Wednesday, April 13
1:20 p.m.—2:50 p.m.

Session 3:
Recreation Water Monitoring and
Implementation Challenges/Successes
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Monitoring Beaches Statewide in
Michigan for E. coli with qPCR (USEPA

Draft Method Q)

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 TagMan Quantitative Polymerase Chain
Reaction (qQPCR). 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 MigPCR 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., gPCR method
for E. coli). Dr. Briggs is an active member, past
president, and cofounder of the Great Lakes
Beach Association.
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Monitoring Michigan Beaches Statewide
for E. coli with QPCR
Qr;aﬂMe@d,C June 2015)

Shannon Briggs

- briggssa@michigan.gov

11,000 inland lakes

77,000 river miles

1,200 public beaches

4 Great Lakes

3,288 miles of coast

5.5 million acres of wetlands

onitoring
“typical stats”

open
rt action, n= 84

- Most actions are 1 to 2 day

Path to qPCR for Beach Testing Path to qPCR for Beach Testing
Kary B. Mullis 1985 Dr. Joan Rose at 2003 Monitor Beaches
invents PCR Michigan State with local, state &

University federal funds
1986 - B Water Fellows 2005 Identify Impaired

i ‘2'5525‘3:#21"" Lectures & Beaches
Baleria - 1986 Discussiaon
2000 BEACH Act Microbial Source 2007 Beach Sanitary
Tracking (MST) Survey Tool
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Path to qPCR for Beach Testing

QPCR & Beaches

2010 MST at Impaired Beaches

2011 Training Manual & Video for Beach
Testing with QPCR

2012 Public Meeting for MST Results

U.S. EPA Rec Water Quality Criteria
Includes Enterococci QCPR values

$500,000 for 10 New Labs

= State of Michigan provided $500,000 to DEQ
for rapid beach testing equipment

* Only health departments have authority to
test beaches

* DEQ sent letters of invitation to 45 health
departments responsible for 83 counties

* 13 responses and description of lab capacity

QPCR Lab
at Lake St. Clair

Metropark Beach gy
$100,000 for equipment ket

o 2% e

Park renovated office to lab (550,000) '

Questions and Details

*« Commitment & Expectations in Memorandum
of Understanding between DEQ and HDs

10 Health Departments signed MOUs

* MOU included equipment list with 50" items
for each HD

$30K for Training and Support from MSU
just added $28,000 more

i D i, © 6 Existing qPCR Labs
S : O 10New qPCR 1 abs

The manual and individial chanters are ndf files. You will need Adohe Reader ta view the files- click hers fo
et Adobe Resder il you don't already have it.

e e
A'Guldance Documant for Testina Recraational Waters Using EPA aPCR Mathod 1611
A. Aslan, . Kinzelman, . Dreelin, T. Anan'eva, and J. Lavender

Chanter 7

Data A
Chapter 8 Conclut
Chapter 9 Stratagias for Saving Time During GPCR Analysis
GiGssary ana Kererences
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Youl[[D

‘ Performing the qPCR Assay
i for Enterococcus

gPCR Training Video

=
= CEE - 89,291
sos More o 17

Path to qPCR for Beach Testing

QPCR & Beaches

2014 10 New QPCR Labs (15 total)
U.S. EPA draft Method C
{QPCR - E. coli)
2015 Equipment Ordered & Delivered
Samples filtered & frozen
Train the Trainer for QPCR

Path to qPCR for Beach Testing

QPCR & Beaches

2016 4-day Training on Draft Method C

Stockholm Water Prize awarded to

2016 Laureate

Dr. Joan Rose
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How would you rate your confidence in
your skills for each step of gPCR?

-~

m Before
H After

o Ayeragg Rating of Confdenge

Pipetting  Preparing  Filtration DNA Running DNA
Reagents Extraction  StepOne Analysis
Step in qPCR Analysis Plus

Alternative Indicator TSM
(RWQC section 6.2.3)
——

Site-Specific Alternative Recreational Criteria
Technical Support Materials
For Alternative Indicators and Viethods

Health and Ecological Criteria Division

Dacamber 2014

Figure 1. ing

tap 3: Does the alternative
en

TNk the alternate
Indicator/method

cormelates dieectly with
health?

heakth
relationships
T5M

Path to qPCR for Beach Testing

(0] & Beaches

2016 Multi-lab Validation Study
2015 & 2016 Samples tested
Review Colilert & QPCR Results

-

Alternative Indicator TSM
(RWQC section 6.2.3)

I have 2 candidate
alternatve
indicator/method and |
think the current EPA
method is providing a
good measure of the
health-besed goal.

| want to use an altermative
indicator/method other than
specified in the RWQC.

Stepl: Ducument the performence
of the alternative
Indicator/method

Adopt National
Recommended
Criteria

Is the assay performance
acceptable?

Step 2: Gather water quality data
for alternative indicator/method
and EPA indicator/mcthod

L

Path to qPCR for Beach Testing

QPCR & Beaches

2017 Samples tested and reviewed with
previous 2 years

2018 Continue sampling
Present equivalent QPCR results to
USEPA and Local Health Officers

2019 Beach status determined by
QPCR mcthods
Molecular Source Track Training?
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Michigan Beaches

1225 Public Beaches
543 Private Beaches.

No Current Ciosures or Agvisores

Agency Notwark Public Intornot myhll'l:lﬂ
& e CZ e -
BegcGumed N (suL Server) !
Adminisiator Sesshiand
B—-"h Nleﬁ .t Ad Hoe
® oo T [ oot
-t Subit
OpanNada2 I]N2 WOxPlugin === B | | oy 0
Adminictrater £ EPA CDX

OpenNode2

Sleeping Bear Dunes Photo by Steve Keighly, Winner of the Instagram
Beach Photo Challenge for favorite beach to take a long walk.

Beach Sanitary Surveys
http-//www2 epa_govibeach-tech/beach-sanitary-surveys

GEPA i

Leamtholosucs  Scienco @ Technology  Lawo & Rogulations  About EPA

Reldted Topits. Technical Resources about Beaches omaLUs  aee
Beach Sanitary Surveys

On this page:
o Backurou
Marine Reach Sanitary Sunvey « Find vour Beach
Great | akes Sanitary Strvey

Other sanitary Survey Information

Background
A zanitary survey iz a method of ing the sourees of facal to a water body. Sanitary

Beach Sanitary Surveys

Great Lakes Beach
Sanitary survey
User Manual

Canine Scent Tracking

Enwron mental Canine Services

Karen and Logan Seott and Sabla ol Slophanio and Kana

P
Dan and Ahhay 1aura and Kenna
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Remediation
landscaping

redesign slope of beach, groom beach

S

o _’____.._-—-"""'_: i
~ Great Lakes, ﬁaaaé ﬂ«ﬂf’ﬂdlam

Working together to impr

Evenls BEACHNET Discussion  Great Lakes Beach Conference

qQuality

Additional Info

TSttt
y Gr‘eat Lakes 56&04 #&’6’0&/&&0“

Working together to improve récreational beach waterquality

Home Aboul Headines Events BEACHNET Discussion Great Lakes Beach Conference  Adattional Info

Beach listservs

beachnet@great-lakes.net

MIQPCR@LIST.MSU.EDU

beachinfo@lists.epa.gov
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Rapid Analyses of Water Quality at Five
Chicago Beaches, 2015

Abhilasha Shrestha
University of lllinois, 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
gPCR 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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Rapid Analyses of Water Quality at Five Chicago Beaches, 2015 Overview
® Introduction
* Methods
» Beach Action Value (BAV})
* Results
» Data quality

» E. coli culture results

s Fnteracocci qPCR resulis

» One day delay In E. coff results, and associations with qPCR results

s 4 i
Abhilasha Shrestha, PhD Student

o @

g :E z Ira Heimler, Cathy Breitenbach, Semuel Uorevitch » BAV exceedance afler 0.5 inch of rain

E 5"3' w 5 U.5. EPA's Recreatlonal Waters Conference & Conclusion

z E:‘;: Awil 13, 2016

o it " R

s * acknowledgment e Do

Chicago, IL

W

Methods

W

Introduction
+ Chicago: 26 miles of public Racid Analvses of Water Guality ot Five Chicago Beaches. 2015 * PCR at UIC 1ah, Tuesday-Friday, May 76 - August 30, 2015
beaches ® Culture tests: Commercial laboratory, Colilert® method

= ~20 million visitors annually * 1l samples, 2 transects each at 5 Chicago beaches (N-270)

* Chicago Park District: 27 beaches * Delivered at approximarely 8:30 AM

= Point source discharges are rare ® Quantified for Enterococci DNA using the USEPA Method 1611 with

* Monitoring: Culture-based one modification

melhods such as Colilert® i
* Results reported to the CPD on the same day by 1:00 PM

|

* Priar-day culture = poar
predictor of current conditions

* 2015: Pilot program with UIC
¥ 5 Chicago beaches

=
® 9 -

e

Data quality
* gPCR Accuracy: Standard curves

Beach Action Value (BAV)

Estimated Tllness Rate Estimated Tllness Rate » Nine standard curve runs, each in triplicate, initially and every two weeks
(NGI): 36 per 1,000 (NGI): 32 per 1,000 » R‘=0.9957 (high accuracy)
primary contact primary contact = g v,
recreators recreators Standard  05% lower 95% upper
. BAV . BAV Parameter Mean deviation bound bound
Indicator (Units per 100 mL) (Units per 100 ml.) Slope -3.4945 0.0202 235345 -3.4545
Enterococei - culturable — g | intercept 38.2320 0.061 32.1122 283535 |
FRES ) P Ap——— [ 1~ | S—— 60 ¢fu % . .
: E. mli’ culturable : OR * gPCR Precision: Calibrators & sample processing controls {SPC}
" y35°¢ 90 ¢
§ Uresh) 235 cfu 1 190 cfu » 55 calibrators
1 Enterococcus spp. — 1 ‘
1 qPCR (fresh and m 1,000 cce | 640 cce | Variabie CTmean CT standard deviation  Coefficient of variation
* Euterococes measured using EPA Method 1600 (U.S. EPA, 2002a). or another equivaleat methiod that measures Sample processing contral 2300 028 11%
culturable enterococci [ Enteroeacei ealls 7608 (=) 205% |

E. coli measured using EPA Method 1603 (U.S. EPA. 2002b), or any other equivalent method that measures
culnuable E. coli
 EPA Enterococcus spp. Method 1611 for gPCR (U5, EPA, 2012b). See section 5.2

‘SDUPLE: USk PAHECTEATI ONal WaTar UUaIty Uens, U1

qPCR Inhibition:
» Of the 510 total beach samples, only two (0.37 %) exceeded the 3 CT unit
offset; other two (0.37%) had offsets in the 2-3 cycle range
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E. coli culture (MPN/100mL geomean) Enterococct qPCR (CCE/100mL geomean)

25001

Note: OCE valueswere truncated 2t 2400

" 3 a »
bae
O8Ch = CL wwm NN =mer RB = 58— 5T
: e 7 7 ; Range |No Exceedance
| Beach MeanMER Rogzeluinpl i " _ m LFRAV (R

_Momntrosc  SEELULEY {24.9->2420.0) (27.1-5600.0) 49(90.7) 5(9.3)
famSrreet RTINS (14 - %9490 8) 2409 Q4.2077.0) 49(50.7) 5003
1678 (55+>2420.0) 050 Gosarms®  siloaa (A
Ralubuw 186y (2.8 - 1wz0.p) 5019 (22.2-10285.8) 49(00.7) 5(0.3)
2578 (6.0 - 21329} = | 4HU.L (20.6-3854.3) 4y (gu.7) b (©.3)

Time series graphs of daily measures of culture and qPCR One day delay in E. cofi results, and associations with qPCR results
[ —— Bal . 4ol and Entecorosc o Ranbow Bonch * Beach management decisions based on taday’s gPCR results and the E. coli

- ‘ B \ results from yesterday’s water sample were not associated, with the

exception of 63rd Street beach.

H { : * Prior day culture results frequently lead to the erronecus decisions when

L /1 / - compared to the same day qPCR results as the gold standard.

MUN TRUOSK

TR B & i - i - A, 637 STREET | Prior da\ ulture
. . O e G 2

S =5 5 2
A “ 9 37
12
= OR6. 17(.111, 250

Beach Pearson’s R pvalue
Montrose 0.78 <.0001 SOUTH SHORE ‘ ulture
62rd Street 078 <0001 ;
South Shore 068 <0001 _ 2
- - © 8 n &
Calumet 0.69 <.0001 I OR114(0.12,15.55) P ORo.7a (0.42,437)

BAV exceedance after 0.5 inch of rain Conclusions

* QOdds of exceeding either the £. cofi culture MPN BAV or the o
Enterococci qPCR CCE BAV were increased

* EFnterococo qPCR: Odds ratio 4 26 {154 — 11 43)

Accurate, precise gPCR results can be available by 1:00 PM.

* Daily qPCR CCE values resulted in BAV exceedance less frequently

+ £ coli Culture: Odds ratio 1.90 (0.85 — 4.24) than the E. coli culture results (8.5% vs 24.8% of samples).
CCE <1,000 CCE=1,000 Total * Inhibition of the gPCR reaction was rare (<1% of samples).
<0.5inches past 24 hours 224 (93.3%)  16(6.7%)  240(100%) * Results of E. coli testing (from prior day water samples) were not
20.5 inches past 24 hours 23 (76.7%) 7 (23.3%) 30 (100%) 5
consistently relaled Lo gPCR resulls.
Total 247 23 270
® Beach management decisions should be based on same-day
MENS23S  MENE 233 Total rather than prior-day information.
<05 inches past 24 hours 184 (76.7) 56 (23.3%) 240 (100%)
0.5 Inches past 24 hours 19 (63.3%) 1136.7%) 30 (100%) * Heavy precipitation tends to increase Fnternrocei qPCR CCF
Total 203 67 270 results significantly, and to a lesser degree, E. colif MPN.
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s T e

Future Projects Acknowledgement

* Archived filters X : . B . o s
T'unding for this project was provided by the Chicago Park District.

» Lvaluate the concentration of a human-specific molecular

target like HF 183. ]

: = .8
Summer 2016 ; <z E
> qPCR testing expanded to additional beaches, particularly g ; g = E
thase that tend ta have relatively frequent BAY exceedance g E : ; 5
based on E. coli culture results. E a a E g E
> 9 heaches, 5 days a week, Wednesday- Sunday. E E 3 Ii‘ g E

e

» Goal: Earlier sample collection and results by noon.

T
THANK YOU
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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 JPCR 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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Application of rapid qPCR-based
tests for enterococci (Method 1611)

in Hawaiian coastal waters
Marek Kirs, Denene Blackwood, Rachel Noble,
Philip Moravcik
April 13, 2016
U.S. EPA’s 2016 Recreational Water Conference, New Orleans

©
wmere [l

TTMANOA

AN
A

WRRC

UNC

INSTITUTE of
MARINE SCIENCES

Hawaii and rapid methods

HI extremely well suiled:

* ~8 million Lourisls per year, many high use beaches
{Waikiki beaches, Ala Moana)

* Beaches are easy to reach {easy to sample and post)

Rapid accurate methods would make difference (ruining
on not ruining a person vacation)

So far two samples have been analyzed from Hawaii(?)

The study

e June, 2013 — April 2014

* 12 beaches (HI DOH}

e 11 samples per beach (except Waimea Beach},
« Total 127 samples

¢ Measurements: enterococci by membrane filtration {mEl},
Enterolert® , and by qPCR (1611) as well as analyzed for MST
markers (human associated Bacteroides, and human
polyomaviruscs)

¢ Another parallel study June 2013-2014 in Manoa
Stream - Ala Wai Canal: 9 sites, 12 samples per site

ewage spill now estimated at -
500,000 gallons; Visitors urged
to stay out of Waikiki water
: 2015

2015
deserted after sewage spill

0060
Hawsaif legendary Waikili beach

Water Resources Research Center
at the University of Hawaii

Mission

The Center’s mission is to identify water and environmental

problems and provide solutions by:

« Conducting research that identifies, characterizes and
develops solutions for water and environmental problems
in Hawaii;

¢ Providing opportunities for graduate and undergraduate
students to prepare them to be leaders in water and
cnvironmental rescarch;

¢ Assisting communities in Hawaii and the Pacific to address
warer and environmental problems;

* Providing science-based information to help inform
decision-making activities in Hawaii and Pacific Islands.
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Water quality

Enterococci
Enterolert® Method 1600{mEl)
4 15

GM CFU 100 ml?

Water quality

Enterococci
Enterolert® 1600 {mEl}

GM MPN 100 mI™ ¢ e stviazocrutoomiy  GM CFU 100 mi

Water quality

Clostridium perfringens

b
A4

A ]
9% /0 3 59 1.0

111 0'90.9

GM CFU 100 ml* Exceeding 50 CFU 100m|

Water quality

Human-associated Bacteroides ; human polyomaviruses

lluman-associated Bocterofdes sources in l11:

Source Concentration {gc g}
Humans 2.5x108
Cats <1x10?
Chickens  3.1x102
Dogs 1.3x10°
Mongoose  1.6x10%
Pigs <1x10?

+ Other than human sources exist

Water quality
Summary

* Fnteracocei and C. perfringens indicated good water quality

on the beaches studied
+ 3.1% of the samples exceeded STV for enterococci by Enterolert®
* 1.6% of the samples exceeded STV for enterococci by method 1600
¢ Only a single sample exceeded both , the STV for enterococci and

threshold level for C. perfringens

* Human sewage was not conclusively identified as the contamination

sopurce in any of Lhe coaslal samples based on Lhe markers

Rapid Method Application (1611)

PCR Inference {inhibition)

PCR inference can be caused by:

* Mechanical blocking of the enzyme, template

¢ Physical and chem. modification of the enzyme, template
¢ Binding and chelating of other chemicals necessary in PCR
*  Other..(see Schrader et al, 2012, 1. Appl. Microbiology 113: 1014-1026)

PCR inference results in:
+ Scvere underestimate of bacterial concentrations
* False negatives
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Rapid Method (1611)

PCR Inference {inhibition}

PCR inference was measured:

Ampliificstion

@
b}
c
ot
9
g
c

=

[

Iskela

10 20
PCR cyctes

AC >33 cycles)

Rapid Method (1611)

PCR Inference 1:10 diluted

67.7% samples
still compromised

- 4 i
% compromised samples 3%‘5& 455
(AC ez 23-3 cycles)

Rapid Method (1611%*)

Comparisons with cultivation based methods (combined set}

107

1-80 A
1A-0.93 s
10| R2=0.847 //
B,
.
i D
= ‘!;h." B
1ot B
watel T
L
{2 T T T T
Cnterolert
=
1A=0.844 -
10| R2=0.777 e
g Ew "
3 & ¥ =t o
- 99 = 2 St =
2 T 2 o5 /.' %
n=32 107 / .
1A=0.884
i ’ i ’ = 0| w !t . -
o w1 w1 e 0w o e s s o

Rapid Method (1611)

PCR Inference

Total of 69.3% samples
compromised

0% samples extracted using
commercial kit compromised
(ACyy0 % 061)

(mived cellulose filters)

(Actsketa 23.3 CVCIes)

Rapid Method (1611)

Ala Wai

Description n Salinity Compromised

(ppt) (%)
A Coastal 13 349 76.9
B Canal 13 276 77
¢ Canal 13 234 0
D Slream 13 6.8 0

Rapid Method (1611%*)

Beach management decisions (combined set)

Methad 1600
% | cluse Qpen
Clnce 68 5

Enterolert®
Open 7 20
Method 1611 Method 1611
% | Close Qpen % | Close Open
Close 11 33 Mecthod | Close 40 9
Enterolert® 1600
Open | 0 | 56 open | 11 | 40
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Rapid Method (1611)

Summary
Good water guality of the beaches sampled

PCR inhibitors can compromise application of
rapid qPCR based methods in Hawaiian coastal waters

There was good agreement between enterococci concentration
estimates as well as beach management decisions based on
all three methods

Rapid accurate methods are highly desired in HI
{number of beach goers, distances, impact)

Acknowledgements

Contributors:
Dr. Roger Fujioka
Dr. Valerie Jody Harwood
Dr. Mayee Wong
Ms. Martina Frycova

Clean Water Branch {HI DOH)

Funding:
National Institute of Water Resources (USGS) and
start up

Rapid Method (1611)

Future plans

A study funded by the Sea Grant College Program/NOAA:
1) identify cause,

2)troubleshoaot, and

3)secondary assay needed

Coral sand?
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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 (QJPCR) 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 gPCR 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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Multi-laboratory survey of U.S. EPA
enterococci gPCR methods

acceptability for analyses of U.S. Study backg round

= QPCR mcthods can provide rapid (same day)
estimates of fecal indicator bacteria (FIB) densities in
recreational waters.

+ Enterococci FIB densities determined by qPCR have
been found in a series of epidemiclogical studies.
(U.S.EPA NEEAR studies and others) to correlate with
bather gastrointestinal illness rates.

- Based on these observations, gPCR density values for
enterococci are provided in the U.S.EPA (EPA), 2012
Recreational Water Quality Criteria (RWQC).

- Office of Research and Develoniment National Exnosure Research Latiorafors a1z, 2016 F

SEPA SEPA

Unitad States United Statas
Environmental Protection Environmental Protection
Agency Agency

Study background Study background

« 2012 RWQC further indicates that: “overaff testing of the + EPA has provided guidclines for d‘ﬁcrmﬁ”iﬂg_ acceptability of
GPCR method with different types of ambient waters, and by gPCR method performance at prospective sites based on
different iaboratories, remains limited and (EPA) anticipates that lhe percenlage of samples passing Lhe conbiol assay
there may be sifuations aft some locations where the performance acceptance criteria specified in the EPA methods:
of the QPCR method may be inconsistent’. (http:/ivww2 epa govicwa methods/other clean water act

« For this reason, the RWQC suggests that: “states test-methods-microbiological).
evaluate the QPCR method with respect to laboratory « EPA offers two methods (Method 1611 and Method 1609)
Bogoiinics andisamplcnicHeiEhoc IgicIplo Spoc e Wateys that can be evaluated at prospective sites for their ability to
prior to developing new or revised standards refying on this

ot meet these performance acceptability guidelines.

= =

‘Site name. Site  Water body type Location .
& et Study sites
Y4 PA = o virginia Key A Drackish Stream (D5)  Miomi, Mlorido,
[ s
T e STUCY Objectives ot 1 e e e : :
i
i csssepaer ot Ao = (s e
: rover
« Use the two EPA methods and different EPA-recommended Ok creek o River o suream (RS) SOUlh Millwaukee, Wismnsin
or alternative method permutations to: ok e £ Rwerorsueam(Rs)  Kenost, wisonsin
: : Lciewiam fver £ Kwer or sream (k5] Near moun, Gnciat, oni
1. Determine the percentage of samples passing CPA Method e Rrdri] 16| | Rbinron Sreami(RSI1) (RERATANC BN Tambac Hofda
i D H = 3 [Rrnnks Rearh H Inland 1aka {Il) Rurkeye 1 ake, Ohis
specified a_nd alter_natlve control analysis acceptance criteria ket e e e e
from a variety of different water body types based on analyses e e e ke
- e Sends Beadl i e Carol, Forida
ol shared samples by mulliple labs. FischerparkBeach L Infand Lake (L} frowns Lake. Wisconsin
5=t e _— oyl sk Dark M karel a1} Bavin, Wherorin
2. Evaluate the reliability of the controls in identifying accurate B
: : orm sesen N iy ane, vsconsm
sample analyses ba_aseci on estlmatl_afi recoveries of targst gens s S s e R ettt
sequences from spiked enterococci in these water sample octerd st E R P it
matrices. MewportDunes  m PoeificOceon (00]  Newnore, California
et
|lockey's Ridge Beach S Atantic Ocean (AG)  Outer Banks, North Carolina
[South Rags Head T Atantic Ocean (AQ) Outer Banks, North Careling
[Beach
i, wrightsuille u Adantic Ocean {AG)  Wilmington Morth Carclina
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Frarn “Mult-laboratory survey of aPCR enterococci analysis method performance in US. coastal and inland surface
watersHaugland.” by R. A, Haugland. S. Siefring. M. Vama. KH. Oshima, M. Sivaganesan. Y. Cao. M Rath.J. Grifiith, SB.

F Weisherg, BT Nohle, ANV Rackwnnd, | Kinzelnan, T Anan'sva, R N Fuishan, V.l Harsnnd, KV Gardon, and ©
Siigaliann, JF.J Uirobiol Moshocs 13, g 114108
S EPA Matrix interference control

U Sintea

s analyses & acceptance criteria

Control Analysis Acceptance Criterion Reference
Salmon DNA sample test sample CLwithin 3 EPA Methuds 1611
processing control (SPC)  wnits of positive control & 1609

assay samples

Competitive Internal test sample Ct within 1.5  CPA Method 1605
Amplification Control units of negative control & updated Method
{IAC) assay samples 1611

Enterococcus assay Ct test sample Ct shift within -~ Cao et al., 2012*

shift across undiluted - 5x  2.32 +1 units
sample extract dilutions

H *1. Appl. Microbsial, 112, 8875

SEA Overall results

EeYeeR Of l:ement nf» Peffent of ACt Pertlen( ofanct
faathes Total analyses. el a-;::‘;p;::s-: : a::l ’s:sw'::'n all;:l r:sw_:r':n
ly: s u; lyses withi lyses wi
Lamale Extracy (N} RASSINE SHC G | oty clain 50-200% 50-200%
llstieal Lo critefion{Capet  recoveryrange  recoveryrange
assay citena i " i
Lt al) sTM/scm sTM/sem
1605 {1x) 732 09% 01% 71% 21%
1609 (5x) 775 9% Not determined 85% 9%
1611 {1x) 732 ~60% Not i Not d inad  Not
1611(5%) 8 94% Ot determined 8/% 8a%"

F “Percenlaye reduced by a yroup ol sample analyses lhal would nol meel current QC crileria

SEPA Sample analysis methods and
s parmutations

Method PCR Master Extract Dilution Calculation
Mix Reagent Analyses Models

EPA Method Universal Sx-diluted extracts Detlta-Delta Ct

1611 Master Mix {recommended in {recommended in

Method), undiluted extract Method) & Delta Ct
data collected but not
recommended in Method

EPA Method Environmental — Undlluted extracts Delta-Delta Ct
1603 Master Mix (recommended In Method] (recommended In
& 5x-dlluted extracts Method) & Delta Ct

({optional in Method)

SEPA

- Spike recovery estimations

« Spiked test matrix (S 1 M) samples: ~107 k. taecalis (Ent) cells
added to filters containing water sample retentates.

- Spiked control matrix (SCM) samples: same number of Cnt cells
added to clean filters.

« Ratios ot total Ent target sequences recovered trom S| M/SCM
samples calculated by Delta & Delta-Delta Ct tormulas:

- ACt ratio = Al (-(a - ¢))

« AACH ratio = AFA-((a - b) - (¢ - d)))

- where AF = amplification factor (amp efficiency + 1), a= mean STM
sample Ent Ct, b = mean STM sample SPC Ct, ¢ = mean SCM
sample Fnt Ct, d = mean SCM sample SPC Ct

- Ratios converted to STM/SCM recovery percentages

+ The same analyses and calculalions were performed o
corresponding unspiked samples and recoveries subtracted from
the spiked sample recoveries to determine net spike recoveries

F « Net recoverics within 50 200% were considered as acceptable

Summary of site acceptability
... analyses based on current
control assay criteria

SEPA

Method Sample Siles passing Siles passing ur

(extract analysis EPA guidelines approaching EPA

dilutien) acceptability (2 90% sample Guidelines (2 80%
criterion analyses pass sample analyses

criteria) pass eriferia)

Method 1609 SPCand IAC  14/22 (64%) 10/22 (82%)

{(undiluted) assay cohtrols

Method 1609 Enterococcus 13122 (59%) 17122 (77%)

(undiluted) assay Ct shift

Method 1609  SPC and IAC 20077 (91%) 2177 (100%:)

(5x-diluted)  assay controls

Method 1611 SPCand INC 1622 (73%) 21/22 (96%)

(Sx-diluted)  assay controls
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P . B
SEPA Spike Recovery Estimates Summary
&
Eamples PassingSPC.&IAC britsiid Samples fiiling SPC:& IAC critafia - Using data from all labs, 20 out of 22 of the slghts passed the current EPA site

acceptability guidelines based on Method 1609 analyses of either undiluted or
diluted sample extracts 16 sites passad hasad Meathod 1611 analysas of diluted
sarnple exlracls.

= Agreemnenl on sile acoeplabilily by dilferent labs was 76% (several faclors may be
involved in the differences)

= The current controls were genserally, but not always, accurats in predicting
acceptable (50-200%) spike recoveries.

« Enterococcus assay Ct shift and spike recovery results from delta Ct analyses
suggested that some of the samples (e.g. Buckeye Lake) interfered with the

P analyses.

« Delta delta Ct analyses suggestad that use of SPC assay results in the caleulation

mudel was effeclive in adjusling recuvery eslimales (o (he acseplable range in

many of these interfering samplec.

IMethod 1808 with undiluted extracts passed the control assay criteria at a lower

= rate but, when outside the accepted spike recovery range, the deita delta Ct

estimates from these analyses were nearly always high rather than low.

IMethod 1609 (and 1611) with diluted extracts passed the CPA control assay

criteria at a higher rate but delta delta Ct recovery estimates were below 50% in a

Fﬂ btk e WAl W eV WP M 13 Fu St el e el e

R m——
———

[ram "Multklbaratory survey of gICR enteracocd analysis method performance i U.5. cosstal and iniand suiface

Sy, 2015, L M awLivf Metfus 123, pp. 114125

Possible future guidelines for site
evaluations (based on this study)

Use Method 1609 with undiluted extracts
- ~

‘// T~
Curreni_EPA guidslines yes no
are met: 1
Determine spike recoveries
= i
= 3 —
AACt Spike recoveries yes ho

> 50% & < 200%:

l

Use Method 1809 (or 16811) with diluted extracts

o
Current EPA guidelines T
are met (& AACt spike ves no
recoveries > 50%): J ]
Acceptable Site Site not acceptable

Fﬂ
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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 (qQPCR) 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 gPCR.

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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Towards Field- g/t
Portable
Instrumentation for |
Real-Time Water
Quality Monitoring

Kevan Yamahara, Andrew Hatch, Joshua
Steele, Cody Youngbull, John Griffith,
Christopher Scholin

VMMRI ASU
Mantersy Bey Aquarium
Ressarch insiilide

2nd Generation Environmental Sample
Processor (ESP)

Collection

Concentration

Extraction §

Detection

G

Santa Cruz Wharf, CA, Deployment

@ Enterncocens @ Hiuman Aastarindas

L 10t
= A7 Water Quality indicators &)
£ e
H
@ 10° 3 @
S o
Lip=d 0 0 °0° 5 0,4
5 10 o

B P.australic O p.mutticorios [ P.multiseri

Q Pseudo-nitzschia spp. @ P.austraiis

1000 108

Calls L7 (SHA}

Copynumber L (qPCR

4 Al e s iznz

101 TUT

Yamahara etal. 2015. Lett Appl Microbiol

D
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* Environmental Sample
Processor (ESP)

* Proof of concept study
for water quality
monitoring

* New sensor
development
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Proof of Concept

® .
*.i @O

PNA/RNA
Extraction

Callartinn

Quantification of BOTH fecal indicators and harmful
algae from the same sample

Sample to Results in ~ 4 hours

¢ limitations of size and porrability

The Next Conceptual Idea

o

Instrument to survey a number of locations and
to determine “hot spots”

The Next Conceptual Idea

Instrument that allows for tracking sources of pollution

Instrument Design Criteria

1
T o o

Sample Collection/
Processing

B 1

* Tracking sources of contamination requires mobility
— Engineering design for a hand-carry instrument
— Modular design — separale sample colleclion and deleclion

Sample Collection/Processing

Sample Collection/
Processing

3 Generation ESP Solution

7 Reagent
Reservoirs

=y

e
Samplina/Assay
Cartridges

Seawater In
—

f—
Seawarer Out

/= N Filter housing
o~ TRotating Section

Pump Heads waste \AnatyncaiMoﬂules

and Ambient Valves

* Same engineering concepts, different form factor
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Prototype 3'! Generation ESP

= 3 Generation (3G) ESP technology
— Sample Collection and Processing
* Pregervation and In-situ Lysis
— Digital PCR (ddPCR) or Surface Plasmon Resonance (SPR)
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ddPCR Quantification of HF183

= ¥y ot =097 ok
= 3 Toearson E
= p=0.002 4 f
) .
<
3.
- 104 E
g .
= 2
fud
E 2
- T =
5 W ¥
| =
(=}
] r
5 1.7
& 0y I & E
T
el b
S Al
2 71
<
G| | =
10" Y

10’ 10' 10° 10° 10°
Qubit Fluorometric Concentration (Copies/ul)

Quantification of Environmental
Samples Using ESP Methods

Entarocacei Concentration {Copiesful)

o 100 20 300 400 500 600 700
L 1 1 1 1 1 1

Conclusions and Next Steps

* The challenge of portable biological sensors for
water quality monitoring is sarmple acquisition
and processing for downstream analyses

* Modular designs may allow for greater flexibility
for detecting/quantifying intended targets (e.g.
ddPCR for DNA, cELISA for toxins)

— New analytical detection methods are being
developed all the time

* Field sampling trials will begin later this year in
2016
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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. 1 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,  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 Kkit.
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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 gPCR?

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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