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Cryptosporidium spp. are intracellular protozoan parasites that are common in many
animals including mammals, marsupials, reptiles, birds, and fish. The environmentally
resistant thick-walled oocyst stage of the organism’s life cycle is excreted in the feces of
infected animals and can contaminate sources of drinking water. Although the disease is
usually self-limiting in otherwise healthy humans, persistent infection can contribute to
mortality in individuals with weakened immune systems. There have been many
outbreaks of cryptosporidiosis associated with either drinking water or recreational water
(Fayer et al., 1997; Fayer et al., 2000); the largest waterborne outbreak on record
occurred in 1993 in Milwaukee with estimates of the affected population ranging from
15,000 to 400,000 individuals and up to 100 deaths (Hunter and Syed, 2001; MacKenzie
et al., 1994). The continued detection of Cryptosporidium oocysts in source water and
treated drinking water ensures that the organism remains a significant concern for the
water industry and mandated monitoring under the Long Term 2 Enhanced Surface Water
Treatment Rule (LT2ESWTR; USEPA, 2006) will determine whether water utilities need
to install additional treatment based on the level of Cryptosporidium in their source
water.

The genus Cryptosporidium contains at least 16 recognized species that infect a variety of
vertebrates. The organisms are coccidian parasites placed within the Phylum
Apicomplexa. (Fayer et al., 2008) Although C. parvum and C. hominis are the species
most often isolated from humans, other species have also been detected in immune-
compromised individuals. These include C. canis, C. felis, C. meleagridis, and C. muris
(Fayer et al., 2001; Gatei et al., 2002; Morgan et al., 2000; Morgan-Ryan et al., 2002;
Pedraza-Diaz et al., 2001; Pieniazek et al., 1999; Xiao et al., 2001). However, most cases
of human cryptosporidiosis are attributed to C. parvum and C. hominis. Infections in
humans may be asymptomatic but more frequently result in a variety of self-limiting
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acute enteric symptoms characterized by profuse diarrhea, and infection of severely
immune-compromised patients can contribute to mortality.

Reports on the occurrence of Cryptosporidium spp. oocysts in untreated surface waters
vary widely. Studies conducted in the years immediately following the Milwaukee
outbreak demonstrated that the average proportion of river, lake, and well water samples
that were contaminated with oocysts ranged from 9 to 100% (Rose et al., 1997). A large
survey of North America spanning 1988-1993 reported that 60.2% of samples (N = 347)
were positive for Cryptosporidium oocysts (LeChevallier and Norton, 1995). A similar
study in Canada demonstrated lower levels of contamination with oocysts detected in
6.1%, 4.5%, and 3.5% of raw sewage, raw water, and treated drinking water, respectively
(Wallis et al., 1996). Additional studies have reported the occurrence of oocysts in 6% of
stream samples in Wisconsin (Archer et al., 1995), 63% of river samples in Pennsylvania
(States et al., 1997), and 13% of surface waters in New Zealand (lonas et al., 1998). A
large watershed survey conducted by the Metropolitan Water District of Southern
California (MWD) detected oocysts in 11% of samples (N = 189) and 24% of first flush
samples (N = 34) with extrapolated oocyst concentrations up to 417/L following storm
events (Ferguson et al., 1998). The Information Collection Rule (ICR) survey of 5,838
untreated source waters throughout the U.S. reported an average occurrence of 6.8% with
a mean concentration of 0.067 oocysts/L (Messner and Wolpert, 2003).

Sixty seven percent and 33% of waterborne outbreaks were caused by C. hominis and
C. parvum, respectively (N = 22; McLauchlin et al., 2000; Sulaiman et al., 1998). Ninety
three percent (N = 29) of storm water samples analyzed by a PCR-RFLP targeting the
SSU rRNA gene, were positive for Cryptosporidium spp. (Xiao et al., 2000). None of the
12 detected genotypes matched those typically found in human, farm animal, or domestic
animal samples. However, four were identical or closely related to C. baileyi, and
Cryptosporidium genotypes from opossums and snakes indicating that wildlife was the
primary source of oocyst contamination of surface water during storms. The same
method was also used to analyze untreated surface water and wastewater samples.
Cryptosporidium was detected in 45.5% of surface water samples (N = 55) and 24.5% of
raw wastewater samples (N = 49; Xiao et al., 2001). The predominant genotypes in
surface water matched the profiles of C. parvum and C. hominis while C. andersoni was
most commonly detected in wastewater.

While oocysts are resistant to chlorine disinfection at the concentrations typically applied
during drinking water treatment (2 — 6 mg/L), correctly operating treatment plants that
utilize filtration usually remove oocysts from source water with high efficiency.
However, oocysts have been detected in 3.8 — 40% of treated drinking water samples at
concentrations up to 48 oocysts/100 L (Rose et al., 1997). A survey of treatment plants in
Wisconsin detected oocysts in 4.2% (N = 72) of finished water samples (Archer et al.,
1995). Fifteen years after the Milwaukee outbreak, Cryptosporidium contamination of
drinking water continues to represent a public health threat for the water industry.
However, the magnitude of the threat is uncertain.
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Following the development of cell culture-based methods for assessing Cryptosporidium
infectivity and the demonstration that cell culture is equivalent to animal models for
measuring infectivity (Rochelle et al., 1997, 2001, Slifko et al., 1997, 2002; Di Giovanni
et al., 1999), various cell culture methods have been used to detect infectious
Cryptosporidium in water (Table 1).

Table 1. Prevalence of infectious Cryptosporidium spp. in various types of water

Type of water Number of Positive  Reference

samples
Finished drinking water 1,690 1.4% Aboytes et al., 2004
Filter backwash water 121 7.4% Di Giovanni et al., 1999
Source water 560 3.9% LeChevallier et al., 2003
Source water 122 4.9% Di Giovanni et al., 1999
Disinfected reclaimed 15 40% Gennaccaro et al., 2003
effluent
Raw wastewater 18 33% Gennaccaro et al., 2003

There are currently two species of Cryptosporidium that cause the majority of human
infections, C. parvum and C. hominis. However, the source of contamination of
environmental waters is often livestock or feral animals that can shed species of oocysts
that are not infectious to humans and so represent minimal public health risk. The
condition of the oocysts is also very important in determining the risk of infection.
Oocysts are exposed to many conditions in the environment that can reduce their
infectivity before entering a water treatment plant. The length of time post-shedding from
the carriage animal, water temperature, and the amount of ultraviolet (UV) exposure from
sunlight can reduce oocyst infectivity. Although oocysts are considered environmentally
resistant, they exhibit considerable loss of infectivity as environmental temperature
increases (Figure 1). Above 10°C oocysts lose infectivity at a rate of 0.004-log x
temperature (°C) per day. In addition, surface waters are exposed to natural UV
irradiation in sunlight which may damage oocyst DNA thereby inhibiting DNA
replication and reducing infectivity. Once oocysts enter a drinking water treatment plant,
they are exposed to additional conditions that can reduce their ability to cause infection in
humans.

The risk of infection due to Cryptosporidium in drinking water depends on a combination
of factors, many of which are poorly understood. These include the concentration of
oocysts in source water, survival of oocysts in the environment, efficacy of treatment,
virulence and dose response of the pathogen, species or strain of the pathogen,
susceptibility to infection of individual water consumers, and the volume of water
consumed.
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Figure 1. Reduction of Cryptosporidium parvum infectivity in response to increasing
environmental temperature as measured by HCT-8 cell culture combined with RT-
PCR quantification of infection (Rochelle et al., 2002).

According to the only study on the occurrence of infectious Cryptosporidium oocysts in
conventionally filtered drinking water in the U.S., 27% of surface water treatment plants
(N = 82) released infectious oocysts in their finished water at least once and overall, 1.4%
of treated drinking water samples (N = 1,690) contained infectious oocysts (Aboytes et
al., 2004). Using the calculation below, this occurrence data translates to an annual risk of
cryptosporidiosis of 52 infections per 10,000 people (U.S. national risk = 1.6 million
cases per year), which is much higher than the annual risk of infection goal set by the
U.S. Environmental Protection Agency (USEPA).

Annual Risk = 1-(1-Daily Risk)**°
Daily Risk = water consumption x concentration % infection index

Where:

Water consumption = 1.2 L/day

Concentration in finished water = (number positive samples/total number
samples) x (1/recovery efficiency) = 4.4 x 10™* oocysts/L

Infection index = 0.028 for an unknown strain (according to Messner et al,.
2001)
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Reduction of sporadic cryptosporidiosis cases following installation of additional
treatment demonstrated that drinking cold, unboiled tap water was a leading independent
risk factor for infection (Goh et al., 2005). However, since many oocysts in surface
waters belong to species other than C. hominis and C. parvum, the public health benefits
of the risk assessment framework underlying the LT2ESWTR, based solely on FITC-
positive oocysts with no speciation or genotyping may be questioned. In implementing
the Surface Water Treatment Rule in 1989, the USEPA determined that an acceptable
annual risk of infection (the chance of one person being infected during one year) of
1/10,000 should be the goal of water treatment plants. In calculating this number, the
recovery efficiency of the method, the concentration of the oocysts in water, and the
infection index of the organism (the ability of the oocyst to cause an infection if ingested)
must be considered. A frequent assumption for these calculations is that the average
person ingests 1.2 L of unboiled tap water per day but changing consumer habits and the
increasing popularity of bottled water add unknown variability to these assumptions.
Estimates for daily risk of Cryptosporidium infection are typically in the range 1.5 x 107
— 3.8 x10™. However, most of these estimates result in annual disease burdens that are
orders of magnitude higher than the reported incidence of cryptosporidiosis cases from all
sources in the U.S. In 2007, the Centers for Disease Control reported 11,170 cases of
cryptosporidiosis from all sources nationwide with an annual average of 4,261 cases for
the 10 years covering 1997 — 2007. The average annual incidence in the U.K. was 5.9 —
11.6/100,000 for a similar period. Even if only 1 in 100 cases are reported, the annual
incidence from all sources is still far below most estimates of the risk from drinking
water. Clearly, better estimates are needed to more accurately assess the threat to public
health posed by Cryptosporidium in drinking water.

The current methods of Cryptosporidium detection in untreated surface water (Method
1622 and 1623; USEPA, 2005) use an antibody based detection method to identify
oocysts. This method only provides presence/absence detection of oocysts. The absence
of sporozoites within the oocyst (determined by DAPI staining and/or DIC microscopy)
suggests that the oocyst is not infectious but the presence of sporozoites does not mean
that the oocyst is infectious to humans. An intact oocyst may not be C. parvum or
C. hominis or the oocyst may be sufficiently damaged that it will not cause infection in
humans. The detection of non-infectious oocysts or oocysts belonging to a species that is
not infectious for humans could cause unwarranted concern for a contaminant that may
not be a significant public health risk.

In an ongoing study, treated water from conventional surface water filtration plants
across a broad geographic area was sampled multiple times for the presence of infectious
oocysts. Large volume samples (up to 1,000 L) were analyzed using a modification of
USEPA method 1623 followed by in-vitro cell culture. A comparison of the three most
commonly used cell culture-based infectivity methods for Cryptosporidium determined
that the HCT-8 cell culture followed by immunofluorescence microscopy was the most
appropriate method for the study (Figure 2; Johnson et al., 2007). Desirable
characteristics of an infectivity method for finished water include: distinguishing
infectious from non-infectious oocysts; eliminating or minimizing false positives and
false negatives; robust enough to support infection despite environmental contaminants
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that are isolated along with the oocysts; and allow for molecular analysis of positive
samples to determine the species or genotypes responsible for infection.

Figure 2. Infectious cluster of Cryptosporidium parvum in HCT-8 cells detected by
immunofluorescence microscopy.

The study is ongoing but 201,000 L of water have been analyzed so far, with no positives
yet detected. Positive controls and routine matrix spikes indicate that the method is
working, so the lack of positives is not due to false-negative results. The eventual goal is
to analyze 280,000 L. Assuming a single infectious cluster arises from one oocyst, if a
single sample is positive, the annual risk will be calculated as 0.05 — 1.3 infections per
10,000 individuals, depending on the values for water consumption and risk of infection
from a single oocyst selected for model input. Table 2 indicates the number of positive
samples that will be needed for the risk calculation to exceed 1 in 10,000, based on a total
volume of 280,000 L, exposure to drinking water for 365 days, and various values for the
volume of unboiled drinking water consumed and the Cryptosporidium infection index.

The results of this study will be used to assess the risk of infection from Cryptosporidium
in conventionally filtered drinking water.
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Table 2. Risk of waterborne cryptosporidiosis

Water Recovery Infection index” No. of positives to exceed
consumption efficiency (%) 1/10,000 risk

(L/day)

0.5 71 0.028 4

0.5 71 0.0053 21

0.5 35 0.028 2

0.5 35 0.0053 11

1.2 71 0.028 2

1.2 71 0.0053 9

1.2 35 0.028 1

1.2 35 0.0053 5

8 Average oocyst recovery efficiency using the modified version of USEPA Method 1623 was 71%.
® Infection index for an unknown strain in a population = 0.028; Infection index for lowa isolate = 0.0053
(Messner et al., 2001).

Acknowledgements

The work described in this manuscript was partly funded by the Awwa Research
Foundation. The authors are grateful to Nick Garcia at the Texas AgriLife Research
Center (Texas A&M University System) and to all the anonymous participating utilities
that have collected samples for the AwwaRF study.

References

Aboytes, A., G. D. Di Giovanni, F. A. Abrams, C. Rheinecker, W. McEIlroy, N. Shaw
and M. W. LeChevallier. 2004. Detection of infectious Cryptosporidium in
filtered drinking water. Jour. Amer. Wat. Works Assoc., 96(9):88-98.

Archer, J. R., J. R. Ball, J. H. Standridge, S. R. Greb, P. W. Rasmussen, J. P. Masterson,
and L. Boushon. 1995. Cryptosporidium spp. oocyst and Giardia spp. cyst
occurrence, concentrations and distribution in Wisconsin waters. Wisconsin
Department of Natural Resources, Publication No. WR420-95.

Di Giovanni, G. D., F. H. Hashemi, N. J. Shaw, F. A. Abrams, M. W. LeChevallier, and
M. Abbaszadegan. 1999. Detection of infectious Cryptosporidium parvum oocysts
in surface and filter backwash water samples by immunomagnetic separation and
integrated cell culture PCR. Appl. Environ. Microbiol., 65:3427-3432.

Fayer, R., C. A. Speer, and J. P. Dubey. 1997. The General Biology of Cryptosporidium.
In Cryptosporidium and Cryptosporidiosis, pp.1-41. Ed: R. Fayer. CRC Press, Boca
Raton, Florida.

Fayer, R., U. Morgan, and S. J. Upton. 2000. Epidemiology of Cryptosporidium:
transmission, detection, and identification. Int. Jour. Parasitol., 30:1305-1322.

7

2008 © American Water Works Association WQTC Conference Proceedings All Rights Reserved



Fayer, R., J. M. Trout, L. Xiao, U. M. Morgan, A. A. Lal, and J. P. Dubey. 2001.
Cryptosporidium canis n. sp. from domestic dogs. Jour. Parasitol., 87: 1415-1422.

Fayer, R., 2008. General Biology, 1-42. In R. Fayer and L. Xiao (eds.), Cryptosporidium
and Cryptosporidiosis, second edition. CRC Press, Boca Raton.

Ferguson, D. M., R. De Leon, W. D. Taylor, and M. H. Stewart. 1998. Surface water
monitoring in two watersheds to identify sources of Cryptosporidium spp. and
Giardia spp. Proc. Source Water Assessment and Protection 98. Dallas. pp. 149-
156.

Gatei, W., R. W. Ashford, N. J. Beeching, S. K. Kamwati, J. Greensill, and C. A. Hart.
2002. Cryptosporidium muris infection in an HIV-infected adult, Kenya. Emerg.
Infect. Dis., 8:204-206.

Gennaccaro, A. L., M. R. McLaughlin, W. Wuintero-Betancourt, D. E. Huffman, and J.
B. Rose. 2003. Infectious Cryptosporidium parvum oocysts in final reclaimed
effluent. Appl. Environ. Microbiol., 69:4983-4984.

Goh S., M. Reacher, D. P. Casemore, N. Q. Verlander, A. Charlett, R. M. Chalmers, M.
Knowles, A. Pennington, J. Williams, K Osborne, S. Richards. 2005. Sporadic
cryptosporidiosis decline after membrane filtration of public water supplies,
England, 1996-2002. Emerg Infect Dis., 11(2):251-9.

Hunter, P. R. and Q. Syed. 2001. Community surveys of self-reported diarrhea can
dramatically overestimate the size of outbreaks of waterborne cryptosporidiosis.
Wat. Sci. Technol., 43:27-30.

lonas, G., J. J. Learmouth, E. A. Keys, and T. J. Brown. 1998. Distribution of Giardia
and Cryptosporidium in natural water systems in New Zealand- A nationwide
survey. Wat. Sci. Technol., 38:57-60.

Johnson, A. M., G. D. Di Giovanni, P. A. Rochelle. 2007. Detection of infectious
Cryptosporidium in treated drinking water using multiple cell culture assays and
genotyping. AWWA Water Quality Technology Conference, 2007.

LeChevallier, M. W., and W. D. Norton. 1995. Giardia and Cryptosporidium in raw and
finished water. Jour. AWWA, 87:54-68.

LeChevallier, M. W., G. D. Di Giovanni, J. L. Clancy, Z. Bukhari, S. Bukhari, J. S.
Rosen, J. Sobrinho, and M. M. Frey. 2003. Comparison of Method 1623 and cell
culture-PCR for detection of Cryptosporidium spp. in source waters. Appl. Environ.
Microbiol., 69:971-979.

MacKenzie, W. R., N. J. Hoxie, M. E. Proctor, M. S. Gradus, K. A. Blair, D. E. Peterson,
J. J. Kazmierczak, D. G. Addiss, K. R. Fox, J. B. Rose, and J. P. Davis. 1994. A
massive outbreak in Milwaukee of Cryptosporidium infection transmitted through
the public water supply. New Engl. Jour. Med., 331:161-167.

McLauchlin, J., C. Amar, S. Pedraza-Diaz, and G. L. Nichols. 2000. Molecular
epidemiological analysis of Cryptosporidium spp. in the United Kingdom: Results
of genotyping Cryptosporidium spp. in 1,705 fecal samples from humans and 105
fecal samples from livestock animals. Jour. Clin. Microbiol., 38:3984-3990.

Messner, M. J.,, C. L. Chappell, and P. C. Okhuysen. 2001. Risk assessment for
Cryptosporidium: a hierarchical Bayesian analysis of human response data. Water
Res., 35(16):3934-3940.

Messner, M. J., and R. L. Wolpert. 2003. Cryptosporidium and Giardia occurrence in
ICR drinking water sources: Statistical analysis of ICR data. In Information

8

2008 © American Water Works Association WQTC Conference Proceedings All Rights Reserved



Collection Rule Data Analysis, pp. 463-481. Eds. M. J. McGuire, J. L. McLain, and
A. Obolensky. Awwa Research Foundation and the American Water Works
Association, Denver, CO.

Morgan, U., R. Weber, L. Xiao, I. Sulaiman, R. C. A. Thompson, W. Ndiritu, A. Lal, A.
Moore, and P. Deplazes. 2000. Molecular characterization of Cryptosporidium
isolates obtained from human immunodeficiency virus-infected individuals living in
Switzerland, Kenya, and the United States. Jour. Clin. Microbiol., 38:1180-1183.

Morgan-Ryan, U., A. Fall, L. A. Ward, N. Hijjawi, I. Sulaiman, R. Fayer, R. C.
Thompson, M. Olson, A. Lal, and L. Xiao. 2002. Cryptosporidium hominis n. sp.
(Apicomplexa: Cryptosporidiidae) from Homo sapiens. Jour. Eukaryot. Microbiol.,
49:433-440.

Pedraza-Diaz, S., C. Amar, A. M. lversen, P. J. Stanley, and J. McLauchlin. 2001.
Unusual Cryptosporidium species recovered from human faeces: first description of
Cryptosporidium felis and Cryptosporidium 'dog type' from patients in England.
Jour. Med. Microbiol., 50:293-296.

Pieniazek, N. J., F. J. Bornay-Llinares, S. B. Slemenda, A. J. da Silva, I. N. Moura, M. J.
Arrowood, O. Ditrich, and D. G. Addiss. 1999. New Cryptosporidium genotypes in
HIV-infected persons. Emerg. Infect. Dis., 5:444-449.

Rochelle, P. A., D. M. Ferguson, T. J. Handojo, R. De Leon, M. H. Stewart, and R. L.
Wolfe. 1997. An assay combining cell culture with reverse transcriptase-PCR to
detect and determine infectivity of waterborne Cryptosporidium parvum. Appl.
Environ. Microbiol., 63:2029-2037.

Rochelle, P. A., D. M. Ferguson, A. M. Johnson, and R. De Leon. 2001. Quantitation of
Cryptosporidium parvum infection in cell culture using a colorimetric in situ
hybridization assay. Jour. Eukaryot. Microbiol. 48:565-574.

Rochelle, P. A., Marshall, M. M., Mead, J. R., Johnson, A. M., Korich, D. G., Rosen, J.
S., and De Leon, R. 2002. Comparison of in vitro cell culture and a mouse assay for
measuring infectivity of Cryptosporidium parvum. Appl. Environ. Microbiol.,
68:3809-3817.

Rose, J. B., J. T. Lisle, and M. LeChevallier. 1997. Waterborne cryptosporidiosis:
Incidence, outbreaks, and treatment strategies, p.93-109. In R. Fayer (ed.),
Cryptosporidium and Cryptosporidiosis. CRC Press, Boca Raton.

Slifko, T. R., D. Friedman, J. B. Rose, and W. Jakubowski. 1997. An in vitro method for
detecting infectious Cryptosporidium oocysts with cell culture. Appl. Environ.
Microbiol., 63:3669-3675.

Sliftko, T. T., Huffman, D. E., Dussert, B., Owens, J. H., Jakubowski, W., Haas, C. N.,
and Rose, J. B. 2002. Comparison of tissue culture and animal models for
assessment of Cryptosporidium parvum infection. Exp. Parasitol. 101:97-106.

States, S., K. Stadterman, L. Ammon, P. Vogel, J. Baldizar, D. Wright, L. Conley, and J.
Sykora. 1997. Protozoa in river water: sources, occurrence, and treatment. Jour.
AWWA, 89:74-83.

Sulaiman, I. M., L. Xiao, C. Yang, L. Escalante, A. Moore, C. B. Beard, M. J. Arrowood,
and A. A. Lal. 1998. Differentiating human from animal isolates of
Cryptosporidium parvum. Emerg. Infect. Dis., 4:681-685.

9

2008 © American Water Works Association WQTC Conference Proceedings All Rights Reserved



U.S. Environmental Protection Agency (USEPA). 2005. Method 1623: Cryptosporidium
and Giardia in Water by Filtration/IMS/FA. EPA 815-R-05-002, Office of
Research and Development, Government Printing Office, Washington, DC.

U.S. Environmental Protection Agency (USEPA). 2006. National Primary Drinking
Water Regulations: Long Term 2 Enhanced Surface Water Treatment Rule; Final
Rule. Federal Register, 40 CFR Parts 9, 141 and 142, Vol. 71, No. 3:654-786.

Wallis, P. M., S. L. Erlandsen, J. L. Isaac-Renton, M. E. Olson, W. J. Robertson, and H.
van Keulen. 1996. Prevalence of Giardia cysts and Cryptosporidium oocysts and
characterization of Giardia spp. cysts isolated from drinking water in Canada. Appl.
Environ. Microbiol., 62:2789-2797.

Xiao, L., K. Alderisio, J. Limor, M. Royer, and A. A. Lal. 2000. Identification of species
and sources of Cryptosporidium oocysts in storm waters with a small-subunit
rRNA-based diagnostic and genotyping tool. Appl. Environ. Microbiol., 66:5492-
5498.

Xiao, L., C. Bern, J. Limor, I. Sulaiman, J. Roberts, W. Checkley, I. Cabrera, R.H.
Gilman, and A.A. Lal. 2001. Identification of 5 types of Cryptosporidium parasites
in children from Lima, Peru. Jour. Infect. Dis., 185:270-271.

10

2008 © American Water Works Association WQTC Conference Proceedings All Rights Reserved



	CD-ROM Opening Screen

	Sponsors

	2009 WQTC Information

	Table of Contents

	Speaker/Moderator List

	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Search

	Monday
	Opening General Session
	MON1 MIB & Geosmin: Analysis and Treatment
	1. Improved Standard Method 6040D: Isotope Dilution SPME/GC/CI/MS/MS for Geosmin and MIB Analyses
	2. Removal of MIB and Geosmin Using Granular Activated Carbon With and Without MIEX Pre-Treatment
	3. Hybrid Process Combining PAC and Microfiltration for Taste and Odor (T&O) Removal in Drinking Water Resources

	MON2 DBP Poster Session
	1. Determination of Haloacetic Acids, Bromate & Dalapon Using a Direct-Inject Ion Chromatography/Tandem Mass Spectrometry- Based Method
	2. Impact of Salmon on Protein and Amino Acid Levels and DBP Formation Potential in an Arctic River
	3. DBP Formation Before and After Implementation of Membrane Filtration

	MON3 Distribution System Modeling
	1. Pipe Loop on Steroids! A New Approach to Monitoring Distribution System Water Quality
	2. A Systematic Water Quality Enhancement Approach Using Distributed Rechlorination and Network Modeling
	3. Bench-Scale Testing for Controlling Desalinated Seawater Quality

	MON4 Distribution Water Quality Poster Session
	1. Using Tracer Studies & Water Quality Analysis to Improve Water Quality by Better Hydraulic Management in Distribution Systems

	MON5 Chlorine and Chloramines
	1. 100 Years of Chlorination: Dr. John L. Leal and the Jersey City Revolution
	2. Inactivation of USEPA Contaminant Candidate List Viruses Using Chlorine and Monochloramine
	3. Monochloramine Disinfection Kinetics of Nitrosomonas europaea Using Propidium Monoazide Quantitative Real-Time PCR (PMA-qPCR)

	MON6 Water Treatment Poster Session
	1. Preparing for the Expected - Developing a Scenario Planning Matrix & Operational Strategy for Challenging Operational Conditions
	2. Chemical Feed Optimization at the Three Rivers Water Filtration Plant, Fort Wayne, Indiana
	3. Selecting Optimal Coagulant
	4. Hydraulic Improvement of the High Rate Sand Ballasted Clarifier: The Turbomix Technology
	5. Alkalinity Addition Utilizing Carbon Dioxide & Lime: An Inexpensive Solution to a Historically Expensive Problem
	6. Solids Contact—Clarification: An Innovative Approach to a Seasoned Technology
	7. The Benefits and Challenges of Utilizing a Large-Scale Pilot Plant to Gather Design Information
	8. Relationships Between Turbidity, Particle Charge, Filterability, and NOM in Coagulation Process Control
	9. Pellet Softening: Hardness, Iron and Manganese Removal
	10. How to Decrease the Footprint of Ballasted Flocculation Stage?
	11. "Best Value Product"- An Alternative Method for Selecting Polymers in Water Treatment Processes
	12. Virus Inactivation by Silver Doped Titanium Dioxide Nanoparticles
	13. The Challenge of Upgrading the Pittsburgh Water Treatment Plant Clearwell 
	14. Modified Flow Regime to Improve UV Effectiveness in Turbid Industrial Waters
	15. A Pilot-Scale Study on Ultraviolet Disinfection System for Drinking Water
	16. US Army Performance Verification of Individual Water Purifiers (NSF Protocol P248)

	MON7 Backwash Water Recycle
	1. AWWA  RF Study—High-Rate SFBW Treatment
	2. Natural Organic Matter Removal in Coagulation-Sedimentation Processes With Backwash Water Recycle
	3. Three Birds With One Project: Enhanced Solids Processing, Stormwater Management, and Groundwater Recharge

	MON8 Security Poster Session
	1. Philadelphia's Use of Eclox as a Quick Screening Tool for Water Contamination Response
	2. Application of TEVA-SPOT for Distribution System Water Quality Sensor Placement in the City of Avondale

	MON9 Methods Development for Trace Organics Analysis
	1. Determination of Illicit Drugs in Water Supplies by Ultra Performance Liquid Chromatography Tandem Mass Spectrometry
	2. Development of a USEPA Drinking Water Method for the Analysis of Emerging Organic Contaminants by GC/MS
	3. Development of a USEPA Method of the Analysis of Selected Drinking Water Contaminants by LC/MS/MS

	MON10 Membrane Poster Session
	1. Pilot and Demonstration-Scale Research Evaluation of Under-Ocean Floor Seawater Intake and Discharge

	MON11 Perchlorate
	1. Pilot Testing of Single Pass Perchlorate-Selective Ion Exchange Resins at Three Utilities in the Main San Gabriel Basin
	2. Pilot-Scale Demonstration of Biological Reduction of Perchlorate and Nitrate from Ion Exchange Brine
	3. Oxidation of Reduced Sulfur Specie (Thiosulfate) by Free Chlorine to Increase the Bed Life of Tailored GAC to Remove Perchlorate

	MON12 Lead and Corrosion Poster Session
	1. Comparison Between Synthesized Lead Particles and Lead Solids Formed on Surfaces in Real Drinking Water Distribution Systems
	2. Impact of Water Chemistry on the Formation, Stabilization, and Dissolution Rates of Pb(IV) Oxides
	3. The Influence of Water Chemistry on Dissolution Rates of Lead(II) Carbonate Solids Found in Water Distribution Systems
	4. A Simple Approach to Assessing Copper Pitting Corrosion Tendencies and Developing Control Strategies

	MON13 Microbial Regulatory Issues
	1. UCMR2- Lessons Learned in Year One
	2. Is Monitoring for E. coli a Good Surrogate for Cryptosporidium Occurrence in Water?
	3. Cryptosporidium Research and Genotyping Helps Avoid Boil Water Notice in Melbourne

	MON14 Organic Compound Analysis: DBPs, VOCs, SOCs, and NOM
	1. Hydrazine - A New Analytical Approach and DBP Formation
	2. Analysis of the Formation of Formaldehyde During Advanced Oxidation Treatment Using On-Fiber Derivatization SPME-GC-MS
	3. Development of Draft Method 524.3 for the Determination of Volatile Organic Compounds in Drinking Water
	4. Evaluation of Alternative Preservation Schemes for Synthetic Organics
	5. Trace Level Analysis of Pesticides Residue and Emerging Contaminants in Drinking Water Using the Aqua Analysis System
	6. Spectral Fluorescent Signatures Post-Processing by Principal Component Analysis Model for Determination of Organic Character and THM Formation Potential

	ST1 Inorganics and Radionuclides Accumulation 
 and Release in Drinking Water 
 Distribution Systems
  Special Topic Session
	MON15 UV and Advanced Oxidation
	1. Implementing an Effective UV Advanced Oxidation Process
	2. Evaluating UV Disinfection and Advanced Oxidation Processes for Cincinnati's Richard Miller Treatment Plant
	3. Performance and Cost Modeling of Advanced Oxidation Using UV Light and Hydrogen Peroxide
	4. Quantification of the Hydroxyl Radical Scavenging Capacity During Advanced Oxidation Treatment
	5. UV AOP for Taste and Odor Treatment: Evaluation of Assimilable Organic Carbon Formation Potential at an Indiana WTP
	6. UV Photodecay of Inorganic Chloramines: Kinetics, Products and Mechanisms

	MON16 Incident Detection by Analytical Methods and Data Analysis
	1. Detecting Biological Agents in Drinking Water Using Culture- or Microscopic-Based and Molecular Methods
	2. Analysis of 911 Calls and Emergency Medical Service Logs as Part of a Contamination Warning System for Drinking Water
	3. An Analysis of Security Monitoring Data for Detection of Operational Problems
	4. Data Integration and Event Detection at a Large Utility
	5. Water Laboratory Alliance: WCIT and NEMI-CBR, Secure Databases for Laboratory Analysis During Incident Response
	6. Baseline Monitoring for Priority Contaminants at USEPA's First Water Security Initiative Pilot

	MON17 Membrane Pretreatment, Fouling, and Backwash Recycle
	1. Extending Membrane Longevity by Using MIEX as a Pre-treatment
	2. Fouling Control of Ultrafiltration Membrane Processes Using Biofiltration Pre-treatment
	3. Effect of Polymer Flocculants on Microfiltration Flux Performance
	4. Direct Membrane Filtration on Surface Water: Practical Insights to Fouling for Soft Surface Water
	5. Prevention of Membrane Biofouling by UV Irradiation
	6. Use of Advanced NOM Characterization Methods to Trace the Fate of Organic Contaminants From a Membrane Backwash Recycle Scheme

	MON18 Lead and Copper Corrosion Control
	1. Effect of Stannous Chloride on Biofilm and Lead Corrosion Control
	2. Effect of Coagulant and Other Treatment Changes on Lead Leaching
	3. The Impact of Hexametaphosphate, pH, and Temperature on Copper Corrosion and Release
	4. Role of Phosphate in Mitigating Lead Release from Corrosion Products
	5. Impact of Water Chemistry on Synthetically Precipitated Copper Particles
	6. Condition Assessment of Copper Pitting and Recommendations to Alleviate the Problem

	ST2 Emerging Aspects on Harmful Algal Blooms and Their Effects Special Topic Session
	1. Current & Emerging Technologies for the Detection & Monitoring of Cyanobacteria Toxins: The Cyanotoxins
	4. Evaluation and Exploitation of Microbes in the Elimination of Cyanotoxins From Water
	5. Removal of Microcystin-LR Using Membrane Processes


	Tuesday
	TUEB1 The Big Regulatory Issues for 2008
  Early Bird Sessions
	TUE1 DPBs: Formation and Occurrence
	1. Occurrence of Emerging DBPs in Wastewater or Algal Impacted Drinking Waters
	2. Formation of Emerging DBPs from Organic Matter Isolates of Wastewater or Algal Origin
	3. Bromine Incorporation in Regulated and Emerging DBPs and the Relative Predominance of Mono-, Di-, and Trihalogenated DBPs Tuesday
	4. DBPs and the LT2 ESWTR: Unintended Consequences and Simple Solutions
	5. Disinfection By-product Control Strategies for Consecutive Drinking Water Systems
	6. Modelling Disinfection By-products Within Distribution Systems for Spatial Exposure Assessment 

	TUE2 Taste & Odor Poster Session
	1. Investigating PAC and GAC for Taste and Odor Control as Part of a 120-MGD Water Treatment Plant Design Project
	2. Evaluation of Alternative Taste and Odor Removal Technologies Through Bench Scale Testing for Full-Scale Application
	3. Modeling Off-Flavor Compounds Geosmin & 2-MIB in Quebec City and Lewis Water Sources Using Water Quality Parameters

	TUE3 Distribution System Issues: Nitri . cation &Intrusion
	1. Modeling of Intrusion Volumes During Negative Pressure Events in a Full-scale Distribution System
	2. Impact of Matrix Characteristics on Microorganisms Survival Potential After Intrusion
	3. Estimating Risk of Infection from Low-level Intrusion Events
	4. Nitrification in a Simulated Domestic Plumbing System
	5. Chlorite Control of Nitrification: Phase III Demonstration Project, Glendale, California
	6. Bench-Scale Evaluation of Chlorine & Hydrogen Peroxide Reaction Kinetics for Operational Control at the Valley County Water District

	TUE4 New Advances in an Old Technology: Coagulation
	1. Moringa oleifera: A Natural Coagulant, Adsorbent and Filter Aid Kebreab Ghebremichael*, UNESCO-IHE Institute for Water
	2. Novel Coagulant for Improved Removal of Natural Organic Matter
	3. Developments in Dissolved Air Flotation
	4. Optimization of Flocculation For Direct Filtration Using Floc Size
	5. Curved Fluidic Structures to Improve Aggregation Kinetics in Municipal Water Treatment
	6. Removal of the Amino Acid Fraction of Dissolved Organic Nitrogen During Coagulation

	TUE5 Source Water Poster Session
	1. Treating Nitrate and Perchlorate the Natural Way Using Permeable Reactive Barriers
	2. Combining Life Cycle Cost Analyses and Groundwater Transport Modeling to Select an MTBE Treatment Technology

	TUE6 Source Water Challenges
	1. A New Water Source: Can Fuel Cells Provide Safe and Cost-Effective Potable Water?
	2. Aquifer Recharge of Treated Wastewater Through Wicks: Challenges and Successes of an Innovative Technology
	3. Wastewater-Impacted Drinking Water Sources: The Exception or the Rule?
	4. Singing Algae to Sleep: Understanding the Use of Ultrasound for Algal Control
	5. Modeling Transport of Selected Organic Trace Pollutants During Riverbank Filtration Conditions
	6. Great Lakes Raw Water Intake Expansion Investigation and Design Considerations Analysis

	TUE7 Analytical Poster Session
	1. An Alternative Statistical Procedure for Determination of Lowest Quantitation Levels for USEPA Drinking Water Methods
	2. Differential Absorbance Spectroscopy in the Examination of Proton and Copper Binding Properties of Suwannee River Fulvic Acid

	TUE8 Membrane Treatment and Regulatory Compliance
	1. General and Site-Specific Case Studies of Compliance With the LT2ESWTR Regulatory Framework Under Varied Conditions
	2. Implementation of Low-Pressure Membrane Technology: Estimating Log-Removal Value (LRV) Uncertainty Using Monte Carlo Simulations
	3. Surface Water Treatment Evaluation: Ceramic Membranes vs. Polymeric Membranes
	4. Organic Removal Utilizing Ceramic Microfiltration Membranes in Combination with Enhanced Coagulation and PAC Addition
	5. Blended RO and Biological Filtration: A Novel Treatment Combination for Ammonia Removal and Copper Corrosion Control
	6. Hot Water Reverse Osmosis in Goodyear, Arizona

	TUE9 Water Reclamation-Treatment to Tap
	1. Integrated Water Quality Modeling of a Wastewater Repurification Process
	2. An Innovative Approach to Predicting Nitrogen Removal in Repurified Wastewater
	3. Impact of Sequential & Preformed Chloramine Dosing on NDMA Formation in Repurified Wastewater
	4. Producing High Quality Reclaimed Water: RO Permeate Stabilization Challenges
	5. Organic Carbon in Distribution Systems: Implication for the Biostability of Reclaimed Water
	6. Trace Organics Contaminant Monitoring: Removal, Fate and Transport

	TUE10 Inorganics, Arsenic, Iron and Manganese Poster Session
	1. The Integration of Manganese Treatment: Case Studies Evaluating Source Control, Physiochemical Treatment & Preventing Dissolution in the Distribution System
	2. Oxidant Selection for the Treatment of Manganese (II) Iron (II) and Arsenic (III) in Groundwaters

	TUE11 Pathogen Detection by Molecular Methods
	1. Molecular Testing of Water Samples: New Sample Preparation and Analytical Techniques for Improving Water Monitoring Efficacy
	3. A Molecular Method to Distinguish Between Infectious and Non-infectious Viruses
	4. Molecular Diversity of Drinking Water Bacterial Communities Using 16S rRNA Gene Sequence Analyses
	5. Development of "Bioball™" as Internal Control for Detection of Helicobacter pylori by Quantitative PCR
	6. Molecular Genotyping of Viable Cryptosporidium Oocysts

	TUE12 Microbial Poster Session
	1. Getting Better Microbial Data: Strategies to Quantify and Reduce Uncertainty
	2. Evaluation of Two PCR-based Swine-specific Fecal Source Tracking Assays
	3. Validation of a Large Volume Most-Probable-Number Technique for USEPA Method 1601: Coliphage by a Two-step Enrichment Procedure
	4. Isolation and Characterization of a Heterotrophic Nitrifying Bacterium from a Chloraminated Drinking Water Distribution System Tuesday
	5. Coliplage® an Alternative Method for the Real Time Monitoring of E. coli Numbers in Bathing Waters
	6. Growth Potential for Mycobacterium avium ssp. avium In Drinking Water Distibution System Environment
	7. Methods for Preparation of High-titer Purified Bacteriophage Suspensions for Use in Environmental Experiments
	8. LT2 Laboratory Demonstration of Improved Method 1623 Recovery & Better Microscopic Detection of Cryptosporidium Oocysts

	TUE13 Activated Carbon Treatment: Strategies For Exploring Full-Scale Implementation
	1. Temporal Behavior of Post-Filter GAC Adsorbers During THM Formation and Precursor Removal
	2. Innovative GAC Application for Stage 2 Compliance
	3. Making GAC More Affordable to the City of Phoenix: A Roadmap to Stage 2 DBP Rule Compliance
	4. Powdered Activated Carbon and Natural Organic Matter Removal: What Is the Best Dosing Procedure?
	5. Characterizing Activated Carbon for Drinking Water Treatment
	6. Localized Treatment of Disinfection By-products

	TUE14 New Tools for Optimizing Distribution System Performance
	1. Development of Optimization Criteria for Distribution System Operations
	2. Identification of Heterotrophic Bacteria That Colonize Pilot- and Full-Scale Chloraminated Distribution Systems
	3. Evaluation of the Impacts of Corrosion Inhibitors on Bulk and Biofilm Heterotrophic Bacteria
	4. Impact of the Distribution System on Major Nutrients: Behavior of C, N, P, Si, and S
	5. Study on Monochloramine Penetration in Drinking Water Biofilms Using Microelectrode Technique
	6. Monochloramine Microelectrode for In-Situ Application Within Chloraminated Distribution System Biofilm

	TUE15 Operation and Sustainability of UV Disinfection
	1. Evaluation of UV System Design Using a Validated Lifecycle Cost Model
	2. Costs and Sustainability Comparison of Chlorine and Medium Pressure Ultraviolet Disinfection for Virus Inactivation
	3. Important Factors for Computational Modeling of UV Disinfection Systems
	4. Pilot-Scale Fouling Study Using MP and LPHO UV Systems
	5. Evaluation of UV Fouling for the San Francisco Public Utilities Commission (SFPUC) Hetch Hetchy Supply
	6. Evaluation of UV Lamp Breakage and Mercury Release

	ST3 USEPA Water Security Research Special Topic Session
	2. Detecting Water Quality Changes in the Field: Lessons from Water Security Initiative
	3. Operational Experience with Water Quality Anomaly Detection During the Cincinnati Water Security Initiative Pilot
	4. Field Testing of a Semi-Automatic Ultrafiltration Device for the Concentration of Microorganisms in Large Volume Drinking Water
	5. Inactivation of Bacterial Bio-threat Agents in Water
	6. Sensor Network Design for Drinking Water Distribution Systems to Help Maintain Water Quality

	ST4 Advances in Membrane Research Special Topic Session
	1. Selected Membrane Research Topics: Ceramic Membranes, Organic (Matter) Fouling, Organic Micropollutant Rejection
	2. Drinking Water-Related Membrane Research at the University of Waterloo
	4. Selected Aspects of Microfiltration and Nanofiltration Related to Fabrication, Fouling, and Permselectivity

	TUE16 Arsenic, Iron and Manganese
	1. Chemical Treatment for Arsenic Removal from Full-Scale High-Pressure Membrane Concentrates
	2. Damage Control: Managing the Residuals Generated During Arsenic Treatment
	3. Pioneers of Full-Scale Arsenic Treatment: Optimization Strategies Every Impacted System Should Consider
	4. Subsurface Iron Removal for Drinking Water Production: Understanding the Process and Exploiting Beneficial Side Effects
	5. Manganese Sequestration in Potable Water: A Quantitative Evaluation
	6. Iron Coatings in Pilot Dry Groundwater Biolfilters

	ST5 Emerging Issues and Methods in Source Water Protection Special Topic Session
	1. Bacterial Source Tracking
	2. Microbial Source Tracking for Pathogenic Viruses
	3. Pharmaceuticals & Personal Care Product Analysis as Part of an Integrated Anthropogenic Waste Indicator Analysis Scheme
	6. The Spatial Variability of Disinfection By-products Relative to Regional Chemical Gradients


	Wednesday
	WEDEB2 AwwaRF and Utility Response to the Pharmaceuticals/Endocrine Disruptor National Media Event Early Bird Session
	ST6 Biological Filtration: The Concept and Application Special Topic Session
	1.Concept of Biological Active Filtration
	2. Preliminary Results of a Survey on the Use of Biological 
 Processes for Drinking Water Treatment
 
	3. Treatment Plant Modifications to Improve
  Drinking Water Quality
	4. Biologically Active Filtration: Beyond AOC Removal
	5. AwwaRF Related Research on Biological Filtration
	6. Conceptional Development of a Practically-Oriented Design 
 Framework for Drinking Water Biolfiltration

	WED1 Distribution Systems: Effects from Source to Tap
	1. Changes in Water Quality in Premise Plumbing: Cold Water vs Hot Water
	2. Indirect Economic Impacts in Water Supplies Augmented With Desalinated Water
	3. "What is the Quality of My Water?" Answering the Public When Multiple Sources are Involved
	4. Using Triple Bottom Line to Make Water Quality Decisions: Tucson Water's Experience
	5. Evaluations of Effectiveness of Water Conservation During the Drought and Its Impacts on Water Quality in Distribution Systems
	6. Case Study of Microbial Growth in New Buildings With Water Conservation Features

	WED2 UV Validation and Adenovirus
	1. Computational Fluid Dynamics Modeling of UV Reactor Validation Tests
	2. Measuring Dose Distribution by Lagrangian Actinometry: A New Protocol for UV Reactor Validation
	3. Coliphage T1 as a Bioassay Surrogate for Cryptosporidium in Validations of UV Reactors for Drinking Water and Wastewater 
	4. DNA Damage Assessment in UV-treated Adenoviruses
	5. Assessing UV Inactivation of Enteric Adenovirus Using Real-Time Quantitative PCR
	6. UV Reactor Challenges With a High Resistance Surrogate for Adenovirus Credit

	ST7 Ohio River Valley Source Water Issues: Challenges Facing All Water Utilities Special Topic Session
	1. Source Water Protection on the Ohio River: Working Together to Protect Drinking Water
	6. Monitoring, Modeling & Emergent Toxicology in the East Fork Watershed: Developing a Test Bed for Water Quality Management

	WED3 Occurrence and Treatment of Organic Micropollutants
	1. Occurrence and Source of Pharmaceutical Compounds, Personal Care Products (PPCPs) and Endocrine Disrupting Substances (EDC) in Drinking Water Sources
	2. Occurrence of Cyanobacteria and their Associated Toxins in Water Resources of Water Treatment Facilities in Southern Quebec
	3. Monitoring Algal Toxins in French Freshwaters: What are the Most Relevant Toxins and the Best Analytical Methods? 
	4. Effect of Oxidation of Dissolved Organic Matter on Micropollutant Adsorption by Granular Activated Carbon
	5. Removal of Selected EDCs and PhACs from Drinking Water by a Powdered Activated Carbon/Ultrafiltration System
	6. Performance Assessment of Advanced Water Treatment Processes for the Removal of Unregulated Trace Organic Chemicals

	WED4 Inorganic Contaminants
	1. Controlling Manganese in the Surface Water Treatment Plant Operations
	2. Methods to Improve RO Recovery: Ion Exchange and Softening Pre-treatment for Barium Reduction
	3. Minimizing Chlorite Formation by Optimizing Cl 2 and ClO 2 Doses
	4. Removal of Bromide and Natural Organic Matter by Anion Exchange 
	5. Removal of Bromate from Drinking Water by Granular Ferric Hydroxide (GFH)
	6. Presystemic Metabolism and Detoxification of Bromate after Ingestion: Progress Report AW W A RF 4042

	WED5 Microbial Methods, Validation, Transport, and Disinfection
	1. USEPA Guidance Document for Microbiological Methods Validation
	2. Field Evaluation of High Volume Sampling Method for Total Coliform and E. coli
	3. The Sensitivity and Specificity of All Methods Approved by USEPA for the Detection of Coliforms and E.coli in Drinking Water Wednesday
	4. Pathogen Transport in Porous Media: The Role of Experimental Design, Ionic Strength and NOM
	5. Characterization of Amoebae and Intra-amoebal Bacteria in Drinking Water, and Identification of Control Strategies
	6. Protection of E. coli Bacteria and B. substillis Spores Ingested by Nematode C. elegans Against UV Disinfection

	ST8 Consequences of Global Warming on T&O Surface Waters Special Topic Session
	2. Potential Impacts of Climate Change on Water Quality Parameters Influencing Taste & Odors
	4. Drought Related Taste and Odor Issues in Australian Source Waters
	5. The Effects of Flooding on Drinking Water Quality: Past and Possible Taste & Odor Problems
	6. Predicting Water Quality Changes From Future Watershed Development and Implications for Source Water Protection and Treatment

	ST9 Total Coliform Rule-What Changes Can We Expect? Special Topic Session
	2. Total Coliform and E.coli Occurrence: Site Specific, But What Does a National Database Show?

	WED6 Physical Barriers: Optimization and Regeneration of Filtration Media
	1. Biodegradation in Rapid Sand Filtration
	2. Factors Affecting Manganese Removal During Biofiltration: A Full-scale and Bench-scale Analysis
	3. Bang for the Buck: Optimizing Coagulation and GAC for TOC Removal
	4. Comparison of Garnet Bead Media Filtration and Multimedia Filtration for Turbidity and Microbial Pathogen Removal
	5. Decontamination of Filtration Media for Controlling Release of Organisms
	6. Regenerating Spent Zeolites with UV and UV/H 2 O 2 to Enhance Removal of Endocrine Disrupting Compounds

	WED7 Optimizing Water Treatment Design and Operation of Water Plants to Control NOM and DBPs
	1. How Design Translates Into Real World Results
	2. Comparison of Bromate Control Strategies: pH Suppression vs. Chloramine Addition
	3. Algal Characterization and Control Strategies in Water Treatment Plants
	4. Short-Term Variations in DBP Concentrations at the Point of Entry to the Distribution System 
	5. Simultaneous Control of Mn, Fe, and DBPs for a Chlorinated Groundwater Source
	6. Drinking Water Treatability Implications of Severe Wildfire

	WED8 Oxidation of Organic Micropollutants
	1. Oxidation of Pharmaceutically-Active Compounds (PhACs) During Water Treatment with Potassium Permanganate
	2. Ozone Oxidation of Pharmaceuticals, Pesticides and Endocrine Disruptors During Drinking Water Treatment
	3. Treatment of Emerging Pathogens and Micropollutants With Potassium Ferrate(VI)
	4. Advanced Oxidation and Artificial Recharge: A Synergistic Hybrid System for Removal of Organic Micropollutants
	5.Elimination of β-lactam Antibiotics by UV Irradiation and the

Consequential Changes in Antibacterial Activity
	6. Antibiotics in Slow-rate Biofiltration Processes: Biosorption, Kinetics and Equilibrium

	WED9 Lead Corrosion Chemistry
	1. Colloidal Mobilization of Lead by Chlorine in Drinking Water Distribution System
	2. Morphological Analysis and Solubility of Lead Particles: Effect of Phosphates and Implications to Drinking Water Distribution
	3. Kinetics of Lead Release from Brass Water Meters and Faucets
	4. Managing and Resolving Lead Problems in Potable Water of New Construction
	5. Occurrence and Source of Particulate Lead in Tap Water
	6. Contribution of Lead Sources to Lead Levels at the Tap

	WED10 Cryptosporidium-Analytical Methods and Risk Analysis
	1. Contribution to the Optimization of the Detection of Infectious Cryptosporidium by 3D CC-IFA
	2. Cryptosporidium Off-The-Slide Genotyping: Recovery of Oocysts Extracted from Slides Examined by Method 1623
	3. Development and Performance Evaluation of a Cryptosporidium parvum and Cryptosporidium hominis Specific Real-Time PCR Assays Wednesday
	4. Sensitivity Analysis of the QMRA Model Developed for Evaluating the Relative Risk of Infection by Cryptosporidium & Giardia in Drinking Water
	5. The Risk of Cryptosporidiosis from Drinking Water
	6. Identifying Mechanisms Associated with Spatial & Temporal Variation in Cryptosporidium Occurrence in the South Nation River Basin





