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ARSTRACT

Public Health is of central importance in the design and
implementation of improved excreta disposal projects. Improvements
in health are the main social and economic benefit which planners
and economists hope to achieve by investing in excreta dispcsal.

It is therefore necessary to make available as much information as
possible about the interaction between excreta and health in order
that engineers and planners may make informed and rational decisions.
The information that is required not only concerns the broad
epidemiological issues of the impact on disease of improvements in
excreta disposal, but also the ways in which particular excreta
disposal and reuse technologies affect the survival and dissemination
of particular pathogens.

This book sets out to provide such information. It is
intended for planners, engineers, economists and health workers and
has been written with a minimum of jargon so that it can be readily
absorbed by people from differing professional backgrounds.

This paper presents a distillation of available knowledge
on excreta, night soil, sewage and health. The emphasis is on
presenting the complex, and sometimes contradictory, evidence as
clearly and concisely as possible.
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PREFACE

Most people in the less developed countries do not have an adequate
excreta disposal system. A survey by the World Health Organization in 1975
indicated that 75 percent aof urban dwellers did not have sewerage (i.e.,
sewers for disposal of excreta), while 25 percent had no system of any kind.
In rural areas it was reported that 85 percent lacked any adequate excreta
disposal facility. Clearly, the situation is most serious and major national
and international initiatives are required if any substantial impact is to be
made on the problem in the next few decades.

Public health is of central importance in the design and imple-
mentation of improved excreta disposal projects. Improvements in health
are the main social and economic benefit that planners and economists
hope to achieve by investing in excreta disposal. It is therefore necessary
to make available as much information as possible about the interaction
between excreta and health to enable engineers and planners to make informed
and rational decisions. The information that is required not only concerns
the broad epidemiological issues of the impact on disease of improvements in
excreta disposal, but also the ways in which particular exreta disposal and
reuse technologies affect the survival and dissemination of particular
pathogens.

This report sets out to provide such information. It is intended
for planners, engineers, economists, and health workers and has been written
with a minimum of jargon so that it can be readily absorbed by people from
differing professional backgrounds.

This report presents a distillation of available knowledge on
excreta, night soil, and sewage and health. The emphasis is on presenting
the complex, and sometimes contradictory, evidence as clearly and concisely
as possible. The informatjion is drawn largely from the available literature
-— but not entirely. On occasion we have gone beyond the literature to make
statements about what we anticipate to be the case based on a fundamental
understanding of a particular disease or pathogen. Inevitably, the need for
clarity and limited space have necessitated some oversimplificatious.

This report is an abbreviated version of Feachem et al., (forth-
coming) which contains a short account of each excreta-related infection
briefly considered here, stressing in more detail the appropriate control
methods and the role of improved excreta disposal in any control campaign.
These accounts have been revised and updated since this report was com-
pleted. Emphasis is also given in the book to the survival of the pathogen
outside its host in order that the effect of various waste treatment
processes may be clarified. Like the present volume, this material is
derived from the literature. Where the literature is ambiguous or
contradictory, we have attempted to give a conservative opinion; for
instance, we overestimate the ability of the pathogen to survive hostile
environmental conditions. Readers of this report are referred to the
more extensive coverage of the literature contained in the book-length
study. The literature selected therein is drawn from throughout the
world, and a considerable number of Czech, French, German, Japanese,
Korean, Russian, Spanish, and other non-English language publications
have »een listed. Contributors to the book included: J. Coghlan,

C.F. Curtis, D.M.E. Curtis, W.A.M. Cutting, B.S. Drasar, B.R. Llaurence,
B. Lloyd, W.W. Macdonald, D.M. Mackay, R.L. Muller, J.S. Slade,
B.A., Southgate, D.C. Warhurst, and A.J. Zuckerman.
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A variety of technical terms used by the medical and engineering
professions are found in this report. These terms have not always been
used in a consistent way in the literatur<. We have therefore compiled a
list of definitions (appendix I) that clarifies the exs~i meanings we
attach to these terms in this report. The reader may find it useful to
refer to appendix I before proceeding further.

This report has been prepared by the Ross Institute of Tropical
Hygiene from the work of a group of bacteriologists, engineers, entomolo-~
gists, epidemiologists, parasitologists, and virologists drawn from the
London School of Hygiene and Tropical Medicine and elsewhere. The work
has been carried out as part of the World Bank’s research project onm
appropriate technology for water supply and sanitation. A complete list
of publications issued as a result of this project is contained in
Chapter I. Financial assistance has been provided by the World Bank
and the authors are indebted to the staff of the World Bank for their
support and encouragement during the preparation of the report. The
authors are particularly grateful for the guidance given by Mr. John
Kalbermatten, Mr. Charles Gunnerson, Dr. DeA 1e Julius, and Mr. Richard
Middleton.

We also wish to thank Dr. V.J. Cabelli, Dr. W. Crewe, Dr. B.

Cvjetanovic, Mr. C. Gunnerson, Dr. J.M. Hughes, Dr. D. Julius, Mr. J.
-Kalbermatten, Dr. J.C. Leighty, Mr. R. Middleton, Dr. F.D. Miller, Mr.

W.L. Reyes, Dr. H.I. Shuval, Dr. B.B. Sundaresan, Prof. A. Wolman, and
Prof. A.M. Wright who kindly reviewed the manuscript of this report and
made many thoughtful and constructive suggestions. Thanks are also due

to many other people who assisted in various ways and especially to Dr.
F.I.C. Apted, Ms. P. Berrington, Ms. E. Burge, Margaret Carroll, Mr. P.
Hawkins, Professor K. Ives, Dr. M. McGarry, and Mr. C. Miller. We also
acknowledge the valuable work of translation carried out by Sandy Cairncross
(Portuguese), Mario Campa (Italian), Agnes Candler (French), Zuzana Feachem
(Czech, Slovak, and Russian), and Rieko Fukano (Japanese).

Richard G. Feachem
David J. Bradley
Hemda Garelick

D. Duncan Mara
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CHAPTER I

EXCRETA AND HEALTH

This report is about human excreta and disease. Excreta are
defined here as human urine and feces. Many infections, in excess of fifty
even if the different numbered types of viruses and serotypes of enteric
bacteria are ignored, are transmitted from the excreta of an infected
person to the mouth of another. The disease-causing agents (the pathogens)
of these infections travel from anus (or, rarely, the bladder) to mouth by a
variety of routes —~ sometimes directly on dirty fingers and sometimes on
food or utensils, in water, or by any other route that allows minute
amounts of infected excreta to be ingested. Some of these pathogens may
reinfect, not only through the mouth, but by inhalation of dust or aerosol
droplets. There are also a few infections (notably hookworm and schistoso-

miasis) that can penetrate through

the skin.

Human excreta are the principal vehicle for the transmission and
spread of a wide range of communicable diseases. Some of these diseases
rank among the chief causes of sickness and death in societies where
poverty and malnutrition are ubiquitous. Diarrheas, for instance, are,
together with malnutrition, respiratory disease, and endemic malaria, the
main cause of death among small children and infants in developing countries.
Cholera, whether endemic or epidemic in form, is accompanied by numerous
deaths in all age groups —- although under endemic conditions, it is children
who suffer the most fatalities. Other diseases, such as hookworm infection

and schistosomiasis, cause chronic

debilitating conditions that impair the

quality of life (however defined) and make the individuals more liable to
die from superimposed acute infections.

Tnese diseases, and the many others that are discussed in this
report, start their journey from an infected individual to a new victim when
the causative agent is passed in the excreta. Therefore, the collection,
transportation, treatment, and disposal of human excreta are of the utmost
importance in the protection of the health of any community. They become
even more important in those societies that recognize the value of human
excreta in agriculture, aquaculture, or biogas production and therefore

reuse, rather than dispose of, the
have a positive role in supporting
are often cheaper than alternative
systems present a challenge to the
develop technologies that will not

raw or treated wastes. Such reuse systems
economic activity and food production and
methods of disposal. Nevertheless, reuse
public health engineer to design and

pose unacceptable risks to health.

In most countries there are millions of people who lack any hygienic
and acceptable method of excreta disposal. There are also govermments and
international agencies spending, or preparing to spend, large sums of money
to improve this situation. If these governments and agencies could arrange,
by massive investment and miraculous social and economic transformation, to
provide everyone with a modern house with water and sewarage connections,
the health concerns discussed in this book would be less relevant. But
change will not come in this way. Change will come slowly and unevenly and
resources of money, manpower, and institutions will often be scarce.




The recipients of new excreta disposal technologies may be unable to
completely pay for them, or they may lack the necessary experience and
education to use them effectively. There will always be many constraints,
and with these constraints will come difficult choices.

Choices need to be made about all aspects of excreta disposal.
There will be choices about technology, ultimate disposal, reuse, sullage,
payment , management, and all the other elements that make up a sewage or
night soil system. A number of factors will influence these choices, but
one central factor is health. Since a primary motivation for investing in
excreta disposal is improved health, decision makers will need to understand
the health implications of the various choices. The more limited the
resources, the more difficult the choices and decisions become and the more
it is necessary to understand precisely and in detail the relationships
between excreta and health.

The object of this report is to present to the educated, but
nonspecialist, reader the informatiom about excreta and health that will
enable him to make informed decisions and to allocate limited resources
in a way likely to be most beneficial to the public health. Our purpose
is not to provide technical details of the excreta disposal systems discus-
sed. A companion review and bibliography on the technical aspects has been
prepared and published by the Internatiomal Development Research Centre
(IDRC) in Ottawa (Rybczynski, Polprasert, and McGarry, 1978). Readers are
strongly recommended to use the two books together and to consult the other
volumes in the World Bank’s series of publications entitled Appropriate
Technology for Water Supply and Sanitation of which this report is
volume 3. Other volumes in this series are as follows:

[vol. 1] Technical and Economic Options, by John M. Kalbermatten,
DeAnne S. Julius, and Charles G. Gunnerson [a condensation
of Appropriate Sanitation Alternmatives: A Technical and
Economic Appraisal, forthcoming from Johns Hopkins Univer-
sity Press]

[vol. la] A Summary of Technical and Economic Options

{vol. 2] A Planner’s Guide, by John M. Kalbermatten, DeAnne S. Julius,
Charles G. Gunnerson, and D. Duncan Mara [a condensation
of Appropriate Sanitation Alicernatives: A Planning and
Desipgn Manual, forthcoming from Johns Hopkins University
Press]




{vol. 41 Low-Cost Technology Options for Sanitation--A State-of-
the-Art Review and Annotated Bibliography, by Witold
Rybezynski, Chongrak Polprasert, and Michael McGarry
[available, as a joint publication, from the Internatiomal
Development Research Centre, Ottawa, Ontario, Canadal]

[vol. 5] Sociocultural Aspects of Water Supply and Excreta Disposal,
by Mary Elmendorf and Patricia K. Buckles

[vol. 6]} Country Studies in Sanitation Alternatives, by Richard A.
Kuhlthau (ed.)

[vol. 7} Alternative Sanitation Technologies for Urban Areas in
Africa, by Richard G. Feachem, D. Duncan Mara, and
Kenneth 0. Iwugo

[vol. 8] Seven Case Studies of Rural and Urban Fringe Areas in Latin

America, by Mary Elmendorf (coordinating anthropologist)

[vol. 9] Low-Cost Water System Design, Section 1 by Donald T. Lauria,
Peter J. Kolsky, and Richard N. Middleton; Section 2 by
Keith Demke and Donald T. Lauria; and Section 3 by Paul V.

Hebert

[vol. 10) Night-soil Composting, by H. I. Shuval, Charles G. Gunnerson,
and DeAnne S. Julius

[vol. 11) Sanitation Field Manual, by John M. Kalbermatten, DeAnne S.
Julius, Charles G. Gunnerson, and D. Duncan Mara

[vol. 12) Low-Cost Water Distribution--A Field Manual, by Charles
Spangler

The more complete book versions of volumes 1, 2 and 3 are
forthcoming -- under the series titles "World Bamk Studies in Water Supply

and Sanitation" — from the Johns Hopkins University Press (Baltimore and
London).

Additional volumes and occasional papers will be published as
ongoing research is completed. With the exception of volume 4, all reports
may be obtained from the World Bank’s Publications Unit.

Other useful publications, which may be read in conjunction with
this book, are Feachem and Cairncross (1978), Feachem, McGarry, and Mara
(1977), Gotaas (1956), McGarry and Stainforth (1978), Mara (1976), Okun and

Ponghis (1975), Rajagopalan and Shiffman (1974), Shuval (1977), and Wagner
and Lanoix (1958).




CHAPTER 2

THE NATURE OF EXCRETA AND SEWAGE

2.1 QUANTITIES

There are very marked differences in the volumes of excreta and
sewage produced by different communities. Volumes, composition, and
consistency of feces depend on such factors as diet, climate, and state of
health. Individual wet fecal weights vary from under 20 grams daily to 1.5
kilograms daily. When rnational or regional averages are considered, however,
Europeans and North Americans produce between 100 and 200 grams daily, while
people in developing countries have average wet fecal weights of 130-520
grams daily. Vegetarians generally have higher fecal weights than other
groups, and fecal weights in rural areas are considérably higher than in
towns. Children, adolescents, and the elderly have lower fecal output than
others. Table 1 shows wet fecal weight data reported by various authors
from a range of countries.

The water content of feces varies with fecal weight. For instance,
in a community with an average wet fecal weight of 100-150 grams daily, the
water content will be around 75 percent. As fecal weight increases, so does
the proportion of water, so that, at a fecal weight of 500 grams daily, the
water content of the stool may be about 90 percent. The frequency of defe-
cation also varies with fecal weight. In Europe and North America, where
fecal weights are generally under 200 grams daily, the average frequency is
one stool per day. In rural areas of developing countries, especially where
diet is vegetarian and fecal weights are high, two or three stools per day
is common.l/

Most adults will produce between 1.0 and 1.3 kilograms of urine
per day, but this depends on how much they drink and sweat, which in turn
depends on diet, occupation, clima.e, and other factors.

Where possible, local data sources should be consulted when
designing a night-soil 2/ system. In the absence of other data, a working
assumption in a develo: ag country is that adults will produce about 350 grams
of feces and 1.2 kilograms of urine per day in rural areas and 250 grams of
feces and 1.2 kilograms of urine in urban areas.

Volumes of night soil produced for cartage and treatment may be
computed from the sum of the per capita contributions of feces and urine
plus any water used for ablution or for cleaning the toilet area. Typically,
night-soil volumes are in the range 1.5-2.0 liters per capita daily. Data

1. We are indebted to Dr. John Cummings of the MRC Dunn Nutrition Unit,
University of Cambridge, for providing the information reported here and in
Table 1.

2. For definitions of this and other technical terms see the glossary,
appendix I. '




from Kiangsu Province, China, show that a bucket latrine system produces 2
liters of waste per capita daily including the bucket washwater (McGarry and
Stainforth, 1978).

Volumes of domestic sewage depend on quantities of water used in
the home. Houses connected to sewers are normally also connected to water
and usually have comprehensive plumbing fittings. Such houses may, rarely,
use as little as 30 liters per capita per day (White, 1977) but, if use
falls below 50 liters per capita daily, the sewers are liable to lose
their self-cleansing flow and become frequently blocked. At the other end
of the scale, households with many water using devices (such as washing
machines) may use 300 liters or more per capita daily. i

The consistency or solids content of night scil may be calculated
from these figures. Assume a fecal weight of 250 grams per capita daily
with a water content of 80 percent. Further assume a urine production of
1.2 liters per capita per day and 0.35 liter of water used for anal cleansing.
Then the night soil of ome individual will contain 50 grams of solids in 1.8
liters of night soil, in other words, a solids content of 2.8 percent. If
paper is used for anal cleansing, solids content will go up to perhaps 5
percent. Therefore the solids content of night soil is similar to that of
primary sewage works” sludge. Data from Japan, Taiwan, and Thailand indicate
a solids content for night soil in the range 2.0-%4.2 percent, with mean
figures of 2.7-3.7 percent (Pescod, 1971).

2.2 CHEMICAL COMPOSITION

Excreta, especially feces, are of very complex and variable
composition. Some typical figures on some constituents are given in Table 2.
Of particular interest to the sanitary engineer are the data on carbon and
nitrogen content, which indicate that the C/N ratio in feces is in the region
of 8, while in urine it is under 1. These figures have considerable bearing
on the design of the composting systems where the C/N ratio needs to be
around 20-30 for the process to proceed efficiently (Gotaas, 1956).

The other parameter of great importance to the public health
engineer is the concentration of organic material, measured by the bio-
chemical oxygen demand (BOD)lj or other similar index, such as COD (chemical
oxygen demand.g/, or total organic carbon). In a night-soil system, the per

1. The biochemical oxygen demand is the mass of oxygen required by micro-
organisms to oxidize the organic content of the waste. It is an indirect
measure of the concentration of biodegradable material present. BOD
denotes the oxygen demand exerted during the standard test, which is”con-
ducted at 200C over five days.

2. The chemical oxygen demand is the mass of oxygen consumed when the
organic matter present is oxidized by strong oxidizing agents in acid
solution. It includes some substances (such as cellulose) that are not
available to microorganisms, but excludes some (such as acetic acid)
that are.




capita BOD. contribution is made by the paper or other material used for
anal cieansing. In the U.S.A., Laak (1974) has found that urine contains
8.6 grams of BOD_ per liter and feces contain 9.6 grams per 100 grams.
Clearly, as fecai weights increase and moisture content rises, the BOD
contribution per unit weight of wet feces will fall. In addition, it is
possible that higher fecal weights will be associated with a higher fiber
content, which may not be readily biodegradable. This would cause higher
fecal weights to be accompanied by lower BOD5 contributions per unit
weight of dry feces.




Table 1. Fecal Weights around the World

Sub ject Number Average wet f- al weight Source
{grams daily) (range)
U.K.
Naval recruits and 15 (39-223) )
wives )
)
Teenage boarding 9 110 (71-142) )
school pupils ) Burkitt, Walker, and
) Painter (1972)
Vegetarians 24 225 (71-488) )
)
Hospitai matients 6 175 (128~248) )
uith fibei added )
to di-= )
t.aboratory staff 4 162 (123-224) Greenberg (1976)
Medical students 33 132 - Cumnmings (unpublished)
Medical personnel 11 107 - Goy et al. (1976)
U.S.A.
Cincinatti 5 115 (76-148) Counnell and Smith (1974)
Philadelphia
students - Black 10 148 - ) Goldsmith and Burkitt (1975)
~ White 10 192 - )
San Francisco 5 91 - Gray and Tainter (1941)
medical personnel
Norwalk, volunteers 6 103 - Fuchs, Dorfman, and Floch
(1976)
SOUTH AMERICA
Villagers 20 325 (60-650) Crofts (1975)
Shipibo Indians,
Peru
KENYA
Hospital staff 16 520 - Cranston and Burkitt (1975)

rural Chogoria

(Table continues on following page.)




Table 1 (continued)

Sub ject Number Average wet fecal weight Source
(grams daily) (range)
UGANDA
Senior boarding- 27 185 (48-348) )
school pupils ) Burkitt, Walker, and
) Painter (1972)
Rural villagers 15 470 (178-980) )
INDIA
Nurses 13 155 - ) Burkitt, Walker, and
Painter (1972)
Healthy Indians in )
Nutrition Unit )
New Delhi ) Tandon and Tandon (1975)
<15 yrs 36 374 (50-1060) )
>15 yrs 514 311 (19-1505) )
MATLAYSIA
Chinese (urban) 1 277 (180-270) )
)
Chinese (rural) 10 489 (386-582) )
)
Malay (rural) 10 465 (350-550) )
) Balasegaram and Burkitt
Indian (urban) 5 170 (110-240) ) (1976)
)
Indian (rural) 8 385 (255-520) )
)
Doctors (urban) 6 135 (40-300) )
SOUTH AFRICA
Young schecolchildren )
(rural) - - (60-70) )
Older schoolchildren ) Walker (1975)
(rural) - - (120-180) )
Adults (rural) - - (140-220) )
Young children (urban) -- - (55-70) )
Older children (urban) -- - (100-170) ) Burkitt, Walker, and
Adults (urban) - - (120-180) ) Painter (1974)
Students 100 173 (120-195) )
)
Schoolchildren (urban) -- 165 (129-260) ) Burkitt, Walker, and
) Painter (1972)
Schoolchildren (rural) -- 275 (150-350) )




Table 2: Composition of Human Feces and Urine

Item Feces Urine
Quantity (wet) per person daily 100-400 g 1.0-1.31 kg
Quantity (dry solids) per person daily 30-60 g 50-70 g
Moisture content (percent) 70-85 93-96

Approximate composition (percent dry weight)

Organic matter 88-97 65-85
Nitrogen 5.0-7.0 15-19
Phosphorus (as P205) 3.0-5.4 2.5-5.0
Potassium (as KZO) _ 1.0-2.5 3.0-4.5
Carbon 44-55 11-17
Calcium (as CaQ) 4.5 4.5-6.0

Source: Adapted from Gotaas (1956).
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We have calculated possible BOD. contribution at different fecal
weights in Table 3. 1In the absence of otaer data these are speculative
calculations and require confirmation by field testing. Laak (1974) has
found that the BOD. contribution of anal cleansing paper in the U.S.A. is 3.5
grams per capita daily, and this figure may be lower in some developing
countries where water or nonbiodegradable material is used. Where heavy
paper (cement bags or newspaper), corncobs, or leaves are used, however, the
contribution of anal cleansing material may be similar to that in the U.S.A.
Speculative figures have been added to Table 3 to cover the contribution of
anal cleansing to the BOD5 in night soil.

Assuming a total volume of 1.5 liters per adult daily from excreta
and anal cleansing material, it is possible to calculate the BOD. strength of
a night soil produced by adults. These figures are given in Table 3. When
allowance is made for children, although the weights of BOD. per child will
be lower, the volumes will also be lower, so that the concentration may be
similar and the final night soil strength may be as calculated. Pradt (1971)
found a night soil BOD. content of 10,000 milligrams per liter in Japan, and
Hindhaugh (1973) found 46,000 milligrams per liter of BOD. in Lagos night
soil. This last figure is extremely high and may be due Eo the practice in
Lagos of putting garbage in the night-soil buckets.l/ However, the volume of
pight soil produced in Lagos is about 1.5 liters per capita per day —- the
figure assumed in Table 3.

1. The reason why garbage is placed in the buckets may be the lack of an
adequate refuse disposal system. Huponu-Wusu and Daniel (1977) record
that only 35 percent of 1,099 randomly sampled households in metropelitan
Lagos are covered by the refuse collection service of the city council.




Table 3: Possible ROD. Content of Excreta and Might Soil a/

BOD_ Strength

BOD . per of night soil
BODS per BOD. per ROD . per ROD,. per aduft per assuming that
Assumed adult Assumed adult FEstimated gram of aduit per adu?t per adu?t per day in anal 1.5 liters are
fecal weipht urine weight percentage wet feces day in day 1in day in cleansing produced per
Population per day b/ per day water in c/ feces urine excreta material adult daily
(grams) (kilograms) feces (milligrams) (grams) (grams) (grams) (grams) (milligrams per liter)
Furope/
N. America 150 1.2 75 9% d/ 4.4 10.3 24.7 3.5 d/ 18, 800
Developing
country, urban 250 1.2 . 80 77 19.3 10.3 29.6 3.0/ 21,700
Developing
country, rural 350 1.2 85 58 20.3 10.3 30.6 2.0 e/ 21,700

a. This table is speculative and should not be used where actual data are available.

b. Fecal weights taken from the ranges indicated in Table 1.

c. Calculated by assuming that the BOD

contribution is constant per unit weight of dry feces. This assumption is umlikely

to be accurate since, as fecal weiggt increases, so will the proportion of fiber and fiber is not readily biodegradable.

d. From Laak (1974).

e. Where water is used for anal cleansing, this figure will be 0.

-Z‘[—
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In a sewerage system, the per capita BOD_. contribution is augmented
sullage, which will contain organic wastes and %hus exert an oxygen demand.
vical figures for sewage including sullage are presented in Table 4. Further

.2 on the BOD5 in sullage will be found in chapter 3.

le 4: Some Reported per capita BOD_. Contributions in Sewage

5

Area BOD5 §§r523222a daily
(grams)
ambia 36
igeria 54
anya 23-40
.E. Asia 43
idia 30-55
azil (Sao Paulo) 50
rance (rural) 24-34
K. 50-59
S.A. 45-78

:: These figures were calculated by measuring the BOD_ of raw

m sewage and multiplying by the estimated water use pér capita per day.
gives a most approximate result because urban sewage may contain a
tantial proportion of commercial and industrial wastes. The domestic

r use and domestic BOD,. conditions are not readily derived frcm data

otal urban sewage. Thése figures are not directly comparable with those
able 3.
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2.3 PATHOGENS IN EXCRETA

Although it is not our intention that the biological classification
of organisms that cause disease should figure largely here, a brief note on
the major agents involved may assist the reader. They comprise four groups
of microbes =- viruses, bacteria, leptospires, and protozoa, to place them in
ascending 'order of size —- together with worms parasitic to man, grouped
together under the term helminths. 1In addition, excreta disposal may affect
the breeding of insects, including cockroaches, flies, and mosquitoes, which
all have nuisance value and may act as vectors of human disease agents that
may themselves not be found in the feces or urine.

2.4 VIRUSES IN EXCRETA

Numerous viruses may infect the intestinal tract and be passed in
the feces. Five groups of pathogenic viruses are particularly important:
polioviruses, echoviruses, coxsackieviruses, rotaviruses, and hepatitis A
virus, but other types are not unusual. The first three of these belong to
the family of enteroviruses, all of which replicate in the intestinal tract.
Other virus groups include parvo—like viruses and adenoviruses. The latter
are mainly respiratory tract viruses but have been found in the feces of
children with diarrhea. Many infections, especially in children, are sub-
clinical with all these.

Polioviruses are excreted in human feces and infect a new human host
by ingestion or inhalation. Most infections do not give rise to any clinical
illness. Sometimes, however, infection leads to mild influenza=-like illness,
to virus—meningitis, or to paralytic poliomyelitis, which may lead to permanent
disability or death. It is estimated that paralytic poliomyelitis occurs in
only about one out of every 1,000 poliovirus infections, but almost everyone
becomes infected in developing countries.

Echoviruses are expected in the feces. Infection can cause simple
fever, meningitis, diarrheal disease, or respiratory illness.

Coxsackieviruses are excreted in the feces of infected individuals.
Infection can lead to meningitis, fevers, respiratory disease, paralysis,
myocarditis, and other conditions.

Rotaviruses are an apparently important group recently found in the
feces of a surprisingly large number of cases of infant diarrhea. Their
precise causative role or epidemiology is as yet undefined, but they may
prove to be responsible for the majority of infant diarrheas.

Hepatitis A virus is the causative agent of infectious hepatitis.
It is excreted in the feces and infection may lead to jaundice but is often
without symptoms, especially in young children.

These excreted viruses are summarized in Table 5.
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Table 5: Viral Pathogens Excreted in Feces

Symptomless
human carrier
Virus _ Disease state? Reservoir
Polioviruses Poliomyelitis; Yes Man
paralysis and
other conditions
Echoviruses Numerous conditions Yes Man
Coxsackieviruses Numerous conditions Yes Man
Reoviruses Numerous conditions Yes ?
Adenoviruses Numerous conditions Yes Man
Hepatitis A virus Infectious hepatitis Yes Man
Rotaviruses Diarrhea or gastro- Yes ?

enteritis in children

2.5 BACTERIA IN EXCRETA (excluding Leptospira)

The feces of a healthy person contain large numbers of commensal
bacteria of many species. The species of bacteria found in the normal stool
and the relative numbers of different species will vary among communities.
Table 6 lists the bacteria most commonly found and indicates the variations
in their concentrations in feces. Because these bacteria are ubiquitous
and numerous in the feces of healthy people, they have been used as indica-
tors of fecal pollution (chapter 6). The most widely used indicator has
been the fecal coliform (Escherichia coli), which is the maia constituent of
the entercbacteria group in Table 6. Enterococci (or, more generally,
fecal streptococeci), another widespread commensal group, are also used as
indicators. Anaerobic bacteria, such as Clostridium, ggcteroiaes, and
Bifidobacterium, have been employed in the past and their role as potential
indicators is attracting increasing attention at the present time (Evison
and James, 1977). The use of indicator organisms is discussed in more
detail in chapter 6.




Table 6: Fecal Microflora of Different Human Populations a/

Mean log,, no. of bacteria per gram of feces

Entero— Entero- Lactoba— Bifido-
Diet Country bacteria cocci.E/ cilli Clostridia Bacteroides bacteria  Eubacteria
b/, cf
Largely India 7.9 7.3 7.6 5.7 9.2 9.6 9.5
carbohydrate Japan 9.4 8.1 7.4 5.6 9.4 9.7 9.6
Uganda 8.0 7.0 7.2 5.1 8.2 9.4 9.3
Hong Kong 7.0 5.8 6.1 4.7 9.8 9.1 8.5
Mixed England 7.9 5.8 6.5 5.7 9.8 9.9 9.3
Western Scotland 7.6 5.3 7.7 5.6 9.8 9.9 9.3
U.S.A. 7.4 5.9 6.5 5.4 9.7 9.9 9.3
Denmark 7.0 6.8 6.4 6.3 5.8 9.9 9.3
Finland 7.0 7.8 8.0 6.2 9.7 9.7 9.5

._9"{_

a. Data collected by Dr. B. Drasar.

b. This group is chiefly comprised of Escherichia coli.

c. These two groups are the most commonly used fecal indicator bacteria.
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On occasion, some bacteria listed in Table 6, or particular strains
of them, may give rise to disease, as may other groups of bacteria nct
normally found in the healthy intestine. These pathogenic, or potentially
pathogenic, bacteria are listed in Table 7. These bacterial pathogens most
commonly enter a new host by ingestion (in water, on food, on fingers, on
dirt, and so forth), but some may also enter through the lungs, following
inhalation of aerosol particles, or by way of the eye, following the rubbing
of the eye with fecally contaminated fingers. At some time during the course
of an infection large numbers of the bacteria will be passed in the feces,
thus allowing the infection to be spread to new hosts.

Diarrhea is a major symptom of many intestinal infections. The
bacteria may invade the body from the alimentary tract and cause either
generalized or localized bacterial infections. This invasion is character-
istic of typhoid infections and other enteric fevers caused by salmonellae.
During infections that are restricted to the digestive system, bacteria will
be passed out in the feces only. When invasion has occurred, bacteria may be
passed in the urine and will be found in the bloodstream at some stage.

With all the infections listed in Table 7, a carrier state occurs and
thus, in communities where these infections are endemic, a proportion of per-
fectly healthy individuals will be excreting these bacteria. These carriers
may play a prominent role in transmitting the infection they carry because
they are mobile and hence their feces may be widely dispersed. For instance,
a patient with severe cholera will be in bed for most of the time that he is
excreting Vibrio cholerae. Those who nurse him are clearly at risk, but he
is not disseminating bacteria widely around the community. A mild case, or
carrier, by contrast, may look relatively healthy and be mobile and may
excrete up to 10" cholera vibrios per gram of feces. In some infections the
carrier state lasts for a similar duration to the illness, but in others it
may persist for months or even be lifelong. Some carriers may have been ill
but continue to excrete the bacteria, while others may have been healthy
throughout. A carrier becomes especially dangerous if he is engaged in food
preparation or handling or if he works at a water supply facility.

Some of the pathogens listed in Table 7 are excreted entirely, or
almost entirely, by man, while others are excreted by a wide range of animals.
This is significant for the control of the infection through changes in
excreta disposal facilities alone, because any improvement made can have no
effect upon transmission from animal feces to man. It is noteworthy, however,
that three of the major infections listed in Table 7 -—- namely typhoid,
shigellosis, and cholera —-- may be assumed to be infections exclusively of
human beings, and spread from one to another.
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Table 7: Bacterial Pathogens Excreted in Feces
Bacteria Symptomless
also passed human
Bacteria Disease in urine? carrier state Reservoir
Salmonella typhi Typhoid fever Yes Yes Man
Salmonella paratyphi Paratyphoid fever Yes Yes Man
Other salmonellae Food poisoning and No Yes Man and
other salmonellosis animals
Shigella Bacillary dysentery No Yes Man
Vibrio cholerae Cholera No Yes Man
Other vibrios Diarrhea No Yes Man (and
animals?)
Pathogenic E. coli Diarrhea or No Yes Man a/
gastroenteritis
Yersinia Yersiniosis Yes Yes Animals
and man b/
Campylobacter Diarrhea No Yes Animals

and man(?)

a. Although many animals are infected by pathogenic E. coli, each serotype is
more or less specific to a particular animal host.

b. Of the thirty or more serotypes so far identified, a number seem to be associated

with particular animal species.

There is at present insufficient epidemiological

and serological evidence to say whether distinct serotypes are specific to primates.
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In summary, the bacterial and viral pathogens listed in Tables 5
and 7 are all passed in the feces of man or animals, they are not free-living,
and they normally infect a new host following ingestion. Transmission is
therefore primarily by swallowing minute quantities of infected feces (in
water, food, and the like) and therefore the sanitary disposal of all feces
(both human and animal) and perfect personal hygiene would largely eliminate
these infections. Unfortunately, for many of these infections, this has
proved an unattainable goal in even the most affluent societies, and more
modest targets must be set with the intention of reducing transmission to a
manageable level.

2.6 LEPTOSPIRA

Bacteria of the genus Leptospira have been excluded from section 2.5
because they cannot be included in the broad generalizations that have been
made. Although, in the majority of human cases, leptospirosis gives rise to
a benign, self-limited febrile illness, it occasionally leads to severe, even
fatal, diseases characterized by jaundice and hemorrhages, Weil”s syndrome.
Death may result from kidney failure. The organisms are excreted in the
urine of animal carriers and usually infect new animal hosts and man through
abraded skin or when the mucous membranes are contaminated with infected
urine. Man may be an intermittent urinary shedder for a few weeks, rarely
months, after acute infection. Leptospirosis should be considered in relation
to excreta because of the risk to workers who handle excrement that may
contain leptospires derived either from animal carriers (e.g., the sewer rat,
Rattus norvegicus) attracted to such environments or, occasionally, from

infected human urine.

2.7 PROTOZOA IN EXCRETA

Many species of protozoa can infect man and cause disease. Among
these, several species are harbored in the intestinal tract of man and other
animals and may cause diarrhea or dysentery. Infective forms of these
protozoa, often as cysts, are passed in the feces and man is infected when he
ingests them. Only three species of human intestinal protozoa are considered
frequently pathogenic: Giardia, Balantidium, and Entamoeba histolytica
(Table B). With all three, an asymptomatic carrier state is common and, in
the case of Entamoeba histolytica, it is these carriers who are primarily
responsible for continued transmission.
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Table 8: Protozoal Pathogens Excreted in Feces

Symptomless
human carrier
Protuzoa Disease state? Reservoir
Entamoeba histolytica Colonic ulceration, Yes Man
amoebic dysentery,
and liver abscess
Giardia lamblia Diarrhea and Yes Man
malabsorption
Balantidium coli Mild diarrhea and Yes Man and
colonic ulceration animals

2.8 HELMINTHS IN EXCRETA

Many species of parasitic worms, or helminths, may infect man.
Some can give rise to a range of serious illnesses, but a number appear to
cause few symptoms. We are here concerned only with those helminths whose
eggs or larval forms are passed out in the excreta —- in the urine for
Schistosoma haematobium, the cause of urinary schistosomiasis, and in the
feces for all the others under consideration. The helminths that escape
through a blister on the skin (guinea worm) or by the bite of a blood-feeding
insect are not considered in this section. The blood-borne larvae of the
filarial worm causing elephantiasis may be transmitted by Culex pipiens, a
mosquito that often breeds in sewage, sullage, and other polluted waters, and
Culex-transmitted filariasis is discussed at appropriate points in this report.

Helminths (except for Strongyloides) do not multiply within the
human host. If a person is exposed to twenty-three hookworm larvae, for
instance, he may subsequently have up to twenty-three hookworms, but cannot
have more unless he is reexposed to infection. Therefore, helminth infections
need to be thought of quantitatively, with people having heavy or light
infections. This contrasts with infections caused by viruses, bacteria, and
protozoa, where massive asexual reproduction occurs. In helminth infections,
the chance of serious illness is related to the size of worm burden.

Therefore, the development of pathology and the diseased state in
helminthic infections is usually the result of a cumulation of worm burdens,
often over many years, resulting from regular and repeated reinfections.
Asexually replicating organisms, on the other hand, can give rise to an
overwhelmingly heavy infection and a state of gross disease within a few days
or a few weeks of a single infective dose or organisms entering the body.




The excreted helminths are listed in Table 9. Often the develop-
mental stages through which they pass before reaching man again, their life
cycles, may be very complex, as is also shown in the Table. The helminths
divide into two mrin groups: the roundworms (nematodes) and those flat in
cross-section. The flat worms again form two groups: the tapeworms (cestodes),
which form chains of helminth segments, and the flukes (trematodes), which
have a single, flat, unsegmented body. Adult tapeworms mainly creat: problems
by depriving the person they infect of nutrients. The roundworms may cause
mechanical obstruction (Ascaris), rectal prolapse (Trichuris), itching around
the anus (Enterobius), or anemia ('tookworms), in addition to diverting food
to themselves and producing abdominal pain in some victims, while many remain
symptomless. Among the trematodes, some live in and damage the liver (Clonor-
chis) or lungs (Paragonimus), while the schistosomes live outside the intestine
in small blood vessels and the eggs that fail to escape from the host may
damage several organs. The intestinal flukes may occur in large numbers and
are mostly transmitted through food items, but they seem to cause relatively
mild symptoms.

Most of the roundworms infecting man, and also the schistosomes
from among the flukes, have the sexes separate, so that transmission depends
upon persons being infected with both male and female worms and upon the
mating of these worms within the human body, so that eggs or larvae can be
produced and leave the body. This implies that a number of individuals may
have unisexual infections, or infections with unmated worms, but be of no
significance epidemiologically because they are unable to transmit the
infection.
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Table 9:  Helminthic Pathogens Excreted in Feces
Common name
Disease of pathogen Pathogen Transmission Distribution
Ascariasis Roundworm Ascaris Man—--soil-—-man Worldwide
lumbricoides
Clonorchiasis Chinese liver Clonorchis Animal or man—- S.E. Asia
fluke sinensis aquatic snail--
fish—-man
Opisthorchiasis Cat liver fiuke Opisthorchis Animal-- U.5.5.R.,
felineus aquatic snail-- Thailand
0. viverrini fish--man
Diphyllobothriasis Fish tapeworm Diphyllobothrium Man or animal-- Widely dis-
latum copepod~-- tributed foci,
fish--man mainly in
temperate
regions
Enterobiasis Pinworm Enterobius Man—--man Worldwide
vermicularis
Fascioliasis Sheep liver Fasciola Sheep-- Worldwide in
fluke hepatica aquatic snail-- sheep and
aquatic vegeta- cattle raising
tion=--man areas
Fascinlopsiasis Giant intestinal Fasciolopsis Man or pig—— S.E. Asia,
fluke buski aquatic snail-- mainly China
aquatic vegeta-—
tion——man
Gastrodiscoidiaisis ~= Gastrodiscoides Pig--aquatic India, Bangladesh,
hominis snail-—-aquatic Vietnam,
vegetation—-—man Philippines
Heterophyiasis - Heterophyes Dog or cat—- Middle East,
heterophyes brackish water southern Europe,
snail--brackish Asia
water fish—-—-man
Hookworm Hookworm Ancylostoma Man—--soil--man Mainly in warm,
: duodenale, wet climates
Necator
americanus
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Table 9 (continued)
Common name
Disease of pathogen Pathogen Transmission Distribution
Hymenclepiasis Dwarf tapeworm Hymenolepis Man or rodent-- Worldwide
Spp- man
Metagonimiasis Metagonimus Dog or cat—-— Japan, Korea,
yokogawai aquatic snail-- China, Taiwan,
freshwater fish—- Siberia
man
Paragonimiasis Lung fluke Paragonimus Pig, man, dog, S.E. Asia;
westermani cat or other scattered foci
animal-—aquatic in Africa and
snail--crab or S. America
crayfish--man
Schistosomiasis; Schistosome; Schistosoma Man—-—-aquatic Africa, Middle
bilharziasis bilharzia haematobium snail--man East, India
S. mansoni Man-—aquatic Africa, Arabia,
snail-—-man Latin America
S. japonicum Animals and men—- S.E. Asia
snail-- man
Strongyloidiasis Threadworm Strongyloides Man——-man Mainly in warm,
stercoralis (dog——man?) wet climates
Taeniasis Beef tapeworm; Taenia saginata Man-—-cow—-man Worldwide
pork tapeworm T. solium Man--pig-—-man, Worldwide
Or man—-man
Trichuriasis Whipworm Trichuris Man——soil-—man Worldwide

trichiura




2.9 THE HAZARD FROM FECES

From ‘the above discussion the nature of the hazard from excreta is
becoming clear. Feces not only smell and are considered offensive in most
societies, but they may contain an array of pathogenic viruses, bacteria,
protozoa, and helminths that may cause disease in a new host. Feces are,
therefore, the beginning of the transmission routes of the diseases that we
are considering in this book and the aim of improving excreta disposal
facilities is to interrupt these routes at their very inception.

We can dramatize the magnitude of the potential hazard by consider-
ing the typical load of pathogens that a poor, tropical community may be
excreting in a single day. Table 10 presents these data for only the more
prominent diseases of considerable public health importance. Table 10
emphasizes the point that every community in the world is producing every day
a large volume of feces and fecal products, often containing significant
concentrations of pathogenic organisms. The resulting diseases comprise some
10 to 25 percent of the illness that comes to the attention of the health
care services as well as causing a vast amount of misery that does not. It
is the responsibility of the engineering profession and the relevant govern—
ment agencies to collect, transport, treat, and reuse these substances in a
way that does not endanger the public health.

2.10 PATHOGENS IN URINE

Generally speaking, urine is a sterile and harmless substance.
There are occasions, however, when infections in the host will cause pathogens
to be passed in the urine. The three principal infections that will lead to
pathogens appearing in significant numbers in the urine are urinary schisto-
somiasis (caused by Schistosoma haematobium), typhoid, and leptospirosis.

In cystitis and other urinary infections coliform and other bacteria
may be numerous in the urine, but they are no risk to others. In venereal
infections, also, the microbial agents will reach the urine, but they are so
vulnerable to conditions outside the body that excreta are unimportant as a
vehicle of transmission.
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Table 10: Possible Output of Some Pathogens in the Feces and Sewage of a Tropical Community a/

Typical average Total number Total number Concentration per
Typical prevalence numher of excreted per excreted per liter in sewag-=
of infectien in organisms per infected person day in town from town of
Pathogen developing country b/ gram of feces c/ per day d/ of 50,000 pop. 50,000.¢c/
(percent)
Fnteric viruses 5 106 108 2.5 x 1011 5,000
Salmonellae 7 106 1né 3.5 x 10tl 7,000
Shigellae 7 106 108 3.5 x 10ll 7,000
Vibrio cholerae 1 106 108 5 x 1011 1,000
Pathogenic F. coli ? 1n8 1010 2 ?
Entamoeba 30 15 x 104 15 x 108 2.25 x 10ll 4, 500
histolytica
Ascaris 60 10,000 e/ 106 3 x 1010 600
Trichuris 60 2,000 e/ 2 x 103 6 x 109 120
Hookworms 40 800 e/ 8 x 104 1.6 x 109 32
Schistasoma . 25 50 ef 4 x 103 5 % 107 1
mansoni
Taenia saginata 1 104 106 5 x 108 10

a. This table represents an entirely hysothetical situation and the figures are not taken from any single town. For
each pathogen, however, the figures are reasonable and in line with those found in the literature. The concentrations
of each pathogen in sewage, derived in the table, are in line with the higher figures in the literature. It is, however,
unlikely that all these infections at thase relatively high prevalences would occur in any one community.

b. The prevalence figures auoted in this column refer to infection and not to morbidity.

c. It must be remembered that the pathosens listed have different abilities to survive outside the host and the
concertration of some of them will rapidly decline after the feces have been passed. Ca'~ulations are made assuming
100 liters per capita per day of sewage oroduced, and that 90 percent of excreted pathogens do not enter the sewers
or are inactivated in the first few minutes.

d. To calculate this figure it is necessary to estimate a mean fecal weight for those pecple infected. This must
necessarily be the rouphest estimate because it depends on the age-specific fecal weights in the community and the age
distribution of infected people. It was assumed that over-fifteen-year-olds excrete 150 grams per day and that under-
fifteen”s excrete, on average, 75 grams per day. It was also assumed that two-thirds of all infected people are under
fifteen. This gives a mean fecal weight for infected individuals of 100 grams.

e. The distribution of epgg output among people infected by these helminths is extremely skewed and some people are
putting out very high egg concentrations.
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People infected with urinary schistosomiasis (due to Schistosoma
haematobium) will pass ova chiefly in their urine. The worms live for years,
occasionally decades, and superinfection is possible, so that those affected
will often pass eggs, sometimes accompanied by blood, for much of their lifetime.
Ten milliliters of urine may contain over a thousand eggs in heavy infections

if the urine is collected near midday, when eggs are most numerous.

During the phase of typhoid and paratyphoid fevers when bacteria are
disseminated through the blood, the organisms will usually be shed in the
urine. In a few cases where S. haematobium is also present, prolonged urinary
carriage of typhoid may occur over many years.

An individual with leptospirosis will pass Leptospira intermittently
in his urine for a period of about four to six weeks. Chronic carrier states
in man are rare.
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CHAPTER 3

THE NATURE OF SULLAGE

3.1 INTRODUCTION

Sullage, also known as graywater, is domestic wastewater not
containing excreta. It is the wastewater from baths, sinks, and the like,
which may be expected to contain considerably fewer pathogenic microorganisms
than sewage. Interest and research in the handling of sullage has increased
in recent years in both developing and affluent countries. In affluent
countries there is growing interest in the use of sewerless chemical toilets
and the separate disposal of sullage as a way to overcome the environmental
problems associated with the disposal of large volumes of heavily contaminated
sewage from urban areas. There is also interest in chemical toilets and on-
site sullage disposal for developments in nature parks where environmental
considerations are paramount (Winneberger, 1974).

In developing countries, also, there is growing realization of
the financial and other difficulties associated with the provision of water-
borne sewerage and thus a growing interest in dry or on—site techniques such
as composting toilets or cartage systems (Rybczynski, Polprasert, and McGarry,
1978). These sewerless technologies require that separate provision be
made for the disposal of sullage when the volumes of domestic wastewater
become too great just to drain away in the yard. 1t is increasingly realized
everywhere that it is too expensive to use up to half of the high quality
drinking water supply in a house simply to flush excreta along sewers. With
the development of any toilet not flushed by water comes the need to design
a sullage disposal system.

3.2 QUANTITIES

Volumes of sullage produced depend upon domestic water use. Where
people use public taps, domestic water use may be as low as 10 liters per
capita daily (White, 1977). 1In affluent households with full plumbing,
water use may be 200 or more liters per capita daily, and all water not
used for flushing toilets may be classed as sullage. Bennett, Linstedt, and
Felton (1974), studying homes in the U.S.A., found that the toilet was used
3.6 times per capita daily, that the average flush was 15.5 liters, and that
toilet flushing accounted for 33 percent of domestic water use. Witt, Siegrist,
and Boyle (1974), also studying homes in the U.S.A., found corresponding
figures of 2.3 times per capita daily, 15.1 liters, and 22 percent. Reviewing
data from several studies, Witt, Siegrist, and Boyle (1974) found that toilet
flushing water comprised between 22 percent and 45 percent of total domestic
water usage. Laak (1974) reviewed data from Canada, Sweden, and the U.S.A.
that shows the following allocation of water use in houses with full plumbing
fixtures.

Facility Mean Range
(percent) (percent)
Kitchen 9 5-16
Bathroom 26 12-40
Laundry 18 4-22

Toilet flushing 47 41-65
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Ve have been unable to obtain comparable figures from urban house-
holds in developing countries either with or without sewer connections.
There are data for rural households without sewers, however, and examples
from Lesotho (Feachem et al., 1978), Papua New Cuinea (Feachem, 1977) and
Uganda (Vhite, Bradley, and White, 1972) are given in Table 1l.

Table 11. Vater Use in Sewerless Rural Households in Selected
Developing Countries

Country
Lesotho Papua New Cuinea Uganda
Water use (Enga) Lango Kigezi
Drinking (humans) ) 79.0% a/ 19% 6% a/
} 45.3%
"¥itchen" (cooking )
and utensil hygiene) ) 11.0% 13% 4%
Drinking (animals) 2.4% 7.5% 0% 0%
"Bathroom" (personal
hygiene) 15.0% 0% )
) 66% 20%
Laundry 22.0% 0% )
Vegetable gardens 5.6% 0% 0% 0%
Other 9.7% 2.5% 2% 0%
Total water use per
capita daily 18.0 liters 0.68 liters 18 liters 8 liters

a. These are very small volumes of drinking water. In Papua New Guinea
they may be due to features of physiology, such as very low salt intake
and a consequently low need for fluids, and also to water intake from food,
especially sugar cane (see Feachem, 1977). 1In Rigezi, the small volumes of

drinking water are caused by the practice of eating grueis and other very
liquid foods.

These figures highlight the immense differences of water use practice, and
thus in type of sullage produced, according to culture, environment,
wealth, and many other factors.

The health implications of sullage disposal will depend on the
technology employed, which in turn will depend primarily on the volume
of sullage per household, the density of housing, the nature of the climate,
soil type, and groundwater conditions.

4
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3.3 CHARACTFRISTICS OF SULLAGE

Table 12 (from Laak, 1974) presents the results of surveys on
five households in the U.S.A. The sullage contributed 53 percent of the
sewage flow, 52 percent of the BOD_, 43 percent of the COD, about 15 percent
of the nitrogen and 45 percent of the phosphates. Table 12 indicates that,
using the ratio of COD to BOD,. as the criterion, the wastes from the toilet
are more resistant to biodegradation than the sullage. Hypes (1974) points
out the effect of sink-installed garbage disposal units on the quality of
sullage« In his test, sullage without garbage solids had a BOD_. of 328
milligrams per liter, while with garbage it had, on average, 488 milligrams
per liter. 1In Taipei it was found that sullage contributed 40 percent of BOD5
in sewage, but it was noted that food scraps were fed to pigs rather than
~washed down the sewers. (World Health Organization, 1970).

Witt and his colleagues (1974) examined the bacterial content
of sullage in the U.S.A. Their results, summarized in Table 13, show that
bath and shower waters were less contaminated by fecal bacteria than were
waters used for washing clothes. Furthermore, 38 percent of the fecal
streptococcal isolates were enterococci (Streptococcus faecalis, S. faecium,
and S. durans) and the majority of the bath enterococci were S. faecalis var.
liquefaciens, whereas only a few enterococeci isolated from the clothes
washing waters were of this species. §S. faecalis var. liquefaciens is now
widely regarded as being of nonfecal origin. §S. bovis accounted for 22
percent of all streptococcal isolates. The implications of these findings
are that under half of the streptococci isolated were from human feces and
the bath waters were even less contaminated relative to the clothes washing
waters from the total counts suggested. Hypes (1974) found that the coliform
counts in sullage were about 1.9 x 10 per 100 millimeters, irrespective of
garbage confent. After twenty-four hours of storage, this count had increased
to 5.4 x 10, indicating that sullage is a favorable medium for coliform
growth.
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Table 12. Pollution Loads of Wastewater as Sampled from Each Plumbing
Fixture (milligrams per capita daily)
BOD cop N03—N NH3—N PO4

Mean 4 Mean Z  Mean A Mean 7 Mean %
Kitchen sink 9,200 19 18,800 16 7.6 10.4 74 2.3 173 1.5
Bathtub 6,180 13 9,080 8 11.6 16.0 43 1.3 30 0.3
Bathroom sink 1,860 4 3,250 2 2.2 3.0 9 0.3 386 3.3
Laundry machine 7,900 16 20,300 17 35.3 48.5 316 9.8 4,790 40.4
Water closet 23,540 48 67,780 57 16.0 22.0 2,782 86.5 6,473 54.5
Total pollution 48,690 100 119,410 100 72.7 100.0 3,224 100.0 11,862 100.0

Source:?

Table 13.

From Laak (1974).

The Bacterial Content of Sullage in the U.S.A.

Total coliforms
per 100 milliliters

Fecal coliforms
per 100 milliliters

Fecal streptococci
per 100 milliliters

Geometric Range Geometric Range Geometric Range
Type of sullage mean mean mean
Bath and shower water 1,100 70-8.2 x 103 220 1-2.5 x 103 44 1-7 % 104
Clothes washing water 18,000 85-8.9 x 103 1,400 9-1.6 x 104 210 1-1.3 x 106
Clothes rinsing water 5,360 190~-1.5 x 105 320 35-7.1 x 103 75 1-2.3 x 105

Source:

From Witt, Siegrist, and Boyle (1974).
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Unfortunately, these bacterial concentrations are the only sullage
microbiological data that we have encountered. It may be assumed that sullage
from bathrooms and laundries would contain small numbers of any pathogenic
viruses, bacteria, protozoa, and helminths that were being excreted. The
washing of babies, and of babies” soiled clothing, might be expected to
raise the pathogen content of sullage substantially. It is possible that
some bacteria would find sullage at warm temperatures a suitable medium
for multiplication. Data on the microbiological quality of sullage from the
tropics would help to clarify this picture and should be collected as a
research priority.

3.4 HEALTH ASPECTS

There are fundamentally five kinds of sullage disposal systems:

(a) casual disposal by tipping in the yard;
{(b) garden watering;

(c) on-site disposal by soakaway;

(d) drainage in open drains; and

(e) drainage in covered drains or sewers.

Each of these has different health implications.

Tipping in the yard may create breeding sites for Culex pipiens,
which is a major nuisance mosquito and also the vector of bancroftian filariasis
in some areas of the world. It may also create muddy and unsanitary conditions
in the yard that could help to promote the development of nematode ova, which
require a fairly moist environment. A clean, dry yard is less likely to be
used for defecation by children, and any ova deposited are unlikely to develop.
A wet, muddy yard will conceal any feces deposited and will promote development
of worm eggs and larvae.l/ Sullage containing pathogens from babies” bath
water or adults” ablution water may infect children playing in the yard. In
soils with good drainage, where sullage production or housing density are
low, tipping of sullage water outside the home is unlikely to be a major
health hazard. Where soils are less permeable, however, and where water use
or housing density is high, an adequate method of sullage disposal becomes
essential. It should be noted that high housing densities are generally
associated with poverty and thus with low levels of water use and low volumes
of sullage production.

Sullage disposal by watering vegetable gardens near the house is
likely to create few if any health hazards, provided that prolonged ponding
is prevented (thus discouraging mosquito breeding) and that children are
discouraged from defecating in or near the gardens.

1. Some of the classic literature on nematode infections (for instamnce,
Cort, Otto, and Spindler, 1930; Qtto and Spindler, 1930; Otto, Cort, and
Keller, 1931; and Winfield, 1937) suggests that, among households of similar
socioeconomic status, the contamination of the yard by the feces of young
children is associated with increased intensity of ascariasis, while a yard
that is moist and shady may be associated with increased hookworm infection.
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Sullage disposal by soakaway provides a low risk of groundwater
contamination. This is discussed in chapter 12, but it is worth noting
here that the risk of microbiological groundwater pollution is very much
lower with sullage than it is with sewage. The same is true of high nitrate
pollution, since we have seen in Table 12 that sullage contains very little
nittcgen compared to sewage.

Drainage in open drains, maybe in stormwater drains, provides
the most readily identifiable health risk =-- that of promoting Culex pipiens
and other mosquito breeding. Assume that sullage is being in*roduced into
the stormwater drainage system. In areas of year-round rainfall, these
drains will contain water continuously. If they are kept free of garbage
and are well designed, they will flow freely and provide few sites for
mosquito breeding. The presence or absence of sullage will make no difference.
In areas of seasonal rainfall, however, and where the drains are liable to
blockage and pondage, the addition of sullage will create vear-round water
and thus year-round Culex breeding where previously o.1ly seasonal Culex
breeding may have occurred. Thus, it is not the quality of the sullage that
is important, since ponded stormwater will also be sufficiently polluted to
allow Culex pipiens breeding. The continuous production of sullage may
convert wet season breediné\into vear~round breeding in areas where the
stormwater drains are liable to pond. This rise in Culex populations may
lead to increased filaris$is transmission, heavier infections, and more
disease.

An example of this latter effect is provided by the recent resurgence
of bancroftian filariasis as a major public health problem in Egypt. Since
approximately 1965 a complex of factors, including major changes in irrigation
practice, a proliferation of poorly maintained water supplies, and inadequate
excreta disposal facilities leading to the contamination of surface water, |
have increased Culex population, which has led in turn to a dramatic increase |
in the prevalence and intemnsity of bancroftian filariasis and to an extension
in the geographical spread of the infection. It has also led to an explosive
epidemic of Rift Valley Fever from October 1977 to the present dav.

A similar effect could be caused in urban areas by large scale
sullage disposal in open drains with a tendency to blockage. Too often
sullage makes its way to streams by natural gullies, and no formally defined
drainage system exists. The solution to these problems is either to use an
alternative method of sullage disposal or to protect drains from blocking by
covering or by vigorous efforts to keep them clear. The latter approach is
the more realistic and can be implemented either by the employment of municipal
workers, by subcontracting the job to the private sector, or by organizing
and motivating community effort on a neighborhood basis.

Finally, sullage may be disposed of in a sewerage system, as with
Sewage except that smaller bore pipes may be used. This raises no special
health problems and conventional treatment before discharge or reuse should
be highly effective. The load of pathogenic microorganisms will be small,
so that discharge or reuse can take place without tertiary treatment.
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CHAPTER 4

ENVIRONMENTAL CLASSIFICATION OF EXCRETA-RELATED INFECTIONS

4.1 INTRODUCTION

In chapter 2 we showed the variety and number of diseases related
to excreta. In considering improved excreta disposal technologies, the
engineer, administrator, and community development worker cannot consider
each disease separately. Rather, they require a conceptual framework that
links various types of excreta~related infections to the design and implemen-
tation of particular disposal or reuse technologies. A biological classifi-
cation, which groups the viruses, bacteria, protozoa, and worms together, may
be less helpful in understanding the health aspects of alternative approaches
to excreta disposal than a classification of infections that is based upon
their transmission routes and life cycles. Such a classification we call an
environmental classification. In fact, the resemblance between a biological
and an environmental classification is much closer in the case of the excreta-
related infections than in the case of the diseases related to water.

The purpose of an environmental classification is to group infections
in such a way that the role of different preventive measures and the efficacy
of different environmental and behavioral modifications are made clear. An
environmental classification for the "water-related infections" has already
been proposed (Bradley, 1977; Feachem, McGarry, and Mara, 1977). The object
here is to propose an environmental classification of the infections related
to excreta. In devising such a classification we have encountered two major
limitations. The first is, remarkably, how little is known about the trans-
nission of several infections and the numbers of microbes needed to pass the
infections on to susceptible people. The second is that the bulk of the
excreted viruses, bacteria, and protozoa differ quantitatively rather
than qualitatively in their transmission characteristics and it is easy to
finish up with a big category containing the majority of infections.
Understanding of these infections depends on some basic parameters of trans-
mission, especially latency and persistence in the environment, and the
infective dose for man. We therefore discuss these and oth:er key concepts
before setting out the classification.

4.2 KEY CONCEPTS IN UNDERSTANDING EXCRETA-RELATED INFECTIONS

Excreta may be related to human disease in two ways (Figure 1).
The agents of many important infections, set out in chapter 2, escape from
the body in the excreta and thence eventually reach others. These are the
excreted infections. 1In some cases the reservoir of infection is almost
entirely in animals other than man. These are not dealt with here because
such infections cannot be controlled through changes in human excreta disposal
practices. We do include, however, a number of infections for which both man
and other animals serve as a reservoir.

The second way in which excreta relate to human disease is where
their disposal encourages the breeding of insects. These insects may be a
nuisance in themselves (flies, cockroaches, mosquitoes), they may mechanically
transmit excreted pathogens either on their bodies or in their intestinal
tracts (cockroaches and flies), or they may be vectors for pathogens that
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circulate in the blood (mosquitoes). Where flies or cockrecaches are acting
as vehicles for the transmission of excreted pathogens, this represents a
particular case of the many ways in which e.creted pathogens may pass from
anus to mouth. Where mosquitoes are transmitting nonexcreted pathogens,
however, the concepts discussed in this chapter have little relevance and
the important factors are those that determine the breeding habits of the
particular mosquitoes.
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Figure 1 — Main Ways of Excreta’s Relation te 11l Health
A
Infected excreta T N—
New infections
H i
| i
8 — Vector breeding /
Excreta

Note: In A the axcreta itself containg the pathogens which may be
transmitted by various routes to a new host. In B the excreta or
sewage permits the breeding of certain flies and mosquitoes that
may act as vectors of excreted and other pathogens.
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In considering the transmission of excreted infections, the dis-
tinction between the state of being infected and the state of being ill must
be kept in mind. Very often, the most important section of the population
involved in transmitting an infection shows little or no sign of disease;
conversely, individuals with advanced states oi disease may be of little or
no importance in transmission. A good example ocecurs in schistosowmiasis,
where as much as 50 percent of the total egg output in feces and urine
reaching water from a human population may be produced by children in the
five-to~-fifteen year age group; many of these children will show minimal
signs of disease. Conversely, middle-aged people with terminal disease
conditions may produce few or no hatchable eggs.

If an excreted infection is to sprezd, an infective dose of the
relevant agent has to pass from the excreta of a case, carrier, or reservoir
of infection to the mouth of a susceptible person or some other portal of
entry. Spread will depend upon the numbers of pathogens excreted, upon how
these numbers change during the particular transmission route or life cycle,
and upon the dose required to infect a new individual. Infective dose is
in turn related to the susceptibility of the new host. Three new factors
govern the probability that, for a given transmission route, the excreted
pathogens from one host will form an infective dose for another. These
are latency, persistence, and multiplication. Diagrammatically we can
represent the concepts thus:

( Latency )
EXCRETED LOAD a— ( Persistence >~ INFECTIVE DOSE
( Multiplication )

We will discuss these concepts in turn.

Excreted load. There is wide variation in the concentration of
pathogens passed by an infected person. For instance, a person infected by a
small number of nematode worms may be passing 2 few eggs per gram of feces,
whereas a cholera carrfgr may be excreting more than 10  vibrios per gram,
and a case may pass 10 vibrios in a day.

Where large numbers of organisms are being passed in the feces,
they can give rise to high concentrations in sewage (see Table 10). Thus,
even in England, where water use is re%atively high and salmonellosis rela-
tively rare, raw sewage may contain 10 Salmonella per liter. At these
concentrations, removal efficiencies of 99 percent in treatment works will
still leave 10” pathogenic organisms per liter in the effluent, and their
implications for health will depend upon the disposal method, their ability
to survive or multiply, and the infective dose required.

Latency. By latency we mean the interval between the excretion of
a pathogen and its becoming infective to a new host. Some organisms, includ-
ing all excreted viruses, bacteria, and protozoa have no latent period and
are immediately infectious when the excreta are passed. The requirements for
the safe disposal of excreta containing these agents are different from
those for helminthic infections, where there is a prolonged latent period.




In particular, infections that have a considerable latent period are largely
risk-free where night soil is being carted, whereas the others constitute

a major health hazard in fresh night soil. Therefore, in ovur classification
the first two categories, where no latency is observed, are separated from
the remaining categories, where a definite latent period occurs.

Among the helminthic infections (Table 9), only three have eggs
or larvae that may be irmediately infectious to man when passed in the
feces. These are the pinworm or threadworm (Enterobius vermicularis), a dwarf
tapeworn (Hvmenolepis nana), and sometimes Strongvloides stercoralis. The
remaining excreted helminths all have a distinct latent period, either because
the eggs must develop inte an infectious stage in the physical environment
outside the body or because the parasite has one or more intermediate hosts
through which it must pass to complete its life cycle.

Persistence (survival) of the pathogen in the environment is a
measure of how quickly it dies after it leaves the human body. It is the
single property most indicative of the fecal hazard, in that a very persistent
pathogen will create a risk throughout most treatment processes and during
- the reuse of excreta.

A pathogen that persists outside the body only for a short time
needs to find a new susceptible host rapidly. FHence transmission cannot
follow a long route through sewage works and the final effluent disposal site
back to man, but will occur in the family by transfer from one member to
another as a concequence of poor personal cleanliness. More persistent
organisms can readily give rise to new cases of disease further afield, and
as persistence increases so also must concern for the ultimate disposal of
excreta. In addition, pathogens that tend to persist in the general environ-
ment will require more elaborate processes if they are to be inactivated in a
sewage works. Methods of sequestering them, as by sedimentation into a
sludge that receives special treatment, are often needed.

To measure persistence or viability of pathogenic organisms in
a laboratory is easy. The results, however, need confirmation by field
studies of persistence, which are more difficult. In order to interpret
such results it is necessary to know how many are being shed in the excreta
(relatively easy to determine) and the infective doses for man (extremely
difficult).

Multiplication. Under some conditions certain pathogens will
multiply in the environment. Thus, originally low numbers can be multiplied
to produce a potentially infective dose (see helow). Multiplication can take
the form of reproduction by bacteria in a favored substrate (e.g., Salmonella
on food) or of the multiplication by trematode worms in their mulluscan
intermediate hosts.

The former case is a mechanism whereby light fecal contamination
may build up bacterial numbers to reach the apparently high minimal infective
doses needed by many excreted bacterial pathogens. The need for this may
determine the usual mode of infection, since multiplication in water is rare
and limited compared with the massive increases possible in food. Viruses
and excreted protozoa do not multiply outside their animal hosts.
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Among the helminths transmitted by excreta, all the trematodes
infecting man undergo multiplication in aquatic snails. This introduces
a prolonged latent period of a month or more while develcpment is taking
place in the snail, followed by an output of up to several thousand larvae
into the environment for each egg that reaches a snail. Category V of the
classification is used for infectiomns of this sort where excreta have
to gain access to the appropriate snail habitat, but once this happens great
amplification is possible.

Infective Dose. 1In a tidy world, knowledge of the output of
pathogens in the excreta of those infected, the mean infective dose, and the
extractive efficiency of the excreta treatment process, would make risk
assessment a simple calculation. The real world is much less predictable
than this because of the variable infective dose of most pathogens and the
uneven distribution of infection in the environment. While the minimal
infective dose for some diseases may be a single organism, or very few, the
dosee required in most bacterial infections are much higher. Data on this
are very hard to acquire, since they involve administering a known dose of a
pathogen to a volunteer. Information is scanty, concerned with doses required
to infect, say, half those exposed, rather than a minute proportion, at a
single exposure. The volunteers have been well-nourished adults and usually
from nonendemic areas. Such results have therefore to be applied with great
caution to malnourished peasant children continually exposed to infection.
It has been found that changes in the manner of administration, such as
preceding a dose of cholera vibrios with an alkaline substance to reduce
temporarily free gastric ac%d, may lower the mean infective dose of such
organisms by a factor of 107. Also, in human experimental studies the
infective dose for half the people exposed (known as the ID__)is the most
reliable result, but in natural transmission the dose that iIs infective for
5 percent or less of the population may be more relevant.

The consequent uncertainties over the size of the minimal infective
dose in nature makes it a difficult criterion to use in devising a classifi-
cation, but it is so important that it cannot be left out. The difficulties
are greatest for the major excreted bacterial infectiomns and for protozoa.

For viruses there is evidence of low infective doses in experiments, and in
human populations for some but not all virus infections.l/ Among the helminths
a single egg or larva can infect if ingested, even though a high proportion

of worms can fail to develop to maturity, especially where irmmunity is

present.

1. The WHO Scientific Group on Viruses in Water, Vastewater, and Soil,
which met in Geneva in October 1978, concluded that one or a few infectious
units of virus can cause infection in a certain proportion of the nonimmune
individuals who ingest them in drinking water.




Host response. lost response is important in determining the
result of an individual receiving a given dose of an infectious agent. 1In
particular, acquired irmunity and the relation of age to pathalogyv are
important for predicting the effects of sanitation. At one extreme would be
a shortlived parasite to which little immunity developed and in which the
relation between infection and disease was not age~-dependent. Then a close,
tending to linear, relationship between exposure and disease might be
expected, with improvements in the apprepriate aspects of sanitation giving
health benefits proportional to effort. Ascaris closely approximates
this model. ’

At the other extreme would be a viral or bacteriai infection that
gives rvise to long-lasting immunity and where the chance of overt disease
in those infected rose with increasing ape. An exanpie is infection with

pocliomyelitis virus (Table 5). Under very bai sanivary conditions all are
infected at a voung age, older children and adults ave immine, and disease is
limited to a few of the youngest children who wmay suffer chronic paralysis.

If sanitation improves, infection is deferred and its pathological consequences
later in life are more serious. Thus, although poliovirus transmission may

be reduced by improving sanitation, it will not necessarily result in reduc-
tion in disease, which in practice is achieved by irmmunization. This may
apply to other excreted infections, such as infectious (viral) hepatitis, and
it has been argued in the case of typhoid. There are probably several
infections, however, where human immunity is of importance in regulating the
amount of disease. This will tend te reduce the health significance of
moderate sanitary improvements, and may in part explain the disappointing
impact of some sanitary programs (see chapter 5 and appendix II).

The balance between exposure to infection and host response to
it will determine the pattern of excreta-related disease. If transmission,
creating exposure to a particular infection, is low, then most people will
not have encountered the infection. They will be susceptible. If a sudden
increase in transmission of the disease occurs, it will affect all age
groups in epidemic form. Improvements in sanitation will have a big effect
under these circumstances by reducing the likelihood and/or the magnitude of
an epidemic.

By contrast, if transmission is very high all the people will
be repeatedly exposed to infection and first acquire it in childhood.
Subsequent exposures may be without effect if immunity is acquired from the
first attack. Or immunity may be cumulative from a series of attacks. The
infection will always be present and is described as endemic. Under these
conditions much transmission is ineffective because of human acquired immumnity,
and reduced transmission, as through improved sanitation, will only delay the
date of infection somewhat so that older children are infected. Very
large improvements in sanitation will either render the infection very rare
or, if the disease was originally very highly transmitted, make it an adult
disease. Examples are typhoid, which can be completely prevented in the
community by adequate management of excreta and of water supplies, and
poliomyelitis virus infection, which can be prevented only by taking extreme
hygienic precautions. In practice, improved sanitation increases the disease
problen by deferring infection to an age at which the clinical course is more
severe.
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Consequences of a juvenile-age prevalence are that not only
do children suffer chiefly from the diseases, hut thev are also the main
sources of infection, so that the acute need for better comnunitv excreta
disposal is focussed on voung children, the group perhaps least inclined ta
use any facilities that mav be available.

Other hosts besides man. Some excreted infections are strictly
confined to human beings, for example, shigellosis, and the control of human
excreta alone is required for their prevention. Many cthers involve wild or
domestic vertebrate animals as well as man, and such infections are called
zoonoses (for example, salmonellosis).

There are two groups of zoonoses, which have quite different impli-
cations for sanitation (Figure 2). 1In the first case the animals act as
alternatives to man as the hosts of the infection. Thus, even if human
excreta is under completely safe control, the excreta of the other animals
can continue to transmit the infection. In effect, the animal is "in parallel"
with man. It is necessarv to control both human and animal excreta or
tackle the problem in some other wav. In the other situation the vertebrate
animal is an essential step in the transmission of the disease from one
person to another (Figure 2, "in series'"). Here control of either hunman
excreta or of the infection in the animals alone will suffice to end trans-
mission. In our classification below, we have therefore separated the second
group from the others, and it includes the human tapeworms of the genus
Taenia.

Some excreted helminthic infections have invertebrate intermediate
hosts (Table 9). They will therefore be controlled if:

(a) excreta are prevented from reaching the intermediate host;

(b) the intermediate hosts are controlled; and

(c) people do not eat the intermediate host uncooked or do not have
contact with the water in which the intermediate host lives (depending
on the particular life cvcle).

Some details on the factors discussed abore are provided in Tahle 14 for the
excreted infections being considered.
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Figure 2~ Involvement of Other Vertebrates
in Transmission of Human Excreted Infections

Zoonoses

ANIMALS

ANAN

Animal
in
parallel

ANIMALS

Animal
in
series

MAN

Note. Examples of zoonases in parallel are salmonetlosis and
batanudiasis: examples ot zoonoses in series are beef- and
pork-tapeworm infections.




4.3 FNVIPONMFNTAL CLASSITICATION OF EYCRETA-RELATED INFECTIONS

There are many wavs in which the excreted infections could be
grouped on the basis of the information presented in Tahle 14. 1Ue have
searched for a classification that 1is most relevant to the effect of excrets
disposal per se and that is most helpful in considering the impact of
changing excreta disposal facilities and technology. Table 15 presents this
classification. We have distinguished six categories of infection. The
environmental factors considered here are latency, persistence, multiplication,
transmission, and immunity.

L

There is a clear difference between the first five categories of
excreted pathogens and the last, which contains rhe excreta-breeding insect
vectors of disease. A variety of sanitation methods will control the
insects and there are additional specific measures that can he directed
against them.

The excreted infections are divided on the presence (categories
ITI-V) or absence (I and II) of a latent period so that heaith problems
with fresh feces or night soil are particularly acute in the first two
categories. The distinction between categories I and II, on the one hand,
and categories I1I-V, on the other, is fundamental and clear cut. It also
corresponds closely to the biology of the pathogens, in that all infections
in categories IT1I-V are helminthic.
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Table 14. Some Basic Features of Excreted Infections al

Concen-
tration
Persistence (typical
Latency anticipated average Median Major
(tyvpical min. max. number Multipli- infective reser-
time from life of of orga—- cation dose voir
excretion infective nisms per outside (High >10 Signi- other Inter=-
Category to stage at gram of human Medium 10 ficant than mediate

(Table 15) Pathogen 1infectivity) 20—30°C) feces) host Low <10%) Tmmunity? man? host?
«

I Enteric 6
viruses 0 6 months 10 No Low Yes No None
Hepatitis A 6
virus 0 7 months 107 () No Low : Yes No None
Rotaviruses 0 1 year (?) 106(?) No Low Yes(?) No None
Entamoeba 4
histolytica O 20 days 15 x 10 No Low No No  None
Giardia 5
lamblia 0 3 months 10 No Low No(?) No None
Balantidium
coli 0 1 month (?) 7?7 No Low (7) No Yes None
Enterobius 0 7 days Not usually No Low No No  None
found in
feces
Hymenolepis 0 A few weeks ? No Low Yes(?) No None
i1 Salmonella 6
typhi 0 60 days 10 Yes High Yes No None
(food)
Other 6
salmonellae O 1 year 10 Yes High Irrele- Yes None
(food) vant b/
Shigella 0 40 days 106 Yes Medium No No  None
(food)
Vibrio 6
cholerae [0} 30 days 10 Unlikely High Limited No None
Path. E. coli 0 1 year 108 Yes High Yes(?) No None
Yersinia 0 6 months 105 Yes High No Yes None
(food)
Campylobacter O ? ? ? ? ? ?  None
I1I Ascaris 9 days several 104 No Low No No None
years
Trichuris 3 weeks 1-1/2 years 103 No Low No No None
Hookworms 7 days 20 weeks 8 x 102 No Low No No  None
Strongyloides 3 days 5 weeks 10 Yes Low Yes No None

(free living
stage very
much longer)

v Taenia 8 weeks ¢/ 2 years 10A No Low No No Cow/pig

(Table continues on following page).
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Concen-~
tration
Persistence (typical
Latency (anticipated average Median Major
(typical min. max. number Multipli~ infective reser-
time from life of of orga- cation dose voir
excretion infective mnisms per outside (High > 10 Signi- other Inter-
Category to stage at gram of human Medium 10 ficant than mediate
2
(Table 15) Pathogen infectivity) 20-300C) feces) host Low < 107) immunity? man? nost?
2
vV £/ Clonorchis 3 months d/ Life of 10 Yes e/ Low No No Snail
fish &
fish
Diphylloboth- 4
rium 4 weeks d/ Life of 10 No Low No Yes  Copepod
fish & fish
2
Fasciolopsis 10 weeks ¢/ ? 10 Yes e/ Low No Yes Snail
i &
aquatic
plant
Paragonimus 4 months 4/ Life of ? Yes e/ Low No Yes  Snail
crab &
crab or
cray-
fish
Schistosoma
mansoni 4 weeks ¢/ 2 days 40 Yes e/ Low ? No Snail
Schistosoma
haematobium 5 weeks ¢/ 2 days 40/10 m1  Yes e/ Low Yes No Snail
urine
Schistosoma
japonicum 7 weeks ¢/ 2 days 40 Yes e/ Low Yes Yes Snail
Notes: a. Leptospirosis does not fit into any of the categories defined in Table 14.
7 days ? (urine) No Low Yes Yes None.

Leptospira 0

b. The large number of serotypes (>1,000) makes immunity epidemiologically irrelevant.

time of final infective stage.

d. Life cycle involves two intermediate hosts.
of man.

by man to potential reinfection
time of final infective stage.

Life cycle involves intermediate host.
man to potential reinfection of man.

Latency is minimum time from excretion

e. Multiplication takes place in intermediate snail host.

by

Persistence refers here to maximum survival

Latency is minimum time from excretion
Persistence refers here to maximum survival

f. Fasciola, Gastrodiscoides, Heterophyes, and Metagonimus are also located in category V.
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The subdivisions of the infections with latency (categories III-V)
are also clear cut, with category III for the soil-transmitted worms, [V for
the tapeworms that depend on access of cattle and pigs to human feces, and V
for the trematodes and other worms requiring aquatic intermediate hosts.

The subdivision of categories T and IT is difficult and somewhat arbitrary,
however, because the various concepts discussed above split the infections

in these categories in different ways.

For instance, if we divide categories

I and II on the basis of median infective dose, stressing as we do so the
grave limitations of the available data on infective dose, we arrive at
the following approximate ranking (Table 14).

Increasing median
infective dose:

Enterobius

Hymenolepis

Entamoeba liistolvtica <102

Giardia lamblia
Balantidium coli
Enteric viruses

Shigella 104

Salmonella typhi
Salmonellae

Yersinia >106

Enteropathogenic
FEscherichia coli
Vibrio cholerae

(Low)

(Med ium)

(High)

If, on the other hand, we list the infections according to their
persistence outside their animal host, we arrive at approximately the following

ranking (Table 14):

Increasing persistence:

Enterobius

Entamoeba histolvtica
Hymenolepis
Balantidium coli
Vibrio cholerae

Shigella
Salmonella typhi

Yersinia
Giardia lamblia

Enteric viruses
Salmonellae

Enteropathogenic
Escherichia coli

<1 month (Low)

< 6 months (Medium)

<1 year (High)
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¥

Another important factor in predicting the impact of improved

excreta disposal facilities may be whether or not there is a significant
nonhuman reservoir of infection (Figure 2). Considering the category I
and II infections, there are only two (the salmonellae and Balantidium

coli) that have significant animal reservoirs.

A quite different approach to the division of categories I and II
is to consider affluent communities in Furope (for instance) that enjoy high
standards of sanitary facilities and hygiene, and examine which of the
category I and II infections are commonly transmitted in these privileged
cormunities. We might expect that infections that continue to be transmitted
among people living in good housing with indoor plumbing and flush toilets
will not be readily reduced by the introduction of limited sanitary improve-
ments among poor people in the less developed countries. A division on this
basis is approximately as follows:

Infective
dose Persistence

Pathogens Enteric viruses Low High
commonly Enterobius Low Low
transmitted Giardia lamblia Low Medium
within Enteropathogenic
aff luent Escherichia coli High High
communities Salmonella High High
in Europe Shigella sonnei Med ium Med ium

Yersinia High Med ium
Pathogens Balantidium coli Low low
rarely trans- Entamoeba histolytica Low Low
mitted within Hymenolepis low Low
aff luent Salmonella typhi High Med ium
communities Shigella (other than
in Europe sonnei) Medium Med ium

Vibrio cholerae High Low

In some cases the reasons for this division are clear (for instance, the
salmonellae continue to be transmitted from animals to man in affluent

communities through contaminated foodstuffs), whereas in other cases (such
as the continued success of Shigella sonnei in Furope) they are obscure.




Table 15 — Environmental Classification of Excreted Infections

Epidemiological . Dominant Major control
Category e Infection ————— bl DA IS ARSI
S feature ——— transmission focus measure
1 Nonlatent, low Enterobiasis Personal Domestic water supply
infective dose Enteroviral infections Domestic Health education
Hymenolepiasts Improved housing
Amoebiasis Provision of toilets
Giardiasis
Balantidiasis
1 Non--latent medium or Typhoid Personal Domestic water supply
high infective dose, Salmonellosis Domestic Health education
moderately persistent Shigellosis Water Improved housing
and able 1o multiply Cholera Crop Provision of toilets
Path.Escherichia coli Treatment prior to
Yersiniosis discharge or reuse
Campylobacter infection
i Latent and persistent Ascariasis Yard Provision of toilets
with no intermediate Trichunasis Field Treatment of excreta prior
host Hookworm Crop to land application
v Latent and persistent Taeriasis Yard Provision of toilets
with cow or pig Field Treatment of excreta prior
intermediate host Fodder to land application
Cooking, meat inspection
A" Latent and persistent Clonorchiasis Water Provision of toilets
with aguatic Diphyllobothriasis Treatment of excreta
intermediate haost {s) Fascioliasis prior to discharge
Fasciolopsiasis Control of animal
Gastrodiscoidiasis reservoirs
Heterophyiasis Cooking
Metagonimiasis
Paragonimiasis
Schistosomiasis
\2 Excreta-related insect Barnicroftian filariasis Various fecally Identification and
vectors (transmitted by Culex contaminated elimination of
pipiens), and all the sites in which suitable breeding sites
infections listed in insects breed

|-V for which flies
and cockroaches can
be vectors

Source: Feachem and others, Sanitation and Disease.
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We believe that, for the time being, the most useful division
of categories I and Il is on the basis of infective dose, recognizing
again that our knowledge of infective dose among malnourished peasant
children in the tropics is nonexistent. Infective dose divides categories
I and II in a way that makes sense theoretically and also corresponds to
some degree with the likely impact of improved excreta disposal facilties.

Each category in Table L5 implies some minimum sanitary require-
ments for control of the diseases, and often ancillary inputs in addition
to excreta disposal facilities if success is to be achieved.

The transmission characteristics of the first five categories
are set out in Figure 3, which illustrates their typical survival, latency,
and multiplication features. These in turn affect the "length” of transmis-—
sion cycle involved. Length has implications beyond those of time, in that a
long cycle is associated with opportunity to spread over a wider area and
changes the pattern of risk. These issues are developed in the next chapter
and represented in Figure 4, which also summarizes some of the conclusions we
reach on the relative efficiency of sanitation improvements in controlling
infections.

ategory I. These are the infections that have a low infective
dose (< 107) and are infective immediately on excretion. We argue that
these infections wmay spread very easily from person to person whenever
personal and domestic hygiene are not ideal (Figure 4). Therefore, it
is likely that changes in excreta disposal technology will have little
effect on the incidence of these infections if they are unaccompanied by
sweeping changes in personal cleanliness that may well require major improve-
ments in water supply and housing, as well as major efforts in health educa-
tion. The important facet of excreta disposal is the provision of a hygienic
toilet of any kind so that the people in a house have somewhere to deposit
their excreta.

What subsequently happens to the excreta (i.e., how it is
transported, treated, and reused) is of less importance because most
transmission will occur in the home. Although transmission can and does
occur by more complex routes, we argue that most transmission is directly
person—to-person, and therefore the provision of hygienic toilets alone
will have a negligible impact. Having said this, we must at once qualify
this category, for categories I and II grade into each other and really
form a continuum (see below). 1In particular, the parasitic protozoa have
some features of each group. The extreme example of a category I parasite
is the pinworm, Enterobius, whose sticky eggs are laid by emerging females on
the anai skin so that transmission is by way of scratching fingers without
depending wmuch on eggs in the feces. At the other extreme, Giardia has been
associated with well-documented waterborne diarrhea outbreaks, and therefore
is presumably in part subject to control by excreta management.

Category 11. The infections in this, category are all bacterial.
They have medium or high infective doses (> 10 ) and so are less likely
than category I infections to be transmitted by direct person—to-person
contact. They are persistent and can multiply, so that even the small




Figure 3. Survival Outside Host of Excreted Pathogens
(categories |~V from table 15) Over Time
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Figure 4 — Length and Dispersion of Transmissicn Cycles
of Excreted Infections (categories |—V from table 15 )




- 51 -

numbers remaining a few weeks after excretion can, if they find a suitable
substrate (such as food), multiply to form an infective dose. Person-to-person
routes are important but so too are other routes with longer environmental
cycles, such as the contamination of water sources or crops with fecal
material (Figure 4). The control measures listed under category I are
important, namely water supply, housing, health education, and the provision
of hygienic latrines, but so too are waste treatment and reuse practice.
Changes in excreta disposal and treatment practices alone may have some small
impact. This impact may be on those infections that, as we have noted above,
are not normally transmitted among affluent groups in Europe or elsewhere.
These are cholera, typhoid, and shigellosis, and any monitoring or evaluation
program would do well to examine these, rather than infections with other
salmonellae or pathogenic E. coli.

Characteristics of Categories I and II

The criteria used to separate these categories have been infective
dose and "length"” of the environmental cycle; our aim has been to predict
efficacy of sanitation as a control measure. The reason they do not form
tidy groups is the variable persistence of the pathogens involved. The
extreme type 1 situation, with a low infective dose and environmentally
fragile organism, will clearly tend to depend more on personal cleanliness
and less on sanitation. (An extreme example, though not excreta-transmitted,
is given by venereal diseases that do not survive in the envi-onment and
depend on intimate contact for their spread.) A low infective dose in an
environmentally persistent organism, however, will lead to an infection very
difficult to shift either by sanitation or by personal and domestic cleanli-
ness. Many viruses fall into this category and pose major problems of
control; induced immunity may be the best approach, as disucssed above for
poliomyelitis. 1In category I1 the role of sanitary improvements is to
reduce the efficacy of the longer cycles and thus have greater overall
benefit than for category I pathogens, in which these longer cycles are of
little significance.

Category I1I. This category contains the soil-transmitted helminths.
They are intent and persistent (Figure 3). Their transmission has little or
nothing to do with personal cleanliness since the helminth eggs are not
immediately infective to man. Domestic cleanliness is relevant only as it
affects incoming infective stages by food preparation methods or the mainten-
ance of latrines in a tolerable state so that eggs do not remain in the area
for the days or weeks of their latent period. If ova are not deposited in
soil or other suitable development sites, transmission will not occur.
Therefore, any kind of latrine that contains or removes excreta and does not
permit the contamination of the food, yard, or fields, will limit transmission.
Because persistence is so long (see T¢ble 14) it is not sufficient to stop
fresh feces from reaching the yard or fields. Any fecal product that has not
been adequately treated must not reach the soil. Therefore, in societies
that reuse their excreta on the land, treatment is vital prior to application.
As we discuss elsewhere (chapters 9 and 10), effective treatment for the
removal of these ova requires waste stabilization ponds or thermophilic
digestion, which through prolonged storage will remove many species.
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Category IV. Category IV is for the beef and pork tapeworms. Any
system that prevents untreated excreta being eaten by pigs and cattle will
control the transmission of these infections (Figure 4). Cattle are likely
to be infected in fields treated with sewage sludge or effluent. They may
also eat feces deposited in the cowshed. Pigs are likely to become infected
eating human feces deposited around the house or in the pigpen. Therefore,
the provision of toilets of any kind to which pigs and cattle do not have
access and the treatment of all wastes prior to land application are the
necessary control methods. It is also necessary to prevent birds, especially
gulls, from feeding on trickling filters and sludge dryiag beds and subse-
quently depositing tapeworm ova in their droppings on the pastures. Cooking
of meat is the most important control measure in the absence of the measures
described above. Personal and domestic cleanliness are irrelevant, except
insofar as the use of toilets is concerned.

Category V. These are the water—-based helminths that have an
obligatory aquatic host or hosts to complete their life cycles. Control is
achieved by preventing untreated night soil or sewage from reaching water in
which the aquatic hosts live (Figure 4). Thus any land application system
or any dry composting system will reduce transmission. There are two compli-
cations. First, in all cases except Schistosoma mansoni and S. haematobium,
animals are an important reservoir of infection {see Tables 9 and 14).
Therefore any measures restricted to human excreta can only have a partial
effect. Second, in the case of 5. haematobium it is the disposal of urine
that is of importance and this is far more difficult to control than the
disposal of feces. Because multiplication takes place in the intermediate
hosts (except in the case of the fish tapeworm Diphyllobothrium), one egg can
give rise to many infective larvae. A thousandfold multiplication is not
uncommon. Therefore effective transmission may be maintained at low contamin-
ation levels and the requirements of adequate excreta disposal in terms of
the percentage of all feces reaching the toilet may be demanding.

Category VI. The excreta-related insect vectors of disease comprise
three main groups. Among the mosquitoes there is one cosmopolitan species,
Culex pipiens, that preferentially breeds in highly contaminated water and is
medically important as a vector of the worms that cause filariasis. The
other two groups, flies and cockroaches, proliferate where feces are exposed.
Both have been shown to carry numerous pathogenic organisms on their feet and
in their intestinal tract, but their importance in actually spreading disease
from person to person is controversial, though their nuisance value is great.
Flies have also been implicated in the spread of eye infections and infected
skin lesions.

The implied control measures are to prevent access of the insects
to excreta. This may be achieved by many sanitary improvements of differing
sophistication. In general, the simpler the facility the more care is
needed to maintain it insect-free. Cockroaches, flies, and Culex mosquitoes
often have breeding places in addition to those connected to excreta disposal
and will in many cases not be controlled by excreta disposal improvements

alone.

The way in which the categories correspond to the length of trans-
mission routes is shown in Figure 4. The discussion has emphasized the
importance of complementary inputs for control of most diseases. If excreta
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disposal is improved in isolation, likely control of each category is as
follows: '

Category Control
I Negligible
I1 Slight - moderate
III Moderate - great
v Moderate - great
v Moderate
VI Slight - moderate

The outstanding difference is between categories I and II together, which
depend so strongly on personal and domestic cleanliness, and the other
categories, which do not. 1If one considers the changes necessary to control
categories III and IV, they are relatively straightforward —— namely, the
provision of toilets that people of all ages will use and keep clean and the
treatment of fecal products prior to land application. The reason the
literature on the impact of latrine programs often does not show a marked
decrease in the incidence of category III and IV infections (see chapter 5
and appendix II) is because, although latrines were built, they were typically
not kept clean, and they were not used by children or by adults when working
in the fields.




CHAPTER 5

THE RISK OF EXCRETA TO THE PUBLIC HEALTH

5.1 INTRODUCTION

We have discussed at length the survival of pathogenic organisms
in excreta, on which there is a good deal of data. 1In a precise sense this
is the hazard from excreta that sanitary facilities seek to avoid. But the
planner and economist will have a greater interest in epidemiological risk:
if in a given situation specific changes in excreta disposal are provided,
how much less disease will there be? This question can be rephrased in two
ways, one of which can be answered readily and the other only with the
greatest difficulty. The easier question is to ask what are the disease
problems related to excreta and thus, by implication, related to inadequate
excreta disposal facilities or to inadequate personal or domestic cleanliness.
The difficult question is about the health benefits of improved sanitation:
-how much disease will go away if a given sanitary improvement is undertaken?
Here we consider these questions in general terms.

5.2 ILLUSTRATIVE SKETCHES

A Southeast Asian Family

In high rainfall areas of Southeast Asia with a peremnnially hot
climate and irrigated rice as the main cereal crop, the health hazards from
excreta are diverse and may be illustrated by the following case history,

a composite of several real sites and people. A family lives in a palm—
roofed house of wood surrounded by rice fields and small irrigation channels,
one of which, flowing near the house, acts as the domestic water supply.
There are four children in the family: mother has had six babies but one
died following a sudden attack of diarrhea at the age of fifteen months

~and a schoolchild died in the cholera epidemic that swept the area four

years ago.

It is peculiarly difficult to control excreta in this damp environ-
ment; most feces are deposited not far from the house and the younger children
urinate in the nearby canals. Some years ago a government campaign was
mounted to provide pit latrines and one was dug near the family house. They
used it for awhile, but in the monsoon season the pit flooded over and a
large quantity of fecal material was spread around the house. It was around
that time that the cholera epidemic occurred, and its sad consequences for the
family together with the unpleasant mess discouraged them from using the pit
latrine again. The next government recommendation was to build a concrete
aquaprivy extending well above the ground to avoid the flood problem, but the
family could not afford this and went back to defecating around the home
during the day. Nocturnal excreta were collected in a bucket and deposited
in a nearby fishpond.

How has this situation affected the family“s health? All the
children get diarrhea several times a year, and the parents do also from
time to time. The worst occasion was when two girls, both under three years
of age, got it at the same time and the younger one seemed to just shrivel up




overnight and she died the next day. This was due to rotavirus infection,
but why it should more often be lethal in the tropics than in temperate
countries is unclear. Maybe the poor sanitary facilities gave the child an
overwhelming virus dose, or perhaps it was the malnutrition that is such a
ubiquitous feature in the weaning period in communities such as this one.
Most of the diarrheas are watery, sudden attacks, but last year Granny, who
shares the house with them, was one of several people in the village who
suffered an attack of a more painful diarrhea, with blood in the feces, from
which she nearly died. Medicine from the dispensary four miles away seemed
to help her turn the corner, but even so she remained ill for weeks. The
attack was due to bacillary dysentery, though it would have been difficult
to be sure it was not due to amoebiasis without a laboratory to check the
diagnosis.

All these were dramatic illnesses, but the family had several
more insidious health problems of which they are barely aware. The eldest
"son has not grown up properly; although he is twenty~three he looks as if he
were in his early teens; his belly is always grossly swollen and the dispensary
attendant can feel his hard liver and spleen under the tight skin. This is
due to schistosomiasis spread from one person to another through a tiny snail
living in the damp grass beside the canals as well as in the water itself.
Several of the family are infected but only this boy has obvious disease.

With so much water around, fish is an acceptable and available
food item, sometimes cooked but at others pickled in vinegar. A proportion
of these fish are grown in ponds that are fertilized with human feces and
this practice has caused some of the family to become infected by the helminth
Clonorchis sinensis. Another helminth that the family has in large numbers
is Fasciolopsis buski, acquired from eating uncooked aquatic vegetables.
The results of neither of these parasites are catastrophic, but the diversion
of food and other insidious effects make life less satisfactory than it
otherwise would be. The family also suffers from many other intestinal
worms that occur in even greater numbers and cause more illness. We shall
discuss them in relation to another family below.

A nonintestinal infection is also associated with problems of
‘excreta disposal. Within the pit latrines that have been flooded and
abandoned, the fecal liquid is colonized by larvae of a mosquito known as
Culex pipiens. When the adults of this mosquito bite the members of the
househoid they are able to transmit the larvae of a parasitic worm that lives
in the tissues under the skin of the legs and elsewhere. In particular,
these worms inhabit the lymph nodes and block the flow of lymph. As a
consequence the tissues become swollen from the accumulation of lymph and in
some of the people a massive elephantiasis results; father is troubled by
this in his right leg, which is so swollen that he cannot work in the fields
as well as he could before.

A North African Village

We row visit an area quite different in general appearance, but
behind this difference there are certain similarities in the disease problems.
The village we are entering is a cluster of mud brick houses situated in the
subtropics. In the winter it is quite cold, though the summer temperatures

are at least as high as in the Asian village we have just visited. The
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houses cluster together on a mourd rising up from the irrigated areas around.
This irrigation, however, is accomplished with water brought by great rivers
from afar and is not due to heavy rainfall. The ground is baked hard where
it has not recently been irrigated. Within the village the streets are
narrow, they are not made up or paved, and large quantities of debris lie
around.

The family we visit consists of parents with three children and
some . elderly relations. There is again the sad story of some children dying
in childhood of diarrheal disease, and indeed it would be difficult to find a
tropical area where this is not a problem. Only where very highly endemic
malaria overshadows the picture and pushes the death rate even higher does
diarrheal disease appear to recede into the background.

As in Asia we find problems of schistosomiasis and of elephantiasis.
These are of a somewhat different type, it is true, but nevertheless they
create disability in similar ways. In addition to the intestinal schistoso-
miasis, two of the younger children have a urinary variety and are passing
blood in their urine every day. This looks dramatic but in fact the blood
loss is not great. Nevertheless, they suffer pain and the inconvenience of
having to get up to pass urine at night. Their uncle had to go to the
hospital in the nearby big city only to be told that he had cancer of the
bladder for which nothing could be done, and he died a very painful death.
The surgeon said this was a late consequence of the same infection that was
causing the blood in the urine of the children, though only a few unfortunate
peopie suffered from it.

The helminths associated with fish and water plants that troubled
the previous family are absent from this one, but when we look at their
feces under the microscope we find the eggs of hookworm, roundworm, and
whipworm in large numbers. The hookworm eggs are very numerous. Infection
has been picked up by the family wandering about in bare feet on land that
‘has been used for defecation and that has been kept moist enough by nearby
drains and canals for the larval worms to develop in the soil. The hookworms
are particularly numerous in the mother. They live in the small intestine
and attach themselves to the villi (papillae on the inner surface) of the
intestinal wall. They suck blood that is used for their growth and for
production of their eggs, but they are very messy feeders and large amounts
of blood pass straight through their body and are lost in the intestinal

. lumen. As a result the blood losses from this infection are heavy; indeed

the mother”s loss is twice as heavy as that from menstruation and, since her
diet is not particularly rich in iron, she has become very anemic and .is
unable to work nearly as hard as a fit person. The same applies to one of
the children of the family; his abdomen is swollen, he cannot run fast to
"keep up with the other children, and his condition gives considerable cause
for anxiety. If he were to catch some other infection on top of the hookworm
he might well lose his life.

All the family have roundworms. These are very large (over 100
millimeters in length) and every now and then one of the younger children
‘'passes one in the stool. This excites a little comment, but there is no
obvious illness except for pain in the abdomen, and as always it is difficult
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to ascribe this to a particular cause. What is certain is that the worms are
absorbing a good deal of the nutrients intended for the children and there is
also a risk that they will get stuck in the narrowest part of the intestine
and block it, necessitating surgery. The family members are well aware

of this problem and have visited the dispensary to get medicine on frequert
occasions. Unfortunately, in the absence of better methods of depositing
their excreta the infection comes back every few months. The adults seem to
have become somewhat immune to it and the children carry the brunt of the
infection.

What arrangements are made for excreta disposal here? A bore-
hole latrine was made for each family to use but it filled up rather fast and
was so unpleasant that none wanted to use it. In any case, it was in or near
the house and the family spends much of the day down in the fields working
hard on their rice and other crops. It would be a quite unreasonable waste
of their time, or so they feel, to come all the way back to the home in order
to defecate. It is also more convenient to do it in the field because their
religion insists that they wash their anus after defecation and there is
no water readily available for this purpose within the compound. Because of
these varying sites for defecation, eggs of the roundworm Trichuris are
spread rather widely throughout the environment. They are extremely resistant,
even to the harsh climate of this part of the world, and find their way onto
vegetables that are to be eaten raw. They also occur in the mud and sand of
the compound where they are readily picked up by the babies.

Another intestinal worm of some importance is the beef tapeworm.
This is acquired from the infected cow by eating undercooked beef, which
readily occurs when meat is roasted on the outside of a large piece. The
adult tapeworm grows up in the intestines of the family and it, too, competes
for nutrients with the family. Its eggs, often in the swollen segments of
the tapeworm, are shed in large numbers when a whole segment of tapeworm
wriggles out of the anus. These tapeworm segments may be picked up by
browsing cattle and undergo further development within the muscles of the
~cow. The family™s religion prohibits the eating of pork, so they are spared
from the tapeworm that has the added possible hazard of the larvae developing
in:-human muscles.

All these helminth infections are long lasting and sap the strength,
so that it is not easy to pin specific damage down to their action except in
the case of hookworm. They are all infections that tend to be underrated
because of their widespread nature and insidious, long drawn out course. By
contrast, the family also suffers from several acute infections, not only
diarrheas which have already been discussed, but also typhoid and hepatitis.
The incidence of typhoid in the village is very high. This is for several
regsons, not least of which are the defective excreta disposal arrangements.
In addition, the presence of schistosomiasis in the inhabitants modifies
typhoid and leads to a very long drawn out course of that disease, and up to
one in every twenty-five people may become a typhoid carrier in some of these
villages. This is over an order of magnitude higher than we see elsewhere.
The upshot is that typhoid is extremely common, no less severe than elsewhere,
and an appreciable cause of mortality. Hepatitis too occurs frequently. In
the younger children it rarely gives rise to serious symptoms, but in adults
the patient may have to take to his bed for weeks or months and sudden death
is not unknown.
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One feature that emerges with particular strength from this account
of a family in North Africa is the extent to which it shares the fecal health
problems of the family in East Asia. 1Indeed, unlike many other patterns of
disease, there is a sameness that cannot be avoided. There are certainly
infections that are peculiar to particular localities, but the pattern of
diarrheal disease, enteric fever, numerous viral infections, and the intestinal
worms is repeated throughout the world. Only cholera is of major importance
and yet has a variable and patchy distribution.

5.3 CHILDREN

Many of the excreted infections that are the subject of this book
have a very markedly nonuniform distribution of prevalence among d¢ifferent
age groups. While all of them are found among people of all ages, many of
them are concentrated in particular age groups. Table 16 notes the age group
that is most afflicted by the main excreted infections in areas where these
infections are endemic.

This table clearly shows that many of these infections are primarily
infections of childhood, or that they afflict children as well as adults. This
has the greatest relevance for disease control through excreta disposal
improvements.
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The Age of Maximum Prevalence of Some Ma jor Excreted Infections in
Indigenous Populations of Endemic Areas

Category
(Table 15)

Age Group in Which Highest Prevalence
Infection of Infection is Typically Found
Babies Children Teenagers Adults
0-2 3-12 13-19 20+

Enteric viruses * *
Hepatitis A virus
Rotavirus *

Entamoeba histolytica * *
Giardia lamblia *

Balantidium coli * *
Enterobius * *

Hymenolepis *

b
*

*

II

Salmonella typhi *
Other salmonellae *
Shigella *
Vibrio cholerae

Path. E. coli *
Yersinia *

* % ¥ %

*

I1I

Ascaris
Trichuris
Hookworms
Strongyloides

* % % ¥
* % % *
%

IV

*
%

‘Taenia

Clonorchis

Diphyllobothrium

Fasciolopsis *
Paragonimus

Schistosoma spp. *

* N N % %
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In all societies children below the age of about three will defecate
whenever and wherever they feel the need. A proportion of these under-three-
year-olds will be excreting substantial quantities of these pathogens. 1In
some societies, the stools of these children are regarded as relatively
inoffensive and they are allowed to defecate anywhere in or near the house.
In this case it is highly likely that these stools will play a significant
role in transmitting infection to other children and adults. This applies
not only to those infections without a latency period but also to infections
like Ascaris where the defecation habits of children will determine the
degree of soil pollution in the yard and around the house and this, in turn,
will largely determine the prevalence and intensity of ascariasis in the
household. :

In other societies, strenuous efforts are made to control and manage
the stools of young children, either by making them wear diapers or by cleaning
up their stools whenever they are observed. Either of these reactions should
have an important controlling influence on the intrafamilial transmission of
excreted helminths.

Between these two extremes there is a whole range of intermediate
behavior patterns with regard to the reaction of adults to the stools of young
children. 1In most poor communities, the picture is closer to the first
example than to the second. The relevant response of government and other
responsible agencies to this situation is health education of mothers to
encourage a belief that stools of young children are dangerous and should be
hygienically disposed of. The problem is primarily connected with attitudes
and behavior. Nevertheless, the provision of some form of toilet for the
disposal of the child”s stool and, maybe more importantly, a convenient water
supply will greatly assist child hygiene.

Children over three years are capable of using a toilet if ome of
suitable design is available. Children in the age range from three to twelve
frequently do not use toilets even where they are available because:

(a) they find it inconvenient and are not encouraged to by adults;

(b) they are afraid of falling down the hole or of being attacked
by the pigs that may live next to the latrine;

(c) they cannot because the toilet is so designed that little
people cannot use it; and

(d) they are prevented from doing so by adults who do not want the
children messing up their nice clean toilet.

As with the very young children, it is of vital importance that the
stools of these children are hygienically disposed of because some of them
will be rich in pathogens. The solution lies in a combination of the provision
of a toilet that children are happy to use and health education for the
mothers so that they compel their children to do so. Education for school
children could also be effective here and it is vitally important that all
schools have well-maintained latrines so that the children may learn from
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positive experience. Indeed the whole subject of health education, so diffi-
cult to discuss incisively, is crucial to the health benefits of improved
excreta disposal facilities (see chapter 13).

5.4 THE DISTRIBUTION OF SANITATION BENEFITS

We have compared and discussed the transmission cycles typically
followed by categories I-V (Table 15 and Figure 4) and have indicated that
categories 1 and II may follow "shorter” or "tighter” cycles than categories

"III-V. The implication is that the later categories are associated with a
wider spread ofthe infections. This has importance in the selection of an
excreta disposal technology and, in particular, in the willingness of an
individual family to adopt an innovation. If a household head believes,

or can be persuaded, that the adoption of a new technology will confer appre-
ciable health benefits on his family, irrespective of what is taking place in
the neighborhood, he will be more willing to innovate. If, on the other
hand, it is clear that his action alone will have a negligible impact on his
family”s health, he is more likely to sit back and wait for clear evidence
‘that a viable and effective program is being carried out throughout his
“neighborhood.

Where most transmission is intrafamilial, as in category I and
to a lesser extent category II, it is to be anticipated that improvements
in excreta disposal and cleanliness in an individual family may lead to health
benefits for that family. As we have already argued, however, cleanliness is
probably more important than excreta disposal facilitics per se in the reduc-
tion of category I infections (and to a lesser extent category II) and there-
fore it is changes in hygienic behavior that may bring the greatest benefit to
a single family in isolation from widespread changes in the community.

Turning to categories III-V, there is one infection that, although
potentially having a long transmission cycle, is frequently transmitted within
+the family and-is reducible by improvements in excreta disposal facilities

‘f;w1thout changes -in personal ‘cleanliness: ascariasis. Work in China and the

U.S.A. in the 1920”s showed that poor families who used their latrines and

‘° prevented their children from defecating in the yard had significantly lower

intensities of Ascaris infection than their neighbors. In many situations one
‘would anticipate that improvements in excreta disposal practice by a single
family would lead to a demonstrable reduction in ascariasis within that
family.

: There are other specific circumstances in which a given infection
may be readily reduced by the independent action of a single family. An
exarple would be hookworm in rural India where, in many villages, much infec-
tion occurs when barefoot people visit the commural defecation grounds on the
edge of the community. A family that installs a pit latrine and no longer
visits the defecation ground may substantially reduce its exposure to hookworm
“infection.

When plannlng and implementing an excreta disposal program it may
 well be useful to identify an infection for which individual household action
may be particularly effective. This infection might then be monitored and the
results used as part of a propaganda exercise:
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“The Sanchez family have adopted the new latrine and improved
their domestic hygiene and now have less roundworms than their
neighbors.”

5.5 HEALTH BENEFITS OF SANITATION

We have outlined the major health problems associated with defective
excreta disposal facilities. To relate the two causally, and in particular to
say what the health benefits will be from a given proposed improvement of
those facilities, is far more difficult. The difficulties and the studies
attempting to overcome them are set out in this section. Critical comments
must not obscure the fact that without improved excreta disposal the diseases
discussed will not be overcome, but other complementary inputs, and in some
cases major social, economic, and political changes, may be required for
success to be achieved.

Methodological Issues

Studies of the health benefits of sanitation in the field have
involved either comparing disease levels in communities with varying sanitary
facilities or monitoring disease patterns before and after the improvement of
sanitary facilities within a community. In both cases the difficulties in
allocating benefits to the improved sanitation have arisen because other
differences are often associated with the sanitation facilities. People who
have better sanitation than their neighbors also often have higher incomes,
better water supplies, and different habits of cleanliness. Similarly, if a
single community is followed over time, the sanitary facilities are unlikely
to be the only beneficial changes that befall the community. Therefore, to
allncate all the benefits to improved sanitation would be unjustified.

Conversely, a study that demonstrates no health improvement on
changing sanitary facilities cannot validly imply that they are useless. The
facilities may have been left unused for lack of health education or may have
been inappropriately sited, so that it will often be mistaken to generalize
from a particular local result.

Ideally, the economist wishes to use health benefit data for deciding
priorities in resource allocation. To do this, the total health benefits must
be determined. Health as such, however, is not measurable (except possibly as
growth of infants) and it is diseases that are studied. Sanitation affects a
range of diseases, not all of which can be measured in a single study, so that
usually a few indicator or index diseases are used to assess benefits. More
often still, particular disease agents such as Shigella bacteria or worm eggs
in the feces are asscssed. The resulting measures or changes in infection
rates with sanitation are several removes from health benefits and the inter-
vening relationships are by no means linear. The relation between an infection
and disease depends on many variables:
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The Literature

We have compiled some of the relevant literature on impact assessment
in appendix II. Almost none of the studies reported reaches the standards of
epidemiological demonstration that would make the study conclusive, and therefore
we have refrained from a melancholy criticism of each paper. Rather, the
conclusions listed should be taken to indicate trends. :

An important component of any evaluation, but one that is much
neglected, is time. To attain comparability between an area that has received
sanitary interventions and a comparable unsanitated. area requires surveys
done soon after installation of the sanitary facilities. Commonly the obser-
vations are made for up to a year and are begun months after construction.
Such information has poor predictive value for the long term. If a special
campaign has been mounted in relation to the new facilities, the results may
be transiently impressive but fall off in the longer term. Conversely, the
community may take some years to adjust to and utilize the innovations so that
a short-term study fails to demonstrate the real benefits they bring. Where
these problems are avoided, by the use of a very long-term study or by observing
differences between communities with long—established differences in excreta

‘7-dlsposal patterns, the difficulty of confounding variables arises: it is most

~unlikely that communities will stay comparable in all respects other than
~excreta disposal and its consequences over many years.

: In the light of these issues, it is not surprising that studies of
the benefits of excreta disposal as assessed by health changes in the field
are. almost all of an insufficient standard to be convincing. Very few indeed
could be described as scientifically impeccable, producing results that
inspire confidence. This discussion of methodology could perhaps be considered
‘over precise and academic if most of the published studies gave concordant
results, but this is far from the case and some studies are frankly contra-
dictory.

A detailed critique of each study listed in appendix II is not given
because the defects of sampling, comparability of samples, and confounded
variables recur with such consistency, while use of facilities provided is
t~scarcely ever assessed. Where recurrent treatment is used, studies are too

' short in duration to show the long~term outcomes and are usually also too

brief to detect the large rise in noncompliance with therapy that tends to

. ocecur in time.
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If we pool all these studies, it may not be unreasonable to hope for
a halving of excreta-related diseases as a result of improved excreta disposal
facilities together with reasonable supporting programs for maintenance and
for health education. We already know that if these are combined with water
supplies and appropriate behavior changes, the risk of many serious excreta-—
related diseases can become very small, and such conditions as typhoid and

~ cholera cease to be endemic.

5.6 BENEFITS AND IMPACTS

Limitations

The planner seeks a clear, preferably monetary, statement of the
health benefits of alternative sanitation improvements. The data are not
adequate to provide one. It is quite feasible to list the present costs of
treating sanitation-related diseases, but these are small relative to estimates
of work and life that are lost due to their effects. These latter are subject
to great uncertainty, and any figures put on them would be largely spurious.

T Two examples may be given. Wagner and Lanoix (1969) attempted to
estimate the costs of diarrheal disease and found that the largest component
was due to premature death in children under the age of two years. There are
“-several approaches to placing an economic value on deaths at this age, which
give widely differing answers.

More recently, Latham et al. (1977) estimated the cost of Ascaris
infection to Kenya. The largest single component is the estimated reduction
in food absorption and utilization by those infected, given as $4.4 million
yearly, as compared with a total of $0.7 million for all other costs, such as
present treatment, health care, and transport to health care facilities.

It is relatively easy to put forward reasons for changing the $4.4 million
by 50 percent or more in elther dlrectlon.

On the other hand, it is possible to make informed assessments of
tithe comparatlve benefits of different excreta disposal systems, and this

e'we attempt below. No cost figures on different excreta disposal systems

_are: given here. These may be found in the various other documents arising
from the World Bank”s investigations into appropriate sanitation technologies
(for instance, Feachem, Mara, and Iwugo, 1978). It will be clear from our
discussion of human behav1or that the greatest determinants of the efficacy of
alternatlve facilities are, first, whether they are used by everyone all the
time and, second, how adequately they are maintained (see chapter 13). Use
";w111 be very dependenf on the locality concerned; in urban situations, where
alternative defecation sites are scarce, it will be easier to ensure widespread
use of new facilities. There are both private and public aspects to maintenance
of all but basic on-site systems, and the systems vary in their public mainten—
. ance needs. Some are more robust to public neglect than others.

f7BeSteInferences~with Optimal Behavioral Situation

, , k To evaluate the health benefits of excreta disposal techniques, let
us consider first a situation in which everyone uses the facilities all the
_t;mekand the' town council consists of paragons of municipal virtue so that
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maintenance is exemplary! We are therefore comparing technologies rather
than management systems.

The baseline situation will vary greatly in the absence of any L
sanitary provision. Where population densities are high, as in many parts of
rural Asia and in all the world”s major cities, the baseline level of disease
due to excreted pathogens will be very high. On a crude ill-health scale we
‘may consider this situation as 0. Under conditions of flush toilets, sewers,
and an efficient treatment plant, the resulting health benefits are defined
as 10, assuming that supplies of water are adequate for optimal use of the
sanitary facilities.

Pit latrines would, from the viewpoint of health rather than conven-
ience, -approximate the same level, though not adapted to the water use levels
needed for the personal cleanliness required to minimize the infections in
categories 1 and II (Table 15). Given that a pit latrine has no effluent or
product, however, it is in this regard safer than a sewerage system that
produces large volumes of polluted effluent, which will in general not be made
completely pathogen—-free, even in the best treatment plant. A score of 9 is
given to pit latrines. This conclusion does not apply where fecal material
might soak through the latrine walls and ult imately mix with drinking water,
nor where flooding or a high water table regularly recur.

Where composting double-vault latrines (score, 8) are used and
digging out is more frequent, a residual hazard of long-lived helminth eggs
persists and benefits are less. Reuse of the compost will spread the eggs in
the community. The "multrum” type of composting latrine (score, 7) is again
very safe if operated ideally, but in general risks will tend to be greater
because the continuous process involves risks from organisms that have not
been composted for long enough. ’

An aquaprivy with a long (> 1 month) retention time may produce
.an-effluent with-a low pathogen content. This requires regular topping

~up of the tank, but not at such a rate as to reduce sericusly the retention
time.  Provided that an efficient sludge removal and treatment system is
available, the resulting health benefits might approximate, say, 9 on the
scale proposed above. A septic tank with a retention time of only one to
three days produces an effluent rich in pathogens and therefore is associated
with greater risk. A score of 8 is assigned.

With a bucket system, major reductions in diseases are unlikely,
even in an ideal world, and a score of 5 is considered appropriate. A well-
managed vacuum truck and vault system will be a great improvement, but some
risk of spillage and contact with fresh feces still exists. A score of 8 is
given.

The preceding sections have mainly concentrated on the on—-site
‘happenings. Where sewage is transported by cartage or water to a treatment
plant, oxidation ponds for waterborne waste and batch thermophilic composting
. for solids and sludges will give a safe product. Alternative processes are
~ dinferior.
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These results, summarized in Table 17, indicate that, when operated
to high standards and fully used, there is little difference among health
benefits of most processes. Only bucket latrines emerge as intrinsically and
substantially inferior.

+~Best - Inferences in the Real World

But of course in the real world things are not maintained iwpeccably,
nor are facilities invariably used. In addition, some systems clearly require
less effort to maintain and use than others. Cartage in some Japanese towns
using vacuum trucks is fully comparable with waterborne sewerage. In another
city known to the authors, 99 out of the 100 cartage trucks are reported to be
out of operation. Health benefits are closely tied to operation and use and
some societies are better than others at operating particular systems. When
change is contemplated, much greater effort may need to be put into the
operation and use, rather than just the installation, of the new facilities.

Operation and maintenance require both user effort and municipal
endeavor and the necessary blend between these is different for different
technologies. This can be illustrated by ranking the technologies as follows:

Flush toilet/sewerage Pit latrine

Vault/truck Batch composter

Pit latrine v Increasing Continuous composter Increasing
Septic tank user Aquaprivy municipal
Aquaprivy effort Septic tank effort
Bucket latrine required Flush toilet/sewerage required
Batch composter R / Bucket latrine v

Continuous composter Vault/truck
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TABLE 17. A Speculative Ranking of Eight Excreta Disposal Technologies Based Upon Four Criteria

I I

Aqua-| Septic |Flush Toilet
privy| Tank | + Sewers +
Ponds

[ | I
Batch | Continuous | Bucket | vaults/
Composting | Composting | Latrine | Vacuum
(double | (Multrum) | | Trucks
vault)

|

| Pit
Criterion | Latrine
I

Lack of
need for
user |
effort |
(0~10) |

I
l
I
I
I

10

|
Lack of |
need for |
municipall
effort |
(0=10) | 10 10 10
|
Health |
benefits |
in real |
world |
(0-10) : 6

~d

Health |
benefits |
in ideal
world !

|
(0-10) | 9 10
|

I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
|
|
I
|
I
|
I
-

|
Water needs}  Low: Low." Low Low High

I I I
I I |
I | I
| I I
I I I
I | I
| I I
I I |
| I I
I I |
I I I
I | I
I I I
| I |
| I I
I | I
I I I
I | I
I I I
I I I
I I |
I I I
I I I
I I I
I | I
I I I
I I I
I I |
I I I
I I I

Low - |Medium
I

Table 17 summarizes these speculations as well as putting a numerical
value ‘on the "real world” health benefits in the same way as was done above
for the idealized conditions. This is a very provisional procedure and many
other factors must be taken into account in selecting a technology for a given
site. Nevertheless, Table 17 may stimulate thought about the health-related
aspects of technology choice, and it serves to draw attention to the advantages
of the pit latrine and the disadvantages of the bucket system.
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CHAPTER 6

FECAL INDICATOR BACTERIA

6.1 INTRODUCTION

Fecal indicator bacteria are selected from among those commensal
species that normally and exclusively live in the intestinal tract of man and
other warm~blooded animals without causing disease. Because they are alwags
and nf&urally present in feces and are excreted in large numbers (up to 1O
or 10 cells per gram of feces), their presence in water indicates beyond
doubt that the water has been contaminated with fecal material and possibly
with excreted pathogens. If a water is shown to contain fecal indicator
bacteria, it is considered unsafe for human ccnsumption. This is the rationale
for the bacteriological testing of public water supplies that was developed
in Europe and North America at the turn of the century, when the major concern
of water supply engineers was to reduce the incidence of epidemics of strictly
waterborne disease. It is still an epidemiologically valid testing technique
for disinfected water supplies throughout the world, but it has certain
limitations when applied indiscriminately in the examination of all wastes
and wastewaters, particularly in hot climates. (These limitations are discussed
in the section, "Relation of Fecal Indicator Bacteria to Excreted Pathogens,"”
below.)

6.2 THE IDEAL FECAL INDICATOR BACTERIUM

The ideal fecal indicator bacterium should be:
-- A normal member of the intestinal flora of healthy people;

=— exclusively intestinal in habitat, ‘and hence exclusively fecal
in origin when found in the environment;

== absent from nonhuman animals (a requirement not met by any of the
indicator bacteria currently used);

—— present whenever fecal pathogens are present, and present only
when fecal pathogens might reasonably be expected to be present;

-— present in higher numbers than fecal pathogens;

-- unable to grow outside the intestine, with a die-off rate slightly
less than that of fecal pathogens;

—— resistant to natural antagonistic factors and to water and waste
treatment processes to a degree equal to or greater than fecal
pathogens;

—-—'easy to detect and count; and

—= nonpathogenic.
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No one bacterial species or group completely fulfills all these requirements,
but a few come close to doing so and these are described below.

6.3 FECAL INDICATOR BACTERIA

In conventional water bacteriology there are three main groups of
“bacteria used as fecal indicators. These are: (i) the coliform bacteria;
(ii) the fecal streptococci; and (iii) the anaerobe, Clostridium perfringens.
Recently some members of the anaerobic intestinal flora, notably Bifidobacterium
‘spp., have been proposed as additional indicator bacteria. Pseudomonas
aeruginosa has also been proposed, but its status as an intestinal organism is
in doubt.

Coliform Bacteria

There are two principal groups of coliform bacteria: the nonfecal
coliforms and the fecal coliforms. The latter are exclusively fecal in origin,
whereas the former, although commonly found in feces, also occur naturally in
unpolluted soils and waters. Thus only the fecal coliforms are definite
indicators of fecal pollution. In water bacteriology the nonfecal coliforms
are regarded as "presumptive" indicators of pollution and should be absent
from disinfected water supplies. In wastewater bacteriology, however, they
are of considerably less importance, especially in hot climates where under
suitable conditions they can multiply in the environment so that their presence
or numbers are not necessarily related to either the occurrence of pollution
or to its degree. Therefore, in general, and despite the one report from India
to the contrary (Raghavachari and Iyer, 1939), only the fecal coliform bacteria
should be used as indicators or "tracers" of fecal bacterial pathogens in
wastes and wastewaters and in treatment and reuse processes in hot climates.

Under the microscope, fecal and nonfecal coliforms are indistinguish-
able; they are both Gram-negative rods, measuring some 2-5 micrometers x
0.4 micrometers. In practice they are differentiated by the ability of fecal
coliforms, and the inability of nonfecal coliforms, to ferment lactose with
the production of acid and gas within twenty-four to forty-eight hours at a
temperature of 44°%¢. Additionally, the most common fecal coliform bacterium,
- Escherichia coli, can produce indole from tryptophan at this temperature. In
hot climates, however, some nonfecal coliforms can grow at 44°C and some can
also produce indole at this temperature, thus mimicking the fecal coliforms
~and E. coli in particular. There is no satisfactory routine methodology for
detecting these organisms, and their occurrence has been the reason for the
search in recent years for alternative, more satisfactory indicator organisms
for use in hot climates.

Fecal Streptococei

The fecal streptococci (or Group D streptococci) are a group of
,bacterla that are morphologically similar (Gram-positive cocci, measuring
‘apprOXLmately 1" micrometer in diameter and occurring in short chains of two
_or three cells) and that are mostly derived from the intestine of man and
other warm-blooded animals. The group includes species unique to animals
 (Streptococcus bovis and S. equinus), other species with a wider distribution
~ (for example, S. faecalis and S. faecium, which occur in man and other animals),
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as well as two types (S. faecalis var. liquefaciens and an atypical

..S. faecalis that hydrolyzes starch) that appear to be ubiquitous organisms
~“"that occur in both polluted and unpolluted environments. These latter
strains, essentially nonfecal streptococci, are not distinguishable from
the -truly fecal streptococci in routine detection or counting procedures.
Since S. faecalis var. liquefaciens has been reported to be the predominant
biotype present at low dzpsities (below about 100 "fecal” streptococci per
100 milliliters), the usefulness of the fecal streptococci as an indicator
group is open to question, especially in clean water bacteriologv. Fecal
streptococci may still have a place in wastewater bacteriology, however,
except in considerations of the bacteriological quality of wastewater-
irrigated crops on which the two nonfecal biotypes may be present as natural
flora unrelated to the degree of fecal pollution. There is, however, no
information on the distribution of these two biotypes in tropical environ-
ments.

Fecal Coliform to Fecal Streptococci Ratio

It has been found in the U.S.A. that human feces contain at least
four times as many fecal coliforms (FC) as fecal streptococei (FS), but that
animal feces contain at least 1.4 times as many fecal streptococci as fecal
coliforms. Thus it was suggested that American surface waters that have
FC/FS ratios of > 4 are likely to be receiving predominantly human pollution,
while those with ratios of < 0.7 may be mainly contaminated by the feces of
wild and domestic animals (Geldreich, 1966).

This method, however, is of little value in practice. The FC/FS
ratios in fresh feces may vary widely among different species and in different
geographical locations. There is no reason to believe that humans the world
over excrete a ratio of > 4, while animals excrete < 0.7. Once the feces have

. been excreted, the ratios will change because of the differential death rates

*Of_the,Various bacteria. Typically, the enterococci (5. faecalis, S. faecium,
~and S. durans) survive for longer than fecal coliforms, which survive for
~longer than S. bovis and S. equinus (McFeters et al., 1974). Therefore, it
~has been suggested that in humans, where enterococci are the dominant FS
species, FC/FS ratios of samples returned to the laboratory will fall, whereas
in animals, vhere S. bovis or S. equinus may be more numerous, the ratios in
stored samples may rise (Feachem, 1975). It now appears, however, that while
enterococci are the dominant FS species in humans in developed countries, and
therefore human pollution is associated with falling ratios, they can also be
the dominant FS species in domestic animals in Scotland (Oragui, 1978).

Further, S. equinus and S. bovis are common in the feces of people
in India and Uganda. Therefore we conclude that neither the ratio at the time
of sampling nor the change in ratio in a stored ssmple conveys much useful
information about the origins of fecal pollution.

?'g[ Clostridium perfringens

Clostridium perfringens (formerly C. welchii) is an anaerobic spore-
forming bacterium; it is Gram—positive and measures approximately 4-6 micro-

” j  meters in length by 1-2 micrometers in width. It is exclusively fecal in origin
~and it is also pathogenic, causing gas gangrene and food poisoning. Since it

"isfanspppe—forming organism it can persist for long periods outside the intestine
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and can therefore be used as an indicator of occasional or intermittent
pollution or of previous pollution of waters in which the presence of neither
fecal coliforms nor fecal streptococci can be demonstrated. It is also more
resistant than both fecal coliforms or fecal streptococci to antagonistic
substances such as chlorine. In wastewater bacteriology, however, the long
persistence of C. perfringens is a disadvantage because it can give rise to
residual dormant populations that may not refliect the degree of pathogenic
contamination remaining. Type-A C. perfringens from human feces may grow in

the soil; this is in contrast to other types of C. perfringens of animal origin,
which seem to die out in the soil.

Pseudomonas aeruginosa

This organism is a pathogen of man causing wound infection, especially
of burns, and occasionally otitis media and infections of the urinary tract. It
is a Gram-negative rod, measuring approximately 0.5 micrometers by 2 micrometers.
It occurs in the feces of a relatively low proportion (about 3-15 percent) of
healthy people but is said to be extremely rare in animals. Its occurrence in
waters has been said to be associated with fecal pollutioun; counts > 1,000 fecal
coliforms per 100 milliliters and <1 P. aeruginosa per 100 milliliters in the
same ‘water being associated with animal, rather than human, pollution (Green et
al., 1975) has shown that the soil can act as a reservoir for P. aeruginosa.

P. aeruginosa probably does not grow in the intestine of healthy
people. Those organisms isolated from feces probably represent the survivors
of ingested organisms. Studies in which these organisms were fed to volunteers
demonstrated that large numbers must be ingested to maintain fecal carriage.

P. aeruginosa is common in sink traps and flower water and is probably common

i 211 zrziic waters.

Bifidobacteria

Bifidobacteria are nonsporulating anaerobic organisms that occur
in the intestine of man and warm-blooded animals. They are Gram-positive V-
or Y-shaped cells with each branch measuring about 0.8 micrometers by 3-4 micro-
meters. The most common species in man are Bifidobacterium adolescentis and
B. longum. Bifidobacteria have been recently proposed as indicator organisms
for use in tropical waters because they are exclusively fecal in origin and do
not grow outside the intestine. They thus overcome the principal disadvantage
of fecal coliform counts on tropical samples, which may contain a 51gnificant
proportion of strains that can ferment lactose and produce indole at 44 °C but
are not derived from feces. Work on bifidobacteria has only recently commenced,
and there is little information on their survival in the natural extra-intestinal
environment other than in river waters (Evison and Morgan, 1978).

Other Anaerobic Bacteria

The bacterial flora of feces is predominantly composed of anaerobic
bacteria. Bifidobacteria have been described in the previous section but
feces contain large numbers of other nonsporulating anaerobes, such as
Bacteroides spp. (commonly B. fragilis), the anaerobic Gram~positive cocci
(Peptococcus spp. and Peptostreptococcus spp.), and Eubacterium spp. Current
research work is investigating the usefulness of these organisms (especially
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Bacteroides fragilis) as fecal indicators, but at present there is insufficient
data on their extra-intestinal ecology to know whether or not they, or some of
them, are likely to be useful indicator organisms in practice. Moreover,
current techniques for their detection and enumeration are rather too complex
for routine use.

Concentrations of Indicator Bacteria in Feces

Approximate numbers of indicator bacteria commonly found in human
feces are given below in cells per gram (wet weight) of feces.

£

Indicator bacteria Numbers
. ' 6 9

Fecal coliforms 107 - 10
- 7 9

Nonfecal coliforms 100 - 10
. 5 8

Fecal streptococci 107 - 10
Clostridium perfringens 101 - 107
Pseudomonas aeruginosa /1 103 - 105
e s 8 11

Bifidobacterium spp. 100 - 10
’ Bacteroides spp. 108 - 10t

These figures are average figures only and mainly derived from American
literature. Some communities, because of dietary differences, may display
considerably different numbers for one or more of the above indicator groups;

- for example, feces froQ Indiins often have much lower fecal coliform densities,

't7 ;sometimes as low as 10” - 10" cells per gram.

Detection and Enumeration of Indicator Bacteria

Methods suitable for the detection and enumeration of coliform
bacteria, fecal streptococci, and Clostridium perfringens are described in the
l4th edition of Standard Methods for the Examination of Waters and Wastewaters
(American Public Health Association, 1975) and in the 4th edition of The
Bacteriological Examination of Water Supplies (Department of Health and Social
Security, 1969). Pseudomonas aeruginosa populations can be counted by membrane

1. P. aeruginosa has been reported to occur in large numbers (103 - 105

~per gram) in feces; there is some doubt, however, as to the meaning of
these results. P. aeruginosa may be regarded as an environmental organism
occasionally found in feces. A count of 50 (or less) per gram of feces
~-would. be regarded as normal.
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iltration using the medium of Levin and Cabelli (described in Standard
fethods) supplemented with 0.1 percent cetrimide. The membrane filtration
tethod and medium for Bifidobacterium spp. are described by Evison and
iorgan (1978). Reference may also be made to Mara (1974).

o4 ‘RELATIONSHIP ‘OF FECAL INDICATOR BACTERIA TO EXCRETED PATHOGENS

Fecal indi-cator bacteria were originally developed to assess the bac-
eriological quality of potable waters at a time when the transmission of
vacterial enteropathogens (such as salmonellae, shigellae, and cholera
ribrios) was considered to be the major risk to public health associated with
lrinking water supplies. Therefore, historically (and indeed, to some
xtent, even now), the major emphasis has been on the relationship between
he fecal indicators and bacterial pathogens. Even the recent literature
ontains many reports on the persistence of, for example, fecal coliforms and
almonellae in the extra-intestinal environment, but only a very few reports
n the comparative survival of the fecal indicators and nonbacterial fecal
athogens such as viruses, protozoa, and helminths. This has been partly due
o the difficulty of routinely amalyzing samples for these other pathogens
especially the viruses), but it has also probably been due to an uncritical
arry-over of the historical approach outlined above. Thus, for example,
here has been no report on the relationship between the indicator bacterium
lostridium perfringens and the ova of the fecal helminth Ascaris lumbricoides,
hich persists for longer periods in the extra—intestinal environment than
ther indicator bacteria and excreted helminths, respectively. Such a
elationship would be of 1little value in assessing the safety of urban water
upplies (for which Ascaris ova are not organisms of public health signi~-
icance), but it might be of value in assessing the quality of, for example,
evage sludges, composted feces, and some wastewater effluents.

This example emphasizes the historical but persistent preoccupation
f sanitary bacteriologists with urban water supplies to the near exclusion
f appropriate consideration for wastes and wastewaters and the comparative
2moval and persistence of fecal pathogens (of whatever type) and indicator
acteria in treatment processes and reuse products. We cannot, for example,
7en predict with confidence the likely density of salmonellae in a tropical
2wage effluent, even though we know the number of fecal coliforms present;
1 contrast we can make a reasonable estimate if we are dealing with a
:mperate climate effluent. This situation results because there is much
ita (mainly from North America), admittedly of variable quality, on the
:lationship between the survival of bacterial pathogens and indicators in
'wage treatment processes in temperate climates, but very little data from
‘opical countries. This makes the establishment of a fecal coliform standard
)T ‘most tropical sewage effluents a highly unscientific process. Since
igineers design, for example, maturation pond systems on the basis of fecal
1liform removal to achieve the desired standard, this state of scientific
wertainty can lead to either over-design (with a consequently unnecessary
wrease in cost) or to under-design (with a consequently increased risk and
'rhaps -actual ‘damage to. public health).

‘When we consider the hazards from nonbacterial excreted pathogens,
e bacterial fecal indicator organisms are of limited usefulness. They are

some us2 in assessing the quality of irrigation waters and resulting risks
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to health, but even here the gaps in our knowledre are considerable. Much

of the information we have comes from relatively sophisticated communities
(e.g+., North America, South Africa, Israel), and we cannot apply this data
with nuch confidence to other communities where climate, diet, disease
patterns, agricultural practice, and cultural attitudes toward excreta reuse
products are all different. This does not mean that we cannot use information
on, say, fecal coliform survival in Israel to predict fecal coliform survival
in, for example, rural India. It does mean that the information may not bhe
all that relevant to conditions in rural India where the abilitv to make
statements about fecal coliform survival may not be very helpful in assessing
the degree of fecal pathogen contamination of crops irrigated with sewage
effluent or fertilized with treated excreta. Thus some caution is to be
exercised in assessing the significance of data on fecal indicator survival
environments considering the area from which the information was obtained.

In summary, therefore, we have very little knowledge on the relative
concentrations of indicator bacteria and bacterial pathogens in effluents
and -fecal products in warm climates, and we have practically no information
ahout the relative concentrations.of indicator bacteria and nonbacterial
pathogens. In addition, we must note that the stability of the ratio between
the concentration of an indicator bacteria and the concentration of a particular
pathogen decreases as the size of the contributing population decreases.
Thus, for systems serving small comnunities or for individual systems such as
aquaprivies or composting toilets, the ratios will vary enormously from place
to place and through time, and n organism will act as a good indicator of
another organism.

6.5 PATHOGEN INDICATOR ORGAMNISMS

Fecal indicator bacteria are indicative only of fecal contamination.
This is useful in assessing the safety of drinking water supplies, but when
- we are considering the health aspects of sanitation systems and excreta and
sewage treatment and retise processes, what we need is not a fecal indicator

- organisn (for .we already know that we are dealing with feces), but rather a

pathogen -indicator organizm. We need to have a reliable measure of the
pathogen content of the end-product of a treatment process so that we can
assessas accurately as possible the health risks associated with any reuse
of the end product or with its discharge into the environment. If we can
assess these risks meaningfully, then we can decide in a responsible and
informed way whether the benefits resulting from end-product reuse outweigh
. the possible costs to health of those involved (either as producers or con-
suners) in the reuse process or, in the case of discharge of the end-product
into the environment, of the users of the environment.

It would be unrealistic to expect the same pathogen indicator
ccorganism: to be useful in assessing the pathogen content of different types

of fecal products, for example, waste stabilization pond effluent and composted
feces. 1In the latter case we are primarily concerned with the viahility of

the persistent helminths, notably Ascaris lumbricoides, whereas with ponds we
know that, if the total retention time is more than twenty days, the pond

~ effluent will he free of both helminth ova and larvae but may contain excreted
viruses and bacteria.
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It is convenient to divide fecal products into two groups, effluents
and noneffluents, and to examine which organisms are suitable pathogen
indicators for each.

-~Pathogen Indicators for Effluents

It is convenient to consider the effluents from waste stabilization
ponds. and other sewage treatment processes separately because the vastly
‘different retention times (weeks in ponds, hours or days in other processes)
produce effluents of markedly different pathogen content.

Pond Effluents. It is known that if a pond effluent has a retention
time of more than twenty days, its effluent will be free from both pathogenic
protozoa and helminth ova and larvae, but it may well contain viral and
bacterial pathogens. Since the routine analysis of pond effluents for viruses
and bacterial pathogeas is not yet feasible (nor likely to become so in the
immediate future), the choice of a suitable pathogen indicator is exceedingly
difficult. Bacteriophages and, more specifically, colphages may provide a

~solution in the future, but the laboratory techniques are not yet widely known.
Fecal coliforims or fecal streptococci present themselves as the obvious choice,
but there is little data on their usefulness as viral indicators and the
literature on their comparative survival with bacterial pathogens is only
fractionally less scant, especially for tropical pond effluents. There is
no information available on the usefulness of bifidobacteria and the other
nonsporulating anaerobes. Probably the best that we can currently do is to
recommend the use of fecal coliforms and fecal streptococci, even though they
are less than ideal for the purpose-—especially as regards virological
quality. What is even less certain is what densities of fecal coliform or
fecal streptococci should be permissible. The rather unhelpful answer is
that they should be as low as possible, which in practice means at least below
1,000 per 100 milliliters of effluent and preferably below 100 per 100 milli-
liters. Effluents that are reused for the irrigation of crops consumed raw
must have fecal coliform and fecal streptococci counts that are both below
1100 per 100 milliliters. We cannot say with certainty that viral 1/ and

~ bacterial pathogens will be absent at these indicator organism densities,

but we can be confident that the health risks will be minimal and that further

‘treatment will not normally be economic.

: Effluents .from Other Sewage Treatment Processes. The effluent
,produced by sewage treatment processes other than waste stabilization ponds
.are likely to contain the full range of fecal pathogens—--viruses, bacteria,
~protozoa, and helminths. There is no suitable fecal indicator organism in
these circumstances; it is just not possible to have a single organism indica-
tive of the presence of so diverse a group of pathogens. Fecal coliforms
have been used, but only for historical reasons; they are totally inappropriate
indicators for the helminths, at least. We can only conclude this subsection by

f7,1,,,1t,may,be;noted that a.meeting of experts in Mexico in 1974 recommended a
S overy s;ringent virological standard for recreational water of < 1 per 40 liters
of water (Melnick, Gerba, and Wallis, 1978).




saying that if a sound economic argument can be put forward for the use of
treatment processes other than ponds, then the effluent should undergo tertiary
treatment or be heavily disinfected or discharged well out to sea since, in

the tropics, the health risks associated with the effluent may be similar to
those associated with raw sewage. It should be noted that even heavy disinfec-
tion will not kill all viruses and will be completely ineffective against

some helminth ova.

Pathogen Indicators for Noneffluents

Noneffluents are taken here to include night soil, the contents of
pit latrines and composting toilets and the sludges from aquaprivies, septic
tanks, and conventional sewage treatment works. It is reasonable to assume
that where ascariasis is endemic, if there are no viable Ascaris ova present
in these wastes, then other pathogens are absent as well, since Ascaris eggs
are so resistant. Thus (and in the current absence of any data on the compara-
tive survival of Clostridium perfringens) the viable ova of Ascaris lumbricoides

would appear to be the best pathogen indicator currently available for non-
effluents. This has been accepted in China where standards of > 95 percent
Ascaris ova mortality have been adopted for agricultural reuse of excreta
(McGarry and Stainforth, 1978). '
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CHAPTER 7

SURVIVAL OF TNDICATORS AND PATHOGENS

7.1 INTRODUCTION

From the time of excretion, the concentration of all pathogens will
usually decline due to the death or loss of infectivity of a proportion of
the organisms. Viruses and protozoa will always decrease in numbers following
excretion. Pacteria may, if they find themselves in a suitably nutrient-rich
environment with a minimum of competition from other microorganisms, multiply.
This sometimes occurs when salmonellae, for instance, contaminate certain
foods, or when E. coli multiplies in a chlorinated sewage effluent from which
many other bacteria have been eliminated. Multiplication of pathogens is
very uncommon, however, and is unlikely to continue for very long. Instestinal
helminths will decrease in numbers following excretion, except for the
trematodes, which have a multiplication phase in their molluscan intermediate
hosts. The possibility of multiplication for the excreted pathogens is
summarized in Tabhle 14.

We define the ability of an excreted organism to survive as its
"persistence," and this concept is discussed in chapter 4. The natural death
of organisms when exposed to a hostile environment is of the utmost importance
because it causes the infectivity of excreta to decrease, irrespective of any
treatment process. Some treatment processes have little effect on excreted
pathogens; they simply allow the necessary time to elapse for natural die-off
to occur. The effect of conventional sewage treatment on protozoan cysts is
of this kind. Certain treatment processes, however, create conditions that
are particularly hostile to excreted pathogens and promote their rapid death.

...The effects to activated sludge on_ fecal bacteria or of thermophilic digestion
'“”;on all organisms are of this klnd.

S The success of a glven treatment process in reducing the patho-

- genicity of an effluent or sludge thus depends upon its retention time and
~also on whether it creates an environment that is especially hostile to
particular organisms. The only condition, likely to be found in a night-soil
~Oor sewage treatment system, that is highly fatal to all pathogens in a reason—
ably short time (a few hours) is raised temperatures (in the range 55-65 C)
The only other low-cost process that causes 100 percent removal or destruction
of most pathogens is the waste stabilization pond system because of its long
retention times, exposure to sunlight, and good sedimentation properties.

The element of time is a feature cormon to all treatment, disposal,
and other reuse technologies and, in many cases, it is the feature that most
determines the pathogen removal achieved. The rate of loss of infectivity of
an organism depends very much on temperature, and most organisms surv1ve well
_at low temperatures (< SOC) and rapidly die at high temperatures ( 340 C)
Except in sludge or night~soil digestion pro-esses, however, temperatures
approximate ambient temperatures, which means in most developlng countries
that they are generally in the range 15-35° C, and comnionly 20- 30°c. It is

- thus very useful to know the persistence of pathogens at ambient temperatures
in different environments in order to predict the likely pathogen content of
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various fecal products. In this section we review the literature on pathogen
survival at ambient temperatures, considering in turn survival in feces,

night soil, and sludge; survival in water and sewage; survival on soil; and
survival on crops. Under each heading we have tried to summarize the available
knowledge as succintly as possible. We have prepared appendices that list

the individual studies and summarize the individual findings.

The shape of the curve that describes pathogen survival with time
should determine the way in which survival is reported. Many bacterial
populations decay exponentially so that 90 percent or 99 percent will be lost
relatively quickly but a few organisms will persist for long periods. Such a
situation is best described by the probability of survival for a given time
or by the "half-life,” the time that elapses before half the population is
dead. For instance, 50 percent of fecal coliforms may die in twenty hours in
wvater, while a few may persist for up to fifty days; the results obtained
will depend heavily on sampling procedures. Most of the literature gives
data on the persistence of small proportion of long-term survivors, while
ounly a few authors have reported the shape of the death curve or given the
50 percent or 90 percent destruction times. Therefore the discussion here
will be mainly in terms of overall persistence of a few organisms. This is
an epidemiologically appropriate approach where the organisms can subsequently
regrow if they find themselves on food or other suitable substrate (e.g., the
shigellae, salmonellae, and pathogenic E. coli) or if the infective dose is
believed to be low (as with the viruses). It is less appropriate in cases
where regrowth is unlikely and where infective doses may be high, as for
example with Vibrio cholerae. In these cases, it is the rapid death of the
bacteria to a level at which they no longer represent a major public health
hazard that is important. Where there are several developmental stages
outside the human host, as with hookworms and schistosomes, each stage will
have its own separate survival pattern. Where the parasitic stage is actively
moving but depends on an unreplenished energy source, as with a schistosome
miracidium seeking its snail host, its length of life may be precicely
defined.

7.2  SURVIVAL IN FECES, NIGHT SOIL, AND SLUDGE

There is less literature on the survival of pathogens in these
media than in the aqueous environments discussed in the following section.
Some of it refers to survival of pathogens in sewage work sludges, but it may
be anticipated that survival in feces and night soil is broadly similar. The
position may be summarized as follows:

Pathogen Survival Time

Enteric viruses Up to five months, but usually less than three months
Indicator bacteria Up to five months, but usually less than four months
Salmonellae and

shigellae Up to five months, but usually less than one month
Vibrios Usually less than five days
Tubercie bacilli Up to two years, but usually less than five months
Protozoan cysts Up to one month, but usually less than ten days
Helminth ova Very variable depending on species, but Ascaris

ova may survive for many months.
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A compilation of original sources and findings on survial in feces, night
soil, and sludge will be found in appendix III.

7.3 SURVIVAL IN WATER AND SEWAGE

Many studies omn the survival of excreted organisms in water and
sewage have been conducted. For all organisms, survival is highly dependent
on temperature, with greatly increased persistence at lower temperatures.
Survival of bacteria is also very dependent upon the presence of other
microorganisms in the water that might provide competition or predation.
Bacterial survivals are often very much luust:l. in clean water than in dirty‘
water, and the longest survivals are obtained by inoculating a single species
of bacteria into sterilized water. There is some evidence that the opposite
may be true for viruses, presumably due to some protective effect that the
viruses may receive when they are absorbed onto solid particles in dirty
water. CGColiforms, in particular E. coli, have attracted most interest;
regrowth is pGDOLblU in organically polluted waters but this growth phase
will give way to a progre551ve die-off. Survival in excess of fifty days is
most unlikely and, at 20-30° C, twenty days is a more likely maximum survival
time. Mixed fecal streptococci have a similar (perhaps a little longer)
survival, but if the streptococci are predominantly S. bovis or S. equinus,
the survival times are substantially shorter.

Salmonella survival has also been widely reported. Survival up to
three months has been recorded, but one month is a more common upper limit.
Shigella and Vibrio cholerae are less persistent, and survival for more
twenty days is seldom reported. :

The development of viral detection techniques in the 19507s led to
the demonstration of enteric viruses in sewage. The presence of polioviruses,
coxsackieviruses, echoviruses, reoviruses, and hepatitis A virus has been
reported by several researchers and the literature on this subject is blossom—
~.ing at the present time. "Viral survival may be longer than bacterlal survival
and is greatly increased at lower temperatures. In the 20-30 % range, two
- months seems a likely maximum survival time, whereas at around 10 C, nine
months is a more realistic figure.

Protozoan cysts are poor survivors in any environment. A likely
maximum for Entamoeba histolytica in sewage or polluted water is about twenty
days. Helminth ova vary from the very fragile to the very persistent. The
most persistent of all are Ascaris ova, which may survive for a year or
more.

A compilation of original sources and findings on survival of
pathogens in water and sewage will be found in appendix IV.

T4 SURVIVAL ON SOIL

Survival times on soil are relevant in all situations where effluent,
sludge, compost, or other fecal products are being applied to the land as
fertilizers or soil conditioners. Gerba, Wallis, and Melnick (1975) consider
that the following factors affect the survival time of enteric bacteria in
soil:
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—-Moisture content: greater survival time in moist soils and
during times of high rainfall;

--moisture~holding capacity: survival time is less in sandy soils
than in soils with greater water-holding capacity;

-—temperature: longer survival at low temperature; longer survival
in winter than in summer;

——pH: shorter survival time in acid soils (pH 3=5) than in alka-
line soils;

--sunlight: shorter survival time at soil surface;

—-organic matter: increased survival and possible regrowth when
sufficient amounts of organic matter are present; and

——antagonism from soil microflora: increased survival time in
sterile soil.

Fecal coliforms can survive for several years under optimal condi-
tions. Nevertheless, 99 percent reduction is likely in not more than twenty-
five days in warm climates. Fecal streptococci is likely to last longer if
human enterococcal species are dominant. Survival of Salmonella may be up
to one year if the soil is moist and rich in organics (e.g., if it is ferti-
lized), but strain variation is considerable and fifty days would be a more
typical waximum. Data on Shigella or Vibrio cholerae survival in soil are
not available.

The information that is available on viruses suggests that virus
particles adsorb to soil particles and become protected from the environment.
Virus survival is greater at low temperatures. Survivals up to around three
months have been reported in warm weather as compared with up to six moaths
-under European winter condltlons. ; G k ‘

e , 'Protoz6an;cysts in soil are most unlikely to survive for more than
ten days. Helminth survival varies enormously, but Ascaris ova can survive
for several years. A compilation of original sources and findings on survival
in soil will be found in appendix V.

7.5 SURVIVAL ON CROPS

Studies have shown that bacteria and viruses cannot penetrate
undamaged vegetable skins. There are, however, many reports in the litera-
ture on the isolation of all kinds of pathogens from the surface of vegetables
that have been irrigated or fertilized with fecal products. Weather condi-
tions have an important influence on the survival of pathogens on plants.

Many hours of sunshine will promote death, as will low air humidity. Root
vegetables are more prone to contamination than others.
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The survival characteristics of various excreted organisms may be
summarized as follows:

Pathogen ‘ Survival Time

Enteric viruses Up to two months, but usually less than one month
Indicator bacteria Up to several months, but usually less than one wonth
Salmonellae Up to six months, but usually less than one month
Vibrios Usually less than seven days

Protozoan cysts Usually less than two days

Helminth ova Usually less than one month.

In summary, survival times on vegetables are short compared to
survival in other enviromments. Cysts are very rapidly killed

Surprisingly,
e 1

acteria and viruses survive better than Ascaris ova but very little surviva |
of any species is to be expected after two months.
A compilation of original sources and findings on survival on crops
will be found in appendix VI.
; L

| I 2 and i misicac civuio
D
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CHAPTER 8

APPROPRIATE PHILOSOPHIES REGARDING PATHOGEN SURVIVAL AND WASTE TREATMENT

8.1 APPROPRIATE PHILOSOHIES FOR THE CONSIDERATION OF PATHOGEN SURVIVAL

In this report we consciously refer to pathogen survival rather
than pathogen removal. Figures like 99 percent removal appear highly impres-
sive, but they represent 1 percent or 0.1 percent survival, respectively, and
this level of survival may be highly significant where incoming concentrgtions
are great. If an influent sewage to a treatment works contains, say, 10
pathogenic bacterxia per liter, then 99 percent removal will produce an
effluent with 10” pathogenic bacteria per liter. In areas where the effluent
is to be reused, or where it is to be discharged to a stream that downstream
populations use a source of drinking water, this effluent quality may not be
adequate. ‘

We believe that the emphasis in the literature on the exact propor-
tions of pathogens removed by various treatment processes is misleading. For
instance, as we discuss in section 10.3, most conventional treatment plants
remove between 90 percent and 99 percent of enteric bacteria. This is a very
poor removal rate, and it matters not whether trickling filters may remove a
little less (say, 95 percent) than activated sludge plants (say, 99 percent);
they are both technologies with poor pathogen removal characteristics
(but they were never designed to have them--see section 8.2). A removal
ability of less than 99 percent means always more than 1 percent survival or
always less than a 2 log unit reduction. Where incoming wastes have high
concentrations of pathogens, as may often be the case with viruses, bacteria,
and protozoa (Table 10), a survival of more than 1 percent is usually not
__adequate in developing countries.

- When considering treatment technologies in terms of their ability
i:to remove pathogens, it is necessary not to dwell on trivial differences, as

'eqbetween 92.3 percent removal and 97.8 percent removal, but to look at orders

of magnitude. Conventional treatment works remove between 1 and 2 log units

_of enteric bacteria and should be contrasted with technologies, like waste

stabilization ponds, which remove 5 or more log units. When considering

‘technologies, like stabilization ponds or thermophilic digesters, with very

- high removal performance, it is also misleading to talk in terms of percentage
‘removal. Use of this convention disguises, for instance, the important

difference between 99.99 percent removal and 99.999 percent removal.

The removal characteristics of treatment technologies should be
related to the incoming concentrations of particular pathogens, to the

o 1ntended reuse or disposal arrangements, and to the associated health risks.
»;~D1fferent pathogens occur in very different concentrations and are affected

in different ways by a given treatment technology. For instance, protozoa

ﬂ4jw111 be found in raw sludge in relatively low numbers and will not survive

any sludge treatment process. By contrast, Ascaris ova may be found in sludge

'“iln;high concentrations and will survive most sludge treatment processes (see

~ section 10.39).




~ in Table 18.
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8.2 APPROPRIATE PHILOSOPHIES REGARDING NIGHT-SOIL AND SEWAGE TREATMENT

The primary objective in the treatment of night soil or sewage from
communities in which excreted infections are endemic is the destruction of
excreted pathogens. This is principally achieved by a combination of time
and temperature, although other conditions of the extra—~intestinal environment
are also important, for example, sunlight and oxygen tension.

It appears from our extensive literature review (see Feachem et al.,
forthcoming) that no excreted pathogen can survive a temperature of more than
65°C for a few minutes, with the exception of spore-forming bacteria (for
example Clostridium perfringens) and hepatitis A VlrUS- As the temperature
falls, survival increases; thus, for instance, at 20 °C Ascaris ova may
survive for several years, enteroviruses for twelve months, and shigellae for
two to three months. Further information on the survival of excreted pathogens
in the environment outside the intestine is given in chapter 7.

The degree to which night soil and sewage are treated is largely
influenced by what is to be done with the sludge, compost, or sewage effluent.
Thus it is accepted engineering practice to discharge untreated sewage to
sea provided the outfall is designed to ensure that no pollution of beaches
or shellfish growing areas occurs. If it is intended to reuse an effluent
for the irrigation of edible crops, the designer”s goal should be the absence
of excreted pathogens on the surface of the crops and he should accordingly
design the treatment works for a very low degree of pathogen survival.
Treatment strategies for different reuse and disposal practices are discussed
in chapters 11 and 12.

Excreta and night-soil treatment

The effectiveness of excreta and night-soil treatment methods
depends very much upon their time-temperature characteristics. The effective
processes are those that either make the excreta warm (SSOC), hold it for a
long time (one year), or feature some effective combination of time and
*temperature.

Pit latrines (section 9.2) have a useful life of a few years; when
one becomes full, a second is dug and the contents of the first are left
undisturbed while the second is in use. Because of the time interval there
need be no health hazards associated with digging out the conteunts of
previously filled and covered pit latrines. Provided the squatting plate
is regularly cleaned, pit latrines pose no greater risks to health than do
flush toilets, though insect breeding can be a serious problem and odors
can be a nuisance.

Composting toilets are of two types: batch and continuous
(section 9.3). If the composting period is over one year, only a few Ascaris
‘ova will be present in the product. With a composting period of under one
~year, varying numbers of other excreted pathogens will be present, as shown
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Table 18. Pathogen Content Anticipated in Final Product of Anaerobic Composting
Toilets Operating at Ambient Temperatures in Warm Climates

Retention Time (Months)

Pathogen 1 2 3 4 6 3 10

: Enteric viruses + + 0 0 0 0 0
Salmonellae + + 0 0 0 0 0
Shigellae + + 0 0 0 0 0
Vibrio cholerae + 0 0 0 0 0 0
Path. E. coli + + 0 0 0] 0 0
Leptospira 0 0 0 0 0 0 0
Entamoeba 0 0 0 0 0 o - 0
Giardia + + 0 0 0 0 0
Balantidium + 0 0 0 0 0 0
Ascaris ++ + + ++ + + +
Trichuris + ++ + + + + 0
qukwqrms + + 0 0 0 0 0

. :,schiystosc;ma 0 0 0 0 0 0 0
. "Ta‘e'niaﬂ " + + +H + + + +

‘ Lgég‘end: '

0 Probable complete elimination.
+ Probable low concentration.

++ Probable high concentration.
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Thus, composting toilets have definite health risks that, even though they

may be slight, should at least be recognized by the designers and users of

such systems. In strictly economic terms the value of the compost needs to
be greater than the cost to health that results from its use.

The health hazards associated with the collection of night soil
from bucket and vault latrines are described in section 9.4. If urine is
collected as well as feces, the night soil is a fecal suspension similar to
primary sewage sludge and may be treated by batch anaerobic thermophilic or
mesophilic digestion. It may also be treated in a pond system, which can
be designed to have little effluent so that very long retention times are
possible (one year). Consequently, no excreted pathogens will survive. If
the urine is not collected and is allowed to drain away in an on—site soakage
pit, the night soil (now principally feces) may be disposed of, treated,
and reused in a number of ways (sections 9.4 and 9.5). Night-soil cartage
and treatment systems will tend to have higher health risks than many other
systems, although these can be very much reduced by the use of modern
methods (such as are found in Japan). In high density urban settings,
where the only technical alternative may be a sewerage system, cartage
systems will often be economically attractive despite their health problems.
In other settings, where a greater range of technologies are feasible, they
may be less attractive.

Sewage treatment

Those whose job it is to select and design appropriate systems for
the collection and treatment of sewage in developing countries must bear
in mind that European and North American practice does not represent the
zenith of scientific achievement, nor is it the product of a logical and
rational design process. Rather, developed country practice is the product
of history, a history that started about 100 years ago when little was known
about the fundamental physics and chemistry of the subject and practically
none of the relevant microbiology had been discovered. Only in the last
decade have we developed the tools to do serious work in water and wastewater
~virology, and it is only in the last five years that the role of excreted
rotaviruses and pathogenic E. coli in the eticlogy of infant diarrheas
has been demonstrated. "

The development of European and North American sewerage systems can
be roughly summarized as follows:

(i) a growing awareness of squalor in the large cities, and the
consequent risks to health, led to the construction of sewers
that discharged raw wastes into rivers (in the mid-nineteenth
century in London, for instance);

(ii) this resulted in massive pollution and oxygen depletion in the
rivers, which often became foul, open sewers;

(iii) various forms of treatment technology were developed to reduce

o " the suspended load and the oxygen demand of the discharged
wastes (for example, the U.K. Royal Commission on Sewage Disposal
[1899-1915] proposed effluent standards of 30 milligrams per liter
suspended solids and 20 milligrams per liter BOD);




~in oder to prevent gross organic pollution in European and North American

. survivals of excreted pathogens; indeed protozoa and helminth ova and larvae
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(iv) in tne 19507s and 19607¢ a growing awarencss of environmental
problems, coupled with a now greatly increased population, led to
tertiary treatment processes being introduced to further protoct
reaceiving waters from oxygen depletion, toxic substances, and eutro-
phication; and

(v) -at the same time it became clzear that these sophisticated
treatment technologies were not eflficient at removing pathogenic
microorganisms. Thus, in countries where environmental counrern was
very acute (e.g., the U.S.A.}, or where effluents were commonly reused
(e.g., Israel), effluent chlorinaticn was borrowed from the water
treatment industry as a way of killing bacteria, and possibly viruses,
in the effluents. This techinology, however, brought with it new and
different environmental concerns (see section 10.7).

This short (and highly simplified) account illustrates the historical
and conservative nature of the development of current practice in industrialized
countries. It is not especially clever, rnor logical, nor completely effective,
and it Is not necessarily what would be done today if these same countries
- had the chance to start again.

Fluid retention in conventional sewage treatment works, oxidation
ditches, and aerated lagoons treating domestic sewage are commonly less than
one, three and six days, respectively. Septic tanks typically have retention
of one to three days. These short retention times in conjunction with
temperatures that rarely exceed 35 °C result in very high pathogen survivals,
and the full range of excreted pathogens present in the raw sewage appear in
the effluent. The sludge produced in conventional sewage treatment works and
oxidation ditches also contains the full range of excreted pathogens and
requires some form of treatment before disposal or reuse. Dewatering to a
moisture content of 80 percent is all that is required if the sludge is to be
landfill. 1If it is to be reused in agriculture, effective sludge treatment
_for pathogen destruction is required.

The conventional sewage ‘treatment works were originally developed

rivers; they were never intended to achieve high removals of excreted
pathogens. Their usé in tropical countries in which excreted infections
- are endemic is only justifiable in special circumstances, as there is now
‘an alternative treatment process that is vastly superior in obtaining low
survivals of excreted pathogens.

This alternative process is the waste stabilization pond system,
~which is described in section 10.8. The retention times commonly encountered
in properly designed pond systems are twenty-five days and this, in copjunc—
tion with such environmental factors as sunlight and the presence of algal
toxins, is responsible for the ability of pond systems to produce very low

can be completely eliminated from the effluent. Pond systems have several
other advantages over other treatment methods: they are the cheapest form of
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treatment, both to construct and operate, with minimal or no requirements
for foreign exchange; their maintenance is very simple, requiring only
unskilled labor; they are easily designed to achieve any required degree of

treatment, and the algae produced in the ponds are a potentially valuable
source of protein (see section 11.3).
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CHAPTER ¢

HEALTH ASPECTS OF EXCRETA AND NIGHT-SOIL SYSTEMS

el INTRODUCTION

In chapters 2 and 10 we consider the health implications of the
lain varieties of excreta collection and treatment systems. We separvate
hese into the "dry," or night-soil, systems and the "wet," or sewage,
ystems. In chapters 11 and 12 we consider the health implications of ireuse
nd disposal practices. In these chapters we pay little attention to the
echnical details of the systems considered, except insofar as these bear om
pecific health problems. The reader wishing more information on technical
spects should refer to the companion document published by the International
evelopment Research Centre (Rybczynski, Polprasert, and McGarry, 1978),
albermatten et al. (forthcoming), and standard sanitary engineering texts.

In this chapter we describe three varieties of excreta or night-
0il systems: the pit latrine and its various modifications, the composting
atrine, and the cartage system. We conclude with a discussion on the health
nplications of night-soil treatment by composting.

2 PIT LATRINES

echnical desceription

Pit latrines are the simplest of all on-site disposal systems.
tcreta fall into a hole in the ground and a new pit is dug when the hole
s about two-thirds full (Figure 5). A vented pit latrine, and a modified
it latrine called a ROEC (Reed Odorless Earth Closet), are shown in

igures 6 and 7. Pits ‘are covered by squatting slabs, seats, or pour—flush
wlge

iteaniiness

As with all latrines, cleanliness is of the utmost importance.
Juatting slabs easily become fouled and pour~flush bowls may block up.
ruled and unhygienic pit latrines are found all over the world, often
cause they have been constructed in commumities that previously used the
sen ground for defecation and in the absence of adequate community involve-
mt or education. Fouled pit latrines become a focus for disease trans-
.ssion and may take matters worse than before.

lox

——

Pit latrines with squatting slabs often smell. If they smell they
'y not be used and thus cannot achieve any potential benefits in improving
alth. Smell can be virtually eliminated by fitting a vent pipe to the
te This pipe should be at least 100 millimeters in diameter, (preferably
0-200 millimeters), painted black, and fitted on the sunny side of the
trine so it can heat and so create an updraft.
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Figure § — Section of a Pit Latrine
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Figure h — Vented Improved Pit (VIP) Latrine
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Figure 7- ROEC Pit Latrine
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Insect breeding

Pit latrines with squatting slabs will usually become breeding
sites for flies. Flies that visit a pit latrine to breed or feed may carry
pathogens when they leave and can thus promote disease transmission. If
the pits are wet they may also become the breeding sites of Culex pipiens.
Well-constructed pits with pour-flush bowls will not allow any fly or
mosquito breeding. If squatting slabs are used, a completely vertical vent
pipe of at least 150-millimeter diameter, covered by a fly screen, combined
with a dark interior to the superstructure, will greatly reduce the amount of
fly breeding and the escape of any flies that do breed. Flies breeding in
the pit will be attracted by the light coming down the ventilator and will
attempt to escape by this route, only to be prevented by the fly screen.

The effect of large diameter vent pipes on mosquito breeding in wet pits
remains unclear. Noce that the minimum vent pipe diameter needed for odor
control (100 millimeters) is less than that for insect control (150 milli-
meters) because the function of the former is to cause a draft, while that of
the latter is to lec in light. Further research is required on the optimal
design of vent pipes for pit latrines.

Pathogen .survival in the pit

Most pit latrines are filled in when two—thirds to three—-quarters
full and a:z either never dug up or only dug up many years later. 1In this
case pathogen survival is of no interest because all pathogenic organisms
will be <ead. In some areas, nowever, two alternating pit sites are used
and a pit is dug out a year or two after closing and the contents are used
as fertilizer., This system resembles the double-vault compcsting toilet
(see below) except that it operates on a very long cycle. If the pit has
been left for a minimum of one year, there will be no viable pathogens
surviving except for the possibiliiy of a few Ascaris ova. The chances of
viable Ascaris ova being present are greater if the pit is wet and partly
~below. the water table. The risk involved in reusing material that has been
buried for at least twelve months is very small, however, and the pit
contents may be immediately used on the field with confidence.

Grbundwater‘pollution

This a real hazard in areas where pit latrines are widely used and
where the groundwater is high and is used as a water source. The subject
is discussed in section 12.3.

9.3 COMPOSTING TOILETS

Technical description

There are two main types of composting toilets—-continuous and
batch. - Both types require the addition of a carbon source such as garbage,
vegatable leaves, or sawdust. The continucus composting toilets are based
on the Swedish "multrum” toilets and a good example of such a design is

~ shown in Figure 8. They have been under trial in Tanzania and Botswana for

over a year at the time of writing (early 1978) but have had no wide-scale
application in developing countries. Only very limited and inadequate
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Figure §— ‘Multrum’ Style Continuous Composting Toilet
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microbiological data exist on continuous composters (Gurak, !978; reviewed
by Feachem, Mara, and Iwugo, 1978). The batch type is common in China and
Vietnam and the most usual design is the double vault shown in Figure 9.
Again no worthwhile microbhiological data on these toilets have been located,
although such data may exist in China and Vietnam.

Pathogen survival

In both types of composting toilet, the product of the toilet is
used as an agricultural fertilizer and soil conditiorer. It is important,
therefore, that pathogen destruction should be as complete as possible. The
two factors that most affect the survival of excreted pathogens are time
and temperature. Temperature depends on the air supply, the C/N ratio, and
the moisture content. If the disgestion is anaerobic, the temperature may
remain ambient or it may rise at most to around 50~70 C range if the C/N
ratio and wmoisture content are correctly regulated. These conditions may
be difficult to achieve, especially in arid developing countries where little
waste organic material is found.

It is certain that double-vault composters will he anaerobic and it
is probable that multrums will be also. Certainly, anaerobicity and ambient
temperature are the correct conservative assumptions to make where pathogen
removal is concerned. Pathogen removal depends then on the retention time in
the unit. Since there appears to be a wide variation in retention time used
in both the multrum (continuous) and double—vault (batch) systems, Table 18
has been provided to permit the pathogen removal efficiency of any given
design to be estimated. It is clear from Table 18 that a minimum retention
time of three months will produce a product free of all pathogens except the
more persistent helminth ova. This position is visually summarized in Figure 10.
Three possible control strategies could be adopted:

(i) to use the compost as produced and accept the level of risk
' involved. This risk could be reduced to very low levels by using
the ‘compost only to prepare the ground prior to planting or at
least by not applying compost within two months of harvesting;

(ii) to apply the compost only to industrial or fodder crops; or
(i1ii) to provide further treatment for the compost by heating (probably
impracticable) or by mixing with an ovicide (often also impractic-
able).
The first of these strategies is probably the most realistic and
the quality of the product will become better as the retention time is

increased above three months.

9.4 CARTAGE SYSTEMS

Technical description

Cartage systems refer to a varlety of technologies in which night
;3011 is periodically removed from containers in or near the house. One of
the oldest and generally least hygenic systems is the bucket latrine. A
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Figure 10— Pathogen Flow through a Batch Composting Toilet (double-vault)
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squatting slab or seat is placed immediately above the bucket, which is
filled within a few days by the excreta cf an average family (Figure 11).
The bucket is positioned adjacent to an outside wall and is accessible from
the street or back lane. A night-soil collector ("scavenger” or "sweeper")
will call regularly-—-preferably every day but more typically once or twice
a week--to empty the bucket.

Many households in Japan, Taiwan, and other countries store their
excreta, plus the small amounts of water used for pour-flushing and anal
cleansing, in sealed vaults under or beside the house (Figure 12). These
vaults are emptied about once every two weeks by a vacuum truck. This
system has relatively high operating costs but may have relatively low
initial costs. It is suitable for high density urban areas where access by
truck is possible and truck maintenance facilities exist.

The health dimensions of a cartage system depend on the manner in
which the night soil is deposited, collected, transported, treated, and
reused. These will be considered in turn.

Night-soil deposition

The two normal methods are the bucket or vault. Both of these can
be satisfactory if they are hygienically maintained. -The bucket, being a
smaller vessel, is more likely to overflow and to contaminate its surroundings.
Also, the bucket latrine is almost certain to be odorous and this will
discourage use. In contrast, the vault can be ventilated and can be a very
hygienic and pleasant latrine.

The possibility of fly breeding depends on the frequency of empty-
ing. House flies and blow flies require a minimum of eight days to develop
from egg to adult, so a bucket emptied every seven days would not permit fly
breeding, provided it was well cleaned each time it was emptied. Vaults, on
the other hand, are emptied less frequently and fly breeding is a danger.

This ‘can be reduced by having a pour-flush water seal to prevent access for
adult flies or having a vent pipe with a fly screen similar to that rec¢ommended
for pit latrines (section 9.2). A pour-flush water seal is probably the only
reliable method of preventing fly breeding in vault latrines.

Night-soil collection

Collection by vacuum trucks from vaults can be a hygienic and
risk-free operation provided that the outlet pipe from the vault is in good
repair and that all the fittings on the truck and suction hose are well
maintained. A little spillage is probably inevitable, but it can be reduced
to an acceptable minimum by good equipment and well-trained personnel
- operating the truck.

Bucket—latrine collection, by contrast, is always messy. The worst
_-arrangement is to empty the buckets and immediately return them. This will
‘cause the bucket latrine area to become progressively more fouled. Emptying
the bucket, rinsing it out, and returning it is also undesirable and will
probably result in the material washed off, or the washwater itself, being
deposited in the street. The best arrangement is to replace the bucket by
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Figure 11— Bucket Latrine with Squatting Slab
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Figure 12— Household Night-soil Collection (with vauit and vacuum truck)
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another cleaned and disinfected one. Dirty buckets are then returned to a
central depot for cleaning and disinfection. This system is helped by a
color code in which all buckets collected on Monday are, for example, red,
and the replacement buckets green.

This bucket replacement system, however, is often not feasible on
a large scale because of the difficulty in transporting large numbers of
buckets. It can, however, work in army camps, prisons, disaster relief
camps, and other institutions of limited size.

It is clear that the risks from a cartage system depend very
greatly on the quality and regularity of the service provided. The system
is very sensitive to a few days interruption in collections, whether due to
mechanical breakdown or absence of the sweeper (see chapter 13).

Night-soil transportation

The differences in health risks between the alternative systeums
"‘become most apparent at the transportation stage. The worst system is the
one in which buckets are emptied by hand into open carts or into larger
buckets that are carried by hand or on yokes. Under these arrangements
there will always be spillage. People who come into contact with this fresh
night soil risk infection from any of the nonlatent pathogens (categories I
and II, Table 14). This risk is not simply to the sweepers themselves, but
also to anyone who walks, plays, or works in the street or back lanes where
the night soil has been spilled. The risk to children is obviously very
high since they commonly play in the back lanes. The latent pathogeuns
that develop on the soil (hookworms, Ascaris, and Trichuris) may well
develop where they are spilled and so subsequently infect people in the
street or alley. There is evidence that the cartage of night soil is partly
responsible for the high levels of soil contamination with Ascaris ova
found in some cities.

Vacuum trucks, by contrast, can transport night soil through the
streets with minimal risk of spillage.

Night-soil treatment

Night-soil treatment is mainly dealt with in other sections of this
book. Night soil can be digested and dewatered like sludge (see section 10.3),
~mixed with sewage and treated in conventional plants (see section 10.3), or
sluiced into waste stabilization ponds (see section 10.8).

Quite commonly night soil is buried in trenching grounds. Rarely
is the alternative of reuse rigorously comnsidered (chapter 11). Where
trenching is used the health implications can be very serious. A badly
~ managed and inadequately controlled trenching ground will be a major health
hazard to all who work on it or to those, such as children, who may gain
‘access. The families and close contacts of these people are also at risk.
- The proper management of a trenching ground is largely a matter of common
sense. Trenches should be at least 0.6 meters deep and should be filled with
night soil to a depth of not more than 0.3 meters. They should then be
~.rapidly covered with tamped earth, a small mound of earth made over the
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trench, and left for at least two years. Yet, however well-managed a trench-
ing ground is on the surface, the risk of groundwater pollution may always be
present (see section 12.3). This risk is minimized by careful location of
the trenching ground following a hydrogeological survey.

In many situations, the most appropriate and attractive method of
night-soil treatment is by mixing with refuse and composting. Composting is

dealt with below in section 9.5.

Night-soil reuse

Reuse is described in detail in chapter 1l. The reuse of untreated
night soil in agriculture is a widespread practice but one that is to be
strongly condemned from a health point of view. There is much evidence
that the use of untreated night soil on crops coantributes to the transmission
of infection to those working in the fields and, to a lesser (but stili
significant) extent, to those handling or consuming the crops. Treatment or
storage of night soil should therefore always be provided prior to its
reuse,

9.5 COMPOSTING

Technical description

As we reiterate many times in this book, temperature and time are
the two most important factors in the achievement of low pathogen survival
in waste treatment processes. In the treatment of night soil or sludge for
reuse, an almost pathogen—free product is required. This is only achieved
by processes incorporating long retention times (such as ponds, section 10.8,
or protracted digestion and drying, section 10.3) or by processes that heat
the waste (such as thermophilic digestion, section 10.3, or thermophilic
composting). It is thermophilic composting that we discuss here. The
attraction of thermophilic composting is that it can provide a safe reuse
product in a relatively short time (two months) and that it does not require
an external source of energy to heat. In addition, composting technologies
are available that are relatively low cost and labor intensive. The compost
produced is a useful soil conditioner and source of plant nutrients and may
be increasingly in demand amongst poor farmers as the cost of industrially
produced fertilizers rises (Food and Agricultural Organization, 1975).

Composting has been thoroughly reviewed by Gotaas (1956) and a
more recent account is provided by Shuval (1977a). A wide range of fecal
composting technologies is available. They all incorporate the mixing of
night soil or sludge with a carbon source such as refuse or sawdust to
achieve a C/N ratio of approximately 20-30. Moisture content (20-60 percent)
must also be regulated for optimal performance with wetting or turning (to
dry) at appropriate intervals.

The most important feature of composting, from the health viewpoint,
is the temperature achieved, and this depends on the oxygen content of the
pile, as well as the C/N ratio, the moisture content, particle size, and pH.
If the process is anaerobic, temperatures will remain at, or only a little




- 1) -

above, ambient and mesophilic organisms will predominate. Foul smelling
gases are usually produced and the process of degradation proceeds slowly.
If the process is aerobic, substantial heat is generated by proliferating
thermophilic microorganisms and degradation is more rapid and usually free
of odor.

A compost pile, newly erected, will contain entrapped oxygen and,
if other factors mentioned above are correctly regulated, thermophilic
aerobic processes will be establlshed and the temperature at the center of
the pile will rapidly rise to 55 % or above. As the available oxygen is used
up, however, the process will become progressively more anaerobic and
temperatures will fall. There are three methods commonly used for keeping
up the supply of oxygen and, therefore, maintaining thermophilic temperatures:
the pile is regularly turned, ventilation tubes are arranged in the pile, or
forced aeration is provided with blowers or suckers. In the last two cases,
the pile is usually lagged to prevent heat loss. In these well-managed
thermophilic aerated composting systems, temperatures can rise to 80 °C and it
is p0551b1e to ensure that all parts of the pile spend several hours at above
60°C. This has the utmost significance for pathogen survival, as will now be
discussed.

Pathogen survival

Pathogen survival in compost systems depends upon the time—temperature
characteristics of various parts of the pile. In Figure 13 we have overplot-
ted the death curves for some pathogens. For each pathogen, time-temperature
points above the curve represent certain total destruction. It is clear that
enteric viruses and Ascaris ova are the most hardy, but the following time-
temperature combinatlons will guarantee their destruction: omne hour at 62°C;
one day at 50 C, one week at 46 C or one mounth at 43°C. Therefore, if all
parts of a compost pile can be brought to a time-temperature state within the
zone  of safety on Figure 13, complete pathogen destruction should be guaranteed.
This position is summarized visually in Figure 14. There are two possible
-exceptions to this; first, spore-forming bacteria (such as Clostridium
perfringens, see section 6.3) are more resistent but present little risk and,
second, hepatitis A virus appears to be resistant to rapid heating to tempera-
tures of up to 100 C but its ability to survive temperatures only slightly
above 60°C for several hours is not known.

Much of the literature on pathogen survival in compost, which has
been reviewed previously by others (for instance, Kawata, Kramer, and Burge,
1977; Krige, 1964; Reeves, 1959; Shuval, 1977a; Wiley, 1962; Wiley and
Westerberg, 1969). This literature indicates that a well-designed -system
under good management produces a pathogen-free, or almost pathogen—free,
compost. Where some sections of the pile do not reach the required temperature
for the required time, however, there will be pathogen survival. The organism
most likely to survive is Ascaris and therefore Ascaris ova may be used as
the indicator of successful composting (see section 6.5). Appendix VII

~ summarizes the literature,
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Figure 14. Pathogen Flow through Well-managed Thermophilic
Composting Process
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Fly breeding

: One of the major problems in compost management is fly control.
Apart from the fact that flies are a nuisance to people and animals, they
~are capable of carrying pathogenic organisms and may thus transmit diseases.
All raw materials used for composting attract flies and are good media for
fly breeding. Eggs can be laid in the material at the place of collection
or during the handling of the material at the compost site. Different
species of flies are predominant under different conditions, but good
control measures should affect them all in a comparable manner.

Fly larvae cannot survive temperatures above 51°C, so, as with
pathogens, the achievement of high temperatures in all parts of the pile is
the essential requirement for fly control. Fly larvae may migrate along
temperature gradients to seek out the cooler parts of the pile, such as the
edges or the ventilation shafts. These larvae may be destroyed by effective
and ‘well-controlled turning or by the lagging of unturned piles. The use of
insecticides in compost piles is not desirable unless it has been demon-
strated that such chemicals will not affect the composting process or the
acceptability of the product to farmers.

In general, fly breeding may pose a problem in all composting
systems. The level of fly breeding provides some gauge of how successfully
the pile is managed and whether it is being thoroughly heated. Minimum fly
breeding should therefore be an explicit management goal in all composting
plants. It is possible to monitor the level of fly breeding by positioning
fly traps at appropriate sites around the plant and recording the daily
catch. This provides an ongoing and immediate check of management and
temperature control that the staff in charge could find most useful. Fly
breeding will, of course, fluctuate markedly with the seasons,.irrespective
of the condition of the ccmpost pile. ‘

9.6 SUMMARY

Some of the information in this chapter is summarized in a compara-
tive form in Table 19.




Table 19. Summary of Pathogen Removal by Various Sewage Treat:

t Processes

Organisms Parameters Primary Trickling filter Acuvated siudge  Oxidation ditch Waste stabili- Septic tanks Lagoc
: Sedimentation with primary and  with primary and  with zation ponds.3 tertial
secaondary sedi- sacondary sedimentation cells. Minimum treatn
mentation, sludge sedimentation, and sludge total retention
digestion, and digestion, and drying time = 25 days
sludge drying studge drying
‘Enteric viruses Typical inflow 103-105/1 10105/ 103-105/1 103-105/1 103-105/1 0- 109/ 10-11
Typical outflow 103--10%/1 107 2o 10-10%/} 10-10%/1 0-10/1 0--108/1 011
Percent removal 0-30% 90 90—-99% 90-99% 99.99—-100% 50% 9311
Final studge Contaminated Cor ated Contaminated Contaminated Contaminated
Salmonetiae Typical inflow 103-10%/1 ) 103-10%/1 103-10%/1 103-10%/1 0-109/1 10-11
Typical outflow 102-103/1 L 10-103/1 10-103/1 0-1/1 0--108/1 D-1i
Percent remova! 50--90% 90-99% 90-99% 99.99-100% 50-90% 99—t
Final sludge Contaminated winated Contaminated Contaminated Contaminated
Shigellae Typical inflow 103-10%/ 0%/ 103-10%/) 103.-10%/1 103-10%1 0-109/1 10— 1
Typical outflow 102-10° 103/) 10--10%/1 10—-103/1 0-1/1 0--108/1 01
Percent removai 50—90~ 90-95% 90-99% 90—-99%, 99.99-100% 50-90% 99-- 1
Final sludge Contare Contaminated Contaminated Contaminated Contaminated
E.coli Typical inflow 10815 1081081 106-108/) 108-108/1 108-108/1 102109/ 104-
Typical outflow 1021071 10%-1071 10%-107 11 10%-107/1 10-10%/1 108108/ 10-1¢
Percent removal 50--90% 90--95% 90—99% 90—-99% 99.99--99.99999 % 50-90% 99--9¢
Final sludge Contaminated Contaminated Contaminated Contaminated Contaminated
~.. fera vibrio Typical inflow 10-103/1 10-103/1 10-103/1 10-103/1 10-163 1 0--109/1 0.1-1
Typical outflow 1-102/1 1-102/] 0.1-102 0.1—102/1 0/t 0-108/1 0-1/1
Percent removs 50--90% 90--95% 90-89% 90-99% 100% £0--90% 99—-1(
Final sludge Contaminated Contaminated Contaminated Contaminated Contaminated
Leptospires Typical inflow Very few Very few Very few Very few Very few Very few Very f
Typica! ourflow Very few Very few Very few Very few 0/1 0/17 0/t
Percent Removal 0% 0% 0% ? % 100% 7 100% 100%
Final siudge Safe Safe Safe Safe - Safe -
Entamoeba Typical inflow 10—10% 10109, 10-10%/1 10-10%/1 10—-10%/1 0-10%/1 10-1¢
histolytica Typical outflow 5-10%/1 5103/ 5-103/1 5-103/1 0/l 0-10%/1 o/l
cysts Percent removal 10-50% 50% ? 50%? 50% ? 100% 0% ? 100%
e Final sludge Contaminated Safe Gafe Safe - Contaminated -
_Hookworm “Typical inflow 10-103/1 10~103/1 10-103/1, 10-103/1 10-103/1 0-104/1 10-1C
‘ova Typical ‘outflow 10-102/1 10-102/4 10-102/1 10-102/1 o/ 0103/ o/l
: Fercent Removal 50% 50—-90% 50—-90% 50-90% 100% 50-90% 100%
Final'sludge Cantaminated Contaminated Contaminated Contaminated - Contaminated -
“Ascaris ova Typical inflow 10-10/1 10-10%/1 10-103/1 10-10%/i 10-103/1 0—10%/1 10-1¢
’ Typical outflow 1-10/1 0--10%/1 " 0-102/1 0-102/1 /1 0—103/1 0/l
Percent remova! 30-80% 70--100% 70--100% 70—-100% 100% 50—-9% 100%
Final sludge Contaminated Contaminated Contaminated Contaminated - Contaminated -
Schistosome Typical inflow 1-100/1 1-100/1 1-100/1 1-100/1 1-100/1 1-100/1 1-10/
ova Typical outflow 1-10/1t 1-10/1 1-10/1 1-10/1 0/1 1-10/4 0/1
Percent rermoval §0% 50--9% 50--99% 50--99% 100% 50-90% 100%
Final sludge Contaminated Safe Safe Safe — Contaminated -
i« Taenia.qva Typical inflow 1-100/1 1-100/1 1—-100/1 1-100/1 1-100/1 0---103/1 0.1-5
- Typical outflow 0.1-50/1 0.1-50/1 0.1-50/1 0.5-50/1 0/1 0--500/1 o/t
Percent removal 50-90% 50--95% 50-95% 50%7? 100% 50--90% 100%

Fina! sludge

Contaminated

Contaminated

Contaminated

Contaminated

Contaminated
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hours at 45°C

cient moisture

Land application Chlaorination as Effluent Effluent Unheated Thermophilic Agricultural Composting Toilets
or.siow sand tertiary discharged to discharged anaerobic digestion or application (three manths
filtration as treatment fresh water to sea digestion compasting minimum
t2rtiary retention)
" treatment
10-1 04/I May survive May survive for May survive for May survive for Kilted rapidly May survive up to Probably eliminated
0—10211 several weeks several weeks over three months at 60°C five months on soil
99-100%
10—103“ Eliminated May survive for May survive for May survive for Killed in twenty On soil, S. typht may A few non-typhoid
0/1 several weeks a few weeks several weeks hours at 60°C survive up to three species may suivive
100% months and other
species for up to 1 year
10——103/1 Eliminated May survive for Unlikely to Unlikely to Killed in one hour May survive for Probably eliminated
0/1 several weeks survive for more survive for more at 55°C or in ten up to three months
100% than forty days than a few days days at 40°C
104—107/l A few may sur- May survive for May survive for May survive for Rapidly killed May survive for Probably efiminated
0-103/1 vive (regrowth several weeks a few weeks several weeks above 60°C several months
9% 99.99-100% likely)
011 Ozll Eliminated May survive for Unlikely to May survive for Killed rapidiy Unlikely to survive Probably eliminated
0/1 several weeks survive for one or two weeks above 55°C more than one week
100% more than
eleven days
i Very few Eliminated May survive for  Survive for not Survive for not Killed in ten Survive for up to Eliminated
0/1 several weeks more than more than two minutes at 50°C fifteen days on
.-100% twenty hours days soil
10-~103/1 Probably May survive for May survive for May survive for Kilted in five May survive for Eliminated
0N eliminated three weeks three weeks three weeks minutes ai 50°C one week if kept
2100%:: and in one day damp
- at 40°C
10—,1021l Will survive May survive for ? Ova will survive Kitled in five May survive on May survive
T2 several weeks minutes at 50°C soil for twenty
100% and in one hour weeks under
- at 45°C ideal conditions
: : . ) Kill in two
S 0-102n Will survive May survive fer May survive for QOva will survive hours at 55°C May survive on Survive well
Oél : many months many months for many months in twenty hours at sail for several
100% 50°C and 200hours  Yé2rS
) at 459C
1-10/1" Probably Ova wilt hatch Ova or miracidia Ova may survive Killed in one May survive up to Eliminated
ol eliminated and miracidia will die up to one month hour at 50°C one manth if kept
100% must find snail damp
0:1-50/1 Will survive Will curvive for Will survive for Ova will survive Killed in ten May survive on May survive
0/1 : several weeks several weeks for a few months minutes at 59°C soil for over a
12 100% - and in over four year with suffi-
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CHAPTER 10

HEALTH ASPECTS OF SEWAGE SYSTEMS

10.1 INTRODUCTION

In this chapter we consider the "wet” systems that collect and
treat excreta diluted by water. We include not only conventional sewerage
and sewage treatment systems but also on-site methods of sewage disposal
such as septic tanks and aquaprivies. The reader wishing more technical
information should refer to Rybczynski, Polprasert, and McGarry (1978), Mara
(1976), Metcalf and Eddy, Inc., (1972), Okun and Ponghis (1975), and Tebbutt
(1977).

10.2 AQUAPRIVIES AND SEPTIC TANKS

Technical description

Aquaprivies and septic tanks are similar systems and are thus
treated together. They comprise a sealed settling chamber in which solids
accumulate and an effluent flows out. Septic tanks typically are located
in the gardens of individual houses with water connections and full plumbing;
they take all wastewater from a house, they have liquid retention times in
the order of one to three days, and the effluent normally goes to a soakaway.
Aquaprivies are located directly under the toilet, they usually receive only
excreta and small volumes of flushing water; the liquid retention time may
be as high as sixty days and effluents flow to soakaways or into small-bore
sewerage systems. In some designs aquaprivies also receive sullage water,
in which case retention times may decrease to a few days, depending on the
volume of sullage produced. Designs for septic tanks and agquaprivies are
~.shown. in Figures 15 and l6.

~Pathogen survival’

: Two main processes affecting pathogen removal are operative in
septic tanks -and aquaprivies. First, solids settle to the sludge layer
at the bottom, and with them will settle any bacteria or viruses that are
absorbed onto them, plus any ova or cysts that are sufficiently dense to
~settle. Thus the tanks operate as settling tanks and their efficiency at
. settling out pathogens depends on their retention times and their designs,

s particularly with regard to baffles or compartments designed to prevent
nydraulic short-circuiting and to create quiescent conditions. Those
pathogens that do not settle will remain in the liquid layers and even-—
tually pass out in the effluent. The degree to which their concentration
- decreases depends on retention times and on their reaction to the rich
anaerobic liquor in which they are held.

. Generalizations about pathogen removal in aquaprivies and septic
- tanks are very difficult to make because designs and retention times vary
~enormously. ‘Also, as the sludge layer of a septic tank builds up, retention

' ;times decrease, and the pathogen content of the effluent increases. It

‘1s very common to see aquaprivies and septic tanks that are long ovedue
for desludging and, in these cases, any good design features and good
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Figure 15— Two-compartment Septic Tank
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pathogen removal abilities which may have been evident initially will have
been largely negated by a failure to desludge at the correct regular
intervals.

Since aquaprivy effluent gquality depends greatly on retention A
time, the system is verv sensitive to variations in hydraulic loading. If
the loading rate is too low, and the water level is allowed to fall below
the drop-pipe, the result will be strong odor release and probably mosquito
breeding on a large scale. Attempts to guarantee an adequate water
level by running sullage into the tanks will shorten retention times and
raise the pathogen content of effluent.

There are few, maybe no, data available on effluent gquality from
aquaprivy installations. Septic tank literature, some of which is tabulated
and abstracted in appendix VIiI, will therefore be summarized. In a septic
tank having a normal retention time (one to three days) the effluent produced
will be rich in all pathogens contained in the influent. This position is
illustrated in Figure 17. Removals of various types of pathogen from the
effluent are as follows:

Pathogen Logj unit removals
Viruses 0-2
Bacteria 0-2
Protozoa 0-2
Helminths 0-2

Poorly maintained and inadequately desludged tanks will have especially
poor pathogen removal characteristics.

A proportion of all pathogens will settle, and therefore fresh
sludge will contain significant numbers of pathogenic bacteria, viruses,
cysts, and ova (Figure 17). Whenever a septic tank is desludged, it is
inevitable that some sludge will be fresh and therefore hazardous. Sludge
should therefore be handled with great care and disposed of by burial,
~composting, or digestion (either aerobic or anaerobic) in the same way as
any sewage sludge and with the same effect on pathogens (see sections 9.4,
9.5, and 10.3). A well-designed aguaprivy, with a longer retention time
’(twenty days), may produce au effluent with only very low concentrations of
enteric bacteria, protozoa, or helminth ova and many of the viruses may
settle when absorbed onto solids. It is probable that a baffled aquaprivy
with long retention (twenty days) would produce an effluent of sub-

- stantially better quality than a normal septic tank or, indeed, than a

‘conventional sewage treatment works. It must be assumed at present, however,
that aquaprivy and septic tank effluents are high! pathogenic. If they
flow to sewers they require treatment (probably in ponds) prior to any
reuse. If they flow to soakaways, a groundwater pollution hazard may exist

- (see section 12.3). The position is summarized visually in Figure 17.
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Figure 17— Pathogen Flow through Septic Tank
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10.3 CONVENTIONAL SEWAGE TREATMENT

Technical description

A variety of unit processes are combined to form conventional

s?wage treatment, However, a very commonly used combination consists
of:

Pretraatment

e Primnary sedimentation

|

Activated sludge or trickling filters

!

. Secondary sedimentation (humus tanks)

l

{Tertiary treatrment)

V Effluent discharge

Sludge digestion

'

Sludge drying
Sludge disposal

We will first discuss these various unit processes in turn and
then the effect of complete treatment works will be discussed.

Pretreatment

; Pretreatment by screening or comminution will have no effect on
the pathogen content of sewage,

Primary sedimentation

An almost universal first stage in conventional treatment is the
settling of suspended particles in primary sedimentation tanks. A retention
time in the tank of two to six hours is normal. A proportion of pathogens
in the sewage will settle to the sludge laver either by direct sedimentation
or by being adsorbed onto suspended solids that are settling.

Many studies have found little or no virus removal by primary
sedimentation, and, in actual treatment works, 20-30 percent removal seems
to be a maximum. There is evidence that removal of viruses is not by
sedimentation alone since, in contrast to the gradual reduction in suspended
solids, there is a sharp decrease in virus content after three to six hours.
Bacterial removal by primary sedimentation may be around 50-90 percent in
three to six hours.

Shuval (1978) has collected data on the size and shape of ova and
cysts ‘and uses these to compute theoretical settling velocities, as follows:
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Density
Size (grams/cubic  Assumed Settling Velocity
Organism (micrometers) centimeter) Shape (meters/hour)
Ascaris lumbricoides 55 x 40 1.110 Sphere 0.650
- Hookworm , 60 x 40 1.055 Sphere 0.390
Trichuris trichiura 50 x 22 1.150 Cylinder 1.530
- Schistosoma spp. 150 x 50 1.180 Cylinder 1/ 12.550
7 Taenia saginata 30 1.100 Sphere 0.260
Entamoeba histolytica (a) 5 1.100 Sphere 0.007
() 20 1.100 Sphere 0.110

1/ Schistosoma japonicum ova are spherical.

Actual settling velocities will be lower than these since in

imentation tanks manv factors hamner ideal settlement The calculations
P ll‘—ll‘-a‘-* Al S CLLLINGG .l‘ul‘] de A LU A Ilullll—l‘_l. e WiCL L L L AT UICLLL ¢ e L& LOlwUuad L Ly

andd
indicate that only schistosomes, and maybe Trichuris, would have a reasonable
degree of removal.

Studies on laboratory or full-scale primary sedimentation tanks
are-tabulated in appendix IX. Laboratory models always give higher removal
efficiencies than actual plants, due to more idealized and carefully controlled
‘conditions. Entamoeba histolytica cysts are reduced by 50 percent or
“less. Between 35 percent and 98 percent of helminth ova settle, with 50-70
percent being typical figures. .Removal of various types of pathogens from
the effluent are therefore as follows:

Pathogen Logjg unit reduction
Viruses 0-1
Bacteria 0-1
Protozoa 0-1
- Helminths 0-2

1iSimilar'perf0rmance,may often be expected from secondary settling tanks,
except that these are'often designed with higher overflow rates.

Flo;;ulatlon of sewage (with ferric chloride, lime, or alum) will
u'greatly improve the settlement of cysts and ova and maybe of other pathogens
~as well.:

'Triékling filters

: . Trickling filters alone do not appear to be very efficient at
removing viruses from sewage. Reductions reported in the literature vary
from 15-75 percent, with most results indicating 30-40 percent removal.

Indlcator bacteria reductions in trickling filter effluent vary

k* between 25-99.9 percent. Typical reductions appear to be 80-95 percent.

Salmonella redu;tions in the range 71-99 percent are reported when humus
tank removal is included. The lower the loading rate on the filter, the
higher the baLterial removal.
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Many protozoan cysts and helminth ova will pass through trickling
filters. Entamoeba histolytica removals of 83-99 percent have been reported.
Ova removal appears to be in the range of 20-90 percent, with higher reductions
when the effect of the humus tank is included.

Removals, by trickling filters, of the various types of pathogens
are therefore as follows:

Pathogen Logipo unit reduction
Viruses 0-1
Bacteria 0-2
Protozoa 0-2
Helminths 0-1

Several trickling filter studies have examined effluent after it
has passed through a secondary sedimentation or humus tank. This tank may
be expected to act like a primary sedimentation tank. Helminth ova reduc-
tions in combinations of trickling filters and humus tanks have been
reported as 94-100 percent. Literature on pathogen removal by trickling

.filters is tabulated in appendix X.

Activated sludge

Both laboratory data and field experience indicate that activated
sludge systems are more effective in removing viruses than trickling filters.
Virus removals in activated sludge treatment works have been reported as up
to 90 percent, although better results (up to 99 percent) are achieved in
laboratory or pilot scale models. In poorly maintained activated sludge
plants, the finding of very low virus removal rates is not unusual. Excreted
bacteria reductions are similar or a little better. Indicator bacteria
removals are reported as up to 99 percent, but increases may occur. Pathogenic
bacteria removals are reported commonly between 60 percent and 99 percent at
normal aeration time (six to twelve hours), but may be as high as 99.9
percent»following‘extended~aeration for twenty-four hours or more.

~The: actlvated sludge process has little effect on cysts and ova
‘but substantial proportions of ova will be removed in the secondary settling
_‘tankb. Complete activated sludge treatment plants have been reported to
cremove: 80-100% of ova.

Considering the activated sludge process in isolation, removal
efficiencies may be summarized as follows:

Pathogen Logyg unit reduction
Viruses 0-1
Bacteria 0-2
Protozoa 0-1
Helminths 0-1
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Literature on activated sludge plant performance in the removal of
excreted organisms is tabulated in appendix XI.

Sludge digestion

It is clear from the above discussion that sludge from primary and
secondary sedimentation tanks will contain a heavy load of viruses, bacteria,
protozoa, and helminth ova. The fate of these pathogens depends on which
of the many systems of sludge treatment is adopted. Anaerobic sludge
digestion usually approximates to one of three systems: thirteen days at
500°C, twenty-eight days at 32°C, or 120 days unheated.

The first stage is often followed by a second stage settling, or
thickening, process in which the sludge stands for a similar time to the
first stage to allow the supermatant liquor to be drawn off.

If the digestion process is a batch process, thus guaranteeing
that all the sludge has been at temperature x for time y, we would anticipate
the following pathogen removal performance:

Time Performance
13 days at 30°C All pathogens removed.
28 days at 32°C Viruses and protozoa removed; some bacteria

and many helminth ova remain.

120 days unheated Protozoa removed; pesistent helminth ova
(especially Ascaris and Taenia) remain
with a few pathogenic bacteria and viruses.

1f, however, the digesters are worked as a continuous process, with sludge
‘being: added and removed daily or more frequently, it is not possible to
guarantee retention times, and pathogen survival will be appreciably
higher than indicated above.

The anticipated removal characteristics, and the effect of subsequent
sludge thickening, are summarized in Figures 18 and 19. Some literature is
tabulated in appendix XII., In summary, we see that protozoa will survive
none of the digestion and thickening processes considered. Therefore,
protozoan cysts are a feature of the effluents from conventional treatment
plants and will not be found in the sludges. With continuous operation,
thermophilic digestion will leave small numbers of ova and bacteria, while
120 days unheated digestion will leave only ova. The only digestion
process producing a guaranteed pathogen—free sludge is batch thermophilic
digestion. Ova will always, and pathogenic bacteria will sometimes, be
~found “in the sludges from all other digestion processes considered.

" Sludge may be composted, rather than disgested, and this technology

H ;“¢is’discussed;in section 9.5 and reviewed by Shuval (1977a).
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Figure 18 - Pathogen Fiow through Various Continuci:s Sludge-treatment Processes
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Figure 19- Pathogen Flow through Various Batch Sludge-treatment Processes

Thickening (batch}

Digestion (batch)

Dewatering

Sludge
Sludge drying
{3 months)
Viruses - i o
Bacteria = e e s —ed 13 days ar o
13 days Siucge
Pratozng =————ipmm=———x{ 50°C Y
Helminthg =——sm————f Other
unheated
methods
Studge
Sludge
— e e .
Studge ] — areing
{3 months) )
Viruses - o o - r———— 2 [N TAS
f: s e, o e e e 28 ¢ SNIE DE—— . F___
acteria 28 d,goys at —1 28 days
Protozua s====———l-a=—rr=y 32°C |
Helminths  sesm——— e P l om
——— ther p e i Bactaeris
unheated
nethad
methads Helminths
Sludge
Sludge
Stludge drying
{3 months) )
Viruses - o e v = = b — — o — — e H | rrinths
Bacteria o st e e e e - —_— — ]
acters 120 days 120 days
Prowzoa == unheated
Heiminths eme—ginm— —
Other
unheated
methads

Note: Faint lines indicate low concentrations of pathogens.

——  Hplminths




- 122 -

Sludge dewatering

Figures 18 and 19 also summarize the impact of sludge dewatering
on digested sludges. Sludge drying in open beds for two to three months
will remove the great majorty, possibly 100 percent, of enteric viruses and
bacteria at warm temperatures (>20°C), Protozoan cysts will be destroyed.

Only the persistent ova will survive in numbers, especially those of ASLarlS
Irichuris, and Taenia. Some literature on sludge drying is tabulated

in appendix XIII.

Other dewatering processes, such as vacuum—-filtration, pressure
filtration, and centrifugation, will have little effect upon pathogen
content. Wet oxidation processes (such as the Zimmerman process), however,
which are sometimes used to condition sludges prior to dewatering, will
completely steriliz¢ the sludge since they involve heating under pressure to
2509C for about one aour. Sterilization will also result from flash~drying
processes (such as the Carver-Greenfield process), in which sludge is
spray—dried by high temperature combustion gases at 300-500°C.

Complete treatment works

Having discussed the effect on pathogens of the unit processes
that make up conventional sewage treatment, we can now discuss the effect
of combinations of these processes.

First, we consider a treatment plant featuring trickling filters

and primary and secondary sedimentation. The effluent from such a plant

will contain significant concentrations of viruses, bacteria, protozoa, and
helminth ova and is unsuitable for direct reuse in agriculture (Figure 20).

It may often be unsuitable for discharge to fresh water bodies where those
water bodies are used without treatment for domestic water suppliers by
downstream populations. The minimum effluent retention time in the total
plant may be around five hours, and this largely explains why the effluent,
even if it is of adequate chemical quality (for instance, the effluent
‘might-conform to the established physicochemical standard of less than 30
milligrams per liter of suspended solids and less than 20 pilligrams/liter

of of BODS), will be of poor microbiological gquality. Effluent quality

may be improved by using double filtration or recirculation, but the final
effluent will still be highly pathogenic. The only way to produce a reasonably
good quality effluent from a health viewpoint is by certain tertiary treatment
processes (section 10.6). Even effluent chlorination may not be effective

(section 10.7).

Effluents from activated sludge plants will be of marginally better
duality than those from trickling filters but will still be heavily con-
tamirnated, irrespective of their chemical quality (Figure 21). The minimum
liquid retention time in the plant may be only twelve hours, and the final
effluent will contain significant numbers of any pathogen found in the raw
sewage. Tertiary treatment is indicated prior to reuse or prior to discharge
into a river that downstream populations are using.
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Figure 20 = Pathogen Flow through Conventional Sewage
Treatment Plant Featuring Trickling Filters
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Pathogen Flow through Conventional Sewage
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The quality of the sludge depends on what treatment it receives.
Fresh sludges from primary and secondary sedimentation tanks will contain
pathogens of all kinds. Digestion at 50°C for thirteen days will kill all
pathogens, provided that a batch process is used. Digestion at 32°C for
twenty-eight days will remove protozoa and enteroviruses, provided that a
batch process can be used. Digestion for 120 days unheated will remove all

pathogens except helminths, provided that a batch process is used. Continuous

addition and removal of sludge will allow pathogens to pass through all
processes.

Sludge drving for at least three months will be very effective

against all pathogens except helminth ova. Other unheated dewatering techniaues

will have little effect on the pathogenic properties of sludge.

This somewhat complex situation is summarized visually in Figures
18 and 19. They show that only a batch digester at 50°C will guarantee a
pathogen—free sludge. Continuous digestion (as in practice) at 50°C may
produce a sludge with some helminth ova, or with enteric bacteria and ova if
sludge dryving beds are not used. All other alternatives will produce a
sludge with helminth ova, and some (such as mesophilic digestion followed
by vacuum filtration) will produce a sludge with enteric viruses and
bacteria as well.

The importance of temperature and time is clearly illustrated by
Figures 18 and 19. From a health point of view, the object of a sewage
treatment works should be to retain all solids and liquids for the maximum

time and/or to heat them to the maximum temperature feasible. Batch processes

are far more reliable in achieving this than continuous processes, and we
suggest that thought be given to the design and economics of batch digesters
in circumstances where sludge is to be reused in agriculture.

A compilation of original source findings on conventional treatment
works will be found in appendices IX, X, XI, XII, and XIII.

10.4 AERATED LAGOONS

“ Technical description

Aerated :lagoons resemble small waste stabilization ponds with

- floating mechanical aerators, but they are more correctly comsidered as a

- simple modification of the activated sludge process. Screened sewage,
rather than settled sewage, is aerated and there is no sludge return (Figure

”3‘22).' Retention times for domestic sewage are typically two to six days and
. depths are 2-4 meters. The effluent from the lagoon contains 200-500 milli-

“grams per liter of suspended solids (activated sludge flocs) and therefore
requires further treatment either in an ordinary secondary sedimentation

~ tank (retention time: two hours minimum) or in a settling pond (retention
‘time: five to ten days). The latter is more advantageous as it is often

cheaper, easier to maintain, and more efficient for excreted pathogen removal.

Aerated lagoons are often useful in extending the capacity of an
existing waste stabilization pond system (Figure 24).




Pathogen survival

In the aerated lagoon itself there will be incomplete removal of
excreted pathogens, although as a result of the longer retention times the
removal achieved is better than that obtained in the conventional activated
sludge process. In the settling pond there will be complete removal of
excreted protozoa and helminth ova, although schistosome and hookworm larvae
- may appear in the effluent, which also contains bacterial pathogens and
viruses. The effluent can, however, be treated in one or more maturation
ponds to achieve any desired level of pathogen survival.

10.5 OXIDATION DITCHES

Technical description

Oxidation ditches are another modification of the activated sludge
process: screened sewage is aerated in and circulated around a continuous
oval ditch by one or more special aerators, called "rotors," placed across
the ditch (Figure 23). The ditch effluent is settled in a coaventional
secondary sedimentation tank and almost all the sludge (95 percent) is returned
to the ditch; the small quantity of excess sludge is placed directly on
sludge drying beds. The hydraulic retention times are one to three days in
the ditch and two hours minimum in the sedimentation tank. Because a very
high proportion of sludge is recycled, the mean solids retention time is
twenty to thirty days; as a result there is only a small production of
excess sludge, which is highly mineralized and requires only dewatering on
drying beds.

The main engineering advantages of the process are that primary
sedimentation is eliminated and that sludge production and treatment is

minimal,

Pathogen survival

The effluent from the sedimentation tank has a pathogen content
'similar to that produced by the conventional activated sludge process,
although as &« result of the increased retention time, slightly lower
survivals are achieved. The small guantity of sludge produced is similar
in quality to that produced by an aerobic digester and contains the same
range of excreted pathogens.

10.6 TERTIARY TREATMENT

Tertiary treatment methods are increasingly used in Europe and North
America to improve the quality of effluent produced by conventional treatment
works. - We are not referring here to the sophisticated systems designed to
reclain effluent for potable water supply, such as that used at Windhoek in
Namibia (Stander and Claytom, 1977), but rather to tertiary treatment processes
used to upgrade the physicochemical quality of an effluent prior to discharge.
These processes were not primarily designed for pathogen removal, but some
of them do have good pathogen removal characteristics.
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Figure 22—~ Flow Diagram for Aerated Lagoon
Incorporated Sludge Digestion
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Figure 23 —  Flow Diagram for Oxidation Ditch
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Figure 24 — Stages in Development of a Waste Stabilization
Pond-aerated Lagoon System
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Rapid sand filtration

This is perhaps the most common tertiary treatment method found in
larger treatment works. High loading rates (200 cubic meters per square
meter daily) and frequent backwashing (one to two days) prevent the buildup
of much biological activity in the filter. Some viruses will be adsorbed
and. some bacteria retained. Cysts and ova may be retained due to their
size. In short, effluent pathogen content may be improved, but not substantially,
and probably not enough to justify the investment on health grounds.

Slow sand infiltration

These filters may be used on small treatment works. Their low
loading rates (2-5 cubic meters per square meter daily) cause them to occupy
a large land area. Substantial biological activity builds up, especially in
the upper layer of the filter, and pathogen removal may be very high. Four
log unit removals of viruses and bacteria may be expected from a well-run
unit, with viral removal a little higher than bacterial removal. Complete
cvst and ova retention have been recorded., Slow sand filters are therefore
highly effective in removing pathogens from a conventional effluent, but
their land requirement makes them suitable only for small treatment works.

Grass plots

Another appropriate tertiary treatment method for small communities
is land application. Effluent if distributed over grassland, ideally at a
slope of about 1 in 60, and collected in channels at the bottom of the
plot. Loadings are in the range 0.05-0.3 cubic meters per square meter
daily. There is little or no information about this process applied in the
tropics or in developing countries. If well managed, it should provide a
high level of pathogen removal sifilar to slow sand filters (see above). If
poorly managed, it will probably lead to the creation of a foul and insanitary
bog.

Lagoons...

- Conventional effluents can be upgraded in maturation lagoons. The
principles involved are exactly as described for waste stabilization pond
systems (section 10.8). If two or more maturation ponds are used, with
perhaps five days retention in each, total removal of cysts and ova will
result. Very high levels of viral and bacterial removal are also achieved
(see section 10.8) and, by adding sufficient ponds, a pathogen-free effluent
may be produced.

Other methods

Other methods of tertiary treatment, such as microstrainers or
tpward—-flow clarifiers, are used but have not been evaluated for pathogen
removal,
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10.7 EFFLUENT CHLORINATION
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pathogen content of conventional effluents. As we discuss elsewhere
 (section 8.2), it represents the borrowing from the water treatment industry
of a technology that might overcome the very poor pathogen removal charac~
teristics of conventional treatment systems. Effluent chlorination, however,
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o Effluent chlorination is complex and difficult to control.
Chambers (1971) writes:

Chlorination of wastewater effluents is a vastly more complex and
unpredictable operation than chlorination of water supplies. It
is extremely difficult to maintain a high, uniform and predictable

level of disinfecting efficiency in anv but the most efficiently
operated waste treatment plants.

It should thus be rejected except where the highest levels of management
and process control are guaranteed.

Chlorine has to be applied in heavy doses (10-30 milligrams per
liter) to achieve coliform effluent concentrations of less than 100/100
-milliliters, These levels of chorine will also kill pathogenic bacteria if
“the chlorine demand of the effluent is not too high, if the chlorine and the
‘effluent are well mixed, and if adequate contact time (at least one hour) is
allowed. Coliform and E. coli regrowth following chlorination have been
~widely reported, however, and the regrowth of bacterial pathogens has not
been fully ruled out. Additionally, all other bacteria in the effluent are
.affected by the chlorine and many of these are essential for the natural
f”:self-purification of the effluent. If the effluent is discharged into a
,,_°fiVer or lake, the chlorine may thus adversely affect the ecology of the
fC ;:éceiving water-and hinder natural oxidation processes therein.

.. Turning to. viruses, it has been found that they are much more
resistant to chlorination than bacteria. Doses of 30 milligrams per liter
and above have been recommended and, - even at these doses, complete viral
. removal may not be achieved (Melnick, Gerba, and Wallis, 1978). It appears,
- from South African work for instance (Nupen, Bateman and McKenny, 1974),
~ that chlorination beyond that breakpoint with resultant free residual chlorine,
~as HOCl, may be necessary to guarantee virus removal. Depending on the
chlorine demand and pH of the effluent, breakpoint chlorination may require
high-'doses and will always require very efficient and vigilant process
control.
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It is unlikely that chlorination of effluents will be effective in
eliminating protozoan cysts, because these are more resistant than either
bacteria or viruses. DMost helminth ova will be totally unharmed by effluent
chlorination.

Thus, we see that effluent chlorination may not be particularly
effective at removing pathogens from conventional effluents. It may have
deleteriocus consequences for the environment, which include the possible
proliferation of carcinogenic chlorinated hydrocarbons.

10.8 WASTE STABILIZATION PONDS

Technical description

Waste stabilization ponds are large shallow ponds in which organic
wastes are decomposed by microorganisms in a combination of natural

processes involving both bacteria and algae. The waste fed into a stabili-
zation pond system can be raw sewage, aquaprivy effluent, or diluted
night soil (Figure 24).

Waste stabilization ponds are the most economical method of sewage
treatment wherever land is available at relatively low cost. Thus they are
~widely used in North America. Their principal advantage in warm
climates is that they achieve very low survival rates of excreted pathogens;

~..they achieve this at a much lower cost than any other form <f treatment

and with maintenance requirements several orders of magnitude simpler. In
fact a pond system can be designed to guarantee, with a very high degree of
confidence, the total elimination of all excreted pathogens. This is

not normally done because the incremental benefits resulting from achieving
-zero survival, rather than very low survival, are less than the associated
incremental costs. Waste stabilization ponds are the best form of treatment
in tropical developing countries because they can achieve any desired level
of pathogen removal. Strictly from the health point of view, the fact that
ponds do this at lowest cost is an additioma. advantage.

There are three types of ponds in common use:

(1) Anaerobic pretreatment ponds, which function much like open
septic tanks; they have retention times of one to five days
and depths of 2-4 meters;

{ii) facultative ponds in which the oxygen necessary for bio-
~-oxidation of the organic material is supplied principally by
photosynthetic algae, which grow naturally and with great
profusion in them; they have retention times of ten to forty
days and depths of 1-1.5 meters; and

(iii) maturation ponds that receive facultative pond effluent and
are responsible for the quality of the final effluent; they have
retention times of five to ten days and depths of 1-1.5 meters.

: Anaeroblc and facultative ponds are essentially designed for BOD
removal ‘whereas ‘the function of maturation ponds is the destruction or
removal of excreted pathogens. Thus these three types of ponds should
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normally be used in conjunction with one another to form a series of ponds
(Figure 24). Although it is all too common to see only a single facultative
pond treating domestic wastes, this represents a false economv. Maturation
ponds are necessary in order to ensure low pathogen survivals. Thus zood
designs incorporate a facultative pond and two or more maturation ponds;

for strong wastes (BOD5 >400 milligrams per liter) the use of anaerobic

ponds as pretreatment units ahead of facultative ponds is often advantageous,
because they minimize the land requirements of the whole pond system

(Figure 24).

Pathogen survival

Several authors have reported on the fate of fecal indicator
bacteria in ponds. The removal of Escherichia coli in anaerobic ponds has
been reported as 70-85 percent at 20°C in three and one-half davs and
46—-65 percent at 9°C in three and one-half and seven days. In single
facultative and aerobic ponds E. coli reductions of 80->99 percent have been
reported after ten to thirty—séven days at various temperatures. Removals
of fecal streptococci in single facultative or aerobic ponds are generally
similar or better. Very high removals of 99.99 percent cr better have
been reported for series of three, four, or more ponds. Various reports
indicate that one or two ponds will remove 90-99 percent of Salmonella or
other enteropathogenic bacteria and that complete elimination can be achieved
in pond systems with long retention times (thirty to forty days), particularly
if ambient temperatures are >25%°C. It is known both from theoretical
considerations and field experience that a series of ponds have BOD and
fecal bacterial removal performances much superior to that achieved in a
single pond of the same overall retention time. A series of five to seven
ponds, each with a retention time of five days, can produce an effluent
containing <100 fecal coliforms and fecal streptococci per 100 millilitersg
such an effluent can be safely used for unrestricted irrigation.

Very little is known at present about the fate of viruses in ponds
“in warm clinates or developing countries. Virus removal in ponds may occur
~principally by settlement through adsorption onto the surfaces of settleable
solids. There are probably other factors involved in vifus removal that
are not vet fully understood; for example, it is known that virus survival
in shallow maturation ponds (1.5 meters deep) is better that in deeper ponds.

Reports on the effect of ponds on protozoan cysts and helminth ova
indicate 100 percent removals in all cases where well-designed, multicelled
ponds with an overall retention time of more than twenty days were investigated.
‘Hookworm larvae may survive for up to sixteen days in aerobic ponds. For
this reason, hookworm larvae have been reported in the effluent from ponds
-with an overall retention time of less than ten days; they have not, however,
reported on the effluent of ponds with more than twenty days retention.
Schistosome eggs in an anaerobic pond will very largely settle; in a facultative
pond they will either settle or hatch into miracidia. Miracidia will either
die or infect a suitable snail, if snails of the corect species are colonizing
~.the pond, as may occur in badly maintained and vegetated ponds. Even if
.-cercariae emerge they should not find a human host to invade and will die
within forty-eight hours.
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An important consideration with reference to waste stabilization
ponds is that, again only under conditions of inadequate maintenance, they
may become mosquito breeding sites. The most common mosquitoes to be found
breeding in ponds belong to the Culex pipiens complex, which breed in polluted
waters. The distance between the town producing the sewage and the pond
system treating it is usually well within the flight range of the mosquitoes,
which may be as great as 10 kilometers. Any large outbreak of mosquitoes
will thus be a nuisance, depending on the weather conditions at the time.
Moreover, since the mosquitoes cam serve as vectors for diseases (for example
Culex pipiens is a vector of bancroftian filariasis), the need to keep
waste stabilization ponds free of mosquitoes is obvious. All studies carried
out on ponds indicate the important role that vegetation around the pond
banks and its contact with the water plays in encouraging mosquito breeding;
for example, Myklebust and Harmston (1962) showed a close correlation between
the number of mosquito larvae they found in ponds and the vegetation growth
in and around them. It is easy in practice, however, to prevent vegetation
growth in ponds by making them >l meter deep and using concrete slabs, rip-rap,
or soil-cement on the embankments at the surface water level. The function
of the latter is to prevent not only vegetation from growing down the
embankment but also the erosion of the embankment by wave action. Mosquito
breeding in ponds can thus be largely eliminated at the design stage.

Summary

Well-designed pond systems, incorporating a minimum of three cells
and having a minimum total retention time of twenty days, produce an effluent
that will either be completely pathogen free or will contain small concen-
trations of enteric bacteria and viruses. Pathogenic helminths and protozoa
will be completely eliminated. Any bacterial or viral pollution can be
reduced or eliminated by adding more cells to the system. The effluent is
suitable for direct reuse or discharge into receiving waters. The position
is summarized in Figure 25.

A compilation of orignal sources and findings on waste stabilization
ponds will be found in Appendix XIV.

10.9 SUMMARY

Some of the information in this chapter is summarized in a compara-
tive form in Table 18.
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Figure 25~ Pathogen Flow through Waste-stabilization Ponds System
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CHAPTER 11

THE REUSE OF EXCRETA

i1.1 INTRODUCTION

Human excreta, in whatever form, should be regarded as a natural
resource to be conserved and reused rather than disgarded. 1t may be
reused as night soil, as sewage, or as the effluent or sludge from a sewage
treatment works. It may also be composted together with organic material

(such as urban refuse), which provides a necessary source of carbon for the
composting process (see section 9.5).

In whatever form it is reused, excreta may provide a rich source
of nitrogen and other nutrients necessary for the growth of terrestial and
aquatic plants. If reused as sewage or sewage effluent, it also provides
valuable water, and reuse of this kind may be regarded as the recycling of
‘water and human excreta together. When excreta are broken down anaerobically
by microbial action, methane is produced and can be used as a source of
energy. for heating, lighting, and other purposes.

The purpose of this chapter is to set out the health implications
of ‘excreta reuse. For a literature review and technical assessment of
reuse, the reader should refer to Rybczynski, Polprasert, and McGarry,

(1978). The reuse processes considered are agricultural reuse, aquacultural
reuse, and biogas generation.

11.2 AGRICULTURAL REUSE

The most common, and some ways the most attractive, form of waste
reuse 1s in agriculture. This may be accomplished by the application of
~sewage, sludge; or night soil to the land. The method of application depends

. in part upon the solids content of the material, and each of the fecal

" materials mentioned above may be applied raw or following varying degrees

. of treatment. When applied to farming land, these materials are important
 soil conditioners and often provide additional plant nutrients. Sewage and
sewage effluents will also provide water, which may be a very scarce resource
in arid areas.

; ~The health hazards associated with reuse are of two kinds: (i) the
occupational hazard to those who are employed to work on the land being
fertilized; and (ii the risk that contaminated products of the reuse
system may subsequently infect man or other animals that eat or handle them.
.The occupational hazard is dealt with separately, so it is only the risk
from contaminated products that will be considered here. The risk from
contaminated products depends very largely on the type of product. We will
COnsider them here in three categories: (i) foodstuffs for human consumption;
(ii) foodstuffs for animal consumption; and (iii) other products.
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Foodstuffs for human consumption

The direct agricultural application of raw night-soil to food crops
has been widelv practiced in many countries for centuries. There is no
doubt that this reuse technique contributes significantly to the transmission
of a wide variety of human infections. It is therefore condemned by most,
if not all, health authorities and advisory agencies. Hence, attention is
now directed to the reuse of treated effluents, sludges, and night-soil to
enhance agricultural production.

The health problems associated with reuse in human food production
may be broken down into a series of questions as follows:

(i) How many pathogens of which types reach the field or crop?

(ii) Are they likely to survive in sufficient numbers and for
sufficient time to cause subsequent infection?

(iii) How significant is this infection route compared to all other
potential infection routes?

We are concerned here with health risks to those who handle, prepare, or eat
the crop after it has been harvested.

All types of pathogens in the waste being used may reach the
field. Differing treatment technologies will remove different pathogens to
various degrees, as discussed in chapters 9 and 10. Where effluent is
used, the only treatment processes that will produce an effluent free or
almost free from pathogens are waste stabilization ponds or conventional
treatment followed by maturation ponds, land application, or sand filtration.
Where sludge or night-soil are used, the only processes that will produce a
totally pathogen—free material are batch thermophilic digestion, thermophilic
composting, or drying with a retention time of two years.

= If pathogens are not removed by these processes, they will arrive

at the field. Survival times on soil are reviewed in chapter 7 and appendix V.
~From these data it can be generalized that survival for various pathogen

types may be as follows:

Pathogen Survival time

Viruses Up to six months, but genmerally less than three wmonths.
Bacteria Sometimes over a year, but generally less than two months.
Protozoa Up to ten days, but generally less than two days.

Helminth ova Up to seven years, but generally less than two years.

Whether or not the pathogens become attached to the surface of the
crops ‘depends upon the method of application and the type of crop. Crops
grown on or near the ground are almost certain to become contaminated.
‘Where wastes are sprayed or poured on fields with growing crops, contami-
nation is also certain. Crops may be protected by subsurface irrigation,
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by drip or trickle irrigation where crops are not on the ground, by irri-
gation in furrows not immediately adjacent to the crops, or by similar
techniques. Alternatively, wastes may only be applied prior to planting,
or application may be discontinued one month before harvesting in the hope
that all pathogens will die before the harvest. These methods may all be
effective in preventing crop contamination when the waste applied has been
treated. When a waste rich in pathogens is used, however, pathogens are
likely to reach the crops, despite these protective devices.

Once on the crop, pathogen survival is not very long compared to
survival in soil. Survival on crops is reviewed in chapter 7 and appendix
VI. Survival for the various types of excreted pathogens on crop surfaces
may be summarized as follows:

Pathogen Survival time

Viruses Up to two mounths, but generally less than one month.
Bacteria Up to six months, but generally less than one month.
Protozoa Up to five days, but generally less than two days.
Helminths Up to five months, but generally less than one month.

The most lethal factors are dessication and direct sunlight.
Survival may be expected to be very much shorter in dry, sunny climates
than in humid, cloudy climates.

Survivals are quite sufficient, however, for viabl