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ABSTRACT

There is currently a 2hour delay in warning the public of the heaifks associated with

bathing in beach water ¢ on tEacolipar I0gmleflwater)lat ed bac
York Regiondés Health Unit staff follows the pr
bacteria counts of contaminated beachewadiased on a bacteriological analysis of beach water
undertaken for the previous-Bur period. This practice is potentially dangerous to public

health since the concentrations of bacteria as reported do not reflect Himedadcteriological

concefration of beach water.

The purpose of this study is firstly to analyze the dataset compiled by York Region in order to

identify the factors most adversely influencing beach water quality at three beaches located within

York Region (Cedar, Claredon,afida c k s on 6 s P o i n2000 suchmear seasgns.t he 200
Secondly, the study attempts to offer an approach for York Region Health Unit staff to assess and
predict unaccept abl &. colipeal0bhmluofavate)randpenaptivelt y ( O100
post waring signs on beaches, based on the analysis of this dataset without having te wait 24

hours for laboratory results.

The following variables were used to carry out a number of simple linear regression tests:

I One dependent variable: geometric meaB.abli;

1 Seven independent variables: turbidity, presence of waterfowl, water temperature, air

temperature, rainfall 48 hrs., rainfall 24 hrs., and bather load.

This methodorovides a scattergram for tHependent variable against the independent vasiable
for the summer seasons 2687309. The purpose of this scattergram is to visually indicate the

direction/type (direct, inverse or horizontad association) of association between the



independent and dependent variables. The slope of the regression line emdfidience limits
around the slope were also calculated to determine whether statistical significance could be

declared for each of the above stated independent variables at a 95% level.

A chi-square test for contingency tables was utilized to anatyzadnparametric factorswind

direction, wave action, and weather conditions.

What stands out from this pilot study is the likely impact of four factors which most adversely
influence water quality at Cedar ,Redidniar edon,

turbidity, rainfall 48 hrs./rainfall 24 hrs., waterfowl, and wind direction.

The principle conclusion reached in this pilot study is that predicting adverse water quality solely
and exclusively on only one or several of the above stated factdls,exbluding the many other

factors, leads to inaccuracy, flawed results and erroneous conclusions.
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1.0Introduction

The Ministry d Health and Longl'erm Care (MOHLTC) established the

Ontario Public Health Standards (OPHS), under the authority dfehkh
Protection and Promotion AR.S.O. 199QHPPA),to present the mandatory
health programs and services for delivery by boardealth(Beach

Management Protocol, 20Rp8York Region Community andealthServices
(YRCHS)deliveredits beach management program2008in accordance with
theBeach Management Protocol, 200ppendix A)which mandates each

board of health to considposting signs when beach water contains elevated
counts of bacteriaThis is donén order to protect swimmers from ilinesses that
may be linked to unacceptably high bacteria le¢@9O0E. coli per 100 ml of
water). YRCHS staff posts signs warning the public of high bacteria counts of
contaminated beach water, based on a bacteriological analysis of beach water
undertaken for the previous-2#ur period. This 24our delay in warninghe
public is problematic. However, according to theited States Environmental
Protection Agency (2009 predictive modeling system is able to provide a
better estimate of recreational water quality than microbiological analysis from
t he pr e sbadaniscomntantyation (as practiced in York Region) and is
relatively inexpensive to implement. At this timRCHSIs collecting data

about each beach to eventually implement a predictisdeling system for

assedsg water quality on a redlme basis



1.1 Consequences of bathing in beaches with elevated bacterial counts

Escherichia coliare bacteria present in the feces of virtually all waiooded
animals and are the indicator bacteria for fecal contamination of surface waters.
Swimming in watemwith unacceptably highacteridevels (LOOE. coli per

100 ml of water) may result in an increased risk tédtion of the ears, eyes,
nose, andhroat or gastrointestinal or stomach illnesses, if the contaminated
water is swallowe@Huron County Health Unit Community Health Status
Report 2009, p. 105. According to Dufour and Cabelli (1986), those most at
risk from using recreational water include: children, the eldarig individuals

who are immunocompromiseldleinheinz et al. (2006) argue that children are
especially susceptible to dase, not only because of reduced immune function,
butalsobecause they are most likely to be fully submemsed ingest water to
containingany pathogenic organisms that may be present. According to the
Pubic Health Agency of Canad@004), fiEschericlia coli 0157:H7is usually
transmitted through food, especially inadequately cooked ground WW&etér

borne outbreaks have also been attributed to drinking water and water used in
aquat i c ac fThuy itis impoant to(mpnitor d&ndl post Ydrkgion
beaches (Appendix B) for elevated levels of bacteria in order to reduce the

burden of wateborne illness and injury related to recreational water use.



1.2 Factossinfluencing beach water quality

According to theBeachManagement Protocol (209&each water quality can

be influenced by various factors includirajnfall, wave action, water and
ambient air temperatures, waterfowl, industrial waste discharges, storm water
outflows, septic system discharges, and agriculturabffinlit is crucil for

YRCHS staff to monitor and identifthosefactors that most significantly
influence beach water quality in order to protect the health of the public from

waterborne illness.

Kinzelman et al(2004)statein addition to poinsourcesthere is a growing
recognition that better understanding is needed of the significance of non

point sources of fecal contaminatjdar exanple, fecal droppings from birds

There is evidencé¢hat these gull and geese droppings would have been a
significant source oE. coli. Gouldand Fletcher (1978) studied caged gulls and
found that individual gulls could produce between 34 and 62 fecal droppings in
24 hours. Alderisio and DelLuca (1999) found that gull fece3t68k16 fecal
coliforms per gram ofdces, while geese had 1.53%fdtal coliforms per gram

of feces. Furthermore, wave action can also influence beach water quality.
Edge and Hill (2007) observed large numbers of gull and geese droppings
deposited close to the waterline, and at timesgnys were observed directly

in the water and on the sand, subjeclvaves washing up onto beach



Additionally, a recent study conductbyg Kleinheinz et al.Z006) has shown
that concentrations d. coliare inversely related to watdepth of recreatial
waters. This suggestsildren may inadvertently play lmeachesreaswith the

greatest concentration of bacteria.

A study by Sampsoet al (2006) disclosethe following:

Whether a beach is located in an urban or a rural setting is another facto
possibly affecting microbial loading at beaches after a rainfall. The total
number of microbes at a beach may increase during rain events in urban
areas as a result of runoff from yards, sewage overflows and sewage
discharges. Due to increased greertgpaintact wetlangdsnd buffer

areas along riparian areas, rural areas have an increased natural buffer
capacity. In urban areas that possess complex storm water conveyance

systems, thesconditions may not be presépt 4).

1.3 Beach water quality motitoring and posting

The public should be notified quickly about the potential health risks of
swimming in beach water with elevated waberne pathogen level$he time

lag between collecting water samples and furnishing results to the public is a
majorproblem arising from conventional beach and recreational water quality
monitoring. The reason for the delay in notifying the public is due to the time
required (from 24 to 72 hours) to analyze indicator organism levels. Pathogen

levels and weather and veatconditions may vary during this time period, and



related health risks may also change. As a result, authorities in charge of
informing and protecting the public often make decisions on beach and
recreational water postings, closings andpenings, bsed on indicator
organism data reflectingpnditions from one to thresays earlier. After
occurrencessuch as a significant rainstorm or a sewage spill, this delay could
be particularly problematic. Timeelevant water quality monitoring aims to
shortemanalysis times, utilize faster predictive methadsl convey
beach/recreational water quality information to the public on adwbr basis,

if possible. In that waythe public is empowered to reactore informed
decisionswith respect toecreationalvater us€United States Environmental

Protection Agency, 2002).

A sign may be posted khealth inspectoror the publicto avoid swimming,
but an inherent inaccuracy exists in this posting since the water sample
guestiontaken 24 hours earligmaynot reflect the current quality of beach
water at that particula¥ork Regionbeach However, ifa predicative model
were used, and factors adversely influencing beach water quwaliey
determinedYRCHS staff would at this point be able twegin predictig
whether the beach water quality was poor. If so, it would then be pasible
take preemptive action to post warning signs along the beach area without

having to wait 24 hours for labatoryresults.

Huron County has already adopted a predictiveehimdmonitor beaches as

safe or unsafe for swimmingased on a fivgeear geometric mean &. coli



concentrations(Huron County Health Unit Community Health Status Report

2009).

In a more innovative approaddar i n County, Californiads En\
Health Services launched a pilot Beach Water Quality Testing Pnoject

February, 2009sing cuttingge dge A Phyl ochi po technol ogy de
Lawrence Berkeley National Labs to monitor, measure, and report a

comprehensive census of wab@rne bacteriaral to develop procedures to

detect pathogens and fTheadvantageroftisk keyst oneo
technology is that it is able to quickly and accurately determine the

bacteriological concentrations in beach water sanfplegted States

Department of Bergy, 2009).

2.0Purpose

This pilot study attemptéirstly to analyze thelataset compiled by YRCHS

order to identify the factors most adversely influencing beach water quality at
three beaches located within York Region (Cedar, Claredon, and Jackson
Point) durhg the 20072009 summer seasonSecondly,the study attempt®

offer an appoach forYRCHS staff to assess and predict unacdabfe beach

wat er g u &lcolipey10Q ) af véter), and pemptively post

warning signs on beaches, based on the analysis of this dataset without having

to wait 24hours for laboratory results.



3.0Materials and Methods

This study is based @15 water sampleshich were collected and analyziel
baderiological analysis frorbeacles(namely,CedarClar edon, and Jacksonbo
Poinf) most often postefbr adverse water qualiiy the Regional Municipality

of York during the summer seasons 2€ZDI0.

An EnvironmentalPollution Form(Appendix E)was completed each summer
season prior to the initiation of the beach water sampling progdnaisi Formis
an informationgathering instrument survey createdthg YRCHSto identify
microbiological hazardssources of pollution, subsurface conditicersd the

watershed of the beach area.

Beach water samples were collected in accordanceYWRIC H Beéch water
sampling policy and procedures (Append) in 100ml plastic bottls

containing sodium thiosulpba(preservative)Y RCHS health inspectors

ensured quality assurance of beach water bacteriological resul§ piacing

the water samples in a cooler full of ice gmdrapidly delivering

(approximately 1.5 hourghe cooler to the Public Health La®l Resources

Road, Etobicoke, ONBacteriologi@l analysis was conducted ovike next 24

hour periodand results were faxed to the health unit on a Bacteriological
Analysis of Water Laboratory Form (Appendix The results were then entered
into thegeometric mean spreadsheet (Appendix F) to determine whether to post

the beach based dine (QLOOE. coli per 100 ml of water) standard.



In line with the abovementioned purpose of this stydlye Routine Beach
Surveillance Field DataReport(Appendix D allows staffto quantify and
identify the factors/independent variables thmaty advesely influence beach
water gquality. This Reportwas completed every time water samples were
collected at each beacindresults weralsoenterednto theGeometric Mean
SpreadsheetRainfall results for the previous 48nd 24hour periodvere
obtainel from The Weather Netwkand fromGeorgina a townwithin the

Regional Municipality of York.

3.1 Study DesigriData Analysis

Thisretrospective field observationstudyexamineghree differenbeachesn
York Region(Cedar, Claredgra n d J a ¢ ktpwiatmtldesnosPfrequant
postings of unacceptableacteriologicaconcentratioa (OLOOE. coli per 100 ml
of water)during the summer seasons 2&D09. Of the threebeachesCedar
presented the most frequent postinfjanacceptable bacteriological
coneentration for 2007) a ¢ kssPoint @r2008 andClaredorfor 2009. The
purpose in tracking eadi these three beaches dgithe hreeyear period was
to understanavhether facta possiblyinfluencing one beach in a certain year
showed similar pattesthroughoutther yearsThe following variables were
used to carry o number okimple linear regression tesh an attempto
determine which factors most significantly accounted for fpp@ach water

quality:



1 Onedependent variable: geometric medik. coli;

1 Sevenindependent variablegirbidity, presence of waterfowlyater
temperature, air temperature, rain#lhrs, rainfall 24 hrs, andbathe

load

Independent variables were obtained fromRloaitine Beach Surveillanee

Field Data Repdrandchosen for data analysis based on completeness of data.
Simple linear regression is very useful in pcdde modeling. This method
provides ascattergranior thedependent variable against ihdependent
variables for the summer seasons 202009 The purpose of this scattgam &

to visually indicate the direction/type (direct, inverse or horizembal

association) of the associatibatween the indepelent and dependent variables.
The slope of the regression limadthe confidence limits arourtie slopevere

also calculatd to determinghetherstatistical significace could be&leclared

for each of the above stated independent vasadti@d5%level.

A chi-squae test for contingencdgbles wa utilized

1 to analyze¢henonparametridactors-wind direction, wave actigrand

weather conditions;

1 when the simple regression test was deemetbrime avalid statistical
method due to an veasonable distribution within the data (both for the

input/output variables)



10

3.2Confounders

Confoundingvariablespose a serious threat to both the validitglthe
credibility of any studyPrior to any final conclusionseingdrawn from the
findingsof this studymanyconfounders mudie taken into consideratioffhis
study doesot reflect a causand effect relationshigpetween the independent
and dependent variables. Instead, the study indiegtessibleassociabn
betweerntheindependent and dependent variabless. clearlybeyond the scope

of this pilot study to control foall confounders.

4.0 Results

4.1 Influence of Batherload onthe Geometric Mean ofE. Coli in Beach

Water

The following graphs represengtimumber of bathers on the sharel in the
water vs. geometric mean Bf coli in waterfor each of théhree beaches

(Cedar,Claredgrand Jacksonb6s Point) d-RB0O9. ng the sun

Cedar Beach-2007-2009: Results of the simple linear regression shaws

positive slope (b) fothe regression line during 20@D09summer seasons.

The positive slope indicatéisat, aghe numberof bathers increasesotoo

does the geometric meanefcoli. However all t-values(2007 0.838

2008 0.278 20098 0.814 fail to meet the 95%imit t-value The confidence

limits aroundall slopeso f t he r egr es s iamthuslthereiss i ncl ude i

are deemed not to be statistically significant P > 0.05.



Graph 1: Bather Load vs. Geometric Mean of E. Coli
at Cedar Beach -- June-August 2007
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b=9.440, 95% conf. limits = 32.9864.105, t=0.838, 19 df.>®.05
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Graph 2: Bather Load vs. Geometric Mean of E. Coli
at Cedar Beach -- June-August 2008
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b=1.48, 95% conf. limits = 13.192, -10.232, t=0.278, 9 df ., P>0.05




Graph 3: Bather Load vs. Geometric Mean of E. Coli
at Cedar Beach -- June-August 2009
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b=62.387, 95% conf. limits = 227.967, -103.174, t=0.814, 13 df., P>0.05

Claredon Beach-20072009: Results reveal a negative sldpe all summer
seasons. The negative slope indic#ttes, azhe number of bathers increase
thegeometric mean dk. coli decreasesHowever, all t values (2003 0.171
2008 1.103 20099 1.10)) fail to meet the 95%imit t-value. The confidence
limits aroundall slopesof the regression lirsincludefi 6, and thus the results

aredeemedhotto bestatistically significant® > 0.05.
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Graph 4: Bather Load vs. Geometric Mean of E. Coli
at Claredon Beach -- June-August 2007
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b=-24.372, 95%conf limits =275.197, -323.942, t=0.171, 18 df, P>0.05

Graph 5: Bather Load vs. Geometric Mean of E, Coli
at Claredon Beach -- June-August 2008

= 10000
S
wi
w 1000
H
§ 100
2
™
- 10
§
8 1
0 2 4 6 8 10
Number of Bathers

b=-51.148, 95% conf. limits =44.809, - 147.106, t=1.103, 23 df.,P>0.05

13



14

Graph 6: Bather Load vs. Geometric Mean of E. Coli
at Claredon Beach -- June-August 2009
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b=-210.737, 95% conf. limits = 202.579, -624.052, t=1.101, 13 df ., P>0.05

Jacksonodos +£2007-2009:RBsellts cevead positive slope for the year
of 2007, indicating as the number of bathers inciea@sd00 does the geometric
mean ofE. wli. In contrast, for the years of 2068d 2009the regression line
has a negative slopmdicatingthat, agshe number of bathers increasie
geometric mean d&. oli decreases. However, &lvalues (2008 1.557;

2008 0.715;2009 1.226)fail to meet the 95%imit t-value. The confidere
limits aroundall slopesof the regression lines include®, and thus the results

are deemed not to be statistically significant P > 0.05.



Graph 7: Bather Load vs. Geometric Mean of E. Coli
at Jackson’s Point Beach -- June-August 2007
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b=9.359, 95% conf. limits = 22.040, -3.321, t=1.557, 17 df , P>0.05

Graph 8: Bather Load vs. Geometric Mean of E. Coli
at Jackson’s Point Beach -- June-August 2008
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b=-28.204, 95% conf. limits = 53.450, -109.858, t=0.715, 23 df., P>0.05
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Graph 9: Bather Load vs. Geometric Mean of E. Coli
at Jackson’s Point Beach -- June-August 2009

1000

100

10

Geometric Mean of E. Coli

0 10 20 30 40
Number of Bathers

b=-31.407, 95% conf. limits = 25.736, -88.551, t=1.226, 10 df., P>0.05

4.2 Influence of Air Temperature on the Geometric Mean oE. Coliin

Beach Water

*Note: during the 2007 snmer seasqrair temperature was not recorded.

Results fromeach of thehreebeaches during the sumer season2008 and
2009indicatealmostidentical graphsvith absolutely no relationshigs

illustrated below
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Graph 10: Air Temperature vs. Geometric Mean of E. Coli
at Jackson’s Point Beach -- June-August 2008
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4.3 Influence of Water Temperature onthe Geometric Mean ofE. Coliin

Beach Water

*Note: results fromeach of the threlkeaches during the summer seaROG-
2009indicatealmost idetical graphs with absolutely no relationslaip

illustrated below
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Graph 11: Water Temperature vs. Geometric Mean of E. Coli
at Jackson’s Point Beach -- June-August 2008
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4.4 Influence of Waterfowl on the Geonetric Mean of E. Coliin Beach

Water

The following graphs represent the number of waver{of all types) on the
shore and in the water vs. geometric meaB.abli in beach water for each of
thethree beaches (Cedar, Claredam d J ac k s o ngotleesutméernt ) dur i n

seasons 2002009.

Cedar Beach-20072009: Results of tk simple linear regression shaw
positive slope (b) for the regression line during2007and 200&ummer
seasosn The positive slope indicatdéisat, agshe number of waterfowl
increases, sotoo does the geometric mean®foli. In contrastthe2009

summer seasoshows a negative slop@adicating the oppositeelationship
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The results for Cedar Beach during the 2007 summer season are deemed to be
statistical significant p < 0.00Zhe tvalue successfully nets the 99.8 %imit

t-valug and the confidencimits don ot i n ¢ Howelver,both@values

during the summer seaso2@08 0.278and2009% 0.814fail to meet the 95%
tvalugand t he conf i de orbeeresults fon200&and 20091 u d e

for this particular factois deemed not to be statisticadlignificantP >0.05.

Graph 12: Waterfowl vs. Geometric Mean of E. Coli at
Cedar Beach -- June-August 2007
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b=9.86, 99.8% conf. limits = 19.484, 0.231, t=3.58, 19 df., P<0.002




Graph 13: Waterfow! vs. Geometric Mean of E. Coli
at Cedar Beach -- June-August 2008

100

10

0 50 100 150 200

Geometric Mean of E. Coli

Number of Waterfowl

b= 0.794, 95% conf. limits =4:3,112 t=0.459, 9 df., P>0.05

Graph 14: Waterfowl vs. Geometric Mean of E. Coli
at Cedar Beach -- June-August 2009
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b=-51.825, 95% conf. limits = 103.54207.192, t=0.720, 13 df., P>0.05
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Claredon Beach-20072009: Results of te simple linear regression shaw

posgtive slope (b) for the regression line during the 2007 and 2009 summer

seasons. The positive slope indesathatas the number of waterfowl

increass, sotoo does the geometric mean®fli. In contrastthe 2008

summer seasashows a negative slopeadicating the opposite relationship.

The results for Cedar Beach during the 2007 summer season are deemed to be

statistical significant p < 0.05. Thevalue successfully neesthe 95 % limitt-

vaugand the confi dence Howewtltothtvdlees not i ncl ud
during the summer season€80 0.0471 and 20@® 0.456 fail tomeet the

B%tvalugeand the confidence |l imits include #A0QC

2009 for this particular factor, ameemed noto be statistically significant P

>0.05.
Graph 15: Waterfowl vs. Geometric Mean of E. Coli
at Claredon Beach -- June-August 2007
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b= 20.155, 95% conf. limits = 39.804, 0.505, t=2.154, 18 df., P<0.05




Graph 16: Waterfowl vs. Geometric Mean of E. Coli
at Claredon Beach -- June-August 2008
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b=-0.320, 95% conf. limits = 13.742, -14.302, t=0.0471, 23 df , P>0.05

Graph 17: Waterfowl vs. Geometric Mean of E. Coli
at Claredon Beach -- June-August 2009
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b=15.305, 95% conf. limits = 30.460, -20.155, t=0.456, 13 df., P>0.05
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Jacksono6s -R@72009: RBselts peveal a negative slope for all

summer seasons. The negative slope inesctitatas the number of waterfowl

increass, the geometric mean &. oli decreases. However, &lvalues

(2007 0.449;2008 0.932;2009 1.0441) fail tomeet the 95%imit t-value.

The onfidence limitsaroundal | opes of the regandssion | ine

thus the results are deemed not to be statistically significant P > 0.05.

Graph 18: Waterfowl vs. Geometric Mean of E. Coli
at Jackson’s Point Beach -- June-August 2007
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Graph 19: Waterfowl vs. Geometric Mean of E. Coli
at Jackson’s Point Beach -- June-August 2008
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b=-20.678, 95% conf. limits = 25.236, -66.592, t=0.932, 23 df , P>0.05

Graph 20: Waterfowl vs. Geometric Mean of E. Coli
at Jackson’s Point Beach -- June-August 2009
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b=-1.580, 95% conf. limits = 1.80, 4.956,t=1.0441, 10 df.,P>0.05
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4.5 Influence of Turbidity onthe Geometric Mean ofE. Coliin Beach

Water

The following graphs represent the turbidity of beach watdlephelanetric
Turbidity Units (NTUSs) vs. geometric mean Bf mli in beach water for each of
thethree beaches (Ced&laredona n d J a ¢ k sdarimgtise sitnmern t )

seasons 2008009.

*Note: There is no data for the year of 2007 for any of the three beaches.
YRCHSfirst purchased turbidimeter to measure the NTUs of the water during
the 2008 summer season and an additionafamie 2009 summer season.

Due toalack of resourcedlfat is, availabilityof turbidometers)CedaBeach

contains datanly for the year of 2009.

Cedar Beach--2009: Results reveal a negative slppelicatingthat, aghe

turbidity (NTUSs) increasg the geometric mean &. oli decreases. éivever,

the tvalue 0.0552 fails taneet the 95% limit-value.The confidence limits
around the sl ope of the regression |

deemed not to be statistically significant F)$5.

ne



Graph 21: Turbidity vs. Geometric Mean of E. Coli
at Cedar Beach -- June-August 2009
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b=2.174, 95% conf. limits = 88.8587.204, t=0.0552, 10 df., P>0.05

Claredon Beach-20082009: Results of tk simple linear regression shaw
positive slope (b) for the regression line dgrthe 20082009 summer seasons.
The positive slope indiced that as the turbidity (NTUsincreass, sotoo does
the geometric mean &. wli. The results for Claredon Beach during the 2008
summer season are deemed to be statistical significant p < 0.05vdlbe t
successfully metisthe 95 % limit tvalug and the confidence limits do not

inclu d e

lHovéver, the-value duringhe 2009 summer seasonl.555-fails

to meet the 95% limit-valug and the confidence limiteic | ude @A 00 .
for this particular factofor 2009aredeemed not to be statistically significant

P >0.05.
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Graph 22: Turbidity vs. Geometric Mean of E. Coli
at Claredon Beach -- June-August 2008
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Graph 23: Turbidity vs. Geometric Mean of E. Coli
at Claredon Beach -- June-August 2009
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Jacks on 6eschR@82009: R&ults of te simple linear regression

showa positive slope (b) for the regression line during the ZE® summer

seasons. The positive slopes indidatd, aghe turbidity (NTUS) increas, so

toodoes the geometric mean®Bfwli. The results for Jacksonos
during the 2008 (P < 0.001) and 2009 (P < 0.05) summer seasons are deemed to

be statistically significant. Thevalues successfully nsethe 95 % limit tvalue

for the 2@9 summer season and the 99.9% lirvidlue for the 2008 summer

season. The confidence limits (summer seasons 2008 and 2009) do not include

ioo.
Graph 24: Turbidity vs. Geometric Mean of E. Coli
at Jackson’s Point Beach -- June-August 2008
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Graph 25: Turbidity vs. Geometric Mean of E. Coli
at Jackson’s Point Beach -- June-August 2009
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4.6 Influence of Rainfall for the last 48hrs. (mm) in the Geometric M ean of

E. Coliin Beach Water

*Note: Rainfall for the previous 4Brs (mm) was not recorded by the Town of
Georgina or by The Weather Netwdd« Claredon Bach during th@007

summer season.

Thegraphsbelowrepresent rainfall for the last 48 h(sxm) vs. geometric mean
of E. wli in beach water for Claredon (20a809 summer seasons), Cedard

Jackson6s-200@dumnter seaddng). 7

Cedar Beach-20072009: Results reveal a positive slope for the 2008 and 2009
summer seasons, indicating as rainfalltfe previous 48oursincreases (mm),

sotoo does the geometric mean®Bfoli. In contrastthe regression linfor the
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2007 summer seastias a negative slopmdicatingthat,asrainfall for the
previous 48 hours increas@nm), sothe geometric mean &. wli decreases.
However,t-values (2003 0.185;2008 0.706 )fail to meet the 95% limit-t

value. During the summer seasons 2007 and 2008, the confidencednoutisd
theslopeof t he r egr es s,amthuslthe resilss are deenhed rbie
to bestatistically signiicant P >0.05. However,the 2009%summer season shows
a tvalue of 2.825which is statistically significant at the 98% linflt<0.02 and

the confidece limits around the slopedoot i ncl ude @A 0O0.

Graph 26: Rainfall 48 hrs. vs. Geometric Mean of E. Coli
at Cedar Beach -- June-August 2007
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b=-3.367, 95% conf. limits = 34.693, 41.426,t=0.185, 20 df., P>0.05
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Graph 27: Rainfall 48 hrs. vs. Geometric Mean of E. Coli
at Cedar Beach -- June-August 2008
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Graph 28: Rainfall 48 hrs. vs. Geometric Mean of E. Coli
at Cedar Beach -- June-August 2009
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Claredon Beach--20082009: Results reveal a nagve slopdor the 2009

summer seasoiT he regative slope indicatebat, againfall for the previous 48

hrs. (mm)increass, the geometric mean &. oli decreaseslhe tvalue-
0.278-does not meet the 95% limivalue, and the confidence limits arulithe

sl ope i nindontrdsg resul@s deveal a positive slope for 2008, indicating
that,as rainfall forthe previous 48 housnm) increasesotoo does the

geometric mean d&. oli. The 2008 ammer gasorshows a-alue of 2.991
which is gatistically significant at the 99% limit P < 0.01, and the confidence

l i mits around the slope do not include A0O.

Graph 29: Rainfall 48 hrs. vs. Geometric Mean of E. Coli
at Claredon Beach -- June-August 2008
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Graph 30: Rainfall 48 hrs. vs. Geometric Mean of E. Coli
at Claredon Beach -- June-August 2009
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Jacksonos -R@F2009: RBselts cevead negativeslope for2008

indicatingthat, againfall for the previous 48 hrs (mnrjcreasesthe geometric

mean ofE. wli decreaseslin contrastthe regression linéor 2007 and 2008as

a positiveslope indicatingthat,asrainfall for the previous 48 housnm)

increasessotoo does the geometric mean®fli. However, all tvalues

(200 1.370; 2008 1.149;2009 0.83] fail to meet the 95% limit-value.

The confidence limits arourall slopeso f t he regr ess,amn | ines i n

thus the results are deemed not to be statistically significant P > 0.05.



Graph 31: Rainfall 48 hrs. vs. Geometric Mean of E. Coli
at Jackson’s Point Beach -- June-August 2007
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b=5.267, 95% conf. limits = 13.380, -2.847, t=1.370, 17 df ,P>0.05

Graph 32: Rainfall 48 his. vs. Geometric Mean of E. Coli
at Jackson’s Point Beach -- June-August 2008
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Graph 33: Rainfall 48 hrs. vs. Geometric Mean of E. Coli
at Jackson’s Point Beach -- June-August 2009
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4.7 Influence of Rainfall for the last 24hrs. (mm) in the Geometric Mean of

E. Coliin Beach Water

*Note: Rainfall for the previous 2lrs.(mm) was not recorded by the Town of
Georgina or by The Weather Network folaredon Beach durintpe 2007

summer season.

Thefollowing graphs represent rainfédir the previoug4 hrs.(mm) vs.
geometric mean d&. oli in beach watefor Claredon (20082009 summer

seasons)andf@edar and Jac k2009 suinsier geasong)t (2007

Cedar Beach-2007-2009: Results of tk sinple linear regression shoav
positive slope (b) for the regression lines during 2P0@9 summer seasons.

The positive slopes indicatleat, aghe number of bathers increassotoo
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does the geometric mean®foli. The tvalues (2008 0.2975, 2008 1.122)

fail to meet the 95% limit-talue. The confidence limits around the slopes of

the regression | ines ,dndthusthedrdsultsaaend 2008 i nc
deemed not to be statistically significant for these particular years0.05. In

contrastthe tvalue for 2009-3.972-successfully meets tl88% limit tvalueg

and the confidence | imits around the sl ope

2009 summer season statistical significance can be cldan@d002.

Graph 34: Rainfall 24 hrs. vs. Geometric Mean of E. Coli
at Cedar Beach -- June-August 2007
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Graph 35:; Rainfall 24 hrs. vs. Geometric Mean of E. Coli
at Cedar Beach -- June-August 2008
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Graph 36: Rainfall 24 hrs. vs. Geometric Mean of E. Coli
at Cedar Beach -- June-August 2009
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Claredon Beach--20082009: Results reveal a negative sldpe the 2009

summer season. The negative slope indidhtes againfall for the previous 24

hrs.(mm) increaseshe geometric mean &. oli decreaseslhe tvalue-

0.678--for the 200%ummer season does not meet the 95% liwalug and the

confidencdimits around the slope includeO o . I n contrast, results
positive slope for the year of 2008, indicategyrainfall for the previous 24

hours(mm) increaseso too does the geometric mean®f Coli. The 2008

summer seasashows a-value of 5.525which is statistically significant at the

99.9% limit P < 0.001, and the confidence limits around the slope do not

i nclude n0O.

Graph 37: Rainfall 24 hrs. vs. Geometric Mean of E. Coli
at Claredon Beach -- June-August 2008
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Graph 38: Rainfall 24 hrs. vs. Geometric Mean of E. Coli
at Claredon Beach -- June-August 2009
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Jacksonds -Rar200: RBsxilt ceveal a negative slope for the
yearof 2009, indicatingasrainfall for the previous 2Aours(mm) increaseghe
geometric mean dE. wli decreasedn contrast, fo2007 and 2008 the
regression ling havea positive slopgndicatingthat,asrainfall for the previous
24 hrs.(mm) increasessotoo does the geometric mean®Bfwli. However, all
t-values (2070 1.163, 2008 2.016, 2008 0.925 fail to meet the 95% limit-t

value. The confidence limits arouatl slopesof the regression lindéaclude

i O, &nd thus the results are deemed not to be statistically significant P > 0.05.
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Graph 39: Rainfall 24 hrs vs. Geometric Mean of E. Coli
at Jackson’s Point Beach -- June-August 2007
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Graph 40: Rainfall 24 hrs. vs. Geometric Mean of E. Coli
at Jackson’s Point Beach -- June-August 2008
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b=159.289, 95% conf. limits = 120.180, -1.601, t=2.016, 23 df., P>0.05
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4.8 Relationship between Wave Action and Posting Warning Signs on the

Beach based on the standard d®100E. Coli per 100 ml of water

*Note: No data forwave action was reported for tA608 summer seasdor

Jacksonds Point and Cedar Beach.

The following chisquare tests for contingency tablepresergthe relationship

betweerthewave action anthefrequency ofwarning signgostedon the

beachb ased on t he Esaliaaer 808 m of watdr forGClatkdon

(20072009 summer seasored forCeda and Jacksonds Point Bea

and 200%ummer seasons).

Cedar Beach-2007 and2009: Resuls of thechi-square test revetiat for
boththe2007(x"2=0.0825)and 2009x"2=0.0825)summer seasonthere

does notippear to be an association betweane action (none, low, medium,



