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Preface

The Beach Closures at Presque Isle State Park: Past, Present, and Future Conference
Proceedings was prepared with the goal of capturing all the thoughts and ideas from the confer-
ence held in Erie, Pennsylvania on April 16-17, 2007. This conference was a first for the area
discussing E. coli and beach closures.

A special thanks is extended to all the speakers at the conference, including Rick Diz (Gannon
University), Tony Foyle (Penn State Erie), Julie Kinzelman (Racine Department of Health),
Harry Leslie (Presque Isle DCNR), Ron Lybrook (Pennsylvania Department of Environmental
Protection), Steve Mauro (Mercyhurst College), Scott White (Erie County Department of
Health), Richard Whitman (US Geological Survey), and Sue Zurad-Koppes (Erie County De-
partment of Health).
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Introduction

On April 16-17, 2007, the Tom Ridge Environmental Center at Presque Isle State Park in Erie,
PA held a conference to discuss the beach closures due to high E. coli counts at Presque Isle
State Park.

The goal of the conference was for the Presque Isle officials and other local departments to get
feedback on the current management practices for beach closures at the park. The feedback
came from several experts who shared their experiences, opinions, and ideas on beach closures
with park officials and local departments.

The conference was conducted in a workshop format with presentations and an open discussion
with a panel of experts.



Protocol for Sampling Beaches

PROTOCOL FOR SAMPLING BEACHES, Presque Isle State Park, 2007

Revised to follow Title 28, Chapter 18 conditions

Below is the protocol for sampling the beaches at Presque Isle State Park that will be
implemented for the 2007 swimming season. This protocol is in compliance with Title 29
Health and Safety, Part II Local Health, Chapter 18, Public Swimming and Bathing
Places. In summary, Title 28 enacts the use of E. coli as a sampling indicator, with a
maximum of 235 E. coli per 100 milliliters for single samples, and a geometric mean of 126
per 100 milliliters.

Samplers will consist of a trained student intern team who will be responsible for all sample
collections and the lab delivery. The samplers will be trained by the Erie County Department of
Health and Park officials prior to the swimming season.

Regulation samples will be taken between noon and 2:00 PM on Sundays and Mondays during
the swimming season except during holiday weekends or when weather conditions do not
reflect peak use. A regulatory sample will be taken prior to the swimming season. Three
separate samples will be taken at each of the nine (9) permitted beach areas as delineated on the
Presque Isle Bathing Permit, which was filed with the Department of Environmental Resources
Community of Environmental Control in 1957 (three permitted beach areas are no longer used
for swimming). One sample will be taken approximately fifty (50) feet in from each end of the
beach, and the third will be taken in the center of the beach areas. All three samples will be
taken during the same visit to the beach and will not be spread throughout the day. Each sam-
ple shall be taken from water that is approximately 30 inches deep and at a midpoint between
the bottom and the surface of the water. The lab will run separate tests for each of the three
samples taken at each beach area. The final count for that particular beach will be the arithme-
tic mean for the three sample averages taken. The final count will be referred to as a sample
throughout this protocol. Sporadic anomalies will not be included in the arithmetic mean to de-
termine the final beach count but the anomaly will be reported to the park. Attempts will be
made to determine the cause of that anomaly and re-samples may be taken.

The Dean and Dixon Q-test will be used to determine statistically if an anomaly has occurred.
This test relates the extreme sample range to the range between the suspect result and its nearest
neighbor. If properly applied, the Q-test results in a 90% confidence level for data rejection. It
should be noted that the Q-test would only be judiciously applied when the laboratory

suspects an anomalous sample result. It would not be employed to routinely discard any one of
the three sample results. Since the statistical analysis of small (i.e. 3 samples) data sets is
difficult, bacteria counts from adjacent beaches will be included in the is analysis when
possible. Exceptions would be beach 1 West and Beach 11.

The sample results will be incorporated into a 30-day running geometric mean, which will be
calculated for each beach. The Erie County Department of Health is responsible for calculating
the geometric mean.



The 30-day running geometric mean is based on samples taken during the last 30 days and is
not based on a calendar month. A minimum of five samples taken on five different days is nec-
essary to run the geometric mean. Samples taken on the first day of the swimming season will
start the 30-day running geometric mean.

Due to historical data collected and intensive studies done previously, samples collected that do
not accurately reflect that water quality of the Presque Isle swimming areas or do not reflect
times of peak usage of the beach will not be applied to the 30-day running geometric mean.
These samples will still be used as regulatory samples to close beaches if the counts exceed a
density of E. coli of 235 per 100 milliliters of water and the beaches may not be re-opened until
approval to re-open the beach is received from Erie County Department of Health.

The Erie County Department of Health Lab will monitor the most recent samples to determine
the Geometric Mean of the current week plus the prior week. If this Geometric Mean exceeds
126 per 100 milliliters for that period, the Lab will notify the Park so precautionary measures
can be taken, if deemed necessary. The Erie County Department of Health Director will be no-
tified for discussion and input. This procedure does not replace established 30-day Geometric
Mean, but provides a management tool for precautionary measures.

Samples will be taken to the Erie County Department of Health Lab in Erie as soon as possible
after collection, and will be processed within six hours of collection. Scheduled water samples
will not be taken if the beaches are closed, but samples will be taken the following day or when
the beaches are reopened.

For beach closing/opening, the Lab will be responsible for immediately notifying one of the fol-
lowing persons at Presque Isle State Park: (1) the Park Operations Manager I, (2) the Assistant
Park Manager in charge of lifeguards or (3) any other Assistant Park Manager. The Park will
verify that one of the following persons at the Erie County Department of Health has been noti-
fied: (1) the Director of Environmental Health, (2) Environmental Health Supervisor, (3) the
Director of Health Department, or (4) Aquatic Biologist. Presque Isle State Park must contact
the Erie County Department of Health for approval to reopen beaches closed for conditions 1, 2,
and 3 as outline in the “Closing A Beach Section.”

The park will also be responsible for contacting news media and other interested parties of clo-
sures. When the Erie County Department of Health web site is operational, notification will be
accomplished thought the web site, and email notification by ECDH.

The water in bathing beaches should be considered contaminated for bathing purposes when

one of the following conditions exist:

1. When officials determine through visual inspection that a substance is being discharged or
may be discharged into the water and is or may be hazardous to the health of persons using
the bathing beach. The beach will be closed and sampling will begin to determine the bac-
teria count. Depending on the source, samples may have to be analyzed for other contami-
nants. Samples taken during the time the beach is closed because of this type of closure will
not be counted towards compliance and will not be included in the 30-day running geomet-
ric mean provided that the source of the contamination is identified and eliminated or other
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controlled to the satisfaction of the Department.

2. When the E. coli density of any sample collected at a bathing beach exceeds 235 per 100
milliliters.

3. Whenever the most recent entry of a sample results causes the 30-day running geometric
mean of all regulatory samples exceed 126 per 100ml.

4. If the first few sample results taken prior to the start of the swimming season are greater
than 235 per 100 ml, the beach should be closed until the running geometric mean, using a
minimum of five (5) samples, is less than 126 per 100ml.

5. Beaches may be closed at the onset of high wave activity immediately following a hot, calm
period of weather in anticipation of high bacteria counts. Historical data has indicated that
during these conditions that a high bacteria count will be experienced immediately at the
onset of high wave activity with the levels decreasing back to safe standards within several
hours. The beaches may be reopened two hours after closure for this condition if the waves
are not creating unsafe swimming conditions. Samples will be collected during this type of
closure only for additional data to monitor and verify if this procedure is correct.

6. Samples taken during this condition will not be considered “regulatory” and are not in-
cluded as part of the 30-day running geometric mean. If samples taken when a beach is re-
opened are greater than a count of 126, indicating thath assumption for reopening was not
valid, future reopening will not be allowed until approved by Erie County Department of
Health.

OPENING BEACHES

After a bathing beach has been closed due to conditions 1, 2, and 3 as stated above under
“Closing A Beach,” a re-sampling of the bathing beach will occur for three consecutive days,
weather conditions and lab operations permitting. Bathing beaches will be reopened after clo-
sure when a visual survey of the beach area indicated the conditions which were responsible for
the closure are no longer present and when:

1. Fora Type I and 2 closure, the first re-sample after a closure, which does not exceed 235 E.
coli per 100ml. For a Type 2 closure, the sample which closes a beach and all re-samples
taken will be incorporated into the 30-day running geometric mean.

2. For a Type3 closure, the beach may be re-opened following the receipt of the first sample
indicating an E. coli density of not more than the geometric mean of 126 per 100 ml. The
beach may remain open while the remaining samples are collected and analyzed as long as
no sample exceeds an E. coli density of 235 per 100ml. and the running geometric mean
does not exceed 126 per 100ml. The sample which closed the beach and all re-samples
taken will be incorporated into the 30-day running geometric mean.



3. If the conditions responsible for closing the beach cannot be identified and eliminated or
controlled to the satisfaction of the Department, the beach may not be reopened until the 30-
day running geometric mean does not exceed 126 E. coli per 100ml.

ANALYTICAL PROCEDURES

Samples will be analyzed for the presence of E. coli using the procedure outlined in “Standard
Methods for the Examination of Water and Wastewater” the 20th Edition, published jointly by
the American Public Health Association and the American Water Works Association, as
amended, or in accordance with any other method approved by the United States Environmental
Protection Agency for the testing of E. coli in water samples taken from waters designated for
primary contact recreation.

The molecular alternative method of analysis of E. coli DNA using Quantitative Polymerase
Chain Reaction (QPCR) may be used by Park and Health officials in determining proactive
preventive beach closings. Selected representative beaches may be sampled and analyzed using
the QPCR method when weather and site conditions would indicate high E. coli concentrations
may be present. Results of QPCR analysis would be non-regulatory, but could be used in con-
junction with historical data to trigger a Type 1 or Type 5 closure, or a reopening.



TELEPHONE LISTING

Erie County Department of Health.................... (24 hour number) 451-6700

Fax 451-6775
Director of Environmental Health ~ Doug Range Office: 451-6743
Supervisor of Environmental Health Karen Tobin Office: 451-6754
Director of Department of Health ~ Andy Glass Office: 451-6701
Aquatic Biologist Douglas Ebert Office: 451-6745
Lab Director Scott White Office: 451-6758

Lab: 451-6713

Presque Isle State Park............cooviiiiiii 833-7424

Park Operations Manager [ Harry Leslie Office: 833-2650

Park Manager 3 Holly Best Office: 833-2945

Park Manager 3 Charlie Meade Office: 835-5034

Park Manager 3 Dorothy Krupa Office: 833-0252

Erie Area Convention and Visitor Bureau.....................cooeiiin... 454-7191

John Oliver/Emily Beck Office: 454-7191

Pennsylvania Department of Health.......................o. (724) 662-6068
Fax: (724) 662-6086

Michelle Hughes/Ben Zimmer (724) 662-6086

Dennis Wilson, DOH, Harrisburg (724) 787-4366

Fax:  (717) 787-4790



Presque Isle State Beach Sampling Form Instructions

Each beach sampling for is divided in half length-wise, which allows two beach areas with
three (3) samples each to be recorded on one form.

Below are instructions that should be adhered to when filing out the form.

M

10.

1.

Collectors: Fill in the Collector’s name.

Data Samples: Fill in the Date the samples are taken.

Agency: Check off the agency for whom the collection is sampling.

Beach: Place the beach number or name to the right of the word “Beach.”

Monitoring Only: Check off only if this sample is not a regulatory sample and/or will not be
included in the running geometric mean. This monitoring data will not be inputted into the
computer.

Samples for re-opening: Check off if the beach is closed and the samples are being taken to
determine if the beach can be re-opened. The “yes” box must checked off and samples
must be taken for high E. coli count for a minimum of five (5) consecutive says, if a beach
is closed for a high E. coli count.

Day  of Five (5): Fill in the day of sampling if the beach is closed due to high E. coli
counts. Day one starts on the actual day that the beach was closed and the re-sample taken.

. Fill in the time the sample is taken, the water temperature in Fahrenheit, wind directions,

wave height in feet and if it is raining or not, or the number of days since the last rain. Wa-
ter temperature will be taken at beach 1 West, Beach 7, and Beach 11.

Bather Load: May be obtained from a lifeguard or by estimating the number of people in
the water using a head count of bathers in relation to those on the beach.

Park Comments: Should indicate any unusual observations such as the number of gulls pre-
sent, Filamentous algae or other conditions which may affect sample results.

The Lab telephone number, Lab 1.D., E. coli count, Lab comments, Arithmetic mean and
the current Geometric Mean will be filled out by the lab. The collector will put a “W” | “C”
and “E” above each of the Lab numbers for each beach area.

Beaches:
All beaches are sampled at three different locations. The eastern most lifeguard chair, the cen-

ter of the chairs and the western most chair are suitable markers for sampling. Bottles should
be labeled with beach name, area of beach (W-west, C-center, E-east) and the date. These la-
bels should be prepared and attached to the sample bottles prior to taking the samples.

When taking samples, start at beach 11 and work westward towards the neck of the peninsula.
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Beach Samples
2007 Summer Season

Beach Sample Name Location of Beach Samples

Beach 1 Three samples taken at the bathing area of Beach 1 West Extension.
Three samples taken at Beach 1 West.
Three samples taken at Beach 1

Barracks Three samples taken at Barracks Beach (West, Center,
East)

Unguarded section of No samples taken in this area
Beach 2 (West)

Beach 2 No samples taken in this area
Unguarded Beach 5  No samples taken in this area
Beach 6 Three samples taken at Beach 6 (West, Center, East)

Beach 7 One sample taken at the West end of Beach 7
One sample taken midway between West end and concrete jetty

One sample taken at concrete jetty

Beach 8 One sample taken at the East end of Beach 7
One sample taken just East of the Beach 8 concession stand
One sample taken at the East end of Stone Jetty

Mill Road Beaches  One sample taken at the West end of Short Jetty
One sample taken at Saw Mill Beach
One sample taken at the East end of Goddard Beach

Lighthouse Beach ~ No samples taken in this area

Beach 9 Three samples taken at Beach 9 (West, Center, East)
Beach 10 Three samples taken at Beach 10 (West, Center, East)
Beach 11 Three samples taken at Beach 11 (West, Center, East)
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Conference Presentations

Sue Zurad Koppes

Bathing Beach Contamination Study at Presque Isle 1988-1991

Abstract: Sue Zurad Koppes from the Erie County Department of Health summarized three
reports from 1989-1990. The purpose of the Presque Isle State Park Bathing Beach Contamina-
tion Investigation was to determine the source or sources of periodic high fecal coliform counts
which, at times, have caused bathing beaches to be closed. The most significant conclusion of
the investigation was that high fecal coliform counts in bathing beach water appear to be caused
by the incubation and multiplication of these bacteria in shoreline sand during hot, calm
weather and their suspension in the water at the onset of higher wave activity. Fecal coliforms
and specifically E. coli were shown to multiply using shoreline material from Presque Isle State
Park as a

substrate.

Weekly fecal coliform levels correlated with weekly water temperatures and bather loads. Sea
gull counts could be seen to influence fecal coliform levels under some conditions. “Lag”
periods of about an hour are sometimes seen between an increase in water temperature, bathers
or sea gulls and the resultant increase in fecal coliform levels.

During periods of rainfall, fecal coliform levels from streams west of Presque Isle increase
drastically. Depending on currents, high fecal coliform levels from these streams may influence
beach fecal coliform levels at least as far away as Beach 8.

Beach replenishment sand imported to Presque Isle for the 1988 beach nourishment program
was eliminated as a direct source of gross fecal contamination. However, nutrients detected in
replenishment materials may aid in the growth of fecal coliforms.

Ground water tests showed levels of up to >60,000 fecal coliforms/100mL in shoreline ground
water. Counts decreased with increased distance inland toward sand mound sewage treatment
plant systems, with counts of <10 fecal coliforms per 100mL from monitoring wells near the
sand mounds. This indicated that the sand mounds were not a significant source of coliform
contamination.

Data from past years was evaluated. Differences in reported fecal coliform levels from year to
year were due to changes in sample collection and reporting methods, as well as changes in
actual fecal coliform levels. Differences in numbers of beach closings from year to year were
also influenced by the number of samples collected annually and bathing beach

regulations in effect.
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Bacteria e

 park beaches

By BILL McKINNEY
“Weekender staff reporter
Bacteria problems continue 1o
-plague . Presque Isle State Park
forcing park officials to close a sec-
ond beach in as many days.

Tests of water samples taken
Thursday off Beach 10 revealed
fecal coliform counts of just over

31,100 per 100 mililiters of water.

" Fecal coliform are bacteria found

in the wastes of warm-blooded ani-
mals. The count is used to indicate
the possible presence of organisms
that might carry disease to humans.

Beaches are closed whenever a
coliform count is 1,600 or higher ona
single day or averages 200 or more
for five tests taken within 30 days.

John Toth, director of the Erie
County Health Department, said
test results he received Friday indi-
cated counts were down on all
heaches but 10, where it shot above
the maximum, and Beach 1.

was only 13 to 16 counts per 10,
grams of sand and that there was o
standard for sand. ;
“So do some mathematics. Mvﬂ‘m
ply the lower count by the tonsof

possible count of between 187 and
189 billion coliform colonies spread
next to the water.

“You've seen the coffee-brown wa-
ter stain spreading outward from
these so-called replenished beaches.
How -can anyone say they don't
know where the water contamina-
tion is coming from now?”

ontinue

He said Beach 1 counts were still
high but seem to be coming down.

Beach 7, which was. ordered
closed on Thursday because of a
bacteria count of 1,200, was re-
opened Friday.

“We’re continuing to pick up bat-
teries of samples,” Toth said. “I also
just reviewed the operating reports
on the park's aerobic septic sys-
tems, and groundwater samples
(from test wells around the sand
mounds) show nothing.

“We’ll be interested in the results
from the next batch since they were
picked up after a period of heavier
rest room use.”

Park records indicate numerous
accidental overflows into different
mounds during the month of May,
most of which were caused by stuck
flush valves.

Toth said health specialists also
questioned Millcreek officials Friday
ahout township plumbing. facilities

~"Rdward Donn, chairman of the:
advisory committee, said he be-

lieves the present battery of park
tests being conducted by the health

“With-both human health and Eri g
County’s tourism economy at stake;
Donn said it is time for an all-en;
compassing study to find and elimi-
nate the source of the beach pollu:
tion. '

During a strategy session of the
advisory committee Friday, Donn
said he asked members to “get their

“charges.

Satorday ) Jone +,1988

plague

to

but were told the sewage lift sta-
tions near Presque Isle had experi-
enced no problems,

He said some water samples tak-
en from streams in the area showed
elevated bacteria counts but nothing
he could link to. what is happening
on park beaches. .

Toth said the department is con-
tinuing to investigate the possibility
that heavy siltation caused by dump-
ing of fill material on beaches may
be creating an environment along
the shoreline the promotes the
spread of bacteria. ‘

Stanley Prazer, a member of tiie
Presque Isle Advisory Committee
and retired chief of the City of Erie
Water Bureau, said there is no mys-
tery as far as he is concerned.

“We had tests showing fecal coli-
form in the gravel that the US.
Army Corps of Engineers has been
laying on our beaches,” Prazer said.
“The health department told us it

thoughts together on how a macro
stidy of the Presque Isle area could
be conducted..

department under a_small state I think it's time for the state De- -

sand being put down and you get a-. grant s not sufficient.

partment of Environmental Re-
sources to get involved with some

4 real_funding for the kind of- study

that will put a crew out there in
hoats, for however long it takes,
festing the effects of temperature,
current, and the different dis-

“We've got to know what’s caus-
ing this and we've got to stop it.”



Beach poliution

"-388

study urged

By TOM WEBER

Of the Erie Daily Times )

A long-term study should be begun
immediately to pinpoint sources of
pollution that affect bathing beaches
at Presque Isle State Park, mem-
bers of the park advisory committee
and area legislators concluded at a
Friday afternoon meeting.

The lengthy meeting of the advi-
sory committee was attended by
state Reps. Karl Boyes, Italo Cappa-
bianca and Bernard Dombrowski,
who have previously sent aides to
represent them at meetings of the
advisory committee.

The proposal for a long-term
study came in response to a report
from committee membhers Paul
Knuth and Stan Prazer which
blamed the U.S. Army Corps of En-
gineers’ sand replenishment pro-
gram for the high bacteria counts
that have closed three park beaches
in recent weeks.

Knuth, an Edinboro University
geologist, and Prazer, retired head
of the Erie city water bureau, both
claimed that bacteria are being car-
ried to Presque Isle aboard truck-
loads of gravel-like upland sand that
is spread on beaches during the an-
nual $1.3 million replenishment
project.

Prazer noted that the only
Presque Isle beaches that were ever
closed due to pollution before the
beach replenishment program be-
gan in 1977 were Beach 11, which
has been periodically closed be-
cause of overflows at the Erie
Wastewater Treatment Plant, and
Beach 1, where he said the water is
occasionally polluted by sewage out-
flows into creeks to the west of the
peninsula.

“The beaches on the north lake
side of the peninsula were never
closed before 1977 because of bac-
teria,” Prazer said. “Now, we are
permitting contaminated material
with clay in it to be placed on our
beaches. Literally billions of colo-
nies of bacteria are being dumped
out there.

“There is no question that the up-
land sand is the cause of fecal coli-
form pollution of our beaches,” he
said.

The comment drew criticism from
Terry Fabian, director of the Office
of Natural Resources for the state

Department of Environmental Re-
sources. Fabian termed Prazer’s
statement “an absurd conclusion,”
saying there was no scientific data
to confirm that the bacteria problem
is related to the sand replenishment
program.

“We have an obligation in DER to
get the data and find out what is
causing the high coliform counts,”
Fabian said.

A short-term study of bacterial
contamination at park beaches is
being conducted this year by the
Erie County Department of Health
under a grant from the state Coastai
Zone Management Program, but
committee chairman Ed Donn said
the study is limited to sand trucked
onto the peninsula by Corps of Engi-
neers contractors.

“We need to know much more,”
Donn said. “We need to know if it is
the aerobic (sewage treatment)
tanks on the park itself, whether it is
an infusion of pollutants from the
bay, and whether it is being brought
/in here with the sand.”

Cappabianca, Boyes and Dom-
browski said they would support a
special appropriation for a definitive
study' of pollution sources along the
bay and lake shores.

“An in-depth study of the bay and
the entire Presque Isle peninsuia
would give you the kind of data that
you need,” Cappabianca said. “We
are being hypnotized by the media
coverage of this problem, and we
need some real answers.”

In other business Friday, advisory
committee members heard a pres-
entation from concessionaire David
Parker, who operates a boat livery,
the gas dock at the Presque Isle Ma-
rina, and the winter cross-country
skiing concession at the state park.

Parker is asking the Bureau of
State Parks.for permission to install
soft drink vending machines at five
locations on Presque Isle. Provi-
sions would be made at each of the
vending machine installations to col-
lect beverage cans for  recycling,
with the proceeds from recycled
cans going to support educational
programs at Presque Isle, Parker
said.

Also, Parker said he is asking for
permission to begin a sailboat rental
business at a location on the neck of
the peninsula.
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- park beach pollution

~ ByBILL McKINNEY
Morning News staff reporter

. The Pennsylvania Department of

Environmental Resources will send

a scientific team to Erie next week

to begin an intensive search for the

cause of high levels of bacteria that

keep closing Presque Isle State

Park beaches.

Beaches 7, 9 and 10 were closed
last Thursday _because " of high
counts of fecal coliform, bacteria
found in the waste of warm-blooded

animals. Beaches 7 and 10 were also,

closed the first week of the swim-
ming season because of hxgh coh-
form counts.

Coliform counts are used in tests

to predict the possible presence of .

disease-causing organisms called
pathogens.

. Edward Donn, chairman of the
Presque Isle Advisory Committee,

said state environmental officers in-

Harrisburg met last Friddy and
lagain -on Monday to discuss the
'park’s continuing problem. *.

“Terry Fabian of DER told me
that they are sending a team of
aquatic biologists and other DER
experts up here to take a close look
at what’s going on,” Donn said.

“They said theyre going to do
what they called a supplemental

study aimed at arriving at a broader
understanding of ‘the high coliform
counts.”

The state team w111 meet with offi-
cials from the Erie County Health
" Department, which is conducting its
own set of tests at Presque Isle,
tests that appear ‘to ‘point toward
“beach replenishment fill as the
cause.

There continues to be dlsagree-
ment about how much of a risk
these high counts .might pose to
human health, with health director:
~John Toth believing the bacteria
may be reproducing without pro-
ducing pathogens. -

State officials - will work with
health  authorities. while pursuing
their own testing program, Donn
said, in hopes of arriving at a short-
-term conclusion about causes of the
. pollution. .

At the same time the DER team
will also be drafting specifications
for what Donn termed “a long-term

. macro study” te identify all of the el-

" ements that might cause trouble at
the park in the future.

“Qur-state assemblymen have al-
ready promised us they would work
on getting up to $100,000 set aside to
pay such a study,” Donn said.

“From the looks of things, we're
going to need it.”
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Health Department

By Christopher J.  Kovski

A report issued by iwo Erie Coun-
ty Health Department employees has
targeted a number of' contributing
factors to high fecal coliform levels
at Presque Isle State Park beaches.

According to Robert Wellington,
an aquatic biologist, and Sue Zurad,
an environmental protection special-
ist, the problem can’t be reduced to
one cause.

““People would like us to come out
and say, ‘The problem is the sand
mounds, or the problem is the
sand,””’” Wellington said. ‘“‘But we
can’t do that. The problem isn’t the
sand mounds, and it can’t be ex-
plained simply by blaming it on the
sand.”’

However, Wellington and Zurad
have traced part of the problem to
the sand. As stated in their report,
The Presque Isle State Park Bathing
Beach Contamination Investigation,
“‘the most significant conclusion of
the investigation was that high fecal
coliform counts in bathing beach wa-
ler appear to be caused by the incu-
bation and muliiplication of " these
bacteria in shoreline sand during hot,
calm weather and their suspension in
the water at the onset of higher wave
activity.”’

According to Zurad, there are a
number of sources for the fecal col-
iform at the peninsula. ‘‘Bathers are
a source, of course, and seagulls are
a source as well,”” she said. ““Three
seagulls can produce as much fecal
coliform as one person. In addition,
there are problems occasionally with
overflow pipes used to carry
sewage.”’

Wellington agrees. ‘‘There are
times when raw sewage has appeared
near the bathing beaches,”” he said.
““This only.happens when there is a
massive amount of rain, but it does
happen.”’

Part of the reason for more beach
closings is a change in the guidelines
for closing a beach. Prior to 1982, a
beach would be closed if there were
a fecal coliform count over 200 per
100 milliliters for a 30-day period.

Now, a beach will be closed if -

there is a single reading over 1,000
or a geometric mean over 200 for
five testing days.

According to Zurad, a six-year
summary of actual beach closings
and the number of closings there
would be with the pre-1982 regula-
tions is as follows:

1984: There were no closings.

1985: There was one closing, but
there would not have been any with
the old guidelines.

1986: There were three closings,
one of which would have been
closed under the pre-1982 regula-
tions.

1987: There were four closings.
Only one of these would not have
been closed under the old regula-
tions.

1988: Eight closings, half of
which would have closed under the
old guidelines.

1989: 15 closings, three of which
would have been closed under the
pre-1982 standards.

Zurad points out that there is a lot
more lesting being done now than
ever hefore, which means that more
bad samples will be found. As a per-
centage, though, the numbers have
decreased slightly over the past year.

This is the result of an increase in
testing from 167 samples collected in
1984 to 544 samples taken in 1989.

The source of the fecal coliform is
fairly certain, being birds, people and
sewage overflows. In addition, the
sediment in the water has higher lev-
els of fecal cotiform from settling. If
the sediment is stirred up, the level
will triple, Zurad said.

But how does this relate to the
jevels in the sand? If the fecal col-
farm on the sand is allowed to sit, as
it does on hot, calm days, it will mul-
tiply. Then when the wind picks up
and the wave action increases, wash-
ing the coliform back into the water,
where the level will register higher
for a day or so.

There are a number of variables
involved. These include rainfall,
which may flush all of the bacteria
out at once; the wind direction, in-
tensity and duration, which affect
what beaches get the most waves and
how far up on the beaches the waves
get; the time between rains or heavy
winds, which can give the bacteria
more growth time; the number of
people using the beaches; and the
sampling itself, as different people
will use different methods, one pos-
sibly stirring up the bottom more
than the other.

Breakwalls are another item that
will contribute to the problem, Zurad
said. *‘I think we’ll be sorry about
the breakwalls,”” she said. ‘‘This is
my personal opinion. The Health
Department has no official stand on
the breakwalls.””

Problems Zurad sees coming up
are bacteria and algae growth. *‘The
Corps of Engineers has stated in its
own reports that the water tempera-
ture behind the breakwalls will in-
crease,”” she said. ‘“This will be a
better growth environment for bacte-
ria and algae.”’

In addition to this effect of the
breakwalls, Zurad questions the safe-
ty factors and beach damage. ‘‘The
most intelligent way to construct the
breakwalls would be to start at the
downdrift end,”” she said. ‘‘But the
way it is being done leaves two areas
hit with downdrift erosion. If they
combplete the breakwall bv the Na-
fure Ce:mer. there will be threc ar-
eas.”

Wellington also questions 1he
safety of the breakwalls. “‘People
may iry things like swimming out to
the rocks,” he said. “‘I'd hope they
wouldn’t y i, bui some people
probably will.”
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Employees Find
Number Of Factors In Beach Closmgs

Although the water velocity may stay the same, break-
walls slow down the water flow and raise the temperature
behind the breakwall, according to a study by the Army

Corps of Engineers.

Earlier in the suimer, there was a
pond that formed on Budny Beach.
This pond was posted with signs
declaring it contaminated, although it
wasn’t. *‘This didn’t help, because it
made people think the water was
worse than it is,”” Zurad said.To help
lower the number of beach closings,
Zurad and Wellington have a number
of suggestions:

Get rid of upland sand. The Corps
of Engineers has already stated it
will have to use more sand than it
previously thought for beach replen-
ishment.

If the use of the sand will be con-
tinued, dump it all before the bathing
season, ‘“The earlier it is done, the
better,”” Wellington said. ‘“This will
give the silt in the upland sand a
‘chance to wash out.”’ Also, there are
aesthetic and safety factors. *‘I think
one problem with the tourists is the
dump trucks,”” Zurad said. ‘‘These
trucks are spitting out exhaust, mak-
ing noise, and speeding along the
roads.””

A change in the guidelines may al-
so help. ““These guidelines are not
applicable to Lake Erie,”” Wellington
said. ‘‘Lake Erie is like a small
ocean. These guidelinies are for en-
closed, smaller bodies of water.”’

Changes in the testing would help
as well. If there were three tests done
at different times each testing day at
a beach, with the closing coming on-
ly if two or more samples are bad,
there would be a more accurate read-
ing of the water quality. ‘‘Many
times, by the time a beach is closed,
the contaminated water is miles
away,”” Wellington said. “‘If more
than one sampl® would be bad, it
would probably mean lhat the water

was mofe Sl gndni, WL Wi jus

tify closing the beach.” ,
Finally, Wel]mgton said, don't
feed the seagulls. “‘They are too

tame, and they are hanging around
the beaches,”” he said. “*Even the
Audubon Society agrees with us on
this.”"



Harry Leslie

Beach Management by DCNR

Abstract: Presque Isle State Park is a 3200 acre sand spit peninsula located on the southern
shore of Lake Erie along the Pennsylvania coast immediately west of the city of Erie. Presque
Isle’s Waterfront Operation consists of 13 permitted beaches representing 2.86 linear miles of
guarded swimming beaches operated from Memorial Day weekend through Labor Day each
year. The “Peninsula” is Pennsylvania’s only seashore type recreational facility that provides
surf type swimming and water sport activities.

Beach operations consist of 65 trained life guarding staff to monitor the beaches for public
safety, and 6 to 10 summer college interns, which perform various water quality monitoring,
and beach cleaning duties.

Each year after winter ice-out, Presque Isle beaches are cleaned of washed-in debris and litter
by hundreds of volunteers, prison crews, and park maintenance employees with heavy
equipment. Annual sand nourishment contracts funded 50/50 by the Commonwealth of Pa. and
the U.S. Army Corps of Engineers distribute on average 38,000 cubic yards of new sand, and
20,000 cubic yards of re-distributed sand from tombolo build-up behind several breakwater
structures. Presque Isle’s beaches are protected by the largest off-shore segmented breakwater
project in the world, completed from 1989 to 1992, for a cost of $24 million dollars, consisting
of 55 segmented break- waters stretching 5 linear miles along Presque Isle’s shoreline.

Beach Grooming operations take place daily by park maintenance crews throughout the
summer swimming season, utilizing a Barber beach groomer, a Cherrington beach groomer, and
a York rake towed behind a 4-wheel drive tractor. Park interns, as well as lifeguard staff also
perform daily cleaning operations along the shoreline to remove any washed-in dead fish or
dead birds. Additional park laborers remove garbage and litter at beaches and parking lots
several times a day as needed.

Water Quality monitoring for e-coli bacteria takes place on a regulatory basis twice weekly at
all beaches on Sundays and Mondays throughout the season. Three 100 ml samples are taken at
each beach. Samples are then taken to a lab operated by the Erie County Dept. of Health and
plated for 24-hour cultures. Final counts for each beach are determined by the arithmetic mean
of the three samples taken at each beach.

Prior to the 2007 swimming season, regulatory beach closures occurred when; e-coli density of
any beach exceeds 235/100ml, when the 30 day running geometric mean e-coli count exceeds
126/100ml, by visual inspection by a park official of a beach after rain events and plumes of
discolored water are observed along the shoreline, and onset of high wave activity following hot
calm periods of weather. Non-regulatory closures occurred for lightning events, high wave
activity, and/or other safety related conditions.

The public is notified of beach closures by several layers of signage posted throughout the park,
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through news media announcements to radio, TV, and newspaper outlets, through direct public
contact by lifeguard staff that are posted on closed beaches, and through Internet postings at the
DCNR/Pa. State Parks website, and the Earth 911.org website.

Beaches are re-opened following a regulatory closure of high e-coli counts; when the first
resample (of five required re-samples) after a closure that does not exceed 235/100ml, or for
geometric mean closures, the first re-sample that lowers the mean below 126/100ml. Public
notification of re-opening beaches is through the same procedures as described earlier for
closure of a beach.

During the 2007 swimming season, the Pa. Dept of Health has permitted the Erie County Dept.
of Health to implement a pilot program for the water quality monitoring protocol for Presque
Isle beaches. This protocol is similar to the state of Wisconsin’s program of a two-tiered
swimming advisory. Beaches will be posted as “Swimming Advisory” when e-coli counts
exceed 235/100ml through 999/100ml. Swimming is still permitted at a beach posted with a
“Swimming Advisory” and precautions are listed on special signage designed for the pilot
program that states:
e Avoid swallowing lake water; parents monitor your children
o Wash your hands before handling food
e Avoid swimming if you have a compromised immune system, an open cut
or wound, if you are pregnant, or if you are experiencing illness
e Minimize water contact if lake levels are high, heavy rains have just
ended, or strong winds are blowing from the west.

E-coli counts that are at or exceed 1000/100ml, the beach will be posted as “Restricted
Swimming” and no one will be permitted to swim at that beach until the first re-sample that is
recorded below 1000 count. Beaches are still posted with a lifeguard during “Restricted
Swimming” events for public notification and public safety.

Also new for 2007 is an electronic sign board purchased through the EPA Better Beaches grant
money, that is installed at the park entrance that gives current Swimming Advisory information
to park visitors on a real time basis. Finally, research continues in 2007 with implementing a
QPCR testing protocol that is in conjunction with known predictive model threshold events that
would provide a real-time water testing protocol that would provide highly accurate water
quality information within 3 hours of taking a water sample.
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Presentation:

Beach Management
Presque Isle State Park

Welcome to Presque Isle
State Park




Overview of Presque Isle

» 3200 acre peninsula on southern shore of
Lake Erie — Pennsylvania’s only “seashore”

» National Natural L.andmark
» “Top 10 Birding Locations in USA”

» Average annual attendance 1s around 4
million visitor days per year

Presque Isle Waterfront
Operation

PRESOUE BLE STATE PARK

Tharteen (13) designated beach laons represen 2.86 linear mules
of guarded swimming beaches along 7 miles of Presque Isle Shoreline
on Lake Erie.

-t
\ |




65 Seasonal Waterfront Staff

»Lake Erie Lifeguards
»Lake Erie Lifeguard Supervisors
»Lake Erie Lifeguard Managers

Responsible for: Guarding beaches, First Aid, First
Response, ATV Beach Patrols, Jet Ski Beach Patrols,
and daily lifeguard and fitness training

Interns

» 6-8 Seasonal Interns

y [
Responsible for: beach water sampling program and daily;

fish and avian mortality cleanup operations along beaches.




Annual Preparation of
Beaches

N W’ﬂi’.’““

» Annual Spring Clean-
up, over 500 volunteers

» Albion prison crews

»Heavy Equipment and g
Park Crews




Annual Beach Nourishment

Annual Beach Nourishment

» 50/50 cost share with U.S. Army Corps of
Engineers.

» Distribute new sand (average 38,000 cubic
yards/year).

» Re-distribute tombolo sand behind breakwaters
(average 20,000 cubic yards/year.

Crifical Issues:
»Federal funding disappearing.
»>Piping Plover Critical Habitat Designation.




Protocol for Beach Sampling

PLING BEACHES, Prassus s 5 7

»Regulatory sampling re(iujred
twice weekly: between Noon and
2 PM on Sundays and Mondays.

»Three 100 ml samples taken at
each beach.

»Lab runs test on each sample
from each beach.

»Final count is the arithmetic
mean of the three samples of that
beach.

Beach Closures Occur

> E-coli density exceeds 235/100 ml.

> 30-day running geometric mean exceeds
126/100 ml.

> Visual inspection by park officials.

> Onset of high wave activity following hot
calm periods of weather.

> Non-regulatory closings for lightning, high
waves, or safety related conditions.




Notification of Closures

Signage

BEACH i
s NOTICE

SWIMMIN

NG BEGHS ™ THIS BEACH IS
CLOSED
NO SWIMMING
DENR ooz

Media Notifications

»Park Staff sends out
press releases regarding
beach closures.

»Lifeguard staff
updates the “Times
News On Call” every
morning and when
there 1s a closing or
opening.




Lifeguards Posted on Duty

Websites

Site is updated every week with beach closure and opening information.

Park staff posts information on beach closures in the

“park advisory” section.




Re-opening Beaches

> Re-sampling for three consecutive days

> First sample after closure that does not
exceed 235 e-coli per 100 ml.

> Geometric mean closures — beach reopens
after ﬁrst re- sample that bring mean belbw ‘




2006 Statistics

» One of our worst seasons on record for closures.

»Many heavy rain events with significant storm
water runoff.

»One of the worst years for clodophora blooms,
with MANY MORE beaches affected for
LONGER.

Beach Protocol
Requested Changes for 2007

o : , LE T G ]
»Posting of beaches as “Advisory” as St
opposed to closed. ADVISORY

»Use of QPCR as a preemptive tool T T T ——

standads. Thasa Pigh levals hypicaly sl for sharl periods
of lime, Although most swimmens are nok expecied

until actual cultured samples are oo 1 Sty f e e o

ks of baceria

To reduc risk of ilrsas, il s recormmended that swimmens
comp ete. ke i Elowing pracautions
= Avoid gwnllowing lake Wit
» Wish your hands befare handling food
= Avoid swimming with an cpan cut of wound, ar
i you are expariencing |liness.

»Re-sampling after a closure event - Wi St s e

heavy rains have just ended, or strong winds
are blowing from the west.

for 3 consecutive days vs. 5 days.
it Cousty Depanment of Healh  [574] 4518700

»First re-sample below 235 e-coli .
used for open swimming vs. 126.




Questions?
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Scott White

Beach Monitoring Program and Development of State Standards

Abstract: Scott White from the Erie County Department of Health presented the State
Standards for bathing beach contamination.

§ 18.28 Bathing Beach Contamination

(a) Use of a bathing beach found to be contaminated shall be discontinued until written
approval to reopen the bathing beach for swimming or bathing is obtained from the Department.
The permittee shall prominently post legible signs measuring at least 8" by 11" at all entrances
to the bathing beach area informing the public that the bathing beach is closed and that
swimming or bathing is prohibited. The approval will be given by the Department when the
Department finds that the waters of the bathing beach are no longer contaminated.

(b) The water in bathing beaches will be considered contaminated for bathing purposes when
one of the following conditions exists:

(1) The Department determines that substance is being discharged or may be discharged
into the water and is or may be hazardous to the health of persons using the bathing beach.

(2) The E.coli density of a water sample taken from the bathing beach exceeds 235 per
100 milliliters.

(3) The E.coli density in all water samples taken from the bathing beach, in any 30-day
period during the bathing beach’s operating season, exceeds a geometric mean of 126 per 100
milliliters.
Authority

The Provisions of this § 18.28 amended under the Public Bathing Law (35 P.S. § § 672-
680d); the Local Health Administration Law (16 P.S. § § 12001-12028); and section 1920-A of
The Administrative Code of 1929) (71 P.S. § 510-20).

Source
The provisions of this § 18.28 adopted September 18, 1971, effective September 18,
1971, 1 Pa.B. 1921; amended June 19, 1981, effective June 20, 1981, 11 pa.B. 2133; amended
July 16, 2004, effective July 17, 2004, 34 Pa.B. 3695. Immediately preceding text appears at
serial pages (216884) to (216885).

Cross References

This section cited in 28 Pa. Code § 18.23 (relating to recirculation and filtration); and 28
Pa. Code § 18.30 (relating to water samples).
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Ron Lybrook

Tributary Studies (Creek Sweep)

Abstract: During the 2006 swimming season at Presque Isle State Park, various beaches were
closed on 17 days because levels of E. coli bacteria exceeded the standard of 235 colony
forming units per 100 milliliters of sample (CFU/100ml). The beaches at Presque Isle State
Park are a valuable recreational, economic, and cultural resource for the citizens of the
commonwealth. Elevated bacteria levels in beach waters create potential human health risks
and beach closing result in economic impacts to the park and the Erie community.

Typical beach monitoring programs include routine testing for fecal indicator bacteria (FIB), a
gastrointestinal bacteria group that includes, among other groups, Escherichia coli (E. coli),
Bacteroides fragilis (Bacteroides) and Enterococci sp. The presence of FIB in surface waters is
used as an indicator of other pathogenic bacteria and triggers beach closings. To study the
causes of the beach closings, a task force was formed with representatives from DEP, DCNR,
PAF&BC, the Erie County Department of Health, the Regional Science Consortium at the Tom
Ridge Environmental Center at Presque Isle, Pennsylvania Sea Grant, Erie County Conserva-
tion District and the Erie Area Convention and Visitors Bureau. One focus of the task force was
to assess potential FIB sources influencing water quality within the western portion of Lake
Erie watershed and how it impacts the beaches at Presque Isle State Park.

The assessment involved a three-phased approach to identify potential FIB sources that may be
impacting Presque Isle beaches. The first phase was Creek Sweep, a one-day event where 68
samples were collected from streams, stormwater control facilities and beaches; an evaluation
of regulated sewage discharges; and a basic stream corridor assessment to identify illicit
discharges. Phase II of the assessment compared Creek Sweep results to historic water quality
data from three reference Water Quality Network stations. Certain sites on Elk Creek and
Walnut Creek were sampled again for FIB as part of Phase III of the assessment. The samples
were used for DNA Polymerase Chain Reaction testing (PCR testing) to determine whether the
FIB were from animal or human sources.

The results of the assessment show that FIB are prevalent throughout most surface waters in
varying degrees. FIB levels within the western area of the Lake Erie watershed, as compared to
reference watersheds; however, are much higher suggesting a contributing pollutant source.
Samples collected from tributary streams, stormwater discharges and point source discharges
are all contributing sources, but the predominant loading is from non-point source pollution
associated with stormwater runoff. Further, PCR DNA testing shows that FIB is from both
animal and human sources. The presence of human specific Bacteroides DNA confirms human
waste as a contributing source to the bacteria loading within the watershed.

The assessment did generally quantify the loading and identified potential sources of FIB in the

Lake Erie watershed study area, but it did not determine the impact of the FIB loading on
Presque Isle beaches and further study is needed. With the interest of public health and safety
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put first and foremost, a strategy of “the best defense is a good offense” is recommended. That
is, attempt to eliminate direct sources of FIB within the watershed and employ methods to
reduce conditions that harbor E. coli at Presque Isle beaches. Specifically, the E. coli Task
Force is encouraged to:

o Continue its research on FIB sources, monitoring and control programs.

o Partner with local and regional agencies to share resources, gain new knowledge and
direct initiatives.

o Continue monitoring and compliance efforts at regulated sewage discharges and
Municipal Separate Storm Sewer Systems, as point source discharges remain to be a
contributing factor of FIB.

o Continue surveillance within the watershed to identify and eliminate other illegal
discharges.

o Employ beach-grooming activities that minimize the proliferation of FIB within
beach sands.

o Start collecting data on the beach conditions concurrent with E. coli sampling to
develop indicators for a predictive model for FIB.

Meanwhile, further study is necessary to identify the predominant sources of FIB within the
watershed. Additional FIB sampling coupled with PCR testing should be done at specific
points within the watershed to identify the source areas and contributing species. It may also be
possible to correlate trends of precipitation, wind, stream flow and sediment loading to make a
predictive model of FIB levels.

From the results of the assessment it is known that tributary streams are one possible sources of
FIB to Lake Erie, but their fate and transport is unknown. The impacts of FIB on Presque Isle
beaches from streams tributary to Lake Erie should be further assessed.

A new indicator for FIB should be considered. One possibility is a rapid DNA PCR method to
identify human strains of E. coli or Bacteroides as the indicator for beach closings, rather than
culturing the bacteria. A second option would be to use a chemical indicator of sewage
pollutions. Many studies have been conducted showing that pharmaceuticals or caffeine can be
used as indicators of human sewage pollution. These options could significantly decrease the
turnaround time of testing, providing accurate results and a quick determination of the actual
risk to the public.
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Operation Creek Sweep

Assess FIB sourcs within the western
portion of Lake Erie watershed

N
M Pennsylvanmia Department of Envirenmental Protection

Phase I: One-day sampling event with 68 samples
collected at streams, beaches, stormwater, and
sewage discharges; stream corridor assessment to
identify illicit discharges; compare to historical data.
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Map 1: E. coli Sample Locations
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Phase 1 Resurlt.s.:

«Historical review shows FIB are present in most surface waters

*FIB levels in the western Lake Erie watershed, as compared o
reference watersheds, are much higher

«E. coli counts are significantly lower during dry weather stream
flow as compared to wet weather stream flow

+Contributing sources are both non-point and point source

*Predominant loading seems to be from non-point source
pollution associated with stormwater runoff

Specific FIB sources: Natural? Sewage? Agricultural?
Determine human vs. non-human
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Phase 2: Sampling at six locations on both Elk
Creek and Walnut Creek for PCR-DNA analysis
to identify source type, human vs. non-human

> - a -
M Pennsylvanmia Department of Emvironmental Protection
Ly

Map 2: PCR Sample Locations
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Phase 2 Results:

+FIB are present from both human and non-human sources
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L
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+FIB contributions are throughout stream reach

*Results are not quantitative--no comparison to plate count

w
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Phase 3: Focused eight sampling events at six locations
on Walnut Creek for PCR-DNA analysis to identify
source type and relative abundance

¥
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Overasion Cresle Syrezn
Sample locations selected by:
Sewage disposal methods
*Septic systems
*STPs
*Public sewers
Land use
«Commercial
*Residential

*Agricultural

M Pennsylvania Dep af Envi; iy
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Walnut Creek Watershed Sewers
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Walnut Creek Sewers and Discharge Points
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Sample locations selected by:
Sewage disposal methods
«Seplic systems
*STPs
*Public sewers
Land use
*Commercial
*Residential

«Agricultural

Y b v f St

Legend
Detailed Streets (Single Laver) || Mot Sewered Impacted Areas
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[ ] Municipzines | Easting Severs [l Esre Earth
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Phase 3 Results (pending):

*Pinpoint predominant source type
(sewage vs. agricultural vs. natural)

-Address sewage problems

*Address agricultural problems
*Determine E. coli loading to Lake Erie
*Data for predictive modeling

T____’ A . t Pennsylvania Department of Envirenmental Prorecrion
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Steve Mauro

Real Time PCR

Abstract: We are participating in several research projects that are aimed at using real-time
PCR to better understand and address high E.coli levels in the beach waters of Presque Isle
State Park. In particular, we are investigating: 1.) the human contribution of bacterial
contamination in the tributaries west of Presque Isle State Park, 2.) if raking sand in the surf
zone of the beaches reduces bacterial load in the waters where the sand was manipulated and
3.) if a quantitative PCR based protocol can be developed to predict E.coli levels in a timeframe
that will allow same day testing and beach closure actions. Our preliminary results demonstrate
high E.coli levels in several western tributaries, several of which have bacteria arising from
human contribution. We are currently processing data that will give us insight into where this
pollution is originating. We have also found evidence for high bacterial loads in the surf zone
sand at beaches 2,6, and at the lighthouse. By manipulating the sand, we have found that the
amount of bacteria increases in the sand but decreases in the water, although this test will have
to be repeated to validate these results. Lastly, we are finding a fairly strong correlation between
the amount of E.coli determined from standard plating methods and the amount of E.coli
determined from real-time PCR. This correlation needs to be expanded using samples that have
E.coli counts that are above 235 cfu/100mls water sampled by the plating method before a final
protocol can be adopted that supplements current protocols for beach closure actions.
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Quantitative real-time PCR to test for the distribu N
=

and abundance of bacteria in recreational water

Steven Mauro, Ph.D.
Department of Biology
Mercvhurst Colleae

Beach closures from 2004-2006 conform to EPA
approved protocol for bacterial sampling

Filter water
through 0.45uM
pore size filter

Incubate filter on growth Count number
media specific for £.coli of colonies

When colony counts exceed 235 per 100mls of water sampled,
the beach is closed




There are advantages and disadvantages associated
with this sampling scheme

Advantages Disadvantages

- Uniform sampling protocol -Time between sampling and
results is approx. 24 hours

- Ease of execution -Does not directly test for
pathogenic microorganisms

- Cost effective -Does not test for other
sources of microbial pollution

A molecular alternative- Analysis of DNA by
Polymerase Chain Reaction (PCR)

http://www_dnalc_org/ddnalc/resources/animations_html

- This method is fast (5 hours) and specific (any pathogen on filter)

- However, the abundance of DNA is not easy to determine

A new age approach- Combining PCR with fluorescent
dyes to make PCR quantitative (QPCR)

— \
-
i T"m,,, :/ Fluorescence =
’ measured with B
QPCR machine

]

Polymerase

SYBR green intercalates
into synthesized DNA




Protocol to concentrate and purify DNA in a
water sample

bia23d

Filter water Elute DNA from filter Isolate DNA

through 0.45uM LA ate U
pore size filter by a rapid boil with kit

This process of DNA isolation can be completed in
approximately one hour

Test of DNA primers for linear amplification

Primers that will amplify
Enterococcus DNA on
a dilution series of DNA
isolated from
Enterococcus faecalis

The graph shows linear
amplification with this
primer set

W16 W 20 22 24 2 28 W R M W I
Twoshold Cycle
y=-0.28x + 2291, r-squarad = 0L.994




Linear amplification of dilution series is possible with
primer sets designed to target other organisms

Bacteroides

\\

10 12 14 16 18 20 22 24 A9 21 23 25 27 29 a1 33 35 a7 9 41 43 45
Thieshold Cycle Threshold Cycle
¥ = -0.406% + 6.809, r-squared - 0.976 y=-0.236x + 0.25, r-squared = 0,98

»

Lag Concentration
@

B

Shiga toxin Fruit fly

2
N

LY
Log Concentration

Lag Concentration
P

4 -2
1 13 15 17 19 2 23 25 27 22 12 14 16 18 20 22 24 26 28 30 32 34 36
Thieshold Cycle Threshold Cycle
¥=-0.274% + 4.741, r-squared - 0.998 y=-0.203x + 8.351, r-squared - 0,998

Comparison of Enterococcus colonies to CT values
using primers specific for Enterococcus

100 200
Enterococcus colonies

Results show a strong correlation between the number
of Enterococcus colonies and the amount of
Enterococcus DNA in different samples




Summary of bacterial studies

-QPCR is a technique that can determine the relative abundance
of targeted DNA in a water sample in a timeframe of under
3 hours

-The DNA that can be targeted include general (E.coli and
Enterococcus) or specific (pathogenic E.coli, human vs. non-
human Bacteroides) classes of bacteria

-Results indicate a strong correlation between DNA analysis of
Enterococcus DNA by QPCR and the number of Enterococcus
colonies by plating assays

Future work

Determine the spatial and temporal distribution of indicator and
pathogenic bactena in the beach waters of Presque Isle State Park

Acknowledgements
Mercyhurst College

Al local/national organizations interested in addressing.
bacterial contamination in Presque Isle beach waters.
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Scott White

Presque Isle Beach Sanitary Survey and USGS Modeling Efforts

Abstract: The use of E. coli as an indicator of recreational water quality has been largely
effective in determining when fecal contamination is present; however, there are drawbacks
with using it as the only indicator. Concentrations of E. coli may change significantly between
the time of sample collection and the reporting of results (anywhere from 18-24 hours). A more
rapid method that some managers of recreational waters have adopted is the use of water-
quality and environmental variables as surrogates for fecal-indicator bacteria that include, for
example, precipitation, wind speed and direction, streamflow, and turbidity to predict, or
forecast, when concentrations of fecal-indicator bacteria will exceed recreational standards.
These emerging techniques may supplement the use of E. coli as an indicator of fecal
contamination.

The U.S. Geological Survey (USGS), in cooperation with the Erie County Health Department
(ECHD), studied the use of water-quality and environmental variables in beach-specific
predictive models as surrogates for E. coli in forecasting the bacteriological health of Presque
Isle Beach 2 in Erie, Pa. The study was based on E. coli concentrations and other water-quality
and environmental data collected at Presque Isle Beach 2 during the 2004 and 2005 recreational
seasons. All variables statistically related to E. coli concentrations were included in the initial
regression analyses, and after several iterations, only those explanatory variables that made the
models significantly better at predicting E. coli concentrations were included in the final
models.

Models were developed for the 2004 data, the 2005 data, and the combined 2004-2005 dataset.
Combining the 2004 and 2005 data yielded a significantly better model for predicting E. coli
exceedance probabilities that included the explanatory variables turbidity log, rain weight, wave
height (calculated), and wind direction.
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Predicting Escherichia coli at
Presque Isle Beach 2 in Erie,
Pennsylvania

Presque Isie Beach Sanitary Survey Workshop
Tom Ridge Environmental Genter
April 16, 2007, Erie, EA

Scott White, ECHD Environmental Supervisor
Tammy M. Zimmerman, USGS Hydrologist

=USGS

LOCATION OF PRESQUEISIE BEACH|Z AN SURROUNDING
BEACHES, ERIE, PENNSYLVANIA (modified from PaDCNR, 2006).
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Beach advisories or closings are issued on the
basis of recreational water-quality standards for
Escherichia coli (E. coli') bacteria.

PROBLEM:
Concentrations of £. cofi at permitted Presque Isle beaches

* occasionally exceed the recreational water-quality
standards.

* may change significantly between the time of sample
collection and the reporting of results (18 — 24 hours).

& USGS

COOPERATIVE AGREEMENT

The U.S. Geological Survey, in cooperation
with the Erie County Health Department,
studied the use of water-quality and
environmental variables in beach-specific
predictive models as surrogates for E. coli
in forecasting the bacteriological health of
one Presque Isle beach near Erie, Pa.

& USGS




Beach 2, east (looking west)

Presque Isle Beach 2 project

Data was collected and compiled during the 2004 and
2005 recreational sampling seasons (Memorial Day to
Labor Day)

Statistical relations between E. coff and selected water-
quality and environmental variables were determined

Regression equations were developed to provide
predictive models for £ coff concentrations (2004 model,
2005 model, and combined 2004-2005 model)

Predicted concentrations were used to develop
probabilities that the single-sample maximum bathing-
water standard for £. cofi would be exceeded.

& USGS




Data collection

WATER-QUALITY DATA

® E. colibacteria

® pH

* Dissolved oxygen

® Specific conductance
» Water Temperature
® Turbidity

&USGS




ANCILLARY DATA

Number of birds

Beach debris

Boat activity

Estimated wave height (0-2ft, 1-3ft, 2-4ft, 3-5ft,
or 4-6ft)

Streamflow (USGS Brandy Run nr. Girard, Pa
streamflow-gaging station)

&USGS

ENVIRONMENTAL DATA

* Rainfall

* Wave height (calculated)
* Wind speed

* Wind direction

® Current speed

® Current direction

& USGS




Statistical correlations found between log,, £. colf
and the following continuous variables:

*® Log,, turbidity

* Wave height (calculated)
* Wind speed

® Current speed

NOTE: Weak correlations were also found between

log,, £. coliand streamflow variables and rain
variables.

=USGS

Statistical relations were also found
between log,, £ colfand categorical
variables




Log,, £ coli concentrations by wind
direction

NOTE: Higher
median & ol
concentrations
were observed
when winds
were from the
southwest or,
northwest
directions.

LOG, ESCHER OHIA COL! DONCENTRATIONS,
INCOLONIES PER 100 MILLILTERS

&USGS

LOCATION OF PRESQUE I5LLE BEACH 2 AND SURROUNDING
BEACHES, ERIE, PENNSYLVANIA (modified from PaDCNR, 2006).

& USGS




Log,, £ coli concentrations by
estimated wave height

=
E

NOTE: In
general,
median E cafi
concentrations
increased as
wave heights
increased

LOGE, ESCHERICHIA COLI DONCENTRATIONS,
I COLOMIES PER 10D MILULITERS

1
oD-2 1-3 Z-4 E-5

, USGS ESTIMATED WAVE HEIGHT, IN FEET

Regression equation to predict £. coff
concentrations (combined 2004-2005 dataset)

E. coli= 12.206 + 3.310 log,, turbidity + 1.183rain
weight + 2.318wave height* + 0.662wind dir

where
wave height* is the wave height
(calculated) variable.

=USGS




Log,, £. coli concentrations and probability
of exceeding 235 colonies per 100 milliliters

NOTE:
Predicted

E colf
coneentrations
were used fo
develop
probabilities
that the E ol
standand
would be
exceeded

2 ]
LG, ERCMIAAC A C OO0 CORCEMTRATIONS, I COLORIES
o

&USGS

SUMMARY

* Correlations exist between log,, £ colf and
log,, Turbidity, wave height (calculated), wind speed, current speed,
and wind direction

Weak correlations exist between log,, £ coff and streamflow
variables and rain variables

Statistical relations exist between log,, £ co/fand wind direction
and estimated wave height

Significantly higher concentrations of log,; £ coffwere observed
when winds were from the southwest or any north direction
(highest median £ colf concentrations were observed when winds
were from northwest or southwest)

=USGS




SUMMARY -- continued

» Median log,, £. coliconcentrations generally increased as wave heights
increased.

2004-2005 bacteria predictive model developed for Presque Isle Beach 2
included the explanatory variables log,, Turbidity, rain weight, wave height
{calculated), and wind directon

Overall, the 2004-2005 model was 94 percent accurate (156 of 166
samples) in predicting bacteria concentrations

The model was good at predicting when bacteria concentrations would be
below the standard (150 of 154 samples correctly predicted).

The model was not so good at predicting when bacteria concentrations
would be above the standard (only 6 of 12 samples correctly predicted).

& USGS

CLOSING COMMENTS

oFor determining beach closures, the model is one tool that
can be used in the decision-making process

»Data from additional years of sampling would provide
information to better characterize the bacteriological quality
of Beach 2 by covering a broader range of climatic
conditions

& USGS




Follow-up study

® Use 2006 data and subsequent years of data (at least
one independent year of data) to test/validate the
current predictive model that was developed using 2004
and 2005 data.

Re-analyze £ cofi ancillary, and environmental data to
include 2006 data and subsequent years of data (2004-
Eﬂé]d{i f:lata and beyond) for refinement of the 2004-2005
model.

Compare modeling results to current method of
determining bacteriological quality of beaches.

Use real-time information to “WEBCAST" or "NOWCAST"
beach water-quality conditions.

&USGS

Additional information on
“"NOWCAST”

® Similar to a weather forecast

® Forecasts if current conditions exceed bacteria
standards

® Quicker than current method (previous day’s
E.coli conc.) to determine beach
advisories/closings

® NOWCAST in place for Huntington Beach in Ohio
® Info available at http://www.chionowcast.info

&USGS




USGS Scientific-Investigation Report
2006-5159

Monitoring and modeling to predict
Escherichia colf at Presque Isle Beach 2,
City of Erie, Erie County, Pennsylvania

http://pubs.usgs.gov/sir/2006/5159/

By Tammy M. Zimmerman
USGS-Water Science Center
215 Limekiln Rd.
Mew Cumberland, PA 17070

(717)730-6974
= USGS

tmzimmer@usgs.gov
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Rick Diz

Watershed and Near Shore Lake Erie Modeling

Abstract: Research Plan

Modeling the Transport of Escherichia coli Bacteria From Selected Watersheds to the Near-
shore Pennsylvania Waters of Lake Erie with Implications for Bacterial Contamination of
Presque Isle Beaches

Principle Investigator: Harry R. Diz, Ph.D., PE, Associate Professor
Department of Environmental Science & Engineering, Gannon University

Background

The beaches of Presque Isle State Park, Erie, PA, like many other Great Lakes beaches, have
had far too many occasions when high bacterial counts have forced closure of the beaches to
bathers. The park is the most visited state park in Pennsylvania and each year draws hundreds
of thousands of beach-goers from hundreds of miles away. It is the only Lake Erie beach ac-
cess for most citizens in the entire region.

The park is operated by the state parks division of the Pennsylvania Department of Conserva-
tion and Natural Resources. Responsibility for public health in the area, and the testing of the
waters along the bathing beaches, rests with the Erie County Department of Health. The long
history of coliform contamination of the beaches is not understood. It has been suggested that
the source of the bacteria is the abundant wildlife of the area, including a large community of
waterfowl (the local-source hypothesis). Others have suggested that bacteria are exported dur-
ing storm events from streams to the west of the park, are transported by wind-driven currents
eastward along the Lake Erie shoreline, and are drawn into the surf area of the beaches (the re-
mote-source hypothesis). Both mechanisms may be occurring under various climatic condi-
tions, and in order to provide beach managers with the best possible understanding and manage-
ment tools to protect the public health, a coordinated study of these possibilities is proposed.
Once the source, transport, and fate of the bacteria are understood, intervention strategies may
be developed and implemented.

The goal of this component of the overall study will be to investigate the remote-source hy-
pothesis by modeling the release and transport of coliform bacteria from selected watersheds to
Lake Erie, and then transport along the Pennsylvania Lake Erie shoreline. The watersheds to be
studied are those of Elk Creek and Walnut Creek. These are the largest watersheds which dis-
charge water and sediments to Lake Erie just to the west of the Presque Isle peninsula, and have
been previously identified by the PA DEP and Erie County Department of Health as being the
most likely major sources of coliform bacterial contamination. The successful implementation
of the model(s) will aid in the explanation of the occasional appearance of unacceptably high
concentrations of coliform (especially E. coli) bacteria in the bathing waters of the beaches of
Presque Isle State Park.
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Methodology

The modeling effort will consist of two phases. The first and more fundamental phase will be
to model the generation and transport of E. coli bacteria from the watersheds. Models used for
this phase would be the GIS-based BASINS system developed by the US EPA. The non-point
source water quality model Hydrologic Simulation Program Fortran (HSPF), integrated into the
BASINS system, will generate time series output of data for hydrology, sediment transport, and
bacterial loads for each of the two targeted watersheds. Data already obtained by this and other
researchers will be used to calibrate HSPF so as to produce an accurate simulation.

The output from HSPF will be used as input information for the second phase of the modeling,
the nearshore Lake Erie hydrodynamic model. For this application, a hydrodynamic model such
as the Environmental Fluid Dynamics Code (EFDC) linked to the Water Quality Analysis
Simulation Program (WASP) will be used to simulate transport and fate of bacterial along the
Lake Erie shoreline. These models are capable of two- or three-dimensional application. To
provide field data to calibrate these models, it will be necessary to collect water samples during
the summer bathing season of 2007 at strategic locations along the Pennsylvania Lake Erie
shoreline.

For the data to be timely, it will be necessary to mobilize a team of researchers and a vessel
such that the team can collect samples on short notice once during and/or shortly after a storm
event begins. This will need to be done for at least three storms over the course of the summer
season. The goal of the sample collection effort would be to collect samples in a set of radiat-
ing transects out from the mouth of the two streams and in the nearshore waters leading to the
bathing beaches of Presque Isle. Samples will be collected on the day following a rain event,
and again the very next day at the same sites.

Sample Collection Methods and Locations

Water samples will be collected from the deck of the research vessel using a Kemmerer Water
Sampler. Samples will be obtained with the sampler from 1 meter below the surface. Prior to
each sample collection, the sampler will be disinfected by rinsing with a diluted bleach solution.
Once placed into the lake waters, any remaining bleach solution on the sampler will be washed
away thus avoiding the chance of harm to the collected sample. Once a sample has been ob-
tained with the Kemmerer, the water will be transferred directly into a pre-sterilized sample bot-
tle and marked with the sample location ID, the date and time of collection. Water will also be
collected separately for measurement of total and volatile suspended solids. Water temperature,
dissolved oxygen concentration, specific conductance will be recorded for each sample location
using a Hydrolab multi-sonde instrument.

The following tables present the sample identifiers and locations. The prevailing wind and cur-
rent in this area is from west to east. Therefore sample locations were selected to the west of
the bathing beaches of Presque Isle. The selected locations represent an array at the mouth of
each of the two major Lake Erie tributaries (Elk Creek and Walnut Creek) west of the Presque
Isle peninsula as well as several locations arrayed along the shoreline between the stream
mouths and the bathing beaches to the east. Based on the initial results, the locations of some
sites may be changed, and some sites may be added or removed from the list as experience dic-
tates.
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Table 1. Sample locations off the mouth of Elk Creek.

Latitude (north) Longitude (west)

ID deg Min Sec deg Min Sec
ECmouth 42 01 46 80 22 18
EC1 42 02 05 80 23 11
EC2 42 02 19 80 23 52
EC3 42 02 17 80 22 30
EC4 42 02 43 80 22 42
ECS5 42 02 19 80 21 49
EC6 42 02 51 80 21 21
EC7 42 03 39 80 18 45

Table 2. Sample locations off the mouth of Walnut Creek.
Latitude (north) Longitude (west)

ID deg Min Sec deg Min Sec
WCmo 42 04 46 80 14 26
uth
WC1 42 04 55 80 15 7
WC2 42 05 05 80 15 50
WC3 42 05 11 80 14 40
WC4 42 05 35 80 14 53
WC5 42 05 18 80 14 08
WC6 42 05 48 80 13 50

Table 3. Sample Locations along the Lake Erie shoreline west of

Walnut Creek and east of Presque Isle.

Latitude (north) Longitude (west)

ID deg Min Sec deg Min Sec
LE1 42 05 15 80 13 28
LE2 42 06 04 80 11 30
LE3 42 06 34 80 11 50
LE4 42 07 22 80 12 14
LES 42 07 03 80 09 41
LE6 42 07 28 80 10 06
LE7 42 08 03 80 10 35
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The following figure portrays the sample locations as labeled positions using an image from the
Google Earth system.
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Flgure 1. Sample locatlons off the mouth of Elk Creek Walnut Creek, and along
the PA Lake Erie shoreline. No scale is provided, but the sites located farthest

offshore are about 1 to 2 miles from the shoreline.
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Sample Handling and Custody

Once water samples for coliform analysis have been placed in pre-sterilized bottles, they will be
placed in an ice chest until return to the dock at the end of the sampling day, when the samples
will be transferred to laboratory personnel from the Regional Science Consortium (RSC) at the
Tom Ridge Environmental Center. A manifest will be created listing each sample collected and
its essential information. RSC personnel will then be responsible for custody of the samples
and for analysis of the samples for E. coli according to approved methodology.

Samples for suspended solids analysis will be retained by this investigator. Those samples will
be returned to the Gannon University laboratory for analysis according to Standard Methods for
the Examination of Water and Wastewater.

Data generated from the coliform measurements of the samples by RSC personnel will be com-
municated to this researcher for use in calibration of the EFDC computer model.
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Tony Foyle

Near-shore Current Studies

Abstract: Coastal water quality management decisions are facilitated by characterization of
the nearshore waves and currents that transport contaminants and sediment along the shoreline.
As part of a proposed 2007 beach monitoring program at Presque Isle State Park’s Beaches 2
and 10, we propose to monitor the hydrodynamic setting of both beaches with (1) topographic
surveys of the dune-to-breakwater region to obtain Spring and Fall geomorphology, (2) weekly
to bi-weekly current meter surveys to capture normal wave-climate conditions over the summer
months, and (3) analysis of published offshore wind, wave and current data to characterize
hydrodynamic conditions in the nearshore beyond the breakwaters that drive events in the
surfzone.

Beaches 2 and 10 are hydrodynamically distinct. Beach 2 is fronted by 45 m-long offshore
breakwaters constructed in the early 1990s that are located approximately 60-80 m offshore
with 100 m gaps between breakwaters. The bathymetry is expected to be dominated by
shoreline-parallel trends while beach cusps and salients are well developed. A permanent outer
bar is present at the ~4m isobath while a more mobile inner bar is present at the 2m isobath.
Historically, the Beach 2 site is erosional at timescales of decades to centuries. Beach 10 is
characterized by 40 m-long offshore breakwaters constructed during the late 1970s that are
located 50-100 m offshore with 50-80 m-wide gaps between the breakwaters. The bathymetry
is expected to be dominated by shore-normal trends. Beach cusps and salients are less well
developed, partly due to regular beach nourishment which also allows a much wider beach.
The nearshore is expected to have a complex multi-barred bathymetry. At timescales of
decades to centuries, Beach 10 is accretional because it is less exposed to prevailing WSW
winds than Beach 2.

The proposed hydrodynamics analysis will allow calculation of typical surfzone velocities,
along-coast water flux, and shore-normal water gains/losses at Beaches 2 and 10 under
representative spring through fall conditions. This in turn will allow estimation of (a) along-
coast transit times for water in the surf zone, (b) contributions or losses of water to the near-
shore through breakwater gaps, and (c) typical bacterial transit times between their potential
source locations and their arrival at Presque Isle beaches.
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Surfzone Currents & Beach Morphodynamics

. Tony Fayle-
_ Geosaence Rrogram, Schoal of Science
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Goals

Collaborating withse = » = Lt
Study area
Erie County Department of Health Mool

lege

: Beach-photos:~Southern California Coastal d&earl Observing System (SCCOOS), UCSD, SIO; Orange
“*-_. County Sanitation Djstrict: (OCSD) & Southern:California Coastal Water Research Project (SCCWRP) -

Coastal Hydrodynamics Goals

Total-station survey Beach 2 and Beach 10 dune-to-breakwater region to
obtain Winter/Spring and Summer/Fall geomorphology

Monitor surfzone current characteristics at both beaches biweekly and
during representative wave-climate conditions over ~4 months

Compile published offshore wave hindcast data to generate average
predicted alongshore velocities on lakeward side of breakwaters

se both data sets to calculate typical surfzone velocities, along-coast
)

Use
discharge, and shore-normal water gains/losses




Rationale?

Velocity and discharge data will allow prediction of along-coast transit
times for water in the surf zone

Contributions or losses of water to the nearshore through the
breakwater gaps can be estimated from box-model balancing

If bacterial origins (offshore? breakwater guano? western creeks?) and
representative concentrations in the surfzone are known, then

Typical times between bacterial introduction to coastal waters and their
arrival at Presque Isle beaches can be estimated and acted upon

General Beach Morphodynamics Considerations

Longshore current: the most important transport mechanism for sediments,
nutrients, bacteria, etc.

Not measurable from L. Erie wave-based models
Driven by wave power (speed, height, breaker o)

Velocities are temporally and spatially very variable. Many reasons:
Rip currents and undertow
Edge waves
Seiche effects
breakwater diffraction & reflection
Complex nearshore bathymetry
Eddies
Afternoon sea-breeze effect

Discharge varies temporally

Severe/expensive instrument locality




Presque Isle Beaches — A Conceptual model
Beach 2 Beach 10

-
s Fmﬁ*n.\ o ¥ s W B

Lower-gradient bathymetry

Complex multi-baz system.

Shoreline-breaker angle larger = slower
longshore current -> deposition

Methods 1
Topography & bathymetry

Beach topography

Surfzone bathymetry

Lake level determines cross-sectional
area of the surf zone, hence discharge

»/ oruplands

Spring morphology (large X-area?)

Fall morphology (smaller X-area?)




Methods 2
Longshore Current

Current meters

Lagrangian drifters

Eco-friendly dyes

Possible ADCP?

Methods 2
Longshore Current

1 Current meters

USGS-type propeller driven

Predsely balanced cup spindle or fin is
rotated by the current - rotation rate
proportional to velocity

Two simultaneous sample sites on cross-
surfzone transects at the Beaches 2 and
10 cells

Records long-term average current speed

K




Methods 2
Longshore Current

s 2 Lagrangian drifters

Really: low-cost tennis balls or
oranges

Timed “voyages” in the surf zone
with GPS unit or Total Station
position-fixing

Will yield averaged surfzone
velocities for a sample period

Methods 2
Longshore Current

¢ 3 Eco-friendly dyes

» Rhodamine, an EPA approved dye
for use in I%roundwater, lake, and
ocean work.

» Plume-front positioning with Total
Station or GPS units




Methods 2
Longshore Current

4 ADCP?

Determines velocities at different

depths using acoustic transducers,

internal electronics and the

Doppler-shift concept.

Sited between a cell’s breakwater S
set on ~2 m isobath

Continuous recording for day-to-
week periods

Provides additional control on on-
offshore water movements in the
top 1 meter of the water column




Spare 1: SCCOOS Experiment Description

Management decisions can depend on accurate characterization of the waves and
currents that transport pollutants and sediment along the shoreline.

Used two st
the be d and (2
wave breaking and the generation of surfzone currents.

Observed deep water spectra were transformed numerically to co
close to the shoreline but well seaward of the surf zc

A second numerical model simulated wave st aking be en 10m depth
and the shoreline, and the associated generation of alon ‘e CurT in the surfl
zone. (Model accuracy degraded by irregular or poorly known bathymetry and errors
in the estimate cident waves).

Detailed, near real-time predictions of breaking wave height and surfzone-averaged
alongshore currents are now available every 100m for a 5km alongshore reach at
Huntington Beach

Spare 2: SCCOOS Products

HuntingtonBc¢h 06 Santa Anna River Mouth

Surfzone Averaged Alongehore Curroent (wm/c) 07-28-2006 10:00 POT




Spare 3: SCCOOS Products

Surfzone Averaged Alongshore Current (m/s) :

NMW

Upcoast
W Down-coast

Lk 0000 O i 0000 pET 0000 0000 00100 0000 00200
Thu O7/% Sun 07/2 Ned 07712 Sak 07/15 Toe 07728 Fri 07/21 Fon 0723 Thu 07727 S 07730

Breaker Height (m) : 0C478

00300 + + 0100 0100 200
Sun 07/9 IFon €7/26 Tha O7/27 Sun 97730

inc ip
onics in the

ies at (I fferent elevations in the
hift concept. The
ent
field calibration,




Julie Kinzelman

Applying Beach Management to Racine’s North Beach

Abstract: Racine’s North Beach was an underutilized community asset often plagued by water
quality advisories in the 1990’s. Beginning in 2000 the City of Racine, spurred by public
interest, began research and remediation efforts to improve water quality and enhance the
lakefront. The City of Racine Departments of Health and Public Works partnered with
environmental consultants, federal agencies, and local academic institutions to conduct water
quality research and monitoring to investigate contamination sources. Local pollution sources
identified as a result of source tracking studies included storm water discharge, surface run-off,
and the large resident population of gulls. High waves preceded 82% of water quality
advisories, irrespective of precipitation, indicating the potential for poor water quality to occur
during both wet and dry weather. As a result of these efforts, storm water infrastructure
improvements have been made, constructed wetlands have been installed, and alternative beach
management techniques (beach sand manipulation and waste management) have been
employed. Volunteers have placarded storm drains throughout the city. Water quality
advisories have dropped from a high of 62 days per bathing season in 2000 to three in 2006. In
2004 Racine’s North Beach was certified as a “Blue Wave” beach, one of only two beaches
possessing this designation on the Great Lakes. Citizens have continued to remain engaged and
involved through Earth Day and Make a Difference Day events and the Alliance for the Great
Lakes “Adopt-A-Beach” program. The North Beach Oasis provides concessions and
entertainment. The Kids Cove playground, a 100% volunteer community-based effort, offers
over 20,000 square feet of recreational space for children. The newly dedicated Lake Michigan
Pathway provides 9.8 miles of paved surface for biking and hiking along the lakefront. Racine’s
North Beach has gone from an underutilized asset to a focal point for the community and a
tourist destination.
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Presentation:

Successful Beach Management
Requires:

+ Sound Science

Public/Academic Partnerships

- A Team Effort at the Municipal Level

Research Scientists, Public Health Officials, Department of Public
Works, Parks and Recreation

« Public Interest/Concern
- Political Will

« Effective Communication
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Sound Science

UW-Milwaukee WATER Institute:
microbial source tracking
UW-Parkside:
hydrogeology
United States Geologic Survey
predictive modeling
US EPA
real-time PCR techniques
National Park Service
wetland science

Municipal Team - City of Racine

* Research Scientist: in-house or contracted

» Public Health Officials: Laboratory (sample
analysis), Division of Environmental Health
(result reporting, PIO)

» Department of Public Works: storm water
management, infrastructure

« Parks, Recreation, and Cultural Services:
implementation of best management
practices, lifeguards, beach safety

+ Wastewater Utility
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Public Interest/Concern

Citizens of Racine

Keep Our Beaches Open
Sustainable Racine :
S.C. Johnson

Political Will
Mayor Gary Becker

+ Great Lakes and St.
Lawrence Cities
Initiative — Board
Member

« Wisconsin Coastal
Management Council -
Chair

+ Great Lakes Regional
Collaboration - Chair,
Sustainable
Development Strategy
Team
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Effective Communication

« Communicating results of research
findings to scientific community

- Communication between municipal
departments to craft effective solutions

« Communication with the Office of the
Mayor and elected officials

« Communicating health risk to the public

- Communication by the public to elected
officials - feedback




BEACH ~ RULES
ILIFEGUARDS ON DUTY

Spatial Distribution and Microbial
Source Tracking Studies

« |dentify Point and Non-Point Pollution
Sources

» Determine Relative Contribution of
Bacterial Indicators under Varying
Environmental Conditions

« Aid in Targeting Remediation Efforts
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Potential Pollution Sources

* Indirect or Non-Point Source
— Run-off (Urban, Agricultural, Industrial, Landscape)
— Boaters
— Bathers
— Algae
— Animals (Gulls, Geese, Dogs, etc.)
— Sediments (Beach Sand)

* Direct or Point Source
- CS0O, SSO

— Storm Water Discharge/Storm Water Outfalls
— Rivers and Creeks

Wet Weather Events
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Probable sources of E. coli

Tt M il A ‘.. . ».!-_ ¥ ‘».L ;l \’

S e e The English
I Street outfall is a

Ve A ,_ 3
e

EL L R 2 .
Cily of Racine Depd. of Public Works - 2001 {Buiki 2.40) )'w;-

o
[\ e~ F
4 1
v \

&

2004 Spatial
Distribution

Study

80 samples
by wading or boat

Pre-rainfall,
o Rainfall, and Post-
rainfall samples
o ot

83




Root River E. coli Densities — 2004

SITE MEAN E. coli RANGE
MPN/100 ml
Johnson Park (R1) 1518 10 - 14,136
Horlick Dam (R2) 1431 10 - 12,997
Cedar Bend (R3) 3705 0-12,997
Washington Park 38,856 0 —198,628
Storm Outlet (R4)
Water Street 18,020 100 - 173,287
Storm Outlet (RS)
State Street Bridge (R6) 1372 63 -11,199
Chartroom (R7) 1098 20 - 9804
Dry Weather Impacts

Boaters

] Animals: *
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» 1305 boat slips

BOATERS (63% occupied in 2003)

» Over 8000 gallons of
waste pumped directly
into sewer system

- Low pumping fee

+ Adequate toilet and shower facilities

» Appropriate number of waste receptacles
which are emptied frequently

* Good public education
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Algae (Cladophora)

Algae contains bacterial
indicators

— E. coli 2 25,000 cfu/ml

— enterococci = 800 cfu/ml

Bacteria may be transient or
persistent

If indicators are persistent in
algae they may contribute to
FIB burden

Stranded & submerged algal
mats may also contain
pathogens like Salmonella
[Ishii]

2004 Algae Study

CONCENTRATION OF BACTERIAL INDICATORS IN ALGAE - 2004

Date E. coli cfu/g Enterococci cfu/g
Stranded Submerged Stranded Submerged

Mats Mats Mats Mats

6/15/04 25000 451 1 1

6/16/04 400 725 1 1
6/21/04 400 431 280 50

6/23/04 733 400 15 6
6/28/04 1933 1300 363 320
6/29/04 333 650 800 400

6/30/04 3266 1700 1 1
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Beach
Sands

Fecal Contamlnatlon_of Beach _Sands

Beach sands may be an important diffuse non-human source of fecal
indicator bacteria to coastal waters

FIB can be easily eluted from beach sands in fresh & seawater via
tides, wave backrush or submarine groundwater discharge [Boehm,
Kinzelman]

Gull feces is a source of FIB to beach sands also pathogens such as
Campylobacter [Kinzelman, McLellan]

Genes for E. coli pathotypes have been found in beach sands - mdh,
eae (intimin), stx7 (shiga-toxin) [Alm]

Bacterial indicators of water quality may persist in beach sands,
biofilms? [Ferguson]
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Bacterial Indicators in Sand

Location N Range Median Mean
E. coli (cfu/g) E. Coli (ctu/g) | E. Coli (cfu/g)
FORESHORE | 172 0.0 -718.9 15.0 333
SUBMERGED 172 0.0-23.2 0.4 1.4

Distribution of E. coli (cfu/g dry wat.) in foreshore and
submerged sediments using combined data from all four
North Beach sites (N1-N4) (2002). [cfu = colony forming unit]

CONCENTRATION OF E. COLI IN FORESHORE VS. SUBMERGED SANDS AT NORTH BEACH
RACINE, WI - AUGUST 2002

300.04

250.04

200.0+

150.0+

100.0+

E. COLI [CFUIG DRY WEIGHT)

50.0+

0.0

]

Foreshore

LOCATION

_ﬂh

Submerged

Mean daily E. coli concentration for combined data (N1 — N4) demonstrating the
distribution of E. coli in foreshore (one meter from berm crest) in comparison to
submerged sand from August 2002 (paired data color-coded by day).
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Density of E. coli in relation to distance from shore
beginning at furthermost point from shore (180 m)
(NBO = North Beach Oasis cafe,) (post-RAINFALL).

BACKSHORE VS. FORESHORE (NBO)

250

200

150

100

501

E. coli CFU/g DRY WGT.

DISTANCE FROM BERM CREST (m)

Bacterial Source Tracking

Test choice depends on level of
discrimination

Screening tools can distinguish between
human and non-human sources

More complex tests can discriminate
between host source, i.e. human, gull, dog,
cow, etc.

What question were we really trying to
answer?
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What question are you trying to
answer?

» For storm water it may be enough to know if it is
human or non-human

« For runoff in rural areas you may want a more
discriminatory test (septic discharge or agricultural
runoff)

* In mixed sources it may be better to screen first and
then discriminate

« |s cost an issue?

Preparing samples for ARA

*Screening tool
Library independent
*Relatively inexpensive
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PCR Techniques

« Potential Target Organisms - E. coli,
Enterococcus, Bacteroides, Bifidobacterium

+ Library Dependent, more expensive

A1 2 3 4 § 6 7 8 910 B)1 2 3 4 § 6 7 8 910

Sources ldentified in Racine, WI

+ Local influences are predominant (spatial distribution)
« Primarily beach sands and storm water discharge (spatial distribution)
« E. coliin beach sands likely due to gulls (ARA, PCR)

+ Storm water may have mixed human and non-human sources — human
specific Bacteroides detected in some samples (ARA + Bacteroides)

+ Some potential for riverine influences under right conditions — also
mixed human and non-human sources (ARA + Bacteroides)

+ Regional influences unlikely (spatial distribution)
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Municipal Remediation Measures

- Reduce Impacts of Storm Water
- Reduce Amount o{ E. coli In Beach

Step 1 -Outlet
Relocated

“ Qm—m . — =

! S e—— ,,.__' ——— -
v . B Ll \

X




Step 2 - Chamber
Installation

Step 3 - Construct
Infiltration Basins

Infiltration &
Evaporation
Basins

Vorceptor removes solid wastes

N
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Step 4 = Installation™oT Wetland
Plants at the Ovetjm Site.,

.‘“,

| REINSTITUTING NATIVE PLANTS AND RETAINING STORM WATER
| MAY REDUCE THE POTENTIAL FOR BACTERIAL CONTAMINATION




/

7

/ Wétl_and Area (10-10-05)

Comparison of Bacteriological Storm Water
Quality Before and After Re-engineering

Bacteriological Storm Water Quality Pre- and Post-Installation
E. eoli per 100 ml Year
(ctuor MPN) % 550 | 1999 | 2000 |2001 |2002 | 2003 | 2004 | 2005
0one occurrence
N
15 29 46 16 14 14
Mean
1171 2151 9661 458 3244 2420
Median
700 1000 3000 455 443 41
Minimum
100 1 100 52 10 0
Maximum
4300 | 20000 | 50000 1203 | 24192% | 24192*
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Volunteers Assisted in
Planting (public interest)...

and in Stenciling Storm Drains
throughout the City...

STORM SEWER STENCILING
BY
KEEP OUR BEACHES OPEN
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FINISHER

Surf Rake Specifications
© H. Barber 2002

* 1 & 3. The moldboard levels
uneven areas in the sand.

* 2. Spring tines rake debris
from the sand toward
Deflector Plate (3.)

* 4. Conveyor hydraulically
raises waste to hopper

* 5. Hopper holds debris until
it can be dumped
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Beach Grooming is Important!

* Helps to remove
plant & animal
material that can
attract scavengers

* Removes materials
that may be
harmful to beach
patrons like
broken glass

Alternative beach management practices may
reduce, rather than increase, the onshore
bacteral burden
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GROOMING STUDY

Used Actual
Equipment
2 Treatments

Status Quo vs.
Deeper
Grooming w/o
Finisher

Bacterial Density
Varied Based on
Sand Condition

Two Groommg Strategles

~ Status Quo

Deep w/o:Eipisher




Beach Slope - Fine Tuning the
Process...

» Highest levels of E. coli were found in the area
behind the lifeguard stand and at the berm crest

» E. coli content in beach sands was influenced by the
moisture content
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Striated Sediment Samples

70

A

E.coli cfu /100 ml eluate filtered on to m-Tec agar

S4T7ZN  duis 19M ZN
(w2) yydag
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Re-Grading the Beach




What’s Next?

« Real-time monitoring using PCR (Cepheid
SmartCycler) - results in about 2 hours

» E. coli and enterococci

- Bathing water

« Storm water discharge

« Wastewater through the treatment process

» Result = Increased capacity to determine
pollutant loading and track sources

The Enactment of City Ordinances Can Enhance
Best Management Practices and Public
Education Can Improve Personal Practices
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SEAGULLS, GEESE, AND RECREATIONAL WATER QUALITY

F o @ %@ Racine's shoreline is home to various water
: " fowl such as ring-billed and herring gulls and
: £ E Canada geese. While the presence of shore
&= birds can add to the ambience of a coastal
visit, large populations can adversely impact
water quality. For example, one gram, or a
Ringbilled and heming uiis area ~ PE@-SiZed piece of gull feces, contains over 3
gomman site in parking lats and million E. coli bacteria. E. coliis used as an
indicator of recreational water quality on
bodies of fresh water like Lake Michigan
because of its presence in the intestines of
animals and people. One way to reduce the
number of nuisance water fowl at the beach,
7 and reduce swimming advisories, is to
The number of Canada geese have remove debris, especially debris resulting
resident, or urban, populstons e TTOM food and beverages. The City of Racine
grooms the beach to remove debris but all
visitors should do their part to keep the
beaches clean. Other deterrents include not
feeding the birds (Ord. Sec. 10-73) and using
the beaches.

becoming a nuisance in some areas

e (1

-~ i 2
Recent research has shown that feces ‘o iy Waste left on the beach by previous
from water fowl can contribute to : A visitors often includes food related
recreational water quality advisories items which attract wildlife

Blue Wave Campaign —
Restoring Public Confidence

e Seachas Cemc
Blee Wave Beach

200405

You are now emtering a
Blue Wave Beach
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Clean Beaches Council
Home of the Blue Wave Campagn

« Certification program recognizing good management
practices, environmental stewardship, and effective
public communication regarding water quality

« Partner organization of /nternational Blue Flag
« Good for tourism & local economy

« North Beach is first Wl beach to receive designation
& second certified Great Lakes beach in the US

« Co-Sponsored by Sustainable Racine and Office of

the Mayor
'hz

BLUE WAVE CAMPAIGH

Contact Information

« For information regarding the storm water management
and the bike path:

Richard Jones

Commissioner of Public Works / City Engineer
(262)636-9121

richard.jones@cityofracine.org

« For information regarding beach management practices
such as grooming and grading:

Donnie Snow
Director

(262) 636-9131
donnie.show@cityofracine.org
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Richard Whitman

Occurrence and Distribution of E. coli in Beachsheds

Abstract: Beaches along the Indiana coast of Lake Michigan have experienced an increase in
the number of beach closures due to high levels of E. coli bacteria, an indicator of potential
sewage contamination and associated pathogens. Research on Burns Ditch, Portage, Indiana, has
shown that it contributes significant amounts of E. coli and associated bacteria to the near shore
beach areas of southern Lake Michigan, but the extent of impact on the nearby beaches from
increased bacteria counts has not been determined. The current monitoring program has been
proven inadequate, particularly if samples are collected only periodically. The relationship
between the high counts of bacteria in Burns Ditch, particularly during rain events, and E. coli
counts at the beach has not been established, despite the known releases of untreated sewage into
the waterway during measurable rainfall events. By examining indicator bacteria counts daily in
Burns Ditch, and the four beaches to the west, along with ambient hydrometeorological
conditions at several fixed stations, a multi-beach predictive model was developed that
characterizes E. coli abundance and movement. The model developed incorporated lake
conditions and ditch conditions during north and south winds and could explain 41% of the
variation in E. coli. This was superior to current monitoring model, which often explains less
than 1% of the E. coli variation. Model calibration and validation are imperative components of
predictive modeling exercises due to seasonal and yearly variation. Predictive models may be a
useful alternative to daily beach monitoring.
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Presentation:

Occurrence and Distribution of E.
in Beachsheds

enterococei

~  Copyright © 2008 Dennis Kenke! MiEfOboupy InG o

A Conceptual Diagram of E. coliWithin and
Between Stream and Beach Watersheds
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Percent oxygen saturation
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Whitman, R. L. 1981. Environmental
quality assessment of Salt Creek
Porter County, Indiana

Two Day Diurnal
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Whitman, R. L. 1981. Environmental quality
assessment of Salt Creek Porter County, Indiana
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E. coli is Commonly found in Forest Soils
In All Seasons

Site 1 Site 2 Site 3

D

=

o

=

g

4

=

=

o

=

g

4

03/26/03 05/28/03 09/25/03 03/26/03 05/28/03 09/25/03 03/26/03 05/28/03 09/25/03
04/28/03 07/30/03 10/23/03 04/28/03 07/30/03 10/23/03 04/28/03 07/30/03 10/23/03

Date Date Date

Byappanahalli M. N., R. W. Whitman, D. A. Shively, M. J. Sadowsky and S. Ishii. 2006. Population
structure, persistence, and seasonality of autochthonous Escherichia coli in temperate, coastal
forest soil from a Great Lakes watershed. Environmental Microbiology 8 (3), 504-513.

Recovery and Persistence of Soil E. coli
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Days after sterilization

Adapted from: Whitman, R. L., M. B. Nevers and M. N. Byappanahalli. 2006. Examination of the Watershed-
Wide Distribution of Escherichia coli along Southem Lake Michigan: an Integrated Approach.
Appl. Environ. Microbiol. 72 (11): 7301-7310.
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Distribution of Solil E.

Log E. coli/ g soil

I 48

60 cm
Distribution of E. coli five months after sterilization

Whitman, R. L., M. B. Nevers and M. N. Byappanahalli. 2006. Examination of the Watershed-Wide Distribution of
moperdd  Escherichia coli along Southern Lake Michigan: an Integrated Approach. Appl. Environ. Microbiol. 72 (11): 7301-7310)

E. coli of Stream Water and
Sediments are Correlated

Whitman, R.W., M. Fowler, D.A. Shively and M.N. Byappanahalli. 2002. Distribution and characterization of E.
coli within the dunes creek watershed, Indiana Dunes State Park. Report for: Indiana Department of Natural
Resources, Indiana Dunes State Park.

110



Storm Run-off Increases Detection of

Human Markers

Detection of ESP
Enterococcal Surface Protein

Dunes Creek Watershed

" e

@ Eastem branch of Dumes Creek
@ Westam branch of Dunes Cresk




Log Enterococei [CFU/T

DUNES CREEK

WEST BRANCH EAST BRANCH
| _ Storm
5 LI B s e e e e e |
5 Base flow Base flow
4 ]
34 — L _ q _ -
2 = g .| = H____
04 12 20 26 a2 40 48 56 02 10 18 24 32 40 48 51 LR} 83

Distance upstream from outfall [km]

B > s Coliphage +

Source

MS2 Coliphage - l:l M52 Coliphage not tested

No. of
samples
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ESP s not Limited to
Human Sources

Shankar
espa™
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Gull

Goose
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Septic trucks
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Creek Construction Influences FIB

Along US Hwy 49
July 14, 2006

ENT=16500 cfu/100ml Semer SRRSO
3

Downstream pool e
July 14, 2006

EC=1733 cfu/100ml

Septembef*3, 2005 0800K

E. coliin Dunes Creek Increases
With Stream Order; (1999-2000)

235 cfu/100 ml
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Sources of Beach E. coli

Dunes Creek outfall = ” S Ir B Du nes Creek Impacts
' ' State Park
Beach Water,

Whitman, R.W., M. Fowler, D.A. Shively and M.N. Byappanahaili. 2002.
Distribution and characterization of E. coli within the dunes creek
watershed, Indiana Dunes State Park. Report for: Indiana Department
of Natural Resources. Indiana Dunes State Park.
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Burns Ditch Outfall at Ogden Dunes

Burns Ditch log E. coli

Mean log beach E. coli

Total precipitation

E. oo MPN /10 mi

.aa.a,aa,a

Nevers, M. B., and R. L. Whitman. 2005. Nowcast modeling of lﬁ%ﬁl L b LL

Escherichia coli concentrations at multiple urban beaches of »' ’%{?%
southern Lake Michigan. Water Res. 39:5250-5260. ?Q.

] '
|zt Jor & changing
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Local Non-Point Sources

EEA I T e

Vertical Distribution of Sand E. coli

Whitman R. L., M. B. Nevers and M. N. Byappanahalli. 2006. Examination of the Watershed-Wide Distribution of
med  Fscherichia coli along Southern Lake Michigan: an Integrated Approach. Appl. Environ. Microbiol. 72 (11): 7301-7310)
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E. coli'in Sands Collected in Lake Water and
1 to 5 m Inland From Shore
ANOVA
Log E. coli (CFU) in sand per 100 cc
sum of squares | df mean square F Sig.
Between groups 9.041 5 1.808 4.457 0.001
Within groups 57.609 142 0.406
Total 66.65 147

Log E. coli (CFU) in sand per 100 ml

Duncan

Distance Subset for alpha = 0.05
N 1 2

lake water 25 1.9526

5m 25

4m 25

3m 25

2m 25

im 23

v Adapted from: Whitman, R. L., M. B. Nevers and M. N. Byappanahalli. 2006. Examination of the Watershed Wide
Distribution of Escherichia coli along Southern Lake Michigan: an Integrated Approach.
e ey Appl. Environ. Microbiol. 72 (11): 7301—7310.

E. coli Concentrations are Highest in Sand and Diminish
in Water With Distance From Shore

Whitman, R.L., Nevers, M.B., 2003. Foreshore sand as a source of Escherichia coli in nearshore water of a Lake
Michigan beach. Appl. Environ. Microbiol. 69, 5555-5562.
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Cladophora Commonly Accumulates
in the Great Lakes

Concentration of E. coli Washed From
Cladophora

Whitman, R.L., Shively, D.A., Pawlik, H., Nevers, M.B. and Byappanahalli, M.N. {2003)
q Occurrence of Escherichia coli and enterococci in Cladophora (Chlorophyta) in nearshore
water and beach sand of Lake Michigan. Appl. Environ. Microbiol. 69, 4714-4719.
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in Sand and Beath Water

v W iE A pulk lagged 1
R AWl E s day P-vallfes
Foreshore s«’md ‘- 0.00*
Submerged sand x 24)4( -

45 cm water AM' - 0.004= "
90 cin water AM 0.001%

—~

eyt
€<%

Critical p value Bonferroni corrected =0.006

Whitman, R.W., T.G. Horvath, M.L. Goodrich, M.B. Nevers, M..J. Wolcott and S.K. Haack. 2001. Characterization of E. coli

lavnlo at B8%rd Ctrant Daanh  Dannrt far Citu nf Chinann



E. coli concentrations of lake water, pore
water, and sand with rainfall
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Date and Time

Nearshore Energy (waves and currents) Can
Influence Sources
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Impact of Wind Direction on Mean E. coli Counts

Whitman, R. L., M. B. Nevers. 2005. Recreational Water Quality of Door County Beaches 2003-2004: A Study of
Factors Affecting E. coli Occurrence. Report to Door County Soil and Water Conservation Department.

Partitioning of E. coli Within a Beachshed

Richard L. Whitman, Meredith B. Nevers, Muruleedhara N. Byappanahalli, and Dawn A. Shively
U_S. Geoldogical Survey, Great Lakes Science Center, 1100 M. Mineral Springs Road, Porter, Indiana 46304
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Panel Discussion

A panel of experts from federal and local government organizations provided comments on the
activities undertaken at the Presque Isle State Park beaches and the proposed future projects.
The panel highly recommended as a first step that a matrix of proposed projects be developed to
organize the efforts of the many organizations involved in E. coli related research. They also
recommended a thorough analysis of potential pollution sources in the watershed including a
categorical review of the Park’s beaches; identification of sewer outfalls, septic discharges, and
other wastewater outlets; evaluation of bathing load; and source tracking using multiple
methods such as markers and spatial sampling.

Other recommendations made by individual panelists included:
e Addressing the issue of birds on the beach as a source of E. coli by enacting a city ordinance
against feeding the birds, increasing the number of trash receptacles, or using overhead

wires to discourage the birds from landing on the beach.

o Investigate the impact of resuspended sediment as a source of E. coli particularly when
reversal in water currents or wind direction occurs.

e Water samples should be collected consistently in terms of technique and timing. The
recommended timing for sampling is in the early morning before sunlight deactivates the

bacteria.

o Split water samples should be collected and analyzed using multiple methods (e.g. Q-PCR,
plating, etc.).

o The majority of studies done on E. coli indicate that sources are local.
e As sources are identified begin remediation and do not wait until all possible contributors
are known. Implement rain gardens, retention basins, and porous pavement to slow the flow

of water.

e Include in the investigation sampling of stormwater outfalls during dry weather and
groundwater.

e The streams feeding into the Lake need to be monitored for flow.
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