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The problem of underreporting 

P' 1 Exposure / (consumption of water; # pathogens) 

p1 1 Infection 1 (pathogen infectivity, host susceptibility) 

pu 1 Diarrheal illness 1 ["community" incidence] 

Hospital incidence = 

PV I. physician visit / 

adapted from Pertz et al. 1998. Am J Epid I4 7:289-301 

pr 1 Pathogen diagnosed / 

["hospital7' incidence] 
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Figure 2.2 Annual U.S. antibiotic use for all applications. 
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A multibarrier approach 

. Watershed protection that minimizes 
anthropogenic and wildlife impacts on source 
water . A treatment system with sufficient capacity 
to maintain adequate pressure throughout 
the distribution system for 24 hourslday . A rigorous program to upgrade distribution 
system networks and prevent 
interconnections through leakage, 
backflushing, improper hydrant use, etc. 





Massive Microbiological Groundwater Contamination Associated with a 
Waterborne Outbreak in Lake Erie, South Bass Island, Ohio 
Theng-Theng Fong,' Linda S. Man~f ie ld ,~  David L. W i l ~ o n , ~ , ~  David J. Schwab,= Stephanie L. MoNoy,%nd 
Joan 6. Rose'," 

'Department of  Crop and  Soil Science, ZDepartment of Microbiology and Molecular Genetics, 3National Food Safety and Toxicology 
Center, and 4Department of Food Science and Human Nutrition, Michigan State University, East Lansing, Michigan, USA; 5National 
Oceanic and Atmospheric Administration Great Lake Environmental Research Laboratory, Ann Arbor, Michigan, USA; 6Department 
of Fisheries and Wildlife, Michigan State University, East Lansing, Michigan, USA 

BACKGROUND: A groundwater-associated outbreak affected approximately 1,450 residents and visitors 
of South Bass Island, Ohio, between July and September 2004. 

O R J E ~ F S :  TO examine the microbiological quality of groundwater wells located on South Bass 
Island, we sampled 16 wells that provide potable water to public water systems 15-21 September 
2004. 

METHODS: We tested groundwater wells for fecal indicators, enteric viruses and bacteria, and pro- 
tozoa (Crjptosporidjum and Giardia). The hydrodynamics of Lake Erie were examined to explore 
the possible surface water-groundwater interactions. 

RESU'IS: AH wells were positive for both total coliform and Escherichia coli. Seven wells tested 
positive for enterococci and Arcobazter (an emerging bacterial and Fi-specific coliphage 
was present in four wells. Three wells were positive for dl three bacterial indicators, coliphages, and 
Arcobacteq adenovims DNA was recovered from two of these weus. We found a duster of the most 
contaminated wells at the southeast side of the island. 

CONCLUSIONS: Massive groundwater contamination on the island war likely caused by transport of 
tnicrobiologid contaminam from wastewater treatment facilities and septic tanks to the lake and the 
subsurface, after extreme precipitation w e n s  in May-July 2004. This likely raised the water table, 
saturated the subsurface, and along with very strong Lake Erie currents on 24 July, forced a surge in 
water levels and rapid surface water-groundwater interchange througho~it the island. Landsat i m p  
showed massive influx of organic material and turbidity surrounding the island before the peak of the 
outbreak These combinations of factors and information can be used to examine vulnerabilities in 
other coastal systems. Both wastewater and drinking water issues are now being addressed by the 
Ohio Environmental Protection Agency and the Ohio Department of Health. 
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Contaminated groundwater is the most com- 
monly reported source of waterborne disease in 
the United States, arsociated with 64% of the 
drinking water outbreaks between 1989 and 
2002. In recent national figures (2001-2002). 
groundwater sources constituted 92% of the 
outbreaks, which often occurred in  small 
com~nuiiities (Blackburn et al. 2004). A large 
groundwater-associated o u t b r e a k  in the  
Great  Lakes basin occurred between June  
and September 2004 o n  South Bass Island, 
Ohio, affecting approximately 1,450 individ- 
uals ( b o t h  residents  a n d  visitors) [ O h i o  
Environmental Protect ion Agency (EPA) 
20051. The  present study was undertaken to  
investigate the groundwater quality o n  the 
island and the factors associated with the  
contaminarion event. 

South Bass Island is located in Ottawa 
County, Ohio, off' the southern coast of Lake 
Erie, and  approximately 5 mi f rom the  
Canadian border (Figure 1). South Bass Island 
is one of the main tourist destinations in the 
Midwest and has the nickname "Key West of 
the Midwest." Most bars and restawantr on the 
island are located in the village of Put-in-Bay, 

which is the largest comm~~ni ty  on the island; 
Put-in-Ray has a permanent population of 350 
and  up to  25,000 visitorslday dur ing  the  
tourist season. Potable water on  the island is 
provided through a number of public and pri- 
vate water systems. A public water system was 
defined by the Ohio EPA (2005) as a system 
that has at least 15 service connections or regu- 
larly serves an average of at least 2 5  individuals 
daily at least 60  days of the year. 

The village of  Put-in-Bay is served by a 
municipal public water system that uses pri- 
marily treated surface water from Lake Erie. 
However, many businesses and the majority 
o f  residents  o n  t h e  island use un t rea ted  
groundwater  pumped from wells o n  their 
premises as their primary source of  potable 
warer. There are approximately 13  transient 
noncommuni ty  public water  systems and 
small businesses on the island that use wells to 
meet their water needs. According to the Ohio 
EPA (2005), transient noncommunity public 
water systems are water systems that d o  not 
regularly serve at least 2 5  of the same persons 
over 6 months of the year (e.g., restaurants, 
campgrounds. gas stations). 

During the time of the outbreak, South 
Bass Island used three main types of waste- 
water disposal systems: d) the village of Put- 
in-Bay operated a publicly owned treatment 
works ( P O T W s )  tha t  served t h e  village; 
6) some of the businesses on the island were 
served by small package wastewater treatment 
works with aeration; and c) on-site waste- 
water treatment works, such as septic ranks, 
mound svstems. suhsurf3ce sand filters. and 
holding tanks served most of the unincorpo- 
rated areas of the island. The  small package 
(or semipublic) wastewater treatment plants 
(WWTI's) are owned facilities that 
are regulated t h e  same as P O T W s  by the 
Ohio EPA. All POTWs on South Bass Island 
discharge treated effluent to Lake Erie and are 
regulated by the Ohio EPA under a National 
Pol lu tan t  Discharge Elimination System 
(NPDES) permit. Under Ohio NI'DES per- 
mits (Ohio EPA 2005), sanitary sewage treat- 
ment systems are allowed to discharge with a 
daily fecal coliform bacteria limit of 2,000 
colony-forming units (CFU)1100 mI. with a 
design flow of < 5,000 gallday if they d o  not 
discharge directly into an Ohio river. 

Desmption of the orrtbreak. O n  2 August 
2004, the Ottawa County Health Department 
( O C H D )  in Ohio  received several telephone 
calls from persons reporting gastrointestinal ill- 
ness after visiting South Bass Island. A food- 
borne  disease outbreak investigation was 
ini t iated by t h e  O C F I D  and  t h e  O h i o  
Department of Health (ODH). O n  12 August 
2004 the O h i o  EPA was infornled about a 
possible waterborne outbreak and began an 
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