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A comparison study of Colilert and qPCR methods at Pere Marquette Beach, 

Muskegon County, MI 

Safiya Best, Dr. Richard Rediske and Molly Lane 

Annis Water Resources Institute 

 

Abstract 

Pere Marquette Beach serves as the primary attraction for tourism and coastal recreation in 

Muskegon, MI. Because beaches attract many people daily, it is important to monitor beach water 

quality for pathogens that may cause waterborne disease. Molecular-based methods are emerging 

as replacements for culture-based techniques for monitoring beaches. Culture-based methods 

require 18-hour incubation while Quantitative Polymerase Chain Reaction (qPCR) can yield 

results in two hours. My research examines the correlation between the culture-based Colilert-18® 

method and qPCR measurements of E. coli at a Lake Michigan beach in Muskegon County, MI. 

While Colilert 18 is a defined substrate method and measures culturable cells, the qPCR method 

quantifies both living and nonliving DNA. Regression analysis (R2) was used to correlate 

analytical results and the Index of Agreement (IA) was employed to evaluate method 

comparability. This research demonstrates the equivalency of both methods for E. coli 

measurements at Pere Marquette beach (R2 = 0.8012; IA = 0.71).  The significant positive 

difference between the methods suggests that current guidelines for beach warnings and closures 

need to be revised to reflect the presence of nonviable DNA/cells in beach water. This study was 

important for assessing the applicability of qPCR for providing same-day results for pathogens at 

local beaches. 
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Introduction 

Beaches often attract tourists to visit a community due to the wealth of recreational 

opportunities they provide. Tourism is important to building strong economies in coastal cities. 

A typical beach-goer spends $13.13 within 10 miles of a beach per visit (Murray et al., 2001). A 

single beach advisory can cost, on average, $100,000 in lost revenue to businesses within a 10-

mile radius of the beach (Jentes, 2000). As the number of visitors to recreational waters 

increases, the risk of exposure to waterborne pathogens also rise. Being exposure to pathogenic 

bacteria in water can cause illnesses such as skin irritations, respiratory infections and 

gastrointestinal (GI) illness (Seyfried et al., 1985; Wade et al., 2008).  

One of the important functions of the Public Health is to monitor beaches for pathogens 

from the release of fecal matter. The presence of fecal contamination has been shown to increase 

the risk of contracting Recreational Water Illnesses (RWI’s) (Seyfried et al., 1985). Because 

fecal microbial contamination poses a risk to public health, recreational water-quality guidelines 

were implemented by the Environmental Protection Agency (EPA) under the authority of the 

Clean Water Act, Section 304a (USEPA, 1986). The EPA guideline for no contact advisory is 

300 MPN/100 mL.  A commonly used bacteria indicator for beach quality assessment is 

Escherichia coli and it is found in the lower intestine of warm-blooded animals in high 

concentrations (Whitman et al., 1999). Potential sources of fecal contamination at bathing 

beaches include agriculture runoff, vessel wastewater discharge, and animal waste, untreated 

sewage water, leaking septic systems and treated municipal wastewater (Colford et al., 2007). 

Although there are many pathogens associated with fecal bacteria, testing for all of them would 

create a financial and regulatory burden.  To provide rapid and low cost test results, it is 
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important to select representative indicator bacteria for screening and monitoring. E. coli is a 

reliable indicator of fecal contamination due to its high concentration in the intestine relative to 

pathogens and its correlation with waterborne diseases (Whitman et al., 1999) The guidelines for 

potential pathogens in freshwater systems are set based on the probability of developing a GI 

illness when E. coli is present (Edberg et al., 2000). There also are large ranges of potential 

illnesses caused by pathogenic E. coli strains, from mild GI symptoms (i.e. nausea) to the fatal 

hemolytic uremic syndrome (Soller et al., 2010). In 2011-2012, there were 20 illness outbreaks 

from fresh water contact and 7 from strains of E. coli alone that were linked to untreated 

recreational waters, in (Hlavsa et al., 2015). Clearly, water monitoring and testing are vital tools 

in protecting the public health. 

Considering the health risks and economic impacts associated with E. coli exposure, it is 

important to test, and report contaminated waters as quickly and accurately as possible. Two U.S. 

EPA approved methods to quantify E. coli densities in water samples are membrane filtration 

and Colilert-18®. Membrane filtration is described in U.S. EPA Method 1603 (US EPA, 2006). 

Samples are filtered, exposed to a culture medium, and then incubated for 22 ± 2 h. E. coli 

colonies were then counted based on a color change induced by the culture medium in a 

technique. The IDEXX Colilert-18® reagents in conjunction with the Quanti-Tray/2000 (Crane 

et al., 2006) is classified as a defined substrate method and requires 18 hours to detect both total 

coliforms and E. coli in water. The Colilert-18® method uses two color indicators O-

Nitrophenyl-β-D-galactopyranoside (ONPG) and 4- methylumbelliferyl-β-D-glucuronide 

(MUG), to detect coliforms (Crane et al., 2006). The β-galactosidase enzyme metabolizes 

ONPG, enabling a yellow color change for identification.  Fluorescence is created when E. coli 

metabolizes MUG by using the β-glucuronidase enzyme, which can be detected by UV light. 
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Although the Colilert method separates and identifies nonconiforms from the target organisms, 

there are molecular based methods that can provide similar resolution in a more rapid format. 

Quantitative PCR (also known as real-time PCR) is a method of quantifying the amount of target 

DNA found in samples. It has become an important method in medical, forensic, and 

environmental biology due to its specificity and speed of analysis.  

           The use of qPCR as a replacement method for Colilert 18® has been validated 

repeatedly (Haughland et al., 2005; Whitman et al., 2010) and in 2014, the EPA submitted a draft 

method for the use of qPCR to measure E. coli in water samples (US EPA, 2014a). Unlike the 

Colilert-18® method, no incubation is needed, considerably speeding up sample turn-around 

time. qPCR allows for a more rapid detection in about four hours, it also lessens the risk of 

pathogen exposure by providing same day results. Using the qPCR method makes it possible to 

sample and assess E. coli levels prior to peak beach usage times.  Increased turbidity has a 

marked effect on detection failure with qPCR methods (Siefring et al., 2008) and therefore, 

additional research is needed on qPCR’s responsiveness to varying water body types. 

Furthermore, a qPCR assay is different from substrate methods in that it quantifies both viable 

and non-viable target cells in addition to DNA fragments (Varma, 2009). It also is hypothesized 

that the concentration of E. coli cells detected by the qPCR method will be higher than the 

concentration detected using the Colilert-18® method. Tributaries are suspected as a sources of 

non-viable bacterial cells and DNA fragments resulting in elevated fecal Indicator Bacteria (FIB) 

counts and are a source of turbidity (Malin et al. 2000). 

We investigated the correlation between Colilert-18® and qPCR Draft Method C in 

bathing beach samples collected at Pere Marquette Park in Muskegon, MI.  Statistical methods 

including R2 and the Index of Agreement (Willmott et al., 2012) were used to examine method 
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comparability.   Consistently elevated bacterial counts due to quantitative differences between 

methods would prompt the need for changes to current water-quality guidelines.  These results 

will be useful in developing water quality standards for Great Lakes Beaches.   

Experimental 

Study Site 

Pere Marquette is a large city beach, located on Lake Michigan in Muskegon, MI shown in 

Figure 2. It is located immediately to the south of the Muskegon River channel and is one block 

away from a special pet-friendly beach (Kruse Beach). The surrounding area for Pere Marquette 

Beach also includes sand dunes, residential property and businesses. This beach was chosen 

because of previously recorded high E. coli counts (MDEQ 2018).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Pere Marquette Beach, Muskegon, MI. 
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Sampling Methods 

Sampling occurred one time per week, over six consecutive weeks. Samples were 

collected from north, center and south swim area, approximately one foot below the surface of 

the water. The three samples were collected in separate 500-mL sterile HDPE sampling bottle 

and individually ran. Samples were collected and stored on ice until transported back to the lab 

for analysis. The three 500 mL samples were composited into a single sterile HDPE container. A 

100-mL aliquot was taken from the composited sample used for analysis by the IDEXX Colilert-

18® method, and the other 200-mL used for qPCR. 

Colilert-18®. The Colilert-18® method was performed according to EPA Method 1604 

(U.S. EPA, 2002). A 100mL aliquot of each composited beach water sample was tested using the 

IDEXX Quanti-Tray/2000.  The substrate powder was added immediately when the samples 

were brought to the lab, and then incubated at 35°C for 18 h. The Colilert Quanti‐Tray®/2000 

were exposed to long‐wave UV light and blue fluorescent wells were counted as positive. The 

number of positive wells was MPN/100 mL. 

qPCR. Water samples for qPCR analysis were analyzed according to EPA Draft Method 

C (Each 100 ml water sample was filtered through a 47mm diameter/45-µm pore size 

polycarbonate filter. It was rinsed with phosphate buffered saline (PBS) buffer solution. The 

filter assemblies were pre-sterilized and sterilized forceps were used to fold the filter four times 

and placed in a DNA extraction tube that contained glass beads. While working in a laminar flow 

hood, DNA extraction fluid was added to each screw-top tube, followed by bead milling and two 

rounds of centrifuging.) At the end of this process, there was approximately 100-mL of clean, 

DNA-extracted sample supernatant for use in the analysis. In addition, quality control (QC) 
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filters were prepared for each analysis run. Three calibrators, two filter blanks, a reference matrix 

spike and a matrix spike were treated in the same manner as water samples Preparation of E. coli 

and salmon DNA master mix also were conducted in a laminar flow hood.  A 20-µL aliquot of E. 

coli master mix (TaqMan) was loaded into the top 48 wells of the 96-well plate and 20- µL of 

salmon DNA master mix was loaded into the bottom 48 wells. Samples and QC aliquots were 

added in duplicate to both top and bottom wells. The sample tray was placed into the Applied 

Biossystems StepOnePlus™ Real-Time PCR instrument. A series of 40 cycles of heating and 

cooling were used for DNA separation and recombination and the results of cycle yield an 

exponential reaction product. The accompanying software package calculates a cycle threshold 

value (Ct) for each sample based on a predetermined threshold level. The Ct will give rise to the 

genomic equivalent using a Microsoft Excel spreadsheet created by the U.S. EPA.) 

  The DNA strands were amplified through a series of steps including breaking the helix 

apart by denaturation, annealing the strands by recombining the DNA and using the dNTPs to 

form the complementary strand of DNA. The TaqMan reagents copy the strands.  The reaction 

starts with a primer and probe attached to a quencher and fluorescent dye. The probe anneals to 

the sample DNA downstream from the forward primer. As the DNA extends, the probe was 

cleaved. When the fluorophore and quencher were no longer near each other, the fluorophore 

fluoresced.  This determined the amount of target DNA present. After the process was complete, 

there is double the amount of DNA compared to the start of the cycle as shown in Figure 2. 
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Figure 2. The amplification of DNA strands for each cycle using qPCR method 

(http://www.gmotesting.com/Testing-Options/Genetic-analysis). 

 

At the end of the run, the accompanying software package calculated a cycle threshold  value 

(CT) for each sample based on a predetermined threshold level, which gives rise to an genomic 

equivalent using a Microsoft Excel spreadsheet created by USEPA. 

Statistical Methods.  

Linear regression and the Index of Agreement (Wilmont et al., 2012) were used to analyze the 

test results and determine the comparability of methods. The Mann-Whitney Rank Sum Test was 

used to determine if the results of the qPCR results were significantly higher than Colilert-18® 

measurements.  The Index of Agreement calculation is shown in Figure 3. 
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Figure 3.  The Index of Agreement calculation formula (Wilmont et al., 2012).  X and Y 

represent the results of Colilert-18® and qPCR methods) 

False positive (Type I Error) represents rejection of the true null hypothesis where Colilert-18 

results would not have resulted in beach closure (< 300 MPN/100 mL) and qPCR results would 

trigger a closure (> 300 GE/100).  False negative (Type II Error) represents failure to reject a 

false null hypothesis where Colilert-18 results would trigger a beach closure (> 300 MPN/100 

mL) and qPCR results keep the beach open (< 300 GE/100).   

 Results  

The results varied widely for both the Colilert method and the qPCR method (Table 1).  

Table 1. Beach Conditions and Colilert-18® and qPCR results for water samples collected 

at Pere Marquette Park, Muskegon, MI 2018.   

 

 

The 6/12/2018 contained the highest results for both qPCR and Colilert. This may be due to a 

sewage leak on a tributary of the Grand River that occurred prior to sampling and presence of a 

SW wind that would push water to the north along the coast. Pere Marquette was resampled the 

next day with a SE wind and the results were below closure levels. The two highest samples 

Date Location
Wind Speed 

Direction
# birds Rain Events

People at 

the Beach

Colilert  

(MPN/100 mL)

qPCR 

(GE/100mL)

North 2420 4411

Center 229 299

South 50 261

North 30 274

Center 365 934

South 40 155

North 34 934

Center 222 1688

South 48 155

North 548 931

Center 166 346

South 4 131

North 125 346

Center 157 931

South 86 408

North 32 248

Center 45 265

South 22 40

7/5/2018

7/9/2018

6/12/2018

6/13/2019

6/19/2018

6/26/2018

2>72 hours1027 mph W

8 mph SW 100 >72 hours 5

5 mph SE 46 <24 hours 3

8 mph  SE 100 <48 hours 0

4 mph SW 65 <48 hours 1

7 mph E 70 <72 hours 15
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occurred at Station 1 near the channel seawall (Figure 1).  The lowest levels of E. coli occurred 

at the south location, furthest from the seawall.   

The Colilert-18® concentration results were compared to the qPCR CT values (Figure 4) 

and a significant positive correlation was determined (R2 = 0.8012).  The Index of Agreement  

 

Figure 2. Comparison of Colilert and qPCR Method Samples from Pere Marquette Beach, 

Muskegon, Michigan 2018. 

was 0.71.  The E. coli concentrations measured by the qPCR method were significantly higher 

than the Colilert results (p=0.001). No Type II Error was present indicating the qPCR did not yield 

false negative results.  For 6 of the 18 samples, qPCR results exceeded 300 GE/100 mL while 

Colilert-18® were below 300 cfu/100 mL, indicating 33% occurrence of false positive data at the 

current EPA guideline.   
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Discussion 

The EPA guidelines recommend the Index of Agreement (IA) to be ≥ 0.7 for method 

equivalency (US EPA, 2014b). If the IA is below 0.70, R2 must be > 0.6 for the verification of 

the qPCR method. The index of agreement and R2 suggests that these two methods can be used 

interchangeably.  This has been verified by literature as well. According to Dorevitch et al., 

monitoring multiple beaches using qPCR methods can generate precise and accurate data for 

timely public notifications regarding beach water quality (Dorevitch et al, 2017). There were no 

false negatives with respect to the 300 (MPN/100 mL) limits for Beach Advisory, which 

suggests that Pere Marquette beach would not meet body contact standards by qPCR and exceed 

safe levels by Colilert-18®.results predicting beach closure. According to the data, there are six 

false positives, suggesting that Pere Marquette beach would have been closed or under and 

advisory on six occasions when Colilert-18® predicted safe conditions. The data for qPCR are 

significantly higher than Colilert results because qPCR quantifies live and dead cells. This allows 

the results to vary widely in number. According to Liu et al, E. coli bacteria tend to survive 

longer in more turbid water and cold water than clear and warm water (Liu et al., 2006). Possible 

errors of this research include measuring error of pipetting and drifting of the instrument. These 

may have been the reason for some data samples failing and being undetectable by the qPCR 

instrument. 

 Although the RT-qPCR method that was used for this research, there are other methods 

for using PCR. This includes Reverse Transcriptase PCR, Multiplex-PCR, Nucleic Acid Based 

Sequence Amplification, etc.  Although qPCR has limited experience with the performance in a 

broad range of environmental conditions, the method stills serves as one of the most timely and 

most efficient techniques for qualifying bacteria (Sivaganensan et al., 2014). It has been 
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recommended to perform site-specific analysis of the method's performance before being used 

for beach notification programs (Sivaganensan et al., 2014). Another application that this 

research could be used for is to determine the source of fecal bacteria when it is applied to 

human and animal strains of E. coli (Silva and Domingues, 2015). Identifying the fecal 

pathogens is important in assessing and eliminating the bacteria from contaminating the beach 

water (Liu et al, 2017). 

Conclusion 

According to the data, the qPCR results for Pere Marquette were consistently higher than Colilert 

results. Since the beach is south of the Muskegon Lake Channel and north of the Grand River, 

these sources may contribute additional nonviable bacteria cells that result in elevated results. 

The Index of Agreement and R2 were consistent with EPA the acceptance values for Pere 

Marquette Data indicating method equivalency.  There were no false negatives and four false 

positives, which indicate that there were 6 times where qPCR exceeded 300 GE/100 mL and 

Colilert results, were below.  This would result in an unnecessary beach advisory. The data for 

two samples failed and were omitted due to possible analyst error and inhibition by organic 

material. These results should be confirmed with additional monitoring data over multiple years. 
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