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Objectives 
 

 Identify specific areas where septage (leachate from the tile fields) 

appears to impact groundwater wells. 

 

 Identify specific areas where stormwater runoff contaminated with 

septage impacts the beach waters. 

 

 Attempt to differentiate other sources of human and animal 

contamination from impact of septage on groundwater wells and 

beaches. 

 



Pictures of Scenarios of Other Sources of 

Human and Animal Contamination  



How to Approach the Requirements of 
the Objectives 

 

 Identify areas where there are high densities of septic systems in 
the central, north and south Sauble Beach areas. 

 

 Define a sampling program to provide strategic water quality 
estimations in areas of potential contamination from septage in 
these areas of high density. 

 

 Include a control sample from an area where there are few 
septic systems. 

 



Establish the Tests or Analytes for the Pollution Survey 
that Best Represent the Septage Contamination 

 Escherichia coli 
 

 Pseudomonas aeruginosa 
 

 Enterococci 
 

 Yellow-pigmented Enterococci 
 

 Nitrite (NO2) and Nitrate (NO3) 
 

 Ammonia  
 

 Soluble Phosphorous 
 

 Chloride (Cl-) and Bromide (Br-) Ions 
 

 Sodium (Na+) and Potassium (K+) 
 



Microbiological Characteristics of Septic 
System Leachate Near Tile Fields 

Range Levels Per 100 mL 

Escherichia coli 10,000 – 1,000,000 

Pseudomonas aeruginosa 100 – 1,000 

Enterococci 1,000 – 100,000 

Yellow-pigmented Enterococci 0 - 10 



 
Chemical Characteristics of Septic 

System Leachate Near the Tile Field 

 

 

Range in Concentration 
Nitrite and Nitrate 0.1 – 10 mg/L 

Ammonia 77 – 89 mg/L 

Soluble Phosphorous 96 – 100 mg/L  

Chloride 77 – 103 mg/L 

Bromide 0.118 mg/L 

Chloride / Bromide Ratio 769 

Sodium 61 – 86 mg/L 

Potassium 24 – 36 mg/L 



Next Step – Evaluate Test Results 

 

Determine where sampling sites reflect 
human waste / septic leachate in drinking 
water and beach water. 

 

Attempt to locate areas where multiple 
sampling sites may show septage 
contamination. 



How Do You Know if the Contamination 
Detected is Highly Likely to Originate from 

Failed Septic Systems? 

 

 Test potential sites of contamination from septic 
systems using human genetic markers. 

 

 Use microbial source tracking and rep-PCR 
fingerprinting to identify the various sources of the 
contamination. 



Plan to Establish Sites of Contamination of Drinking 
Water and Beach Water that Originates from Septage 

 

 After assessing the pollution survey, the test results 
may indicate that multiple sites exist with varying 
levels of contamination and possible human or animal 
sources. 

 

 The sites are prioritized on the degree of 
contamination as indicated by microbial and chemical 
parameters. 



Location and Levels of Contamination 

Location Degree of Septage Contamination 

A None 

B Low 

C Moderate 

D Fairly High 

E High 



Microbial Source Tracking (MST) 
What is it? 

 The determination of the sources of fecal contamination through the 
use of a variety of protocols or methods. 

 

 The use of host-associated characteristics of various microorganisms 
found in feces. 

 

 For example:  E. coli in a human host has biochemical and genetic 
profiles that are different from the E. coli found in animals and within 
types of animals (i.e., cattle, swine, poultry and species of wildlife). 

 

 The antibiotic resistance patterns in E. coli can differentiate hosts. 

 

 Biochemical utilization patterns in E. coli can be associated with hosts. 



Genotypic Characteristics Used in MST 
 

 Gene sequences of DNA that are found in bacteria or viruses that code for the 
construction of a protein. 
 

 Some bacterial and viral genes are unique to a host. 
 

 The DNA sequence of a gene that is unique to a bacterium found in a specific host 
can be used to identify that host. 
 

 A gene of a bacterium only found in a human host can then be detected and used 
as a source identifier. 
 

 For example:  Bacteroides bacteria contain DNA sequences called gene markers 
that are related to specific hosts, i.e., human, cattle, swine, etc. 
 

 Detection of these unique gene markers can be conducted without having to 
culture or grow the Bacteroides bacteria. 



Genotypic Characteristics Used in MST 
 

 Studies show that these marker sequences remain 
intact for weeks in water and in colder water can 
remain longer. 

 

 Studies by the Ontario Ministry of the Environment 
and Environment Canada show the successful use of 
Bacteroides gene markers, particularly for human 
feces.  



Microbial Source Tracking 

 

 If the pollution survey suggests that there is fecal 
contamination in the  drinking water and/or beach 
water, the samples from the strategic sites should be 
tested for the presence of the human gene marker in 
Bacteroides spp. bacteria. 

 

 Potentially positive and negative sites should be 
included and duplicate analyses on 10% of the 
samples should be performed for quality control 
purposes. 



Rep–PCR Fingerprinting Method 

 

 An alternative to using the human gene marker of 
Bacteroides is to conduct a limited MST using rep-
PCR method using rep and box primers only. 

 

 Rep-PCR stands for repetitive elements of DNA 
sequences that are detected using a Polymerase Chain 
Reaction.   



Rep-PCR Genomic Fingerprinting 



Rep-PCR Fingerprinting 
 

 Rep-PCR is used to differentiate the different origins of fecal waste in 
water and sediment. 
 

 E. coli are initially recovered through membrane filtration of the water 
or by using special recovery techniques from sediment. 
 

 Each E. coli recovered from a sample undergoes DNA extraction. 
 

 Each DNA sample is exposed to primers that bind with DNA at target 
sites. 
 

 The primers border the target DNA sequence to be amplified. 
 

 Polymerase enzyme and DNA bases are added to the cocktail of 
chemicals. 



Rep-PCR Fingerprinting Method 
 The sample cocktail is placed in a PCR Machine 

(Thermocycler) that simply raises and lowers the 
temperature of multiple samples for specific time periods. 

 

 This results in the reproduction of target sequences 
hundreds of times. 

 

 The sample undergoes gel electrophoresis that separates 
the copies from the non-relevant pieces of DNA sequence. 

 

 The electrophoretic results are digitally scanned for 
statistical analyses. 



Rep-PCR Fingerprinting Method 
 

 The results of the DNA copies 
from each sample are 
compared. 

 

 The degree of similarity of each 
E. coli isolate to one another is 
shown as a dendogram. 

 

 The use of a special DNA 
statistical comparison program 
dictates which isolates are 
matches. 



Rep-DNA Fingerprinting Method 

 The location of the isolate detected is then plotted on a digital 
map of the sites where each sample was obtained. 

 

 Source isolates fingerprints are compared to potential impacted 
sites downstream of the sources.  

 

 Other microbiological and chemical test results from sources 
and downstream sites are compared to the results of the same 
sites that were fingerprinted. 

 

 These data should coincide with the fingerprint matches. 



A Direct Proactive Approach to Assessing the Impact of 
Septic Systems on Drinking Water and Beach Water 

 

 Introduce a bacteriophage into the septic tank in a high 
concentration (1012 phage/L). 

 

 Samples are obtained from drinking water, well sites and beach 
water sites over a period of four to eight weeks. 

 

 Various bacteriophage can be employed in individual potential 
sources to differentiate between the specific sites. 



What are Bacteriophage? 
 Bacteriophage (phage) are viruses that infect specific host 

bacteria. 

 

 Bacteriophage, like a human or animal virus, cannot reproduce 
itself. 

 

 Phage infect a host bacterium and then, using DNA or RNA 
from the host, replicate to a level in the hundreds to thousands. 

 

 Once it reaches the burst-size, the host bacterium ruptures and 
releases the new phage. 



Bacteriophage Infecting Bacteria 



Costs Involved in Pollution Survey 
Cost Per Sample 

E. coli enumeration by Sample Membrane Filtration $26.00 

Pseudomonas aeruginosa $32.00 

Fecal Streptococci by Membrane Filtration $26.00 

Yellow-pigmented Enterococci $32.00 

Total Cost Per Sample $116.00 



Pollution Survey Design and Cost 
 It is suggested that the sampling runs begin in April and May 

and then are repeated during June and July. 

 

 Each sampling run would be comprised of ten samples taken at 
representative sites (drinking water wells and beach sites). 

 

 Two runs (one at the North and one at the South Sauble Beach) 
will be done twice, for a total of forty samples. 

 

 The total test cost for the microbial parameters would be 40 x 
$116.00 = $4,640.00. 



Cost of Chemical Parameters as Part of the Pollution Survey 

Parameters C0st Per Sample 

Chloride $16.00 

Bromide $16.00 

S0luable Phosphorous $30.00 

Sodium $18.00 

Potassium $17.50                                                                                                                             

Nitrite plus Nitrate $25.00 

Ammonia $18.00 

Disposal Fee Per Sample $2.00 

Metal Preparation $7.50 

Total Per Sample $150.00 

Five samples comprise one run.  Hence, two runs conducted twice would be twenty samples.  
The total cost for all chemical tests would be approximately $3,000.00. 



Microbial Source Tracking Costs 

Microbial Source Tracking Using Rep-PCR  

(20 samples x $36.00 / isolate) $720.00 

Enumeration and Isolation of Bacteria 

(5 isolates per sample x 2 reps per isolate 

200 samples x $55.00 / isolate) $11,000.00 

Phytogenetic Analysis $2,160.00 

Total $13,880.00 



Projected Cost of Pollution Survey 

Cost of Microbial Test Parameters 

(As Part of the Pollution Survey) $4,640.00 

Cost of Chemical Test Parameters 

(As Part of the Pollution Survey) $3,000.00 

Microbial and Chemical Test Parameters 

Subtotal $7,640.00 

The Sampling Activity Costs and Courier Costs 
Have Not Been Determined as Yet 



Quotation for Bacteriophage Tracer Study 

MS Bacteriophage per Litre $270.00 

Sample Analysis for Three Samples $33.60 

Cost Per Toilet $303.60 

Note:  The number of samples per dispensing of phage per septic 
system will have to be estimated over time. 



Theoretical Event 

16 Samples  x  8 Sampling Events $1,433.60 

Phage Preparation $270.00 

Total $1,703.60 

Grand Total for Five Dispensing / Sampling Events  $8,518.00 



The End 

 References available upon request. 


