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Susceptibility of five strains

ofCryptosporidiumparvum oocysts

toUV light

Previous evaluations of the effect of ultraviolet (UV) light on Cryptosporidium parvum

oocysts have been limited to a single strain—the Iowa strain. This study investigated the

response of five strains of C. parvum to UV. A collimated beam apparatus was used to

apply controlled doses of monochromatic (254 nm) UV to oocysts of the Iowa, Moredun, Texas

A&M, Maine, and Glasgow strains. Irradiation was measured using a calibrated radiometer

and sensor. Inactivation was quantified through animal infectivity by inoculation of cohorts

of CD-1 neonatal mice with UV-treated and untreated control oocysts of each strain followed

by examination of intestinal sections for infection using hemotoxylin and eosin staining. A

UV light dose of 10 mJ/cm2 achieved at least 4-log10 inactivation of all strains evaluated. All

five strains of C. parvum were shown to be highly susceptible to low levels of UV light.

BY JENNIFER L. CLANCY,

MARILYN M. MARSHALL,

THOMAS M. HARGY,

AND DICK G. KORICH

ryptosporidium is recognized as an important and widely distributed

enteric pathogen of young livestock and is common in a variety of

mammals (Casemore et al, 1997). The life cycle may result in produc-

tion of resistant oocysts that exhibit long survival times in the aquatic

environment. Certain species, including C. parvum (Chappell et al,

1996; Dupont et al, 1995), C. felis (Caccio et al, 2002), C. meleagridis (Pedraza-

Diaz et al, 2001), C. baileyii (Ditrich et al, 1991), C. canis (Fayer et al, 2001),

and possibly others, have been classified as zoonotic agents and have been

associated with severe diarrheal disease in humans, although C. parvum is the

significant human pathogen. Chronic infection may occur in the immunocom-

promised population, where mortality rates as high as 53% have been observed

(Kramer et al, 1996).

Under the proposed Long Term 2 Enhanced Surface Water Treatment Rule

(LT2ESWTR) (USEPA, 2003a), large surface water treatment facilities will

have to perform source water characterization monitoring to determine treat-

ment requirements specific to the system. Treatment options will include, but

are not limited to, filtration and chemical disinfection. However, the oocysts are
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marginally affected by chlorine-based chemical disin-

fectants (Finch et al, 1993; Korich et al, 1990) and ozone

(AWWARF, 1997) at practicable application levels. In

addition, concern over the by-products of chemical dis-

infection has prompted investigations of alternative dis-

infection methodologies. Although utilities will be per-

mitted to implement ultraviolet (UV) disinfection for

regulatory compliance, they will be compelled to meet

minimum dose requirements based on the known UV

dose–response of pathogens such as Cryptosporidium. A

draft UV guidance manual (USEPA, 2003b) prepared

by the US Environmental Protection Agency (USEPA)

in conjunction with industry stakeholders, was made

available in June 2003 and provides additional guid-

ance for utilities intent on implementing UV disinfec-

tion for control of Cryptosporidium and other water-

borne pathogens.

UV BACKGROUND

UV has long been recognized

as an effective disinfectant of bac-

teria (Zelle & Hollaender, 1955;

Sharp, 1939) and viruses (Wil-

son et al, 1992; Chang et al,

1985; Hill et al, 1970). UV pro-

motes the formation of pyrimi-

dine dimers within the nucleic

acids of irradiated cells (Mitchell

& Nairn, 1989). The extent of

inactivation is a function of char-

acteristics specific to the organ-

ism and the UV dose, which is

the product of the incident irra-

diance expressed as mW/cm2 and

the time (in seconds) of exposure.

This product is expressed as

mW·s/cm2 and is equivalent to

mJ/cm2. The dose requirements

for 4-log10 (99.99%) inactiva-

tion of microorganisms range

from 3–10 mJ/cm2 for vegetative

bacteria (Wilson et al, 1992;

Chang et al, 1985) to 20–50 mJ/cm2 for a number of

human enteric viruses (Wilson et al, 1992).

UV and drinking water treatment. UV technology has

been applied to drinking water for control of bacteria

and viruses in Europe (Sommer et al, 1998) and in waste-

water in the United States since the 1950s. Until recently,

however, it had not been accepted as an effective disin-

fectant for control of Cryptosporidium. Early research

using in vitro methods (excystation and vital dye stains)

to assess oocyst viability following UV treatment sug-

gested that a UV dose of 120 mJ/cm2 would achieve only

2-log10 inactivation (Ransome et al, 1993) and that doses

>8,700 mJ/cm2 were necessary for 3-log10 inactivation

(Campbell et al, 1995).

More recent investigations, using animal infectivity to

assess oocyst survival, have shown UV to be an effective

disinfectant of C. parvum oocysts, achieving 2-log10 inac-

This study examined UV’s efficacy

at doses of 5–40 mJ/cm2

for inactivating five strains

of Cryptosporidium known

to be infectious to humans.

Factors  in f luenc ing  average i r rad ia t ion  to  the  ent i re  vo lume inc luded re f lec t ion  f rom the  water  sur face ,
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tivation at 2 mJ/cm2 (Shin et al, 2001) and 4-log10 inac-

tivation at 8 mJ/cm2 (Clancy et al, 2000). Several other

studies corroborated these findings that C. parvum is

susceptible to inactivation by low doses of UV light

(Mackey et al, 2002; Craik et al, 2001; Mofidi et al,

2001; Hargy et al, 2000; Bukhari et al, 1999). Each of

these studies used Iowa strain oocysts. Any assessment of

the applicability of UV to drinking water treatment facil-

ities for disinfection of Cryptosporidium oocysts must

characterize the UV dose–response of Cryptosporidium

strains (other than the Iowa isolate of C. parvum) that are

infectious to humans.

Five strains studied. The current study examined the

response to UV doses of 5–40 mJ/cm2 of five strains of

C. parvum isolated from different sources across North

America and Europe. Cryptosporidium strains were

obtained from Scotland (Moredun and Glasgow strains)

and the United States (Iowa, Maine, and Texas A&M

University [TAMU] strains). Previous genotyping stud-

ies of these isolates indicated that they belong to C.

parvum genotype 2 and are capable

of causing infection in both humans

and some animals (Rochelle et al,

1999; Spano et al, 1998; Carraway

et al, 1997; Peng et al, 1997; Ortega

et al, 1991).

Origin of Iowa strain. The Iowa

strain of C. parvum is regularly main-

tained at the Sterling Parasitology

Laboratory at the University of Ari-

zona in Tucson and was originally

obtained from Harley Moon of the

National Animal Disease Center in

Ames, Iowa. It has been used to deter-

mine the C. parvum infectious dose–

response in neonatal mice (Korich et

al, 2000; Finch et al, 1993; Korich et

al, 1990) and to characterize the sen-

sitivity of Cryptosporidium to vari-

ous disinfectants including chlorine,

chlorine dioxide, monochloramine

(Korich et al, 1990), ozone (Bukhari

et al, 2000; AWWARF, 1997; Finch et

al, 1993), and UV light (Clancy et al,

2000; Bukhari et al, 1999; Clancy et

al, 1998). In addition, the Iowa isolate

has been used in various studies

examining infection characteristics

and the immune response of Cryp-

tosporidium in controlled experiments

with healthy human volunteers

(Okhuysen et al, 1998; Chappell et

al, 1996; Dupont et al, 1995). It has

also been used for infectivity studies

in gamma interferon knockout mice

(Mead & You, 1998).

Origin of Moredun strain. The Moredun strain was

obtained from Steve Wright of the Moredun Research

Institute in Penicuk, Scotland. It was originally isolated

from a red deer calf (Cervus elaphus) (Blewett, 1989)

and has been passaged in calves and lambs for approxi-

mately 12 years. This isolate has been used in environ-

mental survival studies (Robertson et al, 1992), infectiv-

ity studies (Bukhari & Smith, 1997; Bukhari et al, 1995),

biochemical studies (Awad-el-Karim et al, 1998; Nina et

al, 1992), volunteer studies, and immunological charac-

terization studies (Ortega-Mora & Wright, 1994). This

isolate is used in the quality assurance/quality control

approach instigated by the United Kingdom Drinking

Water Inspectorate for continuous monitoring programs

for finished waters (UKDWI, 2003).

Origin of TAMU strain. The TAMU strain was

obtained from a veterinary student who was exposed to

oocysts during necropsy of an infected foal. The isolate has

since been propagated in calves at the Sterling Parasitol-

ogy Laboratory. Dose–response studies indicate that the
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FIGURE 1 EExxppeerriimmeennttaall  ddoossee  rreessppoonnsseess  ooff  EEsscchheerriicchhiiaa  ccoollii 55 ccoommppaarreedd
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UV—ultraviolet. Reference data reprinted from Water Science and Technology, volume 38, 

issue 12, pages 145-150, with permission from the copyright holders, IWA.

Strain Equation Infective Dose

Iowa y = 2.60 x – 5.23 ID50 = 103

Moredun y = 2.65 x – 3.81 ID50 = 28

TAMU* y = 4.35 x – 5.90 ID50 = 23

Maine y = 1.51 x – 2.02 ID50 = 22

Glasgow y = 2.96 x – 4.24 ID50 = 27

*Texas A&M University

TABLE 1 LLooggiitt  ffoorr  tthhee  ffiivvee  ssttrraaiinnss  ooff  CCrryyppttoossppoorriiddiiuumm  ppaarrvvuumm
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ID50 (the dose required to infect 50% of exposed indi-

viduals) for the TAMU isolate in healthy volunteers (ID50

= 9) may be approximately 10-fold lower than the ID50

of the prototype Iowa isolate (ID50 = 87) (Okhuysen et al,

1998) and perhaps 100-fold lower than the infective dose

of the Ungar C. parvum isolate (ID50 = 1,042) (Okhuy-

sen et al, 1999).

Origin of Maine strain. The Maine strain was obtained

from Michael Arrowood of the Centers for Disease Con-

trol and Prevention in At-

lanta, Ga. This isolate was

responsible for an outbreak

of cryptosporidiosis traced to

contaminated apple cider

(Millard et al, 1994). Oocysts

were isolated directly from

the cider, the press used for

preparing the cider, and a calf

stool specimen from the farm

that supplied the apples. Ex-

perimental infection studies

showed that this isolate is

capable of infecting mice, calf,

and human hosts; it has been

characterized as a genotype 2

isolate using the TRAP-C2

polymorphic marker (Peng et

al, 1997).

Origin of Glasgow strain.

The Glasgow strain was re-

ceived from Huw Smith at the

Scottish Parasite Diagnostic

Laboratory in Glasgow, Scotland. These oocysts were

purified from feces of human patients involved in a

waterborne outbreak in Glasgow (Smith, 2001).

MATERIALS AND METHODS

Microorganism strains and growth conditions. The

C. parvum oocysts used in this study were main-

tained and propagated in the following manner.

Within 4–12 h of birth, Holstein calves were fed 2 ×

108 oocysts suspended in sterile water. The calves

were given four pints of colostrums 1–2 h following

inoculation. Calves also received prophylactic doses

of oral rotavirus, coronavirus, and Escherichia coli

vaccines. Subsequently, the calves were maintained

on a diet providing 2,200 kcal/day supplied by a

combination of milk replacer, nonfat milk powder,

and electrolyte mix.

The total daily fecal output from the infected calves

was collected, screened through sieves, and concentrated by

centrifugation. Oocysts were isolated from the feces by

discontinuous sucrose gradients followed by microcen-

trifuge-scale cesium chloride gradients (Arrowood & Don-

aldson, 1996; Arrowood & Sterling, 1987). The purified

oocysts were stored at 4oC in 0.01% polyoxyethylene-

sorbitan monolaurate solution1 containing 100 U of peni-

cillin, 100 µg of streptomycin, and 100 µg of gentam-

icin/mL to retard bacterial growth. These oocysts were
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An analyst prepares dilutions of coliphage MS2

for enumeration of surviving fraction following

ultraviolet irradiation.

Organism Type UV254*
and Identification Absorbance/1 cm Petri Factor

E. coli 1 0.204 0.991

E. coli 2 0.305 0.981

E. coli 3 0.180 0.997

E. coli 4 0.316 0.975

MS2 1 0.012 0.991

MS2 2 0.026 0.981

MS2 3 0.215 0.971

MS2 4 0.212 0.975

C. parvum Iowa 0.091 0.976

C. parvum Moredun 0.175 0.971

C. parvum TAMU† 0.386 0.981

C. parvum Maine 0.211 0.991

C. parvum Glasgow 0.154 0.982

*UV254—ultraviolet light at 254 nm
†TAMU—Texas A&M University

TABLE 2 IIrrrraaddiiaannccee  ccaallccuullaattiioonn  ffaaccttoorrss  ffoorr  EEsscchheerriiaa  ccoollii,, MMSS22,,  aanndd  CCrryyppttoossppoorriiddiiuumm
ppaarrvvuumm
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used between 10 and 30 days after shedding. Following

purification, the excystation rate of each oocyst batch was

measured prior to each trial (Robertson et al, 1993).

Oocysts were deemed acceptable for use only if the in vitro

excystation efficiency was �85%.

Viability of C. parvum oocysts. Prior to each exposure

series, fresh oocysts were subjected to in vitro excystation

assay for viability characterization to determine suitabil-

ity for disinfection testing. Upon receipt of oocysts in the

testing laboratory, the excystation characteristics of each

lot of oocysts were determined according to the modi-

fied in vitro excystation method described by Robertson

and colleagues (1993). According to excystation, the via-

bility prior to UV irradiation ranged from 93 to 98% for

the five strains.

Neonatal mouse infectivity assay. CD-1/ICR dams with

four-to-five-day-old litters were obtained from Charles

River Laboratories in Wilmington, Mass. Neonatal mice

(five to seven days’ old) were inoculated by delivery of a

10-µL dose of oocysts suspended in sterile water to the

back of the throat with a calibrated pipette. Approxi-

mately 20 neonatal mice were inoculated at each dose.

After a seven-day incubation, infectivity was determined

by microscopic examination of formalin-fixed longitu-

dinal sections (5 µm × 2–6 cm) of the terminal ileum

stained with hemotoxylin and eosin. Infection was defined

as the observation of C. parvum parasite development

stages in the microvilli of any of the prepared histologi-

cal sections. Tissues from each mouse were scored plus

(infected) or minus (not infected) as determined by micro-

scopic observation.

Oocyst infectivity was assessed using the logit dose–

response mouse model proposed by Finch and co-work-

ers (1993) and modified by Korich and colleagues (2000).

This model relates the proportion of

mice infected to the number of oocysts

inoculated. Briefly, response logit (RL)

was calculated as the natural logarithm

of the proportion of animals infected

divided by one minus the proportion

of animals infected. That is,

RL = ln[P/(1–P)] (1)

in which P is the proportion of ani-

mals infected at a given oocyst dose.

The untreated oocyst dose–response

curves were obtained by performing

a least-squares regression of RL on

the logarithm of the number of

untreated oocysts in each dose. The

regression analysis produced equa-

tions of the form

y = mx + b (2)

in which y is the RL, x is the logarithm of the oocyst

dose, and b is the y intercept. Table 1 lists these equations

for the five C. parvum strains investigated in this research.

The equations used in this study were based on

dose–response data obtained by the authors as well as

data from a concurrent study conducted with Rochelle

and co-workers (2002). These regression equations were

used to calculate the number of infective oocysts in each

dose of UV-treated oocysts. This was done by substitut-

ing the RL derived from UV-treated oocysts into the

regression equations and solving for dose. The regres-

sion equations were also used to determine the ID50 by set-

ting the RL equal to zero and solving for dose. Log-inac-

tivation levels were determined by subtracting the log of

the number of infectious oocysts prior to UV exposure

(D0) from the log of the number of infectious oocysts in

the treated dose (D). That is,

log inactivation = log D – log D0 (3)

For the instances in which no infections were observed in

mice fed with UV-treated oocysts, minimum log10 inac-

tivations were inferred using the endpoint sensitivity of the

assay (1 infection per litter) and were reported as “greater

than” values. Untreated control oocysts were evaluated for

each test by comparing their dose–response to the appro-

priate dose–response curve. Controls were considered

satisfactory as long as the dose–response fell within the

80% prediction bands of each curve. 

Male-specific coliphage. Coliphage MS22 was propa-

gated in E. coli F-amp3 according to the double agar layer

described by Adams (1959). E. coli F-amp was cultured

overnight in trypticase soy broth (TSB) containing ampi-

cillin and streptomycin at 36oC, transferred to fresh TSB,
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FIGURE 2 DDoossee––rreessppoonnssee  ccuurrvveess  ooff  MMSS22  ccoolliipphhaaggee  wwiitthh  rreeffeerreennccee  ttoo  UUVV
gguuiiddeelliinneess  ppuubblliisshheedd  bbyy  NNWWRRII//AAWWWWAARRFF  ((22000033))
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and incubated for an additional 4 h at 36oC. Serial tenfold

dilutions of bacteriophage stocks were prepared in phos-

phate-buffered water and were added to melted top agar

tubes containing 0.7% agar and 0.5% sodium chloride.

Then 100 µL each of log-phase bacteria and coliphage

were added to top agar tubes; samples were mixed and

poured over nutrient bottom agar plates containing 1.1%

nutrient agar and 0.5% sodium chloride. Following

overnight incubation at 37oC, the upper soft agar layer

from confluent lysis plates was harvested with 5 mL phos-

phate-buffered solution and supplemented with an equal

volume of chloroform. Samples were vortexed for 60 s

and then centrifuged at 5,000 × g for 15 min. Viruses in

the aqueous supernatant were recovered, filtered through

membranes pretreated with 0.1% polyoxyethylenesorbitan

monooleate,4 and stored at 4oC until day of use. Unused

samples were discarded after 30 days.

E. coli. Cultures of E. coli5 were prepared by inoculating

250 mL sterile TSB and incubating on a shaker appara-

tus at 35oC for approximately 18 h. This resulted in a late

log-phase culture with an E. coli concentration of approx-

imately 1–3 × 108 cfu/mL. Cultures were harvested and

washed one time and resuspended in deionized water for

immediate use.

UV irradiation. The UV source was a low-pressure mer-

cury vapor lamp.6 Low-pressure lamps emit nearly mono-

chromatic UV radiation at 254 nm, which can be pre-

cisely monitored with a calibrated sensor. The 254-nm

wavelength closely corresponds with peak wavelength

of germicidal UV near 260 nm. This lamp was housed

above a solenoid-operated shutter connected to a digital

timer. When the shutter was opened, light from the lamp

passed through a 33 cm (13 in.) collimating tube to irra-

diate the test organisms that were suspended in a 6 cm

(2.4 in.) diameter petri dish. Prior to irradiations on each

day of testing, the lamp was allowed to warm up for at

least 30 min.

The UV incident to the surface of the petri dish was

measured using a radiometer7 and detector8 calibrated at

254 nm. The incident irradiation across the surface of the

petri dish was measured at 5 mm (0.2 in.) intervals along

an x–y grid originating at the center of the dish. The

overall irradiance distribution, or petri factor, was deter-

mined relative to the center reading. This value was then

used in the calculation of average irradiation incident to

the water surface (Bolton & Linden, 2003). Factors influ-

encing average irradiation to the entire volume included

reflection from the water surface, depth of the water,

and UV absorbance of the inoculated test water. The last

was measured at 254 nm by spectrophotometry. Table 2

shows the UV254 absorbance in 1 cm (0.4 in.) and petri

factor for each test. UV dosage was defined as the aver-

age irradiation in the exposure solution multiplied by

the exposure time.

Irradiations of suspensions of each surrogate organism

were made in duplicate across a range of exposure times.

E. coli5 was exposed to UV doses of 0, 2.5, 5.0, 7.5, and

10 mJ/cm2 and MS2 to doses of 0, 10, 20, 30, 40, and 50

mJ/cm2. Test organisms were suspended in 15 mL of

deionized water in 6 cm (2.4 in.) diameter petri dishes

with a 12 mm (0.5 in.) stir bar. A preenumerated stock

suspension containing 5 × 107 live Cryptosporidium

oocysts of the appropriate strain in 15 mL of deionized

water was vortexed for 30 s and added to the continuously

stirred petri dish. After 1 min, the UV lamp shutter was

opened and the suspension was irradiated for the prede-

termined length of time. A control dose (0 mJ/cm2) was

run simultaneously with the irradiation test for the high-

est dose level for each strain. Controls were dishes con-

taining oocysts suspended and stirred in the test water

in the absence of UV. Other research has found no pho-

toreactivation with Cryptosporidium (Shin et al, 2001;

Rochelle et al, 1999), and no precautions were taken to

avoid white light exposure.
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Microscopist quantifies excystation of Cryptosporidium oocysts

before exposure to UV light.
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RESULTS

Confirmation of UV dose. The dose–response curves gen-

erated for E. coli5 and coliphage MS2 are shown in Figures

1 and 2, respectively, along with the UV dose–responses of

these organisms derived from the literature. The inactiva-

tion of E. coli5 by 2.5 and 5 mJ/cm2 exceeded that predicted

by Sommer and colleagues (1998) on two test dates. Tests

using exposure times expected to provide 5 mJ/cm2

achieved inactivation levels predicted for 7.5 mJ/cm2 in

the reference. Although this constitutes a 50% difference,

the results do indicate that the lower target doses were not

overapplied by orders of magnitude.

Notably, the response of the MS2 to

UV doses of 10–50 mJ/cm2 fell within

the range specified in the USEPA draft

UV guidance manual (USEPA, 2003b);

the response to UV doses of 10–40

mJ/cm2 fell within the range suggested

by the National Water Research Insti-

tute and AWWA Research Founda-

tion guidelines (NWRI/ AWWARF,

2003). These dose comparisons sup-

port the reliability of the radiometer

irradiance readings and offer confi-

dence that the reported UV doses

were applied to the Cryptosporidium

oocysts.

UV dose–response. Table 3 and Fig-

ure 3 show the results of UV treat-

ment on the oocyst strains tested. UV

doses of 10 and 40 mJ/cm2 were

selected originally for all strains.

Because other research has provided a

large body of data for the Iowa strain

in this UV dose range (Craik et al,

2001; Clancy et al, 2000; AWWARF,

2000; Bukhari et al, 1999; Finch & Belosevic, 1999), a

reduced dosage range was evaluated in this study (2–4

mJ/cm2) to assess the effect of low UV dose for that strain.

Shin and co-workers (2001) showed that a low-pressure

UV dose of 3 mJ/cm2 resulted in 2.6-log10 inactivation of

the Iowa strain of C. parvum using cell culture to measure

inactivation. The results in the current study showed good

agreement with those data, with 3.2-log10 inactivation at

a UV dose of 2 mJ/cm2 and 4.1-log10 inactivation at 4

mJ/cm2. The inactivation of the Moredun strain could

not be precisely measured; UV doses of 10 and 40 mJ/cm2

2004 © American Water Works Association

C. parvum Oocyst Strain

Parameter Iowa Moredun TAMU† Maine Glasgow

UV dose—mJ/cm2 0 2 4 0 10 40 0 10 40 0 5 20 0 5 20

Number of 1.5 × 1.1 × 9.4 × 1.3 × 9.0 × 1.5 × 1.2 × 1.4 × 1.1 × 8.1 × 1.1 × 9.6 × 1.1 × 1.0 × 1.0 × 
oocysts/mouse 102 104 104` 102 105 105 102 106 106 101 105 105 102 106 106

Number of mice 12 23 22 20 21 23 23 26 35 23 24 24 24 23 24

Number of mice 7 1 1 8 0 0 22 4 0 20 7 3 22 1 0
infected

Percent of mice 58.3 4.4 4.6 40 <4.8 <4.4 95.7 15.4 <2.9 87.0 29.2 12.5 91.7 4.4 <4.2
infected

Number of 92 7 7 19 <2 <2 117 9 <4 414 6 1 174 2 <2
infective ocysts

Log10 inactivation 0.0 3.2 4.1 0.8 >5.6 >4.9 0.0 5.2 >5.5 0.0 4.3 5.9 0.0 5.6 >5.7

*UV—ultraviolet
†TAMU—Texas A&M University

TABLE 3 LLoogg  iinnaaccttiivvaattiioonn  ooff  ffiivvee  ssttrraaiinnss  ooff  CCrryyppttoossppoorriiddiiuumm  ppaarrvvuumm ttoo  UUVV**  lliigghhtt

FIGURE 3 RReessppoonnssee  ooff  ffiivvee  CCrryyppttoossppoorriiddiiuumm  ppaarrvvuumm ooooccyysstt  ssttrraaiinnss  ttoo  UUVV
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resulted in complete loss of oocyst infec-

tivity, yielding a value of at least 5.6-log10

inactivation at 10 mJ/cm2. The TAMU

strain showed >5.5-log10 inactivation at

40 mJ/cm2 with a measured 5.2-log10

inactivation at 10 mJ/cm2.

After noting the consistent high sus-

ceptibility of the Iowa, TAMU, and

Moredun strains, the authors decided to

use lower UV doses (5 and 20 mJ/cm2)

for the two remaining strains tested in

an effort to avoid the use of assay detec-

tion limits. The Glasgow strain showed

5.6-log10 inactivation at 5 mJ/cm2,

whereas the Maine strain showed 5.9-

log10 inactivation at 20 mJ/cm2 and 4.3-

log10 inactivation at 5 mJ/cm2. A UV light

dose of 10 mJ/cm2 achieved at least 4-

log10 inactivation of all strains evaluated.

DISCUSSION

This study evaluated the response of

five strains of C. parvum oocysts to UV

light. Prior to this research, only the Iowa

strain had been investigated for its

response to UV light. Because the effec-

tiveness of UV technologies for the con-

trol of Cryptosporidium in drinking

water has been recognized only recently

(AWWARF, 2000; Clancy et al, 2000;

Bukhari et al, 1999; Clancy et al, 1998),

questions have arisen regarding the uni-

versality of the effect of UV on other oocyst strains infec-

tive to humans. Although these questions have not been

answered for other chemical disinfectants such as ozone

or chorine dioxide, this study was designed to answer

these questions with regard to UV.

Results showed that infectivity of all five strains tested

was reduced by at least 4 log10 or 99.99% at a UV dose

�10 mJ/cm2. In each trial, the UV irradiance measure-

ments obtained by radiometry were verified by examin-

ing the response of organisms of known UV response—

E. coli and coliphage MS2—with the test apparatus and

methods and comparing the inactivation achieved against

reference data.

Iowa strain oocysts were subjected to lower UV doses

of 2 and 4 mJ/cm2 in order to better characterize that

strain’s response to low UV dose. Inactivations of 3.2 and

4.2 log10 were achieved at these doses, indicating that

Cryptosporidium is more susceptible to UV inactivation

than are many human enteric viruses and some enteric

bacteria. These results apply only to the UV response of

genotype 2 strains of C. parvum, which are capable of

infecting both humans and some animals, and do not rule

out the existence of some strain(s) exhibiting greater resis-

tance to UV. However, the results do expand the under-

standing of the UV dose–response of Cryptosporidium

oocysts from a single strain to five and bolster confidence

in UV technology as an effective treatment of drinking

water for disinfection of Cryptosporidium. Future research

targeting the characterization of the UV response of Cryp-

tosporidium should consider genotype 1 isolates as well.

UV doses as high as 40 mJ/cm2 were evaluated in pre-

liminary experiments because this dose was originally

considered as a potential requirement for treating drink-

ing water for Cryptosporidium control in the United

States. Currently, UV dose requirements for drinking

water disinfection have not been mandated by the federal

government. However, USEPA is considering doses that

may be <12 mJ/cm2 to achieve 3-log credit for control of

Cryptosporidium (Schmelling, 2002). In Austria (Aus-

trian Standards Institute, 2001) and Germany (DVGW,

1997), doses of 40 mJ/cm2 are required when UV disin-

fection of drinking water is practiced. USEPA is expected

to promulgate the LT2ESWTR sometime in 2004, requir-

ing up to 2.5-log10 inactivation of Cryptosporidium in

addition to the physical removal achieved by coagula-

tion and filtration processes. The findings in this study

support UV as a technology capable of achieving that

level of inactivation. Economic analyses suggest that the

2004 © American Water Works Association

In each trial, the UV irradiance measurements obtained by radiometry were verified

by examining the response of organisms of known UV response with the test apparatus

and methods and comparing the inactivation achieved against reference data.
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application of UV at doses as high as 40 mJ/cm2 would

be cost-effective relative to ozone disinfection in small (1

mgd [3.8 ML/d]) to large (>100 mgd [379 ML/d]) drink-

ing water utilities (Cotton et al, 2001; Dyksen et al, 1998).
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