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Total Water Withdrawals in the United States

Thermoelectric
48%

Irrigation
34%

Industrial  5% Public Supply  11%

Domestic < 1%
Mining <1%
Aquaculture <1%
Livestock <1%

Source: USGS (2004)



Categories of Organisms of Public 
Health Significance in Wastewater

Bacteria
Campylobacter
Salmonella
Shigella
E. coli
Vibrio

Viruses
Noroviruses
Hepatitis A virus
Rotavirus
Coronaviruses

Helminths
Ascaris
Trichuris

Protozoa
Cryptosporidium
Giardia
Microsporidia,
Cyclospora,
Toxoplasma



Mortality Rate for Typhoid Fever in the United StatesMortality Rate for Typhoid Fever in the United States

Adapted from U.S. Center for Disease Control and Prevention
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Free chlorine Excellent Excellent Fair/Poor Good
Chloramines Fair Poor Very Poor Poor
Chlorine dioxide Good/Excellent Good/ExcellentFair Good
Ozone Excellent Excellent Good/ExcellentGood/Excellent
Ultraviolet irradiation Good/Excellent Good Good/ExcellentGood/Excellent

Filtration Processes

Granular Media Filtration Good Fair Good Good

Low-Pressure MembranesExcellent Excellent Excellent Excellent

Disinfectants Bacteria Viruses Protozoa Overall Rating

Comparison of Microbial Inactivation or Removal 
Efficacy by Selected Disinfectants and Filtration 

Processes

Comparison of Microbial Inactivation or Removal 
Efficacy by Selected Disinfectants and Filtration 

Processes



Sub-surface flow vs. free-surface flow 
“removal” vs. “source-tracking”







The Graczyk’s Lab: Fluorescence In Situ Hybridization (FISH)

Cryptosporidium parvum

Giardia duodenalis



The Graczyk’s Lab: Multiplexed Fluorescent In Situ
Hybridization (FISH)                           

E. hellem Hester et al. (2000) J Eukaryot Microbiol 47:299-308.                            
Graczyk et al. (2007) J Clin Microbiol 45:1255-60

E. cuniculiE. intestinalis

E. bieneusiE. hellem





Ulrich et al. 2005. Water Res 39; 4849-58

Thurston et al. 2001. Water Res 35; 1547-51
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Identification of Cryptosporidium; PCR, RFLP

SspI

VspI

C. hominis
C. parvum
C. andersoni

C. muris

Species

Genotype



1               2                  3                 4



Frequency Distribution of Giardia/outlet
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Frequency Distribution of Giardia/inlet 
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Frequency Distribution of Cryptosporidium/outlet
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Frequency Distribution of Cryptosporidium/inlet
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C r y p t o s p o r i d i u m

outlet/inlet (%)

Giardia (Assemblage A) Giardia (Assemblage A, E, and C)

85%

65%



Pathogen removal relative index (inlet - outlet)%
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Wastewater discharges are worldwide risk factors for the introduction of human protozoan 
enteropathogens into surface waters

Demand for high quality drinking and recreational waters rises exponentially due to global 
demographic growth, reinforcing an urgent need for microbiologically safe reclaimed waters

Pathogen source-tracking research in engineered wetlands is deficient, due to the lack of 
available molecular technology in the past 

Current technology allows for multiplexed species-specific identification, enumeration, 
viability assessment, and source-tracking of human protozoan pathogens

Public health in developing and developed regions of the world will benefit from  changing the 
conceptual research framework for constructed wetlands  from “pathogen removal” to 
“pathogen source-tracking” efforts.  “Removal” assumes that “survived pathogens”
originate from pathogens delivered to that wetland from the sewage treatment process, while 
“source tracking” evaluates the complexity of pathogen ecological interactions

Improvements in reclaimed water quality by lowering fecal coliform counts is not a sound solution for 
human protozoan enteropathogens
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