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Definitions
• A parasite lives on ectoparasite or in 

endoparasite another organism of a different 
species from which it derives its nourishment.  
This organism is the parasite host.

• The host in which the parasite reaches sexual 
maturity and reproduction is usually termed 
the definitive host.

• An intermediate host is one in which some 
developmental or larval stage of the parasite 
occurs. 

• A reservoir host is another animal (besides 
man) in which the parasite can use to 
complete its life cycle 



Reasons for Increased Attention 
to Transmission of Protozoa and 

Helminths in Wastewater
• Recognition of increased parasitic 

infestations in U.S.
• Return of military personnel and travelers 

from abroad
• Increased level of immigration in U.S.
• Food imported from countries with high 

parasitic disease prevalence
• Existence of resistant stages of parasites

– Helminth eggs
– Protozoan cysts



Parasites of concern
• Protozoa 

• Helminths (worms)
– Flatworms (flukes and 

tapeworms)
– Roundworms 

(nematode worms



Risk of Infection is Real!
• Variety of parasites live domestic 

wastewater and they can present an 
occupational health hazard.

• WEF survey incidence for disabling 
parasitic illness is < 1 - 2 %



Survey of 75 Municipal Plants
(Locations: Alabama, Florida, Louisiana, Minnesota, Mississippi, New York, Ohio, Texas and Washington)

• Resistant stages of 23 types of parasites were 
found in samples, which may represent over 30 
different human and animal parasites 
– Densities may vary, parasites are distributed 

throughout all of the continental US
– 4 most common parasite were the nematodes, 

Ascaris spp., Trichuris, and Toxocara spp.
– Total number of parasite ova recovered varied 

according to the source of sludge and season of the 
year and averaged 14,000 eggs/kg (dry weight) of 
sludge



Survey Continued
• Percentage of total parasite ova in the slude sample 

that were viable (infection causing capability) ranged 
from 0 – 100%, but was generally greater than 45% 
for primary sludge and 69% for treated sludges

• Primary and secondary undigested sludge samples 
were found to contain in order of decreasing average 
densities 9,700 Ascaris spp. ova, 1,200 Toxocara spp. 
ova, 800 T. trichiura ova, and 600 T. vulpis ova/dry 
kg of sample

• Average number of these parasites in stabilized sludge 
samples were 9,600 Ascaris spp. ova, 2,600 T. 
trichiura ova, 700 Toxocara spp. ova, and 700 T. 
vulpis ova/dry kg of sludge sample



Major Transmission Areas for 
Parasitic Protozoa

• Wastewaters

• Sludges

• Sludge-amended soils

• Sludge disposal sites



Minor Transmission Areas for 
Parasitic Protozoa and 

Helminths
• Aerosols
• Groundwater
• Why?  Because size and weight of 

protozoan cysts and helminth eggs
– Hinder their conveyance on aerosols 
– Hinder their movement through soil in 

groundwater































Parasitic Protozoa Life Cycle

• Protozoa exists as a trophozoite in 
intestinal tract of infested individuals 

• Trophozoite is fragile and dies quickly 
outside the intestinal tract

• Protozoa survives outside intestinal 
tract (in feces) as a cyst
– Contains a thick hyaline wall (provides 

environmental resistance)



Factors Affecting Types and 
Levels of Protozoan Cysts 

• Prevalence of disease in contributing 
human population

• Degree of animal contribution to 
conveyance system



Parasitic Protozoan That May 
Be Found in Wastewater

• Balantidium coli
• Dietamoeba fragilis
• Entamoeba histolytica
• Giardia lamblia
• Isospora belli
• Isospora hominis
• Toxoplasma gondii
• Others



Major Parasitic Protozoa
• Balantidium coli 

• Entamoeba histolytica

• Giardia lamblia

• Cryptosporidium parvum
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Giardia lamblia Distribution
• Worldwide or cosmopolitan
• United States occurrences

– Endemic forms (restricted)
– Epidemic forms (widespread)

• Highest prevalence in the U.S.
– Communities using surface water supplies
– Potable water treatment consists primarily of 

disinfection only 
– Locations 

• New England States
• Mid-Atlantic States
• Pacific Northwest States 
• Rocky Mountain States 





Giardia lamblia
• Flagellated protozoa
• Causative agent for giardiasis or lambliasis
• Giardiasis: infects the small intestine

– Severse diarrhea 
– Wight loss

• Prevalence in the United States
– 1.5 to 20%
– Most cases asymptomatic

• Most frequently identified intestinal parasite in 
the United States



Giardia lamblia Continued
• Transmission 

– Municipal water supplies
– Human-to-human contact
– Contaminated food
– Remote mountain streams
– Wastewater contaminated with infected feces

• Reservoir hosts
– Beaver
– Muskrat
– Vole  





Life Cycle of Giardia lamblia
• Dormant cysts are swallowed 

– Oval 
– ~ 8 to 14 um long and ~ 7 to 10 um wide
– Four nuclei
– Thick hyaline wall
– Can survive

• In most environments for ~ 2 weeks
• In mixture of urine, feces, and water for ~ 1 week

• Cysts undergo excystation in upper portion 
of small intestine
– Hyaline wall breaks down
– Newly formed trophozoites emerge





Life Cycle Continued
• Trophozoites attach to epithelial cells of 

intestinal wall of small intestinal tract
– Sucking disks used for attachment
– Disks resist peristalisis 
– Trophozoite structure

• Pear-shaped
• ~ 9 to 22um long and ~ 5 to 15 um wide
• Displays bilateral symmetry
• Has two anterior nuclei
• Has four pair of nuclei
• Reproduces by simple fusion





Life Cycle Continued
• Several thousand trophozoites can fit on 

end of pin
• Trophozoites pass through intestinal 

tract and encystaton occurs, i.e. cysts 
develop

• Cysts released to environment through 
feces



Symptoms of Giardiasis 

• Abdominal cramps
• Bloating
• Lethargy
• Loss of appetite
• Severe diarrhea
• Loss of weight
• Shock
• Ulceration of intestine
• Vitamin deficiencies

• Abnormal crams
• Bleaching
• Epigastric tenderness
• Flatulence 
• Mild diarrhea

Chronic Condition Acute Condition 



Sampling for Giardia lamblia cysts
• Water supplies 

– Routine coliform counts inadequate for evaluation of 
presence and number of Giardia lamblia cysts, because 
cysts are extremely resistant to chlorination at generally 
accepted chlorine residual values 

– Filtration technique for high-volume sampling (HVS) can 
be employed (current edition of Standard Methods)

• Wastewater supplies
– Examine sludges where cysts are most concentrated 
– Used floatation technique

• Current edition of Standard Methods
• Parasitology laboratory manual





Parasitic Helminths
• Parasitic helminths’ complex life cycle

– Difficult to determine degree of “risk”
– Difficult to incriminate “occupational risk”
– Life cycle often has stages tolerating harsh environmnetal 

conditions

• Helminths
– Roundworms (Ascaris lumbricoides)
– Flatworms (Taenia solium) - tapeworms and flukes 

• Factors affecting genera and levels of parasitic
helminth eggs in wastewater
– Levels of disease in contributing human populations
– Levels of disease in contributing animal populations



Helminths of Concern
• Ancylostoma brazilienze – cat hookworm 
• Ancylostoma caninum – dog hookworm
• Ancylostoma duodenale – hookworm
• Ascaris lumbricoides – roundworm
• Ascaris suum – roundworm 
• Enterobius vermicularis – pinworm
• Necator americanus – hookworm
• Stronglyoides stercoralis – dog roundworm
• Toxocara canis – dog roundworm
• Toxocara cati – cat roundworm
• Trichuria trichuria - whipworm



Cestodes (Tapeworms)
• Echinococcus granulosus - dog tapeworm

• Hymenolepis nana – dwarf tapeworm

• Taenia saginata – beef tapeworm

• Taenia solium – pork tapeworm









Taenia solium Life Notes

• Average life span for adults ~ 25 years

• Eggs released/day/worm > 10,000





Taenia solium (tapeworm) Life Cycle

• Infestation initiated when rare pork containing 
cysticerci ingested
– Wastewater and sludges not significant vessels for 

cysticerci
– Wastewater and sludges significant vessels for 

tapeworm eggs
• Adult tapeworm develops and matures in 

intestinal tract
– Attaches with sucking discs in scolex
– Attaches with hooks on scolex



TAENIA SOLIUM



Taenia solium (tapeworm) Life 
Cycle Continued

• Adult tapeworm possesses female and male gonads
– Eggs develop within proglottids
– Eggs released with feces

• Egg-contaminated waste fed to pigs
• Oncosphere: embryo from egg

– Penetrates intestines of pig
– Enters circulatory or lymphatic system

• Cysticercus develops in pig muscle
• Cysticerci consumed by man





TAENIA SOLIUM



CYSTICERCOSIS















Ascaris lumbricoides Life Notes 

• Average life span for adults ~ 3 years

• Eggs released /day/female > 200,000

• Eggs embryonate in soil in 2 to 3 weeks



ASCARIS LUMB!!



Ascaris lumbricoides Life Cycle
• Infestation initiated when embryonated egg with 

SECOND stage larva swallowed
• Eggs hatch in small intestine
• Larvae penetrate intestinal wall
• Larvae enter the circulatory system

– Larvae migrate to the heart
– Larva moult – THIRD STAGE

• Larvae pumped via pulmonary artery to alveolar 
space of lungs 

• Larvae migrate up respiratory tract to pharynx



Ascaris lumbricoides Life Cycle
Continued 

• Larvae swallowed and enter small intestine 
– Larvae moult – FOURTH STAGE
– Larvae moult – MATURE ADULTS

• Adults attached to intestinal wall
– Separate sexes
– Mate 
– FEMALE RELEASES EGGS
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Resistance to Treatment

• During sludge digestion, destruction of resistant 
parasite ova is primarily due to temperature and nt 
to a specific digestion process. Aerobic and 
anaerobic digestion inactivated parasite ova at 
temperatures great than 131oF (55oC) in 2 hours 
and at 113oF (45oC) within days but only retarded 
ova development at temperatures less than 113oF 
(45oC). Ascaris and Toxocara ova were the most 
resistant. 



Resistance to Treatment Continued

• Lime treatment of sludges did not produce 
consistent inactivation of Ascaris.

• The results of ammonification treatment were 
inconclusive, especially with Ascaris.

• Ultrasonication was effective in destroying 
Toxocara ova at 49 kHz during a 6 minute 
exposure, but was not effective in destroying 
Ascaris eggs.


