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Kewaunee CAFOs

 |n WI, Concentrated Animal

Feeding Operations (CAFOs) |

are defined as those farms
having > 1000 animal units

* Kewaunee County has |5
CAFOs (14 dairy and one
beef operation)

 Town of Lincoln
— Three CAFOs
— ~13,500 cattle
— 334 households




Brown Water

These events create public health risks

— atleast 2 documented cases of near-fatal hemorrhagic e. coli |
illness in infants

This pérticular well:

code ¢bmpllant well (123 ft deep,icased to 63ft)
Per5|stent bacteria problems |

Nltratgrvel has fluctuated from hlgh teens to 39gpm

specific sourcesfer-these brown water eve h‘ts“"‘“




Microbial Source Tracking — The Principle

The friendly microbes present in feces are
specific to the animal source, (e.g., an E. coli
from humans is different from an E. coli from
cattle)

These same microbes can be measured In
water that has fecal pollution and the animal
source identified.

The Bacteroides group Is the most common
bacterial target for MST



Microbial Source Tracking — Current Limitations

« Gut microbes are not 100% specific to animal type

» Assay specificity is evaluated by comparing fecal
specimens from ~ 40 different animals, but there are
1000s of bacteria taxa with similar genetic sequences that
could cross-react with the assay

 Microbes from different animals die-off in the
environment at different rates

« Microbe abundance and types in the host animal can
change with time, geographic location, and diet so the
signal in the environment changes

*Current best assay for human bacteroides is HF183



Using Viruses for MST — The Principle

Enteric pathogenic viruses are more host-specific than
commensal bacteria

Virus gene targets are not present in indigenous
microbes in the environment, increasing assay
specificity

Viruses are especially useful markers for fecal
contamination in groundwater because they are highly
mobile in the subsurface

Primary limitation is pathogenic viruses are not always
present in the host population and therefore can be
absent in fecal material



Measuring Pathogens in the Environment -
Quantitative PCR

StrenCﬂhS e PCR o Flucrophore S Quencher
« High specificity — —
« Absolute quantification by \ 2

standard curves ez Q @




Virus Sampling (May 2014)
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* Sampled |0 household
wells in Kewaunee County |

— 6 bovine-specific viruses plus >
bovine bacteroides
— 7 human-specific viruses plus =
human bacteroides S

— pepper mild mottled virus
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* pump ~800 L through
hemodialysis filters
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— zoonotic pathogens

* enterohemorrhagic E. coli

* Salmonella species

« Campylobacter jejuni * gPCR methods except
* Cryptosporidium species protozoa b), IFA

* Giardia lamblia

* Coliforms by Quanti-Tray



Kewaunee County Results

No. Wells  Concentration Range

Host Microbe Detected (genomic copies/L)
Human- Adenovirus C, D F 1 26
specific Adenovirus A 1 3
Enterovirus 2 21 and 21
All 3

Bovine- Polyomavirus 2 16 - 18

specific Bacteroides 1 6
All 3

Non-defined Pepper mottle virus 2 22 and 22
Salmonella spp. 4 2-24
Campylobacter jejuni 1 11
All 5

Indicators Total coliforms 1 3 MPN
E. coli 1 1 MPN




Kewaunee Results Summary

7 of 10 wells were positive for fecal contamination

Human and bovine fecal sources contaminated 3 wells
each; | well had both sources

6 wells were negative for total coliform or E. coli indicators
even though pathogens or MST markers were present

4 wells had evidence of contamination of Salmonella
bacteria and one well was positive for the bacterium
Campylobacter jejuni



Case Study/

Norovirus Outbreak Caused by a New Septic
System in a Dolomite Aquifer

by Mark A. Borchardt', Kenneth R. Bradbury?, E. Calvin Alexander Jr.2, Rhonda J. Kolberg*, Scott C. Alexander?,
John R. Archer®, Laurel A. Braatz®, Brian M. Forest’, Jeffrey A. Green®, and Susan K. Spencer®

study area .9
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Outbreak Background

In early June, 2007, 229 patrons and employees
of a new restaurant in Door County were
affected by severe acute gastrointestinal iliness,
6 people hospitalized

New well and conventional drain-field septic
system, both conforming to State code

Hydrogeologic setting: shallow soil over densely
fractured dolomite

Epidemiologic case-control analysis indicated
the restaurant’s well water was associated with

Iliness



Norovirus
Transmission
Cycle

Tap water from well:
50 genomic copies/L

Norovirus isolates from 3 sources
had identical
327 bp polymerase gene sequences

Restaurant patrons: 104-108gc /gm stool

Septic tank: 79,600 genomic copies/L


http://rds.yahoo.com/_ylt=A0WTbx6GTphKs4QBv2WjzbkF/SIG=12j9ucven/EXP=1251581958/**http:/www.roscoemoss.com/tech_manuals/gwwc/images/picture2.jpg

Restaurant - As Built Septic System and Well
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Tracer concentrations In the restaurant
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Restaurant Cross Section
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Horseshoe Bay Cave
Murphy Park
Potential Sample Sites
Current Sample Sites
Spring

Log Den

Sherrill Potentiometric Surface

X 0000

0 1500 Feet

Plum Bottom Tracer Results:
Fluorescein and Eosin

Well A - 2/19/08 3/11/08 4/1/08 4/22/08

Well B - 12/20/07 12/28/07 1/07/08 1/21/08 4/22/08
Well D - 12/20/07 12/28/07 1/07/08 1/21/08
Well K - 4/1/08

Ambiguous Results:

Well F - 4/1/08

Distinct Rhodamine-Like Peak

Well N - 4/22/08

Regional Scale
Movement of Dye
from the
Restaurant

Tracer velocities to offsite
wells B and D are in the range
of 7 to 8 m/d.
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Is Il nes;.s Factor

‘Not Only Here

Summer Flu'
Study Is Made
By Scientists

. Limestone Flssures Let

Wastes &£t Into Wells.
SYay the Researchers

Door county's geology is “to
blame for so - called ‘“resort
diarrhea” according to & U. S.
Public  Health Service team
which . theroughly Investigated

the {finess lagt. summer. The

atudy was made at the:.request
of the 'Ephraim Men's club,
which heard the preliminary ve-
port Thursday night. The report
stated that purification of ‘water
through chlorination 1s the prac-
‘tical answer.

Door county i8 a sliver of top-

It" was pointed out that the
problem is not pecyliar to Dodr
cou.nt.y but goeurs {n maay other
P wherd a concentrated

ji} hunn uges well water.

Three officlals wers  here to
[Blvg tlte repert,-Dgn_.Mh%h'ah.-bao—

.
1t

n 3
Payne. All oyt ‘the
U HS mala o!ﬂ&e -af . At‘hnh

Ga.

More thad 200 eople coeper
ated (n making -the study this
suramer. ’I‘here were 10 medical
technologiats = and 200 ooliege
students who were working at
the resorts. )

Several factors were checked
and it was found that diarrhea
cases cotngided with periods of

bad water. The. deme af stek-
néss depended on the -degree of
pellution and the amount of wa-
ter drunk.  The number of people’
in the area had a t bearing
on the amount of pollution. An-
other factor was rainfall. Rain
dilutes ‘the’ wastes,’
pollution. -
Doesn't Make Bad Taste =
Twenty-nine wells and 22 re-
sorts were tested Sixty-four per
cent showed bad water at same
time - during the summer. Even

decreasing

1955!

Article in the
Door County Advocate




New Study: Assessing Groundwater Quality in
Kewaunee County, Wisconsin

Investigators
Muldoon, Borchardt, Hunt, Bonness, Masarik, Stokdyk

Objectives
« Design a county-wide randomized sampling plan, stratified by depth-
to-bedrock, for nitrate and indicator bacteria

« Sample bi-weekly (i.e., once every two weeks) a subset of wells from
the sampling frame to assess seasonal variation in groundwater
quality

« Sample once per season a subset of wells for viruses and fecal

markers capable of distinguishing septic versus bovine sources of
contamination

» |nstall automated sampling systems on one or two wells to determine
the timing of peak transport for viruses and indicator bacteria

» |dentify spatial and temporal patterns of contamination



Questions?

Comments?
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