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3. Distribution List

All Project Managers & Quality Assurance Managers will receive a copy of the
QA Project Plan.

4. Project/Task Organization:

Lyman Welch, as the Manager of Water Quality Program, will maintain the
official, approved QA Project Plan, as well as working on projects to reduce
sewage overflows, protecting recreational waterways, eliminating mercury and
addressing pharmaceutical pollution. Lyman is a former attorney with the
Chicago law firm of Mayer, Brown & Platt. Most recently, he served as Associate
Director & General Counsel of the Mid-Atlantic Environmental Law Center at
Widener University Law School in Wilmington, Delaware.

Joel Brammeier, acting President for the Alliance for the Great Lakes, will
continue to supervise this project. Since 2000, Joel has focused the Alliance’s
work on restoration of urban habitats and protection of the Great Lakes from the
impacts of invasive species. Joel’s current work includes implementing coastal
habitat recovery along the Illinois shoreline and eliminating transfer of aquatic
species between the Great Lakes and the Mississippi River. Joel received his
Master of Science degree from the University of Michigan’s School of Natural
Resources & Environment in 1998 and his Bachelor of Science from Valparaiso
University in 1996.

Stephanie Smith, Education Program Director at the Alliance for the Great Lakes,
will oversee the integration of the public beach component of this project into the
Adopt-a-Beach™ program. Stephanie received a master's degree in environmental
science, with a concentration in environmental education, from Antioch New
England Graduate School in Keene, N.H. She also earned a teaching certificate in
middle school general science. After graduate school, Stephanie taught hands-on
8th grade science in Lowell, Mass.

Jamie Cross has been on staff with the Alliance since 1999, and serves as the
acting manager of the Adopt-a-Beach™ program. In her role at the Alliance she
supervises all aspects of the Adopt-a-Beach™ program — by which over 7,000
volunteers clean up the coastline along four out of the five Great Lakes. Jamie
also manages outreach and training for volunteers in Michigan.

Alliance outreach staff will manage volunteer outreach, training and beach visit
scheduling as Project Managers. Current Alliance outreach staff include: Todd
Brennan (W), April Mather (OH), Frances Canonizado/Abby Crisostomo (IL and
IN). Contact information for outreach staff is available on our website here:
http://www,greatlakes.org/Page.aspx7pid=590




Data collection and input in the database will be done by volunteers. This
information will then be used by Alliance staff, partner organizations (such as the
US EPA), state EPA and Departments of Natural Resources, local health
departments, volunteers and local municipal beach managers to begin to address
these sources of pollution.

Ohio-specific requirements:
Contact information for project leaders

GChio office:

P.O. Box 30247
Cleveland, OH 44130
216-630-8140

Ohio E-Mail: amather@greatlakes.org
Michigan office:

700 W. Fulton Ave., Suite A Grand Haven, MI 49417
616-850-0745

Michigan Phone Extensions:
- Jamie Cross #12 -

Chicago Office:

17N S.tate St., Suite 1390 Chicago, IL. 60602
Phone: 1-312-939-0838
Fax: 1-312-939-2708

Chicagb Phone Extensions:
Stephanie Smith #226; Lyman Welch #230; Joel Brammeier #224

3. Problem Definition/Background

The Great Lakes, the largest freshwater body in the world, comprise 90% of the
United States’ fresh surface water and provide enormous ecological, economic,
and social assets to area residents and to the hundreds of species that depend on
them.

Beyond the environmental damage and health risks posed by pathogenic
pollution, beach closings send a signal to residents that the Great Lakes are not
healthy. Beaches, for the general public, serve as a barometer to assess the overall
health and usability of the Great Lakes. When residents are turned away from
beaches due to pathogenic pollution or other types of pollution such as foul
smelling algae that can be harmful to human health discourages public use and



involvement in them — reinforcing a stereotype that the lake is dirty.and
something to be avoided rather than cared for.

The Alliance is committed to developing procedures to help clean up our beaches
along the Great Lakes. The Great Lakes Regional Collaboration’s published
strategy for improving Great Lakes health specifically addresses beach water
quality. To that end, the EPA is working with states to develop beach sanitary
surveys to identify specific sources of contamination at Great Lakes beaches. The
Alliance for the Great Lakes developed this Project Study Plan and Adopt-a-
Beach™ Guide in accordance with EPA’s Beach Sanitary Survey Tool so that
beach managers can identify sources of contamination at their beaches, and
address them accordingly. The EPA Beach Sanitary Survey Tool identifies
technically sound and consistent approaches to identify pollution sources.

The Alliance for the Great Lakes Adopt-a-Beach™ Project Study Plan is
organized under EPA’s recommended structure for QA Project Plans. Where
necessary, this document refers to the Alliance’s Adopt-a-Beach™ Guide to
further explicate data-gathering procedures. The structure falls into four major
categories: project management, measurement/data acquisition, assessment and
oversight, and data validation and usability.

6. Project/Task Description

The purpose of this study is to monitor beach and water quality through science-
based testing and observations and data collection of water quality information
such as bacteria, pH, temperature, longshore current, litter, etc. Sample collection
conditions including air temperature, wind direction, wind speed, time of day, sky
conditions, wave conditions, current, and sample flow variations (during/post rain
event vs. low flow) are considered in the evaluation of causal relationships.
Volunteers are encouraged to use their data to evaluate their beach to determine
beach needs to improve beach conditions. Visual assessments aid in determining
local action for improvement of beach quality.

The year-round Adopt-a-Beach™ program invites groups and individuals to
commit to two to five visits over a year. At each visit, adopters collect and record
the litter they find, the conditions at the beach, and test the water for E. coli levels
using materials provided by the Alliance. Adopters then enter their names and
data into the Alliance’s online database. Program data is compiled and reviewed
annually and semi-annually by the Alliance. After two or three visits, adopters are
encouraged to examine their data and develop an action project to improve
conditions at their beach. The Alliance helps adopters with this process.

All samples will be collected at public beaches or private shoreline with owner’s
permission. Beaches will be selected based on volunteer interest or need. For
more precise location data, some volunteers have the ability to use the Global




Positiohing System (GPS) to calculate where they take their water sample, record
their location and include this location in their completed report.

Once volunteers collect data, they can either send completed forms to the Alliance
for the Great Lakes headquarters to be entered into a database, or they can enter it
themselves in the same secure online database. We encourage adopters to use the
online data entry system. Each year, Alliance for the Great Lakes will release a
report that highlights important trends in findings. Data wil!l be submitted to state
agencies annually as it becomes available in digital form.

Ohio-specific requirements:

Volunteers will record a description of the beach areas where data is collected
which will be included in the data submission to Ohio EPA. Data collection will
include data of potential pollution sources (both point and nonpoint) identified
within 500 feet of the beach area. Data collected is intended to include the factors
that may influence the water quality conditions at the shoreline. Pollution that
may disrupt the natural functions of a shoreline include: Stormwater runoff,
outdated sewer systems, phosphorous and nitrogen runoff, and trash and wildlife.
These factors are described in more detail on the Alliance website at:

bttp://'www.greatlakes.org/beaches’

Fach sampling location will generally be located on the shoreline of Lake Erie.
Volunteers will record the beach name where data is collected. Where volunteers
have access to GPS units, volunteers will also record sampling location latitude
and longitude or other general location information.

When feasible, team leaders will maintain and make available a digital photo
catalog of the shoreline sampling locations.

7. Quality Objectives and Criteria

All Petrifilm will be used or disposed of prior to their expiration dates. Petrifilm,
Whirl-Paks and pipettes will be provided by Alliance for the Great Lakes to
ensure quality control. See further quality control measures for Petrifilm in the
Routine Visit Form Guide, p. 5 (linked below).

Volunteers are given specific instructions on measuring wave height, longshore
current, water quality, and other variables in the Routine Visit Form Guide based
on EPA measuring standards. Site Coordinator instructions for quality control are
also outlined in the Routine Visit Form Guide, p. 14.

8. Special Training/Certifications

The appropriate outreach staff is trained by the Alliance to oversee all volunteers.



The majority of volunteers go through in-person trainings which include a
PowerPoint presentation and/or onsite training. Training includes testing trainee
comprehension through demonstrating what they just learned. All procedures are
outlined during the training sessions. During the training, expired Petrifilms are
sometimes used or sampling is conducted in the field, which depends on location
and weather conditions. All volunteers that register for the program receive a
start-up kit which includes the Adopt-a-Beach™ guide with instructions on
monitoring and collection of data. The guide is also downloadable on our web
site.

Training also specifies prescribed safety procedures. These include the use of
gloves while sampling, cleansing of hands with alcohol wipes, or antiseptic lotion
before and after visits, inclusion of a first aid kit at all sites, and exercising
extreme caution when children are near the water. Please see attached training
presentation (PowerPoint).

Trained team leaders supervise a volunteer’s first real sampling event in order to
confirm they are doing it correctly. Finally, the Alliance provides annual refresher
training for volunteers.

Ohio-specific requirements:

The Alliance will submit documentation demonstrating that Alhance outreach
staff in Ohio has been approved as a qualified data collector.

Persons gathering data and not meeting Ohio qualified data collector
qualifications are supervised by team leaders with Ohio qualified data collector
qualifications to ensure the accuracy of their activities.

Every qualified data collector working on the project will certify that s/he has not
been convicted of criminal trespassing within the past five years.

9. Documentation and Records

The reporting format can be found in the Routine Visit Form Guide. Volunteers
enter data into the online database or submit their data via the post to Alliance
offices. Project managers enter data into the data entry system. Data collected
online is downloaded on a regular basis to be stored in the organizational
computer filing system. This database is backed up on a regular basis through
Alliance general office operations. Quality Assurance Managers are responsible
for keeping the most current copy of the approved QA Project Plan which is also
provided to Alliance outreach staff. Alliance outreach staff are responsible for
sending that QAPP to volunteer team leaders.

Measurement/Data  Acquisition

1. Sampling Process Design (Experimental Design)



All field methods and quality assurance steps are specified in the Routine Visit
 Form Guide before data collection. The data collection is largely based on EPA’s
-~ beach sanitary survey protocol. Parameters to be sampled were chosen based on
. relevance to water quality in the Great Lakes system and ease of measurement.
The data collection includes information on several parameters relevant to beach
water quality, including wave height, longshore current speed & direction, pH,
bacteria . coli & coliform, temperature, odor, and turbidity. Information is also
collected on the amount of litter on the beach, oily sheens, algae in the water and
along the beach, wildlife and dead birds. Biological assessment is limited to
bacteria testing and counts of wildlife on the beach to align with the EPA beach
survey procedure. Fish and macroinvertebrate data are not collected.

The total number of samples is based on the number of volunteers willing to
survey the beaches. If volunteers schedule a time to sample and the beach is
inaccessible due to weather or other purposes, volunteers will reschedule their
visit. For examples of critical data versus data for informational purposes, please
refer to the Routine Visit Form Guide.

In addition to data collected on the Routine Visit F orm, Alliance volunteers collect
data on litter found on the beach. Volunteers use a Litter Monitoring Form to
collect information on 46 specific debris items such as cigarettes, tampons,
condoms, beverage containers, firework debris, etc. Volunteers also have an
option to write in additional items of concern found during their visit.

All data is subject to review by project managers and outreach staff,

2. Sampling Methods

Volunteer samplers measure water temperature, pH, Coliform and E. cofi in water.
Coliform bacteria and E. coli will be monitored using a Petrifilm, a pipette, and a
Whirl-Pak bag. The Alliance provides Petrifilm plates to monitor E. coli and
coliform bacteria. We use the Petrifilm in a manner that is deemed reliable
through a comparative Grand Valley State University study. {Attached). Whirl-
Pak bags, small sterile plastic bags, are used to take the water sample, and sterile
pipettes are also used to ensure the quality of the test. Expired Petrifilms are
discarded. Collection methods and quality control measures are outlined in the
Routine Visit Form Guide, pp 5-6.

Measurement methods for wave height, longshore current, bather load, pollution
sources, wildlife, speed of current and algae and litter observations can be found
in the Routine Visit Form Guide, pp. 3-4, 8-14.

3. Sample Handling and Custody

Water samples are collected using sampling pole or by wading out into the water,
conscious of water flow and avoiding contamination. Two samples are taken




using two separate Whirl-Pak bags to draw water for each Petrifilm. Samples are
taken from where water is at least one meter deep. The Whirl-Pak is opened just
before collecting the sample to avoid contamination. The water sample is placed
on the Petrifilm while at the beach. A sterile pipette is used to withdraw 1
milliliter of water from the Whirl-Pak and is added onto the pink circle of the
Petrifilm. Plates are stored in a sealable bag in a dark area and incubated (35°C or
95°F) in a horizontal position with the clear side up for 24+ hours. If temperature
cannot be controlled, the Petrifilm is sealed in a bag at room temperature or
warmer, out of direct sunlight, for 48 hours. After the sample is taken, the
Petrifilm is placed in a sealable bag. Used Petrifilins are sterilized using one ml of
bleach and placed in a sealed plastic bag and disposed of properly in the garbage.

The Routine Visit Form Guide requires samples to be identified by date, time,
location and number of volunteers. Volunteers enter this information directly and
generally electronically into the Alliance’s database.

4. Analytical Methods

Quality of the water is assessed using the Environmental Protection Agency’s
water quality standards for safe swimming (no more than 235 E. coli colonies per
100 ml of water).

See the Routine Visit Form Guide for other details of specific performance criteria
for general beach conditions, pH and other water quality measures, bather load
and pollution sources. -

5. Quality Control

Petrifilm, Whirl-Paks and pipettes will be provided by Alliance for the Great
Lakes to ensure quality control. Alliance staff may conduct reviews of data for
outliers or extreme variability and follow-up with volunteers when unusual results
are found. Missing data will be listed as *“Blank”™ or “Not Entered” by the data
reporting system.

6. Instrument/Equipment Test, Inspection and Maintenance
Alliance staff inspects Petrifilm, pipettes, and Whirl-Pak bags before they are sent
to volunteers to ensure they are in good working condition and have not expired.
Volunteer Team Leaders will check items upon receipt for visible damage.

7. Instrument/Equipment Calibration and Frequency

N/A

8. Inspection/Acceptance for Supplies and Consumables



Petrlﬁlm Wh1r1-Paks and pipettes will be provided by Alliance for the Great
' Lakes and inspected by staff before shipment to volunteers. Volunteer Team
Leaders w1l1 check items upon receipt for visible damage.

9 Non dzrect Measuremenrs

i Our vqunteers gather most of their data directly; however it is possible to get
information on temperature, rainfall, and bather volume through non-direct
measurements using beach-based resources (lifeguard data, etc.). We use this data
when it is difficult to measure directly due to volume issues (bathers) or a time-
delay in gathering the data (measuring rainfall).

See the Routine Visit Form Guide pp 1, 2 & 8 for further detail.

10. Data Management

Each volunteer team will complete a Routine Visit Form and Litter Monitoring
Form during every visit to a collection site. An example of these forms is

attached. Once data is collected by volunteers, they enter data into the Alhance $
database.

All collected data will be submitted to the appropriate state EPA. We would like to
work with Great Lakes states to make the data in our database available for state
EPA databases.

Assessment and Oversight

1. Assessments and Response Actions
Assessment scheduling is managed by Alliance outreach staff in each state.
Volunteer Team Leaders conduct assessments in the field and document site visit
results in online database. The number and frequency of assessment activities

depends on volunteer availability,

2. Reports to Management

Volunteer Team leaders may include comments in data reports entered into the
database system. Alliance staff reviews the data in preparing annual reports.

Data Validation and Usability
1. Data Review, Verification and Validation

Project Data is reviewed by Alliance staff. Staff reaches out to team leaders if
data appears highly variable.

2. Verification and Validation Methods

10



The Alliance recommends volunteers conduct a follow-up visit and assessment if
data show unusual results. Interpretation of data should include analysis of
sample results comparing differences over time at the same sample location.

3. Reconciliation with User Requirements
The Alliance tests for E. coli using a method reasonably certain to provide
accurate validated data. See attached GVSU study for further information.

Relevant Documents
Adopt-a-Beach™ Routine Visit Form
htip://www.greatlakes.org/Document. Doc?id=379

Adopt-a-Beach ™ Litter Monitoring Form
hitp://www.oreatlakes.ore/Document. Doc?id=378

Adopt-a-Beach™ Guide
http://www.ereatiakes.org/Document. Doc7id=380

Adopt-a-Beach™ Training Presentation (PowerPoint)
To be sent in separate file

Vail, J.H. R. Morgan, C.R. Merino, F. Gonzales, R. Miller, and J. L. Ram.
Enumeration of waterborne Escherichia coli with petrifilm plates: comparison to
standard methods. GVSU Water Resources. March 20, 2003.

11
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Enumeration of Waterborne Escherichia coli with Petrifilm Plates:
Comparison to Standard Methods

J. K. Vail, R Morgan, C. R, Merinn, F. Gonzalea, R, Miller, and 1. k. Ram®

Abstract

Eschertehla calt b often moxlioted b snvivonmmentsd waties a8 a1
tadicatus ul the possible prevance ofbeman patho gtk steaceted with
feces, Botriffim K. eoliteoldons count plates (TM, Minzerpolis, M),
privioualy validated for smesmeratiog £, colt ix tovd, wees tagted fov
monitorieg K coll b anvirommextal witer., Enskerickin soff coonls
i anviconctental water saniples enanerated with Petrifthe ware g
sifionsily eoerelated (T > {9 tlage = Q9.1 7 « DL with covats

ebtained with threw

£ommonly taed methods, s(TEC (Bacton Dickin

aqw, Sperks, MDY}, w-ColiBlve (inch, Lovaland, CO), md Colibrt.
HIDEXX Guinti-Tray 2000 (INEXX, Wostheoolk, ME), Bluc eolo-
vier on Patrifiin pintes wers most relinhly identitiod aa B, coll when
accompanied by g forcuthon, a datsrmived by charoctesizating
of the colonie on MacConlsy spar plates (FME Micrebctogicaly,
Miscetaizga, ON, Canada) and by golysecase chale reaction (PCKR)
with B colf-spudtis pricists. The oaln diendvantugs of Patrifibn
piates for envirorreentad wettr tosting k& the tnafl volwue (1wl per
sumpls) that o Be tartady hawwesy, the pixtse spoaar i e sibsble
for servening and Jocutiong £itwe that excend eriterio Eor total body and

yaitial body contact, Shaplicity of we and rtorsge. relisbility, snd

elitively Jow cos salic Peteiffig plates enitwbls tor volanteesbased
and edncationsl water quality monioring spplcations, panticolaly

whenuped i prediminacy ecoenring reethod te idmify probilem

1GH LEVELS of bacteria are a concern for many ma-

rine, brackish, and freshwater environments, Ele-
vated levels of bacteria in coastal waters are sssociated
with inereesed risk of gastrointeszinal symptoms for gec-
reational swimmers (Cabelli, 1977; Dufour, 1984; Priiss,
1898, USEPA, 1986). Because of known association with
fecal matter, Jevels of E. coli bacteria are a key regula-
tary measure of the healthfilness of recreational waters
(USEPA, 1986, 19992), For fresh waters, the USEPA
recomumends eriterin of 126 E, coli colony forming units
(cfu)/100 mL for the geometric mean of five samples
aver 2 30-day period and 235 E. coli cfu/t00 mL for a
singlesample, but states set their ownstandards (USEPA,
1986). For example, in Michigan, rivers, lakes, or
streams meanuring greatar than 300 £, cofi cfu/100 mlL
on 4 single day or more than 130 E. eolf ciu/300 mL for
a j0-day geometric mean are considered out of comp-
ance for totul body contact (e.g., beaches); 1000 E. coli
cfu/t0Q mL is ont of compilance for partial body contact
{e.g, Dshing, boating) (Rule 62; Micbigan Department

of Environmental Quality, 1999},

Despite the general awareness of the need for moni-
toting, many places that wre suspected to be out of compli-

JH. Viil, Robent B. Angis Watet Resources Institute, Grand Valley

State University,

. MI 4041, R Morgan and R Miller,

Muskegan,
Deparument of Biology, Grand Valley Stawe UB?\‘SH‘“‘{, Allendale,
Mi 49401, QR, Merino and J1. Ram, Department of Fhysiology.
Wayne State University, Datecit, MT 42201, Received 1 Mar, 1002,

*Corrarponding suthor Jefform@med wayne,sdi).
Pubtished i J. Environ. Qual. J4:365-273 (2003).

ance ars not monitored due to peresivad high cost and
complexity of equipment invoived in a local monitoring
program. Citizen based voluntzer monitoring programs
have been devsloped in several states, such as Jowa
{Seigley, 2001), and have been used for purposes of
preliminary scresning nf local waters for idenfying
problem areas. Howsver, slace E. coli snumeration
methods penerally require expensive media o1 equip-
ment not ganerally available to volunteszs, 8 convenient,
inexpensive method of £ ¢olf envmeration is needed
for such programs.

This paper degeribes the esting of Pelrifilm Z. col
colifarm count plates ag & new, convenient method for
saumarating E. cofi in environmental waters, Petrifiln
piates have previously baen described for use in enumer-
ating £ coff in food and dairy products (Curiale et sf,
1991 Priego et al, 2000; Ruscell, 2000; AQAC, 20002,b},
and it therefore seemed reasonable to svaluate whether
they may slso be useful in water testing. Perifilm plates .
consist of plastic films with grids that are coated with
Violet Red Bile nutrents, a tetrazolivin indicator, snd -
gelling agents, The gel contains a §-glecuronidese indi-
cator for coufirmed detection of . rali. The present
study is & multifabocatory iavestigation comparidg E:.
coli enimeration of environmenral water samples with
Petrifilm technology with E. coll snumetation by meth-
ods frequently used by each participating laboratory. .
The methods to which Pateifilm enumerations were com-

ated were the mTEC, wm-ColiBtue, and Coliler-18/

BEXX Quanti-Tray methods. . - :

Materials and Methods
Water Scouplé Sources : o

Fach participating laboratory coltected envivonmental wa-
ter sumnles paar its Incation. The source sites were chossn to
nave » Tange of basters levels ranging from near zeto up (o
relatively high noncompliant levels, based oo previous exper-
ence at the same sitcs. Water from Ruddiman Lsgoon and
tribotaries, in the dity of Muskagon, MI (43°13' N, 85717 W)
wet enumerated by Petrifizm and m-ColiBlus methods at the
Annis Water Resourees [nstitute, Water from a small tributary
of the Grand River in Qttawn County, MI in 2 qurel sres
oear thé intorysction of 68th Avenus and Leonard Street in
Geggmviﬂe,m (43°1' N, 85°57" W) was cnumegated by Ye-
trifiln and mTEC methods at Grand Valley State Universty.
The tdbutary & located in a ruvel area mostly ocaupied by
cattla pagtures and was sampled just upstream fom tts conflo-
ence with the Graud River, Water from varioos stes in the
middle Rouge River subwaturshed in the Rouge River watst-
shed, ln savers! suburbs weat of Detrot, MT (42°22' N, 832%
W) ware entunerated by Perifilm and IDEXX Quanti-Tray/
Cotiert-18 methods at Wayne State Univeraity. In addition,

wuﬁlﬂm chy, colony fomting units; PCR, polymerase chaln ne-
Ga.




08-20/03 TUE 13:42 PAX 616 331 3584

VAL BT AL: ENUMERATION OF & CDLI WITH PETRIFILM PLATES

E. cofi colonies an Petifiloy plates from water obtalped from
various sites in the (lintor River watershed (42°35' N, 82°55°
W) were used for further characterization of Petifibn col.
onizs,

Sampling sad Eoumerafies Procodares

All water samples ware obtained with sterile bottles or
sterile Whirlpsk l_ff (MNusco, Fort Atkinsco, Wi}, transporied
oadee, and enalyzed within 4 b Samples were tasted in varfous
gilutiem. asindicatad balow, to 2s3ure that baeterda conocutes-

onz were within tho g rengs for e2ch twchalqus
(American Puble Hesly Acvociarion. 1993,

Petrifiln Procedure. The methodalogy for the Peifilm
plates was 10 (i) incculate and sprexd 1 mi. of watey on the
gel (see Fig. 143, () fncubate the plate a1 a temperaturs of
35 = 1°Coor 24 = 2 b, and () count tha o of blue
eolopies associated with a smali gus bubble. Caliform colonies
appear red gurrounded by a bubble, due o z2n indicatur dye
and the trapping of gas procuned by the coliforms by the
ggp:r filra of tha Pe plate. Escherichia colf colonics are

arecterized by a blue precipitate rurounded by agasbukble;
blue colonies with gas are counted 25 £ coli, while bluz colo-
nles without gas are not (AQAC Official Methods, a5 de-
scribed by the 3M interpratation guide). An exampla of the
cesults obtalned with on¢ such plate it filustrated in Fig. 18,

m-ColiBlue2d Anelyds. Tha m-ColiBiue24 memhrene fi-
tration broth is USEPA, spproved for anmivsis of total coli-
forms end E, coli in dtinkiog water (USEPA, 1983b) for enu-
merating totel coliforms and E. colf in s Froposed rude for
ambisat waters {USEPA, 1001). Excherichia coli coloniss are
characterized by & blus color due 1o a reaction between the
enzyme B-glucaronidae and $-bromo-dechloro-3-indolyl.
£-D-glucironids, One-mitiflitor nmbicat water semplics wers
difuted with 95 ml of sterlle bulfared dRution water and
100 ml wae Bitared through a sterile 47-mm pitrocelltioge
filter with & pore sze of G45-um (Millipore, Bedford, hA).
The ffiter was then placed on an absarbent pad pressozked
wiik i ColiBiue nutrient broth in a Petrd plste and meubated
8t 35 2 0.5°C fox 24 k. Blue coloniss were connted as R oolf,
One-milliliter portions of the undiluted water szmples were
anayed on Petrifilm plates.

WIEC Techndque. The USEPA-2pproved origing £. coli
method was wsed {Method 7103.1; USEPA, 2000). Nukicnt

lates were preparsd with dehydeated mTPC ngar powdat.
viconmentel water samples were serially diluted 10-fold.
One-mifliliter samples of each dilution were filtered through
& sterile 47-rnm nitroveufose Siter with & prresize of 045 um
(Millipore) ard aseptically placed ou T EC agar platss, Simi-
lacly, 1-ml, samples of the seme dilodons were ssmyed on
Pewrifiing plates. The wTEC places wore incubated for two
kours at 35 = 0.5°C and then Incubated at 44.5 = 02°C for
22 t9 24 b Afterincubation, the fiter membranes ware placed
ot Whatman (Maidstons, UK) flisr mar that had bees
siwrated (1.0 L) with urea substyats a containing 2.0%
uren (wiv) uod 0.01% pheno! red {wiv), Colonles that re-
mhmeé yagnw. yellow-brawn, or yeliow-green were consid.

coll,

Coltlent-IRIDEXX Qusnd-Tray Method, Use of Colilert-
15 with Cuanti-Tray 2000 treys 1o emrpernte £ coli is de-
scrived in USEPA (2001). Fifty-millitar ambient water sum-
ples from the sampling sites were dilited Bvefold Then, ow
of 103 mL of the dfintzd sareple, theee LmL samples were
wssayed on Permifilm {1 wl. o each plate cut of the 15 mL
difuted sumple), and the remaining 100 ml was sdded to
Colilest-18 and essayed in IIEXNN QuontiTroy 2009 travs,
according to the manufscturer’s instructions. Quant-Teay
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Fiz. 1. Applicrion of waterio a Petyifilem pfate sad scvubtart brsteriat

growth, (A} The lop film i Lited while o T-ml wter sample i

led with o sterile fracafer pinet. (B) Peirifilg platy afier o

ﬁ% imendeddion with # 1-mk eavis tal weter swmple. Dask
mpate fo this grayseale tange wern bhee in the otiginal,

samples wersincubated 20k st 35.5°C, aficr which flvorescent
{3 nidass positive} wells on the Quant-Tray ware
caunted, to calenlate the mest probable sumber (MPN) of £.
coli ¢fu/100 mi in the diluted sample, according to a chart
wmzppllad by the manufacturer

Farther Characterization of Petriffim Coloules

Blue colowed were picked from Petrifibn plates with sterile
inoenlating loops and stresked ente MacConkey agar plates.
MacConkey platss wese incubated for 24 h at 355°C, te
presence of pink (i.e., Lzetoss-farmonting. s expected for £
coli) colonies wag noted, and then wetl-isolated pink ¢olonies
were inocolated Into Colllen-18 medium, After culturing for
20 h 2t 35.5"C, the pressncs of yellow color 20d flusrescenve
was noted, sterile glyesrol was added to a final contentraticn
of 1495, and then the culturs wes brozen untf Favther anzlysis,
For the polymerase chain reaction (PCR), 1 1. of the thawed
culnirs was subjected to thermorycling {soneal, 60°C, synthie-
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Fig, 2. Congracieces of Patrilling o three bandord methods S K
ooli emantyation 0F eovirovmends] water sampkes, Dt were sor-

malized to 100 ml sod tansformed m;:-?[cmm + 10 petor -

t Yuear regeesclon. Vetical and koo Liges fu ench grapk
Indicnle 300 cfe/100 wil, the Mickigan maxionmys whole body conm
tact Hmit, (;1) ﬂ":om oy with the wm.ColtBlua methed, with 24
witsr gmrplag ddfaan Lagoon and tributaries, The regres.
elon oo his fope = 101, R = 0.995, My < 0.00L {B) Campur-
mnwﬂh&nmﬁnmmmmmmﬁummanﬁ:m
mmmm.naumwmemmnoaﬂ i
893, and p < Q00K (C) Compartson with the Collert-ITDEXY
Quantl-Teay method, with nine witer semples from fhe Middle
wﬁ%mmhm&p-mxawx
»

si, T2C; melt, }4°C; 30 cycles) with the foil E, coli-
speoific primers: 298F, S-AATAATCAGGAAGTGATGH
AGCA-Y, and B4R, 5-COACCAAACGCCAGTAAAGTA
GAA~3’,wh1chPugﬁlw asegment of the B plucuronddese geae,
Limntity of the products wos confinned by sequancing.

Statistics

Regresslon analysls was done on log-tranatormed data sfter
multiplication by appropriats factors te take fmto acoount the
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amount of muimzzdm odnm 3 Ibf.';}mL:l?Iumm wate
being comparad, and adjusted upwsrd by & smali constant to
p:::gm takting the logarithm of zero. The log Lansformation
sed was log, (cfw/106 mL + 10 c5w100 ml). For Patsifilm,
mTEC, and m-ColiBlue sssays, in which 1l was the volume
assayed, the transfonm was thevefore log(couats X 100 + 10y,
For IDEXK Quant}-Tray assays, in which the assayed volume
s 100 mlL, the transforzy was log(mont probable number +
10). The means of log-transformed valoes of daplicate or triph-
cate assays or the individual log-tansformed valves when
mestsed without replicates were used in subsequent corrola-
tians, and in caleulations of method mesns, stondard devin-
tions, aad statistical significance with paired 1 1¢sls. Statistical
tests were performed with Sigmastat 2.0 (Jandel Sclentifle,
1853) software. For linear regression, Patrifitn data was wszd
as the vardable and the “standard” mzasnrement
method as the indapandant variable. A repest of the analysis
with & Yimple Jop ransform and adjusting anly fhe zero count ©
samples to 10 chufl00 mE. w avoid log(0) yislded exseotially
Results . .
Comparison of Petrifihn Results with Other .
Envmeration Methods = e
Comparisan with ;u-ColiBlue. Samples from Ruddi-

man Lagoon and tribbtacies were enumerated fn triph- -

cate with Petrifilm and in duplicate with m-ColiBlug,
Water samples waee collsctad from four sites on five
occasions, for 2 total of 20 weter ssmples, Correlation .

of the counts obtainad with the two methods is filse -

trated in Fig. 2A, Counts ranged from as low as 200 ofw/

100 mi. 10 a2 high s 7000 ofu/100 mL. Linear raprassion

of counts determined from Pewifilm assays versus
countadetermined with m-ColiBhus, nfteriog transforin,
gave aslope of 101, R = 0995, snd p < G001 .

The variability of data obtsined with the Petriflm
method was sscessed by determining the 95% confi-
dence intervals of each tri measuremeant, The
95% confidense intervals averaged 17% of their corre-
spouding mexy values,

To test for biss one way or the ofher far the valuss
determined by Petrifilin versus the m-ColiBlue meshod,
the mean values obtaixssdbgmhmthodﬁm ';;:hwatr:ﬂr
sample ware compared with a paired ¢ test. The ove:
method means and standard deviatinne of the log-trans.
Yormed counts were 3,207 = 0451 for Petifilm and
3202 = 0.458 for m-ColiBlue. The meea differanos of
paired measurameats was —0.0054 = 0.0455, indicating
no significant difference between the xesults obieined
with the two tests (p w 0.60, paired £ test).

Comparison witk wTEC. Eroherickis coli in water
samples from a tributary to the Grand River were enu-
merated io teiplicate with both Pewifilm and mTEC
methads, Two water samples were collected on each of
wine oceasions, and one water sample was collacted on
stemhmnﬁm,ﬁoratomlofwmplcs.ummw
sion of the Potvifilt data against the mTHC data, illus-
trated in Fig. 2B, gave 2 alope of 0911, K = 0933, and
»<000L

The 5% confidence lntervals of Peteliilm teiplicates
averaped 39% of their corresponding mean values, Simi.
Lasly, the 95% confidence intervals for the mTRC tripki-
cates averaged 33% of their corresponding meuns, A

o004
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paired ¢ 1es; indicated no consistent differences hetween
peired measarements made with the Petrifilm and mTRO
tethads on the seme water samplas (p = 0.38: method
means: Petrifilm, 2.84 = (.46, mTEC, 2.81 = DAY, diffec-
ence between palied samples, (.03% & (1,169,

Comparison with Colilert-18TDEXX Quanti-Tray.
Seniples collected from nine sites on the Middle Rouge
River ware diluted fivefold and then enumsrated in
triplicate by Petrifilm and in one 106-ml sampls, by
Colitert- . WIDEXX Quand-Tray, After transformarion
for compurison of squivalent 100-mi, volumes, the ce-
gression of the Petrifilm resulis versus IDVEXX regulis
gave a slope of (1,908, R = 0.935, and p < 0.001 {¥ig. 2€).
Faired tetis by the two methods were not significartly
different fiom one another {p = 0.80; rethod means:
Petrifilm, 1.81 = 0.55 IDEXX, 1.79 = 0.56; difference
between paiced sammples, 0.018 + 0.200); however, the
average 95% confidence intexval for the Petrifilm topli-
cates was quite largs, equal to 101% of the correspond-
ing meaps, The large 95% confidence intervals, com-
pared with their corresponding meaus, reflect the fact
that several of the water samples had low counts (0-2
colonies per plate) and therefore 4 variaton of one
or two coloales per Petrifilm plate produced a large
percentage change of this mensure.

Gas Farmation us g Criterion for Identifying E. col!
Petrifilm Colowes

A3 noted in the Materials and Methods, the AQAC
Preseribed Method, recommended by 3M, raquires that
only blis colonies with gas bubble formation be cupnted
s E. coli. To d&termmine the impoctance of this criterion
in accurately determining the correct number of E. coli
colonies, the proportions of gas farminy and non-gas-
formipy blue colonics were connted in saveral experi-
ments. In addition, gasJforming and non-gas-forming
colonies were picked from Petrifilm plates and charge-
terized further.

Proportions of gas-forming and aon-gas-forming ool
opies were determined in four experdments. In one ex-
periment, five water saroples collected from Ruddiman
Lagoon and eiburaries were asseyed in tripticate on
Petrifilen plates. On the resultant 15 Petrifilm plates 2
toza! of 149 blue colonies were presens, of which 107
wete blue with gas (72%) and 42 blus colonies exhibited
1o gos formation {(28%). For samples from the Middle
Rouge River, biue colooles with gas accounted for 84%
of & total of 64 blue colonies counted on 27 piates. For
weter samples from the Clinton River watershed, blue
eolonies with gas accounted for 88% of 190 blue colonies
observed on 27 Petrifilm plates in one study and for
89% of 335 biue colonies observed oo 30 plates in an-
othes study. Gr individua! piazes the proporten of non-
gas-forming biue colonies ranged between t and 50%,

Blue zolonies from Petrifiim plates of two of the
above experiments were streaked onto MecConkey
plates and the proporios of Petrifiln colonies produe-
ing pink colonizs on the MacConkey plates was dater-
ined (Fig. 3A). For both experiments 100% of the
blue colonies with gas prodused piok colonies on Maz-
Conkey plate, In fact. in most cases, only pivk colonies

GVSU WATER RESCIRCES

were present on the MacConkey plates. In coatzast, for
blue colonies without gas, in ons expariment (wals
from Ruddiman Lagoon and tributaries), only 2 of 7
blue colonies without gas produced pink colonies op
the MacConkey plates, sod w the other experimeat
{Clinton River samples), only 6 of 13 no-gas blue colo-
nies produced pink colonies of normsal marphology. In
both experiwents, blue colonies without gas yielded &
significanly lower proportion of MacConkey plates with
pink colonies than observed for blue colonles with gas
(Fisher exact tes:, p < 0.002).

Finally, from the Clinton River samples. bacteria
clones from Pewrifiim bhie colonies with gas that wese
subssquendy isolatsd on MacConkey plates wers cub.
jected to PCRK with E. cofi-specific primers. All 16 iso-
fates produced the expected amplitied product for £,
coli, of which 12 are illustrated Lo Fig, 3B, and subse-
quently confirmed a3 coding for the & coli B glucuroni-
dase gene in comparizon with a reference sequencs -
(ABN257. Bases 6765 ta 7351) in Genbark (dats not
showr). :

Discnssion’ .
Although: Petrifiin plates rave previously beea vall-
dated for use in detesnng - cofi contaminaton of food

- {Cusiale et al, 1994; Prizgo ot al, 2000; Russell, 20003,

they have not buen tested extensively for use in de-
tecting £ eoli tn eaviconmental waters, The present
study provides a comparison of £, cofi ennmeration iy
environmental water obtained with Petrifilre plates with
three commonty used commercially available tests. Pe-
trifiie results were highly correlated (R > 0.9 and equiv.
alent (slope epproximately = 1.0 no differences an paired
¢ test) to mColiBlue, mTEC, and Colilert/IDEXX
Quanti-Tray tesis. Analysis of differences between blue
colonies with and without gas on the Peirifilm plates
suggest that due care in evsluating the presence of gas
bubbles is necessary ia counting olonies. More exten-
sive tegting of the Fetrifiln method to detormine rates
of false positives, false negatives, efficacy in additicnal
types of water samples, etc. contd provide further volide.
tion of the use of Pemifilm plates. Nevertheless, the
simplicity of using Pstrifilm plates indteates that it may
be a suitabls method for citizen-based testing and envi-
ronmenta! education programs.

Sevarsl characteristics of Petrifiisn that make it sut-
able for voluntees-based monltoriag of £, coil include
case of use, reasonable accuracy, sensitivity in an appro-
priate 12088, safety, iow cost, ease of storage, and long

. shelf life, With thres sitnple steps, gs ontlined in Mater-

als end Merhods, the Petrifiln method is easy to parione. -

-in both the iaboratory and the tield. Although the Petri-

film plates in this sdy wers ali inoeulated in the lebora-
tory, comparable results jnocnlating Petrifilor plates in
the field have been found in our other studies and by
voluateers (Ram, 2001). The dry gel on the plates sels

up quickly with the addition of water, cpabling the plate -

to be hendlied without spillags within 2 minute or two
of innculaton. In othey experiments with 2 renge of
incubation tmes {24~ 48 &) and temperatures, We bave
also found a good orelation with professionel tests,
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Fig. 3. Chamscierization of Fetriliim colondes.

{#) Proportions of biue Perififm colonies thet produced plak colonles when grevm on MarConkay

plates, wr x fanctioo of whether the blge coloales wiso prodoced gas, The nurmber of colomks {n}) streaked onto MurConkey platas Prom

Fatriftm plates nsed to enmerats K coll from two W
rodocts

Fisher sxact {est, (5) Polynteate chaln reactiva (FCR) g

{Ruddlman end Ctmon waterihedy) k showa below vach bar. 7, p <t 0062,
vbtalned froo pink colonbes grovn on MucCoakur plutes from ths “ine,

with gas” €linten wateshed sasuphes b (A), smoglified with Primers 298F und S, Luae %, B colf poskive eontrol; Lenes 3 Srough LE

taddees (Laies % and 16) ase mdicated.

giving needed versatility fur volunteer use (C.R. Meriro
and J.L. Ram, unpublished data, 2001). The overall film
packet is compact (7.7 X 10.1 em), thin (about 1 mm),
and stackabile, so many pistes fit easily inte an incubator,
Ths plasticcover sheet readily protects the user from the
gmwing bacterial cologies. The cost, 4t upproximately
1.10 peir plate in tots of 500, is less thaa Colilert but no
as inexpensive as mTEC media; however, since Petrifilm
does not require filtretion appacatus, vavuum source,
and space tor pouring plates, its convenience may make
it preferred in volunteer-tased or eduestional testing sit-
vations, :
The corretetions Hustrated in Fig. 2 indicate taat Patri-
filre plates give a reasonebly sccurate £, colf count. The
veriability observed with Patrifilm can be considsred in

amsﬁﬂmﬁnn of 17 of the trolxtex; Lons 18, negative conivol {ader hutead of haetodal keolate), Sizek of slected bandy on the DNA calibrstion
d: . . -

relation to complinnt levels of £ coli, For example, in
the bigh count range (>300 w100 mL), such as those
sarpley analyzed in Fig. 2A and 28, the 95% confidence
interval averaged <d40% of thoe reean, indicating toat
triplicate mcas&lren'aents ha;x;ng a me;hn ?1‘1;;}9 cﬁu:lt}f) bg;L
are significantly greater thag the Michigan tot v
contact aliowable Himit of 300 ¢fw/100 mL (2.8, a mean
of 501 cfu/l00 mL would have 95% confidsnce fmits
approximarely 200 ofu/160 mL than aud stoatisr
than the mean of 501 cf/100 mL, placing 300 cf0/100 1,
oustsids the 95% canfidence Hmit, ie., significantly dif.
fersat). Conversely, in the low count range (<300 cfw/
100 mL}, such as the samples analyzed in Fig. 2, the
95% coniidence infervals averaged 101% of the mean,
suggesting that tripiizate measurements avergging <145

{Boos
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cf100 mi are significantly less than 300 =fw/100 ml.
For preliminary screening of water saraples, consistent
observations of Petrifilm plates having 2610 or ¢ne col-
ony {corresponding to 0 or 100 cfu/100 mL} would be
good indicators that the actual E. coli level {as measuzed
by standard enumeration tests) Is <300 cfu/100 L.

“These 95% confidence intarvals, while substantial,
can be compared with the vadability inherent in other
methods. For example, a membrane filtration measure-
ment of water having 300 cfw/100 ml. would typically
use & 10-fold dilution to yield 30 cfu op the fiter (to be
inthe count range of the method). Asnoted in American
Public Health Association (1998; Method 9222) “mem-
hrane counts raally are not absolute™ and are assumed
to follow & Polsson distribution, Fora count on the filter
of 30 colonies, the 95% confidence interval would be
+10.9, ar 36% of tha nomber connted (American Public
Health Assoolation, 1998; Method §222). For the IDEXX
Guanti-Tray, the manufacturer provides a table of 95%
confidence intervals. These vary over a broad range of
counts; however, a representative comparison for this
papar would be the average 95% confidzpce interval
far the samples measured with Quanti-Trays in Fig. 2C,
which averaged approximately 35% of their corvespond-
ing means, a calculated from the manufacturers’ table.
Thus, the 97% confidence intervels for the connts ob-
tainad with triplicate Petrifilm saumerations were com-
parnble with that obtsined with membrane filtration
methads and the IDEXX Quamti<Tray in the high count
range but were mara variabls than other mothods when
E. coli densities were <300 cfu/100 ml.

Petrifilm piates pppear to be useful #s a firet step in
obtaining snvironmental £ coll lsolates. In the preseat:
study, blus coloules with gas were egsily removed from -

Petrifilm plates and streaked on other nutrient media
to isolate individual clones. The isolates obtained from

16 different Petrifitm coloniss in thiy manner all pro-.

duced PCR products consistent with their being E. coli
In this and other studies (J.L. Ram, tnpublished data,
2001), Patrifilm plates have been & conveniont first step
in obtaining environmental . coli isolates for sequencing,

The wain disadvantage of the Petzifilo system i that
only 1 mL of water can be used directly, giving less

preciss measurementy in samples containiog low nem-

bers of £. colf. 1t may be possible 1o combine a prelimi-
nary concentration step oo a filter with the Petrifilm
technique; however, this would somewhat pegate the
simplicity desired for » citizen-based testing method
For improved precision in enumerating water samples
with iow numbers of £. cofi, replicates can be used as
in the present study. Overall, the stmplicity, reliability,
and relatively low cost of the Putrifilm plates make thom
sultable for citimmebased and educational mopiroring
of E. coli, particuiarly when used as a preliminacy
screening method to ldentify problem sites at which
more extensive testing can be done by professions] wa-
ter-tegting laboratores, ’
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