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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
OCCuUrs.

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 iIn 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 illnessis<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 1n 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 7. 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 soll in
groundwater



Parasites
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Ay fumifrricoicles 15 a ool oy burman parasite that lves as an adole Figure 178 from anacrobic dipesier, New York, Figore 179 from
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Figure IRT, T coaris surfoce, from primary sludge. MMinoesots. Figore

Figure 187

Figure L9

Figure 191

11 stage, from anacrobic digester, Washingron., Figure 189,

coell stage, Trom rave: sludge, Mew York. Figoee 190, cight or maore

colls, from sludpe deyving bed, Alabama, Figuee 191, carly lorval sooge,

from primary sludge, New York, Figoure 192 infective stage, source
ko,

Figure 1RS

Figure 192
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Frequently Asked Questions & Answers about Wastewater and Biosolids Worker Health &
Safety

Do wastewater and biosolids workers have a higher rate of potential exposure to pathogens than the
general public?

A common characteristic of untreated wastewater is its high concentration of microorganisms. Biological
secondary treatment followed by disinfection is an important way to treat wastewater because it significantly
reduces microorganisms. The disinfection process that foliows then kills many pathogens before the cleaned
water is discharged to the receiving streams. Because of their daily exposure and contact with biolegical
materiais, wastewater personnel may have a higher incidence of potential exposure to pathogens than the
general public. For most workers, however, the risk of developing an occupational iliness is significantly reduced
or eliminated when standard safety and persenal hygiene procedures are followed.

What are some of the common wastewater facility hazards?

As In many occupational settings ranging from hospitais, restaurants, food processing, agriculture, and health-
care professions, wastewater personnel can also be potentially exposed to biological hazards. Even routine
procedures such as changing a baby's soiled diaper and preparing meat dishes can expose an individual to
contaminaticn if proper personal hygiene is not followed. Some of the potential hazards for individuals who
work around any collection system or wastewater facility may include: infectious disease, physical injury,
confined spaces, oxygen-deficient spaces, toxic or harmfui chemicals and gases, explosive gas mixtures, fires,



electrical shock, noise, and dust and fumas. It is important, therefore, that workers follow standard safe work
procedures to minimize or eliminate the potential for injury and iliness.

What are somye of the heallh and safety concerns with biosolids composting?

The major wastewater worker health and safety concerns involve the potential effects of primary pathogens,
bicaerosols, heavy metais, and other microcrganisms at facilities processing wastewater and biosolids. Worker
exposure could occur through inhalation, ingestion, and dermal contact. Adherence to good personal hygiene
and use of personal protective equipment are recommended for workers in these occupational environments.

Hanv e there beer any studics relating to the inendence of illness to wastonater workers?

Studies have been conducted over the past 25 years relating to wastewater worker occupational illnesses.
Although most studies cited in the scientific literature indicate that infections from specific agents are not
common, workers in contact with wastewater or biosolids, especially during their first few years of employment,
have been known to experience some increased symptoms associated with gastrointestinal or upper respiratory
ilinesses. However, other studies also point out that wastewater workers build immunity over time against
these types of illnesses and are generally healthier than the general population.

What can wastewater workers do to minimize patential cxposures 1o pathogens”

Proper personal hygiene and use of personal protective equipment are critica! because infections from contact
and exposure to microorganisms may occur without symptoms and antibodies to bacteria and viruses may



develop without iliness symptoms being readily apparent.

What are the most common bacterial pathogens found in wastewater?

The maost common bacterial pathogens found in untreated wastewater are Salmonefla and Shigefla. Other
bacterial microorganisms include Vibrio, Clostridium, Yersinia, Campylobacter, and Leptospira. Escherichia colf
(E.coli}, which can cause gastroenteritis, is generally not considered a pathogen because it is a microorganism
that naturally inhabits the gastrointestinal tract of man.

What is the difference between a virus and bacteria?

A virus Is any group of uitramicroscopic agents that reproduce only in living cells. Unlike viruses, bacteria do
not require a living host cell to reproduce. Pathogenic bacteria are rmicroscopic in size and common in
wastewater. Because bacteria can reproduce outside the body, microorganisms can be present in large
guantities in the wastewater collection system and treatment process.

What types of viruses are found in wastewater?

Viruses multiply in the living cells of the intestinal tract and end up in human feces. The commcon human
viruses in wastewater include Norwalk, Rotavirus, Adenovirus, Coxsackie A and B, Echovirus, Hepatitis A,
Poliovirus, and Reovirus. These viruses have the potential to cause gastrointestinal and upper respiratory illness
when proper safety procedures are not followed in the workplace,



Can parasites be found in wastewater?

Waterborne parasites found in wastewater consist of varicus types of protozoa and worms. Many of these
erganisms often do not survive the journey through the wastewater collection system and treatment facilities.
The cysts and eggs, in which the protozoa and worms reproduce, are often resistant to adverse conditions and
may show up in wastewater or biosolids samples, Because hand-to-mouth contact is the principal cause of
infection, it is important that workers wash their hands frequently.

Are wastewatcl workers at risk 1o conlructing A1DS or Lepatitis B in the workplace?

AIDS and hepatitis B are both blood-borne viruses and cannot reproduce outside the human body. For disease
transmission, AIDS and hepatitis B must enter the bloodstream directly. The Centers for Disease Control {CDC)
has stated that there is no scientific evidence that AIDS or hepatitis B can be contracted through occupational
exposure associated with wastewater treatment.

What i3 the miost common rosie of wuslew mi2r warker infecton’?

The most common cause of infection is due to poor persenal hygiene, The three basic routes that may lead to
infection in the wastewater environment include ingestion through splashes, contaminated food, or cigarettes;
inhalation of infectious agents or aergsols; and infection due to an unprotected cut or abrasion. Ingestion is
generally the major route of wastewater worker infection. The common practice of touching the mouth with the
hand will contribute to the possibility of infection. Workers who eat or smoke without washing their hands have



a much higher risk of infection. Personal hygiene practices including frequent washing of the hands wili
minimize these potential opportunities for exposure,

What are the risks of infection to biosolids operators?

In addition to the general risks to wastewater workers, biosolids workers that are at locations where wastewater
or biosolids are sprayed should aveoid prolonged exposures where contact with such aerosols are likely. In
instances where proionged exposure to aerosols is anticipated, the use of surgical masks and goggles will
significantly minimize contact and risk of infection.

What can wastewater workers do to prevent infections?

The most important consideration is the use of good common sense and following appropriate personal hygiene
and using personal protective equipment where appropriate. Some of the standard workplace precautions and

personal hygiene steps that should be followed include:

Wash hands frequentty with soap and water after contacting wastewater; after visiting rest rooms; before
eating, drinking, or smoking; and at the end of the waork shift.

Fromptly treat cuts and abrasions using appropriate first aid measures.
" Wear heavy-duty gloves (double gloving} and boots that are waterproof and puncture resistant.

"  Woear surgical-type masks and goggles or face shields for prolonged exposure fo wastewater aerosols.



" Change soiled uniforms or protective ciothing as soon as the job is completed.
* Shower before changing into clean street clothes and shoes,

*  Wherever possible, use dual lockers to separate work and street clothes

* Launder work clothes at work and not at home.

* Handle sharp items with extra care to prevent accidental injuries.

* C(Clean cantaminated tools after use.

*  Foliow good common sense and exercise extra caution whenever there is contact with contaminated water
or sludge.

Promptly clean body parts that contact wastewater or biosolids.

Do the Centers for Lhisease Ceontrods recommaend any spacial nomuniqations wr wastewater or biosohds workers?

No additional immunizations above those recommended by CDC for the adult general population are advised for workers in contact with
waslewater or hiosohids. Wastewaler and bosolids workers and all oiher adulis in the general population shenld be adequately vaccinated
against diphtheria and tetanus. The preventive effect of the vaccine immune serum globulin for hepatitis A is short lived (about 3 weeks), and
15 not routinely recomunended for waslewater or biosolids workers. This vaccime 1s only recommended where there has been direct exposure
10 waslewater splashed inlo an open wound or the mouth or a severe outbreak has occurred in the communiiy. The vaccing for hepatitis B is
not routincly recommended for wastewater or mosolids workers because the nsk of transmission of the virus by wastewater is extremely

Temote,
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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

» [sospora belli

» [sospora hominis

* Toxoplasma gondii

* Others



Major Parasitic Protozoa

Balantidium col -




Species Types of Concentration
Wastewater (cysts/L)

1. E. histolytica | Untreated 4.0
Effluent )
Untreated 50% | 5000
Prevalence

2. G. lamblia Untreated 80,000
Untreated 50% 4,000,000

prevalence




Frntamoeba histolyvtica
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Balantidiurm coli
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Toxoplasria Zortdii

FPseudocysts are
found in mears
Ingestion of cysts
in raw or undercocked
infected me=ar
‘iditiates infection

Y
Cocysts pass
ocut in foces A
Tachyzoites infect

ltver cells

Fseudocyst in
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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




Life Cycle for Giardia lamblia



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 10 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



Giaardia lamblia

Cysts are ingested

Reservoir hosts

Trophozoites excyst
= inn small intestine

Fecal _- -
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Life Cycle of Giardia lamblia

* Dormant cysts are swallowed
— Oval
—~81to 14 umlong and ~ 7 to 10 um wide
— Four nuclel
— Thick hyaline wall

— Can survive
* In most environments for ~ 2 weeks
* |n 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
 ~91to 22um long and ~ 5 to 15 um wide
* Displays bilateral symmetry
« Has two anterior nuclei
» Has four pair of nuclei
* Reproduces by simple fusion



Giaardia lamblia

Cysts are ingested

Reservoir hosts

Trophozoites excyst
= inn small intestine

Fecal _- -
contaminarion

/
Cwsts z/

pass
in feces

Trophozoites
live on
surface of willi

'rophozoites encyst
in small intestine

PATHOLOGY




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

Acute Condition Chronic Condition

e Abnormal crams e Abdominal cramps
* Bleaching  Bloating
 Epigastric tenderness  Lethargy

* Flatulence * Loss of appetite

» Mild diarrhea e Severe diarrhea

* Loss of weight
* Shock
e Ulceration of intestine

e Vitamin deficiencies




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




Cryprosporidiurm
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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
condjitions

 Helminths

— Roundworms (Ascaris lumbricoides)

— Flatworms (Taenia solium) - tapeworms and flukes
» Factors affecting genera and levels of parasitic
helminth eggs 1n wastewater

— Levels of disease 1n contributing human populations

— Levels of disease 1n 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 — dwart tapeworm
Taenia saginata — beef tapeworm

Taenia solium — pork tapeworm



LIFE CYCLES IMPORTANT HUMAN TAPEWORMS
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IMMATURE STAGES OF HUMAN TAPEWORMS
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Taenia solium Lite Notes

* Average life span for adults ~ 25 years

» Eggs released/day/worm > 10,000



TAPEWORM LIFE CYCLE

Taenia solfium

ADULT WORM
MAN - definitive host

HUMAN INTESTENE

HOG MUSCLE

Larvae burrow into
biood or lymph vesssls
Gravid proglottids
pass out with feces 5 J

and carried to muscie

CYSTICERCUS
HOG - intermediate host

/ |

Eggs in food

HRFZEEy eaten by hog

5. Egz
6. Oncosphere (6 hooked embrvo)

1. Cysticercus {(everted scolex)

2. Adult tapeworm

3. Matwure proglottid 7. Cysticercus (bladder worm)
4. Gravid proglottid



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 1n
intestinal tract
— Attaches with sucking discs in scolex
— Attaches with hooks on scolex



e

\J’TERMEDM?E HOSTS

Life Cycle for Taernia sclium
Reprinted by permission of Springer-Verlag, INY. Any further reproduction is strictly
prohibited.



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






Taernia solitem
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Cysticercosis

Embryonated eggs are ingestgd

I_arvaes hatch in
small intestine

proglotrid

Cysticercus . -

P LLarvas migrate
in muscle SN

t¢ all organs

Cysticercus
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in eye

Cysticercus

Cysticerci
iy brain
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FLUKE LIFE CYCLE

Fasciola hepatica

SEXUAL GENERATION
Liver of sheep

e RS
i o [0 i, 1.1
}M J; o y / Encysts on gras: LJ‘ ™ l‘[‘( KJL l‘/‘l \f/ { '(” o JL‘ JJ[J rmlle eggs < v .t L ”:r_
L Eaten by sheep "shed in feces \— =

ASEXUAL GENERATION
Acquatic snail— Lymnaeo sp.

Escapes into
water

Larva peneltrates
snail

' yeme Y of not be
. h
1. Aduolt fuke . Redia Presen sy o
2. Egg Daughter r dia v

3. Fully developed cgg Cercariz ‘{'L\JO o-c ‘i‘i\(m < 7

4, Miracidium Metacercaria in cyst ] F ne

5. Sporocystiv Rt o o
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FLUKE AMNATOAMY

Clonorchis

1. Oral sucker

Z. Pharynx

3. Esophagus

4. Intestine

5. M™Merve cor«d

&. Genital Copening
F. Wentral sucker
8B, Was deferens

9. Lirerus
10, Was eefferens
11. Witelline gland
12Z. Witelline duct

13. Shell gland

14. Owviduct

15. Ovary

1. Iaurer’s canal
17. Seminal receptacle
18, Excretory duct
19. Excreitory wesicle
20. Testis




Differential Characteristics of
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Ascaris lumbricoides 1.1te Notes

» Average life span for adults ~ 3 years
» Eggs released /day/female > 200,000

* Eggs embryonate in soil in 2 to 3 weeks



Heart-

lung-
trachea-

Life Cycle for Ascaris lumbricoides



Ascaris lumbricoides Lite Cycle

Infestation 1nitiated 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 Lite Cycle
Continued

e [arvae swallowed and enter small intestine
— Larvae moult — FOURTH STAGE
— Larvae moult - MATURE ADULTS

e Adults attached to intestinal wall

— Separate sexes
— Mate
— FEMALE RELEASES EGGS



Rt




Necaror armericariids

Filariform larvae
penetrate skin

Larvae migrate
to heart

Filariform larvae
develop in sail

L.arvae migrate
to Jlungs

ELarvae hatch
in soil

Larvae penctrate ;

alveoli |
Unembryonated

EEgES pPass
cut in feces

}
Larvae ,—-” I

migrate =.
up trachea -
are swa]low ed ir

Aodulls
mature
in small
intestine

PATHOLOI GY



T richieris trichiiera

Egzgs embryonate
in soil :
. Iarvae hatch in
small intestine

Unembryonated eggs
pass out in feces

Acodulrs
— = - ] " mature
in calan

Ay daidr
fermale

PATHOLAOGY
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Toxocara caris

Adults live in
dog small intestine

Dog cats embryonated egps,
acquires adults

Eggs in feces

E\\_. Embryonate in soil
Eges ingested

lLarvae penetrate
small Intestine

Larvae hatch in
small intestine

il arvae migrate
1o all organs



Resistance to Treatment

* During sludge digestion, destruction of resistant
parasite ova 1s primarily due to temperature and nt
to a specific digestion process. Aerobic and
anaerobic digestion 1nactivated parasite ova at
temperatures great than 131°F (55°C) in 2 hours
and at 113°F (45°C) within days but only retarded
ova development at temperatures less than 113°F
(45°C). Ascaris and Toxocara ova were the most
resistant.



Resistance to Treatment Continued

* Lime treatment of sludges did not produce
consistent 1nactivation of Ascaris.

e 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.



