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FOREWORD

The Environmental Protection Agency was created because of increasing
public and goverument concern about the dangers of pollution to the health
and welfare of the American people. Noxious air, foul water, and spoiled
land are tragic testimony to the deterioration of our natural environment.
The complexity of that environment and the interplay between its components
require a concentrated and integrated attack on the problem.

Research and development is that necessary first step in problem solu-
tion and it involves defining the problem, measuring its impact, and searching
for solutions. The Municipal Environmental Research Laboratory develops new
and improved technology and systems for the prevention, treatment and manage-
ment of wastewater and solid and hazardous waste pollutant discharges from
municipal and community sources, for the preservation and treatment of public
drinking water supplies, and to minimize the adverse economic, social, health
and aesthetic effects of pollution. This publication is one of the products
of that research; a most vital communications link between the researcher and
the user community.

This research grant has measured parasite densities and occurrences in
southern sewage sludges. From laboratory and field studies, the following
processes have shown some effect in parasite inmactivation: drying beds,
thermophilic digestion, aerobic digestion, liming and aerobically digested
sludges, and ultrasonication of municipal sludges.

Francis T. Mayo, Director
Municipal Environmental Research
Laboratory
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ABSTRACT

The objectives of this research grant were :o (1) assess the presence
and densities of resistant stages of parasites :n municipal wastewater sludges
(sewage) 1n the southern United States, (2) inresticate the inactivation of
parasites by lime stabilization of sewage sludges seeded with selected intes-
tinal parasites, (3) measure the mass balance of these parasites through
various processes in a municipal wastewater treatment plant, and (4) asse’ss
standard sewage sludge treatment processes from laboratory and field data for
the control of parasites Sludge samples collected during each of the four
seasons from 27 municipal wastewater plants located in Alabama, Florida,
Mississippi, Louisiana and Texas were examined for the presence and densities
of resistant stages of human and animal parasites  Viable eggs of Ascaris
and Toxocara were recovered at least once from every plant and viable eggs of
T. vulpis and T. trichiura were recoverea at least once from 26 and 15 pla-
nts, respectively. Viable eggs of at least 10 other helminths and cysts of a
few protozoa were also found in fewer numbers and less frequently. Certain
drying bed conditions such as previous sludge stabilization, high temperature
and low molsture content appear to 1nactivate parasltes eggs svnerglstically
between 60% to 5% sludge moisture content. Results of the mass balance study
indicated that the clarifier processes tended to concentrate and equalize
parasite concentrations; the clarifier overflow rate affected removal effi-
ciency of parasites. Laboratory studies verified results of previous inves-
tigations indicating that destruction of resistant parasite eggs is primarily
due to temperature and not to a specific digestion process. The application
of lime to primary, aerobic-digested, and anaerobic-digested sludge was found
to be effective with > 80% reduction of Ascaris viability in five days fol-
lowing aerobic digestion at a lime dosage of about 1,000 mg/gram of sludge
solids. Laboratory experiments also showed that at certain combinations of
ultrasonic frequency intensity, and exposure time Toxocara eggs could be
destroyed, but that the same ultrasonic conditions did not affect Ascaris
eggs. This study also demonstrated that eggs taken from the uteri of live
Ascaris females are not suitable for use as an indicator parasite 1in labora-
tory imactivation studies.

This report was submitted in fulfillment of Research and Development
Grant Number 805107 by the School of Public Health and Tropical Medicine,
Tulane University under the partial sponsorship of the United States Environ-
mental Protection Agency. This report covers the period of May 23, 1977 to
May 23, 1979 and the work was completed as of July 1, 1980.
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SECTION 1
INTRODUCTION

This investigation was developed as a result of collaboration between
Tulane University and the U.S. Environmental Protection Agency. The ob-
jectives of this study were to (1) assess the presence and levels of resistant
stages of parasites in municipal wastewater (sewage) sludges in the southern
United States, (2) investigate parasite inactivation by lime stabilization of
sludges seeded with selected intestinal parasites, (3) evaluate various waste-
water sludge treatment techniques for the control of parasites in municipal
sludges and (4) conduct a mass balance analysis of parasites through various
stages of a municipal waste treatment system.

In the United States, land disposal of sewage sludge has been practiced
with care because of the controversies over possible health and nuisance
problems arising from such practice. Nevertheless, land disposal is relative-
ly common and does constitute a major disposal practice in some states; for
example, Ohio disposes of approximately 60% of its municipal sludges by land
application (1).

Questions concerning potential disease transmission have prevented
greater application of sewage sludges on land. A number of studies have shown
that both viruses and bacteria are associated with the sludge suspended solids
and are thereby concentrated in the sewage sludge (2,3).

Until recently, evidence pointed to the effective destruction of patho-
gens by anaerobic digestion. Unfortunately, research has now shown that this
is not entirely true (3-5). Even though most microorganisms are thought to
be destroyed during anaerobic sludge digestion, a number of microbes have
been shown to survive this process--e.g., bacteria (Salmonella typhosa),
parasites (various helminth eggs), and viruses (polio virus) (3-6). The
survival of these microorganisms in stabilized sludges has caused many health
authorities to remain skeptical about the practice of land disposal for
sewage sludges because of concern that viable pathogens may be dispersed in
the environment. Many pathogens are known to survive in soil for days, months
or possibly years (e.g., the tubercle bacilli and the eggs of the nematode
Ascaris).

Even though anaerobic digestion of sludges cannot be relied upon to
effectively destroy every pathogen, there are a number of processes by which
known pathogens can be destroyed. Pasteurization of sludges is practiced in
some areas of Euroge where it is reported to inactivate all pathogens when
temperatures of 70°C are attained for at least 30 minutes. The use of the



pasteurization process, however, requires considerable quantities of heat,
and may not be always feasible since it is energy intensive. Other recent
investigations suggest that pathogens in sewage sludges can be completely

destroved by composting prior to use. However, composting, like pasteuri-
zation, may be too costly at the present time. Massive doses of chlorine

will also destroy most pathogenic microbes in sewage; however, the effects
of the chlorinated residues on the environment are unknown.

A possible alternative, conducive to utilization of the waste, lies in
lime stabilization of sludges. The liming process does not have high energy
requirements and does not produce potentially hazardous residues. When lime
is applied to sewage (sludge), the pH can be increased to 12 which inhibits
or substantially reduces the activity of certain microbes including those
of fecal origin (6). Also by raising the pH to high levels, odorous by~
products (hydrogen sulfide and various mercaptans) are controlled by re-
ducing these by-products and keeping them in a charged state (7). The
literature on the fate of pathogens in lime-stabilized sludges indicates a
reduction in Salmonella typhosa, Escherichia coli, Salmonella spp. and
Pseudomonas aeruginosa along with nuisance odors at pHs around 12 (8-13). At
high pH levels, solubilization of most heavy metals is also reduced (especial-
ly metals of a cationic nature). Collectively, these factors increase the
acceptability of land disposition of lime-stabilized sludges.

In investigations on pathogenic organisms in sludge, parasites have re-
ceived the least attention. Given the current state of knowledge, there is
a need for further assessment of the health problems related to the presence
of parasites in sludges, as well as the examination of various sludge treat-
ment methods on parasite survival. A few studies were published in the 1940's
and 1950's but between 1960 and 1975 little was reported in the United States
literature on parasite transformation through sewage sludges (14-18). It was
the purpose of this study to attempt to fill some of the gaps in our knowledge
on the occurrence of human or animal parasites in municipal sludges in the
United States and to investigate select methods for inactivating those para-
sites.



SECTIOY 2
CONCLUSIONS

Generallv, tne rniluence of sludge handling, treatment and disposal
along with the efia2ct of wastewater treatment processes on parasite survival
1s very complex and influenced by many parameters. Such factors include the
type of parasite, temperature, moisture content, etc. Field studies in this

nvestigation of soutnern municipal sewage sludges showed that:

1) Most raw samples contained viable parasite eggs and cysts.

2

nteen species of parasites (eggs or cysts) were observed in both

g1
abilized and raw sludges.

Fi
st

3) Eggs of the most prevelant parasites were present in relatively high

numbers (an average of 1,000 to 10,000 eggs per kilogram of dry sludge,

depending upon the parasite).

4) The types of parasite eggs and their densities were found to vary
with population served, type of industrial contribution, season of
the year, and geographical region.

5) Abattoir and packing plant wastes may significantly influence the
types and densities of parasite eggs found in domestic waste
sludges.

6) Conventional sludge stabilization processes alone were not very
effective on inactivating parasites in field samples. Depending
upon the parasite, however, a particular stabilization process
coupled with sludge drying bed, may inactivate parasite eggs.

7) Sludge thickening and dewatering processes (vacuum filtration and
centrifugation) tended only to concentrate parasites in the sludge.

8) Certain sludge drying bed conditions such as previous sludge stabi-
lization, high temperature and low moisture content appear to in-
activate parasite eggs synergistically between 60% to 5% moisture
content. ’

9) From the parasite mass balance study it was observed that secondary
clarifiers tend to concentrate parasites in the return sludges.
Increased overflow rates through clarifiers appear to increase the
densities of parasites in clarifier effluents.



The results of laboratory studies on parasite inactivation by aerobic
digestion, anaerobic digestion, lime stabilization, ammonia treatment, and
ultrasonication indicated the following:

1) Aerobic digestion inactivated parasite eggs at temperatures of 55°%¢
or greater within two hours, and at 45 C within two days.

2) Anaerobic digestion igactivated Ascaris and Toxocara eggs at tempera-
tures greater than 45°C, but only retarded egg development at tem—
peratures less than 45°C.

3) Lime stabilization produced noticeable reduction in the viability
of Ascaris eggs. Under aerobic conditions at ambient temperatures
with dosages of 1,000 mg or greater of lime per gram of dry sludge
solids, the viability of Ascaris eggs was observed to be reduced
over 80% within five days in primary, 289C aerobically digested or
359C aerobically digested sludges. Under anaerobic conditions at
ambient temperatures with lime dosages of 100 mg of lime per gram
of dry sludge solids, a 100% reduction of viable Ascaris eggs was
noted within 20 days in 289C aerobically digested sludge.

4) The results of the ammonification studies were inconclusive. In
aerobically digested sludges, 95% of the viable Ascaris egg den-
sities were reduced within 5 days, even in the control (no ammonia
added). 1In anaerobically digested sludges no reductions in Ascaris
viability were observed at any dosage of ammonia up to 5000 mill:-
grams of ammonia sulfate per gram of sludge suspended solids.

5) Ultrasonication was effective in destroying Toxocara eggs at 49
kiloherz (kHz) and 26 watts within a 9 minute exposure and at 64
.kHz and 74 watts within a 6 minute exposure; but ultrasonication
was not effective in destroying Ascaris eggs under these same
conditions.



SECTION 3
RECOMMENDATIONS

The results of this one and one-half year study on the incidence and
persistence of parasites in sewage sludge indicate that additional informa-
tion can be obtained by further research. The specific areas recommended for
additional research on the fate of parasites in wastewater sludges are as
follows:

1) The investigation of selected municipal sludges in the northern por-
tion of the United States for the preseance and density levels of
resistant stages of parasites.

2) A comparison of the sludge data from the northern portion of the
United States to the data collected in the southern part of the
United States.

3) The development of a standard analytical method for parasitologic
examination of sewage sludges.

4) An evaluation of promising techniques for their effectiveness in in-
activating and/or destroying parasites in sewage sludges.

Retent literature studies support potential viable alternatives for
parasite decontamination of sludges. TFour such alternatives are:

1) wultrasonication

2) lime-stabilization with ammonia additions

3) drying beds

4) aerobic digestion with the aid of surface active agents.

The choice of one or more of these four alternatives would be based on
economics, low maintenance and energy requirements, effectiveness of treat-
ment, and ease of incorporation into current sludge stabilization techniques.

Finally, the potential health risks due to the presence of infectious
agents in sludge should be determined. Currently, risk assessment is being

studied by epidemiological researchers; but, the quantitative risk assessment
due to parasites (i.e., Ascaris, etc.) in sludge has yet to be determined.



SECTION 4
GENERAL BACKGROUND
DOMESTIC WASTEWATER SLUDGE REUSE

According to the Federal Water Pollution Control Act Amendments of 1972
(PL 92-500), land application of domestic sewage sludge must be considered as
a disposal alternative to land-filling, incineration, and ocean dumping.
The resources in these sludges, however, can be recycled by land application
making this technique a viable alternative to the above mentioned disposal
methods. Municipal wastewater sludges have been used as soil additives and/
or fertilizers and on truck gardens, flower beds, private lawns, worm farms,
school grounds, public parks, football fields, plant nurseries, citrus groves,
golf courses, and roadsides. Sewage sludges are also added to bagged products
or used as additives to various fertilizer products and offered for sale.

In the United States, there has been minimal concern over the presence
of parasites in domestic waste. However, in many countries which utilize
sludge for land application, parasites in sewage have posed serious health
problems. During the past five years, research concerning public health
problems of municipal sludges has been conducted. These investigations
generally have been concerned with pathogenic microbes, enteric viruses,
heavy metals, and toxic chemicals. There is a scarcity of information con-
cerning parasites in municipal sludges and treatment thereof.

PARASITES IN SLUDGE

Since the early part of this century, public health workers in the
United States have been concerned about the presence of resistant stages of
human and animal parasites in domestic sewage effluents and sludges as a
possible source of disease. However, until recent years there were relatively
few published reports of studies concerning this problem. According to Bond,
1958 (17), Dr. Homer Venters, a public health laboratory worker, found, in
1918, eggs of Ascarisg in 44 percent of 200 samples of sludge from Imhoff
tanks in Tampa, Florida. In 1942, Wright et al. (l4) examined sludge samples
from 16 municipal treatment plants and two national parks in California, from
one national park in Arizona, and from 17 U.S. Army camps in eight southern
states. They found parasite eggs (Ascaris, Trichuris trichiura, and Hymeno-
lepis sp.) in sludges from 7 of the 17 Army camps, but found only one
positive parasite sludge sample from the municipal wastewater treatment
plants and national parks (ome egg of Hymenolepis sp. was found in a sample
from Whittier, California).

In 1954, Wang and Dunlop (18), studied a sewage plant in Denver,



Colorado, and the adjacent South Platte River for the presence of parasites.
Ascaris eggs were found in all 1l samples of each raw sewage and primary
settled sewage; in 1 of 1l samples of the river above the plant, in 9 of 1l
samples of the sewage plant effluent, and in 10 of 1l samples in the river
below the sewage plant. They also reported finding eggs of Trichostrongylus,
Taenia, and Trichuris in low numbers from the settled sewage or effluent.
Cysts of Entamoeba coli, a non-pathogenic amoeba, were found in samples of
raw sewage, plant effluent, and in the river above and below the plant.

Bond (17) examined raw, digested and drying bed sludge samples from a
municipal sewage treatment plant in Tampa, Florida, during the period from
November, 1955 to January 1956. Ascaris eggs were observed in some samples
of each type of sludge.

Lepak, in 1961 (19), studied a culinary water supply system in the Salt
Lake City area for possible contamination with animal parasites. He recover-
ed Ascaris eggs from untreated water from a reservoir at the point of entrance
to the Salt Lake aqueduct. He also examined raw, primary and secondary
effluent from the Heber City sewage plant and recovered Entamoeba coli cysts
from the effluent.

In recent years, changes in regulations concerning the treatment of
municipal wastewaters have resulted in a magnitudinal increase in the pro-
duction of domestic sewage sludges. The problems related to the disposal of
these sludges have increased accordingly. Among the alternative methods of
sludge disposal, those that 'recycle" the sludge through land applications
have attracted increasing interest. However, the health risks to humans and
animals resulting from the disposal of sludges by land application are not
completely understood. A number of studies have been initiated in the past
few years to determine the potential risks due to the presence of infectious
agents in sludges (i.e., viruses, bacteria, parasites and fungi).

Fox and Fitzgerald (20,21) conducted a comprehensive study of parasites
in raw sewage, anaerobically digested sludges and effluents from the Metro-
politan Sanitary District of Greater Chicago. They reported finding eggs of
Ascaris, Toxocara, Toxascaris, Trichuris, Taenia, Hymenolepis and Enterobius,
and cysts of Eimeria, Isospora and Entamoeba coli. M.D. Little (unpublished
data, 1976) examined raw, aerobically and anaerobically digested, and lime-
stabilized domestic sludge samples from Lebanon, Ohio, and found eggs of
Ascaris, Toxocara, Trichuris trichiura, Trichuris vulpis and Enterobius
vermicularis. Hays (22) examined raw and digested sludge samples from four
sewage plants in Allegheny Co., Pennsylvania, and found eggs of Ascaris,
Trichuris trichiura, Capillaria hepatica, Enterobius vermicularis, Hymenolepis
nana and H. diminuta,

In a study supported by the Environmental Protection Agency, the East
Bay Municipal Utility District of Oakland, California, and the Sacramento
Regional Sanitation District, Theis et al., in 1978 (23), examined municipal
sludges (raw, digested, and composted) from 12 areas of the United States.
They reported Ascaris and Toxocara eggs in sludges (raw, digested or com-
posted) from Oakland, Los Angeles and Sacramento, California; Macon, Georgia,




Springfield; Missouri, Hopkinsville, Kentucky; and Frankfort, I-c:.ana.
Trichuris, Toxascaris and Hymenolepis diminuta eggs were found 1~ raw digest-
ed or composted sludges from Los Angeles and Oakland, and Taeniz :nd H. nana
eggs were found in sludges from Los Angeles. Helminth eggs werz -ot found in
samples from Las Virgenes, California; Kendalville, Indianma; Cco. _—ous. Indi-
ana;, Wilmington, Ohio, or Chippewa Falls, Wisconsin.

Jackson et al. (24) reportea that in a 1975 study suppor:2: 57 tne
United States Food and Drug Administration, Chane: znd Burge Z:.nd Ascaris
eggs in liquid sludge samples from 16 municipalities in the United States.
Viable Ascaris eggs were present in samples from 13 of the 1§ ci:zies.

The resistant free-living stages of the intestinal parasices of man,
domestic animals, pets, and wild animals (1.e., the 2zg¢s and larvae of hel-~
minths and the cvsts of protozoa) are the stages of parasites chat are most
likely to enter sewage systems. Several authors have provicea lists of para-
sites that might be encountered in municipal sewage sludges (22,25); however,
in these lists the relative importance of different parasites in sludges was
not evaluated.

POSSTIBLE PROBLEM PARASITES

In Table 1 are listed the parasites most likely to be present 1in the
sludges of this country which may produce disease in man, and which have
resistant stages that are likely to survive siudge treatment processes.
Table 2 lists parasites that might be present 1in sludges and can infect in
man but which have free-living stages (eggs, larvae, or cysts) that are un-
likely to remain viable while passing through sludge treatment processes.

Ascaris lumbricoides is perhaps the most important and the most commonly
found parasite in stabilized and raw sludges (26). The egg of A. lumbricoides
is resistant to a wide range of physical-chemical environments which enables
it to survive conventional sludge treatment techniques. The eggs of Ascaris
are not in an infective stage to man when they enter the sewage treatment
system, but may develop to infectivity in approximately three weeks under
proper conditions (sufficient moisture and oxygen, and optimum temperatures).

TABLE 1. PARASITES OF MEDICAL IMPORTANCE THAT MIGHT BE PRESENT IN SEWAGE
SLUDGES IN THE UNITED STATES AND WHOSE RESISTANT STAGES ARE LIKELY TO
REMAIN VIABLE WHILE PASSING THROUGH CONVENTIONAL SLUDGE
TREATMENT PROCESSES

Parasite ‘ Stage Definitive Host
Ascaris lumbricoides Egg Man
Ascaris suum Egg Pig
Trichuris trichiura Egg Man
(continued)



TABLE 1. (continued)

Parasite Stage Definitive Host
Trichuris suis1 Egg Pig
Trichuris vulpis1 Egg Dog
Toxocara canis Egg Dog
Toxocara cati Egg Cat
Taenia saginata2 Egg Man
Taenia solium Egg Man
Echinococcus granulosus Egg Dog
Echinococcus multilocularis Egg Dog
Toxoplasma gondii OQocysts Cat

L Medical importance questionable.
Egg not infective for man.

TABLE 2. PARASITES OF MEDICAL IMPORTANCE THAT MIGHT BE PRESENT IN RAW SEWAGE
SLUDGES IN THE UNITED STATES, BUT WHOSE FREE-LIVING STAGES ARE UNLIKELY TO
REMAIN VIABLE WHILE PASSING THROUGH CONVENTIONAL SLUDGE TREATMENT PROCESSES

Helminths Stage Definitive Host
Enterobius vermicularis Egg Man
Necator americanus Egg (larvaé)1 Man
Ancylostoma braziliense Egg (larvae)1 Dog, Cat
Ancylostoma caninum Egg (larvae)1 Dog
Strongyloides stercoralis Larvae Man (dog?)
Hymenolepis nana Egg Man (rodents?)
(continued)



TABLE 2. (continued)

Protozoa Stage Definitive Host
Entamoeba histolytica Cysts Man

Giardia lamblia Cysts Man (animals?)
Balantidium coli Cysts Pig, man

1 Under suitable conditions larvae hatch from eggs in 24-48 hrs and larvae
could be present in sewage.

Humans acquire infections by swallowing infective eggs. Disease due to
A. lumbricoides is usually related to the level of infection, i.e., the number
of worms acquired. In heavy infections, the absorption of nutrients by the
intestine is usually impaired. Also, large numbers of worms can cause a
blockage of the intestine. Ascaris pneumonitis (Loeffler's syndrome) is
common in areas where transmission of the parasite occurs seasonally, and
this condition can result from the ingestion of only a small number of eggs.
Even in light infections, disease is possible from the migration of gne or
more adult worms to an extraintestinal location, such as the bile duct or
liver.

Ascaris suum is a parasite of pigs and is found in many parts of this
country. The egg eggs of A. suum are indistinguishable from those of A. lumbri-
coides and are apparently just as resistant to environmental conditions.
Human infections due to A. suum have been reported and in three cases serious
pulmonary complicatiouns Tesulted from the accidental ingestion of large
numbers of eggs (27).

Trichuris trichiura is the common whipworm of humans. The adult worms
live in the large intestine with the anterior portion of their body threaded
superficially through the mucosa. Eggs are passed in the feces of the in-
fected person and under suitable conditions in the soil will develop to the
infective stage in about four weeks. Infections result from the ingestion of
infective eggs from the soil. Disease is related to the number of worms pre-
sent in the body, and in heavy infections, chronic diarrhea or dysentry may
be present.

Trichuris suis is the whipworm of pigs and its life cycle is similar to
that of T. trichiura. Naturally acquired infections in humans have not been
confirmed but one successful experimental infection in a 23-year old male has
been reported (28). It 1is possible that a heavy infection in a human could
produce colitis.

Trichuris vulpis is the whipworm of dogs. Its eggs are much larger than
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those of T. trichiura and are sufficiently distinctive that they can be
readily identified. Its life cycle is similar to that of T. trichiura.
Several human cases of infection with T. vulpis have been reported (29) but
were apparently all without symptoms.

Toxocara canis is the common roundworm of dogs and is found in dogs 1n
most parts of this country. The life cycle of this parasite is complex with
transmission of infection to dogs occurring in a number of ways including:
1) ingestion of infective eggs from soil, 2) ingestion of a paratenic host,
such as a rodent, which has infective larvae in its tissues, or 3) trans-
uterine migration of larvae from the tissues of the bitch to the tissues. of
the fetuses. Eggs passed in the feces of the dog can develop to the in-
fective stage in two to three weeks under suitable conditions. When infec~
tive eggs are accidentally ingested by man (mainly children), larvae migrate
through the tissues producing a condition known as visceral larva migrans
(30). In numerous cases, the larvae have migrated into the eye causing a
lesion similar to that of retinoblastoma that lead to the loss of the eye
(31). .

Toxocara cati is the common roundworm of cats. Like T. canis it has a
complex life cycle with cats acquiring infections by: 1) ingesting infective
eggs from the soil, 2) eating infected paratenic hosts such as rodents, or
3) the transmission of larvae through the milk of the mother cat to the new-
born kitten (i.e., by transmammary transmission) (32). A few human cases of
visceral larva migrans due to T. cati have been reported (33,34).

Taenia saginata is a large tapeworm of humans that is only occasionally
found in this country. However, human infections are relatively common in
Mexico, Central and South America, and in other areas of the world where beef
is eaten. T. saginata requires an intermediate host which is bovine. Humans
become infected by eating raw or inadequately cooked beef containing the
larval stage of the tapeworm, the cysticercus. The eggs of T. saginata are
not infective to man. Cattle become infected by grazing on pastures where
eggs have been disseminated by proglottids (segments of the worm) passed in
human feces.

Taenia solium is also a large tapeworm which in the adult stage occurs
only in man. Locally acquired cases rarely, if ever, occur in the United
States, but infections are occasionally seen in persons who have acquired the
infections elsewhere, usually in Mexico or Central America. The pig is the
usual intermediate host of this parasite and human infections result from
eating pork that has been inadequately cooked. Pigs become infected by
ingesting eggs that have been dispersed by proglottids passed in the feces of
infected humans. This tapeworm is potentially more dangerous to humans than
is T. saginata since the eggs of T. solium are infective to man. When in-
gested by man, larvae hatch from the eggs, migrate into the tissues and de-
velop to the cysticercus stage. The resulting infection, called cysticer-
cosis, is often serious, especially when the cysticerci are located in the
brain or the eye.

Echinococcus granulosus is a small tapeworm that utilizes canines as the
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definitive host. 1Its larval stage, the hydatid, may occur in a wide variety
of intermediate hosts: sheep, goats, pigs, deer, etc. In man, the larval
stage causes hydatid disease. In recent years, the parasite has been found
to be primarily restricted to the western states of this country, i.e.,
California, Utah, Arizona, New Mexico, Nevada, and Idaho. In the past 15
years, autochthonous human infections have been found in California, Utah,
Arizona, and New Mexico (35). Humans become infected by accidentally in-
gesting eggs that have been passed in feces of infected dogs.

Echinococcus multilocularis is a tapeworm parasite of wild canines that
causes alveolar hydatid disease in humans. In North America, foxes are the
natural definitive hosts with wild rodents serving as intermediate hosts.

The parasite is present in sylvatic hosts in North Dakota, South Dakota, Iowa,
Minnesota, Montana, Wyoming, Alaska and Canada. Humans can become infected
by ingesting the eggs passed in the feces of definitive hosts, yet only one
human case has been reported from the United States, i.e., a woman in Minne-
sota (36). Domestic dogs and cats can become infected with the adult stage
if they prey on infected rodents.

Toxoplasma gondii is a protozoan that infects a wide variety of animals.
Domestic cats and related felines serve as the natural hosts. The oocyst,
which passes in the feces of infected cats, is relatively resistant to a
wide range of environmental conditions. Oocysts have been reported to
survive in the soil for at least 18 months (37). Humans become infected by
either ingesting the oocyst, -by eating raw or undercooked meat containing
intracellular forms of the parasite, or by congenital transmission. Toxo-
plasma infections in humans (toxoplasmosis) are common in the United States
but serious disease is primarily seen in infants who have congenital in-
fections and in immunologically deficient persons. Rarely is acute toxo-
plasmosis seen in previously healthy individuals.

FACTORS INFLUENCING THE FATE OF PARASITE EGGS AND CYSTS R

There are many abiotic and biotic variables which may affect the re-
sistant stages of parasites. In general, these parameters can be divided
into three categories: chemical (ammonia, hydrogen cyanide, etc.), physical
(temperature, irradiation, moisture content, etc.) and biological (fungi,
protozoa, and invertebrates).

The effect of various chemicals on the eggs of Ascaris has been studied
by numerous workers. These studies which demonstrate the remarkable re-
sistance of Ascaris eggs to chemicals have been reviewed by Fairbairn (38)
and Morishita (26). It has been reported that Ascaris eggs will develop to
the infective stage in a wide range of relatively toxic solutions such as
14% hydrochloric acid, 97% sulfuric acid, 8% acetic acid, 0.47% nitric acid,
0.3% carbonic acid, 0.5% sodium hydroxide, 1% mercuric chloride, and 4%
formaldehyde. The resistance of these eggs to toxic substances is mainly due
to the relatively impermeable inner membrane of the shell which is lipoid in
nature. This lipoid membrane is, however, altered by many organic solvents,
including chloroform, ethyl ether, alcohols, phenols, and cresols. Some
surface active agents have also been noted to damage this membrane. It is
permeable to respiratory and certain noxious gases, e.g., methyl bromide,
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hydrogen cyanide, hydrozoic acid, ammonia, and carbon monoxide, which can
kill the developing embryo (38,39). However, the charged forms of these
gases will not penetrate the lipoid membrane (38). Ozone and chlorine have
been found to be capable of killing Schistosoma mansoni eggs when present at
levels of 4.0 mg/l and 40 mg/l, respectively (40). However, ozone appears to
have no effect on the eggs of Ascaris or Hymenoclepis (41), and routine doses
of chlorine 1n wastewater have no effect on parasite eggs (42).

The physical factors which appear to influence the viability of Ascaris
eggs are temperature, irradiation, moisture content, and sonication. Gen-
erally, Ascaris eggs are resistant to high temperatures, but 1t has been re-
ported that heating to 55°C for ome hour or 45°C for 20 days will completely
destroy the eggs (24,43,44). Also, eggs placed in water and frozen at temp-
eratures of -21° to -279C were dead by the 20th day of freezing (45).
Moisture content of the surrounding medium also affects the viability of
parasite eggs., Nolf (46) found that there was complete inhibition of Ascaris
and Trichuris trichiura eggs after 4 days at 259 to 30°C when the relative
humidity was 40 to 50% in soils. Cram, however, found that viable eggs could
survive in stabilized sludge with a moisture content as low as 47 (15).
Irradiation has been shown to affect the viability of Ascaris eggs.
Alexandre et al. (47) reported that Parascaris eggs which still have their
outer coat were not affected by even 1800 krads of radiation, but were sus-
ceptible to 400 krads if the outer coat was not present. Brandon (44) re-
ported that thermoradiation may be used to disinfect sludge. However, in
this study the eggs that were tested had previously had the outer layer of
the shell removed. The effects of sonication and ozonation on the eggs of
Ascaris suum, Nippostrongylus brasiliensis, Schistosoma mansoni, and Hymeno-
lepis diminuta have been evaluated by Burleson and Pollard (41). At a soni-
cation level of 800 kHerz and 100 watts, N. brasiliensis eggs were destroyed
after 15 seconds. The eggs of the other three species proved to be more
resistant and ozonation was required to supplement sonication. §S. mansoni
eggs were killed after 3% minutes. There were no effects on Ascaris and
Hymenolepis eggs after 10 minutes of sonication.

The biological factors which have been shown to affect parasite eggs in-
clude fungl and various invertebrates. One fungus which has been shown to
penetrate and destroy Ascaris eggs is Cylindrocarpon radicola (48). In-
vertebrates, particularly insects and gastropods, can also destroy helminth
eggs by mechanically breaking the eggs and ingesting them (49,50).

PARASITE TRANSMISSION THROUGH SLUDGES

The use of raw sewage or ''might soil" to fertilize vegetable crops is a
common practice in many countries and is one of the major factors influencing
the transmission of several of the common intestinal parasites of man, es-
pecially Ascaris and Trichuris. In these countries, adults mainly acquire
infections by eating contaminated vegetables (51). However, children mainly
obtain infections by ingesting eggs directly from the soil; i.e., by eating
contaminated soil (pica) or by placing in their mouths, fingers, toys, etc.
which have been contaminated with soil containing infective stages of
parasites.
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While raw sewage 1s seldom, 1if ever, used in this country for the pur-
pose of fertilizing food crops, the accidental contamination of drinking
water with raw sewage has led to occasional outbreaks of parasite infections.
Examples include the recent outbreaks of Giardia lamblia infections in Aspen,
Colorado, and in Rome, New York (52,53). On the other hand, treated sewages
and sludges have been applied to the land in many parts of this country for
many years without apparent parasite transmission. The health risk of para-
site infection as a result of the land application of sludges needs additional
study.

While it seems certain that viable stages of parasites have been present
in some of the treated sewages and sludges that have been applied to land
there appears to be no report of outbreaks of parasite infections in humans.
However, due to the difficulty of relating the parasite infection to a
common source, sporadic cases of parasitism acquired from disposal of munici-
pal sludges may go unreported.

Clark et al. (54) recently reviewed the literature pertaining to para-
site infections associated with workers in the wastewater industry throughout
various parts of the world. The investigators found that these workers, as
compared to other population groups, had only a slight increase in parasite
infections suchas Ascaris lumbricoides, Trichuris trichiura, Ancylostoma duo-
denale and Entamoeba histolytica.

Most of the literature pertaining to parasitic infections of domestic
animals resulting from the use of wastewater effluents or sludges on pastures
or animal food crops are concerned with the transmission of Taenia saginata to
cattle. In 1937, it was found that 46% of the cattle that had grazed six
months on farms irrigated with untreated sewage from Melbourne, Australia,
were infected with the cysticerci of Taenia saginata (55). A recent study of
cattle reared on pastures irrigated with sewage effluent in the Melbourne
area revealed that 527 of the 10-to ll-month-old cattle and 8% of all cattle
examined harbored cysticerci of T. saginata (56). Interestingly, there
appeared to be a higher incidence of infection due to primary wastewater
effluent applications than sludge applications. In 1935, Roberts (57) de-
tected T. saginata infections in cattle on a farm near Tucson, Arizona, which
had probably acquired their infections by drinking primary sewage effluent.
Northington (58) mentioned a problem of T. saginata infections in cattle near
Munich after World War II that had been raised on pastures to which primary
sewage effluents and raw primary.sludges had been applied. Also, it was
recently reported that cysticercosis due to T. saginata was detected in
cattle raised on pastures in southern Virginia that had received applications
of domestic sludges (59). However, the possibility that some of the sludges
applied to these pastures were untreated has been raised.

EFFECTS OF WASTEWATER TREATMENT PROCESSES
As shown in Table 3, conventional domestic wastewater treatment pro-

cesses may not be totally effective in inactivating and/or destroying
parasites,
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TABLE 3. EFFECTS OF WASTEWATER TREATMENT PROCESSES ON PARASITE EGGS AND CYSTS1

Unit Operation Effectiveness Sources

Removal Processes (No Parasite Destruction):

Clarifiers 80% Removal of Ascaris 15,18
(Primary and 547% Removal of Entamoeba

Secondary) Removal depends on operating conditions
Flotation >957% Removal but depends on egg state 60

and operating conditions
Imhoff Tanks 97% Removal 61

Trickling Filtration 38% Removal 62, 63
Promotes egg development

Filtration Retained 99% of eggs 42, 62, 63
Stabilization Processes (Affecting the Eggs; State):
Anaercbic Digesters Retards egg development 60, 62, 63, 64
(Increases destruction with in-
creased temperature)
Activated Sludge Promotes egg development 15, 18

Extended Aeration Promotes egg development 15

Decontamination Processes (Possible Egg Destruction):

Incineration 100% Destruction

Vacuum Filtration No Effect

Centrifugation No Effect

Drying Beds 1007 Kill at <5% moisture content 15
Composting 100%Z Effective if all matter reaches _ 65, 70

60°C for at least 2 hours

Routine Chlorination No Effect 40, 42
Sonication Possible but not effective on Ascaris at 41

800 kHz and 150 watts

Gamma Radiation Not 100% Effective (depends on eggs' 47, 71
state)
(continued)
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TABLE 3. (continued)

Unit Operation Effectiveness Sources

Heat 100% Effective above 70°C for 30 42, 43, 70
minutes or in less time at higher
temperatures. Effectiveness depends
on temperature and exposure time but
temperatures below 45 C appear to
have no effect

! Primarily Ascaris eggs.

The conventional domestic wastewater treatment processes can be divided
into three categories: 1) removal processes (remove contaminants from waste-
water); 2) stabilization processes (decrease bulk organics, odor, and patho-
gen content of sludges); and 3) inactivation processes (make the handling and
disposal of sludges safer and more economical). These three major categories
also have been found to affect parasites in different ways. Because parasite
eggs and cysts are relatively heavy as compared to water they are concentrated
with solids. In general, these processes have been observed to be up to 90%
effective in the removal of parasites with the one major exception being the

trickling filter which actually does not filter the sludge. Parasite removal
that does occur takes place in the clarifier following the trickling filter.
In sludge stabilization processes, aerobic or anaerobic environments are pro-
duced which may or may not be heated to lethal temperatures. Because most
parasite eggs and cysts require an oxygen level above that of the gut in the
host for development, anaercobic digesters tend to retard their development
while aerobic digesters tend to accelerate it. As expected these processes
will kill the eggs if either the anaerobic or aerobic processes are carried
out at temperatures which are lethal to parasites (>559C). Some sludge de-
watering and disinfection processes will destroy the eggs by increasing the
temperature, as in incineration and composting, or by greatly reducing the
moisture content, as in drying beds. In more exotic cases, eggs may be
destroyed by disruption of their biological subunits with sonication, radia-
tion, or microwaves. These three major treatment processes are examined in
more detail in the following.

REMOVAL PROCESSES

The effectiveness of clarifiers for the separation of parasite eggs and
cysts from aqueous supernatants depends upon their operation and design. If
the clarifiers are either overloaded or have short circuiting, then parasite
eggs can enter the effluent weirs along with solids. Under laboratory con-
ditions sedimentation removed only 897 of Taenia saginata eggs present in
sewage in a three hour period (63). In another study using a tank with a
depth of 26 inches, it was found that 100% of the Ascaris lumbricoides eggs
present in sewage settled to the bottom in 30 minutes, some hookworm eggs
settled to less than 1/3 of the depth after 2 1/2 hours, and not all Entamoeba
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histolvtica cvsts settled to the bot:om in a three hour period (15). The
liquid fraction removal efficiency cI a chlorinated primary sewage treatment
plant was reported to be 80% for is::ris eggs and 547 for Entamoeba coli
cysts (18).

Air flotation nas also been s'2ra to be another possiblie means of egg
removal from tne liguid fracticn. :=:—e worwers nava found :zhe metnod to be
85% effective for tne removal of -.:.--is eggs (60), and ocher wirkers aiter
studying the re~oval rate of Ascazis egzs have recommended that sewage in-
tended for agricultural purposes saculd be treated with air flotation fol-
lowed by sedimentation (72).

The use of sand filters has zgiven varying results for the removal of
parasite eggs and cysts from final sewage effluents. Newton et al. re-
norted that a 12-inch column of sand removed over 997 of tne Taenia saginata
eggs that nad been added to settled sewage (63). In the field studies of
Silverman and Griffiths, however, 1t was found that only 30% of the Ascaris
and T. saginata eggs present were removed, and it was stated that this low
removal was perhaps due to filter particle size and the applied rate of flow
(62) 1In anotner iaboratorw study, Lepak found that 847 of the Ascaris eggs
and 35% of the Entamceba coli cysts were removed by sand filtration (19).

Various biological processes have been studied to determine their effec-
tiveness for inactlvating parasites 1n domestic wastewaters. Trickling filter
systems have indicated a poor capability for the removal of the cysts and eggs
of parasites Newton et al. reported that only 30 to 38% of Taenia saginata
eggs were removed by a trickling filter in the laboratory (63). Cram
showed in another trickling filter study that there was no correlation be-
tween the removal of BOD and the removal of Entamoeba histolytica cysts and
four types of helminth eggs. This trickling filter was, however, more
successful at removing cysts than eggs (15). The Imhoff process has been re-
ported to retain 97% of the incoming parasite eggs due to clarificaticn.

"Cram noted that amoebic cysts and helminth eggs could survive the
activated sludge process irrespective of the mode of treatment (15). Field
studies have shown that trickling filters, sand filters and the activated
sludge processes promote embryonation of helminth eggs such as Ascaris,
Necator and Ancylostoma (15,62,63).

SLUDGE STABILIZATION PROCESSES

Because the majority of eggs and cysts of parasites are generally in-
corporated into sludges, the effectiveness of commonly used stabilization
processes such as aerobic or anaerobic digestion are of particular importance.
Varied results have been reported as to the effectiveness of conventional
anaerobic and aerobic sludge digestion on parasite inactivation.

Hays (22) reported that most workers have found a reduction in the den-
sity of parasite eggs and cysts during anaerobic digestion. Reyes et al. (43)
added Ascaris suum eggs, taken from the uteri of worms, to human feces adjusted
to 3% solids concentration with urine and then anaerobically digested batches
of this mixture. After 45 days, 85, 89 and 92% of the eggs were inactivated
in the tests conducted at 259, 309, and 389C, respectively.
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In most situations, aerobic digestion induces embryonation of parasite
eggs (22,43,62). Reyes et al. found 30% and 1% of fresh parasite eggs de-
veloped to the embryonated stage in night soil within 20 days under aerobic
conditions at 30°C and 40°C, respectively (43). At or above 45°C, inactiva-
tion and/or destruction of most parasite eggs occurred, and parasite eggs
that were still intact were unable to develop. Over 98% of the parasite eggs
were destroved in.20 days at a digestion temperature of 453°C and within two
hours at a temperature of 50°C.

In general, researchers have found a time-temperature correlation for
parasite kill and biological digestion processes. At temperatures above 60°C,
all parasite eggs and cysts will be inactivated within 30 minutes (22). A
100% inactivation of Ascaris lumbricoides eggs taken from feces has been ob-
served in 60 minutes at 60°C and in 30 minutes at 65°C,

INACTIVATION PROCESSES

One very promising method of sludge disinfection is compcsting. Various
studies have reported that composted sludges are free of viable parasites
(65,67). In compost piles, temperatures as high as 87°C have been reported;
however, temperatures in the center of compost piles are generally between 65°C
te 71°9C (22). In a study where the temperatures were maintained between 60°C to
70¢C for three days, 100% destruction of Ascaris eggs was found (67). Other
composting studies have found that much longer periods (2 to 5 weeks) are
needed before complete destruction of parasite eggs is obtained even when -
temperatures in the compost piles' centers are greater than 60°C (68).
Composting is capable of completely destroying eggs and cysts if temperatures
of 55°C or above are maintained for at least three consecutive days, and
provideal that all of the compost pile including its toes is subjected to this
temperature (70).

The resistance of parasite eggs and cysts to dessication is species de-
pendent with Ascaris eggs being considered the most resistant. Until the
moisture content of the sludge was below 98%, Cram (15) found hookworm larvae
active and infective in sludge dried up to 62 days in drying beds. In a
laboratory study, Cram (16) discovered viable Ascaris eggs in sludge which had
been dried for 81 days to a moisture content of 5.8% in a greenhouse in which
temperatures often reached 46°C. Under field conditions, E. histolytica cysts
and Ascaris eggs on tomato surfaces survived three days and one month, re-
spectively (16). Other investigations have indicated that Ascaris eggs die
when the moisture content of the sludge is less than 5% (15).

Low temperatures seem to have little effect on the survival of some para-
site eggs in soils. According to Rudolfs et al. (73), Owen noted that Toxo-
cara canis eggs survived in the soil in Minnesota for a year even though the
ground temperatures were as low as ~14,9°C in the winter. In Siberia, Ascaris
lumbricoldes eggs survived for over seven years at soil depths of 10 to 20 cm
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under severe winter conditions (74). Cram found that unembryonated eggs of
A. lumbricoides survived for 40 days at -19 to -26°C but that fully embryonat-
ed eggs were killed by a 20-day exposure to -2l to -27°C (45).

Results of studies on the destruction of parasites in sludges by chemi-
cals have been varied. Investigators report that chlorine and ozone dosages
used for routine disinfection of sewage effluents and drinking waters have no
adverse effect on parasite eggs or cysts (42). At free residual chlorine
concentrations of 3.9 to 10.0 mg/l, Schistosoma japonicum eggs were destroyed
(75). To affect a 100% destruction of S. mansoni eggs in a 30 minute contact
period, dosages of 4.0 mg/l of chlorine, 22 mg/l of iodine, or 24 mg/l of
bromine were required (25). As with other pathogens, there is an all-or-none
effect of ozonation on S. mansoni eggs. For example, S. mansoni eggs in
treated wastewaters were not affected at ozone dosages of 25 mg/l but all
were destroyed at ozone dosages of 40 mg/l with a 5 minute residual ozone
concentration of 1 mg/l (40). In dechlorinated tap water, an ozone dosage
of 15 mg/l was ineffective against Schistosoma eggs even with a 5 minute re-
sidual concentration of 0.99 mg/l; yet, in another experiment 1nthe same
study this same dosage was completely effective in destroying Schistosoma
eggs with a five minute residual concentration of 0.13 mg/l (40). The liming
of sludge to pH 12, using 135 to 465 kg of lime as calcium oxide per cubic
meter of sludge (depending on the quality and origin of the sludge) was in-
effective in inactivating the eggs of Parascaris equorum (76). Russian
workers have reported that ammonium hydroxide at a concentration of 5% of the
sludge volume destroyed Ascaris lumbricoides eggs in the solid portion of
sewage within 20 days at 18 to 22°C. At higher concentrations of ammonium
hydroxide (8% to 12%), Ascaris lumbricoides eggs were also effectively in-
activated in shorter contact periods; i.e., 3 to 5 days (77).

More exotic forms of disinfection have been investigated in recent years
including the application of ultrasonics, irradiation (beta and gamma), micro-
wave, and combinations of these methods with chemicals. The following re-
sults were obtained in a study on the inactivation of parasites by ozonation
either alone or in combination with ultrasonication using a 150 watt output
energizing an 800 kHz transducer (41):

a) Nippostrongylus brasiliensis eggs were completely inactivated in
phosphate buffered saline (PBS) after treatment with ozone for 1
minute (l.7mg/l residual ozone). Sonication completely inactivated
the eggs in PBS after 15 seconds. N. brasiliensis eggs in secondary
effluent required 6 minutes treatment with 0.5 mg/l residual ozone
for complete inactivation. Sonication completely inactivated the
eggs in 15 seconds.

b) Treatment of Schistosoma mansoni eggs in PBS by ozonation resulted
in complete inactivation after 8 minutes with more than 2.2 mg/l re-
sidual ozone. Ozonation and sonication completely inactivated the
eggs in 3 minutes 15 seconds at 0.63mg/l ozone residual., Sonication
and ozonation seemed to exhibit synergism, in that they both pro-
duced a kill separately, but were more effective when used in con-
junction; S. mansoni eggs were completely inactivated in secondary
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effluent by ozone in 2 minutes 45 seconds using 0.lmg/l of residual
treatment. The more rapid inactivation was reported to be due to

salts added to the secondary effluent which decreased the ozone
bubble size

¢) Ascaris lumbricoides eggs taken directly from the uteri of worms,
suspended in PBS (A.Amg/l ozone residual) or secondary effluent
(l.lmg/l ozone residual) were resistant to treatment by ozonation
and ozonation-sonication at 1.28mg/l residual ozone for 10 minutes.
Also, little or no effect on Hymenolepis diminuta eggs was ob-
served

Studies on the disinfection of an undefined sludge by a standard micro-
wave oven showed that two minute exposure increased the temperature of the
sludge to 70°C and resulted in 99% kill of Ascaris eggs (78). When gamma
radiation dosages of 100 krad from a cobalt 60 source were applied to raw and
digested sludge containing Ascaris eggs (85% were potentially infective )
only 1.0 to 0.7%0f the Ascaris eggs remained viable after exposure. Complete
Ascaris inactivation did not occur even at 500 krad (71). Alexandre et al.
reported that gamma radiation from a 12,000 Ci cobalt 60 source in dosages of
500, 800, 1200, and 1800 krad had no effect on Parascaris equorum (Ascaris
megocephala) which still had their outer coat. However, all four dosages
killed the P. equorum eggs without outer shells (47).

PROMISING APPROACHES FOR INACTIVATION OF PARASITES

Even though current sludge stabilization processes do not appear to be
very effective in parasite inactivation, a thorough investigation of both
aerobic and anaerobic digestion with respect to temperature and additional
treatment processes should be investigated for the development of a ratiomal
approach for inactivating parasites in sludges. From ongoing research it
would appear that parasite inactivation at ambient temperatures may be
possible by the following techniques: 1) aerobic digestion at a proper food-
to-microorganism ratio; 2) aerobic digestion with lime stabilization; 3) an-
aerobic digestion with lime stabilization and/or ammonia addition depending
upon the free ammonia concentration; 4) lime stabilization; and 5) drying
beds at varying moisture contents and temperatures.

Other approaches which may prove useful in inactivating parasites in
domestic waste sludges are: 1) ultrasonics, 2) free ammonia, and 3) surface
active agents. Potentially, the simplest and most economical technique may
be ultrasonication. The power cost for the application of ultrasonics in the
descaling of boilers and cooling towers has been found to be negligible,
(Reimers, R.S., unpublished data, 1979). The literature (38, 39, 76, 78)
reports ammonia to be effective in destroying Ascaris eggs, but this inacti-
vation was only at very high ammonia concentrations (greater than 5%). In
those studies, the acidic sewage sludges were neutralized either by anhydrous
ammonia or ammonium hydroxide. A mixture of lime and the less hazardous
ammonium sulfate should be less expensive and require lower ammonium levels
for inactivation of parasites. Because sludges are usually utilized
as a soil amender and not as often as a fertilizer due to 1its
low nitrogen and phosphorous levels, the addition of ammonia for
parasite 1inactivation will also 1increase nitrogen levels in
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sludges. Since the addition of nitrogen to soils using sludge is required in
many cases, the addition of ammonia at this point of sludge treatment would
serve two purposes: 1) inactivation of parasites; and 2) addition of the
needed nitrogen nutrient. A third approach for parasite inactivation is the
application of surface active agents during aerobic digestion which allows
the agent to serve a dual purpose: a) conditioning the waste sludge; and

b) aiding in the destruction of helminth eggs.
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SECTION 5

METHODOLOGY

FIELD STUDIES

The bases for selecting the wastewater treatment plants for parasite
sampling were: 1) method of treatment; 2) size of the plant; 3) region
served; and 4) geographical conditions. Table 4 shows the matrix for 1nit:al
plant selection. The southern region of the United States was chosen due to
the expectant high prevalence of parasites and variation in climate.

TABLE 4 CRITERIA FOR SELECTING WASTEWATER TREATMENT PLANTS

Plant Size Plant Type Climate Sludge Stabilization
1-5  MGD Activated Sludge Humid/Arid Aerobic or Anaerobic
or Trickling Filter Drgestion
10-20 MGD Activated Sludge Humid/Arid Aerobic or Anaerobic
Digestion
>20 MGD Activated Sludge Humid/Arid Aerobic or Anaerobic
Digestion

Initially information was obtained on municipal wastewater treatment
plants in the five southern states of Texas, Louisiana, Alabama, Florida
and Mississippi to aid in the selection of appropriate plants for analyses
of sludges. Table 5 lists both wastewater treatment and sludge treatment
processes examined for their effectiveness for inactivating parasites.
Thirty-eight municipal treatment plants were chosen for the initial screening.

TABLE 5. WASTEWATER TREATMENT AND SLUDGE TREATMENT PROCESSES INVESTIGATED

Wastewater Treatment Processes Sludge Treatment Processes
Primary Clarification Aerobic Digestion
(continued)
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TABLE 5. (continued)

Wastewater Treatment Processes Sludge Treatment Processes
Secondary Clarification Anaerobic Digestion
Activated Sludge Vacuum Filtration
Extended Aeration Centrifugation
Trickling Filters Lime Stabilization
Imhoff Tanks Drying Beds

As a result of the initial screening, the number of plants to be ex-
amined was reduced from 38 to 27. The selection of the final 27 plants was
based on the accessibility of the plant, the cooperation.of the Dlént's staff and
management, treatment processes (both wastewater and sludge), the balance de-
sired to evaluate different systems, and the initial parasitological data ob-
tained in this screening phase.

Once each season grab samples of undigested or raw sludge and samples of
the oldest drying bed sludge were obtained and analyzed for parasites. 1If
raw sludge samples were not possible to obtain, then sludge samples closest
to a raw sludge sample (returned, extended, aerated sludge or five gallons
of raw sewage) were sampled. Likewise, if a final drying bed sample could
not be analyzed, then the final stabilized sludge (digested sludge, lagoon
sludge, vacuum filtered sludge, or centrifuged sludge) was obtained for
parasite analysis. During sludge sample collection, data were also obtained
on the ambient temperatures, recent rainfall, age of stabilized sludge
samples, and sources of raw wastewater entering the municipal system.

The collected samples were analyzed within one week for types of para-
sites present, densities (number/volume or weight), and parasite condition
(viable or nonviable). These samples were further analyzed for total solids
and percent moisture content so that the final concentration of parasite
eggs could be converted to a dry weight basis for comparison purposes.

One treatment plant, containing an unusually high number of parasites,
was examined for a mass parasite balance over the total wastewater system.
The treatment processes in this plant consisted of a bar screen, grit chamber.
contact stabilization basin, sludge stabilization tank, clarifiers, aerobic
sludge digestion, and sand drying beds. This plant was sampled at peak and
low flows for two comsecutive days. The mass balance was carried out by
sampling each process step at the end of its calculated hydraulic retention
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time. These sampling sites were: raw sewage, mixed liquor at the beginning
of contact stabilization, mixed liquor after contact stabilization, effluent
from clarifiers, return sludge, and sludge after stabilization. All the
sludge samples were analyzed for types, densities, and viability of parasites
present, and suspended solids concentrations. The raw sewage influent sam-
-les were also analvzed for volatile suspended solids, total organic carbon,
cnenical oxygen demand, and Kjeldahl nitrogen according to Standard Methods
(79).

Verification of Sampling Procedures

In order to ascertain the reliability of the method of obtaining grab
samples from dryving beds, extensive testing was run on a selected drying bed.
Samples were taken at varilous locations in the drying bed, analyzed for
various parasites, and the moisture content measured. The results obtained
for Ascaris eggs are shown in Figure 1 and Table 6. Generally, the parasites
1n the drying bed were found to be distributed relatively randomly as long as
the moisture content was similar (+ 10%). An important point was that a
sample taken from any portion of the drying bed was representative of the
parasite population in the entire drying bed. The only exception to this
observation occurred when there was considerable difference.in moisture
content.

Parasitologic Technique for Field Studies

The approach to the development of a parasitologic technique for the
examination for sewage sludges was as follows: 1) the literature was re-
viewed to determine the techniques used by other investigators for the re-
covery of parasites from feces, wastewater, soil, and sludge; 2) criteria
were established for a satisfactory analytical technique; and 3) parasito-
logic techniques used for the examination of feces, wastewater, soil and
sludge were systematically tested, modified and evaluated. Sludge samples
from local New Orleans area wastewater treatment plants containing low to
moderate numbers of parasites were used to test the various techniques.

The criteria established as guidelines for the development of an analyt-
ical method for parasitologic examination of sludges were: 1) examination of
relatively large sludge samples should be possible so that the densities of
parasites can be measured when present at low levels; 2) viability of para-
sites should not be affected by technique; 3) quantitation of parasites
should be possible; 4) efficiency should be relatively high; 5) accurate
identification and determination of viability of parasites recovered should
be possible; and 6) technique should be simple and relatively inexpensive,
using equipment and materials normally available in a wastewater laboratory.
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Figure 1. Statistical analysis of drying bed sample.
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TABLE 6. STATISTICAL ANALYSIS OF DRYING BED SAMPLE

Parameter Median Average Standard Deviation Range
Moisture (%) 73.0 71.0 5.0 84.5-67.5
Content

Ascaris eggs (No of eggs/kg of sludge solids)

Total 5170 4226 1572 6710-2950

Viable 3930 3590 1034 4986-1835

Non-viable 1080 946 417 1420-390
T. trichiura eggs (No. of eggs/kg of sludge solids)

Total 630 638 258 990-260

Viable 480 483 242 860-130

Non-viable 130 154 111 310-0

Most concentration procedures that have been used for parasite recovery
from feces, wastewater, soil, and sewage sludges use either sedimentation or
flotation only (22, 80, 81). Others have used a sedimentation procedure in
combination with a flotation procedure or other technique (18). One problem
with a sedimentation technique (such as the one developed by Steer et al.
(81)) is that a relatively small sample size of sludge (about 1 to 3 gms. wet
weight) is used. Also, the sediment obtained contains relatively large
amounts of material other than the parasites making it very difficult to find
and identify the parasites in the sediment.

Most investigators use flotation procedures for parasite analyses of
sludges. The flotation procedures have the advantage of separating the para-
sites from the heavier particles in the sludges (sand, etc.) and consequently
the final preparation is usually cleaner and easier to examine. In the flo-
tation procedures, a solution is utilized with a specific gravity that is
high enough to float the parasites from the sample but low enough to leave the
heavier particles in the sediment. Soluticns of sucrose, ZnSO4, NaCl, Na)NO3,
KoCrp07 and other salts have been used. In the present study, an efficiency
was evaluated for each of these different types of solutions. Based on the
buoyancy of the different helminth eggs and protozoan cysts that might be
present in sludge (82), it was concluded that the specific gravity of a
solution used in the flotation procedure should be at least 1.20. 1In the
present study, it was found that a solution of ZnSO, with a specific gravity
of 1.20 was equal or superior to any of the other solutions tested. Dada and
Lindquist (83) recently reported that a flotation solution of ZnSO4 with a
specific gravity of 1.20 was more efficient in recovering Toxocara eggs from
soil than were solutions of NasCr07 (sp. gr., 1.20), Hgly (sp. gr. 1.63) or
ZnS04 with a lower specific gravity (1.18). Jackson et al. (24) used a
ZnS0O4 solution with a specific gravity of 1.208 for the recovery of Ascaris
eggs from sludges and vegetables.
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Although the step involving the flotation and recovery of parasites from
a sample is the main onme in a flotation procedure, there are several other
steps that affect the efficiency of the procedure. The initial step is usually
one that 1involves the homogenization of the sample and the release of parasites
adhering to other partlcles in the sludge. Steer et al. (81) found that by
blending the sample in an anionic detergent both steps were accomplished.
Meyer et al. (84) also found tnat the use of an anionic detergent 1improved
the recovery of eggs after testing a variety of detergents (anlonlc cationic,
and nonionic).

A number of workers have used oxidants such as sodium hypochlorite to
hydrolyze organic material and to release the parasites from other particles
in the sludge (84). During this study sodium hypochlorite as well as other
oxidants were tested, including perchloric acid and hydrogen peroxide, but
each was found to have disadvantages. The problem encountered with sodium
hypochlorite was that, if it 1s used in sufficient strength to be effective,
it removes the outer layer of the shell of many of the helminth eggs. Since
the structure and contours of the outer layer of the shell of certain eggs,
especially those of Ascaris and Toxocara, are important in the identification
of the eggs, the use of sodium hypochlorite can significantly affect the
appearance of eggs and consequently the ability of the worker to identify
them.

A step that can be used to remove extremely small particles (a few micro-
meters or less in size) from the sample is washing bv gravity sedimentation.
In this procedure, the sample 1s diluted in water or in anionic detergent and
then allowed to settle. After settling for about one hour the supernatant
which contains the fine particles in suspension is decanted.

Sieving is a procedure that can be effectively used to remove larger
particles from the sample without removing parasites. After a series of
tests, it was decided to use a step which involves passing the homogenized
- and washed sample through a series of graded sieves (10, 20, 50, 100 and LS50
mesh). The openings on the final sieve (150 mesh) are about 106 im which is
large enough to allow eggs and cysts to pass through but small enough to re=~
tain many larger particles.

Several different procedures have been used for the recovery of eggs and
cysts from the surface of the flotation solution. The use of a wire loop to
remove the material floating on the surface is a commonly used technique (85).
Meyer et al. (84) passed the flotation-solution supernatant through a mem-
brane filter and then recovered the parasites from the surface of the filter.
The procedure that was found to be very effective during this study was to
decant the flotation-solution supernatant, add water to it until the specific
gravity of the diluted solution is below that of the parasites, and then cen-
trifuge this fluid to recover, in the form of a sediment, the parasites and
other particles that had floated in the original flotatiom solution.

Fox used a different type of flotation procedure for detecting parasites

in sludges, i.e., a continuous sucrose gradient (J.C. Fox, Personal Communi-
cation, 1977). The disadvantages of this technique are that only a relatively
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small sample size can be processed in each tube and the apparatus used to
form the continuous gradient is expensive and would not normally be available
in a wastewater laboratory.

In the processing of some sludge samples, it was found that the amount of
material recovered by the flotation procedure was too great to be easily ex-
amined microscopicallv. The particles of debris were so abundant that they
obscured the parasites and made detection difficult. Also, the large amount
of sediment recovered made the time required to microscopically examine the
sample excessive. This problem led to attempts to find a method that could
be used to further concentrate the parasites and eliminate most of the other
particles. A procedure that is a modification of the acid-ether centrifugal
sedimentation method (86) was developed. In this method. 0.27% H2SO, in 35%
ethanol (v/v) is used as the acid solution instead of the 5% acetic acid
solution that is employed in the DeRivas method. With this technique it is
possible to obtain a very clean preparation with a minimal amount of ex-
traneous material present.

In developing a technique for the parasite amalysis of sludges. it was
found that the method used for the microscopical examination of the final
preparation is extremely important. In order to detect small helminth eggs
and the cysts of protozoa, the preparation requires examination under at
least 100x magnification with a good compound microscope. In addition, to
accurately identify some of the eggs and cysts and to determine viability it
is necessary to examine them under even higher magnification. 400x or more.
From our experience it is not possible to adequately examine preparations-
with a dissecting microscope.

The procedure that was finally adopted to use in the parasitologic ex-
amination of sludges from the municipal plants selected for study in this
project is given in Appendix A. The efficiency of this technique was measured
in several ways. 1Initially, it was estimated by examining sludges which had
known numbers of Ascaris eggs added to them prior to incubation in anaerobic
environments for a period of three weeks. The technique recovered 46 to 72%
of the Ascaris eggs expected to be present in the samples (See Table A-1).
However, the Ascaris eggs added to these test samples were eggs that had been
obtained from the uteri of worms (Ascaris suum) recovered from the intestines
of naturally infected pigs. Eggs obtained from this source tend to clump
together and stick to glassware (24). One way to avoid this problem is to
treat them with dilute sodium hypochlorite or sodium hydroxide which removes
the outer layer of the shell. However, eggs that have had their outer coat
removed are very much different from the Ascaris eggs that occur naturally in
municipal sludges so this method was not employed. Consequently, many of the
eggs added to test batches of the anaerobic sludge in the initial tests may
have adhered to the walls of the glassware used in the experiment. For this
reason it was concluded that the recovery of 50% or greater in most samples
was quite satisfactory. An additional series of experiments were later run
to test the efficiency of the technique on aerobically digested sludge and
anaerobically digested sludge. In these tests, the Ascaris eggs added to the
digestion flasks were eggs removed from the uteri of live worms and kept in
the refrigerator for about 3 months prior to use. In Tables A-2 and A-3
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it can be seen that the recovery of the added eggs from samples taken 25 days
later was very low; 127% and 13% for anaerobic and aerobic samples, respec-
tively. Undoubtedly, changes in the physical-chemical nature of the outer
shell of the eggs during storage affected their behavior in the concentration
procedure. However, it should be noted that in all three experiements the
recovery of the eggs that occurred naturally in the sludge samples was con-
sistent from one sample to another and did not decrease over the duration of
the experiment. Also, it is indicated that the size of the sample examined
and the number of eggs in the sample did not significantly affect the percent
recovered.

The problems encountered in the use of Ascaris eggs from the uteri of
worms for decontamination studies is discussed later in the Laboratory
Methodology section. However, these problems dictated the use of Ascaris
eggs obtained from the intestinal contents of naturally infected pigs for use
in subsequent decontamination experiments. When eggs from this source were
used, the concentration technique recovered a very high percentage of the eggs
present in control samples. Over 90% of the theoretical number of eggs pre-
sent in many of the aerobically digested control samples were recovered by
the parasite analysis technique (Table C-2). Although the results obtained
in analyzing 'spiked" samples indicated that the technique employed was
relatively efficient, it was not known whether the same efficiency could be
obtained in recovering eggs that occurred naturally in sludge samples. Due
to an extraordinary number of Ascaris eggs found in the drying bed sample from
one plant (No. 7) it was possible to estimate the number of eggs present in
the sample by another method, the Stoll dilution-egg-count-technique. 1In
this technique, the sample is diluted in N/10 NaOH and the eggs present are
counted directly in measured aliquot samples. By comparing the results from
the Stoll Method with the results from our concentration technique it was
estimated that our technique recovered about 837 of the eggs present in the
sample tested.

Parasite Viability

The word viability is used in this study to indicate the state of being
alive, i.e., a viable parasite is a parasite that is alive. Non-viable is
used to indicate that a parasite is dead.

The determination of whether parasites recovered from municipal sludges
and, in most cases, those recovered from experimental digesters were viable
or non-viable was made on the basis of morphologic appearance. The morpho-
logic criteria used to determine whether helminth eggs were viable or non-
viable were similar to those used by several Japanese workers as reported by
Morishita (26).

The morphologic changes appearing in eggs that were used as criteria of
dead eggs included: 1) cytolysis of egg cell (ovum) or cells (after cleavage
had started); 2) vacuolation of cytoplasm of ovum; 3) formation of large re-
fractile granules within cell; 4) cytoplasmic hyalinization; 5) shrinkage of
ovum; 6) disintegration of membrane surrounding ovum; 7) caving in of egg
shell. In the case of eggs containing developing larvae viability or non-
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viability was determined on the basis of appearance and whether the larvae
showed movement after being stimulated by intense light from the microscope
lamp.

The criteria used to indicate non-viability in protozoan cysts included:
1) shrinkage of cvtoplasm from the cyst wall; 2) increased granulation of
cytoplasm; 3) vacuolation in cytoplasm: 4) cytolysis; 5) karyorrhexis
(fragmentation of nucleus); and 6) hyalinization of cytoplasm.

The reliabilitv of the use of morphologic criteria to determine viability
was evaluated in one series of experiments by culturing eggs after they had
been examined microscopically. In experiments on anaerobic digestionm and
subsequent addition of ammonia (Tables E-8 and E-9), the eggs recovered from
each sample were first examined microscopically and their viability determined
on the basis of morphologic criteria. Then the eggs were washed from the
microscope slide with distilled water into small petri dishes. They were
covered with a shallow layer of distilled water (3-4 mm), stored at room
temperature and agitated daily by rotating the dishes. After 2 to 3 weeks
the material from each dish was removed and examined microscopically. Via-
bility of cultured eggs was determined on the basis of whether or not larvae
had developed within the eggs.

The results indicate that in most samples the estimation of viability of
Ascaris eggs by morphologic criteria was fairly accurate (Tables £-8 and E-9).
In the ammonia experiments, the method using morphologic criteria overestima-
ted the number of viable eggs (as compared to the culture method) by only
about 47 on the average. In the anaerobic digestion experiments run at 35°C,
this method overestimated the viable eggs by less than 9% on the average.

In the anaerobic sludge study rum at 359C, the viability of Toxocara eggs
as estimated by morphology was 9% higher on the average than the viability as
determined by culture. However, in the ammonia experiments, the estimation
of viability of Toxocara eggs on the basis of morphology was about 25% higher
(average) than what was found by culture. This indicates that it is somewhat
more difficult to differentiate between viable and non-viable Toxocara eggs
on the basis of morphologic criteria than it is in the case of Ascaris eggs.

_From_test results_obtained_on_sludge samples taken from the 45°C and 55°C
.anaerobic digesters it was observed that morphologic appearance alone was not
reliable for judging the viability of parasite eggs{under lethal conditions).
This is to be expected since the changes in morphologic appearance upon
which non-viability is judged undoubtedly do not occur immediately. In the
sample taken at 2 days from the 45°C digester none of the Ascaris or Toxocara
eggs developed in culture, but 73% and 95% respecitvely, appeared to be
alive on the basis of their morphology. In samples taken after 25 minutes
from the 55 degree centigrade digester, the same error was observed, i.e., on
the basis of morphology 9% of the Ascaris eggs and 537 of the Toxocara eggs

were judged to be viable but by culture 0% and l7% respectively, were viable.

30



LABORATORY PARASITE-INACTIVATION STUDIES

The laboratory studies on 1inact:ivation of parzsites 1n municipal waste-
water sludges were conducted in four phases. Thz eifectiveness of aerobic
and anaerobic digestion, lime stabilization, aad 2-ronification on the in-
activation of parasite eggs was investigated us.~: sludges spiked with
Ascaris suum and Toxocara canis eggs

Phase I - Aerobic Sludge Digestion

Sludge digesters were designed so thev coulg be used for both aerobic
and anaerobic digestion with only minor adjust~ent. Using a 45.7 cm lengtn
of 9.5 mm plexiglass tubing with an 1aner diametsr of 25.4 cm, a digester
of fifteen liter capacity was constructed. Bv using lids and bottoms of
9.5 mm thick plexiglass, the units were tctall— enclosed to retain parasite
eggs for the safety of laboratory workers and for environmental control of
the digester. Complete mixing was insured by using fan-cooled, heavy duty
stirrers with two propellers on each shaft. Temperature was controlled with
six feet of 25.4 mm wide neating tape connected 1n series to a rheostat and
temperature controller which was connected to a temperature probe in the
digester. Aerobic conditions were maintained by sparging air from the labo-
ratory compressed air system through 15.2 cm airstones in the digesters. A
control and a test reactor were run at each of the temperature conditioms,
i.e., ambient, 350C, 459C and 350C. Seventv-five milliliter Kjeldahl bulbs
were used to condense the water vapor 1n order to reduce as much as possible
the evaporation loss due to aeration through the digester. The digesters
were started with aerobic digested sludge from the Michoud Sewage Treatment
Plant, New Orleans, Louisiana. Daily, a sample of one liter of digested
sludge was removed from each digester, and one liter 6f a raw (return
activated-primary) sludge mix (50/50 by volume) from the Helois Sewage Treat-
ment Plant, Metairie, Louisiana, was added. Since a ten-liter working
volume was utilized, a ten-day hydraulic retention time was assumed for
aerobic digestion. Sludge parameters monitored included suspended solids,
volatile suspended soldis, pH, dissolved oxygen, and oxygen uptake rate.
After the digesters obtained equilibrium, the reactors were spiked at time
zero with Ascaris suum and Toxocara canis eggs. Samples were then collected
every two days over a ten day period, and analyzed for types, concentrations,
and conditions of parasite eggs. The efficiency of the digesters for
parasite egg destruction was evaluated on the basis of the number of eggs
recovered from the sample and the percentage of these that were viable.

Phase II - Lime Stabilization and Ammonification of Aerobic Digested Sludge

The effects of lime-stabilized aerobic-digested sludge on parasite eggs
were examined using the aerobic-digested sludge and the surviving parasite
eggs from the previous reactor experiment. Lime concentration of 0, 100,
1000 and 3000 milligrams of calcium hydroxide per gram of suspended solids
were utilized depending on the lime's ability to maintain a pH greater than
ten for fluctuating periods of time. The lime experiments were conducted
over 20 days under both aerobic and anaerobic conditions.

The limed-aerobic-sludge experiment was effected by aerating 1700 ml of
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digested sludge 1n plexiglass cylinders which were 45.7 cm in height by 15.2
cm I.D. with 12.7 mm thick walls. Air was supplied to the sludge by sparging
compressed air through 25 4 mm long aquarium air stones. Complete mixing of
the sludge was accomplished by using fan-cooled stirrers with two propellers
on each shaft. The units were covered to reduce the release of aetrosols that
could contain parasite eggs.

The effect of lime stabilization under anaerobic conditions on Ascaris
eggs were studied bv adding various lime dosages to 800 ml of the aerobically
digested sludge from the previous experiment. These limed sludges were
placed in one liter screw-top plastic bottles and the bottles were shaken two
to four times daily to mix the contents.

Samples were taken every five days and analyzed for parasite egg con-
centration, parasite viability, pH. suspended solids, and volatile suspended
solids. Evaluation for the effectiveness of lime stabilization on parasite
egg destruction was determined on the basis of percent viable eggs per sample
and percent reduction in parasite eggs.

The influence of free ammonia on parasite egg destruction was also
evaluated. Aerobically-digested sludge spiked with Ascaris suum and Toxocara
canis eggs before digesting were employed, Varying concentrations of ammonium
sulfate were added to 800 ml of sludge in air-tight, one liter, screw-cap
plastic bottles in order to keep the generated NHj in contact with the sludge
instead of allowing volatilization. At a lime dose of 3000 mg/l, concentra-
tions of ammonium sulfate applied to these sludges were 0, 600 and 5000 mg per
gram of suspended sclids. The lime was employed to keep the pH greater than
10.4, which is above the pKa (approximately 9.4) of NH4+ and NH5. By raising
the pH to greater than 9.4, the predominant form of ammonia is the more toxic
uncharged ammonia. The reactors were sampled every five days for 20 days and
analyzed for NHj3, suspended solids, volatile suspended solids, parasite egg
concentration and viability.

Phase III - Anaerobic Sludge Digestion

The effect of continuous anaerobic sludge digestion on parasite eggs
was investigated at various temperatures. The anaerobic digester design was
similar to that for aerobic sludge digestion, except for the exclusion of air.
A lead acetate bubbler was used following the Kjeldahl condenser to trap H,S
in the off gasses. The digesters were started up with anaerobic sludge from
an operating anaerobic digester at the Camp Plauche Sewage Treatment Plant in
New Orleans, Louisiana, and fed with primary and return activated sludge mix
(50/50 by-volume) from the Helois Sewage Treatment Plant. The digesters were
fed one-and-a-half liters of feed sludge every two days. A 15-day hydraulic
retention time was therefore obtained. Temperatures of ambient, 35°C, 45°C,
and 55°C were maintained throughout the study period. The sludges were
monitored for temperature, gas production, suspended solids, volatile sus-
pended solids, pH, and total organic¢ acids (volatile acids). After the diges-
ters had reached equilibrium, Ascaris suum and Toxocara canis eggs were added.
Samples were taken every second day for fifteen days (day 1, 3, 5, 7, etc.).
The samples were analyzed for concentration and viability of parasite eggs, as
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well as the previously mentioned physical and chemical parameters. Evaluation
of the inactivation of parasite eggs was made on the same basis as that for
the aerobic digestion experiments.

Phase IV - Ammonification of Anaerobic Digested Sludge

The influence of high free ammonia concentrations 1in anaerobically di-
gested sludges on parasite eggs was examined. This experiment was carried out
using the same methodology as elucidated in Phase II for the ammonification of
aerobically-digested sludge; the anaerobic-digested sludge from the previous
experiment was utilized. Sodium hydroxide was used instead of lime to raise
the pH of the sludge above 10.4.

Phase V -~ Sonication of Parasite Eggs

This phase was concerned with the effects of contact time, sound wave
frequency and intensity on the inactivity of Ascaris suum and Texocara eggs.
Sonic frequencies were controlled with 20, 50, and 80 kHz-sonic transducers,
each with a wattage range of 0 to 100 watts.

Initially, the optimum wave frequencies and intensities for the destruc-
tion of Toxocara eggs in distilled water was ascertained. This study was
carried out by exposing, in 200 ml beakers, Toxocara eggs in 100 ml of dis-
tilled water to 20 kHz and 10 watts for contact times from 30 seconds to 5
minutes. The samples were directly examined and evidence of parasite egg
destruction noted. Subsequent runs were made in the same manner, with the
exception that the wattage was increased 20 watts each time until a limit of

100 watts was attained.

The effects of sonication on Ascaris eggs was determined by the same pro-
cedure. The optimum wave frequencies and intensities found to destroy
Toxocara eggs were employgd_to observe effects on Ascaris eggs.

Some of the samples in which there was no apparent egg destruction, yet
which were exposed to wave frequencies and intensities near the optimum, were
incubated for a one to two week period, then examined for possible embryo de-
velopment.

PARASITOLOGIC TECHNIQUES

Test Organisms

In experimental studies on the effects of different sludge treatment pro-
cedures on parasites, two different test parasites were used, eggs of Ascaris
suum and eggs of Toxocara canis. In the initial experiments, the A. suum
eggs were obtained from the uteri of live worms that were recovered from the
intestines of naturally infected pigs. The live worms were obtained from the
Bryan Packing Co., West Point, Mississippi, and kept in a refrigerator until

used. Usually within one or two days after they were received, the female
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worms were opened and the anterior one-third of each uterus was removed. The
collected pieces of uteri were placed in distilled water in a Waring blender
and homogenized for about 30 seconds. The homogenate was then passed through
several layers of cotton gauze to remove the larger particles. The resultant
suspension of eggs was used immediately or was stored in the refrigerator
until needed. The eggs that were added to test digesters were quantitated by
the dilution-egg-count technique. A suspension of eggs was added to a Stoll-
dilution-egg-count flask and measured aliquots of the thoroughly mixed sus-
pension were transferred to microscope slides. The eggs in the aliquot sample
were counted and the number of eggs per milliliter of suspension was then
calculated.

Several problems were encountered when Ascaris eggs were obtained from
the uteri of live worms for use in the 1nitial efficiency testing of the
parasite analysis technique. These eggs were very sticky and tended to clump
together and to adhere to glassware. The clumping of the eggs made quantita-
tion difficult since it was not possible to completely break up the clumps
and obtain a homogenous suspension. This problem was also described recently
by Jackson et al. (24). One method of preventing uterus-derived eggs from
sticking together is to remove the outer layer of the shell. This can be
accomplished by treating them with an aqueous solution of sodium hypochlorite
(bleach) or sodium hydroxide. However, eggs which have been decoated in this
manner have different shell characteristics from those that occur naturally
in sewage sludges, and consequently, results obtained by using decoated eggs
may be misleading.

The sticky nature of uterus-derived Ascaris egg is apparently due to the
characteristic nature of the outer layer of the shell. According to Momné
(87) the outer layer of the Ascaris egg within the uterus of a worm is a
jelly-1like coat that is composed of protein, mucopolysaccharides, and poly-
phenols. During or after the depostion of the eggs by the worm, this outer
layer is hardened and tanned by the oxidation of the polyphenols to quinomnes,
probably through an enzymatic reaction. An attempt was made to artificially
harden and tan the outer shell of uterus-derived eggs but results were not
successful. Eggs were exposed to bile salts, alkaline solutions, and alkaline
solutions containing an oxidant and some success was achieved in hardening
the outer shell but this only caused the eggs to clump together more firmly.

After it was determined that Ascaris eggs taken directly from the uteri
of worms were not suitable for use as test organisms in the experimental
studies (see discussion of laboratory studies on aerobic digestion), eggs were
then obtained from the intestinal contents of naturally infected pigs. The
contents of the intestines of infected pigs being processed at a slaughter
house in Alabama were collected in large containers and transported to our
laboratory in New Orleans. The intestinal contents were initially washed in
tap water by repeated sedimentation and resuspension in water. After the
supernatant was clear the sediment was passed through a series of graded
sieves (10, 20, 30, 100 and 150 mesh) to remove the larger particles. The
sieved material was stored in water in the refrigerator until used. The eggs
in this suspension were quantitated by the procedure described above.
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Toxocara canis eggs were obtained from the feces of naturally infected
puppies. Fecal samples containing T. canis eggs (provided by a local veter-
inarian) were homogenized in tap water with the aid of a stirrer. The re-
sulting fecal suspension was processed by the same method that was used for
the fecal contents of pigs as described above.

EXAMINATION TECHNIQUES

The techniques used for the parasitologic examination of sludge samples
from the experimental studies of aerobic and anaerobic digestion, lime sta-
bilization, and ammonification were the same as those used for examining
sludge samples from the municipal treatment plants (Appendix C) with the ex-
ception that the lime-~stabilized sludges were neutralized before concentrating
the parasites. In the initial lime stabilization experiments (Table E-4) each
sample from the digester was mixed with about 900 ml of 0.2 N (H,804) to
neutralize the lime and stop any further action on the parasite eggs. In
samples containing higher lime dosages, this neutralization caused formation
of large amounts of precipitate (CaSO4). This precipitate made it difficult
to process the specimen by the parasitologic technique and may have adversely
affected the recovery of eggs. In subsequent experiments (Tables E-4, E-5 and
E-6)the samples were neutralized with 0.1N HNO3 and the problem of precipitate
formation was eliminated.
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SECTION 6

RESULTS AND DISCUSSION

INTRODUCTION

This research included both field and laboratorv studies The field
studies consisted of a year-long investigation of parasites in demestic waste
sludges 1in the southern United States. This investigation has resulted in
new information concerning: 1) the types and concentrations of resistant
stages of parasites in southern domestic sludge: 2) the seasonal fluctuation
of these parasites in sludge; 3) the influence of climate on the parasites;
4) the effect of abattoir wastes on parasite content: and 5) other factors

affecting the prevalence and persistence of parasites in sludges. Laboratory
lnvestigations were conducted on the effect of select siudge treatment processes

on” the 1nact1vat10n of paraclte eggs and cysts found 1n sludges. The treatment

processes stud1e° were aerobic and anzerobic digestion, lime stabilization,
amnonLFlcgtlon, °on1cat10n and various combinations oif these processes.

FIELD STUDIES

Parasitologic Findings

The results of the parasitologic examination of sludge samples collected
from the 27 municipal plants are presented in Tables 7 through 12. It will be
noted that many of the eggs or cysts of parasites found in sludges were iden-
tified only to genus or type. This is because the resistant stages of close-
ly related parasites are often so similar that it is not possible to tell them
apart. For example, the eggs of Ascaris lumbricoides and A. suum are in-
distinguishable and, consequently, when Ascaris eggs are found 1t is not
possible to determine to which of these two species they belong. The prob-
able identity of each type of helminth egg and protozoan cyst found in
sludges is shown in Table 7.

TABLE 7. PARASITES FOUND IN SLUDGE SAMPLES FROM
27 MUNICIPAL PLANTS IN SOUTHERN UNITED STATES

Parasite Found Probable Identity Definitive Host
Ascaris eggs Ascaris lumbricoides1 Humans
Ascaris suuml Pigs
Toxocara eggs Toxocara canis? Dogs
Toxocara catis Cats
(continued)
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TABLE 7. (continued)

Parasite Found

Probable Identity

Definitive Host

Trichuris trichiura eggs

Trichuris vulpis eggs

Toxascaris-like eggs

Ascaridia-like eggs

Trichosomoides-like eggs

Cruzia-like eggs

Capillaria spp. eggs
(3 or more types)

Hymenolepis diminuta eggs

Hymenolepis nana eggs

. Hymenolepis sp. eggs

Taenia sp. eggs

Acanthocephalan eggs

Entamoeba coli-like cysts

Giardia cysts

Coccidia oocysts

Trichuris trichiura
Trichuris suis>

Trichuris vulpis

Toxascaris leonina

Ascaridia galli
Heterakis gallinae

Trichosomoides crassicauda

Anatrichosoma buccalis

Cruzia americana

Capillaria hepatica
Capillaria gastrica

Capillaria spp.
Capillaria spp.
Capillaria spp.

Hymenolepis diminuta

Hymenolepis nana

Hymenolepis spp.

(poss. more than one
species)

Taenia saginata4
Taenia pisiformis
Hydatigera taeniseformis

4

Macracanthorhynchus
hirudinaceus

Entamoeba coli5
Entamoeba spp.

Giardia lamblia
Giardia spp.

Isospora spp.
Eimeria spp.
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Humans
Pigs

Dogs
Dogs and Cats

Domestic poultry
Domestic poultry

Rats
Opossums

Opossums

Rats
Rats
Domestic poultry
Wild birds
Wild mammals
(opossums, raccoons,
etc.)

Rats
Humans and rodents
Domestic and/or wild

birds

Humans
Cats
Dogs

Pigs
Humans
Rodents, etc.

Humans
Dogs, cats, mammals

Dogs, cats
Domestic and wild
birds, mammals



TABLE 7. (continued)

of A. lumbricoides and A. suum are indistinguishable.

1 Egzs
2 Toxocara eggs were probably mostly T. canis.
3. I. s.is egzs orobably only rarely seen.
4. Zzgs oI tiese vorms are indistinguishable.
5. An i1ncastinal aroeba that is a commensal, not a parasite.
TABLE 8. NUMBER OF MUNICIPAL PLANTS IN WHICH EGGS OF ASCARIS, TOXOCARA,
TRICHURIS TRICHIURA AND TRICHURIS VULPIS WERE FOUND (27 PLANTS STUDIED)
Parasite ':‘all1 Winter Spring Summer Entire
Year
Ascaris 17?/253/264 22/25/26 14/26/27 14/25/25 26/27/27
Toxoccara 11/22/24 17727727 9/24/24 9/23/25 23/27/27
Trachuras
trichiura 6/10/16 8/12/18 7/10/19 6/10/16 12/15/26
Trichuris 19/21/22 19/23/24 19/23/26 12/24/25 25/26/27
vulpis -
1 Samples from only 26 plants examined in fall. ’
2 Number of plants in which viable eggs were found in treated sludges.
3 Number of plants in which viable eggs were found in any sludge sample.
4 Number of plants in which viable or non-viable eggs were found in any

sludge sample.

TABLE 9. MISCELLANEOUS PARASITES FOUND IN SLUDGES FROM 27
MUNICIPAL TREATMENT PLANTS SAMPLED

Parasite No. Plants in
which found

Toxascaris leonina eggs 2
Ascaridia-like eggs 7
Trichosomoides-like eggs 7
Cruzia-like eggs 1
Capillaria eggs (shells with pits) 7
(continued)
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TABLE 9. (continued)

Parasite No. Plants in
which found

Capillaria eggs (shell with striations) 11
Hvmenolepis diminuta eggs 23
Hymenolepis nana eggs 6
Taenia sp. eggs 1
Acanthocephalan eggs 1
Entamoeba coli-like cysts 23
Giardia cvsts 9
Coccidia oocysts 6
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TABLE 10. AVERAGE NUMBER OF ASCARIS, TOXOCARA, TRICHURIS TRICHIURA AND
TRICHURIS VULPIS EGGS FOUND IN PLANTS IN EACH GEOCRAPHIC RECION IN EACH SEASON

oY

Parasite Eggs

Geographic Region2 Trichuris Trichuris
(No. of Plants) Season Ascaris Toxocara trichiura vulpis
Standard Standard Standard Standard
Average Deviation Average Deviation Average Deviation Avcrage Deviation

1 Fall 2,100 4,200 800 1,100 100 300 300 500

(8) Winter 1,600 3,100 600 600 100 200 100 200
Spring 1,700 3,400 600 1,300 600 1,100 400 500

Summer 2,700 8,100 500 1,000 300 400 200 500

1I Fall 12,900 16,000 900 1,100 7,000 13,600 1,100 1,600

(5) Winter 12,200 14,000 700 800 4,200 10,400 1,000 1,100
Spring 10,700 11,000 800 1,300 12,300 27,100 1,400 1,100

Summer 7,000 7,000 800 1,700 3,200 4,300 800 1,200

II1 Fall 3,500 5,300 900 1,300 100 200 300 600

&) Winter 2,900 4,100 1,300 1,000 100 200 700 600
Spring 1,800 3,600 1,000 600 100 300 400 500

Summer 1,600 1,900 900 1,500 100 100 700 800

v Fall 3,300 3,700 900 1,300 100 500 200 300

(7 Winter 6,600 7,300 2,200 1,200 1,100 2,700 1,600 3,100
Spring 5,500 8,200 2,000 1,900 2,800 7,700 1,300 1,600

Summer 11,500 14,400 1,700 2,500 900 2,200 1,000 1,300

1 Plant number 7 excluded.

2 See Figure 2 for description of geographic regions.

3 Average no. eggs/kg dry weight of sludge. Numbers rounded off to nmearest 100. Includes viable and
non-viable eggs in primary, secondary or treated sludges.
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TABLE 11. AVERAGE NUMBER OF VIABLE EGGS OF ASCARIS, TOXOCARA, TRTICHURIS TRICHIURA AND
TRICHURIS VULPIS FOUND IN RAW SLUDGES (PKIMARY AND SECONDARY) IN PLANTS IN EACH
GECGRAPHIC REGION IN EACH SEASON!

Parasite
Geographic Season Ascaris Toxocara Trichuris Trichuris
Region Spp. Spp- trichiura vulpis
- Standard Standard Standard Standard
Average3Deviation Average Deviation Average Deviation Average Deviation

1 Fall 3,600 5,700 1,600 1,000 100 400 400 600
Winter 2,800 4,100 1,100 600 100 300 100 100

Spring 1,800 2,900 1,100 1,800 700 1,100 600 700

Summer 5,100 11,300 1,000 1,200 600 500 400 400

I1 Fall 7,500 4,600 1,300 1,300 800 1,000 600 700°
Winter 12,800 8,000 1,100 1,000 500 500 1,600 1,500

Spring 10,900 7,200 300 200 3,700 3,300 1,600 1,000

Summer 9,200 5,500 100 100 2,200 4,000 700 600

I1Y Fall 3,100 5,100 900 1,200 0 0 100 100
Winter 3,200 4,200 1,600 700 0 0 500 400

Spring 3,100 5,100 800 500 0 0 500 500

Summer 2,400 2,500 1,700 2,000 0 0 500 500

v Fall 4,400 4,500 600 900 0 0 100 200
Winter 7,800 © 8,300 3,200 1,300 200 200 900 1,200

Spring 9,400 11,100 2,800 900 5,800 11,300 1,800 2,200

Summer 11,100 13,300 1,300 1,100 200 400 1,400 1,700

1 Plant No. 7 excluded.
2 See Figure 2 for description of geographic regions.
3 Average number of viable eggs/kg dry weight of sludge. Numbers rounded off to nearest 100.
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TABLE 12. AVERAGE NUMBER OF VIABLE EGGS OF ASCARIS, TOXOCARA, TRTCHURIS TRICHIURA, AND
TRICHURIS VULPIS FOUND IN TREATED SLUDGES IN PLANTS IN
EACH GEOGRAPHIC REGION IN EACH SEASONI

Parasite
Geographic Season Ascaris Toxocara Trichuris Trichuris
Region2 SPP- spp. trichiura vulpis

Standard Standard Standard Standard

Average3Deviation Average Deviation Standard Deviation Average Deviation

1 Fall 600 600 100 100 100 100 200 200
Winter 400 500 100 100 100 100 200 200

Spring 1,700 4,000 100 300 500 1,200 200 200

Summer 200 400 100 100 100 200 100 200

11 Fall 17,200 21,700 700 1,000 11,900 17,200 1,400 2,100
Winter 11,700 18,400 400 500 7,100 13,900 1,000 500

Spring 10,600 14,800 1,200 1,700 19,200 36,400 1,300 1,200

Summer 5,300 8,400 1,300 2,300 4,100 4,800 1,000 1,600

I1I Fall 3,800 5,900 1,000 1,600 200 300 600 700
Winter 2,700 4,500 1,100 1,200 200 200 800 700

Spring 600 1,400 200 400 200 400 200 500

Summer 900 1,000 300 500 100 100 800 900

v Fall 2,500 3,000 1,200 1,600 300 600 300 300
Winter 5,600 7,100 1,400 2,700 1,900 3,600 2,200 4,100

Spring 2,200 2,600 1,300 2,300 300 400 900 800

Summer 11,100 13,300 2,000 3,300 1,500 2,900 700 800

1 Plant No. 7 excluded.
2 See Figure 2 for description of geographic regions.
3 Average number of viable eggs/kg dry weight of sludge. Numbers rounded off to nearest 100.



As shown in Table 7, eggs identified as Toxocara were in most cases prob-
ably those of T. canis, the dog roundworm. The egg of T. cati. the cat round-
worm, is very similar to that of T. canis but can be d15t1ngu1shed from the
latter by the size of the pits in  the surface layer of the shell when viewed
under high magnification of the compound microscope. Because it would have
been an extremely tedious and time consuming task to have made a specific
identification of every Toxocara egg found, this was not attempted. However,
the impression gained from examining these samples was that most of the
Toxocara eggs found were those of T. canis. A similar situation exists in
the case of the eggs of Trichuris trichiura, the human whipworm, and the eggs
of T. suis, the swine whipworm, which are difficult to differentiate from
each other. However, the impression was that only a small percentage of the
T. trichiura-like eggs observed were those of T. suis.

Ascaris, Toxocara, Trichuris trichiura, and T. vulpis were the most
commonly encountered parasites. The occurrence of these parasite eggs in
sludges from the municipal plants sampled is summarized in Table 8. The
eggs of Ascaris, Toxocara and Trichuris vulpis, either viable or non-viable,
were recovered one or more times from each plant studied. Eggs of T. tri-
chiura were found in all but one of the plants. Viable eggs of Ascaris and
Toxocara were recovered at least once from every plant, and viable eggs of

vulgl and T. trichiura were recovered at least once from 26 and 15 plants
respectlvely

In Table 9, the other parasites, viable or non-viable, found in the
sludges are shown. Of these, Hymenolepis diminuta was most frequently found,;
its eggs were found in 23 of the 27 plants studied. Viable eggs of H. dimin-
uta were found in primary sludges in 15 plants and in treated sludges in 4
plants. H. diminuta is a tapeworm of rats, and its presence in sludge in 23
plants is an indication of the frequent occurrence of rats in or near sewer-
age systems and treatment plants. Other parasite.eggs that are most likely
to be from a rodent source include the Trichosomoides-like eggs and some of
. the Capillaria eggs. Hymenolepis nana eggs could have been from either
humans or rodents.

0f the protozoan cysts found in sludge samples Entamoeba coli-like cysts
were found most frequently. However, in only one sample, activated sludge
from plant 22, did any of these cysts appear to be viable. Since the cysts
of E. coli are more resistant to environmental conditions than are the cysts
of Entamoeba histolytica, the pathogenic amoeba of humans, it is unlikely that
any cysts of E. histolytica could, if present, pass through a sewage treat-
ment plant or " survive sludge treatment in a viable conditionm. E. coli-like
cysts were found in samples from 5 plants in the fall, 18 plants in the
winter, and 11 plants in each of the spring and summer collections. None of
the Giardia cysts found in any sample appeared to be viable. Giardia cysts
were found in samples from 2, 3, 4, and 5 of the 27 plants examined in the

fall, winter, spring and summer, respectively.

None of the cocecidian oocysts recovered appeared to be those of Toxo-
plasma gondii, the cause of toxoplasmosis in humans. However, the oocysts of
this protozoan are only 10 x 12 micrometers in size so it is possible that
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they were present in some samples but were overlooked in the examination.

Tables 10, 11, and 12 present data on the levels of eggs of Ascaris,
Toxocara, Trichuris trichiura, and T. vulpis in plants within each geographic
region as defined in Figure 2. Since the levels of Ascaris eggs in one plant
(number 7) were so very high due to abattoir waste (as explained later), the
data on this plant were not included. It can be seen that the human parasites
Ascaris and T. trichiura, were found in higher numbers during all seasons in
the sewage treatment plants sampled in Regions II and IV as compared to the
plants sampled in Regions I and III. Regions II and IV include the coastal
areas of the five states studied (See Figure 2). Due to the climate of this
region (high humidity and temperature) the potential of human parasite sur-
vival is very possible. The levels of the eggs of Toxocara and T. vulpis,
parasites of dogs (mostly), do not vary much either from one season to an-
other or in the different regions.

The higher densitv levels of the Ascaris eggs as compared to other
parasites are at least partly due to the higher fertility rate of this worm.
The female of Ascaris may produce over 200,000 eggs each day (24,51),
whereas the female of Trichuris or Toxocara produces only about 10,000 eggs
per day or less.

Densities of Parasites in Sludges

The total number of parasite eggs recovered from sludge samples in all
plants ranged from 0 to more than 230,000 eggs/kg dry weight of sludge, de-
pending on the parasites involved, source of sludge and specific season. The
average number of total parasite eggs present was found to be approximately
14,000/kg dry welght of sludge. The percentage of viable parasite eggs in
each sample ranged from 0% to 1007, but was generally greater than 45%. Even
though the concentration of total parasite eggs fluctuated over a wide range,
observations can be made as to the number of specific parasites which can be
expected for any given sludge as demonstrated in Table 13. Primary and
secondary undigested sludge samples were found to contain, in order of de-
creasing average concentrations: 9,700 Ascaris spp. eggs, 1,200 Toxocara
spp. eggs, 800 T. trichiura eggs, and 600 T. vulpis eggs/kg dty weight of
sample. However, the average numbers of these parasites in stabilized sludge
samples were found to be: 9,600 Ascaris spp. eggs, 2,600 T. trichiura eggs,
700 Toxocara spp. eggs, and 700 T. vulgi eggs/kg dry weight of sludge sample.
Other parasite eggs and cysts were observed in the sludge samples, but in low
concentration. Quantities of these four most prevelant parasites fluctuated
greatly as illustrated by the fact that the standard deviations of their
densities are greater than the observed averages and the ranges are from zero
to 10 times the average.

It is difficult to compare the levels of helminth eggs found in domestic
sewage sludges in the southern United States to those found in sludges in
foreign countries due to the different procedures used in examining the
sludges and the way the results are reported. In most cases, the reports
from foreign countries, as well as most reported from the United States, give
the number of eggs found per volume of liquid waste (liter, gallon, etc.) or
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TABLE 13. PARASITE CONCENTRATIONS IN PRIMARY AND SECONDARY SLUDGE AS
COMPARED TO TREATED SLUDGE

Parasite Nature of Sludgel Number of Viable and Percent Viable
Non-viable Eggs/kd Dry Eggs
Weight of Sampple

Average2 Standard Deviation Range

Ascaris spp. Primary and Secondary 9,700 26,300 200,000 - O 45
(human and pig g
roundworm) Treated 9,600 27,400 230,000 - O 69
Trichuris Primary and Secondary 800 2,900 26,000 - 0O 50
trichiura (human
whipworm) Treated 2,600 9,800 84,000 - 0 48
Trichuris vulpis Primary and Secondary 600 1,000 5,700 - O 90
(dog whipworm)

Treated 700 1,300 10,500 - 0 64
Toxocara spp. Primary and Secondary 1,200 2,300 5,400 - O 88
(dog and cat
foundworm) Treated 700 1,500 8,500 - 0 52

1 Primary and Secondary sludges include sludges from primary clarification, Imhoff digestion, activated
sludge, contact stabilization, and extended aeration. Treated sludges include sludges from mesophil-
ic aerobic and anaerobic digestion, vacuum filtration, centrifugation, lagoons and drying beds.

2 Numbers rounded off to nearest 100.



et weight (g, kg, etc.) and do not give the dry weight or amount of solids
1a the samples. However, 1t appears that the levels of helminth eggs in
southern United States sludges are, in general, lower than those that have
c2cently been reported from certain foreign countries although the sludges
Irom a few of the soutnern United States plants had comparable levels.

In 1976, Sadignian et al. (88) reported finding 1,000 to 13,000 Ascaris
2ggs ner gram of rarr serage and 14.000 to 25,000 Ascaris eggs per gram of
orocessed sludge in the sewage treatment facilities in Isfahan, Iran. They

also found 500 to 1,300 Trichuris eggs per gram of raw sewage. This appears
to be one of the highest levels of helminth eggs ever reported in sewage
sludge.

In municipal wastes of Lbdoé. Poland. Gadomska et al. (89), in 1975,
found 428 helminth eggs (ascaris, Trichuris. Toxocara and Taenia) per kilo-
gram of raw municipal sevage. In Smolensk, U.S.S.R.. Asvin and Lagutina (90),
in 1976, found an average of 3.7 eggs of Ascaris and Trichuris per liter of

raw sewage and 60 eggs per kilogram of sewage sediment.

In Plant ¥o. .. —hich had the highest levels of Ascaris eggs of the
southern United States plants studied in this project, an average of about
1,800 Ascaris eggs per liter was found in primary sludges and an average of
about 45 Ascaris ezggs per gram (wet weight) was found in drying bed sludges.
In another southern plant (No. 18), as many as 1,200 Ascaris and 600
Trichuris trichiura eggs per liter of primary sludge and as many as 14 Ascaris
and 10 T. trichiura egzs per gram (wet weight) of drying bed sludges were
found. Most other United States plants were well below these levels.

The Influence of Abattoirs on Parasite Concentration

Of the plants included in this study only one, plant number 7, was found
to have very high levels of Ascaris eggs in the sludges. Further study of
this plant revealed that there was an abattoir in the community that processed
large numbers of swine and that the wastes from the plant entered the munici-
pal sewer system. In Table 14, the levels of parasite eggs in the sludges
from this plant are compared with 6 plants of similar size from the same geo-
graphic area (Area IV). In the plant receiving abattoir wastes (plant number
7) an average of 81,800 Ascarils eggs/kg dry weight of sludge was recovered
while in the 6 plants receiving little or no abattoir wastes an average of
only 7,900 Ascaris eggs/kg dry weight sludge was recovered. The Ascaris eggs
entering plant number 7 were undoubtedly mostly A. suum eggs that came from
infected swine processed in the abattoir. 1t is interesting that the level
of the T. trichiura-like eggs was nearly the same in each plant. This would
indicate that few if any of these eggs were those of T. suis, the swine
whipworm. Toxocara eggs densities were slightly lower in sludges from plant
number 7 as compared to the other plants; but it is doubtful that this is
significant.

Relationship of Treatment Plant Site to Parasite Concentrations

On the basis of the collected data, there was no correlation between egg
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TABLE 14, INFLUENCE OF ABATTOIR WASTES ON PARASITE CONCENTRATTONS
IN PRIMARY AND SECONDARY SLUDGES

Average No. of Viable

Parasite Significant Source and Non-Viable Number of
Eggs Contribution Egps/kg Dry Weight of Sludge1 Plants
2
Ascaris spp. Domestic 7.900 6
(human and pig 3
roundworms) Abattoir™ - 81,800 1
Trichuris trichiura Domestic 1,500 6
or
Trichuris suis Abattoir 1,600 1
(human or pig
whipworms)
Toxocara spp. Domestic 1,800 6

(dog and cat
roundworms) Abattoir 500 1

1 Numbers rounded off to nearest 100.

2 Domestic plants found in Geographic Area 1V.

3 Treatment plant in Geographic Area IV receiving waste from large swine slaughter and packing
houses.



densities and plant size. Even though the smaller plants serving more rural
populations would be expected to have higher densities of parasites in the
sludge, this phenomena was not observed.

Effects of Sludge Treatment Processes on Parasites

The results of this iavestigation on parasites in southern domestic
sludges indicate tnat, in general, conventional sludge stabilization treatment
processes (e.g., mesophilic anaerobic or aerobic digestion) are not com-
pletely effective in destroying parasite eggs (Table 15 and Figure 3). Drying

beds, however, appear to be very effective 1n destroying parasites. The
concentration procesces of vacuum filtration ana ceuntrifuvgrtion appear

to remove or destroy eggs but due to the lou numker of sanples analyzed,

this effect is somewhat questionable. Because these processes only remove

water in a short processing- period, there is little reason to expect them to
significantly reduce the numbers of parasite eggs. In fact, the parasite
eggs densities should increase during the dewatering process. One reason for
lower concentrations may be due to the use of conditioners (inorganic elec-
trolytes) that can bind eggs to sludge particles or destroy them indirectly by
changes in pH, dissolved oxygen, oxidation-reduction potential, ammonium
levels, etc.

In the field investigation, there was a great deal of data collected omn
influent raw sludges and drying bed treated sludges were the only stabili-
zation of these sludges was either aerobic or anaerobic digestion under
ambient or mesophilic temperatures. These results are shown in Table 16.
During winter and fall, parasite 1inactivation tended to be most
variant. In Figure 4, the reduction in numbers of the four predominant para-
site eggs is plotted with respect to the drying bed process with no differen-
tiation between aerobic and anaerobic stabilization. Except for Toxocara,
the densities of all parasite eggs were reduced to a greater extent in the
summer and the spring than they were in the fall and winter. Figures 5 and 6
indicate the influence of anaerobic and aerobic digestion on drying bed treat-
ment for parasite eggs. A reduction in effectiveness during the winter and
fall was noted with anaerobically digested sludges, yet with aerobically
digested sludges, a seasonal influence was noted only with T. trichiura.

Although it would appear from these data that the eggs of Trichuris
trichiura and T. vulpis are more resistant to sewage treatment processes
than are the eggs of Ascaris and Toxocara, this may not be true. The via-
bility of all eggs in this study was judged on the basis of morphologic

criteria as described in an earlier section. It is possible that this
method is less reliable for determining the state of viability.of the eggs
of Trichuris than for Ascaris or Toxocara. If this 1is true,

then it could affect the results presented here. While good correlation was
obtained between the estimation of the viability of Ascaris eggs by the
method of using morphologic criteria and the method of culturing the eggs as
reported elsewhere in this study, there was no opportunity to compare the two
methods for ‘estimating the viability of Trichuris eggs. Skrjabin
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TABLE 15. AVERAGE PERCENT REDUCTION OF VIABLE PARASITE
E6GS BY UNIT PROCESSES!

Process Ascaris Toxocara Trichuris Trichuris
Lrichiura vulpis
Aerobic Digestion 6 9 1 7 Number of Plants
(121) (167) 100 11 Reduction %
130 82 - 100 Standard Deviation
Anaerobic Digestion 6 3 4 5 Number of Plants
(118) (36) (97) 12 Reduction %
109 171 204 105 Standard Deviation
Drying Bed (After 6 8 - 6 Number of Plants
Aerobic Digestion) 75 96 - 77 Reduction 7%
57 9 - 41 Standard Deviation
Drying Bed (After Anae- 5 4 1 5 Number of Plants
robic Digestion) 97 97 100 93 Reduction %
3 6 - 9 Standard Deviation
Dewatering
Thickening 3 3 - - Number of Plants
(110) 6 - - Reduction %
222 55 - - Standard Deviation
Vacuum Filtration 3 3 1 3 Number of Plants
61 (10) 100 44 Reduction %
27 109 - 79 Standard Deviation
Centrifugation 2 3 1 2 Number of Plants
37 53 100 62 Reduction 7%
71 67 - 54 Standard Deviation

l( )= Negative reduction, i.e., percent increase
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sites increased after the process.)
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TABLE 16.

PERCENT REDUCTION OF

TIA3L

TOTAL SLUDGE TREATMENT PROCESSES

E PARASITE EGGS BY

Process Ascaris Toxocara I. tricniura I. vulpis

(Period)

Total 67/76/692 9L/28/74 39/118/286 55/87/58
Fall  33/101/16 82/39/16 31/87/7 (1)3/135/8
Winter 36/108/17 89/37/22 (26)/196/7 7/103/16
Spring 87/16/18 95/14/19 80/28/6 70/41/18
Summer 84/26/18 98/6/17 93/15/5 74/49/16

dAerobic 70/45/13 90/21/16 (25)/105/4 63/46/11
Fall 97/5/3 69/34/3 (66)/~/1 8l1/-/1
Winter 34/60/4 98/31/4 (155)/-/1 48/74/2
Spring = 82/37/4 88/25/5 54/-/1 63/44/4
Summer 80/29/2 100/0/4 67/-/1 68/54/4

Anaerobic 66/83/55 91/31/55 52/119/21 34/96/43
Fall 49/111/13 83/42/12 48/82/6 (31)/145/6
Winter 37/121/13 86/42/17 (5)/206/6 (7)/113/13
Spring  89/24/14 98/6/14 85/27/5 71/42/13
Summer  84/28/15 97/7/12 100/0/4 74/51/11

l Aerobic or anaerobic digestion followed by drying beds.

2 Average/standard deviation/number of samples.

3 Numbers 1in parentheses represent percent increase.
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Figure 4. Percent reduction of viable parasite eggs in drying bed
devatered sludges following anaerobic or aerobic stabilization
as compared to densities in raw sludge versus seasons and
yearly averages.
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Figure 6. Percent reduction of viable parasite eggs in dryiag bed
dewatered sludges following aerobic stabilization as compared
to dengities in raw sludges versus seasons and yearly averages.
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et al. (91) have reviewed the literature pertaining to the resistance of Tri-
churis eggs to various environmental conditions. They report that ascarid
eggs are more resistant to most natural conditions than are trichurid eggs,
but that trichurid eggs are more resistant to ultraviolet radiation than are
ascarid eggs. It is particularly interesting that several workers have re-
ported that trichurid eggs are more susceptible to desiccation than are as-
carid eggs (91).

In figures 7, 8, 9 and 10, the percent reduction of the viable eggs of
Toxocara, Ascaris, T. trichiura and T. vulpis, respectlvely, after dewatering
or sand drying beds is plotted with reSpect to the type of sludge stabilization
process. The stabilization processes appear to have little influence on
Toxocara eggs, yet Ascaris eggs seem to be influenced slightly by aerobic
digestion (an increase of approximately 5 percent) Viable T. trichiura eggs
were reduced over 50% following anaerobic digestion but not by aerobic di-
gestion. The reduction of T. vulpis eggs was almost 30% greater following
aerobic digestion than after anaerobic digestion (Figure 10).

Survival of Parasites in Drying Beds

In 1943, Cram (15) reported that Ascaris eggs were not completely in-
activated in sludge drying beds unless the moisture content was less than
five percent. Other researchers commenting on this observation (4,42) have
speculated that the inactivation of Ascaris eggs noted by Cram was primarily
due to desiccation. In the present study, inactivation of viable Ascaris
eggs in sludge drying beds was observed at moisture concentrations well above
5 percent as shown in Figures !l and 12. The inactivation of Ascaris in
drying beds is probably due to more than desiccation alone. Factors such as
temperature, oxygen content, solar radiation, exposure time, etc., may also
affect survival of the eggs. In the previous section, it was also noted that
the type of sludge stabilization process to which eggs have been subjected
may affect subsequent survival in sludge drying beds.

The influence of moisture content of sludges in drying beds was evalu-
ated by comparing the densities of Ascaris eggs in drying bed-sludges of
different moisture contents to the densities in the raw sludge from the same
plant. These field data, divided into four categories (0-20, 20-40, 40-60,
and >60% moisture content) were statistically analyzed by using a mu1t1p1e
regression analysis. The only regression curve fit which indicated a statis-
tically significant relationship between moisture content and Ascaris egg
survival was a log-log plot relationship. The results of this analysis are
shown in Table 17 and Figures 1l and 12. In general, these log-log functions
were statistically significant with correlation coefficients ranging from
0.914 to 0.827 for viable Ascaris eggs and 0.768 to 0.753 for the total
Ascaris eggs (viable and non-viable).

The inactivation of viable Ascaris eggs in southern drying bed sludges
was observed to be over 80% at moisture contents of 60%Z. As shown in Figure
11, the inactivation of Ascaris eggs was observed to increase exponentially
at lower moisture concentrations. The increase inactivation observed at
relatively high moisture levels was probably due to a synergistic effect of
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Figure 7. Percent reductioa of viable Taxocara eggs ia drying
bed dewatered sludges following anaerobic, aerobic or both

stabil{zation processes as comoared to parasites in raw
sludge versus season and vearly average.
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bed dewatered sludges following anaerobic, aerobic or both

stab{lizaction processes as compared to parasites 1in raw
sludge versus season and yearlv average.
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desiccation, temperature, solar radiation, ete. Currently, research is on-
going at Tulane University to quantitate the effects of these various factors
on the survival of helminth eggs in drying bed sludges.

TABLE 17. STATISTICAL DATA ON REGRESSION ANALYSIS FOR LOG-LOG PLOTS
ON VIABLE AND TOTAL ASCARIS EGGS COMPARING PARASITE DENSITIES FROM
THE RAW SLUDGE TO FINAL DRYING BED SLUDGES

Ascaris Eggs Moisture Content Function Correlation
(Total or Viable) (Percent) (Log-Log) Coefficients
(1)

Viable 0-20 y(l)= -3.89 + 0.662x(2) 0.824
Viable 20-40 y = =-8.22 + 1.364x 0.824
Viable 40-60 y = -7.41 + 1,.588x 0.824
Viable >60 y = =2.41 + 1.24x 0.824
Total 0-20 y = =0.94 + 0.425x 0.753
Total 20-40 y = =2.79 + 0.925x 0.753
Total 40-60 y 3 =4,56 + 1.372x 0.753
Total >60 y = 1.78 + 0.851x 0.753
Viable 0-15 y = -0.623 + 0.265x 0.914
Viable 15-40 y = =3.173 + 1.455x 0.914
Viable >40 y = 1.047 + 0.670x 0.914
Total 0-15 y = 1.87 - 0.394x 0.768
Total 15-40 y = ~1.68 + 1.046x 0.768
Total >40 y =-0.98 + 1.176x 0.768

. (l)y = Log at parasite egg density in drying bed (ffeggs/kg dry wt.).
(2)x = Log at parasite egg density in raw sludge (#eggs/kg dry wt.).

The densities of total Ascaris eggs were found to decrease substantially
when the moisture content of the drying bed sludges was less than 60% (Figure
12). As the moisture content decreased the total number of viable and non-
viable Ascaris eggs also decreased, but the reduction was not exponential as
was noted with only viable Ascaris eggs.

The relationship between viable eggs as a percentage of total eggs of
Ascaris and Toxocara and moisture content in drying beds is shown in Figure
13. Ascaris eggs were found to be more resistant than Toxocara eggs to the
effects of decreasing moisture contents. The 100 percent inactivation of
Ascaris eggs was graphically estimated to be at approximately 23% sludge
moisture content, and for Toxocara eggs at a moisture content of about 35%.
The correlation coefficients were 0.71 and 0.54 for viable Ascaris and Toxo-

cara eggs, respectively. Because of these low correlation coefficients and
the wide scatter in data points at low moisture contents, these estimates
should be taken as an indication of only general trends.
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The viability of Ascaris and Toxocara eggs in drying bed sludges as
related to moisture content was also analyzed for each season of the year.
Table 18 lists for each season the moisture content of sludge drying bed
samples in which no viable Ascaris or Toxocara eggs were observed. The mois-
ture concentrations where the total Ascaris or Toxocara eggs were inactivated
were found to be 5 percent in the fall, 7 percent in the winter, 8 percent
in the spring, and 15 percent in the summer. Only during the summer did
there appear to be any substantial change. The number of drying bed samples
in which both Ascaris and Toxocara eggs were found non-viable followed an
expected trend in regard to season; i.e., 7 samples in the fall, 4 samples
in the winter, 12 samples in the spring, and 14 samples in the summer. In
Figures 14 and 15, the percentages of viable Ascaris and Toxocara eggs,
respectively, recovered from drying bed sludges are plotted against moisture
content by season. These plots were not found statistically significant
and it is probable that many other factors influence the inactivation of
these eggs.
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TABLE 18. THE INFLUENCE OF DRYING BEDS TO COMPLETELEY INACTIVATE ASCARIS, TOXOCARA, OR BOTH LGGS
WITH RESPECT TO SEASON AND MOISTURE CONTENTS.

SEASON NUMBER OF DRYING NUMBER OF SAMPLES NUMBER OF SAMPLES LOWEST MO1STURE NUMBER OF SAMPLES
BED SAMPLES WITH NO VIABLE WITH VIABLE EGGS CONTENTS BELOW WLTH NO VIABLE
ANALYZED EGGS ABOVE MINIMUM WHICH NO VIABLE ECGCGS AT OR BELOW
) MOISTURE CONTENTS EGGS OBSERVED LOWEST MOISTURE
CONTENTS

FTor Both Ascaris and ‘loxocara LEggs

Fall 24 7 17 5% 1
Winter 22 . 4 18 7% 1
Spring 22 12 10 8% 8
Summer 21 14 7 15% 8

Ascaris Epgs Only

Fall 21 7 14 5% 1
Winter 22 5 17 7% 1
Spring 22 12 10 B 8
Summer 21 14 7 154 8

Toxocara Eggs Only_

Fall 24 12 12 5% 1
Winter 22 12 10 21% 3
Spring 22 17 5 21% 11

Summer 21 18 3 207 10
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Mass Balance of Ascaris Eggs Through a Secondary Wastewater Treatment Svstem

One municipal wastewater treatment plant which had high densities of
parasites in the influent raw wastewater due to the contribution of abattolrr
wastewater was evaluated for a mass balance of parasite eggs through each of
its major unit processes. Unit operations at the plant consisted of contact
stabilization, aerobic sludge stabilization and sludge drying beds as shown 1n
Figure 16. Concentrations of Ascaris eggs were highest prior to peak flows
during early morning and late afternoon; whereas general municipal constit-
uents fluctuated as expected (Table 19). A possible explanation of this
phenomena is that the Ascaris eggs originating from the abattoir discharge
settled in the sewage lines until high flows <caused suspension and con-
veyance to the treatment plant.

The secondary clarifier was observed to remove 91 to 98% of the Ascaris
eggs in the contact stabilized effluent. As shown in Table 20, 5 to 51
viable Ascaris eggs per liter of effluent were discharged into a receiviag
creek. The percent removal of parasite eggs varied with clarifier overflow
rate as illustrated in Figure 17. As the overflow rate increases through the
clarifier, the parasite eggs are scourged along with light solids over the
weir into the final effluent.

The Ascaris eggs removed by secondary clarification are recycled with
the influent sewage in the return gludge, thus effectively concentrating the
eggs in the contact stabilized and reaerated sludge. Therefore, it would
appear that treatment plants utilizing contact stabilization, activated
sludge, or extended aeration, tend to equilibrate the parasite eggs in the
sludges of the treatment plant.

LABORATORY STUDIES
Introduction

The literature and recent research studies indicate that several domes-
tic waste treatment processes are capable of either removing or inactivating
eggs of parasites as shown in Table 3. The effectiveness of these processes
varies considerably depending upon the tyje of waste, climate, parasite. etc.

Laboratory studies on select wastewater sludges were conducted to de-
termine factors involved in the inactivation or the inhibition of parasite
eggs and cysts in sewage sludge. Bench scale results of continuous aerobic
and anaerobic sludge digestion, lime stabilization, ammonification, sonica-
tion, and combinations of the above processes for the destruction of Ascaris

suum and Toxocara canis eggs in sludges are discussed in the following:

Aerobic Digestion

The aeroblc dlgestion experiments were conducted at temperatures of
28°¢c, 35°, 45° C, and 55°C at a ten day hydraulic retention time. After the
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TABLE 19, WASTE CHARACTERISTICS OF INFLUENT RAW WASTEWATER
FOR PLANT RECEIVING ABATTOIR WASTE

Ascaris Content Chemical Oxygen Suspended Solids Flow Time
(#fviable eggs/1) Demand (mg/1) (mg/1) (MCD) (Hour)
257 416 550 0.9 0800

4 - 350 2.0 1400

29 904 700 2.6 2000

41 248 100 1.0 0200

2,933 64 100 1.6 0800

11 400 50 2.2 1400

176 784 400 2.4 2000

7 672 300 2.5 0200




TABLE 20.

EFFECTIVENESS OF SECONDARY CLARIFICATION TO REMOVE
ASCARIS EGGS FROM WASTEWATER FOR MASS BALANCE STUDY

Influent1 Effluent Removal Flow
(# viable Ascaris (¥ Viable Ascaris (%) (MCD)
Eggs/liter) Eggs/liter)

195 11 94.4 2.4
182 8 95.6 2.4
576 51 91.1 2.3
503 -2 - 0.7
207 5 97.6 1.8
331 11 96.7 2.2
299 11 96.3 2.7
1,041 18 98.2 0.8

1 Influent from contact stabilization process.

2 Sample lost.
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digesters had attained a steady condition (within two months), known numbers
of Ascaris and Toxocara eggs were added, at one time to the aerobic digesters
and at density levels that would be adequate for subsequent analysis. Raw
secondary sludge (2 liters) was added on a batch basis every other day after
2 liters of sludge was removed from the digester. Each sludge sample was an-
alyzed for density and viability of Ascaris and Toxocara eggs. Since the
Ascaris and Toxocara eggs were spiked into the digester only once, the total
number of eggs in the digesters and the number of eggs per unit volume de-
creased after each sampling.

The problems related to the use of a reliable indicator organism were
discussed in the research methodology section. In the initial aerobic diges-
tion experiments, eggs of Ascaris suum obtained from the uteri of worms were
used, but eggs obtained from the intestinal contents of swine were found to be
more reliable and were used in subsequent experiments. Figures 18, 19, and
20 indicate that the results obtained in experiments using the two types of
eggs are quite different. In experiments using uterus-derived eggs (Figure
18), the recovery of eggs was significantly reduced after two days at 35°C.
However, when eggs from the intestinal contents of swine were used in ex-
periments at 350C, little or no reduction in their recovery was noted over a
period of ten days (Figure 20). These results may be due to differences in
the environment in the aerobic digesters used in the two experiments, to
differences in the resistance of uterus-derived eggs and eggs from swine in-
testines, or to a problem in recovering uterus-derived eggs by the technique
used for parasite analysis.

As indicated by the literature, temperature has a considerable influence
on the survival of Ascaris and Toxocara eggs. Figure 20 indicates that As-
caris eggs from the intestinal contents of swine are not affected by tempera-
tures up to 350C, but at 459C or 55°C, there appears to be an effective die-
off within two days or less. At 35°C, the density of viable Toxocara eggs
decreased 92.1 percent (standard deviation = 7.56), while at 459C, which was
effective in killing Ascaris eggs, the reduction of viable Toxocara eggs was
only 68.4 percent (standard deviation = 10.85).

Inactivation of Ascaris and Toxocara eggs in the aerobic digesters oc-
curred mostly during the first two days. There was little, if any, additional
inactivation observed after this time.

As noted in Figures 18, 19 and 20, aerobic digestion in continuous di-
gesters (retention time 10 days) at ambient temperatures appeared to be in-
effective in reducing the number of viable eggs of Ascaris. During the batch
digestion experiment, however, a 96 percent reduction in viable Ascaris eggs
was observed after 20 days (69 percent after 10 days) as shown in Table 21.
An explanation for this difference is that an increased digestion time re-
sults in a reduction of the carbon source which in turn will alter the micro-
bial population.

Anaerobic Digestion

The anaerobic digestion experiments were conducted at temperatures of
35°C, 45°C, and 55°C with a fifteen day hydraulic retention time. The anaero-

A}
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Figure 18. Effects of aerobic digestion on Ascaris eggs
(from the uteri of worms).
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Figure 19. Effects of aerobic digestion on Toxocara eggs
(from dog feces).
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Figure 20. Effects of aerobic digestion on Ascaris eggs
(from the small intestinal contents of swine).
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bic digesters required three months to obtain a steady state or equilibrium
condition. After this period, known quantities of Ascaris and Toxocara eggs
were added at one time so that the parasite densities in the sludge would be
adequate for parasite analysis. Raw secondary sludge (l% liters) was added
every two days after l% liters of digested sludge had been removed. After the
sludge had been spiked with parasites, samples of digested sludge were re-
moved after 20 minutes, 2 days, 6 days, 10 days and 15 days and were analyzed
for the density and viability of the Ascaris and Toxocara eggs. Since the
Ascaris and Toxocara eggs were added only once, the total number of eggs in
the digester and the number per unit volume decreased after each sampling.

As shown in Figure 21, anaerobic digestion had similar effects on Ascaris
and Toxocara eggs. At 350C, the viability of Ascaris and Toxocara eggs de-
creased linearly by approximately 30 to 40 percent over a 15 day period; yet
at 45°C, the viability of Ascaris and Toxocara eggs decreased to 60 and 100
percent, respectively, within 20 minutes, with complete inactivationof Ascaris
eggs occurring within two days (Table 22). At SSOC, both Ascaris and Toxocara
eggs were inactivated within 20 minutes.

TABLE 21. BATCH AEROBIC DIGESTION OF RAW gRIMARY
SLUDGE SPIKED WITH ASCARIS EGGS (AT 287)

Number of Viable Percent Reduction of

Time Ascaris Eggs/50 ml Viable Ascaris Eggs
1 hour 48 Z
5 days 51 0
10 days 15 69
15 days 10 79
20 days 2 96

TABLE 22. INFLUENCE OF ANAEROBIC DIGESTION AT 35°C, 45°C,
AND 55°C ON THE VIABILITY OF ASCARIS AND TOXOCARA EGGS IN
RAW SECONDARY SLUDGE OVER A FIFTEEN-DAY PERIOD

Time Percent Non-Viable
Ascaris Eggs Toxocara Eggs
35°C 45°C 55°¢ 35°% 45°¢ 55°¢
20 min. 0 60 100 0 100 100
2 days 5 100 100 0 100 100
6 days 30 100 100 18 100 100

(continued)
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TABLE 22. (continued)

Time Percent Non-Viable
Ascaris Eggs Toxocara Eggs
35°¢C 45°¢C 55°C 35°¢C 45°¢C 55°¢
10 days 13 100 100 29 100 100

15 days 42 100 100 34 100 100

Lime Stabilization

Since lime stabilization has been successful 1in the 1nactivaticn of
bacterial and viral pathogens, the potential of lime stabilization for ae-
stroying parasites was investigated. Raw primary sludge, sludge aerobically-
digested at 28°C and sludge aerobically-digested at 35°C were used in these
laboratory studies. Lime was added to each type of sludge at dosages of O,
100, 1000, and 3000 milligrams of calcium hydroxide per gram of suspended
solids and samples of these sludges were then maintained under aerobic and
anerobic conditions for 20 days.

The effects of lime stabilization on Ascaris eggs in raw primary sludge
maintained under aerobic conditions at ambient temperature (about 28°C) are
shown in Table 23 and Figure 22. In this experiment in which the Ascaris
eggs used were from the Intestinal contents of swine, the recovery of viable
eggs decreased 80% in S days and 100% in 10 days when 1000 mg lime/gm dried
sludge solids were added to raw primary sludge under aerobic conditions, and
92% in 5 days and 100% in 10 days when 3000 mg lime/g dried sludge solids
were added (Table 23). No significant effect was noted when 100 mg lime/g
dried sludge solids were added.

The effects of lime stabilization on aerobically digested sludges at 28
and 35°C were examined under both aerobic and anaerobic conditions at ambient
temperature (28°C) for 20 days. The results of the studies are shown in
Table 24. In the 289C aerobically-digested sludge, as shown in Figure 23,
the viability of Ascaris eggs was reduced 100% within 20 days under anaerobic
conditions when 100 mg of lime per gram of dry sludge solids was added. Under
aerobic conditions with the same lime dosage there was no reduction in the
viability of Ascaris eggs. This difference at the low lime dosages (100 mg
of lime or less) is probably due to the increased biocactivity in the aerobic
environment. At higher dosages (1000 mg or greater), the influence of lime
on the viability of Ascaris eggs was more noticeable under aerobic conditionms
within the first hour.



TABLE 23. EFFECTS OF LIME STABILIZATION ON ASCARIS EGGS FROM THE INTESTINAL
CONTENTS OF SWINE IN PRIMARY SLUDGE UNDER AEROBIC CONDITIONS.
Time %Z Reduction of Viable
Ascaris Eggs
No Lime Dosage
1 hour -
5 days 0
10 days 69
15 days 79
20 days 96
100 mg of Lime (Ca(OH),) Per Gram Susp. Solids
1 hour -
5 days 11
10 days 51
15 days -
20 days -
1000 mg of Lime (Ca(OH)z) Per Gram Susp. Solids
1 hour -
5 days 80
10 days 100
15 days 100
20 days 100
3000 mg of Lime Ca(OH),) Per Gram Susp. Solids
1 hour -
5 days 92
10 days 100
15 days 100
20 days 100

1Percent Reduction = Percent of viable eggs noted to be reduced from the
number of viable eggs found after one hour operation.

81



/\ Yo Lime Dosage

g sludge suspended scolids

<:> _ 100 mg_Ca(OH)2

1,000 mg Ca(OH)9
E] g sludge suspended solids

3,000 mg Ca(OHK)>
(:) g sludze suspended solids
100
90 Z
Z
80
Percent 70
Reducti
eduction 60
of
50
Viable
40
Eggs
30
20
10
0 L |
20

Time (Days)

Figure 22, Effect of lime stabilization on Ascaris eggs (from the small
intestines). Raw primary sludge was limed, and then maintained
under aerobic conditions at ambient temperature.

82



TABLE 24. EFFECTS OF LIME STABILIZATION ON ASCARIS EGGS (FROM INTESTINAL
CONTENTS OF SWINE) ADDED TO SLUDGES (AEROBICALLY DIGESTED AT 28°C OR 35°C)
AND THEN MAINTAINED AT AMBIENT TEMPERATURES UNDER EITHER ANAEROBIC OR
AEROBIC CONDITIONS AFTER LIME ADDITION
(DATA PRESENTED IN PERCENT REDUCTION IN VIABLE ASCARIS EGGS.)!

289C Aerobically 359C Aerobically
Digested Sludge Limed Digested Sludge Limed
Aerobic Anaerobic Aerobic Anaerobic
Time Conditiones Conditions Conditions Conditions

No Lime Dosage 2
1 hour - - - -
5 days 61 26 38 39
10 days 0 0 0 0
15 days 0 0 41 29
20 days 42 0 28 6
100 mg of Lime (Ca(OH):) Per Gram Susp. Sclids
1 hour - - - -
5 days 0 52 44 0
10 days 0 86 8 0
15 days 0 0 0 0
20 days 0 100 77 0
1000 mg of Lime (Ca(OH)? Per Gram Susp. Solids 3
1 hour 89 - 100 -
S days 93 100 100 26
10 days 71 60 1060 37
15 days 0 0 92 0
20 days 100 87 98 0
3000 mg of Lime (Ca(OH),) Per Gram Susp. Solids3
1 bour 1a0 - 98 -
S days 100 96 100 93
10 days 1090 93 100 98
15 days 100 32 100 9
20 days 100 93 100 0

1l Ascaris eggs were added to primary sludge prior to aerobic digestion at 28 °C
or 35 OC.

2 percent reduction = Percent of viable eggs noted to be reduced from the number
of viable eggs found at one hour operation.

3 Percent Reduction = Percent of viable eggs noted to be reduced from the one
hour reading from the non-limed sample.
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In the case of the 35°C aerobically-digested sludge (as shown in Figure
24), there was no apparent effect of lime on the viability of Ascaris eggs
at dosages up to 3000 mg of lime per gram of dry sludge solids under anaerobic
conditions in the period of 20 days. However, under aerobic conditions, a
98% reduction of viable Ascaris eggs was observed within one hour at dosages
greater than 1000 mg of lime per gram of dry sludge solids, but only 77%
reduction of the viable eggs were observed at a dosage of 100 mg lime per

gram of dry sludge solids after 20 days. The explanation of these differences
is not apparent.

Ammonia Treatment

The effects of ammonia on Ascaris and Toxocara eggs added to sludge
that had been aerobically digested at 28 and 35°C and to sludge that had
been anaerobically digested at 35°C was studied under anaerobic conditions
at dosages of 0, 50, 500, and 5000 milligrams of ammonium sulfate (NH,),S04)
per gram of suspended solids. In order to keep all of the ammonium in the
non-charged ammonia form, the pH was maintained greater than 12. Experiments
were conducted over a period of 5 days for the anaerobically digested
sludge to which sodium hydroxide had been added to maintain a pH of 12 and
over a period of 15 days for aerobically digested sludge to which 3000
milligrams of lime (Ca (OH)7) per gram of suspended solids had been added.
All flasks to which ammonium was added, were kept tightly closed to prevent
the volatilization and release of ammonia.

As noted in Figure 25 and Table 25, an appreciable reduction in the
recovery of viable Ascaris eggs was observed within five to 20 days for
the 289C- and 35°C-aerobically-digested sludges dosed with ammonium sulfate
and lime. Even the control which had lime but no ammonia, the recovery of
the viable Ascaris eggs dropped by over 95% within 5 days. It is speculated
this inactivation was due to the free ammonia (endogenous free Nuj). During
preliminary studies, the potential for the inactivation of parasite eggs
at a free ammonia concentration at 25 mg/l was observed. In anaerobic
digestion, 25 mg/l of ammonia has been found to inactivate anaerobic digestion
because the sensitive microbial system is altered. Another interesting
observation was the greater recovery of Ascaris eggs in the 35°C-aerobically-
digested sludge than in the 280C-aerobically-digested sludge at dosages of
50 and 500 milligrams of ammonium sulfate per gram suspended solids. An
explanation of these differences is not apparent.

The results on the application of sodium hydroxide and ammonia to
anaerobically digested sludge under mesophilic conditions is reported in
Table 25. There was no reduction of viable Ascaris or Toxocara eggs in any
of the experiments. This may be due to the fact that the free ammonia
concentrations were not near the 5% concentratioms reported to be necessary
to inactivate Ascaris eggs in anaerobic sludges by various Russian researchers
(39,76). Currently, the proper dosages of ammonia and a base for addition to
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TABLE 25. EFFECT OF AMMONIA ON ASCARIS EGGS (FROM THE SMALL INTESTINAL
CONTENTS OF SWINE) AND TOXOCARA EGGS IN 28°C OR359C LIME-STABILIZED
AEROBICALLY-DIGESTED SLUDGE (3000 mg LIME (Ca(OH)») PER GRAM SUSPENDED
SOLIDS UNDER ANAEROBIC CONDITIONS AND IN 35°C ANAEROBICALLY-DIGESTED
SLUDGE (HELD AT pH 12 WITH SODIUM HYDROXIDE UNDER ANAEROBIC CONDITIONS)
AT AMBIENT TEMPERATURES !

Time Lime Stabilized Aeroblcally Caustic Stabilized Anaeroblcally
Dlgested Sludge? o Digested Sludge at 35%.
at 28°C at 35°C
Ascaris Eggs Ascaris Eggs Ascaris Eggs Toxocara Eggs

No Ammonia Dosage”

1 hour - - - -
5 days 96 96 0 0
10 days 93 99 - -
15 days 100 51 - -
50 mg of Ammonium Sulfate Per Gram Susp. Solids
1 hour - - - -
5 days 90 73 0 31
10 days 99 98 - -
15 days 100 100 - -
500 mg of Ammonium Sulfate Per Gram Susp. Solids
1 hour - - - -
5 days 98 54 0 0
10 days 100 100 - -
15 days 100 100 - -
5000 mg of Ammonium Sulfate Per Gram Susp. Solids
1 hour - - - -
5 days 100 100 0 0
10 days 100 100 - -
15 days 100 100 - -

lpercent reduction = Percent of viable eggs noted to be reduced from number
of viable eggs found at one hour operation.

pH held with 3000 mg of lime per gram suspended solids.

3pH held to 12 with sodium hydroxide.

“25 mg/l of free ammonia.
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anaerobically-digested sludges is being restudied so that the above phenomena
can be better understood.

Ultrasonication

Preliminary studies were conducted to determine the 1inactivation effec-
tiveness of ultrasonication on Ascaris and Toxocara eggs. The test samples
consisted of a suspension of approximately 10,000 eggs of the respective
parasite in 100 ml of water, each placed in a 150 ml beaker. These samples
were then exposed to various ultrasonic frequencies (kHz), intensities
(wattage), and times of exposures.

The results of this preliminary study are presented in Tables 26 and 27,
Table 26 shows that Ascaris eggs did not appear to be affected. Toxocara
eggs, however, appeared to be significantly affected at 49 kHz and 26 watts
with a 9 minute exposure and at 64 kHz and 74 watts with a 6 minute exposure.
Thus, parasite egg inactivation by ultrasonication is a function of the type
of parasite, ultrasonic frequency, minimum intensity and time of exposure.
Table 27 indicates that an optimum intensity is required for the destruction
of Toxocara eggs with the effectiveness of treatment dropping as the frequency
decreases below 30 kHz and increases above 64 kHz. Again, the effect of
ultrasonics on Ascaris eggs was negligible at all values of ultrasonic fre-
quencies and intensities attempted. With an increase in intensity, the de-
struction of Ascaris eggs may be possible, but this hypothesis still requires
study.
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TABIL 26 | fIIEL #FEECT OF ULIRASONLCS ON MSUARIS AND TONOCAKA LGGH
AS EVALUATED BY DIRFCT OBRSCRVATION

Sonic Frequency Intensity Exposure Time Volume Exposed Torocara Eggs Ascurls Eggs
(knz) (vacts) (mln) (ml)
49 26 3 100 No kffect No kffect
49 26 6 100 No LEffcct No kifect
49 26 9 100 Desvtam tlon to Efrect
49 26 12 100 S No Effect
49 26 3 50 - o Eftect
36 96 3 100 No Ffltect -
36 96 [ 100 No Effect -
36 96 9 100 No Effect -
21 © 14 3 tao No Effecc -
21 14 6 100 No Rffect -
21 14 9 100 o Effect . -
21 T4 1 50 No Effect -
64 Th 3 140 No Effect -
64 74 3 140 No Effuer -
64 14 6 140 Destruction -
64 14 9 140 - -
64 17 1 [1+1) . No Effect -
68 49 ) 1 100 Nu Effuect -

LI Not Donu
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TABIE 27. THF EFFET OF UI'TRASONICS ON ‘THE VIABLLITY OI ASUARIS AND TOXOCAKRA | COS
AS DETERMINED BY CULTURING 1TRCUNIQULES,

Sontc Exposure Exposure  loxocara!  Percent Ascurly Yircent
Saomple  Fiequency Intensfity Tme Volume  (IViable) Reductfon (X Viable) Reductfon
(khiz) (watres) (win.) _ _ (=l) _ .
Control - - - - 954.0 - 90.0 -
1 49 26 3 100 0.5 99.5 96.0 (6 /)
2 49 14. 3 100 1.0 99.0 o 21.1
3 49 5 3 100 1.0 99.0 90.0 0.0
4 36 96 3 100 2.0 98.0 96.0 (6.7)
5 3o 32 3 100 0.3 99.7 94.0 (4.4)
6 36 10 3 100 1.0 99.0 95.0 (5.6)
7 21 74 3 100 47.0 50.0 94.0 (4 &)
] 21 26 3 100 47.0 50.0 91.0 (1.1)
9 » 21 11 3 100 77 0 18.1 92.0 (2.2)
10 64 74 3 140 0.5 99.5 93.0 ' (3.3
11 64 17 1 100 12.0 87.2 87 0 313
12 638 49 1 100 17.0 81.9 91.0 (1.1)

'\I(abill(y Jutermined by prescance or absence of larva fa epg after 3-4 wocks 1o culture
2y ) = acgatlve percent.
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APPENDICES
APPENDIX A

PROCEDURE FOR PARASITCLOGIC EXAMINATION OF WASTE SLUDGES

1% soln (v/v) of "7X", an anionic detergent

ZnS0, soln; specific gravity 1.20, adjusted with hydrometer
Alcohol - Acid Soln; 35% Ethyl Alcohol + 0.27% HS04(v/v)
Ether - Anhydrous

Siliclad (Clay Adams), for coating glassware with silicone

Materials

1.

2.

3.

10.
11.
12.

13.

Beakers, 1000 ml., tall form, Berselius, Pyrex
Beakers, 1000 ml., low form, Kimax

Sieves, 7 in., gauges 10, 20, 50, 100, and 150
Funnels, powder filling, 150 mm, Nalgene
Applicator sticks, wooden

Centrifuge tubes, conical, polypropylene, 50 ml
Centrifuge tubes, conical, Pyrex, 15 ml
Pipettes, Pasteur, disposable, 5 3/4 in
Microscope slides, 3x2 in

Cover glasses, 22x30, 24x40, 24x50 mm

Wash bottles, plastic, 500 ml and 1000 ml
Aspirator carboys, 8 1, Nalgene

Aspirator, bottles, 4 1, Nalgene
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Equipment

A,

1. Centrifuge, IEC, with head and cups for 50 ml tubes
2. Centrifuge, Clinical model, with head for 15 ml conical tubes
3. Magnetic Stirrer
4, Ultrasonic cleaner, 11%'x5%"x6"
5. Microscope, Compound, A.O.
6. Balance, Double Beam, Harvard
Procedure

Thickened Sludges

1.

~

2.

10.

Place measured volume of sample (50 to 100 ml depending on amount of
solids) in 1000 ml low form beaker.

Add about 250-300 ml of 17 soln of "7X" and mix for at least 5 min.
on magnetic stirrer.

Strain homogenized sample through the following series of sieves; 10,
20, 50, 100 and 150. One or more sieves placed on funnel over an-
other 1000 ml beaker and sample washed through each sieve with aid

of stream from a wash bottle containing 1% "7%".

After sample has been passed through the sieves, it is placed in a
1000 ml beaker, tall form, and allowed to settle for at least one
hour.

Supernatant is decanted and discarded and sediment is placed in 1
(more if necessary) 50 ml centrifuge tube.

Sample 1s centrifuged at 2000 rpm for at least 5 min. and super-
natant poured off.

Sediment is resuspended in tap water and centrifugation and decanta-
tion as in step 6 is repeated.

If packed volume of sediment is 7-8 ml or less, proceed as below; if
volume is more than this, the sediment should be resuspended in tap
water evenly divided between 2 tubes, and centrifuged as above.

Add ZnSO,soln to packed sediment, mix thoroughly with applicator
sticks, éncrease volume to 50 ml and centrifuge at 2000 rpm for

3-5 min.

After centrifuge has come to a full stop and soln in tubes has

100



L1.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

stopped swirling, pour top 30 to 40 ml of supernatant inteo a 400 ml
beaker. During pouring off of supernatant, rotate tube in order to
allow all of material floating on surface to be poured off with
supernatant.

Dilute poured off supernmatant to about 250 ml with tap water.

Place diluted supernatant in 6 or more 50 ml tubes and centrifuge at
2000 rpm for 2 min.

Discard supernatant by pouring off and transfer sediment to one or
more 15 ml centrifuge tubes, using stream of tap water from a wash
bottle to completely wash all of sediment from each tube. Fill to
near top with tap water.

Centrifuge at full speed in Clinical Centrifuge for 2 min., discard
supernatant. If more than one tube is used combine sediment 1into
one tube unless combined sediment would exceed 1.5 ml.

Add 10 ml of alcohol-acid soln to sediment (packed sediment should
not exceed 1.5 ml, if so, divide sediment into 2 or more tubes), and
mix thoroughly with applicator stick.

Immediately add 3 ml of ether, place rubber stopper in tube, and mix
by shaking vigorously for 15 sec.

Remove stopper and cenﬁrifuge for 2 min. at full speed.

Use applicator stick to loosen (from the inner surface of the tube)
the plug that is formed at interface of ether and alcohol-acid
solutions, and pour off entire sediment and plug.

Transfer sediment to one or more slides, cover with appropriate size
of cover glass and examine under at least 100X magnification of
compound microscope.

Count each type of helminth egg and note whether eggs appear to be
viable or whether they appear to be dead (non~-viable). Note
presence of protozoan cysts, if any, and indicate type.

For reporting, convert counts to number of organisms per gram or
kilogram of dry weight.

Dried Sludges (i.e., from drying beds or dewatering units)

1.

Weigh out a sample of 30 gm and place in a 1000 ml low form beaker
and add about 300 ml of tap water.

Place sample in blender and blend until thoroughly homogenized;

transfer to 1000 ml beaker and add tap water until volume is about
900 ml.
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Allow to stand overnight.

The next day, decant and reblend sediment as in step 2; allow to
settle 1 hr or more.

Decant and add 1% "7X" until beaker is nearly full.
Allow to settle for 1 hr or more.

Decant, add 200-300 ml of "7X", and place on a magnetic stirrer (use
2 in. stirring bar in beaker) for 5 min.

Add 1% "7X" until beaker is nearly full and allow to settle for 1 hr
or more.

Decant and pass sediment through series of sieves as in A3 (above)
and follow procedure given in A4 through A21.

Dilute Sludges (i.e., sludges with low solid content)

1.

Place measured amount of sample in 1000 ml beaker and allow to
settle for at least l hr. Amount used initially to depend on amount
of solids and in the case of very dilute samples more than 1000 ml
of sample may need to be sedimented.

Decant supernatant and proceed as with A3 to A2l above.

GENERAL COMMENTS

After each use sieves are washed thoroughly and placed in an ultrasonic

cleaner containing appropriate detergent for at least 10 minutes.

In sediments from some anaerobic sludges, the eggs of helminths are

darkly stained and difficult to identify when examined microscopically.

In such cases, they are bleached slightly by treating with 2% dilution of
commercial bleach (Clorox) for a few minutes then washed again in water be-
fore examination.

Glassware should be coated with silicone at appropriate intervals.
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TABLE A-1.

NUMBER OF ECGS RECOVERED FROM SAMPLLS OF AHAIRUBLCAIIY DIGINELD
WIIH OR WITHOUT ASCARIS LGLS AbDLD!

Cont

rols

500 epgs/l added

THICKRENL D SHUNDGE

5000 /Y addid

(=25 egpy/50n1) —i’bwm_l_')umpl. SO ml S amp kb
25 il Sumple 50 ml Sample 50 ml Sample (=129 (gps added) (=290 wl Cppa addad)
Parasites
(2 (7 f1 1”2 ] 82 1 g2 113 2 02 | @
Ascaris 4 2 5 4 17 16 80 66 75 185 151 1 /8
(s02) ? (462) (627) (502) (SH7) (712%) (592) (6Y7)
Toxocara 3 1 2 3 4 1 2 2 2 2 4 4
T. trichiural © 1 4 0 4 2 1 0 3 2 0 S
T, vulpls 0 1 2 1 2 1 } i 2 1 i 3
H, diminuta 0 1 " 0 0 2 2 0 0 0 0 0 0
1 Samples examlned 3 wks after Ascarild eggs were added to experimcatal flasks containtng thickencd

2

anaervbic sludge control and experimental flasks malntaloed at R1.

Approximate percent recovery of Ascaris eggs added.
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EACH) OF ANALROBLCAILY DIGISILD

1ABLE A-2. NUMHER OF ECCS RECOVERED FROM SAMPLES (100 Mi
SLUDGLE #1110 OR WIEHOUL (CONTROLS) AS( ARLS LGGLD anbLn!
r Controls 200 Ascarls eggs/H00 wl added
At At
Start At End 3 Start At tad |
2 1 2 3 2 | 2 3 4 S 6 ? 8 9
Ascaris vi 20 16 26 12 84 33 34 29 32 39 28 52 26 52
NV 5 4 2 5 12 8 8 4 16 10 9 9
Yoxocara v 8 ] 1 2 12 5 0 3 0 1 3 1 4 2
NV S 7 ? 8 9 9 6 9 9 13 15 15
1. erlchlura Vv 8 1 2 5 13 1 3 5 1) 5 2 3 2 i
NV 1 0 0 3 I 4 2 4 0 1 0 1}
T, velpis V| 3 2 3 1 4 2 3 ! 4 5 | 0 3 2
NV (1] 1 1 0 1 0 1 0 0 {] 0 0
T. dimlouta V 1 V] 0 (4] 2 0 0 0 0 0 0 0 0 0
NV 2 0 0 1 0 0 0 1 | 3 0 0

1 Ascaris eggs added on 17 Feb.

1978 to Anaerobic sludge

2 Sumples taken one day after eggs were added to experimental [lasks.

3 Sumples taken 25 days afcer eggs were added ro experimental Flusks.

AL Ave
Ind 4
Ave.  Recovery
45.1 12%
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TABLE A-3. NUMBER OF LGCS RICOVERED FROM SAMPLLS (100 M1 LACH) O

SUIGE WHIE OR WELHOUT (CONTRDLS) ASUARLS LGGY Abntnd

ALROBICALIY bluSiEp

1 Controls 200 Ascarts eppa /100 al added
- — .l —_— - —_ - - -
At AL At
Start At End 3 Start AL tud 3 rud Ave 1
2 1 2 3 2 1 2 3 4 5 6 7 8 9 10 [ Ave Recovery
Ascaris vi 7 14 12 6 42 24 28 28 29 642 18 18 43 38 42 .
oo 1 1 o 4 s 2 4 ) ? 1 ) 5 2 {67 132
Toxocatu Vv 0 ] (1] 1 0 1 0 (1] ] 2 1 0 1 | 2
NV 0 0 0 0 0 1 0 0 0 1 0 (1] 0 [1] 0
T. teichiura V 0 3 1 2 0 3 2 3 2 2 1 2 1 | 3
NV ¢ 1 0 t 0 1 1 1 4] 0 1 ] n ] 1
F. o vulpis \' 0 (1] (] V] 0 0 0 (1] 0 0 0 4] 0 0 1
NV 0 0 0 0 0 0 0 0 0 0 0 0 0 (1] 1]

1 Ascarls epgs added on 17 Feb. 1978 to Acrovbic Sludge
2 Samples taken one day after egps were added to experimental Flasks

3 Sumples ctaken 25 days after eggs were added to experimencal flasks
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APPENDIX B

RLSULTS OF FLELD INVESLUIGAILON

1977) LXAMINATION FOR PARASIIES IN SIUDCES FROM MUNICIUAL TREAIMLND
PLANTS OF THE SOUCTIERN UNL LD SFATLS

1ABI E B-1. FALL (NOVEMBER & DECEMBER,

Plant-Site Actuval Slce Ascarls T, trichiura T. vulpis doxed H, diminuta
Sample Exomined v nv v nv v nv v nv v nv
grams dry weight epgs/Kg? eggs/Kg eggo/Ky cgpulKy epus/Kg
1. 1% Sludge 5.0 10,000 0 1,800 0 0 0 8u0 ) 1,200 200
Anderoblic Digester 5.0 12,000 3,400 400 0 1,400 600 U 1,000 o [{§11]
Drying Ded 9.1 1,500 1,800 V] 710 110 330 1] 440 0 3
2. Andcerobie Digester 6.4 500 300 o v 160 0 310 0 0 4]0
Drying Bed 7.2 1,800 1,700 [V} 0 280 410 700 2,400 0 1,300
3. Acroble Digester! 1.4 7,700 0 o 0 700 0 3,500 v 0 o
4. Anscrobic Dlgester 2.5 1,200 8,200 [} 400 3,300 1} 42,400 [ B0
Drying Bed SAMPLE LOST
+ 5. 19 Sludge SAMPLE LOST
Drying Bed (Drying bed sample was supernatant from digester, thus not applicable)
6. Activated Sludge 0.9 4,300 o 0 0 0 o 0 0 0 0
Drying Bed 16.6 1} 200 0 {] 0 0 0 0 1) v
7. Activored Sludgcl 7.2 18,000 700 560 o 0 140 840 0 1] 140
Drylng Bed 5.4 220,000 10,000 930 3,300 930 0 560 1,300 0 3/0

{cont Toued)
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1ABLE B-1, (continucd)

8.

13,

14,

16.

17.

18,

19.

Plant-Sice Actual Size Ascaris T, trichiura 1. vulpis Texocara H. dininuta
Saample Exnmined v nv v nv v nv v uv v nv
wraws dry welpht epps /Ky 2 cpgnl/Ky cups /Ky URY ] TIEY ] N0
19 Sludge 5.0 7,800 0 0 0 TThov T To T oBoo 2000 T 2,800 5,000
Drying Bed 22.3 0 1] U 0 50 4} S0 T 0 o
12 Sludge 16.6 1,900 60 1] 0 (1} 60 120 0 240 240
Anuervbic Digester 5.8 7,200 500 0 0 0 [} 690 0 170 520
1° Sludge 32 950 0 0 4] 310 0 320 0 320 0
Drying Bed 8.9 2,300 1,200 0 110 1,100 0 450 450 0 1,900
1° Sludge 1.1 2,700 0 [} 0 0 0 2,700 0 910 0
Drying Bud 23.4 40 260 o 0 130 0 0 260 0 40
1° Sludge LOST IN WRECK
Drying Bed
Activatcd Sludgel 0.7 0 o 0 0 0 0 1,400 0 0 0
Aerobic Digester! 1.2 800 2,500 0 o 1,700 0 830 3,300 0 0
1° Sludge
Drying Bed
[+]
1, Sludge 2.2 56,000 1,400 2,300 0 460 0 3,700 0 2,300 910
2 Anuerobic Digester 1.1 3,700 0 (1] 0 0 0 930 0 930 O
Raw Influenc! 0.9 12,000 0 0 0 0 0 0 0 5,500 2,200
Drying Bed 4.3 4,400 11,000 0 350 490 0 0 490 70 5,500
Aerobic Digester! 0.7 29,000 4,400 1,500 0 0 0 1,500 0 1,500 0
Lagoon 4.8 2,300 15,000 0 210 1,500 420 0 2,300 0 420
Activated Sludgel 6.8 10,000 0 7,700 590 1,500 0 440 0 150 300
Drying Bed 8.0 35,000 16,000 15,000 21,000 4,000 880 250 1,700 0 250
Raw Influent! 1.1 8,000 1,800 6,200 o 890 0 2,700 0 1,800 3,600
Anaerobic Digester 10.1 20,000 6,000 7,000 2,900 1,900 200 1,100 400 400 3,000

_(continucd)
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TABLE B-1) (continucd)

Plant-Site Actual Sicze Ascarls T, trichiura T. vulpi, to oo N ot
Gample Examined v nv v nv v v v nv v nv

grems diy weight enyslkg? epps/Ky Chuel/Ky cgre/Ry IENIRVANE

+ 20. Activated Sludge 1.1 2,800 0 0 V] 0 Q PO 900 940 §]
21, 1° Sludge 1.6 640 0 640 0 « 1] U 0 0 0
Drying Bed 28.5 o 70 0 8OO 0 0 1] 0 0 0

22, Activuted Sludge 1 2.9 1,400 0 V] 0 0 0 1,000 0 1,000 1]
Aerobic Digesterx 1.8 6,300 0 0 570 5/0 0 1,700 0 YAl Hrh
Centrifuged Aerobic 5.2 6,900 580 380 0 570 0 2,100 710 0 390

+ 23, 1° Sludge 1.9 2,600 530 0 0 0 0 530 0 0 0
Drying Bed 20.1 350 0 o [} S0 1} 250 Su 2 ¢

24. 1° & Activated Sludge 3.0 14,000 990 0 o 0 0 990 n 0 "
Drying Bed 13.2 830 300 80 80 [ 0 [§] Bu 0 0

25. 19 Sludge 25 0 0 0 0 40U 0 1,200 M 0 0
Thickened Acroblce 1.4 700 0 0 0 0 1] 1ou 1] 0 0
Drying Bed 25.3 1) ] 0 0 0 160 0 0 0 0

26 Raw [nfluent 1.6 5,800 0 0 0} 1,300 1} 650 0 [V I TT)
Lohoff Digester 1.8 9,600 570 0 5/0 1,100 570 2,800 570 0 i
Drytng Bud 13.8 650 150 0 1] 70 0 0 10 0 20

+ 27, 1° Sludgc 3.7 0 o 270 o 0 o 820 270 20 0
Drying Bed 13.8 650~ 150 0 0 0 40 u 0 0 i

28. Contuct Stabilized 1.7 600 0 0 0 1] 0 1,800 1,200 (0] 0
Drying Bed 27.1 0 40 0 40 0 110 0 oo 0 0

29. Thickened Activated 3.2 },600 1] o 0 950 (1] 950 (1] 210 1]
Drying bed 28.1 150 70 (1] 40 180 40 250 74 0 0

30. 1° Sludge 1.7 0 0 0 0 0 0 1,200 0 0 )
Drying Bed 6 6 (4] 1,200 0 o 300 Q 0 150 0 400

(cont inucd)
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TABLE B-1. (cont inued)

Plant-Site Actual Size Ascaris T. trichiura T. vulpis loxocata #__dliminuca
Sample Examined v n v uv v nv v nv \Y nv
grams dry welight eggs/Xg? egps/Kg epgys K/g eggs K/g egps K/g

31. 1° Sludge 2.9 340 340 0 0 0 V] 1,000 340 1) 340
Activated Sludge 2.3 0 1] 0 0 0 ] 1,300 0 0 860
Drying Bed 22.5 1] (V] 0 0 1] 1] 4] 40 o (1]
+ 32. Raw Influent! 0.3 9,400 3,100 3,100 V] (1] 0 0 o 0 o
1° Sludge 3.1 1,300 330 0 0 0 0 [V} 0 0 0
Drying Bed 20.7 530 30 0 ") 100 V] 480 50 (1] 50
+ 33. 1° Sludge 24.7 0 0 0 ) 0 0 200° 40 v 40
Drying Bed 22.0 0 0 0 ] o o 3] 0 0 ]
3%. 1° S ludge 4.5 660 1] 440 1] 440 o 1,300 (V] 840 449
Drying Bed 20.0 1} 50 0 0 400 100 0 o (1] )]
+ 35. Drying Bed 20.8 )] 0 (4] 0 0 340 ()] 50 0 0
+36. 1° Sludge 3.1 9,800 0 o 0 330 0 330 0 940 0
Drying Bed 20.0 50 2,300 0 50 0 50 50 100 4] 100
37. 1° Sludge 11.7 9,300 430 6,600 1,000 90 V] 1,900 0 ] 90
Drying Bed 22.4 670 8,300 490 5,000 50 0 0 0 0 50
38. 1° Sludge 4.1 240 0 0 0 0 0 490 0 0 0
Drying Bed 27.9 o 0 o 0 40 0 0 0 0 0

v= viable nv= nonviusble

1 five gallons of sewage settled overnight,
2 eggs/kilogram dry weight of sample
+ plan to drop from study

then decanted; sowple taken from remafning scdiment
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TABLE B-2,

HISCELLARLOUS PARASIILS (NOT INCEUDID IN TABLE 1) SOUND IN SLUDGIS I ROM

MUNICIPAL

TREATHENT PLANTS (FAIL - NOVIMELR AND DECLMBERS, 1977)

Plani-5ite
1. Auserobic Digester

brying bed

7. Dry ing bed

10, 19 Sludge

brying bed

1. 19 Studge

Drying bed

+ 15. 19 Siudge

16. Diying Bed

\7. f agoon

Parasfites
Frichosomoldes - 1ike egyn, N.V. 200/ky, d.w

Capillaria sp. eggs (shell with striatfoas) H.V, 1104 p.d w.
Eimeria ococysts - numerous

Ascaridia - like egps, V.  2,500/kg.d.w.
Llumeria ococysts - numerous

Capillaria sp. eppy (shc)l with striatlons), NV, 110/kg d.w.
Ascaridia - like eggs, N V 5700 /kg.d w
Eimerfia oocysts, N.V. - pumcrous

Ascarldla - like epps V. 51,000/kg.d w
Ascaridia - lke cpgs, NV 2,700/kg d.w.
Eiweria vocysts, V - numcrous

Ascaridia - like cggs, N.V. 6,300/kg d w.
Capillaria ap. epps (shell with strlattons), H.V. GO Ky d.w.
Coccidia oocysts, 2 or wore types,numerous

Hymenolepis pana eggs, N.V. 900 /kp.d.vw.
Ascaridia - like cpgs, V. 1,400/kg d.w

Capillaria hicpatica ~ Llike cgps (shell with pits), V. 210/kg d v,

Caplillaria sp. epgs (shell with serlations), V. 70/kg.d.v
Capillaria sp. eggo (ahell with striations), NV, 490/kg . d.w
Trichosomoldes ~ Vike egps, N V. 70/kp.d.w

Ascurldia - like eggs, N V 1,900/kg. 0 w.

Gontinucd)
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18.

19.

22,

24,

25.

26.

FABLE B-2 ({Lontlnucd)

Activated Sludge!

Drying bed

How I1nEluent ]

Anaerobic digester

Activaied Sludgel
Centrifuged Acroblc
Drying bed

1¢ & Acrivared Sludge

10 Sludyge
Thickened Acerobic

Drylng bued
Tmbhoft Digester

10 Slndpge

Drying bed

Copillarta sp. egps (shell with shallow plis), V.

Iir 1.3 L20/ky d w
Cupiltlarla sp. cegs (shell with strfatfons), NV,

Cap(llaria sp. epgs (shell with striations), V

Ascaridla - like eggs, N V 1O /kp d.w
Capillaria sp. eggs (shell with striations}, V
Capillaria sp. egas (shell with stefarlons), N.V.
Cruzla - like eggs, V. 0 /kg d.w.

Ascaridin - 1fke cyps, V.
Ascovidla - like epps, N V

3150/kg.d w.
100/kp d.w

Capllloria sp. epps (shell with striacions), V.

coccldia oorysts - V., few

Acanthocephalan eggs (Maciocanthorhynchus?), V.

Toxaucaris - like eggs, V 410/kg.d.w.
Caplillaria sp. eggs (shell with pits), V.

Capilluria sp. eggs (shell with siriatlons), V.

Fotamoeba (oll - llke cyses, N.V. 6,200/ky d.w

Tacnin op. egps, N.V. 270 /Ky .d.ow.

Capillaria sp. eggs (shell with sertations), RV

150/hy o w

120/kp, o w

H00/ky

d ow.

300/ke, d.w
100/ky, d w

570/ky

700/kg.d.w.

d.w

130/kg.d w

40/hg.d w

40/ L. d

G ont inucd)
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TABLE B-2. (continued)

N.V. = Nouviable

28, 19 Studge Lotamocba t._ul__ - like cysts, NV, fow
30. 19 Sludge Entamoeba cull - like cysts, N.V. fow
Ciordia sp. cysts, N.V. fow
3. Actlvated Sludge Entamocba sp. cysts, N.V. fow
+ 32, Raw Influencl Entamocba coll - like cysts, N.V. fow
+ 36 1 Sludge Entamocha colf - 11ke (ysts, NV, fow
Drying bed Trichosomoides - like epps, N V. SO/kg d v
37. 1? Sludge Giardla sp. cysts, N.V, few
Entamueba coll - llke cysts, N.V. fuw
Drying bed Capillaria sp. epgs (shell uith scrlations), N.V. 407k b .
V. = Viable

| five gallons of sewage settled overnight, then decanted; sample tuken From remaining sed iment
+ plan to drop from survey.
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TABLE

B-J.
FALL

SLUDGE CHARACTERIDIEICY 01

Plant SlLe

Total Solid

1. 19 Sludge
Anacrobic Digester
Drying Bed

2. Anuaerobic digester
Drylug Bed

3. Acirobic Dlgestcrl

4  Aanseroblc Digester
Drying Bed

5. 1Y Sludge
Drying UBed

6. Activated Sludgel
Deylog Bed

7. Activated Sludgel

Drying Bed

8. 1° Sludge
Drying Bed

9. 1° Sludge
Anacrobic Digester

10. 1Y Sludge
Prying Bed

. 19 Sludge
Drylng Bed

12 19 Sludge
Drying Bed

13. Activated Slud[;eI
Acrobic Digester

Solids
mg/) (M*my/g)  mg/l (SRop/g)
50,182 29,150
100,192 55,946
&%30)2 LT
64,220 29,458
*%240 *x}22
14,310 11,300
47,094 29,518
*k773 %5073
31,792 24,1736
Drying Bed sample was
18,6136 12,984
®A55) k%226
7,172 5,120
**]180 *&]71
49,984 45,200
Ri744 %483
16,398 15,730
58,178 20,316
413,600 42,186
58,178 20,186
22,000 13,570
AA741 A%524
LOS1 IN WRECK
*AHY) **644
17.356 4,796
12,000 2,600

s Totul Volatlle

SAMIPLES COLIICLLD IN

(NOVEMBLR AND DLULMBIK,

Lercent Munstire (hambcal Oxygen
Gontant

1977)

70

76

23

supernatant from digester, thus not

45

83

76

70

Kije Ldatil pll Oxtdation

Dowand NlLtogen Kedbuction
melR o __wlp . Poumtind
896 8 5.4 -7
16 7.2 -137
2135 5 69 -4}
1,072 3 7.0 -102
295 2 7.1 -3
1,088 14 6.5 -0
Y91 31 o 7 -b2
29 5 7 -t4
applicable
516 21 6.7 -t
384 19
41 69
334 53
1,077 1 5 7
505 20
6 7 -28
G 6 8 -86
b7 32 57
802 18 5 0
1,122 58
278
275 19 7.12

710 47

GO 6

Continogd)
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TABLE B-3.  (continued)

Plaut Site Total Solids fotal volatlle Purcent Modsture Chemlcal Oxypen hjuldahl o pll Oxsdat bon
Solids Contenl 1 mand Nitiougen Redead t fon
/) (SAag/p)  mg/) (% ogfp) e—mpfy /e Potentpag
V4. 1Y Sludge 40,612 31,728 1,298 36 5.7 -5
Drylng Bed LOST IN WRIF(K
15. 1° Sludge 29,234 22,294 5.8 -3/
2° Anacroblic Digester 21,400 17,158 6.0
16. Raw Influeat! 18,200 10,626 940 5.7
Drying Bed k%475 *k1717 52 488 2]
17. Acrobic Digescor! 13,800 9,644 921 ) 5 7
1 agoon *4160 kx4 84 365 15 70
18. Activated S]uulge' 67,988 44,272 572 29 2.5
Drylng Bed *R267 AX140 73 579 27
19. Raw Influent! 25,000 13,056 106 70
Anacroble Dlgester 100,872 39,748 572 18 6.2
20. Accivated Sludge 3,500 2,784 2) 6.8
21. 19 Sludge 856 340 b, 327 &S 12
Drying Bed A%G50 LAY K] 5 335
22. Activated Sludge! 28,760 19,436 1,121 68 62
Acrobic Digester 17,484 10,604 1,104 45 7.2
Centri fuged Aeroblic kK74 LEL ]| 83 438 39 6.7
23. 1Y Sludge 4,768 3,252 602 15 70
Deying Bed 24669 *%390 33 17
24, 19 § Activated Sludge 30,360 22,804 1,350 32 62
Drylog Bed Ragy 40 &%)55 56 175 21
25. 19 Dludge 24,464 16,968 1,853 55 5.8
Thickened Aerobie 14,220 8,552 106 s1 6.7
Drying Bed &4843 A4298 16 581 3
26, Raw Tafluent! 15,600 10,956 7 49 6.7
Tahoff Digesier 17,700 10,624 617 51
Drying Bed *4459 *X214 5¢ 764 26 -

Gontinacd)



TABIE B-3 (cout inucd)

Plant Site Total Solids Total Volatile Percent Molsture Chumical Oxygen Kjeldahld pi Oxidation

Glt1

Solids Content Dewand Nitrogen Kedud L ion
ug/t (**ug/g) wg/1 (**ng/g) . wpfy o __wg/g . Potential

27 10 Sludge 36.724 29,928 1,476 37 56
Drytog Bed A%B4B *%313 15 9

28. Contact Sctabillzed 16,460 11,824 1,173 65 6.4
Drying Hed *%9()2 *A458 10 811 50

29. Thickened Activated 31,756 25,504 1,192 62 b 4
Dryling Bed *%937 %4239 6 349 15 /5

30. 1° Sludge 3,880 2,564 689 16 6t 6
Deying Bed *R220 k%72 78

31, 19 Sludge 29,364 20,420 1,199 12 60
Drylag Bed %4750 A%280 25 167 12

32 Raw Influcnt 828 460 77
12 Sludge 30, 500 17,192 413 7 7 0
Urylng Bed #4690 *%163 3 V4

33. 1Y Sludpe 247,228 229,852 167 5 4
Drylng Bed *%732 w244 27 12

34, 19 Sludge 45,444 30,536 w77 217 9 8
Dryliog Hed kX666 **%260 33 177 20

35. Drying Bed k2693 k%] 68 31 12

6. 1Y Sludge 30,500 17,192 1,006 40 6 )
Deying Bed ®A665 *K |45 ‘ 34 10

37. 19 Sludge 116,476 36,796 178 7 59
Drylng Bod kK745 *k64 25 142 1

38. 10 Sludge 41,132 33,372 Y84 4L
Drying Bud *4930 A%4 39 7 HES 25

I Five gallons of sewage settled overnight, then decanted; sample taken from vemvining scdimont
+ plan to drop from study.
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TABLE B-4.

Ascarcis

Plant Site Actua) Size
Sample Examined v av
_ o pramg dry welght — eeps/Kp2
1 12 Sludge 63 7.100 0
Drying Bed 13 7 4,500 5,300
2 1° Sludge 35 280 560
Drying Bed 23.8 0 130
3 Acrobic Digesterl 23 4,800 0
4 1° Sludge 4.2 480 4,600
Drying Bed 7.9 1,900 16,000
6. Activated Sludge! 13 3,900 0
Drying Bed 16.6 540 120
7 Activated Sludgel 10 130,000 12,000
Dryiug bed 71 120,000 17,000
8 1° Sludge 5.5 22,000 0
Drying Bed 16.2 60 190
10 1Y Sludge 3.0 3,400 670
Drying Bed 15 4 3,700 580
11. 1° Sludge! 8.2 1,800 0
Drying Bed 14.8 200 610
13. 12 & Accivated Sludge ! 1.9 0 0
Acrobic Digesterl 1.2 0 0
Drying Bed 3.0 0 (1}
14. 19 Sludge 21 0 0
Drying Bed 12.5 4,900 6,500
16 1° Sludge 30 8,300 1,700
Drying Bed 23 0 610 3,300
17 Contact Stabilizeal 29 7,300 700
Aerobic Digescer! 2.2 5,600 460

EXAMINATLON FOR PARASIFES IN STUDGES
OF LIk SOUTHERN UNLEI D S1AIES

Ty

FROM MUNICIPAL IRFATMIND PIANIS
TR Twips T Tk sra
v v v nv

Lvgpd/Kgd eppalhgt

630 0 3,300 160

1,400 600 0 1,400

280 0 1,00 280

40 40 0 40

440 0 6,600 0

2,200 120 1,700 [

8,200 2,300 0 630

[ 1} 4,700 0

[1] 60 0 O]

o 0 (4] 0

560 280 420 1,400

550 0 4,000 180

0 1} 0 0

670 0 2,000 0

780 450 450 580

370 0 850 610

470 70 0 400

1,100 0 1,600 0

1,700 0 3,400 1]

0 0 0 0

0 0 2,400 0

160 0 80 400

330 0 660 [0

780 430 44 430

1] [{] 1,700 [}

930 0 1,900 0

v nv
__epgs/Kyp s
160 160
(i} 1,000
0 0
0 0
0 0
Q 240
510 4,500
0 0
(1] 0
980 0
2,500 1,700
0 )
0 60
(t] 0
0 130
0 0
0 200
0 0
4] 0
0 0
0 0
0 0
(1] 0
40 300
0 0
0 0

T diminuta
v nv
_snn/he?
J10 410
1) 430
S60) 280
0 0
0 0
240} 200
0 2,300
780 0
0 0
0 0
O 40
1,800 3,300
0 120
Jao 340
60 1,200
1] 240
7] 0
Q 1]
u 0
(1] (U]
0 0
U 2,300
600 5,000
1) Hu

O
0

G ontinacd)

i
3}
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SAULL B-4. (4 unlieaed)

Phant Sfce Actual Slze Avcarls T trichluma 1 _vulpr, Joxoe v o drminat
Sample Examindd uv v nv v v v v v nv
grams dry welight egps/Kg? epge /Kyl cpgs/Ky 2 cupnlKy? TRTRY ] S

18 12 Sludge 6.4 19,000 790 10,000 470 790 0 2,000 0 Lo "
Drying Bed 18 2 1,400 50 380 490 710 1o 50 1] 0 H0

19 1Y Sludge 91 12,000 770 3,100 110 1,700 0 30 0 20 170
Anacirobic Dlgester 11.9 13,000 1,300 3,400} 1,600 1,100 KO 1,100 HU B, s

21 1° Sludge 3 - 1,600 0 650 0 3,600 0 2,100 0 1ho i
Deylng Bed 21 5 0 190 1] $ru il Pl 1] 0" 0 u

22 Activoated Sludgel 13 2,400 0 790 190 ( 0 4 00 0 1] un
Aervbic Digester 3.1 3,200 1] 0 1] 640 A 1,00 1} [T 0
Vacuum Activated 34 260 0 0 0 Q 200 1l 1] 1] L
Centri fuged Aerobic 4.6 430 o 0 0 0 0 20 Q 20 1

24 1° & Acclvated Sludge 3 7 11,000 820 0 270 n 0 270 0 u .
Drying Bed 15.2 660 130 130 70 1] U 0 u 0 0

25. 1° Sludge 8 4 ) 0 ¢ 120 480 0 950 v o 0
Thickenud Activated 1.9 0 520 0 (4] 4] 0 5200 o [\ 0
Drylng Bued 22.5 0 (1] 0 1] 4] 0 0 0 0 "

26 Inhoff Digester 68 2,800 4] 0 300 300 0 [ 1] t 4H0
Drying Bed 14.0 140 70 0 un 0 o n 160 [ 0

28 Contuce Stabilized 1.6 1,200 0 ] 1} [ o 1,900 [} 1] ]
Drying HBed 16.8 240 180 0 1] o) 180 (] Joo 0 0

29  Ihickened Actlvated 4 7 630 0 0 4] 210 0 1,100 420 210 0
Drying Hed 13.6 880 510 0 0 220 70 70 220 ] 1}

30 1° Sludge 4.2 240 0 0 0 0 0 480 v 480 u
Drying Bed 17 6 0 V] 0 i] 0 0 60 0 0 0

31 12 Sludge 19 0 0 ) ) 0 0 1,000 0 0 0
Deying Bed 15 2 200 70 0 70 10 0 70 0 0 0

34 1° Siudge 33 4,500 1.200 600 0 300 0 1,500 0 0 2,600

Pryfug Bed 18.7 S0 0 0 0 380 110 50 0 0 0

(Lot imacd)
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FABLE B-4. (continued)

Plant Site Actual Sjcze Ascarls T. trichiura . vulpis loxocara il diminuta
Sample Exawmined v nv v uv v av v nv v nv

grams dry welght epps/Kg2 eggs/hgl egps/Ky2 veps/Kg2 epps/Ky?

7. 1° Sludye 4.9 16,000 1,000 9,100 410 210 0 210 0 0 0
Drylug Bed 16.1 38,000 4,800 47,000 16,000 120 190 370 190 0 120

8. 19 Sludge 3.5 0 0 0 0 280 0 850 280 0 0
Orylag Bed 26.7 40 o 70 0 0 40 0 40 0 0

n = viable

uv= nonviable

1 Five gallons of acwage settled overnlght, then decanted; sample taken from rematuniog sedimeut
2 cges/kilogran dry welght of sample



TABLE B-53. MI5SCII LANLOUS PARASITES (NOI' INCLUDID IN TABLE 1) JTOUND 1IN SLUDLIS ERUM

611

HUNICTPAL TREAIMENT PLANTS (WINILR — P LERVARY AND MARCH, 1978)
Plant-Site Parasites -
1 1° Sludge GCiardiu sp. cysts, N.V. fuw
Trichosomoides-1ike vygygs, V 160/ky d.w.
Drying Bed Capillaria sp. eggs (shell with striations), N.V, 70/ky . d.ow.
2 1° Sludge Capillaria sp. egpgs (ohell with Elnc pits), v, 280/ kg d.w
Capillaria ep. egps (shill with striatioms), Vv, 280/kg.d w
Drying Bed Capiliaria sp. eggs (shcll with scriations), N.V. 40/ky . d w
3. Aerabic Dlgesterl Entumocba coli-like cysts, N.V. 2,20U0/ky d.w.
4. 1° Sludge Entumoeba coli-like cysats, N.V. 900/ ky.d.w.
7. Activated Sludgel Entamoeba coli-like cysts, N.V. 2,000/kg d.w,
Drying Bed Coccldia oocysts, N.V. few
8. 1° Sludge Capillaria sp. eggs (shoil wich striations), V. 730/ky.d w.
Trichosomoides-1like egyn, V. 180/ky d.w.
Drying Bed Capillarcla sp. cggs (shell with striations), V. 120/kg .d.w.
10. 1¥ Sludge Entamoebn coli-like cysts, N.V. 340/ kg . d .
Coccidia vocysts, nuI rous
Cupillaria sp. eggs (olicl) with shallow pies), V. J40/kg d w.
Ascaridia-1ike eggs, V. 1,700/kg .4 .w.

Ascuridia-like egugs, N.V. 10,000/ky d.w.

Drying Bed Coccidia ococysts, probubly N.V., 2 or more Lypes, nun rous
Capillavia sp. egge (vhell with sexiations), V. 70/kg.d.w.
Capillacia ep. eguys (shull with striations), N.V. 130/kg . d.w,
Capillaria sp. cggs (shell with pits), NV, 70/ky . d.w.
Ascaridia-like eggs, V. 4,500 /kg .d.w.
Ascaridia-llke eggs, N.V. 3,700/kg d.w,

(cont T d)



TAULE B-5.  (eomtlneed)

0zl

Plane-Site Parusites
1. 1° Sludgul Coccidia oocysts, V. & N.V., nuIK L ous
Hymenolepis sp. (not )1, diminuta), v. 240/ky.d.w,
Entacocba coli-1like cysts, NV, 240 /ky .d.w,
Ascaridia-like eggs, V. 12,000/kg.d . .w.
Ancaridia-like eggs, N.V. 11,000/kg.d.w.
Drying Bed Capillaria sp. eggs (ohell with striations), N.V. 70/kg.d.w,
Ascarfdia-like cggs, V 470(ky . d.w.
Ascaridia-llke cpgs, N.V. 10,000/kg d.w.
14. 1° Studge Entamocba coli-1ike cystn, NV.  480/ky.d.v.
Drylog Bed Cupillaria sp. egge (shell with etriations), V. B0/ky d.w.

Capillaria sp. egegs (ohill with striations), N.V. 5600/ky .d w.
Capillaria sp. eggu (shell wich pits), NV, BO/ky.d . w.

16. 1° Sludge Hymenolepis nana eggs, V. 330/kg.d.w.
Hymenolepls pana egps, N.V. 330/kg.d.w,

Caplllaris sp. egge (bhell with strilatlons), V. 000/kg.d.w,

Drying Bed Capillaria sp. cggs (shcll with striations), V. 170/kg . d W
- Capillaria sp. eggs (phoell with pite), NV, 407k 4w,
Ascuridia-like cppga, NV, 40/ky d.w.

L
17. Contact Stabiticed Entamocba colf-1lke cysts, NV, 200/ .d.w.
Ascuridia-like epgs, V. 1,100/ky . d.w,
1
Acroble Digested Ascaridia- ke cggs, V. 930/kg .d.w.
Ancuridia-like eggs, NV, L00/Kg . d.w,
18. 1° Sludge Hymenolep ks nana eggs, NV, 100/kyg.d.w.
Entamocba coli-like cyoln, N.V. fuew
». 1° Sludge Caplllaxia sp. eggs (shell with striations), V. 1O/ kg .d.w.
Entamoeba coli-like cysts, NV, 110/ ky . d.w.
Annerobic Digester Capillaria sp. eggs (shell with striations), V, 80/ky.d . w.

Capillaria sp. eggs (shell with pite, not llke C. hupatica), V. BO/ky.d.w
Capillaxis ep. egge (ohell with pits, like €, hepatica), V. B0 /ky .4 w

Gant o)
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___LABLE B-5.

(continuad)

Plant-Site

i
22, Acclvated Sludge

Aerobic Digester

Centrifuged Acroblce
24, 1% & Activaced Sludge

25. 1° Sludge

28. Contuct Stabilized

29, Thickencd Activated

30, 1° Sludge

31 19 Sludge

o

34, 17 Sludge

37. 19 Sludge
2

Drying 8.d

38. 1° Sludge

Parasites

Entamocha coll-1like cysts, V. L,600/kg d.w.
Entamucbu coli-like cyses, NV, 1,600/ky.d.w,
Itymenolepis nana egge, N.V. 330/ky.d.w,
Trichosownides-like egpe, V. 220/kg.d.w.
Ascavidia-like epgs, V. 220/kg . .d. v,
Hymenolepile nana eggs, N.V. 270/kg . .d v,
Entumocba colfi-1like cysts, N.V. fow
Glardfa sp. cysts, N.V. nuErous

Entamoeba coli-1ike cysts, N.V. fow
Toxascaris-like egg, V. 120/kg.d,w.
Entamocha cobi-like cysts, NV, fow

Hymenolepis nana cggs, V.

Entamoeba coli-1ike
Entamoeba coli-1like
Entamocba culi-1ike
Entamoeba coli-1like
Capillaria sp. egps

Capillaria ep. cpgs

Entamonba coll-1like

cy&ts,
cysts,
cyats,
cystn,
(shell
(she 1l

cysats,

Toxabcaris-like cgga, V.

210/kg.d.w.

NV, few
N.V. few
NV, Few
NV, few

with {ine pits), V. 710/kg .d.w,
with strlations), V. 250/kg . d.w,

K.V. few
570/kg.d.w.

V.= Viable
N.V.= Nonviable

1 five gallons of sewuge settled overnight, then decanted; sample token from remaining sediment
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TABL & B-6.

SIUDGE CHIARACTLERISIICS O
WINTER (FEBRUARY AND HArin, 1978)

SAMPI LS CotLLCLI D IN

Plant Sfte Total Solids lotal Vulatile Percent Moistare Chemical Uxygen ko bdahl pll Oaidation
Sol ids Contont Demand Nitraoyon Ko dud tion
mg/l (%*ng/g) ng/1l (Fhmgly) wy /g ug: /g foaentaal
1. 1° Sludge 63,400 37,400 B35 20 5.4 -238
Diying Bud *%457 k5101 54 159 !
2. 1° sludge 35,400 23,400 624 21 55 - 250
Drying Bed %794 £X171 21 (I 1
3. Aerobic Digeoter ' 22,800 19,000 o 5 oo Y
4. 1° Sludge 41,600 33,000 1,049 T 5 7 - 241
Drying Bed 2%264 *2121 74 1,999 25
6. Activarted bludgel 12,800 8,600 /1Y 53 (19} =214
Prying Bed **554 *A217 45 1,003 21
7. Actlivated Sludge ! 10,200 7,600 1,10, b0 0.4 20
Drying Bed **237 **79 70 1,180 26
8. 1° Sludge 54,600 39,000 a1, 32 5 3 -1y
Drying Bued *%539 %4238 46 1,491 28
10. 19 Sludge 29,800 25,200 b, bl (B ol -
Drying Bud *%513 A*240 49 P11 2
11. 1° Sludge ! 82,000 1,800 B 2 5 b o
Dryinyg Bed **494 xx101 51 (10 15
13. 1° & Activated Sludgel 19,000 12,400 YO 29 LY =270
Aerobic Digester 11,600 9,200 1,184 /3] 70 -2
Dryling Bed *%929 **329 7 801 24
14. 19 Sludge 21,000 17,600 1,060 27 5 8 Y
Drying Bed **418 **142 58 1,050 44
16. 1Y Sludge 30,200 22,600 9y 26 5 3 - 380
Drylng Bed %5767 ¥£228 22 o 19
17. Contuct bwhulz‘.dl 13,400 10,000 130 53 () -1y
Acroblc Digester! 17,200 9,000 ro2 19 oY S

(vontiam )



TABLL B-b (continucd)

£21

Plaut Site E_tnl Solltds ‘foral Volatile Parcent H‘—--( t._(_u;'(:. ) i'h-cu;(: a—l_ﬂxy:;un' Lj-,l:h;-l ’ p;| h Oxidat 1o
Sollids Contunt Penmand Nltiugen Redae Lion
“'b"l (*'A-lnglg) mg/l (*"‘mg/u) “‘H/B "‘;'./B Potcorial
18. 1° Sludge 63,600 44,000 926 21 5.9 - 262
Drying Bed *%608 *%236 39 755 26
19. 12 Sludge 90,600 32,400 490 £3 60 24
Anaerobic Digester 119,400 55,000 200 17 55 -272
21. 1° Sludge 30,600 20,600 1,011 3l 6.1 -25/
Dryfug Bed *%716 **203 28 473 16
22. Activated Sludge? 12,600 4,000 1,086 49 7.2 -214
Aerobic Digested 30,800 17,800 828 41 1.0 =170
Vacuum Activated **127 **E2 87 1,000 L4 4.2
Centrifuged Aerobic *%154 *%83 85 716 36
24. 12 & Activated Sludge 36,600 25,600 1,118 40 6.1 - 251
Drying Bed *%503 *4261 50 1,050 29
25. 1° Sludge 83,800 564,400 361 21 5.7 -262
Thickened Activated 19,400 14,000 1,027 52 6.6 -2
Drying Bud X749 #2200 25 401 14
26. Luhoff Digester 67,600 40,200 884 il 6.5 - 286
Drying bed *4467 *4245 53 830 30
28. Contact Stubilized 16,200 12,000 1,312 55 7.0 -ibo
Drying Bed **559 *4237 44 582 33
29. ‘fhickencd Activated 47,400 35,600 1,076 46 6.5 -237
Dryfng Bed A4 5, *4283 55 1,112 43
30. 19 Sludge 42,400 , 23,600 896 22 7.3 17
Drylag Bed #%586 **217 41 375 13
31. 1° Sludge 19,400 13,400 1,116 23 6 6 -30%
Drying Bed **508 %151 49 606 14
3. 19 Sludge 33,200 23,000 1,208 40 6 0 - 186

Drying Bed *+623 *2258 kL] 774 21

Gonttnm )
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Plant Site

Total Solids

Total Velarile Percent Molstume

_ dABLE B-6 (contiamd)

Chivmlca) Oxypen

Ky 1dahld

Oxidat lon

Solids (uuty nt Dumond MNitiopan Re duc taon
mg/l (*tmg/g) mp/l (Fmplg) g/ g ny /g Potount tal
37. 19 Sludge 48,600 21,400 481 12 6 6 - 142
Drying Bed **538 *%107 46 370 12
38, 1° Sludge 35,400 24,800 1,058 33 6.0 - 290
DPrying Bed *%8BY *%375 7] 68U 21

1 five gallons of scwage settled overnight, then decanted; sample taken from remaining sediment .
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FABLE B-7.

SPRING (MAY - JUNL 1978)
PLANTS OF THk SOIERN UNITED STATES

Plant Site Actual Size Agcaris T_wlchima F. vulpis

Sample Examlned v nv v nv v uv

e grams_diy welpht _‘;u&b[&‘, e --.kl'zu?./"ﬁz uggs/K);“'
o 1Y stadge S 42 Y, 200 540 950 13,000 1,50 180
Diying Bed 19.96 4,400 1,800 50 s 1,200 820
2. 17 Sl 2.)2 1,300 1,700 0 0 860 0
Drytog Bed 12,48 400 2,300 240 560 960
5 Acroblce bigeetee! 2.83 3,900 150 350 0 0 350
4 1Y Sludge 3.91 1,000 4,600 0 1,300 3,600 2,100
Diying Bud 23 85 0 0 0 0 80 1,300
6 1VvActivated studge! 2015 470 0 0 0 0 0
Drying Bod 25 47 i} 40 (4] 0 0 0
7. Activatod Studge ! 3.18 100,000 10.000 2,400 1,200 1,200 0
Drylag B 17 82 74,000 37,000 1,100 2,600 510 840
8. 1 Stadpe 4.16 25,000 3,400 0 240 961 0
Doyl Bl 275 90 140 0 0 90 140
1. 1Y Stadge 4. 81 830 1,000 0 0 420 0
Diydug Lod 28 53 0 0 0 [H] 0 70
1o 1Y studge 3.47 800 0 0 v 530 0
Dryiug Hod 14 04 0 290 0 140 70 140

AY
13 t"HAcuivarcd Studge U1 45 690 0 0 o 1,400 0
Deying Bod 16 02 (4] 0 (4] 0 [}] 0
1 1 Sty 4 b4 0 0 0 " 2200 v
oying B 12 78 S50 3,000 0 470 110 860
16 17 Stadge 38 8,500 3,700 0 0 0 0
Diylng Bed 17 63 0 0 0 " o a0

EXAMINATION FOR PARASLITES IN SIUDGLS FROM MUNBCIPAL  IRLATMI NG

foroncata 0 dimtpat

v

Cups/hp?

2,400
00

861
4

4,900

1, 500
0

1,900
0

i
V0

5,400
140

(V]
(1]

910
i)

1,400
0

650

av v

1,100 0
510 1]
s60 "
640 0

1 100 0

i,000 0

0 O
470 o
[{] 1]

00 s
510 1)

440 Gu)

90 0
0 0

0 0

5 30 1]
1 O
0 0
1] (8]
1] 1]
1,100 1]
530 0
[} 0

(continal)

nv

!
(VAN

»
.

O,

L300

ta

Hosty
0

[}

S0
0

Iy
]

(})
(Y]

[T
2]

4ty
4

Bin)
"

[}
KAy

oy
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TABLE B-7

Actual Stzu
Sample Examlned

Plant Site

17. Reaerated Studge 3.20
Hhilckened Aerobic
Digisted dSludge | 4.82
o
18, 17 Shudge 5.34
Deying Bed 27.60
19. 1" Studge 13 96
Aunacioblce Digeater W) 45
211" Sludpe 117
Anacroble Digesua 8 80
Drylug Bed 28 /)
22. Acrobic Mgestos ! 2 98
Activatad Sladg L 3.94
Vacun Adtivaled 4.02
26, Y Shadg, 3.63
Mying Bued 1/7.52
25 1" Shulge 3.86
Ihickened Aciobtb,
Digestor Shudge 1.91
Diying B.d 24,26
206 tabot) Bipe o 9. 14
Diyilng Bod 27.00

28 Yot wt St bzl 2.938

Dayling Bl 4 02

W, e bkined Activated
Shadye 4 29
rysg, Hod 21 9y

grams dry welpht .

(cont inuud)

Ascuaris T._trivhiuta T valpls luxu.arg W diminaga

Y v nv v " v v v T av
2 2 (.3

eugs/Kg cpps/hy . cugs /Ky cpps/Ky cpna/hy2
6,900 940 0 0 0 0 630 030 0 310
6,000 2,100 0 0 620 (1] 210 0 0 )]
19,000 190 7,500 3, 200 1,940 140 560 0 0 190
(1] 0 0 (1] 180 4,100 [} I 0 0 1
9,700 720 1,900 860 1,200 410 290 0 O 2,400
21,000 14,200 1,200 3,900 2,000 1,000 100 1,500 0 710
1,700 0 1] 0 2,600 0 0 0 o 1,700
3,200 1,500 1,900 2,100 1,400 210 1,100 2,800 0 1,000
0 0 0 0 0 10 0 0 0 1
8,400 0 4] 1, 300 340 0 [QL}) §] 02 M0
3, 300 0 0 500 760 0 1,000 [} 0 u
4,700 250 S00) 250 500 0 10 0 0 2
7,400 1,100 0 [ 0 0 h 10 0 0 0
5,800 5, 800 Vio 230 o 60 /0 6t) 0 1]
Q0 0 0 0 260 0 0 ] 0 "
520 0 1] 50 520 U 0 3] 0 0
1] ] 0 0 35 0 1] 0 n 0
2,200 780 [}] 190 Y70 190 Lbt) [N O u
40 200 0 0 10 ta ¥} 0 1] "
340 0 0 1,340 6/l0 340 4, 100 w0 0 "
1,500 220 0 1,700 650 U 22 Gh0 0 O
1,200 230 ] 1] O 0 h 0 1 o)
0 1} 0 0 40 0 1 0 0 0

(continued)
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TABIE B-7. (continucd)

Plant Sice Actual Size Ascaris T. trichima T _wulpis

2. trie toxocara W diwinut,
v nv v nv v nv v nv v nv

———— ____gruws dry welght e /K2 cunalKe? epps /Kl epps/kgl o b‘h’“‘_/K!'x‘! o
0. 1° Sludge 7.30 210 0 0 140 a0 0 210 0 0 410
hying Bed 28 20 0 0 0 0 0 0 0 0 0 (W
31 19 Siudge ) 87 260 0 0 o 0 0 200 260 0 520
Diylaug Bed-3manch 4,44 0 450 ] [} i} 230 0 230 (]} 230
nylog Bul-1 year 21.84 ] 50 4] 0 0 50 0 0 u 50)
36, 1Y Shudge 419 480 0 240 0 1,700 260 140 o 0 240
Diying Bod 27.96 0 0 0 an 180 220 ¥} 0 0 0
37. 1Y shudge 8.84 8,800 3, 300 4,800 1,300 10 1o 230 1o u 0
Drylng Bed 24 06 80 13,000 40 42,000 40 330 1] 210 1] W
381" Shaage 3.27 0 0 0 0 0 0 0 0o 1
Dryilny Boed 27 63 0 40 1] 1] 40 “y) ] 0 Q 0

v = VIABIL

nwv= NONVIABLE
1 tive gallons of sewage settled overnlght, then decantod, sample taken from remaining sediment
2 epps/kilograms dry welpght of sample
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TABIE B-8.

MISCFLLANEOUS PARASITES (NOI
MUNICIPAL

INCIUDLD IN 1ABI L

Plant-5Sfte

10.

14.

12 Sjudye

Dryiag Bed

12 Sludge

Dryfoyg Bed

Aerobfc Digester )

M

17 Sludge

10 Squdge

12 Siudge

12 Sludge

Mying Bed

19 Studge

Deylag Bed

TREAIMLNE PLANES (SPRING - MAY AND JUNL
Parasfites
Eotamocba colil - like cysty, N.V. Few

Glardia sp. cysts, N.V. Fuow
Capillaria sp. epgs (shell with strlations)

Trichosomoldey - like cpgs, N.V,
Capillaifa sp. eggs (shell with grrfidations)
Entamacba coli - 1ike cysts, N.V. Fou

eggs (shel) with striatlony)
eggs (shoet) wich pits) v,

Capillarla sp.
Capillaria sp.
Captllarfa 4p

Lntamocba coli - like cysts N V. FPew

Lntumoeba cold - like cysts N V. Few
eggs (shell with scriacions)

cggs (shell with striations)

Capillaria sp.
Capfillarfa sp.

Trichosomoldes - like egys, V. 480/kg.d.w.
Trichosomoides - Yllke epgs N.V, 480/kg.d.w.
Entamocba coli - like cysts, NV  Few
Cocclidia oocysts N.V Few

Ascaridla - like cpps, NV 620/ky d.w.

Captllaria sp. ¢gps (slu bl with sirlattons)

BO0/ky d w
11,000/kg d.w
Moderate

wipse, V
s, NV
(soall) N V.

Ascartdia - Mike
Ascarldia - bke
Coccldla vocysts nus
Ascar ddia - Tike oeggn, BV 6.100/Khp d v

Cuccldla oocysts - Many

Giardla sp. cysts N V. - Namerous

Caplllaria »p. cges (shiclh woh striations)

SU/kg.d.w.

1) FOUND IN S1UDGES | ROM
19/8)

V. 185/kg.d.w

N.V. 5S0/kg.d w

NV 240/kg.d.w.

160/kg.d.w
egpd (shell with ples) N.V. 80/kpg d w.

V. 1,200/kg d.w.

N.V. 4BO/ky.d w.

210/hg d w.

N.V. 160/kg d w

(vontrnucd)
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JABLE B-B

(continued)

16.

17.

18

39,

21,

22.

24

26

29

4.

37,

1* Sludge

Reavrated Sludge!

1hickened Aerobic
Digested Sludge!

1° Sludge
1° Sludge

Auacroblic Digester

Anacrobic Digesater

Activated Sludgel

Vacuum Activated

1% Sludge
lwhot £ Digester
Ihickened Activaced

1° dludge

Urytog Bed

1° Sludge

Uryfng Bed

kntamoebs (old - dike cyse, N V. - Scveral

Glardia sp

Glardia cyste, N V. - Many
Capillundu up. cygs (shicll with striattons) V

$30/kg.d.w

Capillaria sp. egge (ohell with acriations) NV 530/kg.d w.
Caplllaris sp. eggs (shell with pics) V. 270/kg d.w.
Coccidis occyats V. - Severul

Ascaridla - like eggs, V.

310/kg.d.w

Ascaridia - like eggs, N.V. 1,300/kg.d w.

A-carldia - like
Ascaridla - like

Entamocba coli

Coplllarias up

Capiltlaurta wp.
Capillaria sp.

Capillaria sp.

Capillaria sp.
Capillarta ep.

Entamucba coli

Caplillavia sp

- llke cysts, NV

eggs (shell with

eggy (shell with
egpgs (shel) with

eggs (shell with
eggy (shell with
eggs (shel) with
~ like cysts N V

egrts (shell wich

epys, V. 620/ky d.w
cggs, N.V. 830/ky d.w.

- Many
striotlons) V., 70/kg d.wv.

stristions) V. 100/kg.d.w
striattons) NV 100/kg d w

etrintionu) V. 460/kg d.w
stristions) N.V. 340/kg.d.w,
pits) V. 230/ug.d.v

- bew

stristfons) V 5S500/kg.d.w

Eotumocba colt - like cyses, N V. - Fuw

Cocctdlas cocysts (large - luo.pora Fells) N.V. 28U/kg.d.w

kntsmoebs coll - like cyscts, NV

tntamocba coll - like cyste, NV

Capillacin sp

eggs (shell with

Clardia sp. cysts, N.V. - Few

Entamoeba coli - like cyuats, N V

- Few
~ Few
strlations) V. 23U/kg.d w

- Few

Cuptllaria sp. egygs (shell with striattons) N.V. 220/kg.d.w

Capillacia ap. eggs (uliell with strtsttons) V., 110/kg.d.v

Captllaria sp. eggs (ohell with striutlons) N.V. 130/kg.d w.
Capillaria vp. eggs (shell with pite) N.V. 40/kg.d w

| five gallous of sewage setiled overslght, thus ducanted, sanple tuken from 1emalning sediaoent




TA3LE 3.9

SL.IOGT CHARACTERILS

SPRIM

A

TICS OF 3APLIS COLLECTID IN

- JINE 1978)

slant Sice Total Solids Tocal Volatila Percent
/1 (**mg/g) Soiids “Moisture
mg/l (**mg/q) Content
1. 1% Sluage 34,160 31,320
Drying 3eas “%*d32 k%127 35
2. 19 5ludge 23,240 15,320
Drving 3ed ELIDY) wx]38 58
3. Aerobic Digesteal 28,320 20,640
4. 1° Sludge 39,120 28,880
Orying Bed w*795 AR424 21
6. 1%accivaced ! 21,480 12,880
Deyiag Sed w849 **330 13
1. Activaced ! 33,750 18,200
Orying Bed %594 *x322 Al
8. 1° Sludge 1,640 25,310
Drying 3ed *%725 **334 27
10.  1° 5ludge 48,120 36,840
Drying Bed *#%95] 177 M
11. 19 Sludge 17,680 28,120
Drying Bed 468 w159 53
13. 1%+activated 1 14,520 3,960
Drving Bea LA BT %181 [}
14, 19 Siudge 46,360 35,400
Drying 3ea *R426 wx156 57
16. 1% sludge 37,760 25,720
Drving B8ed *%921 *%317 8
17. Reaerated sludgel 32,200 17,600
Thickened Acrobic
Digested | 68,240 16,880
18. 1° Sludge 53,5440 31,360
Drying Bed *%g20 **190 3
19. 19 sludge 139,600 15,760
Araerobic Digested 104,520 39,480
21. 1% Sludge 11,720 8,040
Anaerobic Digesced 48,000 37,760 4
Drving 3ed *h957 **148
(concinued)

130



TABLE 8-9 \santinuea)

Plant Site Total Solids Tocal Valatile Percen:
Soiids “oisture
ag/l (**mg/3) wg/1 (**ug/g) Contant
22. activated Sludge! 39,44 23, 360
Aerodic Digested 19,300 154,720
Jolume-Activaced 134 %83 87
2. 1° sludge 36, 360 25,440
Drying Bed 584 218 42
25. 1% Sludge 38,600 26,560
Thickened aercbic
Digesced 19,080 10,600
Drying Bed %942 #*336 6
26. Imhoff Digester 51,440 27,260
Drying Bed **900 *%x330 10
28. 1%+ Concact Szaoilized 29,750 20,240
Drying 3eaq *k[34 #ng] 85
29. Thickened~-Actrivated 42,920 26,680
Drying Bed a93] #4536 7
30. 1% siudge 72,960 32,960
Drying Bed #4940 *+100 60
30, 1° Studge 38,760 26,120
Drying Bed-3 =mos. %148 67 8s
Drying Bed-1 year A*728 #«=208 27
. 19 siudge 41,920 66,720
Drying Bed , k932 2310 7
37. 1° Sludge 38,360 37,060
Drying Bad %802 A% 132 20
38, 1° Sludge 32,680 24,640
Drying Bed *%921 %391 8

Five gallons of sewage settled overnight.
Samples taken from the sadiment.

131
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TABLE B-10. SUMMER (AUGUST - SEPTEMBER 1978) EXAMINALLON FOR PARASELLS IN SHUBLLS FROM MUNICIPAL TRLAIMLNI
PLANTS OF ‘fif. SOUNHERN UNIIED STATES

Plant sice Actual Stee Ascarts - - T. srichiurg 1 _vulpis Juzxocara 0o dintnuta
Somple Examined v nv v 114 v av v av v nv
.. . Brams dry weight _expnfRe? peuafyp? _eruafRe2  wkesSheZ o cppn/bpd
1. 1Y Sladge 5.58 10,000 Sh0 0 01,100 180 2,200 900 0 2,5
Diying led 17.17 5,400 23,200 60 820 640 1,500 O 1900 O 13}
2. 10 Sludge 4.84 1,700 1,000 v 0 1,200 0 LN 21 0 60
Drylog Bud 21.89 0 20 0 0 0 90 50 1] 1] 0
3. Acrobic MHgestexl 2,71 9,900 4,200 370 L] 30 370 5,900 2,60 [f 0
4. 1% Sladpe 4.87 210 2,700 1] 410 3,900 410 1] 410 0 [T
thylag d 4.95 a 0 0 3,600 4 [} 0 i) §] V]
6. 1%aActivated Sludge ! 2,40 1,300 B30 0 0 420 0 4 0o 0" i
Deyling Bod 27. 36 1) ] 0 ] [§] )] 1} 1} 0 "
? Contuct Stabidtzed
Shudyge? 0n.82 69,000 9,700 3,600 U Q 4] [} 0 ] u
Diyiny, Bud 19, 30 28,000 36,000 1,200 1,000 410 730 50 420 0 0
8. 1% Shudpe 1.83 32,000 10,000 n 0 q o 1,600 © 9 KT
Deying Bed .47 18,000 7,800 ] 0 20 670 400 il U o, e
10, 1% Sludge 2.Ho 3,600 2,00 0 a0, 400 0 1,00 70 N RTY
Dylng Bed 11 16 630 2 000 0 ) b i) [ 0 o 0 (KX}
112 studge 5 18 S50 0 190 u 580 0 0 " o n
tnybng Bed 12 87 .10} 910 0 8 0] J10 i Jlo ] W
13 1% A Ltvated S hudg 1.86 1,100 0 o ) 540 0 2,700 a 0 0
Acrobiiy postod
Sl A ¢ Bv 1,200 ¢ Q 0o 2un b, ) [H] b, 2ho n "
1Y s hudge ‘ 4.8% 10 1] 0 0 2o i) 1,000 ‘0 0 o
My ing Bod 1P B2 o 4l U 1] 1] 290 u 0 0 o

Gont roncd )}
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fABLE B-10. (contluued)

Plane Site Actual Sfcze Ascarls 1. telchiuta 1. vulpis loxocata Ho odimtnuta
Sample Examined v nv v uv v nv v nv v nv
] _ prams dry welght ennolin? AN cpel/hgd ceii/hal crindhg 2

29, Ihitckencd Activated

Sludge 1.92 0 0 0 0 1,000 0 1,600 oo 5.0
hiving #od 27.87 0 0 0 0 o 0 0 0 o 0
0 1Y Shudge 3.35 900 0 o 300 300 0 300 0o o 600
brylog Bud 26.19 0 0 0 0 0 0 0 0 0 0
3. 1Y studge 2.25 890 0 o 440 o 0 440 0 ) B
Drying Bed 28.05 4] 0 (4] (V] i) 0 0 0 0 §}
3% 17 Sludge 4.04 2,900 0 u 450 ] 0 1,100 o 0 9un
Drytng Bod 9.21 330 870 Q 220 110 540 0 vio i} [t
3719 Shadge 20.50 15,000 240 16,000 4,100 290 50 200 S0 0 %0
Miying Bud 23.13 Q0 0 0 BOO Q0 0 1] 0 U m
B 1Y Shadye 3.20 310 0 0 o0 610 o 110 0 u 0
brying Bed 28.38 0 0 0 0 0 W0 0 0o o 0

v 2 VIARI L

ov= NONVIABIL)

I Tive gallons of scwage scteled overnight, then decnted, sample tiken from reaaininge sedlinent
2 egps/kilogram dry welght of saumple

3 Riln cansed flushing of clarifier; thus, five gallons of nwvage wottled overnbght, then decanted, Sanph
tahen from rematning sediwment .,
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TAHLE B-L1.

MISCELLANIOUS PARASIILS (NOL INCIUDID IN FABIE 1) ROMHD N S1UDLL S 1 Ron

MUNICIPAL TRLATMINT PLANIS (SUMMER - AULGUSE AND SLEVIMBIR, 1978)

Plant-Site

1.

10.

11.

17.

18,

1 hying Bed

1° Lludge

Lrytng Bed

1% Sludye

Dryfng Bed

1° Sludge

Nrylong t#od

1° Shudge

Drying Bud
Reaorat ton Sludge

Ihickendd Acroblce
Digeated Sludge

1% Stuwdge

Anaciobtc Digested

Parasites
Capillaria sp. cggs (shell with striations) N V., 180/kg J.w

futamoeba culi-ltke cyst N.V Fen
Coccidia ovcysts (large - lso,pora kells) V. tew

Capillaria sp. eggs (shell with striastfons) N V. SO/ky. d w

Ascaridia - like eggs, V. 1,100/kg. d.w.
Entamoeba (oli - 1ike cystuy, N.V. - Many
Trichosomoides - like egps, N.V. 550/hg. d w

Capillarta sp. eggs (sholl with strfations) V. 400/ky d w.
Capillaria sp. eggt (shcll with sirfations) N V. 400/Fg.d w,
Hymenolepis nana - lihe cypn, N.V. 2720/kg.d «

Ascaridia - lilke eggs, N V. 2,900/kg.d w.
Trichosomoldes = ltke egps, H.V. 360/k;.d v

Coccidla oocysts, N.V. - teuw
Entamoeba colt - like cyits, N.V. - Fov

Ascaridia - like epps, NV 900/kp d.w

Ascaridla - llke eggs, V24 ,000/kg.d u.
Coccidia ococysts (mwall) NV - Few

Ascaridia - 1ike eggs, N.V  21,000/kg.d.w
Avcarfdia - ltke egys, V. 3,500/kyg d w

Ascarldia - like epps, V. 12,000/h d v
Ascaridia - Mke s, BV L 000/hy od v

Capllloria sp. eges (shall wath pits) Voo 200/ig d w.
tntamocha ¢oll - Like cyste, M.V, - Mauy

Lapillarfa sp epgs (Shall with arlations) Vo 1207k oy

(cont i d)
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IFABTE B-11. (cont lnucd)

21, Anacioble
22. Avtivalted
Acraobic Di
Vaocuun Act
Centrifuge
24, 1* Sludge
25. 1° Sludge
29, Thickened
30, 19 Sludge
3. 1° Sludge
3. 1° Siudge

Drying Bed

17, 1* Studge

8. 1% Sludpe

Digested

Shudge!
gested
fvuted

d Acroble

ALtivated

Capitlaria sp. egps (alicl} with surlations) V. 330/kg.d.w.
Caplllaxia sp. eggs (ohell with plto) Vv, 490/kg.d.w.
Capillaria sp epga (shodl with plis) NV 160/kg.d w
Irichnvomuides - like epp>, Vv T70/kg.d w.

Trichosomoldes - like eggu, ¥V 450/kg.d.w.

Ascaridia ~ like eggs, V. 5Y0/kg.d.w.

Capiltaria ap. epgs (bliell with pfts) NV 170/kg.d.w.

Fntamoeba coli - Jike (ysts N.V.

Toxascaris Leonina cggsn, V. 190/kg.d.w.

Entamocba (olt - like cyuts, N.V, - Few
Capillaciu sp. egps {shell with fine plis) V. 520/kg d.w.

Entamoeba (odt - like cyuts, NV, - Fuw
Glardla sp. cysts, NV, - bow

kntamoeba colt - like cynts, NV, - Fuw
Clardia sp. cysts, N.V, - Fuw
Caplllarla sp. cgus (oholls with Scxfaclons) V. 450/% . .d.w.

Lotawnebas coll - 1ike cysts, NV, - bow
Clardia qp. cysts, NV - v
Capil) ieda sp. egps (shell with stcdatlons) Vo 2307k .d w,

Capillacte sp. cggs (shell with gtrfatlons) NV, 220/kg. d.w

Intamoeba cobl - Vike cy.rs, H.V. - Hany
Glardla sp. vysis, NV, - Hany
Caplllavia wp. (es Gl dl with stristions) V. 200/k, d.w.

Eutarochu colf - Mike cysts, Hov, - Fow
Clardda spo cyses, HVL - Hew

1 Five gallous of

sewage settled overnight, thus decanted; sample Laken trom rempintng sediment



TABLE B-12.

SLUDGE
SOMMER

CAARACTERISTICS OF SAIPLES COLLECTZID IW

(AUGLST - SEPTIMBER,

19°3)

137

Total Volatila Jercent
Zlant Sica Total Solids Sol.as Morsture
g/l (**mg/g) /L (M*mz/2) Contert
1. 19 Sludge 53,800 30,400
Jry:ng 3ed %572 EEIN14 43
2. 1% Sludge £8,400 33,080
Drying 3ed %] 30 #%205 27
3. Aerobic Digested! 27,1280 19,960
4, 1° siudge 48,680 35,120
Drying Bed wadl7 T8 18
6. 1%+acsivated 247240 13,520
DJrving Bed *nG1Z *nls7 9
7. Contact Stabilized! 8,280 6,240
Jrving 3ed *xHL) *%329 37
8. 12 sludge 18,320 14,200
Drying 3ed xx 249 k% 107 73
10. 1° sludge 27,960 29,680
Drying 3ed . xx 372 *n 194 63
11 1% Sludge 51,760 18,640
Drying Zed *n 429 %133 57
13.  1%+aceivaced 1 18,640 11,360
derobic Digesced ! 8,600 4,960
14, 1° Sludge 48,360 35,160
Drying 3ed *R927 #x 262 7.
16. 1% sludge 16,900 11,560
Mtving Bod LR S wh 152 9
17. Reasrated Sludgel 23,080 14,000
Thickened Aerabic
Digegted* 25,800 13,040
18. 1% Sludge 44,160 28,360
Drytng Bed *% 823 % 255 18
19.  1° Sludgel 4,360 1,360
Anaerobic Digesced 83,880 34,350
21, 1° Sludge 13,240 3,120
Anaeroblc Digested 61,320 32,520

(concinued)



TABLE 3-12. (concinued)

Total Volacile Farcent
Slanr Sice Total 3Soluids Solids “Yolstere
ag/l (" *mg/g) ag/l (**mgfg) Certant
22 lct.satac Siudge? 25,940 10,500
ierobic Digested! 22,150 11,140
Volume-Activated %170 *%164 23
Centrifuged-derobic x192 LLEP) a1
24 1° 51udge 22,909 15,360
Drying 3ed *hll *%24L3 39
25 1° Siludge 51,630 32,360
Thickened Aercbic
Digesced 11.580 7,000
Jreing Sed #n533 *x298 L5
26 imhotff Dtlgestecr 84,4u0 34,880
Jrring Bea 797w 335 20
28 1°+Contact Staoilized 13,280 9,200
Srving Bed **§02 *x)89 20
2T, Thicxened Activacad 19,240 15,230
Drving Bed *%329 #*473 7
30 1% Studge 33,480 23,360
Orying Bed *%873 *%212 13
3t. 1° Sludge 22,520 15,520
Drying Bed %935 a*321 7
%, 19 sludge 44,400 29,400
Drving Bed 307 120 69
317, 1° Studge 205,040 56,520
Drying Bed w771 **107 23
318, 1° Sludge 32,000 20,280
Deying Bed #8346 LLIAA: 5

1 Five gallons of sevage settled overnight. Samples taken from the sediment.

138
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LABLE

u-11J.

SIUDGE CHARACIERISTILS U SAMPLLS (O LCILD N

FALL (NOVEHMBER AND. DFCIMBIE, 1977)

[ FTIT Slze Popularion Ac¢ce Types or Wastues feeatment Proenss of b hadpe it fsake Disnosal
Clagsificatlun  MGD Scrved  Years
Y. T¥-AndD 8.5 5u,000 35 Doswstic, lu clurificr ranaciobic dipgeeter fandtill
1 plating co. (18 days) » vacuum filtracion »
drying beds
2, Purc Oxygen 16 120,000 19 Don:etic 1V & AS clarifler - anocrobic Mixed with voll
digester (30 days) » drying beds tor comncrcial salc
3. AS-Acrd 1.1 10,000 25 Doux:stic 12 & TF clariflcr » aeraobit lLuck pavden
digester (15 days) * pump tirucks
4. ‘IF-AnSD 0.5 6,600 15 Domstic 1° & TF clarifier » 1° anacroblc landt£11
digester » 2% anacrobic digester
(30 days total) - drying bede
5. T¥-AcrD 0.4 5,300 20 Pomestic 1% & 2% clarifier > ucrobic landiill,
diguester “doying buds local gardene
6. AS-AerDd 0.4 5,000 8 Domestic In(lucne~ AS clarifier > landfill
acroblc digester » drying beds
7. AS-Aerd 2.5 3,350 7 60% Industrial Influent » AS -~ clarffier - Landfill
(swine, cattle thickener— aeroblc digester
peanut-oil wmill) (14 daye) * drying buds
4. 'I¥-AnSD 0.3 5,000(?) 24 Domestle 1° & TF clarifier * apaerobic Parmers, garducis,
digeoter {30 days) * drylng buds fawne, worm farms
9. TF-AuSD 0.9 4,500 20 5% wubber industry 1° Clarifier » anacrobic digester ’ Ciey faundtiti
waske deyfng beds
10. AS-TP-AnSD 10 100,000 21 70%Z induwacrial TF clavifier * AS * AS clarificr & Gardens, lawans
(meat packing, 2 1° clarifier > 1° anscrobic School-yards
nilk co., pouliry diguster * 2° anacrobic digester
plant, bread co.) (45 days toral)* drying beds
11. TPF-AnSD 2.5 14,000 15 30% poultry waste 1° clarifier * anaercbic digester lawns, gardens,

€40 days) * drylug beds

church & school-
yards, pavks, ficlds

(Continumd)
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TABLE B-13. (contlnued)

Plant Size Population Age Types of MWastes Ireatment Process of Sludpe Ultln;afte -I;l—s:puqnl
Classiflcation  MGD Served Years
)

12. TF-AerD 3.1 15,000 11 207 textile waste 1 & 2 clarificrs * 1° aerobic School-yards,
digester * 2 aerobic digester » pastures, gardens,
drying beds parks

13. AS-AerD 3.2 25,000 6 Domestic Influent » AS » clarifier - drying bed only
acrobic digester (5 days) - when need
lagoon or drying beds landfill

14. 1° clarified- 30 301,000 20 All kinds 1° clarifier » 1° anaerobic Nursger fes, schools

AnSD digester * 2° anacrobic digesiLer * gavdens, churches
drying bed or vacuum filtration »
flash dxier
15. AS-AnSD 10 80,000 3 257 meat packing, 1° clarificr- anaerobic digester » lagoon
chicken processing, lagoon
herbicide manufact.
16. AS-AnSD 6.5 50,000 19 2 small slaughter 1© & AS clarifier * anacrobic Anyone that
houses, plant that digester (28 days) * drying beds wants it
makes ceiling tile
(0.3 MGD)

17. AS-AerD 30 154,000 2 all kinde Influent * contact stabilizaction*® Sandfcary landfil}
clarifier » acrobic digester » .

(28 days)~ lagoon (3 years)

18. AS-AnSD 5 45,000 19 2 pepper factories 1© clarifier + AS . clarifier * Gardens, facrms
1° anaeorbic digcster * 2°
anacroblc digester (21 days total)
drylng beds

19. TF-AnsSD 1 13,000 13 rice mill 1Y & IF clarificr » anacrobic Pastures in
digester * pump truck Hquid form

20. AS-AnSD 7 50,000 7 milk processing Digesters belng repaired at this Pasturcs
time, sludge from 1° clarifier
going to canal or to farme

21. AS-AnSD 1.3 13,000 21 Domestic 1° clacificr -~ anacrobic digester Wet: pastures

(45 days) * pump truck or dryfug bed Dry- gardens

Coontinucd)
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house

digester (30 days) - drying beds

TABLE B-13. (conut inucd)
rlaut Size Population Ay lypes of Waste Trcatment Process ot Shadpe Dt tante Disposal
Clagsiflcation HCDH Scrved Years
22. AS-AerD 80 460,000 3 30%: Brewery wastes Influent * AS * clarifier acrobic Landiil]l Lo
coffee processing, digester * centrifuge * landfill, or centrifuged &
poultry and clarifier ™ vacuum filter (1fme vacuun Liltawed,
slaughter houscs added) * land£ill, or clariticr- flash dricd to
vacuum fileer * flash dryer * ordnge groves
fertilizer
23. T¥-AnSD 0.7 6,000 4 Mcat packing plant 1° & 22 clarifier * aeroblc Saunltary landtatl
digester * drying beds
24, AS-ANnSD 94 600,000 14 Meat packing, 1 & AS clarificer ’ 1° anseroble Sold for
food processing, digester * 2 anacrobic digester tertllicer
Lrewery (28 days total) ’ drying beds
25. AS-AerD-AnSD 7 230,000 7 Domestic 1Y clarifier * 1° snuerobic Dry city usces
digenter ” 2 anaerobic digester Lor Lices
(60 days total) * drying bed, and Wet: Pastures
LEfluent from 1° (lariffer > AS™
clarifier * aerobic digester (60
days) " thickener wopray on ficlds
26. Lohoff 4.5 17,000 18 2 slaughter Influcne * Imhoff digester Cardens
houses (40 days) " drylng beds
27. TP-AnSD 1.3 18,860 23 Domestic 12 clarifier " unacrobic digeoter * landi i)
diying beds
28. Contact S~AexrD 2.5 45,000 9 Domest lc 1° clarifier * contact Pasturcs &
stabflization  acobic digested Gardius
drying bLed
29. AS-AerD 3.0 8,696 3 Packing houses, Tofluent * AS > clavitier Pastures &
plastic factory thickener * werobic digestcr Gardons
- (15 days) * deying beds
30. TF-AnSD 30 300,000 50 Slaughter houses I clariffer » anserobic digester Rouad gravs &
(15 days) * lagoon (2 years) Gardeus
Ji. AS-AusD 35 375,000 22 Biewery, pucking 1Y & AS cluarificy > auncrobic Goll courses &

pdarks

Gontinucd)
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1ABIE B-173_

(cont fpuid)

frcatuw nt Pracess ol Sludy o

»mderobic
dipester »drying bad, o
acioble digestar -diying bed.

1Y Charlfior » anacrobic dienter

»andurobic digontay
diytng bads

»
1 clartticr > anaciobic digeoter -
anucrobic

digester »dryfng beds

1° Clarifier * anaciobic digestor »

Plant Slze Populatlion Apu Types of Wastes
Classitlcatlon MGY Scrved Years
32. 1° clarifier- 2.0 17,000 4 Paint facgory & 19 6 2Y clariticr
AerD or slaughter house
TF-AuSD
33. TP-AnSD 3.0 35,000 7 Margarine Co.,
weat packing, deyray bed
atuminum
34. TR-AnSD 6.0 58,000 it Slaughter house, 1% clarbidcr
metal processing, (30 days)
oll
35. TF-AnSD 1 23,000 1 not known
drying bed
36. TF-AnSD ? 3,200 11 Domeatic 1° & 2° clarificr
37. T¥-AnSD ? 5,400 16 Domestic
diylng beds
38. TP- & AS- 17 180,000 ? Cattle lot runoff,

AnSD

poultry, cotton
oil mill

1° & TF & AS clarilicr » anacLobic
digcester (15 days) » daying bede

ABBREVIATIONS USED,

MGD. Millions of gallons per day
TF. Trickling PFilter

AS: Activated Sludge

AnSD: Anacroblc Digester

AurD.  Acrobic Digeoter

Contact S: Countuct Stabilizacion

Whetmyte dnapo vl

Lol cour

Yaadoe & andan,

flandia |l

NHut konown

Opcrator usus
an garden

Gardons

Dumpground, vory
Hiele 1t

pPrivile us
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TABLE C-1.

APPENDIX C
RESULTS OF TME DLRYING RED Sruby

ONE DRYING BED (SLE DIAGRAM FOR LOCAILONS).

HELHINTH ECGS (NO EGGS/KG DRY WT) FOUND IN SAMPIES $ROM DIFFERLNL LUCATIONS IN

Percent Actual Size Percent Ascarls T_ trichiure T. vulpis Toxowara
Sample Molsture Sample Examined Soultds v nv v nv v av v nv
Coantent g dry wt. (Tutal) (lotal) (Total) (Total)
1 131 8 07 26.9 2,600 620 620 120 1,240 120 740 990
(3220) (740) (1360) (1730)
2 25.9 22.23 4.1 1,260 180 130 40 850 130 180 40
(1440) (170) (980) (220)
3 76.6 7 02 23.4 4,990 1,420 710 280 3,130 570 140 3,280
(6410) (990) (3600) (3420)
4 no 8 40 28.0 3,930 480 480 0 1,550 240 360 1,900
(8810) (480) (1790) (2260)
5 61.3 9.81 32.7 1,830 1,120 610 3o 1,830 310 100 1,120
(2950) (920) (2140) (1220)
6 74.2 1.74 25.8 2,970 390 390 130 1,810 0 260 1,420
(3360) (520) (1810) (1680)
7 84.5 4.65 15.5 4.090 1,080 860 0 2,800 220 220 2,150
(5170) (860) (3020) (2370)
8 135 7.95 26.5 4,530 1,380 380 250 3,140 630 130 3,270
(5910) (630) (3770) (3400)
9 73.6 7.92 26.4 3,030 630 130 130 2,020 380 130 2,020
(3660) (260) (2400) (2150)
10 80.8 5 76 19.2 4,340 1,390 170 170 1,390 170 520 1,560
(57130) (340) (1560) (2080)

v = viable
w = pon-viable
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TABLE C-2.

HELMINTI EGGS (NO. EGCS/30 GM SAMPLE, WET WEIGHT) 1OUND IN SAMPILS 1ROM
DIFFERENT LOCATIONS IN ONE DRYING BLD (SEL DIAGKAM 10K 1UOCALION)

Actual Size

Sample Examined Ascaris trdahitura vulpl, doxocara
Sample gm dry wt. v av T nv ] v v _l Yy
1 8.07 21 5 26 1 6 10 ! 1 0 4 14
2 22.23 28 1 29 1 4 19 3 22 4 9 13
3 7.02 35 10 45 2 7 22 4 26 1 23 24
4 8.40 33 4 37 0 4 11 2y N T
5 9.81 18 11 29 3 9 18 3 21 1 1 12
6 1.74 23 3 26 1 4 14 0 14 2 11 13
7 4.65 19 5 24 1] 4 1) 1 14 1 10 ]
8 7.95 36 11 47 2 5 25 5 30 | 26 21
9 7.92 24 5 29 | 2 1o 3 19 1 16 1/
10 5.76 25 8 33 1 2 8 1 10 3 9 12
v=viable

nvapon-viable
T=Total



TABLE C-3. STATISTICAL ANALYSIS OF DRYING 3ED SAMPLES
(NO £5GS/aG DRY WT) OF SLLDGE

Parameter Median Average Standard Deviation Range

Moisture (%)

Concent 73.0 71.0 5.0 84.,5-67 3
Ascaris
Total 5170 4226 1572 6710~2950
Viable 3930 3590 1036 4986-1835
non-viable 1080 946 417 1420-390
I. trichiura
Tocal 630 638 258 990-260
viable 480 483 242 860-130
Non-viable 130 156 111 310-0
I. vulprs
Total 2140 2383 886 3770-1360
Viable 1830 2101 736 3140-1240
Non-viable 240 293 205 630-0
Toxocara
Toctal 2150 2257 742 3420-1220
Viable '220 289 217 740-100
Nou-viable 1900 1968 837 3280-990
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APPEVDIN 3

CALCJLATIONS 0% T-E ITFICTIVENESS OF LASTT.ATIR IREATUE'T °9CCESS

AN PARASITE RETLCTIONS

N, TYE TIEL)

TABLE D~i  2Z3CIMT 3ZILCTION OF YIABLI ASCARIS IGG5 IN TIELD SAMPLES
COLLECTZID TRCY VASTEWATEIR TPEZATIENT LaNTS

2lant Fall Wincer Spring Summer Sludge Treatment
1 85 33 52 6 Anaeroblic
2 - 100 69 10 Anaerobic
3 - - - - Aerobic
4 - (296) 100 100 Anaerooic
6 100 86 100 100 Aerobic
7 - B 26 59 Aarobic
8 100 100 100 46 Anaerobic
10 (142) 9) 100 32 Anaerobic
11 99 89 100 86 Anaerobic
13 - - 100 - Aerobic
14 - - - 100 Anaerobic
16 63 93 100 100 Anaarobic
17 - - - - Aarobtc
18 (250) 93 100 97 Anaerobic
19 - - - - Anaerobic
21 100 100 100 - Anaerobic
2% 93 9% 22 100 Anaerobic
28 - - - 100 Boch
26 93 95 98 100 Anaerobic
28 100 80 (=) - Aarcbic
29 91 (40) 100 - Asrobic
30 - - N - - Anasrobic
31 100 - 100 100 Anaerobic
34 100 99 100 89 Anaseroblic
37 93 (138) 99 100 Angerobic
38 100 - - 100 Anasrobic
TOTAL ALL SFASONS

N 16 17 18 18 69
Averags 58 36 87 84 67
Scandard Deviation 101 108 26 26 76

Asrobic

N 3 4 [ 2 13
Averags 97 34 82 80 70
Standard Daviation 5 &0 ¥y 29 45

Anaarobic

3 13 13 1 15, 55
Avarage 49 37 39 84 66
Standard Deviation 11l 121 2 28 33
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TABLE 0-2.

PERCENT REDUCTION OF YIaBLEZ TOXOCARA ZGGS

Plant Fall Winter Sprang Sumper 5luage Treatment
l 100 100 92 100 Anaerobic
2 - 100 100 94 Anaerobic
3 - - - - Aerobic
4 - 100 100 - Anaerobic
5 - 100 100 100 Aerobic
7 33 - 43 - Aerobic
) 97 100 96 75 Anaerobic
10 (41) 77 - 100 Anaerobic
11 100 100 100 - Anaerobic
13 - 100 100 100 Aerobic
14 - 97 100 100 Anaerobic
16 - 94 100 - Anaerobic
17 - - - - Aerobic
18 43 97 100 100 Anaerobic
19 - - - - Anaerobie
21 - 100 - - Anaerobic
24 100 100 80 100 Anaerobic
25 100 100 - 100 Both
26 100 88 100 - Anaerobic
28 100 97 95 100 Aerobic
29 74 94 100 100 Aerobic
30 100 97 100 100 Anaercbic
k) 100 93 100 100 Anaerobic
34 100’ 97 100 100 Anaerobic
37 100 (76) 100 100 Anasrobic
38 100 100 - 100 Anaerobic ’

ToTAL ALL SEASONS
N 16 22 19 17 74
Average 82 89 95 98 91
Standard Deviation 39 37 14 6 28
Aezobic
N 3 4 5 4 16
Average 69 98 88 100 90
Standard Deviation k! 3 rA) 0 2
Anasrobic
N 12 17 14 12 55
Average 83 86 98 97 91
Standard Deviation 42 42 6 7 31
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TABLZ D-3. PEIRCENT REDLCTION OF " IABLZI IRICALRIS TRICHILRA IGGS

Plant Fatl Jincer Spring Surmer Sluage Treatment
L 100 10U k29 = Arderoo Lc
2 - - - - Anaeroolc
3 - - - - Aerobic
4 - - - - Anaerob1ic
6 - - - - Aerobic
7 (66) . (15%) 34 67 Aerobac
] - - - - Anaerobic
10 - - - - Anaerobic
11 -, - - 100 Anaerobic
13 - - - - Aerobic
14 - - - - Anaerobic
16 - - - - Anaerobic
17 - - - - Aerobic
18 i (95) 96 100 100 Anaerobic
19 (13) (10) 37 - Anaerobic
21 100 100 - - Anaerobic
24 - - - 100 Anaerobic
25 - - - - Both
26 - - - - Anaerobic
28 - - - - Aerobic
29 - - - - Aerobic
10 - - - - Anaerobic
31 . - - - - Anaerobic
34 100 100 100 - Anaerobic
37 93 (416) 99 100 Anaerobic
18 - - - - Anaerobic

TOTAL - ALL SEASONS

N 7 7 6 5 26

Average k) (26) 80 93 39

Standard Deviation . 87 196 28 15 118
Aerobic

X 1 1 1 1 4

Average (66) (155) 54 67 (25)

Standard Deviationm - - - - 105
Anaerobic

N 6 6 5 4 21

Average 48 (5) 85 100 52

Standard Deviation 82 206 27 0 119
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TA3LZ Jew  PEPCINT REDLCTICH OF VIABLE ZRICHLRIST “LLi?I8 ZGGS

Plant Fall slnter Soring Surmer Sludze Treaatment
1 - (122) 20 «2 Anasronic
2 - 36 15 100 Anaerobic
3 - - - - aercbic
4 - (273 93 100 Anaercolc
6 - - - 100 Aerobice
7 - - 37 (13) jerobie
8 37 100 91 - Anaerobile
10 {253) (16) 100 35 Anaerobic
11 - 27N 87 100 Anaerobic
13 - 100 100 - Aerobic
14 - - (41) 100 Anaerchbic
16 - {136) - - Araerobic
17 - - - - dercbic
18 (187) 10 91 82 Angerobic
19 - - - - Anaerobic
21 - 100 100 - Anaeraoblc
24 - - - - Anaerobic
25 100 100 87 100 3oty
26 94 77 93 100 Anaerooic
28 - - 3 83 Aercbic
29 81 {5) 92 100 Aerobic
30 - - 100 100 Anaerobic
N - - - - Anaerobic
34 9 (27) 89 - Anaerobic
17 44 43 63 (68) Anaerobic
18 - 100 - 100 Anaerobic

TOTAL ALL_SEASONS
N 8 16 18 16 58
Average (1) 7 70 T4 44
Standard Deviation 135 108 41 49 87
Aerobic
N 1 2 4 4 11
Average 81 48 63 63 63
Standard Deviatiocn - 74 44 54 48
Agasrobic
N 6 13 13 11 43
Average (31) n 71 74 k1A
Standard Deviation 145 113 42 51 96
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Ti3LZ O-5

2LRCE

ST REDLCTION OF VIA3LE :5CARIS EGGS 3Y DIGESTION

PROCISS 1 TIZLD SAIPLZS 7OR L IT OPERATIONS

?laac Tall alnter Soring Summer Process
L3 - - - 9 Aerobic
L7 - 23 13 (307) Thickeners
19 (150) (8) (116) (313) Anaerooic
21 - - (88) (33) Anaerobic
- - 100 - Drying Bed
22 (350) (33 (153) (148) Aerobic
- 92 44 47 Vacuum Fileracion
- 87 - (13) Cencrifugarion
25 - - - (43) Aerobic
100 - 100 100 Drying 3Bed
26 - - - - Anaerobic
93 95 98 100 Drying Bed
29 - - - - Aerobic
91 (40) 100 - Drving Bed
Aercbic Dizestion Anaercbic Digestion
R 6 6
Average (121) (118)
Standard Deviation 130 109
Drying Beds
R 6 5
Average 75 97
Standard Deviation 57 3
Devatering (All Aerobic)
Thickening Vacuum Filtration Centrifugation
N 3 3 2
Average (110) 61 37
Standard Deviation 222 27 71
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TABLZ D-5
DIGESTION 2°QCESS Il

PERCENT REDJLCTION OF
TIILD SAMPLIS TOR IT OPIRATIONS

TABLE I0MCCAR4

0G5 N

Plant Fall ~1nter Soring Surrer 2rocess
13 41 (113) - 100 lerooic
- 100 - - Jreriag 3ed
17 - (12) 67 (38) Thickaners
19 39 (233) 56 - Anaerooi:
21 - - - - Araerso.:
- - 100 - Dr-ring 3ec
22 (70) 67 33 - Aerabie
- 100 (12) (118) Vacuum Tiltraczon
(24) 33 - ! 100 Cencriiugacion
25 42 45 - (121) Aerobic
100 100 - 100 Drvingz Bea
25 - - - - Aerooic
100 88 100 - Drving Bed
29 - - - - leropic
7s 94 100 100 Drying 3ed
' derobic Digestion Anaerobic Dizestion
N 9 3
Average (167) (36)
Standard Deviation ' 82 171
Drving Beds
N 8 4
Average 96 97
Staandard Deviation 9 6
Dewatering (All Aerobic)
Thickening Vacuum Fi{lcration Centrifugation
N 3 3 3
Average 6 (16) 53
Standard Deviacion 55 109 67
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TABLE D-7.

PERCENT REDUCTION OF VIABLE TRICHLRIS TRICHIVRA

ZGCS 3Y

DIGESTION PPOCESS IMN FIELD SAMPLES FOR UNIT OPERATIONS

Plant Fall Winter Spring Summe r Process
12 - - - - Aerobic
- - - - Drving Beds
17 - - - - Thickeners
19 (13) (10) 37 - Anaerobic
21 - - - (400) Anaeropic
- - 100 - Drying Bea
22 - 100 - - Aerobic
- - - 100 Vacuum Filtratior
- - - 100 Centrifugation
25 - - - - Aerobic
- - - - Drying Beas
26 - - - - Anaerobic
- - - - Drying Beds
29 - - - - Aerobic
- - - - Drying 3eds
Aerobic Digestion Anaerobic Digestion
N i 1 4
Average 100 (97)
Standard Deviaticn - 204
Drying Beds
N - 1
Average - 100
Standard Deviation - -
Dewatering (All Aerobic)
Thickening Vacuum Filtration Centrifugation
N - 1 1
Average - 100 100
Standard Deviation - - -
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2l3~c Tall ~1mter Sorioe Summer Process
i3 - (53) - (122 Aerobic
- 100 - - Drving 3eds
L - - - - Thickens
) (1a7) 10 9l 82 Anaerobic
M| - - Y. - Anaerobic
- - 100 - Jrying Seds
22 - - 33 - Aerabic
- 100 ] {47) 78 Yacuum filcractiom
0 100 - 23 Centrifugation
13 k] 100 (100) 100 Aazobic
- - 93 - Drying Beds
M:} - - - .- Anaerobic
94 77 23 100 Drying Seds
29 - - - - Aerabic
81 (5) 92 100 Drving 3eds
Aerobic Diagesction Anagerobic Digegtign
N 7 5
Average il 12
Standard Deviation 100 105
Brying Bed
N ] 3
Average 77 93
Standard deviation 41 9
Dewatering (All Aerobic)
Thickening Vacuum Filtration Centrifugation
N - 3 2
Average - 4 62
Scandard Deviacicn - 79 34

*( } =~ =Value
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APPENDIX &
HESULTS OF LABORATORY STUDIES CONTAINING RAW AND ANALYZEFD DAIA

TAME E-1  ELFECTS OF AFROBIC DIGISTION ON ASCARLS LaGh (FROH TUL UTERD OF WORMS)
AND TONOCARY Bued (FROM DOG 1 CES)

Ascarls Percent? Yercand® laxocara Percent? Poroont®
1 ime Lg“bIIOOmIl Reduction xz Rucovery af | 555__/)_00;1;]' lReduction A Recovery ot
(Pays) v NV Viable Fggs Viable? Total bgys v NV Viable Eggs Viable? tocal Lgs

Digenter_at 359C (ki 1)

5
0.04 103 4

8 - 68 38 (400) 134 98 - 67 58 (400)

2 0 1 100 0 0 (324) 2 68 98 ) 22 (3204)
4 0 0 100 0 U (262) 10 4 a7 71 5 (252)
6 0 0 100 0 u (1Y 8 4 -89 67 6 (213)
8 0 0 100 0 0 (172) 0 3 100 0 e (112)
10 0 0 100 [i] 0 (140) 7 0 85 0 5 (1an)

5 Digester at 5% (kun 7'2)
N.04 207 26 - 49 SR (400) 18O 153 - 55 RS  cA00)
2 1} 2 100 0 L (324) 15 21 17 63 17 (:27)
4 0 0 100 0 0 (262) 10 14 92 42 9 J62)
6 0 100 0 u (21 2 0 99 100 o2y
4 0 0 100 0 0 (172) 1 1 99 50 tor
10 | 0 99 100 1 (140) 3 0 9s 100 2 (16u)
N Digester at 459°C (kum #1)

0. 04 190 3 - 98 319  (500) 208 206 - S50 82 (500)
6 8 97 43 4 (405) 39 18 76 68 14 (405,

4 1 6 929 14 2 (128) 41 24 70 0} 20 (38)
6 1 0 99 100 0 (266) 31 23 12 27 20 (206)
8 i) ) 96 100 & (219) 17 9 81 6h 12 (2"
10 0 1 100 0 0 (174) 19 4 73 83 13 (174)

(continucd)
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TABIE F-1. {continucd)

Ascarls
Mo Lggs/100m |
(hays) v NV
oue 19 t
2 2 2
4 | 2
6 0 0
8 0 0
10 0 0
5
0 04 o 21
2 o 145
4 0 128
6 0 56
8 0 88
10 0 79
4
0.04 ) 145
2 0 191
4 0 165
6 0 127
8 0 94
10 0 66

Percent? Percent" foxocdta Percent t
Keduc tfon K4 Recovaery ot b us/ 100wt ! RRedue tion
Viable kggs Viable' lotal bpps v TN Viable 1 ges
- DT gmater 9t 559¢€ (han "5 777 77T -
- 92 26 (500) LS 195 -
98 50 1 (405) 86 40 43
99 33 I (323) i8 26 o)
100 0 0 (266) 31 15 69
100 [\ 0 (215) 21 23 74
100 0 0 (174) 24 1 57
Dgester _at 559C (Run 1)
- 0 55 (500) 0 435 -
100 0 36 (405) 1] 312 100
100 V] 19 (328) 0 202 10n
100 0 21 (266) 1} {58 100
100 0 41 (215) 0 131 1uo
100 0 45 (174) 0 63 100
blyester at 539C (#uy #2)
- 0 15 (SW) V] it -
100 0 48 (40%) 0 139 100
100 I} S0 (326) 0 240 100)
100 0 8 (260) )] 203 100
100 0 446 (215) 0 146 100
100 0 8 (174) 0 51 100

Porceal”
Rituvesy ot
viablo lov b by,
49 76 (a0
1% 6)  («0%)
99 20 (328)
6/ 17 (260
48 20 (21Y)
1 22174
t 8/  (H00)
0 17 (0%
0 62 (i28)
[{) 54  { '66)
(1] 61 (215)
[{] W (7%
" 0 (500)
[}] b4 (409)
N 75 (126)
0 7o (266)
] 68 (215)
0 29 (174)

lv = viable eggs;
¢Z Viable = Percent viable cpgs found fn the sample as compared to total nunber of eggs obsorvad
itercent Reduction = 2 viable epps noted to be reduced from the numbcr of viable epps found at 1 hy o

operation

KV = Nou-Viable oyps

Y

‘Poercent Recovery = 2 of the total number of (pg8 1ccovered to the total theoretical nunber ol o py .
. ($llustrated §in parenthescs) that should be found, assumlug dectease s due anly o dElut fon
these samplos wvere ncutialized, then refifgerated tor 9 to 12 diys betore parasite analysiy
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TABLE £-2. (continucd)

Ascoris Pereent? Percent® Ascaris Percent?
t e Fssaflﬁﬂqlt Reduet fon Pereent Resovery of ngs/lﬂOml[ Reducthon Poriant
(Days) v NV Viable b ops Viable total lgps v NV Viahle g Viab

0.04 174 40 - 95 82 (990) 2 0 - 100
25 527 13 16 98 67 (802) 0 0 - -
. [634}6 [102]6 [o}6 [86]¢ 192 (80 F
4 0 602 100 0 93 (650) 0 0 - -
6° 0 468 100 0 89 (526) 0 2 - 0
0 116 100 0 21 (426) a 0 - -
{o)® {238}%  {100]® (o) (55 (4260 F
10 0 358 100 0 1064 (345) 0 0 - -
Mpestoer a(_éégg
0.04 706 230 - 75 95 (9910 0 18 - 0
2% o 826 100 0 105 (802) 0 16 - )
4° 0 630 100 0 97 (650} 0 6 - 0
6° 0 120 100 0 61 (520) 0 12 - N
[01® (s550)® [(100)® {0)° (129 (520) I
8 0 350 100 0 82 (420) 0 0 - -
10 ) 326 100 0 94 (345) ) 6 - 0

v = viable epga; NV = Non-Vi hle eggs.

‘Peccent Viable = Percent viabl: epgs found in sample as compored to fotal number of epps obacived

Jpercent Reduction = Percent viable eggs noted to be reduced From numbur of viable cgps Found at |
of operarion,

“Percent Recovery = Percent of tota) nunber of egps recovered to the total theoretical number of cpps

., (11lustrated tn parenthescs) that should he found assumlng decrease is due only to dilution

these samples were neuwrcabfzed, then cefrigecited 5 ta 12 days before pavaslte analysis

5t Jsecund sample analyrzed agaln a weeh after the Hirst sample



TABLE E-2. FFFECTS OF AEROBIC DIGLSTION ON ASCARIS FGCS
(FROM THE SMAIL INTESTINAI CONTENTS OF SWINE)

3

£81

Ascaris Percent? Percont® Ascaris Perceant
Time Eggs/ 100w’ Reduction Percent? Recovery of Eggh/loﬁmll Reductlion Percunt
(Days) \' NV Viable Eggs Viable Toutal Eggs v NV Viable kggs Viable
Digester ot 289 CONTROLS
0.04 758 22 - 97 97 (990) 4 8 - 33
2° 436 20 29 96 S7 (802) 26 4 - 87
(930)% (104)6 fol¢ (90F (129 (802)F
4> 572 28 0 95 92 (650) 10 0 - 100
6° 372 2 0 99 71 (526) 0 0 - -
8 424 6 0 99 101 (426) 0 0 - -
10 1264 o 0 100 94 (345) 2 ) - 100
Dlgester at 359C
0.04 744 2 - 100 . 75 (990) 0 0 - -
{9921° (1041 (o1® (9t (111 (990) P
2° 866 6 0 99 109 (802) 0 0 - -
4> 668 2 0 100 103 (650) 8 4 - 67
6° 378 6 o 98 13 (526) o 0 - -
(4361  [26)® lo]® 94 P 188 (526)P
8 490 2 o 100 115 (426) 0 0 - -
10 276 12 10 96 B3 (345) 0 0 - -

(continucd)
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TABLE ¥-3. EEFECIS OF ANARROBIC DICESTION ON ASCARES 16LS (QROM NI SMALE INIISTINAL

CONTENTS OF SWINE) AND 1OXOCARA ECGGS (FROM IXMG LICES) N RAW SLCONDARY S0 Ui

Ascaris laxoe it
1 fwe bapected Eggs/50 ml \ Z Decroase r4 , bxpudtad Lpy /50 m) S rease
(days) Egps/50 ml v NV V. Pggs? T V. kggs?  Recovery® Lpps/5%0 ml v NV v s LN st Ricovery®

TLST - DICRSTER 359

0.010 197 112 46 - 71 80 181 140 12 - vl w
2 167 90 19 5.2 83 65 154 143 1/ 0 HY 103
6 121 48 15 30 76 5.2 (NN} /0 14 X3 LN I
10 87 43 12 1) 78 63 80 44 7 29 He 81
15 63 21 8 42 72 . 46 58 29 10 1) 1 au
CONTEOL — DIGFSIIR 359
0.010 - 11 1 - 92 - - (1%} 0 - 1o
2 - 2 1 - 6/ - - 4 1 "
6 - 6 ] - 86 - - ! (0 - Lon
10 - 5 0 - 100 - - | t) loo
15 - 1 1 - 50 - ~ 3} 0
ThST - DIGESERR 45"
0.014 197 80 43 - 65 62 181 12y b4 . 6/ T
2 167 0 92 100 0 55 154 0 102 100 0 (R
6 121 0 89 100 0 74 I 0 67 100 " i)
10 87 0 45 100 0 52 80 0 4l 1o " N
15 63 0 24 100 (4] 38 58 0 30 00 1

oot i d)
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TABIE E-3 (continucd)

Ascaris Toxocar g
1tme Expected ngu/éﬁ»ml X Decrease 4 Lxpected Eﬁgslso_ﬂl Z Dbecrease )4
(days) Eggsa/50 ml vV nvl V. Epgs’ X V. Eggs?  Recovery” Fpps/S0 ml v nvl V. bgps” 7V dppt Becovary™

CONTROL - DIGLSPER 459

0.014 - 5 3 - 63 - - 8 1 - 84 -
2 - 1 2 - i3 - - 3 2 - () -
6 - 2 0 - 100 - - 3 ] - 1040) -
10 - 0 0 - - - - 1 | - 901 -
15 - 0 1 - - w - - 0 0 - - -
TEST -~ DICLSIER 559C
0.017 193 0 92 - 0 48 194 1 147 - o/ 1A
2 164 0 94 100 0 5/ 165 0 80 100 0 X
6 1Y 0 47 100 0 19 119 (4] 35 100 0 "y
10 86 0 37 100 0 43 86 0 4 100 0 4 1
15 62 0 1l 100’ \] 18 62 0 2 100 0 Vo2
CONIROL - DIGESTER 557
0.017 - 4 6 - 40 - - 2 [ - 25 -
2 - 0 2 - n - - 1 0 - 100 -
6 - 0 2 - 0 - - 1] [V - -
10 - 0 2 - 0 - - 0 0 - - -
15 - 0 0 - - - - 0 0 - - -

'V = viable, NV = Non-Viable.

24nercent noted to be reduced trom number found fn first sample
3A4 compared Lo total number of cgps observed

"Percent recovered to the tocal expected number, assuming decrcdse is doe only wo dilutton



TABLE E-4. EFFECTS OF LIME STABILIZATION ON ASCARIS EGGS
(FROM THE SMALL INTESTINAL CONTENTS) IN PRIMARY
SLUDGE UNDER AEROBIC CONDITIONS AT
AMBIENT TEMPERATURE.

Ascaris % Red3 \ % Rec."
Time Eggs/50ml! Viable % Total
(Days) \Y NV Eggs Viable? Eggs pH

No Lime Dosage

0.04 48 0 - 100 73(66) 6.1
55 51 2 0 96 80(66) 6.7
10 15 3 69 83 27 (66) 7.3
155 10 3 79 77 20(66) 6.8
20° 2 0 96 100 3(66) 8.6
100 mg of Lime (Ca(OH)5) Per Gram Susp. Solids

0.04 37 0 - 100 56(66) 12.5
55 33 4 11 89 56(66) 7.9
10 18 1 51 95 29(66) 8.5
15 - - - - - -

20 - - - - - -

1000 mg Lime (Ca(OH),) Per Gram Susp. Solids
C.04 45 7 - 87 79(66) 13.2
55 9 24 80 27 50(66) 13.1
10 0 4 100 0 6(66) 13.0
155 0 0 100 0 0(66) 13.0
20° 0 1 100 0 2(66) 11.4
‘ 3000 mg Lime (Ca(OH)»,) Per Gram Susp. Solids

0.04 51 8 - 98 79(66) 13.4
55 4 15 92 21 50(66) 13.2
10 0 2 100 0 3(66) 13.1
15° 0 2 100 0 3(66) 13.1
20° 0 0 100 - 0(66) 13.0

1y = Viable eggs; NV = Non-Viable eggs.

27 viable = Percent viable eggs found in sample, compared to total number of
eggs observed,

37 Red. = Percent of viable eggs noted to be reduced from number of viable
eggs found at 1 hr operation.

“% Rec. = Percent of total number of eggs recovered to total theoretical num-
ber of eggs (illustrated in parentheses) that should be found assuming de-
crease in number of eggs is due only to dilution.

SThese samples were neutralized, then refrigerated for 5 to 12 days before
parasite analysis.

186



TABIE k=5. FFEECTS OF LIME STABILIZAITON ON ASCARIS LGS (TROM THL DIFRD 01 WORMS) AND LOXOCANA 160N (1RGN BOC (101%)
N PRIMARY SLUDGE (NDER AZROBIC (ONHIIIONS Al AMBEIINI TEMPERA VORI

L81

Ascaris [OXOCA
Percent Percuenc Peroent lulcent
Tine kpga/50 ol Decrease Percent Recovery ob Eggs/50 wml Dicrease Porcunt Recovery ot
(duys) v nvl Viable Eggs? Viable? Total Egps" v NvT Viable kggs?  Viabl? botal Lpg="  pil

No Lime Pu-~ape

0.04 0 1 - 0 1 (100) 0 6 - 0 6 (100) 75
5 0 (1] - - 0 (100) 0 3 - 0 3 (1ou) 74
10 0 5 - ] 5 (100) (1} 7 - 0 7 C(1o0) 5 )
153 0 0 - - 0 (10v) 0 0 - - 0 (L) 55
20° 1] 0 - - 0 (100) 0 1} - - 0 (1o 6.2
100 mg of lime (Ca(Oll),) Pur Gram of Suspended Solids
0.04 0 1] - - 0 (10D) 0 3 - 0 yo(log) 1o 2
S 0 0 - - 0o (100) 1) 0 - - 60 (1) 41
1] 1] 1] - - g (100) 0 [} - - u (1o0) 70
15° 0 0 - - . 0 (100) 0 0 - - 0o !
20° 0 0 - - 0 (100 0 v - - 0 (o) /4
1000 mg of 1lme (Ca(Oll);) Per Gram of Suspended Solids
0.04 0 0 - - 0 (100} 4] 0 - - Oty 12
5 22 12 - 78 34 (100) 15 60 - 20 75 (o) 81
10 0 0 - - 0 (100) 0 0 - - o (o) 79
153 0 0 -~ - 0 (100) 0 0 - - U (1) B0
205 0 - - o (loo) 0 0 - - G o0y B
3000 mg of §ime (Ca(utl),) ter Liam of Suspended dolids
0.04 0 0 - 0 0 (1o 0 0 - ] ooy 12
S 1t - 79 14 {(100) 4} 93 - [H DR T X117 ) T R
10 0 31 - 0 31 (100) (1] a6 - 1] P Y1 ) I )
15° 0 23 - 0 23 (100) o 74 - o oGy 1y
20° 0 1 - 0 1 (1ow) 0 4 - 0 4 iy o

v = Viable kpgs, NV = Non-Viable kggs.
2percent noted to be reduced from number found In first sample.

JAs comparced Lo roral number of eggs obuerved.
Ymercent recovered to the totsl expected number (1llustrated in parcntheses) assuming decrease fs dime only to dilation

These samples wore neutralfzed, chen refrigeraced for 5 to 12 days betore paraslte analyais.



FABLE b-6. EFFECTS OF 1TME STABLILIZATION ON ASCARLS MGGS (FROM [0 SMALL IRICSTINAE CONTENIS UF SHINI) AN AL ROBILAN LY

DIGESTED SLUNGE MAINTAINED UNDER AEROBIC CORBITIONS AT AMBIINT TFHPERATURES ARPILK T1HE ADDYLION

881

Digested nt 28% Digested at 35%
Ascarls Percent? rercent” Ancoriy Percent? torvem®
T {me Epgs/50 m} ! Decrease Percent3 Recovery ot L.ggs/50 ot ' Decrease rorcent? Recovery ol
(days) v NV Viable ¥gys Viable Total Eggs pli v NV Viable Fpgs Vialile tatal Lyys plt

No ldme Bosage

0.04 28 ) - B4 30 (162) ., 7. 64 30 - 68 61 1192) 7.0
55 15 4 61 79 12 {162) 9.6 40 14 18 74 35 (147 81
105 48 8 0 86 35 (162) 6.8 79 21 0 19 65 (142 6.0
i5 49 7 0 88 35 (162) 6.1 18 13 41 75 33 (v 4% 9
20 22 4 42 85 16 {162) 5. 46 9 28 84 36 (142 5.7
100 wz Vime (Ca(OH) ) per Gram Suspended Sollds
0.04 13 2 - 87 9 (162) _ 87 52 18 - 74 45 (152 T
53 1} 6 0 75 15 {162} 8BS 29 ? 4 8 21 {1h?) B0
105 34 5 n 87 24 (162} 8.4 48 13 8 79 40 (182) 89
15 42 4 0 N 28 (162) 8 66 17 0 an 56 (152) HH
20 32 9 0 78 25 (162) £.1 12 8 17 A 13 (1520 v
1000 mg Lime (Ca(Ol),) per Firam Suupended Solldg®
0.04 3 24 89 kl 17 (162} 1.0 0 45 100 0 29 {(152) (]
53 2 4 93 33 4 (162) 127 0 7 100 0 5 (102) iy
10? [ 3 100 0 2 (162) 83 0 3 100 0 2 (152 g
15 8 17 71 32 15 (162) 8.4 5 26 92 16 200 (152) 45
20 0 9 100 0 6 (162) e.! i 9 i 5 13 {152} 80
\ 3000 mg l.tme (Ca(0ll);) per Cram buspended Solids’
.04 0 24 100 0 15 (162) 131 i 32 94 3 21 (1a2) e
5% o 2 100 0 1 (162) 13.2 0 0 100 0 G (187 125
10°® o 2 100 0 1 (162) 13.0 0 4 100 0 (1 12 9
15 o 21 100 - 13 (162) 12.5 L} 29 100 0 1 (1h9 9 9
20 o 12 100 0 ! (162) - 0

9 100 )] 6 (14%2) -

W = viuble Eygu; NV = Hon-Viasbile Egys.

2parcent noted to be reduced from number found 4t one hour of opecuclon.

3hs comparcd Lo total number of egps ubhuerved.

“Pervent recovered to rtotal expected nuamber (1llustrated In parenthescs) agsuming decrease 1s due ouly 1o ditutton,
*These sanples were nevtralized, then refrigerated for 5 to 12 days bufure parasite snalysls.

bpercent nuted to be reduced from number found In no 1ime dosage at aue hour of operation al specitled toaperature




TABLE E-7. EFFEGCIS OF LIME SPABILIZALION ON ASCARIS LGOS (TROM SMALL INLISTINAL CORILENES OF SUINE) IN ALROBICAIILY
DIGESTED SLUDGES MAINTAINED UNDER ANAFROBIC CONDITIONS AL AMBLINT TIMPERATURLS AILIR J 1ML ADDILITON

681

Digested ot 289C Digested ot 150¢
Uime Ascaris Percent? Peccent" Ascarls Percent? ’ Percent”
days Eggs/50 ml!} Decrease Percentd Recovery of kpps/50 wl! Becrease Percentd  Kecovery ot
y FunsS/IY wl
v NV Viable Eggs Viable ‘lotal Eggs pit v NV Viable Lggs Viable lotal bkppo plt

0.04° 39 5 - 89 27 (162) 7.2 62 I8 - 18 52 (144) 1)
5% 29 5 26 85 21 (162) 6.7 8 7 39 84 29 (144) 67
10 42 8 0 84 31 (162) 7.4 93 16 0 85 1 (la4) 75
15 47 2 0 96 30 (162) 80 44 8 29 85 34 (V44) 80
20 47 7 o 87 33 (162) 7.2 58 15 6 19 47 (ih4) 71
100 ag Lime (Ca(OH)2) per Giow Suspended bolids
0.04° 21 9 - 70 19 (162) 12 4 51 10 - 84 400 (1ab) H.06
55 10 14 52 72 15 12 4 53 20 0 1 47 (144) 7
10 3 29 86 10 20 (162) 12 2 66 8 0 89 8 (144) /8
15 30 12 0 71 26 (162) ] 62 13 4] 83 79 (144) HO
20 0 3 100 0 2 (162) 1.5 81 / 0 92 S (144) 77
1000 @g Hme (Ca(OH)p) per Gram Suspended Sol fds
0 045 15 14 - 52 18 (162) 13 3 27 28 - 79 36 (144) 1y
55 0 14" 100 0 9 (162) 1.0 20 40 26 3 39 (16a) 'y
10 6 30 60 17 22 (162) I3y 0 17 32 37 15 32 (144) 13 0
15 18 22 0 15 25 (162) 12.6 g1 ] 0 99 53 (144) Vol
20 2 4) 87 4 28 (162) 12.2 49 23 0 68 48 (144) 17
3000 mp Lime (Ca(M)2) per Gram Suspended Solids
0.045 28 32 - 77 37 (162) 15 3 44 30 - 59 48 (144) 11l
5% 1 13 96 7 9 (1062) 13 2 3 29 93 9 21 (144) 110
10 2 8 93 20 6 (162) 13.1 ] 6 94 14 9 (144) [ |
15 19 18 32 51 23 (162) 12 6 40 18 9 6Y 38 (144) 12 8
20 2 27 93 7 18 (162) 12.2 48 23 0 68 46 (144) 12 3

ly = viable egps; NV = non-viable eggs.

‘Percent noted to be reduced from number found at ome hour of operatlon.

3As compared to total numher of egys observed.

“Percent recovered to total expected number (l1lustrated in parenthescs) assuming decrease is due only to dllution
51lese samples were neutralfzed, then refrigerated for 5 to 12 days before paraslite anolysis.
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1ABLE k-8,

FFFECTS QF AMMONIA ON ASCARIS

EGCS (FROM THE SMALD

INIESEINAL

CONITENTS OF SUINE)

N § M

STABHL I ZE D-AIL ROBICAT LY

DICESTLED STUBGE (3000 mg 1 THDL ((‘Rﬁll ) PRR GHAM SHSPENDLD SOLIDS UNDER ANALRORBIC CONDJVIONS AL AMBLINT JEMIMRA TN

Digested ar 28°C

Digested ar 357

Ascorcls Percent’ Percenty Anusn i Ascaris tercent’ Percent® Vuonda
Fime Eggs/50 wl!  Decrease Percent  Recovery of Convan-  Lpgs/S0 ml!  Decrease Percent Recovery ot tonten-
(days) v NV viable kggs Viabled Toral Lggs pH trartton v NV Viable Lggs Viabioe' dotal 1pge pht tration
No Ammonila Dosape
0.04 28 32 - 83 37 (162) 13.3 25 81 I - 99 53 (144, tit 28
5 1 13 96 99 9 (162) 13.2 25 3 29 96 9 21 (1an) 1350 28
10 2 8 93 99 6 (162) 13.1 25 1 6 99 14 S (144) 131 28
15 10 18 100 100 7 (162) 12 6 25 L4 8 51 69 38 Cia44) 12 8 28
30 mp Amnonia Sul fate per Gram buspended dolids .
0.04 69 4] - 100 43 (162) 13.1 147 60 [}] - 100 W Cra4) V2 133
5 7 18 90 28 15 (162) 13.1 1417 16 15 13 22 200 (144) by 2 113
10 1 6 99 14 4 (162) 131 14l 1 7 98 13 S (104) 1y 2 143
15 0 1! 100 0 S (162) 12.7 147 0 46 100 0 O (14%) 127 (N3]
500 my Ammonia Sulfate per Gram Suspended Solids
0.04 56 15 - 79 44 (162) 13.1 1,162 37 0 - 100 24 (1an) 142 1,050
5 L 10 98 9 7 (162) 13.0 1,162 17 12 54 59 19 (144) 150 1,0%
10 0 3 100 0 2 (162) 13.0 1,102 0 9 100 0 6 (144 13 0 1,050
15 0 8 100 ] 2 (162) 12.7 1,162 0 21 100 0 14 (144 128 1,000
5000 mg Amwnonia Sulfate per Cram Suspendued So)ids
0.04 66 1 - 99 41 (l162) i3 3 11,620 66 4 - 94 45 (1an) I3 2 i dien
5 0 13 100 0 8 (162) 13.2 11,620 ] 39 100 0 25 (lat) by 1t 640
10 0 26 100 0 16 (162) 13.1 11,620 0 37 100 0 24 (144%) 13 0 10,640
15 0 4 100 0 26 (162) V2.7 11,620 0 60 100 1] 19 (140) 128 10,640

v = viable egps, NV = non-viable cggs (viability deterwined by coultivation),
‘Percent noted to be reduced from number tonnd at one hour of opucatban
dAs comparud to total number of eggs obscrved

]
"ercent recovered Lo total expected number (B lustrated fn pacrenthoses) assuming decrease s due only to dilut bon
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TABLE E-9. EFFECTS OF AMMONIA ON ASCARIS EGGS (FROM IHE SMAED INTISTINAL CONIERIS OF SWINE)

AND TOXOCARA EGGLS (FROM TUk FECES OF INM.S) IN 10 ANARROBICAL Y DIGES T L) UDGLL
UNDER ANARROBIC CONDITIONS Al AMBIEND 10 MPLRATURE
fiscarls Tuxocara
Percent T T T “"':lA'(-CI-lI:- ’ ) ) -
Time pit [, +] Lpps/S0 ml ¢ Decrease % V* < total™ L&ﬂiﬂzlﬂﬂj Decreane 1 VY Z totsl
(days) mg/1 v NV V Lgps? Recovery v NV V kygsd Recovery
NO AMIONIA DOSAGE
0 12 330 1 3 - 70 34 b 6 - 50 34
5 12 330 15 1 0 94 55 17 10 0 63 -1
50 mg AIMONIA SULFATE PLE GRA§ SUSPINDID SOLIDS
0 12 462 8 2 - 80 34 13 10 - 57 66
5 12 462 8 ] 0 89 31 9 13 31 41 63
500 wg AMMONIA SULFATL VIR GEAIL SUSPEHDRED 50§ Lhs
0 12 1,638 1) [ - 92 41 [ B 6 - 65 49
5 12 1,638 23 2 0 92 86 12 19 1] 39 H9
5000 mg AMIONIA SULFATE PFR GRAM SUSPENDLD SOIIDS
0 12 12,880 8 1 - 89 31 9 9 - 50 51
5 12 12,880 14 10 0 58 83 12 18 -0 40 86

}(NH“+lmg/l =~ concentration of free ammonia Li wg/l us nitrogen.
‘v = viable eggs; NV = non-viable eggs (viability determined by cultlvation).
Jpercent noted to be reduced from number found at beglaning.

:Aa compared to total number of eggs observed.
ll

ercent recovered to total expected number of egguy.



