Can modeling E. coli concentrations
improve risk-based assessments at
swimming beach(es)?
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North Beach Park Beach Ottawa County Michigan E. coli Data 2002-2009
VB2 MLR Log10(E. coli)=Const + Coefl * Varl + ...+ Coef6 * Var6

Variable Coefficient Std Error t Statistic p Value

P S o~y rtu st iirier T th . \eamtS

(Inercept 149.4352 41.26 1 3.6216 "0.00047
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High predictions for E.coli measurements below

Michigan Standard of 300 counts/100 ml




Methods

Chicago beaches
monitored 5 days a
week for E. coli

Data for developing
predictive models from

“ numerous locations

Previous research found
z higher concentrations
associated with south
| side beaches, overall







Management
Outcome
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Health Loss of

e Reported

Outcome

Correct Open
Correct Closed

Incorrect Open

Incorrect Closed

none

none

type 2

type 1

conservative

.......... ToTCRICaEs
beaches

accurate 49-78% 2.7-5.0

accurate 3-14% 13.6-15.3

overly liberal 12-21% 14.4-16.1
9-17% 4.2-6.4

Range of Mean,,,....
lliness Rate for

Protectla’n - Fraquency - "Eglé"d'gb;.Beaches'
' (SWImmers/IDUU)



Predictive modeling

* Modeling success/accuracy
assessed by

— R?: percentiof variation inE: coli
explalned

=RMSE:errorin the estmﬂ%tloﬁ

— Type | (sensitivity) and Type Il
- (specificity) errors: comparison of
~predicted versus actual E. coli
cencentratlon

. Protectlng publlc health risk:
m|n|m|ze Type 18 errors
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Model Development
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* Regional Model Predictors: barometric

pressure, wave height, and day of year



Individual Beach Models

Calumet

Beach Predictors Model Outcomes

solar wave no. of 5

insolation pressure airtemp precipitation height day of year predictors RMSE adjR
Loyola X X X X 4 0.654 0.261
Albion X X X X X 5 0.676 0.269
Hollywood X X X X X 5 0.604 0.267
Foster X X X X X 5 0.620 0.209
Montrose X X X X 4 0.590 0.220
North Ave g X X X X X X 5 0.591 0.313
~ Oak kb X X X 4 0605 0271
Twelfth [ e Moo X . X o L. g6 068A gaes
Thirty First - T S V.05 «{1 0.631  0.259
Fifty Seventh X X X X X xni Lg 0.626 %.0.141
Sixty Third X X X X X 0.600 0.141
SouthShore X X X X X 5 0.613 0.179
Rainbow X X X X 4 0.600 0.192
X X X X X 5 0.601 0.211



Juneway

Rogers

Howard

Fargo/Jarvis

Loyola

Pratt

North Shore
Hartigan

Thorndale

Osterman

Foster

Montrose

North Avenue
Oak

Ohio

12th

31st

49th

57th

63rd

South Shore
Rainbow

Calumet

05/25/04 —
05/28/04 —
05/31/04 —
06/03/04 —
06/08/04 —
06/11/04 —
06/14/04 —
06/17/04 —
06/22/04 —
06/25/04 —
06/28/04 —
07/01/04 —
07/04/04 —
07/07/04 —
07/12/04 —
07/15/04 —
07/19/04 —
07/22/04 —
07/27/04 —
07/30/04 —
08/03/04 —
08/06/04 —
08/10/04 —
08/13/04 —
08/18/04 —
08/23/04 —
08/26/04 —
08/31/04 —
09/03/04 —

Whitman, R.L. and M.B. Nevers. 2008. Summer E. coli Patterns and Responses along 23 Chicago Beaches.
Environmental Science & Technology 42 (24), 9217-9224




Model outcomes usmg three types of

Percent Type Il Errors
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1ncreasmg accuracy at mo§t beaches W|th model refinement : |
* Significant decrease in type errors
-+ Decrease in type Il efrors associated with closing beach more often
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Model Accuracy

inactive current

outcome
B correct closed
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also more type |
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Calculating the single-sample
monitoring standard

ss =10"[log,, GM + {cl x log,, sd |

where ss= the single sample limit; GM=126, geometric mean E. coli concentration for acceptable illness rate of 8 per 1000;
cl=0.675, the 75% calculated one-sided confidence level for a designated heavily used beach area, and sd= is the calculated
{ standard deviation for a given jurisdiction
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Ambient criteria use standard deviation = 0.4, resulting in single-sample limit of 235

Standard deviation for Chicago beaches for 2000-2004 = 0.718, resulting in a single-
sample limit of 385
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Type | errors

63rd Street Beach

that would be
eliminated with
a Chicago-
specific single-
sample standard

1.00—

I I I
0.00 1.00 2.00

actual E. coli (CFU/100 ml)

Type Il errors that
would be
eliminated with a
Chicago-specific
single-sample
standard

North Avenue Beach

4.00

I I I
1.00 2.00 3.00

actual E. coli (CFU/100mlI)




Conclusions

Refinement of monitor
predictability of E. coli but
ors/excess illnesses

Regia d individual model
accuracy in many locations

For Chicago beaches, use of a locatio
irical predictive
ithout sacrifi
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Certain beaches lend themselves to modeling, even'low
closure beaches
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