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BEACH ACTBEACH ACT

• Improving public health and environmental protection for 
beach goers

• Providing the public with information about the quality of 
their beach water.

• A major component of the Beach Act was for EPA to 
conduct research to provide the support of new criteria for 
recreational waters.



Conventional methodsConventional methods……....
24 Hours to test results24 Hours to test results

http://www.rapidmicrobiology.com/news/29h2p1.JPG
http://images.google.com/imgres?imgurl=http://www.dehteq.co.za/images/enterolert2.jpg&imgrefurl=http://www.dehteq.co.za/enterolert.html&h=115&w=198&sz=9&hl=en&start=1&tbnid=X0Qw7EE9PqMRNM:&tbnh=60&tbnw=104&prev=/images%3Fq%3Denterolert%26gbv%3D2%26hl%3Den




POLYMERASE CHAIN REACTIONPOLYMERASE CHAIN REACTION

•• RESULTS IN ABOUT 4 HOURSRESULTS IN ABOUT 4 HOURS…………..



WHAT IS PCR?WHAT IS PCR?
PPolymerase olymerase CChain hain RReactioneaction

(AKA:(AKA: Repetitive Molecular PhotocopyingRepetitive Molecular Photocopying))

PCRPCR -- Analytical method that mimics the Analytical method that mimics the 
process of cellular DNA duplicationprocess of cellular DNA duplication

Method PremiseMethod Premise -- Many copies are Many copies are 
easier to identify than fewer copieseasier to identify than fewer copies



WHY AMPLIFY DNA?WHY AMPLIFY DNA?
In traditional microbiology In traditional microbiology 
bacterial cells are grown or bacterial cells are grown or 
amplified to form colonies amplified to form colonies 
which can be easily identified.which can be easily identified.

In In PCRPCR sections or sections or 
targets of DNA are targets of DNA are 
amplified instead of amplified instead of 
whole cells.whole cells. Target



Primers

3  Steps of PCR (generalized times & temps)



PartnershipsPartnerships

•• USEPA Region 2USEPA Region 2
•• NJDEPNJDEP
•• Ocean County Department of HealthOcean County Department of Health
•• Monmouth County Department of HealthMonmouth County Department of Health
•• Ocean County Utilities AuthorityOcean County Utilities Authority



qPCR 2007 Study Design qPCR 2007 Study Design 

•• 10 Sampling Events10 Sampling Events
•• 9 week Study Period9 week Study Period
•• Thigh DepthThigh Depth
•• 4 Replicates4 Replicates
•• One TransectOne Transect
•• One Afternoon EventOne Afternoon Event

•• Ocean and Monmouth Ocean and Monmouth 
Counties Sample 10 Counties Sample 10 
Stations Every Other Stations Every Other 
WeekWeek

•• Stations selected Stations selected 
according to Microbial according to Microbial 
quality Gradientquality Gradient

•• Water Quality Water Quality 
MeasurementsMeasurements

http://rds.yahoo.com/_ylt=A0WTefdi9fxH6hYAeMuJzbkF;_ylu=X3oDMTBpZm5udGl1BHBvcwM1BHNlYwNzcgR2dGlkAw--/SIG=1iha8b47i/EXP=1207846626/**http%3A//images.search.yahoo.com/images/view%3Fback=http%253A%252F%252Fimages.search.yahoo.com%252Fsearch%252Fimages%253Fp%253Denterococcus%2526ni%253D18%2526ei%253DUTF-8%2526fr%253Dyfp-t-501%2526xargs%253D0%2526pstart%253D1%2526b%253D1%26w=206%26h=235%26imgurl=www.wissenschaft-online.de%252Fsixcms%252Fmedia.php%252F591%252Fenterococcus2.jpg%26rurl=http%253A%252F%252Fwww.wissenschaft-online.de%252Fartikel%252F594159%2526amp%253Btemplate%253Dbild_popup%2526amp%253B_bild%253D1%26size=8.7kB%26name=enterococcus2.jpg%26p=enterococcus%26type=JPG%26oid=18dfb717bf876a20%26no=5&tt=741




EPA Draft Method 1606EPA Draft Method 1606

•• CollectCollect
•• FilterFilter
•• Extract DNAExtract DNA
•• Mix with Mix with 

Primers/ProbesPrimers/Probes
•• Place in ReactionPlace in Reaction

TubeTube
•• RunRun
•• AnalyzeAnalyze



POLYMERASEPOLYMERASE CHAIN REACTIONCHAIN REACTION

•• RESULTS IN ABOUT 4 HOURSRESULTS IN ABOUT 4 HOURS…………..



Cepheid Thermal Cycler



Sampling Area Enterolert 
(Ocean Co.)

(CFU/100 mL)
n = 20

qPCR
(CCE/100 

mL)
n=20

County

Ocean Area 1 6.5 16.4 Ocean 
County

Sheridan Ave. 8.5 39.6 Ocean 
County

Bay Beach 13.5 45.1 Ocean 
County

Broadway 13.3 45.6 Ocean 
County

Winward 
Beach

86.5 239 Ocean 
County

Anglesea Ave. 101 802 Ocean 
County

Avon Road 124 780 Ocean 
County

Money Island 135 785 Ocean 
County

Beachwood 
Beach

145 920 Ocean 
County

Central Ave. 261 2745 Ocean 
County

Sampling Area MF (Monmouth 
Co.)

(CFU/100 mL)
n = 20

qPCR
(CCE/100 

mL)
n=20

County

Army Rec
Center

5.3 14.8 Monmouth 
County

Surf Beach 7.3 44.1 Monmouth 
County

Newark Ave. 7.8 46.2 Monmouth 
County

The Terrace 13.5 24.6 Monmouth 
County

Village 
Beach
Club

15.5 116 Monmouth 
County

Cedar Ave. 28.0 151 Monmouth 
County

Brown Ave. 42.3 78.0 Monmouth 
County

Broad Street 40.0 229 Monmouth 
County

Rec Center 74 365 Monmouth 
County

Myron/
Wilson Bay

123 398 Monmouth 
County

Detection of Enterocci by qPCR, MF and Enterolert



Real Time PCRReal Time PCR…………....

•• Viable, non viable as well as dead Viable, non viable as well as dead 
organism DNA is detected using PCRorganism DNA is detected using PCR…………
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a)Army Recreational Beach

c)Newark Avenue

b) Surf Beach

d) The Terrace

The Results …Monmouth County Beaches
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e) Village Beach Club
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f) Cedar Avenue
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g) Broad Street
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h) Brown Avenue

The Results …Monmouth County Beaches
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i) Recreation Center

1

10

100

1000

10000

6/25

7/9

7/23

8/6

8/20

Sampling Date

G
eo

m
et

ric
 m

ea
n 

/ 1
00

 m
L

j)  Myron/Wilson Bay

The Results …Monmouth County Beaches
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e) Windward Beach
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f) Anglesea Avenue
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g ) Avon Road West
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h) Money Island

The Results ….Ocean County Beaches
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i) Beachwood Beach
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j)  Central Avenue

The Results…Ocean County Beaches



REGRESSION RESULT qPCR vs. Enterolert/MFREGRESSION RESULT qPCR vs. Enterolert/MF
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y =.13x + 14.6   R2=.62 (r=.79)



Monmouth County

9:0810:109:109:1
5

9:157:308:4
0

7:307:307:3
0

7:3
0

7:3
0

7:4
5

7:307:4
0

8:2
0

8:2
0

8:3
0

8:3
0

8:
20 

Time 
Collected

NDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDN
D

Cloud Cover

ESNN
W

SS
W

NWESNNWSS
W

N
W

ESWNWSWESWNWS
W

Wind 
Direction

lowlowlowlowhighlowlowlowlowhig
h

lowlowlowlowhig
h

lowlowlowlowhig
h

Tidal Cycle

NDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDN
D

Precipitation

72°75°75°75°70°72°75°75°75°70°70°75°73°76°65°70°75°73°76°65
°

Water 
Temperature

65°75°64°78°73°65°75°64°78°73°65°75°63°87°75°65°75°63°87°75
°

Air 
Temperature

6.035.8430.23.34.85.324.6
2

125.45.76.9
1

5.4
4

7.3
5

3.326.3
3

3.2
1

5.7
2

2.41.8Turbidity

24.22424.524.
6

23.620.923.
5

22.323.421.
8

26.
8

25.
7

27.
8

27.429.
2

27.
2

27.
0

28.
0

27.328.
1

Salinity

33242>60
0

107417721056668855655MF/Enterole
rt
Geometric 
Mean

6311801739
4

542912814288207246790115451375qPCR
Geometric 
Mean

54321543215432154321Sampling 
Wk

RECREATION CENTERBROAD STREETSURF BEACHARMY RECREATION 
BEACH



3454

1483

545

75

1

10

100

1000

10000

C
CE

 p
er

 1
00

 m
L 

or
 C

FU
 p

er
 1

00
 m

L
b) Beachwood Beach, Ocean County NJa) Central Avenue, Ocean County NJ

2248

8074

420

1298

1

10

100

1000

10000

CC
E 

pe
r 1

00
 m

L 
or

 C
FU

 p
er

 1
00

 m
L

C)  Windward Beach, Ocean County545

1431

307

55

1

10

100

1000

10000

C
CE

 p
er

 1
00

 m
L 

or
 C

FU
 p

er
 1

00
 m

L

AM       PM                   AM         PM

Enterolert

AM       PM                   AM         PM

AM       PM                   AM         PM

qPCR

qPCR

qPCR

Enterolert

Enterolert



2008 Study Design

- Continue qPCR/MF Analysis at 2 Sampling Areas

- Sampling over consecutive days

- Time   (Morning vs. Afternoon)

- Weather (Rain Events)

- Tidal Cycles (Low Tide vs. High Tide)



STUDY CONCLUSIONS STUDY CONCLUSIONS 

• A significant positive correlation was observed between the QPCR
and both MF and Enterolert method measurements of Enterococcus 
densities at all beaches, 

• Additional data to evaluate wet weather and tidal influences on 
bacterial concentrations between qPCR and membrane filtration 
would be useful.

• USEPA and CDC 
National Epidemiological and Environmental Assessment of        

Recreational Water Quality  
http://www.epa.gov/nheerl/neear/



QUESTIONSQUESTIONS
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