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Monitoring Beaches Statewide in 
Michigan for E. coli with qPCR (USEPA 
Draft Method C)
Shannon Briggs, PhD
Michigan Department of Environmental Quality

Abstract

In 2015, Michigan initiated a statewide, 
rapid beach testing program by providing 
10 laboratories with $500,000 worth of qPCR-
related equipment. In collaboration with 
Michigan State University (MSU) and the U.S. 
Environmental Protection Agency (EPA), labo-
ratory personnel are being trained to use the 
EPA’s Draft Method C: Escherichia coli in Water 
by TaqMan Quantitative Polymerase Chain 
Reaction (qPCR). The training effort includes 
developing manuals containing standard oper-
ating procedures that can be easily followed by 
laboratory staff. Michigan's qPCR network of 
16 labs is connected with the MiqPCR listserv 
hosted by MSU. Beaches will be posted sooner 
and reopened faster because test results will 
be available the same day. Monitoring results 
are posted on Michigan's BeachGuard website 
at http://www.deq.state.mi.us/beach/. During 
the transition to qPCR methods, beaches will 
be monitored using both the culture and qPCR 
methods so that correlations between the two 
methods can be determined, allowing for future 
derivation of water quality standards for the 
new method.

Biosketch

Dr. Shannon Briggs is a toxicologist for 
the Water Resources Division of the Michigan 
Department of Environmental Quality (DEQ). 
She received her bachelor of science degree in 
animal science and her doctorate in pharma-
cology and toxicology from Michigan State 
University. She is a member of a planning 
team that will host the 2016 Great Lakes Beach 
Conference in Marquette, Michigan, October 
5–7, 2016. Dr. Briggs assists local health depart-
ments with state and federal grants for monitor-
ing beaches across the State of Michigan. She is 
leading a water quality initiative of the DEQ to 
provide rapid testing equipment and training 
for 10 new laboratories that will test beaches 
using the U.S. Environmental Protection 
Agency’s draft Method C (i.e., qPCR method 
for E. coli). Dr. Briggs is an active member, past 
president, and cofounder of the Great Lakes 
Beach Association.
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Rapid Analyses of Water Quality at Five 
Chicago Beaches, 2015
Abhilasha Shrestha
University of Illinois, School of Public Health

Abstract

In the summer of 2015, the Chicago Park 
District (CPD) enhanced its beach monitoring 
and notification through a pilot program of 
rapid molecular testing of beach water. Water 
samples were provided at approximately 8:30 
a.m. 4 days per week to the University of Illinois 
at Chicago School of Public Health (UIC SPH) 
Water Research Laboratory. The results of the 
rapid testing method, qPCR, were reported on 
the same day by 1:00 p.m. The CPD used the 
qPCR results to notify the public about mea-
sured bacterial concentrations. Previously, the 
CPD posted notifications based on the most 
probable number (MPN) of E. coli obtained from 
overnight cultures.

Water samples from five Chicago beaches 
were tested using the Enterococci qPCR. Similar 
samples were set up for E. coli culture analy-
sis by a commercial laboratory on the same 
days that UIC performed the qPCR test. The 
CPD used the U.S. Environmental Protection 
Agency's (EPA’s) Beach Action Values (BAV) for 
both the qPCR test results and the culture test.

Of the 270 qPCR tests, 23 exceeded EPA's 
BAV, and of the 270 culture tests, 67 exceeded 
the BAV. The results of E. coli culture test-
ing that became available on a given day (e.g., 
results that became available on a Thursday 
from tests of beach water samples collected on 
Wednesday) were frequently inconsistent with 
the current qPCR results (from water samples 
collected on Thursday). Our data suggest that 
beach water notifications based on qPCR testing 
presented a more accurate picture of same-day 
water quality than the prior-day's culture test 
results.

Biosketch

Ms. Abhilasha Shrestha is a doctoral stu-
dent in the Environmental and Occupational 
Health Sciences Department at the University of 
Illinois at Chicago School of Public Health (UIC 
SPH). She earned her bachelor of science degree 
in biology from the University of Minnesota-
Duluth and then worked as an aquatic toxicolo-
gist in a private laboratory in Minnesota for 
more than 2 years. She completed her master’s 
degree from UIC SPH in 2013, focusing on 
environmental and occupational health sci-
ences with a concentration in water quality and 
health. Ms. Shrestha’s research interests include 
studying the use of different indicator targets/
genes for water quality assessment. In her dis-
sertation research, she is focusing on molecu-
lar methods for rapidly evaluating infectious 
agents in surface water.
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Application of Rapid qPCR-Based Tests for 
Enterococci (Method 1611) in Hawaiian Coastal 
Waters
Marek Kirs, PhD
University of Hawaii

Abstract

To evaluate the applicability of the U.S. 
Environmental Protection Agency’s (EPS’s) 
enterococci qPCR method 1611 for beach waters 
of Hawaii, a total of 127 water samples were 
collected from 12 beaches on Oahu over a 
10-month period. The samples were analyzed 
using EPA methods for Enterolert®, 1600, and 
1611. Clostridium perfringens, human-associated 
Bacteroides, and human polyomaviruses 
also were enumerated. Concentrations of 
enterococci and C. perfringens varied from < 
10 to 389 colony-forming units (CFU) 100ml-1 
(Enterolert®), from < 1 to > 151 CFU 100ml-1 
(1600), and from < 1 to 96 CFU 100ml-1 (mCP). 
Four samples (3.1%) analyzed using Enterolert, 
and two samples (1.6%) using method 1600 
exceeded the EPA-recommended statistical 
threshold value (STV) of 130 CFU 100ml-1, while 
C. perfringens concentrations exceeded 50 CFU 
100ml-1 in a single sample (0.8%), indicating 
generally good water quality at the beaches 
studied. In the samples exceeding the STV, 
human-associated Bacteroides was detected in 
a single sample, while human polyomaviruses 
were not detected. Importantly, 88 samples 
(69.3%) tested using method 1611 could not 
be quantified because of the PCR inference. 
After those samples were diluted in molecular 
grade water (1:10), the majority of the samples 
(85 samples, 66.9%) remained compromised 
by the PCR inference. In contrast, for an addi-
tional set of monthly samples (n=39) collected 
at three sites from the brackish Ala Wai Canal, 
only a single sample was compromised (2.5%). 
Although good agreement existed between the 
methods for enterococci when samples were not 

compromised, our data indicate serious short-
comings for the recommended qPCR method 
1611 for enterococci enumeration for Hawaiian 
beaches. New technology that alleviates inhibi-
tion issues for qPCR is being evaluated.

Biosketch

Dr. Marek Kirs is an assistant researcher 
at the Water Resources Research Center of the 
University of Hawaii. He received his bach-
elor of science degree from Tartu University in 
Estonia, his master of science degree from the 
University of Edinburgh in the UK, and his 
doctorate from the University of Rhode Island. 
He also has completed postdoctoral training at 
the University of North Carolina at Chapel Hill. 
More recently, Dr. Kirs worked at the Cawthron 
Institute in New Zealand, where he was 
involved in establishing microbial source track-
ing services and lead microbial water quality 
research and consultancy projects. His research 
focuses on a wide range of microbial water 
quality and related public health issues.
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Multi-Laboratory Survey of U.S. EPA 
Enterococci qPCR Methods Acceptability for 
Analyses of U.S. Coastal and Inland Waters
Richard Haugland, PhD
U.S. Environmental Protection Agency, Office of Research and Development

Abstract

The U.S. Environmental Protection Agency 
(EPA) offers two similar quantitative poly-
merase chain reaction (qPCR) methods, method 
1611 and method 1609, for the rapid estimation 
of enterococci fecal indicator bacteria densities 
in recreational surface waters. Water quality 
monitoring results from either of these methods 
can be compared with 2012 EPA Recreational 
Water Quality Criteria (RWQC) values for 
site-specific notification programs if the meth-
ods are demonstrated to meet performance 
acceptability guidelines at the site. Current 
site acceptability guidelines that are available 
from EPA recommend a maximum frequency 
of 10% of samples that can exhibit excessive 
sample matrix interference to the EPA methods 
as assessed by results and acceptance criteria of 
the sample processing and/or amplification con-
trol assays prescribed in the methods. Here we 
report the results of a multi-laboratory survey 
of 22 different marine, Great Lakes, inland lake, 
and river or stream sites from across the U.S. for 
their potential acceptability in implementing 
methods 1611 and 1609 based on these guide-
lines. Combined laboratory results from 20 and 
16 of these sites were found to meet the guide-
lines using methods 1609 and 1611, respectively. 
The benefits of augmenting the control assay 
results with qPCR analysis estimates of recover-
ies of target sequences from enterococci that are 
spiked into the test samples also are presented. 
Results from the analyses in this study indi-
cated that the recommended protocol in method 
1609 provided the greatest assurance (>98%) of 
preventing excessively underestimated entero-
cocci densities (< 50% recovery) caused by 

matrix interference in samples meeting control 
assay results acceptance criteria.

Biosketch

Dr. Richard Haugland is a microbiologist 
in the Environmental Methods & Measurements 
Division of the National Exposure Research 
Laboratory. He received his bachelor of science 
degree in biology from Muskingum College, 
Ohio, and his doctorate in developmental 
biology from the Ohio State University. His 
past research has addressed diverse prob-
lems including biodegradation of hazardous 
chemicals in the environment, assessment of the 
microbiological quality of indoor environments, 
detection of biothreat agents for homeland 
defense, and most recently, monitoring ambient 
water quality using bacterial indicators of fecal 
pollution. Since joining the U.S. Environmental 
Protection Agency (EPA) in 1991, Dr. Haugland 
has authored or coauthored more than 60 pub-
lications and has received a number of awards 
for his work, including the EPA bronze and gold 
medals. 
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Towards Field-Portable Instrumentation for 
Real-Time Water Quality Monitoring Using 
Digital Droplet PCR
Kevan Yamahara, PhD
Monterey Bay Aquarium Research Institute

Abstract

The release of the 2012 Recreational Water 
Quality Criteria allows beach managers to 
utilize quantitative PCR (qPCR) for routine 
water quality monitoring. While methods used 
to assess water quality have advanced, tech-
niques for automating the process have lagged; 
few technologies exist that fully automate the 
water quality monitoring process from sample 
collection to delivery of quantitative results. 
The Environmental Sample Processor (ESP) is 
one tool that may enable researchers and beach 
managers to monitor beach water quality in an 
autonomous manner.  Current development of 
the ESP system is designed to allow for in-situ 
sample collection, sample lysis, and continuous 
flow digital droplet PCR (ddPCR) to quantify 
the Enterococci 23rDNA gene and other source 
tracking targets.  Processes performed using the 
new ESP system, including sample collection, 
DNA extraction, and ddPCR quantification, are 
shown to be equivalent to traditional laboratory 
methods using real-time qPCR for quantifica-
tion of enterococci. Quantification of enterococci 
gDNA by the continuous flow ddPCR instru-
ment developed during the course of this proj-
ect is positively correlated with quantifications 
using the BioRad ddPCR instrument (slope = 
0.72, R2 = 0.99, p=0.0001). The evolving ESP/
ddPCR technology may provide a new plat-
form for conducting water quality monitoring 
tests that can be packaged in a portable, field-
deployable unit, reducing sample handling and 
complex assay standardization associated with 
traditional qPCR.

Biosketch

Dr. Kevan Yamahara is a research special-
ist at the Monterey Bay Aquarium Research 
Institute (MBARI) in Moss Landing, California. 
He earned his doctorate in environmental 
engineering and science at Stanford University, 
where his dissertation focused on the fate and 
transport of fecal indicators and pathogens in 
California beach sands. At MBARI, he focuses 
on developing new technologies for biologi-
cal monitoring of the marine environment. 
Dr. Yamahara is currently developing field-
portable instrumentation for monitoring fecal 
indicators and source-tracking markers and 
autonomous vehicle instrumentation to detect 
environmental DNA of marine phytoplankton 
and vertebrates.
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Question & Answer Session

Question 1
(Unknown): How long does it take for a digital droplet?

Answer 1
Kevan Yamahara: It’s about the same time as for the qPCR [quantitative polymerase chain 
reaction] system; we could reduce the number of cycles so we are looking into that.

Comment 1
(Unknown): Rumor was that it takes 5 hours for results with digital qPCR.

Comment 1 (follow-up)
Kevan Yamahara: No, it is probably less than an hour.

Question 2
(Unknown): How do you keep the integrity of the sample once you launch it? When the sample goes 
from point A to point B, how do you make sure the second site doesn’t have the carryover from the first 
site?

Answer 2
Kevan Yamahara: We have looked at how to flush the system out. We let it sit for 15 to 20 min-
utes, then flush it with a solution, and are working on a handoff system between cartridge 
handling (based on bleach or other solution).

Answer 2 (follow-up)
John Griffith: We work closely with EPA. It’s not ready for prime time, but in the upcoming 
year it will be comparable to regular qPCR. We’ll communicate with EPA as usual.

Question 3
Steve Weisberg: For Shannon Briggs. I find this session to be gratifying. I took a look back at prior 
beach conferences. I looked back at the needs back then, then how we started developing the newer 
technologies to respond to those needs, then how we started getting more specific, then getting into 
application and learning from the challenges. It is great to see the transition from concept and method-
ology to the application. But, what is next? You put effort and resources into training these laboratories 
in qPCR, but who is watching you? Shannon, you invested a lot in this equipment, and it could be 
replaced in a few years. Was this a good time to make the investment?

Answer 3
Shannon Briggs: Yes things have evolved. The certification process has changed. We’re not 
near drinking water yet; we discussed this last night. The site-specific document that came 
out in 2014 is a bit of a guidance that proves we are doing something right. But it’s a day-by-
day thing. Kevan’s stuff looks very promising. This thing landed on us by chance—the con-
nection started because of a public meeting. But, yes, I have 5 years to make it work.

Question 4
Suzanne Young: For the extraction methods for DNA, is everyone using kits?

Answer 4
Abhilasha Shrestha: It was a crude extraction for us.

Answer 4 (follow-up)
Kevan Yamahara: Ours was crude with a DNA sequence. We used a gene extraction kit.
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Answer 4 (follow-up)
Rich Haugland: Ours was also crude.

Question 4 (follow-up)
Suzanne Young: So, there is a time lag if you need to do additional dilutions or spike controls, or add 
on more assays. There is a difference between EPA methods and more practical or applied methods.

Answer 4 (follow-up)
Rich Haugland: Site characterization, look at your site to see if you can get good results. The 
control assay or spike control assay maybe could be done. Need to characterize your site as 
part of the decision process.

Question 5
Keri Kazcor: For inhibition, is that more in marine waters? What is causing it and what can be done?

Answer 5
Marek Kris: We have a beach on the north shore. Should have groundwater; why is there 
brown water in Hawaii? Had a lot of salinity. I think it’s mostly an issue in freshwaters 
impacted by human sources. So, dilute the sample to deal with inhibition. In Hawaii we are 
trying to do slow speed centrifugation. We think the speed is a factor. Not sure what else.

Question 5 (follow-up)
Keri Kazcor: Are you sure there wasn’t a great correlation between culture and qPCR?

Answer 5 (follow-up)
Abhilasha Shrestha: If you look at the same water samples you see a correlation. But you don’t 
see it with today’s qPCR results, and yesterday’s sample. Your results can vary within 6 
hours and even more so within 24 hours of the culture results.

Question 6
Mark Sobsey: All of the presentations were about bacteria. I’m curious if anyone is applying these 
methods to coliphage. They have the short-term advantage, and can be detected in low numbers. Are 
any of you working on coliphage molecular detection? If interested, come by my poster where I present 
a new method.

Answer 6
Shannon Briggs: We have a researcher doing molecular qPCR work. You have to have a very 
expensive filter.

Comment 6
Mark Sobsey: No, there are other really simple ways.

Answer 6 (follow-up)
Shannon Briggs: We are looking at viruses in beach water.
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