mean  3.5 3.8 3.5 3.2 3.4 4.0 

Range  2.2-4.6 3.7-4.3 0.9-5.7 1.4-5.7 1.4-5.7 0.5-6.3 
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Some days showed lower reductions, including weeks 18, 21 and 31 when the 

reduction for all depths were generally low and the lower limit of reduction for each 

depth has occurred on these days. Looking back at the Table 5.4, it can be seen that on 

these particular days the concentration of bacteria in STE was at its lowest level as well, 

in the range of 10
2
 to 10

3
 CFU/100 mL. The low value of reduction simply means there 

were fewer bacteria to be removed, not high level of bacteria at those depths on those 

occasions. The only time that high level of bacteria in lysimeters was observed in 

samples from the Fergus site was during the start of the system use on weeks 0 and 4. 

 

E. coli concentrations in each sample from the Fergus site for the whole period of 

sampling are listed in Table 5.5. To summarize these, the mean (Geometric mean) 

concentrations for each depth are listed in Table 6.3. These values are then compared to 

the Geometric mean for the STE. As expected, all depths show considerable reduction in 

bacteria concentration. The mean bacteria concentration for all depths is in the same 

order of magnitude (10 to 100 CFU/100 mL) although it does decrease by depth from 

4.9*10
1
 at 375 mm to 1.5*10

1
 at 900 mm. Although there is limited data available from 

the 375 mm depth, the  data suggests that most of the reduction occurred in the first 375 

mm. These results are consistent with the results reported by Tyler et al. (1977) that 

indicated a 3 log reduction in bacteria concentration within the first 300 mm of a SAS 

and nearly complete removal within the next 300 mm of soil. 

 

Table 6.3 E. coli mean concentration for each depth and STE, Fergus site 

 
parameter STE 375 mm 750 mm 900 mm 

Number of samples 24 4 21 27 

Geometric mean for all samples 8.5E+4 4.9E+1 1.6E+1 1.5E+1 

log reduction  3.24 3.71 3.75 

 

 

                                                                                                                                                 
***

 No value is reported whenever there is no sample. 
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Concentration of E. coli at different depths depends on many factors, such as 

concentration in the STE, loading rate, formation of biomat and the characteristics of the 

sand in the filter bed. It is reasonable to expect variations for E. coli concentration at each 

depth as these factors are variable, but it is useful to know how often a concentration 

equal or less than a certain level has been achieved at each depth. The levels chosen 

include 1000 CFU/100 mL, 100 CFU/100 mL (level safe for secondary contact (EPA, 

2002)), and 10 CFU/100 mL. 

 

The results show that 90% of all liquid samples from the lysimeter at the bottom 

of the filter bed (750 mm depth) had E. coli concentration of less than or equal to 1000 

CFU/100 mL, and 71.4% had concentration of equal or less than 100 CFU/100 mL. More 

details of such information about all depths are presented in Table 6.4. 

 

Table 6.4 Portion of samples having bacterial level of less than or equal to a 

given concentration, Fergus 

 

 % of samples below specified concentration 

E. coli CFU/100 mL 375 mm 750 mm 900 mm 

≤ 1000 100 90 93 

≤ 100 75 71 82 

≤ 10 25 52 52 

 

 

Another way for this analysis is to consider all attempts for sampling, including 

occasions that no effluent reached a lysimeter which means no bacteria reached that 

depth. In this case 96% of all times the level of bacteria at depths of 750 and 900 mm 

were below 1000 CFU/100 mL and 88% and 90% of the time below 100 CFU/100 mL 

for the respective depths (Table 6.5). Although there are not enough samples at the 375 

mm depth to make definitive conclusions, it’s listed here for completeness.  
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Table 6.5 Portion of all attempts for sampling having bacterial level of less than 

or equal to a given concentration, Fergus 

 

 % of samples below specified concentration 

E. coli CFU/100 mL 375 mm 750 mm 900 mm 

<1000 100 96 96 

<100 98 88 90 

<10 94 79 73 

 

 

It can be concluded from the results in Table 6.4 and 6.5 that: 

 Results generally improved by depth, although not much from 750 to 

900 mm, and 

 Percentage of occurrence becomes higher as the standard becomes 

lower. 

 

To try and make these comparisons more sound, a series of statistical tests were 

carried out. The t-test is a tool frequently used in statistical analysis to compare the means 

of two samples or a sample with its original population. The result of a t-test shows the 

probability of the samples having different means (details of statistical analysis are listed 

in Appendix D). 

 

For a t-test analysis the data must have normal distribution. For this research 

where the sample size (number of samples from each source) is less than 30, the data are 

transformed to log values of E. coli concentrations; the transformed data will have normal 

distribution, or close to normal. 

 

The samples that are tested here are all from different origins and thus a two tailed 

test is used. The Satterthwaite’s modified t-test formula provides the t-statistics for a two 

tailed test, assuming unequal variances (McBean, 1998): 
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The samples from different lysimeters or the STE have different means for E. coli 

concentration. The hypothesis of the test is that the difference between the mean of E. 

coli concentration (mean values) in samples from lysimeters at each depth is zero 

( 210 :  H ). The t statistic values are calculated for α = 0.05 or 95% confident level. 

The results are reported in Tables 6.6 and 6.7. 

 

Table 6.6 T-test: two samples assuming unequal variances, Fergus  

 

 Location  

Parameter  375-1 375-2 750-1 750-2 900-1 900-2 

Mean 
1.699 1.690 1.199 1.241 1.309 1.046 

Variance 
0.0 1.663 2.349 1.517 1.505 1.451 

Observation  
2 2 12 9 14 13 

Degree of freedom 1 19 25 

t statistic 0.00972 0.070 0.562 

t critical 12.706 2.093 2.060 

 

 

Based on the t-test results, there is not sufficient evidence to reject the hypothesis 

( 210 :  H ). At 95% confidence level, there is not sufficient evidence to say that the 

means of the log values of E. coli concentrations in samples from different lysimeters at 



 99  

the same depth are different. Based on this result, the log value of mean (Geometric 

mean) concentrations at each depth for both lysimeters is calculated and used for further 

analysis and comparisons between depths and STE. 

 

A summary of t-test analysis is provided in Table 6.7 comparing STE to E. coli 

values at various depths and for the various depths among to each other. The t statistic 

values in contrast with the t critical are given.  

 

Table 6.7 T-test results: different depths to STE and to each other, Fergus 

 

 t statistic / t critical 

 375 mm 750 mm 900 mm 

STE 7.074 / 2.776 6.950 / 2.093 9.981 / 2.037 

375 mm  0.274 / 2.306 0.703 / 2.776 

750 mm   0.342 / 2.093 

 

 

This analysis shows: 

 The test provides sufficient evidence to reject the hypothesis when the 

samples from different depths are the same as those from STE. At the 95% 

confidence level, the mean of the E. coli concentration from all depths is 

significantly different than those from the STE and in all cases lower. 

 There is not sufficient evidence to reject the hypothesis when different depths 

are compared. In other words, the statistical analysis does not provide 

sufficient evidence to say that E. coli concentrations are different at different 

depths for the Fergus site. 

 The number of samples from the 375 mm depth may not be adequate to make 

a strong conclusion, but for the depths of 750 and 900 mm the samples sizes 

are large enough. 
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6.2 Hillsburgh site 

 

Data similar to that collected at the Fergus location was also collected at the 

Hillsburgh site and is summarized in this section. A total of 22 sampling visits were made 

to Hillsburgh. Analyses and comparisons similar to those made for Fergus are also 

reported here for the Hillsburgh site. 

 

Volumes of effluent extracted from each lysimeter at each sampling session 

(Table 5.9) are reported in terms of depth of water in Table 6.8. All lysimeters 

consistently received effluent with the exception of lysimeter 900-1 which only received 

effluent on 6 of the 22 visits. On this site all lysimeters are placed under the two center 

distribution lines. 

 

The fact that lysimeters did not reach their full capacity of 36 mm indicates proper 

sizing of the lysimeters for this site, with the exception of week 9. At this time the 

lysimeter 750-2 almost reached its full capacity and 900-2 exceeded its capacity. This 

was a rainy day with noticeable amounts of snowmelt that caused water ponding on the 

ground at the time of the visit. 

 

The system is estimated to have been designed for a maximum total daily flow of 

2000 L/d, i.e. 45 mm/d over the surface of the filter bed. The actual flow is estimated to 

be 400 L/d based on number of occupants and life style, which translates to about 9 mm/d 

over the filter bed area.  



 101  

 

Table 6.8 Depth collected by lysimeters and precipitation, Hillsburgh  

 

 

 

Date 

Weeks since 

start of 

sampling 

Precipitatio

n since last 

sampling 

(mm) 

Depth collected since last sampling, (mm) 

 

375-1 375-2 750-1 750-2 900-1 900-2 

12/12/07 week 0 40 0 15.9 0 5.7 0 5.1 

08/01/08 week 4 57 10.3 29.2 0.2 18.5 0 4.8 

24/01/08 week 6 33 8.7 17.7 0.0 0.0 0 4.8 

05/02/08 week 8 32.5 0.0 13.9 4.6 35.1 1.6 36.3 

21/02/08 week 10 20 0.0 3.0 0.0 9.1 0.0 5.0 

06/03/08 week 12 27 11.1 2.6 9.1 6.6 0.0 4.0 

25/03/08 week 15 23.5 15.9 2.0 5.8 7.5 0.0 5.4 

08/04/08 week 17 23.5 22.8 1.0 11.9 17.9 0.0 5.0 

23/04/08 week 19 27 14.1 19.5 3.8 12.7 0.0 4.2 

09/05/08 week 21 43.5 15.3 19.3 10.1 16.5 0.0 5.2 

05/06/08 week 25 34 17.7 16.1 14.9 18.3 2.0 5.6 

19/06/08 week 27 42 17.1 3.4 14.9 20.3 1.2 5.8 

04/07/08 week 29 36 20.3 2.0 13.5 16.7 1.4 5.2 

18/07/08 week 31 72.5 8.7 1.8 9.5 10.7 0.0 4.3 

01/08/08 week 33 130 15.5 0.8 4.2 10.3 1.6 5.0 

14/08/08 week 35 57.5 9.3 2.6 3.0 8.5 0.0 4.6 

28/08/08 week 37 23.5 10.7 17.9 1.4 7.7 0.0 4.4 

11/09/08 week 39 52.5 6.6 10.7 0.0 7.1 0.0 4.2 

29/09/08 week 42 58.5 8.3 18.3 0.0 16.7 0.0 5.8 

14/10/08 week 43 31.5 3.0 19.5 0.0 13.9 0.0 3.8 

03/11/08 week 46 24.5 4.0 20.1 10.9 16.5 0.0 4.8 

03/12/08 week 50 86 5.0 18.7 15.5 20.3 2.6 5.8 

Total  975.5 224.4 256.4 133.4 296.6 10.5 139.7 

Mean (lysimeter collected 

liquid) 
 11.8 11.7 8.3 14.1 1.6 6.4 

Mean (all attempts) 44.3 10.2 11.7 6.1 13.5 0.5 6.4 
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Figure 6.5 shows the depth of water collected by each lysimeter in comparison 

with the precipitation accumulation since last sampling. A relationship between the two is 

not readily apparent; some lysimeters did not receive any water even in time periods with 

high precipitation. 
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Figure 6.5 Depth of water in contrast with precipitation, Hillsburgh 

 

Total depth of water collected from all lysimeters on each sampling day as a 

function of precipitation since the last sampling is shown in Figure 6.6. The results do not 

show any obvious relationship between the two. 
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Figure 6.6 Total depth of water as a function of precipitation, Hillsburgh 

 

It seems reasonable to conclude that most of the water collected by the lysimeters 

has originated from the distribution pipes releasing STE on the surface of the filter bed. 

Precipitation and groundwater are not likely to have contributed to lysimeters. As it can 

be seen in Figure 6.6, more precipitation has not necessarily resulted in more liquid in the 

lysimeters; also, high groundwater table was not evident at the time of excavation and 

system installation and in nearly all cases the lysimeters were less than full. 

 

E. coli concentrations in the STE are plotted in Figure 6.7 as a function of mean 

air temperature to investigate the effects of air temperature on the bacteria levels in the 

STE. In this it is clear that air temperature is not affecting these results as the 

concentration is relatively consistent at between 10
4
 and 10

7
 CFU/100 mL. 
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Figure 6.7 E. coli concentration in STE as a function of mean air temperature, 

Hillsburgh 

 

The same comparison is made for E. coli concentration at different depths of the 

filter bed in Figure 6.8. The data suggests that air temperature does not affect the 

bacterial level in different depths of the filter bed at Hillsburgh. These results are 

consistent with Bohrer and Converse (2001) and Ausland et al. (2002) who mentioned 

that the septic systems they investigated were not affected negatively by the cold weather 

and the bacteria concentration in the filter effluent did not have correlation with cold 

temperatures; despite Scandura and Sobsey (1997) who reported the septic systems they 

investigated were negatively affected by cold weather during winter. 
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Figure 6.8 E. coli concentration as a function of mean air temperature, Hillsburgh 

 

Removing contaminants from the effluent is the main purpose of the filter bed. 

The E. coli concentrations in each sample from Hillsburgh site listed in Table 5.10 are 

used to calculate the log reduction in bacteria concentration compared to the STE. Results 

are reported in Table 6.9. It is difficult to establish a particular pattern for E. coli removal 

as a function of depth from this data. The removal rate is highly variable at all depths 

with log reduction of -1.5 (i.e. an increase) to as high as 6.5 log for each depth based on 

individual samples.  
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Table 6.9 Log reduction in E. coli concentration in contrast with STE, 

Hillsburgh 

 
Weeks 

since last 

sampling 

log removal (log septic - log depth) 

375-1 375-2 750-1 750-2 900-1 900-2 

0 N/A
†††

 4.6 N/A 4.6 N/A 4.6 

4 0.8 4.4 4.7 3.9 N/A 1.5 

6 3.6 4.9 N/A N/A N/A 4.3 

8 N/A 3.2 3.2 3.2 1.3 1.4 

10 N/A 5.5 N/A 4.7 N/A 4.1 

12 1.4 5.0 1.6 2.4 N/A 2.2 

15 2.4 6.0 5.3 5.2 N/A 2.7 

17 1.6 4.4 2.4 2.4 N/A 3.6 

19 2.5 5.9 4.6 4.5 N/A 5.2 

21 1.9 2.4 4.5 5.3 N/A 3.2 

25 1.6 4.8 4.5 4.8 2.9 3.8 

27 2.5 4.4 6.4 3.0 5.3 4.0 

29 -0.7 5.1 3.5 3.2 1.2 3.2 

31 2.3 5.4 4.0 2.8 N/A 4.8 

33 1.8 6.5 5.4 6.5 6.5 6.2 

35 -1.5 -0.6 2.2 3.0 N/A 4.4 

37 1.7 5.7 5.7 5.7 N/A 5.7 

39 4.1 6.5 N/A 6.5 N/A 6.5 

42 3.8 6.4 N/A 3.4 N/A 1.8 

43 3.2 6.4 N/A 2.0 N/A 4.3 

46 4.3 6.2 4.9 1.6 N/A 2.7 

50 5.8 6.3 4.4 1.6 4.2 3.9 

Mean 2.3 5.0 4.2 3.8 3.5 3.8 

Range -1.5 - 5.8 -0.6 – 6.5 1.6 – 6.4 1.6 – 6.5 1.2 – 6.5 1.4 – 6.5 
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A negative value for E. coli reduction indicates that the bacteria concentration has 

increased at that depth. Bacteria concentration is very unlikely to increase while passing 

through a filter bed. The increasing values can be explained by noting that the 

concentration in the lysimeters is a function of the concentration in STE over the previous 

2 weeks. The concentration in the STE on the previous sampling day in these cases has 

been higher than the lysimeters and could have dropped on that particular day due to 

laundry or other activities. On the other hand, these negative values only happened for the 

lysimeters at 375 mm depth where less reduction and more variability was expected. 

 

The Geometric mean of E. coli concentration values for each depth is listed in 

Table 6.10. This table provides a picture of long term performance of the system. 

Considerable reduction is evident for all depths, although the statistical analysis of the 

data reported in Table 6.14 does not indicate a significant difference among the depths in 

terms of bacterial reduction; particularly between the 750 and 900 mm.  

 

Table 6.10 E. coli Geometric mean concentration for each depth and STE, 

Hillsburgh 

Parameter  

 Depth  

STE 375 mm 750 mm 900 mm 

Number of samples 22 41 37 28 

Geometric mean  7.0E+05 1.2E+2 4.4E+1 1.0E+2 

Log reduction  3.77 4.19 3.82 

 

 

These results are in agreement with Tyler et al. (1997) who reported a 3 log 

removal in bacterial concentration within the first 300 mm of a SAS. The results are also 

consistent with Van Cuyk et al. (2001) which indicated nearly complete removal of 

bacteria within 600 to 900 mm of a sandy soil, although periodic break through could 

occur, particularly in the early stages of the system operation and before the formation of 

clogging layer. 

                                                                                                                                                 
†††

 No value is reported whenever there is no sample. 
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As provided for Fergus, it is important to know the frequency of bacteria 

concentration below a certain level at each depth. The results in Table 6.10 show that 

78% of all samples from bottom of filter bed at depth of 750 mm had bacterial level of 

less than 1000 CFU/100 mL. This number for a depth of 375 mm is 61%. More details of 

such information are provided in Table 6.11. 

 

Table 6.11 Portion of samples having bacterial level of less than or equal to a 

given concentration, Hillsburgh 

 % of samples less than specified concentration 

E. coli CFU/100 mL 375 mm 750 mm 900 mm 

<1000 61 78 68 

<100 49 62 43 

<10 37 30 32 

 

 

However, if all attempts for sampling were considered for this analysis, including 

the occasions when no effluent reached a lysimeter, which means no bacteria reached that 

depth, It can be concluded that in 89% of the time, E. coli concentration at the bottom of 

the filter bed has been equal or less than 1000 CFU/100 mL, and in 73% of the time is 

equal or less than 100 CFU/100 mL (Table 6.12).  
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Table 6.12 Portion of all attempts for sampling having bacterial level of less than 

or equal to a given concentration, Hillsburgh  

 

 

 

This research can be compared with the work of Chowdhry (1974 and 1978) who 

investigated the performance of different sand filters with a depth of 750 mm from 1969 

and 1975. His results were reported earlier in chapter 2, tables 2.4 and 2.6. Characteristics 

of sands he tested do not exactly match the sand used for filter beds investigated in this 

research; though, the ones that are closer to Hillsburgh are those reported in lines 2 and 3 

of Table 2.6, with effective sizes of 0.3 and 0.6 mm and uniformity coefficients of 4.1 

and 2.7, respectively, compared to the sand used at Hillsburgh site with effective size of 

0.45 mm and uniformity coefficient of 5.5. Chowdhry reported that 85% of all samples 

from those filter beds in line 2 and 3 had bacteria concentrations of equal or less than 400 

and 1300 MPN/100 mL. At Hillsburg site, 85% of all samples from the same depth of 

750 mm had E. coli concentration of equal or less than 500 CFU/100 mL which is well 

within the same range.   

 

The filter sand that was used at Fergus site had effective size of 0.17 mm with 

uniformity coefficient of 8.8. Any sand filter that Chowdhry used with effective size of 

less than 0.2 mm clogged after 4 months of operation and was replaced with suitable 

material. Fergus site has been in operation for over a year without any signs of failure or 

malfunction. Data from this site shows that 85% of all samples from the depth of 750 mm 

had E. coli concentrations of equal or less than 310 CFU/100 mL, which is close to 

results of Chowdhry reported in lines 2, 4, and 7 of Table 2.6.  

 % of samples less than specified concentration 

E. coli CFU/100 mL 375 mm 750 mm 900 mm 

<1000 68 89 82 

<100 55 73 64 

<10 43 43 57 
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 The t-test is used to perform statistical analysis for Hillsburgh data. The formula 

and procedures are the same as those mentioned earlier (Fergus data analysis). 

Lysimeters at each depth are compared to each other to investigate if the samples are 

consistent in terms of the E. coli concentration. The results are reported in Table 6.13 at 

95% (α = 0.05) confidence level. The hypothesis of the test is the two samples have the 

same mean ( 210 :  H ). 

 

Table 6.13 Comparison of E. coli results at paired depths, Hillsburgh  

 

Parameter  
Location  

375-1 375-2 750-1 750-2 900-1 900-2 

Mean 3.469 0.849 1.277 1.973 2.132 2.019 

Variance 1.597 1.795 0.781 2.406 2.224 1.901 

Observation  19 22 16 21 6 22 

Degree of freedom 39 33 8 

t statistic 6.439 1.722 0.168 

t critical 2.023 2.035 2.306 

 

 

Based on the t-test results reported on Table 6.13: 

 When samples collected from lysimeters at depth of 375 mm are compared, 

there is sufficient evidence to reject the hypothesis ( 210 :  H ). At 95 % 

confidence level the E. coli concentration in samples from these two 

lysimeters are statistically different. The t statistical value is higher than the t 

critical. 

 For depths of 750 and 900 mm there is not sufficient evidence to reject the test 

hypothesis, i.e. means of the samples from different lysimeters at the same 

depth are not significantly different. 

According to these results, it is reasonable to use the mean (Geometric mean) values 

of E. coli concentration from depths of 750 and 900 mm to compare to each other and to 
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STE. The values of lysimeters at 375 mm depth are analyzed separately. The results are 

reported on Table 6.14. 

 

Table 6.14 T-test results: different depths to STE and to each other, Hillsburgh 

 

 t statistic / t critical   

 375 mm-1 375 mm-2 750 mm 900 mm 

STE 6.949 / 2.039 14.794 / 2.030 12.524 / 2.030 10.965 / 2.030 

375-1 mm  6.439 / 2.023 4.268 / 2.026 3.436 / 2.023 

375-2 mm   2.365 / 2.020 2.914 / 2.018 

750 mm    0.669 / 2.020 

 

 

The interpretation of Table 6.14 is as follows: 

 When the samples from different depths are compared to STE, there is 

sufficient evidence to reject the test hypothesis ( 210 :  H ), meaning E. 

coli concentrations at all depths are statistically different than STE and in all 

cases lower. 

 Statistical analysis provides sufficient evidence to reject the test hypothesis 

when samples from lysimeter at 375 mm depth (both lysimeters) are 

compared to those from 750 or 900 mm depth. Increasing the depth from 375 

to 750 or 900 mm may reduce the E. coli concentration. 

 Results of the statistical analysis do not provide sufficient evidence to reject 

the hypothesis when depths of 750 and 900 mm are compared, i.e. the 

difference between means of samples from these two depths is not 

statistically significant. 

 

The E. coli concentrations in samples from the two lysimeters at a depth of 375 

mm are significantly different. Some of the factors that could cause the difference are 

listed below: 
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 The area above the lysimeters received liquid with different quality (bacteria 

concentration). There is no evidence to support this case as both lysimeters 

receive effluent from the same septic tank. 

 The sand layer on top of each lysimeter is somehow different causing a 

different level of treatment. The sand may have received more compaction 

on one side due to truck movement or other construction practices. 

 There might be slight difference in sand thickness (30 to 90 mm) on top of the 

two lysimeters. The accuracy of depth of lysimeters depends on the accuracy 

of tools used during the installation. A small movement during installation 

may cause a difference for lysimeters in shallow depth. 

 Sampling, handling the samples and plating of the samples are not likely to be 

a factor causing this difference as all samples have been handled and tested 

the same. Other samples and depths do not show such irregularities. 

 

 

6.3 Engineering significance 

 

Soil absorption systems are effective and relatively economical wastewater 

treatment systems. They can provide efficient treatment of wastewater for a long time 

when installed and maintained properly. It must be considered that, as it is true for all 

treatment systems, the treatment is not absolute and it is not reasonable to expect a 

reduction of all contaminations concentration to zero. However, SAS as a treatment 

system does a good job treating the bacteria. 

 

Based on the results of this research, it can be concluded that when STE passes 

through a filter bed, a significant reduction in the E. coli concentration occurs. Regardless 

of the location and depth, reductions had mean log values of 3.2 to 4.2. Most of the 

reduction occurs within the first 375 mm of the filter bed. Increasing the depth of the 

sand filter to 750 mm results in a slight improvement in treatment level; although it is 

hard to say that the improvement is significant. However, it does reduce the chance of 

contamination break through. A further increase of depth from 750 to 900 mm does not 
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improve the level of treatment. Thus, the vertical separation distances for these systems 

could be reduced with no negative impact on the treatment levels. 

 

Referring to Tables 6.4 and 6.11, in which the frequencies of concentrations 

below a certain level are listed, 71% and 62% of samples at 750 mm depth from Fergus 

and Hillsburgh have concentrations below 100 CFU/100 mL, respectively. This 

concentration is safe for secondary contact. These numbers improve to 90% and 78% for 

a concentration below 1000 CFU/100 mL to occur at this depth, at Fergus and Hillsburgh, 

respectively. 

 

Reducing the depth of a sand filter to 375 mm increases the chance of E. coli 

higher concentrations. Results of the Hillsburgh site indicate that 51% of samples had 

concentrations above 100 CFU/100 mL and 39% above 1000 CFU/100 mL. This is a 

conservative conclusion based on samples only; the numbers improve to 45% and 32% 

more than 100 and 1000 CFU/100 mL, respectively, when all attempts for sampling are 

considered. In this case when no water has reached a certain depth during a certain time 

period (e.g. since the previous sampling), generally it can be concluded that no 

contamination has reached that depth during that time period, however, this may not be 

exactly true for Fergus site as the distribution of water between two filter beds is 

questionable. 

 

This research has focussed on the removal of E. coli bacteria. While this is an 

important indicator organism, the results may not be applicable for other contaminants 

such as virus and phosphorus. It would be appropriate for these to be investigated as well. 
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7. Summary/Conclusion 

 

Two filter beds have been monitored under field conditions with respect to their 

performance on removing E. coli for over a one year period. E. coli concentrations have 

been monitored at depths of 373, 750 and 900 mm below the surface of sand filters by 

analysing the liquid samples extracted from each depth, as well as STE samples which 

have been collected at the outlet of the septic tanks. The following conclusions can be 

drawn from the results and analysis. 

 

1. Climate conditions within the period of observation were close to the long 

term normals for the regions of study, with respect to air temperature and 

precipitation. 

2. Systems under observation are new installations. Both systems were designed 

and installed properly. Seasonal groundwater fluctuation or high groundwater 

table was not evident during the site excavation at either of the sites and did 

not affect the lysimeters. The native soil in both sites was suitable for 

installation of an in-ground filter bed. The characteristics of the sands used for 

construction of the filter bed at both sites did not comply with the OBC 

regulations, although they were close; this factor did not seem to have 

negative impact on the filter bed performance. 

3. The lysimeters design and installation layout for sampling proved to be robust 

and successful for long term operation under field conditions. They can 

produce water samples from the desired depths in or under SAS without soil 

disturbance or impacts on SAS performance. 

4. These results represent what one might see in similar installations in Ontario. 

5. The surface of both filter beds was slightly sloped to convert rain or surface 

water away from the filter beds, due to which no effects of precipitation on 

loading rate or liquid collected by the lysimeters were observed. 

6. Air temperature did not affect the bacterial concentrations in the tank or bed. 

7. Septic tank effluents were typical with respect to E. coli concentration. 
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8. E. coli removal was significant in a filter bed. 

a) All depths showed more than 3-log reductions in E. coli concentration 

with respect to STE, although most of the reduction occurs in first 375 

mm. 

b) The reduction may increase from 375 to 750 mm. 

c) Results at 900 mm were not significantly different than 750 mm in terms 

of E. coli concentration. 

d) The mean E. coli concentration at depths of 375, 750 and 900 mm 

recorded during this research are 49, 16 and 15 CFU/100 mL for Fergus 

and 116, 47 and 110 CFU/100 mL for Hillsburgh, respectively. 

e) The results of this study indicate that in 85% of the time the E. coli 

concentration has been less than or equal to 1000 CFU/100 mL, or no 

effluent has reached the bottom of the filter beds (750 mm depth); in 80% 

of the time the E. coli count has been less than or equal to 100 CFU/100 

mL (safe for secondary contact, EPA, 2002) or no effluent has reached the 

bottom of the filter bed. 

f) Based on Hillsburgh data, decreasing the sand filter depth from 750 to 375 

mm will increase the occurrence of contamination levels of more than 

1000 CFU/100 mL from 11% to 32% of the time.  

g) Vertical separation could be reduced from 900 to 750 mm without a 

negative impact on bacteria removal. 
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Appendix A. Soil Grain Size Analysis 

 

 

A.1. Fergus 

Date of sampling: October 10, 2007 

Date of test: October 25, 2007 

 

Soil sample is collected from the bottom of filter bed excavation. 

Filter sand is collected randomly from the imported sand material. 

All samples are dried in oven for 24 hours before the sieve test. 

 

Table A.1.1. Soil moisture analysis, native soil, Fergus 

 

Entry   Weight  

Tray + Soil sample (wet) 1038.9 g 

Tray + Soil sample (dried in room temp.) 1035.4 g 

Tray + Soil sample (oven dried) 10.18.3 g 

Free moisture content 0.34% 

Hygroscopic moisture content 1.98% 

 

Table A.1.2. Sieve test results, native soil, Fergus 

 

Weight of sample (oven dried) = 641.5 g 

Sieve size 
Sieve weight 

(empty) (g) 

Sieve + soil weight 

(sieved) (g) 

Weight of soil left 

on each tray (g) %left %passed 

      

cover 283.5 283.5 0.0  100 

sieve # 4 520.3 765.5 245.2 38.2 61.8 

sieve # 10 484.0 580.0 96.0 15.0 46.8 

sieve # 20 370.1 464.6 94.5 14.7 32.0 

sieve # 40 410.7 495.6 84.9 13.2 18.8 

sieve # 60 375.5 411.0 35.5 5.5 13.3 

sieve # 100 264.8 294.0 29.2 4.6 8.7 

sieve # 200 342.0 371.0 29.0 4.5 4.2 

tray 376.6 403.4 26.8 4.2 0.0 

Total  3427.5 4068.6 641.1 100.0  

Total (sample)  641.1    
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Table A.1.3. Sieve test results, filter sand, Fergus 

 

Weight of Sample (oven dried) = 565.5 g 
 

Sieve size 
Sieve weight 

(empty) (g) 

Sieve + soil weight 

(sieved) (g) 

Weight of soil left on 

each tray (g) %left %passed 

      

cover 283.5 283.5 0 100 100 

sieve # 4 520.4 524.2 3.8 0.7 99.3 

sieve # 10 484.0 651.1 167.1 29.6 69.8 

sieve # 20 369.9 517.2 147.3 26.1 43.7 

sieve # 40 410.7 512.3 101.6 18.0 25.7 

sieve # 60 375.5 430.3 54.8 9.7 16.0 

sieve # 100 265.0 307.7 42.7 7.6 8.5 

sieve # 200 342.1 373.5 31.4 5.6 2.9 

tray 498.3 514.7 16.4 2.9 0.0 

Total    565.1 100  
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A.2. Hillsburgh site 

 

Date of sampling: October 30, 2007 

Date of test: November 03, 2007 

 

Soil sample is collected from the bottom of filter bed excavation. 

Filter sand is collected randomly from the imported sand material. 

All samples are dried in oven for 24 hours before the sieve test. 

 

 

Table A.2.1. Sieve test results, native soil, Hillsburgh 

 

Weight of sample (oven dried) = 760.0 g 
 

Sieve size 
Sieve weight 

(empty) (g) 

Sieve + soil weight 

(sieved) (g) 

Weight of soil left 

on each tray (g) %left %passed 

      

cover 283.5 283.5 0.0  100 

sieve # 4 520.5 561.0 40.5 5.3 94.7 

sieve # 10 484.3 536.1 51.8 6.8 87.9 

sieve # 20 370.0 423.0 53.0 7.0 80.9 

sieve # 40 410.8 523.3 112.5 14.8 66.1 

sieve # 60 375.6 594.3 218.7 28.8 37.3 

sieve # 100 265.1 459.4 194.3 25.6 11.7 

sieve # 200 342.1 420.2 78.1 10.3 1.5 

tray 373.7 384.8 11.1 1.5 0.0 

Total  3425.6 4185.6 760.0 100.0  

Total (sample)  760.0    
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Table A.2.2. Sieve test results, filter sand, Hillsburgh 

 

Weight of Sample (oven dried) = 856.5 g 
 

Sieve size 
Sieve weight 

(empty) (g) 

Sieve + soil weight 

(sieved) (g) 

Weight of soil left on 

each tray (g) %left %passed 

      

cover 
283.5 283.5 0.0  100 

sieve # 4 
426.2 493.9 67.7 7.9 92.1 

sieve # 10 
429.7 796.0 366.3 42.8 49.3 

sieve # 20 
379.0 626.2 247.2 28.9 20.5 

sieve # 40 
340.7 445.8 105.1 12.3 8.2 

sieve # 60 
355.5 394.6 39.1 4.6 3.6 

sieve # 100 
335.6 355.7 20.1 2.3 1.3 

sieve # 200 
333.5 341.1 7.6 0.9 0.4 

tray 
376.7 380.1 3.4 0.4 0.0 

Total  
3260.4 4116.9 856.5 112.7  

Total (sample) 
 856.5    
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Appendix B. E. coli test, plating procedures 

 

The samples have been examined for E. coli concentration based on Standard 

Methods For The Examination Of Water and Wastewater, 18
th

 Edition 1992, Section 

9222 B, Standard Total Coliform Membrane Filter Procedure. Materials used for the test 

are as follow. 

1. DifcoTM mTEC Agar-REF 233410 

2. Membrane Filter-FSHBRAND GMCE S-PAK ME 600/PK VCAT MSP010035, 

0.45µm, ordered through Fisher Scientific. 

3. Petri Dish-47mm ASEPTIC PK/150 VCAT PD2004700. 

Plating procedures are as follow:  

Agar Gel preparation: 

1. The number of Petri dishes needed for the session is calculated based on number 

of samples ready to be tested and number of dilutions needed for each sample 

(e.g. a sample from septic tank needs four Petri dishes as the recommended 

number and volume of dilutions are 4 and 0.1, 0.01, 0.001 and 0.0001mL 

respectively). These numbers are adjusted for different samples based on previous 

experiments and experience. Two extra dishes are considered for blank plates for 

test quality control. 

2. The number of dishes determined in step 1 is multiplied by 4mL (the volume of 

agar gel needed for each plate) to find the total volume of mTec agar gel needed 

for the session. 

3. The respective amount of mTec powder needed for the volume of gel calculated 

in step 2 to produce a mixture of a ratio of 45.3g mTec to 1000mL water, is 

measured and weighted by a digital scale available in the lab, placed in an 

Erlenmeyer flask of appropriate size and then milli-Q water (pure water) is added 

by the volume measured at step 2. 

4. The Erlenmeyer flask is heated on steering heater until it boils for one minute. 

The liquid mixture is now ready to put on the dishes. This must be done before it 

gets cold. 
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5. A 25 mL pipette is used to place the liquid agar on Petri dishes. A volume of 3 to 

4mL per dish is sufficient. 

Preparing the samples for filtration: 

1. The samples are brought out of the fridge and placed on the lab desk. 

2. The samples will be tested in ascending order of bacterial contamination expected 

from previous tests. 

3. The volume of sample to be filtered depends on its concentration of bacteria. The 

goal is to achieve 20-80 CFUs (colony forming unit) on a cultured plate (according to 

mTec manual). To do so consecutive dilutions must be prepared and filtered. The 

recommended volumes for septic effluent were mentioned in previous section. For 

sand filtered effluents these volumes are predicted by previous results, which are 

usually 0.01, 0.1, 1, 10 and 100 mL. (For samples from some lysimeters no dilutions 

would be necessary; filtering 1, 10 and 100mL will produce acceptable results). 

4. To filter sample volumes less than 1mL, preparing dilutions is necessary. To do so, 

1mL of sample is added to 99mL of milli-Q water to produce 1% dilution. 1mL of 

this mixture contains 0.01mL of sample and 10mL of it contains 0.1mL of the 

sample. Repeating the action for 1% dilution will produce 0.01% mixture, of which 

1mL and 10mL will contain 0.0001mL and 0.001mL of the sample respectively. 

5. A pipette bubble and 1mL and 10mL pipettes are used for measuring supposed 

volumes of samples or their diluted mixtures. Higher volumes (usually 100mL) are 

measured by 100mL measuring cylinder. 

6. A 45 nm membrane filter is used to filter the effluent (by standard methods). The 

filtered is placed on the filter holder which is connected to the vacuum pump and is 

wetted by milli-Q water. The pump is then started and the desired volume of sampled 

is poured on filter, which traps all the bacteria. 

7. The filter is now picked by a straight forceps and placed on the agar gel which is 

already in a Petri dish in a way that no air is trapped under the filter. The Petri dish is 

capped and labelled. The label includes the name of sample (e.g. 1B, 1R, etc.) the site 

which the samples was taken from (F, H, indicating Fergus, Hillsburghh, etc.) and the 

volume filtered (e.g. 0.1mL).  
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8. The pipettes, cylinder, forceps and other tools which are in contact with filter or 

samples are rinsed with stilled water to be used for next sample or dilution. 

9. The last dish will contain a filter which goes through all the steps as others except it is 

filtered with milli-Q water. It is labelled “Blank” and is a quality control dish. Any 

colony forming units appear on this plate indicates imperfections in the test 

procedures and or material. The bacteria, if appears on this plate, is considered from 

any source other than the samples, such as agar gel, infections transmitted by the tools 

from samples, milli-Q water and so on. The Blank is always prepared during or at the 

end of the test. The fact that is has never shown any infection is taken as robustness of 

the test procedures.  

10. The extra mixtures and rinse water are poured into a 10% bleach solution. 

11. The samples are returned to the fridge and kept until the results are recorded. In case 

of any odd results or if the results are not satisfactory, the test is repeated for the 

respective samples. 

12. The plates containing the filters are now placed in the 35°C oven for 2 hours and then 

moved to 45°C oven for 22 hours, after which time they will be examined for the 

number of CFUs. The results are recorded and one hard copy (paper) and two digital 

copies are now saved. 

13. If none of the dilutions falls in the desirable number of CFUs (20-80), but some plates 

fall on both sides of the range (i.e. less than 20CFUs and more than 80CFUs) the 

mean of two plates closest to limits will be recorded for that sample. 

14. For the samples that do not produce any CFUs for tested dilutions higher volumes 

will be examined. 100ml of sample will be the maximum volume to be filtered, in 

which if no bacteria detected the result will be reported <1CFU/100mL, which is the 

standard level of bacterial contamination for drinking water. 

15. After the plates are prepared and placed in oven all the tools are washed, rinsed and 

removed from the working area. The left over samples and bleach solution are poured 

into the sink to drain away. 

16. All plates and gloves used during the test are autoclaved and discharged safely. 
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Appendix C. The effects of material on E. coli 

 

Before starting the installation, the installation material (including plastic tray, 

fitting, tubing, sand and screen) must be exposed to the effluent (containing E. coli)for 

enough time to show clearly any unusual effect of these materials on E. coli life (any 

unusual growth or decay). In this regard, the least or no effect will be desired. 

 

Since the E. coli test is planned to be conducted in water quality lab in the School of 

Engineering, it would be appropriate to send the same samples to another lab for E. coli 

test to ensure the test results from this lab are reliable. The two objectives of this test are 

summarized as following: 

1. To test any positive or negative effect (if exist) of the material used in the field 

for sample collection on E. coli concentration (if the material causes any unusual 

growth or decay). 

2. To check the accuracy of the tests conducted in School of Engineering Water 

Quality Lab by comparing the results of the same effluent from a private lab. 

 

Sample collection 

A private septic tank which was conveniently accessible, was selected for sample 

collection. Tubing was already installed at the filter side of the tank (second 

compartment) and was accessed by opening the tank lid. The sampling was conducted on 

Monday, July 30, 2007, 9:30 am 

  

After the tube was connected to the peristaltic pump, the pump was run for a 

minute or so to ensure the possible bacterial build up and particles in the tube was 

cleared. 

 

Seven one-liter bottles were filled with septic tank effluent. After enough effluent 

was collected in the bottles, the pump was connected to tab water and run in reverse 

mode to empty and clean the pump and tube, the tank lid was placed back and area rinsed 

for cleaning possible spills. 
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The samples were then transported to the lab in cooler filled with ice packs. In the 

lab the samples were kept in refrigerator before the tests conducted. 

 

One bottle was randomly collected for the test in the lab, 10 mL of which was 

used for dilution and test. A second bottle was labeled as “input” to be sent to ALS lab 

for E. coli test, representing effluent before being exposed to installation material. 

 

Two liters of the sample was then poured in the lysimeter containing sand, screen, 

fitting and tubing, and was exposed to this material for 2 hours. It was then collected in 

two separate containers, one used for the second test in the school lab and the other 

labeled as “output” to be sent to ALS lab.  

 

The “input” and “output” bottles were dropped at the ALS lab the next day; the 

results were received after a week and are reported in result section of this report. 

 

The E. coli test was conducted based on m TEC Agar manual (see Appendix B). 

 

 

Results 

The dishes for input and output water, prepared according above procedure, are 

collected from incubator after 24 hours and counted for colony forming units. Table 1 

shows the results from school of engineering water quality lab test. 

 

Note that the recommended number of counts by m TEC 20 to 80.  
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Table C.1. E. coli test results 

Dilution ml 0.1 0.01 0.001 0.0001 Blank Final 

No. of counts in 

input dishes 

31 10 3 0 0  

CFU/100ml input 31,000 100,00

0 

300,00

0 

0 0 31,000CFU/100ml 

No. of counts in 

output dishes 

25 1 0 0 0  

CFU/100ml  

Output 

25,000 10,000 0 0 0 25,000 CFU/100ml 

 

The ALS lab report is shown in table 2. 

 

 

 

Table C.2. ALS lab results for E. coli 

E. coli input 140,000 CFU/100ml 

E. coli output 48,200 CFU/100ml 

 

Discussion  

1. The results do not indicate any dramatic effect of material on E. coli 

concentration. The difference between input and output concentration can be due 

to sand filtration and / or natural decay of bacteria, but is not large enough to be 

considered dramatic. 

2. The effluent collected as sample for this test shows low concentration of E. coli in 

compare to literature (magnitude of 10
6
 reported by Brandes 1972). This is 

expected due to laundry activities on the day before the samples were collected. 

The sample is taken from the far end of septic tank (some bacterial removal is 

also expected due to septic tank process). 
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3. The ALS results are higher than water quality lab results. The samples were 

dropped at ALS one day after the test in water quality lab. Lag time of one day 

provides enough time for bacterial growth, although kept cold.  

4. The number of counts on Petri dishes show consistency, and are in expected 

range. 

5. Tests in different labs are in the same trend, although not exactly the same 

numbers, indicating that-tests done in water quality lab are reliable, and the final 

result for the effluent is valid. 
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Appendix D. Statistical Analysis 

 

D.1 Fergus 

t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 
375mm-1 

Variable 2 
375mm-2 

Mean 1.69897 1.690106 

Variance 0 1.663322 

Observations 2 2 
Hypothesized Mean 
Difference 0  

df 1  

t Stat 0.00972  

P(T<=t) one-tail 0.496906  

t Critical one-tail 6.313752  

P(T<=t) two-tail 0.993812  

t Critical two-tail 12.7062   

 
t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 
750 mm-1 

Variable 2 
750 mm-2 

Mean 1.199253 1.24128 

Variance 2.349092 1.517126 

Observations 12 9 
Hypothesized Mean 
Difference 0  

df 19  

t Stat -0.06963  

P(T<=t) one-tail 0.472609  

t Critical one-tail 1.729133  

P(T<=t) two-tail 0.945218  

t Critical two-tail 2.093024   

 

t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 
900 mm-1 

Variable 2 
900 mm-2 

Mean 1.309099 1.046229 

Variance 1.504849 1.451021 

Observations 14 13 
Hypothesized Mean 
Difference 0  

df 25  

t Stat 0.561583  

P(T<=t) one-tail 0.2897  

t Critical one-tail 1.708141  

P(T<=t) two-tail 0.5794  

t Critical two-tail 2.059539   
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t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 

STE 
Variable 2 
375 mm 

Mean 4.931761 1.542545 

Variance 1.595962 0.489197 

Observations 24 3 
Hypothesized Mean 
Difference 0  

df 4  

t Stat 7.073708  

P(T<=t) one-tail 0.001054  

t Critical one-tail 2.131847  

P(T<=t) two-tail 0.002108  

t Critical two-tail 2.776445   

 

t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 

STE 
Variable 2 
750 mm 

Mean 4.931761 1.378301 

Variance 1.595962 2.340404 

Observations 24 12 
Hypothesized Mean 
Difference 0  

df 19  

t Stat 6.948466  

P(T<=t) one-tail 6.36E-07  

t Critical one-tail 1.729133  

P(T<=t) two-tail 1.27E-06  

t Critical two-tail 2.093024   

 

t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 

STE 
Variable 2 
900 mm 

Mean 4.931761 1.200976 

Variance 1.595962 1.025188 

Observations 24 14 
Hypothesized Mean 
Difference 0  

df 32  

t Stat 9.980709  

P(T<=t) one-tail 1.19E-11  

t Critical one-tail 1.693889  

P(T<=t) two-tail 2.38E-11  

t Critical two-tail 2.036933   
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t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 
375 mm 

Variable 2 
750 mm 

Mean 1.542545 1.378301 

Variance 0.489197 2.340404 

Observations 3 12 
Hypothesized Mean 
Difference 0  

df 8  

t Stat 0.274467  

P(T<=t) one-tail 0.39534  

t Critical one-tail 1.859548  

P(T<=t) two-tail 0.79068  

t Critical two-tail 2.306004   

 

t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 
375 mm 

Variable 2 
900 mm 

Mean 1.542545 1.200976 

Variance 0.489197 1.025188 

Observations 3 14 
Hypothesized Mean 
Difference 0  

df 4  

t Stat 0.702673  

P(T<=t) one-tail 0.2605  

t Critical one-tail 2.131847  

P(T<=t) two-tail 0.521  

t Critical two-tail 2.776445   

 

t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 
750 mm 

Variable 2 
 900 mm 

Mean 1.378301 1.200976 

Variance 2.340404 1.025188 

Observations 12 14 
Hypothesized Mean 
Difference 0  

df 19  

t Stat 0.342366  

P(T<=t) one-tail 0.367917  

t Critical one-tail 1.729133  

P(T<=t) two-tail 0.735834  

t Critical two-tail 2.093024   

 

 

 



 134  

 

D.2. Hillsburgh 

t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 
375 mm-1 

Variable 2 
375 mm-2 

Mean 3.469358 0.84907 

Variance 1.596571 1.794743 

Observations 19 22 
Hypothesized Mean 
Difference 0  

df 39  

t Stat 6.438825  

P(T<=t) one-tail 6.37E-08  

t Critical one-tail 1.684875  

P(T<=t) two-tail 1.27E-07  

t Critical two-tail 2.022691   

 

t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 
750 mm-1 

Variable 2 
750 mm-2 

Mean 1.276922 1.972954 

Variance 0.780773 2.405717 

Observations 16 21 
Hypothesized Mean 
Difference 0  

df 33  

t Stat -1.72211  

P(T<=t) one-tail 0.047206  

t Critical one-tail 1.69236  

P(T<=t) two-tail 0.094412  

t Critical two-tail 2.034515   

 

t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 
900 mm-1 

Variable 2  
900 mm-2 

Mean 2.132479 2.01893 

Variance 2.224174 1.901167 

Observations 6 22 
Hypothesized Mean 
Difference 0  

df 8  

t Stat 0.167947  

P(T<=t) one-tail 0.435397  

t Critical one-tail 1.859548  

P(T<=t) two-tail 0.870793  

t Critical two-tail 2.306004   
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t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 

STE 
Variable 2 
375 mm-1 

Mean 5.83754 3.469358 

Variance 0.706797 1.596571 

Observations 22 19 
Hypothesized Mean 
Difference 0  

df 31  

t Stat 6.948517  

P(T<=t) one-tail 4.27E-08  

t Critical one-tail 1.695519  

P(T<=t) two-tail 8.54E-08  

t Critical two-tail 2.039513   

   

t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 

STE 
Variable 2 
375 mm-2 

Mean 5.83754 0.84907 

Variance 0.706797 1.794743 

Observations 22 22 
Hypothesized Mean 
Difference 0  

df 35  

t Stat 14.79364  

P(T<=t) one-tail 6.27E-17  

t Critical one-tail 1.689572  

P(T<=t) two-tail 1.25E-16  

t Critical two-tail 2.030108   

 

t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 

STE 
Variable 2 

750 

Mean 5.83754 1.778769 

Variance 0.706797 1.530912 

Observations 22 21 
Hypothesized Mean 
Difference 0  

df 35  

t Stat 12.52399  

P(T<=t) one-tail 8.64E-15  

t Critical one-tail 1.689572  

P(T<=t) two-tail 1.73E-14  

t Critical two-tail 2.030108   

 

 

t-Test: Two-Sample Assuming Unequal Variances 
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Variable 1 

STE 
Variable 2 
900 mm 

Mean 5.83754 2.046755 

Variance 0.706797 1.922415 

Observations 22 22 
Hypothesized Mean 
Difference 0  

df 35  

t Stat 10.96548  

P(T<=t) one-tail 3.6E-13  

t Critical one-tail 1.689572  

P(T<=t) two-tail 7.2E-13  

t Critical two-tail 2.030108   

 

t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 
375 mm-1 

Variable 2 
750 mm 

Mean 3.469358 1.778769 

Variance 1.596571 1.530912 

Observations 19 21 
Hypothesized Mean 
Difference 0  

df 37  

t Stat 4.267604  

P(T<=t) one-tail 6.58E-05  

t Critical one-tail 1.687094  

P(T<=t) two-tail 0.000132  

t Critical two-tail 2.026192   

 

t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 
375 mm-2 

Variable 2 
750 mm 

Mean 0.84907 1.778769 

Variance 1.794743 1.530912 

Observations 22 21 
Hypothesized Mean 
Difference 0  

df 41  

t Stat -2.36541  

P(T<=t) one-tail 0.011411  

t Critical one-tail 1.682878  

P(T<=t) two-tail 0.022822  

t Critical two-tail 2.019541   
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t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 
375 mm-1 

Variable 2 
900 mm 

Mean 3.469358 2.046755 

Variance 1.596571 1.922415 

Observations 19 22 
Hypothesized Mean 
Difference 0  

df 39  

t Stat 3.436072  

P(T<=t) one-tail 0.000708  

t Critical one-tail 1.684875  

P(T<=t) two-tail 0.001415  

t Critical two-tail 2.022691   

 

t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 
375 mm-2 

Variable 2 
900 mm 

Mean 0.84907 2.046755 

Variance 1.794743 1.922415 

Observations 22 22 
Hypothesized Mean 
Difference 0  

df 42  

t Stat -2.91372  

P(T<=t) one-tail 0.002851  

t Critical one-tail 1.681952  

P(T<=t) two-tail 0.005702  

t Critical two-tail 2.018082   

 

t-Test: Two-Sample Assuming Unequal Variances 

  
Variable 1 
750 mm 

Variable 2 
900 mm 

Mean 1.778769 2.046755 

Variance 1.530912 1.922415 

Observations 21 22 
Hypothesized Mean 
Difference 0  

df 41  

t Stat -0.66937  

P(T<=t) one-tail 0.253504  

t Critical one-tail 1.682878  

P(T<=t) two-tail 0.507009  

t Critical two-tail 2.019541   
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Weather data analysis  

t-Test: Two-Sample Assuming Unequal Variances 

Waterloo-Fergus-Precipitation 

  
Variable 

1 Variable 2 

Mean 75.675 78.21667 

Variance 128.6839 136.7452 

Observations 12 12 
Hypothesized Mean 
Difference 0  

df 22  

t Stat -0.54042  

P(T<=t) one-tail 0.297167  

t Critical one-tail 1.717144  

P(T<=t) two-tail 0.594334  

t Critical two-tail 2.073873   

 

t-Test: Two-Sample Assuming Unequal Variances 

Waterloo-Orangeville-Precipitation 

  
Variable 

1 Variable 2 

Mean 75.675 74.30833 

Variance 128.6839 134.0299 

Observations 12 12 
Hypothesized Mean 
Difference 0  

df 22  

t Stat 0.292087  

P(T<=t) one-tail 0.386479  

t Critical one-tail 1.717144  

P(T<=t) two-tail 0.772957  

t Critical two-tail 2.073873   

 

t-Test: Two-Sample Assuming Unequal Variances 

Waterloo-Fergus-Temperature 

  
Variable 

1 Variable 2 

Mean 6.7 6.275 

Variance 97.86364 104.7857 

Observations 12 12 
Hypothesized Mean 
Difference 0  

df 22  

t Stat 0.103421  

P(T<=t) one-tail 0.459283  

t Critical one-tail 1.717144  

P(T<=t) two-tail 0.918566  

t Critical two-tail 2.073873   
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t-Test: Two-Sample Assuming Unequal Variances 

Waterloo-Orangeville-Temperature 

  
Variable 

1 Variable 2 

Mean 6.7 5.975 

Variance 97.86364 100.9875 

Observations 12 12 
Hypothesized Mean 
Difference 0  

df 22  

t Stat 0.1781  

P(T<=t) one-tail 0.430137  

t Critical one-tail 1.717144  

P(T<=t) two-tail 0.860274  

t Critical two-tail 2.073873   

 

t-Test: Two-Sample Assuming Unequal Variances 

W/W08-Precipitation  

  
Variable 

1 Variable 2 

Mean 75.51538 81 

Variance 118.2914 1836.792 

Observations 13 13 
Hypothesized Mean 
Difference 0  

df 14  

t Stat -0.44723  

P(T<=t) one-tail 0.330774  

t Critical one-tail 1.76131  

P(T<=t) two-tail 0.661547  

t Critical two-tail 2.144787   

 

t-Test: Two-Sample Assuming Unequal Variances 

W/W08-Temperature  

  
Variable 

1 Variable 2 

Mean 5.892308 5.807692 

Variance 98.1891 100.1824 

Observations 13 13 
Hypothesized Mean 
Difference 0  

df 24  

t Stat 0.021661  

P(T<=t) one-tail 0.491449  

t Critical one-tail 1.710882  

P(T<=t) two-tail 0.982897  

t Critical two-tail 2.063899   

 


