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CRAP HAPPENS

Something’s About to Hit the Fan

“Human beings and the natural world are on a collision course . . . No more than
one or a few decades remain before the chance to avert the threats we now confront

will be lost and the prospects for humanity immeasurably diminished.”
1,600 Senior Scientists, November 18, 1992 — World Scientists Warning to Humanity

here is a disturbing theory about the human species that

has begun to take on an alarming level of reality. It seems

that the behavior of the human race is displaying uncanny

parallels to the behavior of pathogenic, or disease-causing,
organisms.

When viewed at the next quantum level of perspective, from
which the Earth is seen as an organism and humans are seen as
microorganisms, the human species looks like a menace to the plan-
et. In fact, the human race is looking a lot like a disease — comprised
of organisms excessively multiplying, mindlessly consuming, and
generating waste with little regard for the health and well-being of its
host — planet Earth.

Pathogenic organisms are a nasty quirk of nature, although
they do have their constructive purposes, namely killing off the weak
and infirm and ensuring the survival only of the fittest. They do this
by overwhelming their host, by sucking the vitality out of it and leav-
ing poison in their wake. Pathogens don’t give a damn about their
own source of life — their host — and they often kill it outright.

This may seem like a silly way for a species to maintain its
own existence; afterall, if you kill the host upon which your life
depends, then you must also die. But pathogens have developed a spe-
cial survival tactic that allows them to carry on their existence even
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after their host has died. They simply travel to a new host, sending
out envoys to seek out and infect another organism even as their own
population dies en masse along with the original host.

A man dying of tuberculosis coughs on his deathbed, an act
instigated by the infecting pathogen, ensuring that the disease has a
chance to spread to others. A child defecates on the dirt outside her
home, unwittingly satisfying the needs of the parasites inhabiting her
intestines, which require time in the soil as part of their life cycle. A
person stricken with cholera defecates in an outhouse which leaches
tainted water into the ground, contaminating the village well-water
and allowing the disease to spread to other unsuspecting villagers.

In the case of pathogenic organisms that kill their host, the
behavior is predictable: multiply without regard for any limits to
growth, consume senselessly and excrete levels of waste that grievous-
ly harm the host. When this is translated into human terms, it rings
with a disquieting familiarity, especially when we equate human suc-
cess with growth, consumption and material wealth.

Suppose we humans are, as a species, exhibiting disease
behavior: we’re multiplying with no regard for limits, consuming nat-
ural resources as if there will be no future generations, and produc-
ing waste products that are distressing the planet upon which our
very survival depends. There are two factors which we, as a species,
are not taking into consideration. First is the survival tactic of
pathogens, which requires additional hosts to infect. We do not have
the luxury of that option, at least not yet. If we are successful at con-
tinuing our dangerous behavior, then we will also succeed in march-
ing straight toward our own demise. In the process, we can also drag
many other species down with us, a dreadful syndrome that is already
underway. This is evident by the threat of extinction that hangs, like
the sword of Damocles, over an alarming number of the Earth’s
species.

There is a second consideration: infected host organisms fight
back. As humans become an increasing menace, can the Earth try to
defend itself? When a disease organism infects a human, the human
body elevates its own temperature in order to defend itself. This rise
in temperature not only inhibits the growth of the infecting pathogen,
but also greatly enhances the disease fighting capability within the
body. Global warming may be the Earth’s way of inducing a global
“fever” as a reaction to human pollution of the atmosphere and
human over-consumption of fossil fuels.

When the internal human body temperature rises, the micro-
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climate of the body changes, allowing for the sudden and rapid pro-
liferation of antibodies, T-cells, white blood cells and other defenders
against disease. As the Earth’s climate changes and as the natural
environment chokes with pollution, we humans already have an idea
of what sort of organisms nature can and will suddenly unleash to
confront us. They’re beginning to show themselves as insect pests and
new strains of deadly bacteria, viruses and algae particularly toxic to
humans.

As the planet’s temperature rises, it gains a momentum that
cannot be stopped or even stalled, no matter how desperate or repen-
tant we humans may eventually become. The Earth’s “fever,” like a
spinning flywheel, will only subside in itzs own time. We may be cre-
ating a Frankenstein’s monster of astronomical proportions, unless,
of course, we are pathogenic organisms. If so, then we really don’t
care, do we?

Pathogens can often dwell for quite some time within the host
organism without causing disease symptoms. Then something hap-
pens to spark their growth — they gain a sudden foothold and begin
proliferating rapidly. It is at this point that undeniable disease effects
begin to show themselves.

Humans began to show their pathogenic potential toward the
planet during the 1950s, ravenously devouring natural resources and
discarding waste into the environment with utter carelessness. From
1990 to 1997, human global consumption grew as much as it did from
the beginning of civilization until 1950. In fact, the global economy
grew more in 1997 alone than during the entire 17th century.'

By the end of the 20th century, our consumptive and wasteful
lifestyles had painted a bleak global picture. Almost half of the
world’s forests are gone. Between 1980 and 1995, we lost areas of for-
est larger than the size of Mexico, and we’re still losing forests at a
rate of millions of acres a year.” Water tables are falling on every con-
tinent. Fisheries are collapsing, farmland is eroding, rivers are dry-
ing, wetlands are disappearing and species are becoming extinct.’
Furthermore, the human population is now increasing by 80 million
each year (roughly the population of ten Swedens). Population
growth without foresight, management and respect for the environ-
ment virtually guarantees increased consumption and waste with
each passing year.*

The natural background rate of extinctions is estimated to be
about one to ten species per year. Currently, it’s estimated that we’re
instead losing 1,000 species per year. More than 10% of all bird
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species, 25% of all mammals, and 50% of all primates are threatened
with extinction.” Of 242,000 plant species surveyed by the World
Conservation Union in 1997, one out of every eight (33,000 species)
was threatened with extinction.’

What would drive humanity to damage its life support system
in this way? Why would we disregard our host organism, the Earth,
as if we were nothing more than a disease intent upon its destruction?
One answer, as we have seen, is consumption. We embrace the idea
that more is better, measuring success with the yardstick of material
wealth. Some startling statistics bear this out: the 225 richest people
in the world (0.000003% of the world’s population) have as much
acquired wealth as the poorest kalf of the entire human race. The
wealth of the world’s three richest people is equivalent to the total
output of the poorest 48 countries. We in the United States certainly
can raise our hands and be counted when it comes to consumption —
our intake of energy, grain and materials is the highest on the planet.
Americans can admit to using three tons of materials per month, each
of us, and that’s not counting food and fuel. Despite the fact that we
are only 1/20th of the globe’s population, we use 1/3 of its resources.
We would require no less than three planet Earths to sustain the
entire world at this level of consumption.’

There are those who scoff at the idea that a tiny organism
such as the human species could mortally affect such an ancient and
immense being as Mother Earth. The notion that we can be powerful
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Pathogen Alert!

* Although the natural background rate of extinc-
tions is estimated to be about one to ten species
per year, we are currently losing 1,000 species
per year.

» Since the 1950s, more than 750 million tons of
toxic chemical wastes have been dumped into
the environment.™

* By the end of the 1980s, production of human-
made synthetic organic chemicals linked to cancer had exceeded 200 bil-
lion pounds per year, a hundred-fold increase in only two generations.”

* By 1992, in the U.S. alone, over 435 billion pounds of carbon-based syn-
thetic chemicals were being produced.™

* In 1994, well over a million tons of toxic chemicals were released into the
environment. Of these, 177 million pounds were known or suspected car-
cinogens.™

* There are now about 75,000 chemicals in commercial use, and 3,750 to
7,500 are estimated to be cancer-causing to humans.

* There are 1,231 “priority” Superfund sites, with 40 million people (one in
every six Americans) living within four miles of one.®

* 40% of Americans can expect to contract cancer in their lifetimes.
* 80% of all cancer is attributed to environmental influences.

» Breast cancer rates are thirty times higher in the United States than in
parts of Africa.

» Childhood cancers have risen by one third since 1950 and now one in
every four hundred Americans can expect to develop cancer before the age
of fifteen.

* The U.S. EPA projects that tens of thousands of additional fatal skin can-
cers will result from the ozone depletion that has already occurred over
North America.”

» Male fish are being found with female egg sacs, male alligators with shriv-
eled penises, and human male sperm counts are plummeting.

» The average person can now expect to find at least 250 chemical contam-
inants in his or her body fat.?

* Fifty new diseases have emerged since 1950, including Ebola, Lyme’s
Disease, Hantavirus, and HIV.%

« Earth’s atmospheric concentrations of CO5 have climbed to the highest
level in 150,000 years.

. /
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enough to inflict illness on a planetary being is nothing more than
egotism. Where is there any evidence that a planet can get sick and
die? Well, how about Mars?

What did happen to Mars, anyway? Our next door neighbor,
the Red Planet, apparently was once covered with flowing rivers.
What happened to them? Rivers suggest an atmosphere. Where is it?
Was Mars once a vital, thriving planet? If so, why does it now appear
dead? Could a lifeform on its surface have proliferated so abundant-
ly and so recklessly that it altered the planet’s atmosphere, thereby
knocking it off-kilter and destroying it? Is that what’s happening to
our own planet? Will it be our legacy in this solar system to leave
behind another lonely, dead rock to revolve around the sun? Or will
we simply destroy ourselves while the Earth, stronger than her
Martian brother, overcomes our influence and survives to flourish
another billion years — without us?

The answer, if I may wildly speculate, is neither — we will
destroy neither the Earth nor ourselves. Instead, we will learn to live
in a symbiotic relationship with our planet. To put it simply, the
human species has reached a fork in the road of its evolution. We can
continue to follow the way of disease-causing pathogens, or we can
chart a new course as dependent and respectful inhabitants on this
galactic speck of dust we call Earth. The former requires only an ego-
centric lack of concern for anything but ourselves, living as if there
will be no future human generations. The latter, on the other hand,
requires an awareness of ourselves as a dependent part of a Greater
Being. This may require a hefty dose of humility, which we can either
muster up ourselves, or wait until it’s meted out to us, however trag-
ically, by the greater world around us. Either way, time is running
out.

It is ironic that humans have ignored one waste issue that all
of us contribute to each and every day — an environmental problem
that has stalked our species from our genesis, and which will accom-
pany us to our extinction. Perhaps one reason we have taken such a
head-in-the-sand approach to the recycling of human excrement is
because we can’t even talk about it. If there is one thing that the
human consumer culture refuses to deal with maturely and construc-
tively, it’s bodily excretions. This is the taboo topic, the unthinkable
issue. It’s also the one we are about to dive headlong into. For waste
1s not found in nature — except in human nature. It’s up to us
humans to unlock the secret to its elimination. Nature herself pro-
vides a key and she has held it out to us for eons.
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WASTE NOT WANT NOT

“WASTE: . . Spoil or destruction, done or permitted, to lands, houses, gar-
dens, trees, or other corporeal hereditaments, by the tenant thereof . . . Any
unlawful act or omission of duty on the part of the tenant which results in

2»

permanent injury to the inheritance . . .” Black’s Law Dictionary

merica is not only a land of industry and commerce, it’s
also a land of consumption and waste, producing between
12 and 14 billion tons of waste annually. Much of our waste
consists of organic material including food residues, munic-
ipal leaves, yard materials, agricultural residues, and human and
livestock manures, all of which should be returned to the soil from
which they originated. These organic materials are very valuable agri-
culturally, a fact well known among organic gardeners and farmers.

Feces and urine are examples of natural, beneficial, organic
materials excreted by the bodies of animals after completing their
digestive processes. They are only “waste” when we discard them.
When recycled, they are resources, and are often referred to as
manures, but never as waste, by the people who do the recycling.

We do not recycle waste. It’s a common semantic error to say
that waste is, can be, or should be recycled. Resource materials are
recycled, but waste is never recycled. That’s why it’s called “waste.”
Waste is any material that is discarded and has no further use. We
humans have been so wasteful for so long that the concept of waste
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elimination is foreign to us. Yet, it is an important concept.

When a potato is peeled, the peels aren’t kitchen waste —
they’re still potato peels. When they’re collected for composting, they
are being recycled and no waste is produced.

Composting professionals sometimes refer to recycled mate-
rials as “waste.” Many of the people who are developing municipal
composting programs came from the waste management field, a field
in which refuse has always been termed “waste.” Today, however, the
use of the term “waste” to describe recycled materials is an unpleas-
ant semantic habit that must be abandoned. Otherwise, one could
refer to leaves in the autumn as “tree waste,” because they are no
longer needed by the tree and are discarded. Yet, when one walks into
the forest, where does one see waste? The answer is “nowhere,”
because the forest’s organic material is recycled naturally, and no
waste is created. Ironically, leaves and grass clippings are referred to
as “yard waste” by some compost professionals, another example of
the persistent waste mentality plaguing our culture.

One organism’s excrement is another’s food. Everything is
recycled in natural systems, thereby eliminating waste. Humans cre-
ate waste because we insist on ignoring the natural systems upon
which we depend. We are so adept at doing so that we take waste for
granted and have given the word a prominent place in our vocabulary.
We have kitchen “waste,” garden “waste,” agricultural “waste,”
human “waste,” municipal “waste,” “biowaste,” and on and on. Yet,
our long-term survival requires us to learn to live in harmony with
our host planet. This also requires that we understand natural cycles
and incorporate them into our day to day lives. In essence, this means
that we humans must attempt to eliminate waste altogether. As we
progressively eliminate waste from our living habits, we can also pro-
gressively eliminate the word “waste” from our vocabulary.

“Human waste” is a term that has traditionally been used to
refer to human excrements, particularly fecal material and urine,
which are by-products of the human digestive system. When discard-
ed, as they usually are, these materials are colloquially known as
human waste, but when recycled for agricultural purposes, they’re
known by various names, including night soil when applied raw to
fields in Asia.

Humanure, unlike human waste, is not waste at all — it is an
organic resource material rich in soil nutrients. Humanure originat-
ed from the soil and can be quite readily returned to the soil, especial-
ly if converted to humus through the composting process.
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Human waste (discarded feces and urine), on the other hand,
creates significant environmental problems, provides a route of trans-
mission for disease, and deprives humanity of valuable soil fertility.
It’s also one of the primary ingredients in sewage, and is largely
responsible for much of the world’s water pollution.

A clear distinction must be drawn between humanure and
sewage because they are two very different things. Sewage can include
waste from many sources — industries, hospitals and garages, for
example. Sewage can also contain a host of contaminants such as
industrial chemicals, heavy metals, oil and grease, among others.
Humanure, on the other hand, is strictly human fecal material and
urine.

What, in truth, is human waste? Human waste is garbage, cig-
arette butts, plastic six-pack rings, styrofoam clamshell burger boxes,
deodorant cans, disposable diapers, worn out appliances, unrecycled
pop bottles, wasted newspapers, junk car tires, spent batteries, junk
mail, nuclear contamination, food packaging, shrink wrap, toxic
chemical dumps, exhaust emissions, discarded plastic CD disks, the
five billion gallons of drinking water we flush down our toilets every
day, and the millions of tons of organic material discarded into the
environment year after year after year.

THE HUMAN NUTRIENT CYCLE

When crops are produced from soil, it is advisable that the
organic residues resulting from those crops, including animal excre-
ments, be returned to the soil from which the crops originated. This
recycling of organic residues for agricultural purposes is fundamen-
tal to sustainable agriculture. Yet, spokespersons for sustainable agri-
culture movements remain silent about using humanure for agricul-
tural purposes. Why?

Perhaps the silence is because there is currently a profound
lack of knowledge and understanding about what is referred to as the
“human nutrient cycle” and the need to keep the cycle intact. The
human nutrient cycle goes like this: a) we grow food, b) we eat it, c)
we collect and process the organic residues (feces, urine, food scraps
and agricultural materials) and d) we then return the processed
organic material back to the soil, thereby enriching the soil and
enabling more food to be grown. This cycle can be repeated, endless-
ly. This is a process that mimics the cycles of nature and enhances our
ability to survive on this planet. When our food refuse materials are
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The HUMAN
NUTRIENT CYCLE

The Human Nutrient Cycle is an endless natural cycle. In order to
keep the cycle intact, food for humans must be grown on soil that
is enriched by the continuous addition of organic materials recy-
cled by humans, such as humanure, food scraps and agricultural
residues. By respecting this cycle of nature, humans can maintain
the fertility of their agricultural soils indefinitely, instead of depleting
them of nutrients, as is common today.
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Food-producing soils must be left more fertile after each harvest
due to the ever-increasing human population and the need to pro-
duce more food with each passing year.
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instead discarded as waste, the natural human nutrient cycle is bro-
ken, creating problems such as pollution, loss of soil fertility and
abuse of our water resources.

We in the United States each waste about a thousand pounds
of humanure every year, which is discarded into sewers and septic
systems throughout the land. Much of the discarded humanure finds
its final resting place in a landfill, along with the other solid waste we
Americans discard, which, coincidentally, also amounts to about a
thousand pounds per person per year. For a population of 290 mil-
lion people, that adds up to nearly 290 million tons of solid waste per-
sonally discarded by us every year, at least half of which would be
valuable as an agricultural resource.

The practice we humans have frequently employed for waste
disposal has been quite primitive — we dump our garbage into holes
in the ground, then bury it. That’s now called a landfill, and for many
years they were that simple. Today’s new “sanitary” landfills are
lined with waterproof, synthetic materials to prevent the leaching of
garbage juice into groundwater supplies. Yet, only about a third of the
active dumps in the U.S. have these liners.' Interestingly, the lined
landfills bear an uncanny resemblance to gigantic disposable diapers.
They’re gargantuan plastic-lined receptacles where we lay our crap to
rest, the layers being carefully folded over and the end products of
our wasteful lifestyles buried as if they were in garbage mausoleums
intended to preserve our sludge and kitchen trash for posterity. We
conveniently flush our toilets, and the resultant sewage sludge is
transported to these landfills, tucked into these huge disposable dia-
pers and buried.

This is not to suggest that sewage should be used to produce
food crops. Sewage consists of humanure collected with hazardous
materials such as industrial, medical and chemical wastes, all carried
in a common waterborne waste stream. Or in the words of Gary
Gardner (State of the World 1998), “Tens of thousands of toxic substances
and chemical compounds used in industrial economies, including PCBs, pes-
ticides, dioxins, heavy metals, asbestos, petroleum products, and industrial
solvents, are potentially part of sewage flows.” Not to mention pathogen-
ic organisms. When raw sewage was used agriculturally in Berlin in
1949, for example, it was blamed for the spread of worm-related dis-
eases. In the 1980s, it was said to be the cause of typhoid fever in
Santiago, and in 1970 and 1991 it was blamed for cholera outbreaks
in Jerusalem and South America, respectively.’

Humanure, on the other hand, when kept out of the sewers,
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collected as a resource material, and properly composted, makes a
suitable agricultural resource for food crops. When we combine our
manure with other organic materials such as food and farming
byproducts, we can achieve a blend that is irresistible to certain ben-
eficial microorganisms.

The U.S. EPA estimates that nearly 22 million tons of food
waste are produced in American cities every year. Throughout the
United States, food losses at the retail, consumer and food services
levels are estimated to have been 48 million tons in 1995.> That would
make great organic material for composting with humanure. Instead,
only a small percentage of our discarded food is being composted in
the U.S.; the remaining is incinerated or buried in landfills.*

The Organization for Economic Cooperation and
Development, a group made up primarily of western industrial coun-
tries, estimates that 36% of the waste in their member states is organ-
ic food and garden materials. If paper is also considered, the organic
share of the waste stream is boosted to nearly an incredible two
thirds! In developing countries, organic material typically makes up
one half to two thirds of the waste stream.” According to the EPA,
almost 80% of the net discarded solid waste in the U.S. is composed
of organic material.

It is becoming more and more obvious that it is unwise to rely
on landfills to dispose of recyclable materials. Landfills overflow and
new ones need to be built to replace them. In fact, we may be lucky
that landfills are closing so rapidly — they are notorious polluters of
water, soil, and air. Of the ten thousand landfills that have closed
since 1982, 20% are now listed as hazardously contaminated
Superfund sites. A 1996 report from the state of Florida revealed that
groundwater contamination plumes from older, unlined landfills can
be longer than 3.4 miles, and that 523 public water supplies in
Florida are located within one mile of these closed landfills, while
2,700 lie within three miles.® No doubt similar situations exist
throughout the United States.

Organic material disposed of in landfills also creates large
quantities of methane, a major global-warming gas. U.S. landfills are
“among the single greatest comtributors of global methane emissions,”
according to the Natural Resources Defense Council. According to
the EPA, methane is 20 to 30 times more potent than CO2 as a green-
house (global warming) gas on a molecule to molecule basis.’

Tipping fees (the fee one pays to dump waste) at landfills in
every region of the U.S. have been increasing at more than twice the

The Humanure Handbook — Chapter Two: Waste Not Want Not 13



AGRONUTRIENTS RECOVERABLE FROM

HUMANURE WORLDWIDE
50
45 /
total recoverable N,P,K /
@ 40 //,/
2 35 ‘/,//,
2 30 7
® 25
=
= 20 //
[¢]
= 15
= 10
o 5 o

FoFEF S S S

Global Humanure Production
=55 = 1950-2000

opulation (millions
6000 o ( )/
5000 /
4000

3000 / -

-
-
-
.-

2000 st h'u-manure output
- .- (million metric tons)
0 T T T T T T 1

Q D O O QO 20 0 0 N H»H O
LA OO
W FEF L FE S FE S

Source: Fahm, Lattee A., (1980), The Waste of Nations; pp. 33 and 38;
Allanheld, Osmun and Co. Publishers, Inc., Montclair, NJ USA.

14 The Humanure Handbook — Chapter Two: Waste Not Want Not




rate of inflation since 1986. In fact, since then, they have increased
300% and are expected to continue rising at this rate.?

In developing countries, the landfill picture is also bleak. In
Brazil, for example, 99% of the solid waste is dumped into landfills
and three fourths of the 90,000 tons per day ends up in open dumps.’
Slowly we’re catching on to the fact that this throw-away trend has to
be turned around. We can’t continue to throw “away” usable
resources in a wasteful fashion by burying them in disappearing, pol-
luting, increasingly expensive landfills.

If we had scraped up all the human excrement in the world
and piled it on the world’s tillable land in 1950, we’d have applied
nearly 200 metric tons per square mile at that time (roughly 690
pounds per acre). In the year 2000, we would have been collecting
more than double that amount because the global population is
increasing, but the global land mass isn’t. In fact, the global area of
agricultural land is steadily decreasing as the world loses, for farming
and grazing, an area the size of Kansas each year." The world’s bur-
geoning human population is producing a ballooning amount of
organic refuse which will eventually have to be dealt with responsibly
and constructively. It’s not too soon to begin to understand human
organic refuse as valuable resources begging to be recycled.

In 1950, the dollar value of the agricultural nutrients in the
world’s gargantuan pile of humanure was 6.93 billion dollars. In
2000, it would have been worth 18.67 billion dollars calculated in
1975 prices." This is money currently being flushed out somewhere
into the environment where it shows up as pollution and landfill
material. Every pipeline has an outlet somewhere; everything thrown
“away” just moves from one place to another. Humanure and other
organic refuse materials are no exception. Not only are we flushing
“money” away, we’re paying to do so. The cost is not only economic,
it’s environmental.

SOILED WATER

The world is divided into two categories of people: those who
shit in their drinking water supplies and those who don’t. We in the
western world are in the former class. We defecate into water, usual-
ly purified drinking water. After polluting the water with our excre-
ments, we flush the polluted water “away,” meaning we probably
don’t know where it goes, nor do we care.

Every time we flush a toilet, we launch five or six gallons of
polluted water out into the world.”? That would be like defecating into
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FUN FACTS

about water
« If all the world’s drinking water were put in one cubical tank, the tank
would measure only 95 miles on each side.
» People currently lacking access to clean drinking water: 1.2 billion.
* % of world’s households that must fetch water outside their homes: 67
* % increase in the world’s population by mid 21st century: 100
* % increase in the world’s drinking water supplies by mid 21st century: 0
* Amount of water Americans use every day: 340 billion gallons.
* Number of gallons of water needed to produce a car: 100,000
* Number of cars produced every year: 50 million.
* Amount of water annually required by a nuclear reactor: 1.9 cubic miles.

» Amount of water used by nuclear reactors every year: the equivalent of
one and a third Lake Eries.

Sources: Der Spiegel, May 25, 1992; and Annals of Earth, Vol. 8, Number 2, 1990; Ocean Arks International,
One Locust Street, Falmouth, MA 02540.
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WATER, WATER EVERYWHERE

AND IT'S ALL GOING DOWNHILL

* In the mid 1980s, the 2,207 publicly owned coastal sewage treatment works
were discharging 3.619 ftrillion gallons per year of treated wastewater into
the coastal environment.™

* In 1997, pollution caused at least 4,153 beach closings and advisories, 69%
of which were caused by elevated bacterial pollution in the water."

* In 2001, of the 2,445 beaches surveyed by the EPA, 672 were affected by
advisories or closings, most often due to elevated bacteria levels.

* In 2003, there were more than 18,000 days of pollution-related closings and
advisories at U.S. beaches according to NRDC's annual report on beachwa-
ter quality. 88% of the closings and advisories stemmed from the presence
of bacteria associated with fecal contamination.

» According to the U.S. Environmental Protection Agency, the primary cause
reported for beach closings is the overflow of combined storm-water and
sewage systems with insufficient capacity to retain heavy rains for process-
ing through sewage treatment plants.

*In 2002, New York State sued Yonkers over sewage discharges, alleging that
thousands of gallons per day of untreated sewage were discharged into the
Bronx River from at least four pipes owned and operated by the city.
Laboratory results showed that the pollution contained the bacteria fecal col-
iform, an indicator of raw sewage, in concentrations as high as 250 times
more than allowed by New York State water quality standards.

*In 2002, a federal judge found Los Angeles liable for 297 sewage spills. From
1993 to January, 2002, the city reported 3,000 sewage spills. Los Angeles
has about 6,500 miles of sewers. The spills end up in waterways, are car-
ried into the ocean and pollute beaches.™

» United Nations Environment Program (UNEP) studies show that over 800
million people in coastal South Asia have no basic sanitation services, put-
ting them at high risk from sewage-related diseases and death.

* In 2000, 55% of U.S. lakes, rivers and estuaries were not clean enough for
fishing or swimming according to EPA testimony before Congress in 2002.
In 1995, 40% were too polluted to allow fishing, swimming or other aquatic
uses at any time of the year, according to the United States Environmental
Protection Agency.

* In January of 2005 it was reported that twenty-two percent of U.S. coastal
waters were unsuitable for fishing, based on EPA guidelines for moderate
consumption of recreationally-caught fish.
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a five gallon office water jug and then dumping it out before anyone
could drink any of it. Then doing the same thing when urinating.
Then doing it every day, numerous times. Then multiplying that by
about 290 million people in the United States alone.

Even after the contaminated water is treated in wastewater
treatment plants, it may still be polluted with excessive levels of
nitrates, chlorine, pharmaceutical drugs, industrial chemicals, deter-
gents and other pollutants. This “treated” water is discharged direct-
ly into the environment.

It is estimated that by 2010, at least half of the people in the
U.S. will live in coastal cities and towns, further exacerbating water
pollution problems caused by sewage. The degree of beach pollution
becomes a bit more personal when one realizes that current EPA
recreational water cleanliness standards still allow 19 illnesses per
1,000 saltwater swimmers, and 8 per 1,000 freshwater swimmers."
Some of the diseases associated with swimming in wastewater-con-
taminated recreational waters include typhoid fever, salmonellosis,
shigellosis, hepatitis, gastroenteritis, pneumonia, and skin infec-
tions."”

If you don’t want to get sick from the water you swim in, don’t
submerge your head. Otherwise, you may end up like the swimmers
in Santa Monica Bay. People who swam in the ocean there within 400
yards (four football fields) of a storm sewer drain had a 66% greater
chance of developing a “significant respiratory disease” within the
following 9 to 14 days after swimming."

This should come as no surprise when one takes into consid-
eration the emergence of antibiotic-resistant bacteria. The use of
antibiotics is so widespread that many people are now breeding
antibiotic resistant bacteria in their intestinal systems. These bacte-
ria are excreted into toilets and make their way to wastewater treat-
ment plants where the antibiotic resistance can be transferred to other bac-
teria. Wastewater plants can then become breeding grounds for resist-
ant bacteria, which are discharged into the environment through
effluent drains. Why not just chlorinate the water before discharging
it? It usually ¢ chlorinated beforehand, but research has shown that
chlorine seems to increase bacterial resistance to some antibiotics.”

Not worried about antibiotic-resistant bacteria in your swim-
ming area? Here’s something else to chew on: 50 to 90% of the phar-
maceutical drugs people ingest can be excreted down the toilet and
out into the waterways in their original or biologically active forms.
Furthermore, drugs that have been partially degraded before excre-
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tion can be converted to their original active form by environmental
chemical reactions. Pharmaceutical drugs such as chemotherapy
drugs, antibiotics, antiseptics, beta-blocker heart drugs, hormones,
analgesics, cholesterol-lowering drugs and drugs for regulating blood
lipids have turned up in such places as tap water, groundwater
beneath sewage treatment plants, lake water, rivers and in drinking
water aquifers. Think about tkat the next time you fill your glass with
water.”

Long Island Sound receives over a billion gallons of treated
sewage every day — the waste of eight million people. So much nitro-
gen was being discharged into the Sound from the treated wastewater
that it caused the aquatic oxygen to disappear, rendering the marine
environment unsuitable for the fish that normally live there. The
twelve treatment plants that were to be completed along the Sound by
1996 were expected to remove 5,000 pounds of nitrogen daily.
Nitrogen is normally a soil nutrient and agricultural resource, but
instead, when flushed, it becomes a dangerous water pollutant.”’ On
December 31, 1991, the disposal of U.S. sewage sludge into the ocean
was banned. Before that, much of the sewage sludge along coastal
cities in the United States had simply been dumped out to sea.

The discharging of sludge, sewage, or wastewater into
nature’s waterways invariably creates pollution. The impacts of pol-
luted water are far-ranging, causing the deaths of 25 million people
each year, three-fifths of them children.”? Half of all people in devel-
oping countries suffer from diseases associated with poor water sup-
ply and sanitation.” Diarrhea, a disease associated with polluted
water, kills six million children each year in developing countries,
and it contributes to the deaths of up to 18 million people.”* At the
beginning of the 21st century, one out of four people in developing
countries still lacked clean water, and two out of three lacked ade-
quate sanitation.”

Proper sanitation is defined by the World Health
Organization as any excreta disposal facility that interrupts the trans-
mission of fecal contaminants to humans.” This definition should be
expanded to include excreta recycling facilities. Compost toilet sys-
tems are now becoming internationally recognized as constituting
“proper sanitation,” and are becoming more and more attractive
throughout the world due to their relatively low cost when compared
to waterborne waste systems and centralized sewers. In fact, compost
toilet systems yield a dividend — humus, which allows such a sanita-
tion system to yield a net profit, rather than being a constant finan-
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cial drain (no pun intended). The obsession with flush toilets
throughout the world is causing the problems of international sanita-
tion to remain unresolved. Many parts of the world cannot afford
expensive and water consumptive waste disposal systems.

We're also depleting our water supplies, and flushing toilets is
one way it's being wasted. Of 143 countries ranked for per capita
water usage by the World Resources Institute, America came in at #2
using 188 gallons per person per day (Bahrain was #1).” Water use in
the U.S. increased by a factor of 10 between 1900 and 1990, increas-
ing from 40 billion gallons per day to 409 billion gallons per day.*®
The amount of water we Americans require overall, used in the fin-
ished products each of us consumes, plus washing and drinking
water, amounts to a staggering 1,565 gallons per person per day,
which is three times the rate of Germany or France.” This amount of
water is equivalent to flushing our toilets 313 times every day, about
once every minute and a half for eight hours straight. By some esti-
mates, it takes one to two thousand tons of water to flush one ton of
human waste.* Not surprisingly, the use of groundwater in the United
States exceeds replacement rates by 21 billion gallons a day.”

WASTE VS. MANURE

By dumping soil nutrients down the toilet, we increase our
need for synthetic chemical fertilizers. Today, pollution from agricul-
ture, caused from siltation (erosion) and nutrient runoff due to exces-
sive or incorrect use of fertilizers,” is now the “largest diffuse source of
water pollution” in our rivers, lakes, and streams.”® Chemical fertiliz-
ers provide a quick fix of nitrogen, phosphorous and potassium for
impoverished soils. However, it’s estimated that 25-85% of chemical
nitrogen applied to soil and 15-20% of the phosphorous and potassi-
um are lost to leaching, which pollutes groundwater.*

This pollution shows up in small ponds which become choked
with algae as a result of the unnatural influx of nutrients. From 1950
to 1990, the global consumption of artificial fertilizers rose by 1000%,
from 14 million tons to 140 million tons.” In 1997, U.S. farmers used
20 million tons of synthetic fertilizers, and half of all manufactured
fertilizer ever made has been used just since 1982.” Nitrate pollution
from excessive artificial fertilizer use is now one of the most serious
water pollution problems in Europe and North America. Nitrate pol-
lution can cause cancer and even brain damage or death in infants.”
All the while, hundreds of millions of tons of compostable organic
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materials are generated in the U.S. each year, and either buried in
landfills, incinerated, or discharged into the environment as waste.

The squandering of our water resources, and pollution from
sewage and synthetic fertilizers, results in part from the belief that
humanure and food scraps are waste materials rather than recyclable
natural resources. There 1s, however, an alternative. Humanure can
undergo a process of bacterial digestion and then be returned to the
soil. This process is usually known as composting. This is the missing
link in the human nutrient recycling process.

Raw humanure carries with it a significant potential for dan-
ger in the form of disease pathogens. These diseases, such as intestin-
al parasites, hepatitis, cholera and typhoid are destroyed by compost-
ing, either when the retention time is adequate in a low temperature
compost pile, or when the composting process generates internal, bio-
logical heat, which can kill pathogens in a matter of minutes.

Raw applications of humanure to fields are not hygienically
safe and can assist in the spread of various diseases. Americans who
have traveled to Asia tell of the “horrible stench” of night soil that
wafts through the air when it is applied to fields. For these reasons, it
is imperative that humanure always be composted before agricultur-
al application. Proper composting destroys possible pathogens and
results in a pleasant-smelling material.

On the other hand, raw night soil applications to fields in
Asia do return humanure to the land, thereby recovering a valuable
resource which is then used to produce food for humans. Cities in
China, South Korea and Japan recycle night soil around their perime-
ters in greenbelts where vegetables are grown. Shanghai, China, a city
with a population of 14.2 million people in 2000,” produces an
exportable surplus of vegetables in this manner.

Humanure can also be used to feed algae which can, in turn,
feed fish for aquacultural enterprises. In Calcutta, such an aquacul-
ture system produces 20,000 kilograms of fresh fish daily.® The city
of Tainan, Taiwan, is well known for its fish, which are farmed in over
6,000 hectares of fish farms fertilized by humanure. There, humanure
is so valuable that it’s sold on the black market."

RECYCLING HUMANURE

Humanure can be naturally recycled by feeding it to the
organisms that crave it as food. These voracious creatures have been
around for millions, and theoretically, billions of years. They’ve
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patiently waited for us humans to discover them. Mother Nature has
seeded our excrements, as well as our garbage, with these “friends in
small places,” who will convert our organic discards into a soil-build-
ing material right before our eyes. Invisible helpers, these creatures
are too small to be seen by the human eye and are therefore called
microorganisms. The process of feeding organic material to these
microorganisms in the presence of oxygen is called composting. Proper
composting ensures the destruction of potential human pathogens
(disease-causing microorganisms) in humanure. Composting also
converts the humanure into a new, benign, pleasant-smelling and
beneficial substance called khumus, which is then returned to the soil
to enrich it and enhance plant growth.

Incidentally, all animal manures benefit from composting, as
today’s farmers are now discovering. Composted manures don’t leach
like raw manures do. Instead, compost helps hold nutrients in soil
systems. Composted manures also reduce plant disease and insect
damage and allow for better nutrient management on farms. In fact,
two tons of compost will yield far more benefits than five tons of
manure.*”

Human manure can be mixed with other organic materials
from human activity such as kitchen and food scraps, grass clippings,
leaves, garden refuse, paper products and sawdust. This mix of mate-
rials is necessary for proper composting to take place, and it will yield
a soil additive suitable for food gardens as well as for agriculture.

One reason we humans have not “fed” our excrement to the
appropriate organisms is because we didn’t know they existed. We’ve
only learned to see and understand microscopic creatures in our
recent past. We also haven’t had such a rapidly growing human pop-
ulation in the past, nor have we been faced with the dire environmen-
tal problems that threaten our species today like buzzards circling a
dying animal.

It all adds up to the fact that the human species must
inevitably evolve. Evolution means change, and change is often resis-
ted as old habits die hard. Flush toilets and bulging garbage cans rep-
resent well entrenched habits that must be rethought and reinvented.
If we humans are half as intelligent as we think we are, we’ll eventu-
ally get our act together. In the meantime, we’re realizing that nature
holds many of the keys we need to unlock the door to a sustainable,
harmonious existence on this planet. Composting is one of those
keys, but it has only been relatively recently discovered by the human
race. Its utilization is now beginning to mushroom worldwide.
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MICROHUSBANDRY

Harnessing the Power of Microscopic Organisms

here are four general ways to deal with human

excrement. The first is to dispose of it as a waste

material. People do this by defecating in drinking

water supplies, or in outhouses or latrines. Most of
this waste ends up dumped, incinerated, buried in the ground, or dis-
charged into waterways.

The second way to deal with human excrement is to apply it
raw to agricultural land. This is popular in Asia where “night soil,” or
raw human excrement, is applied to fields. Although this keeps the
soil enriched, it also acts as a vector, or route of transmission, for dis-
ease organisms. In the words of Dr. J. W. Scharff, former chief health
officer in Singapore, “Though the vegetables thrive, the practice of putting
human [manure] directly on the soil is dangerous to health. The heavy toll
of sickness and death from various enteric diseases in China is well-known.”
It is interesting to note Dr. Scharff’s suggested alternative to the use
of raw night soil: “We have been inclined to regard the installation of a
water-carried system as one of the final aims of civilization.” ' The World
Health Organization also discourages the use of night soil: “Night soil
1s sometimes used as a fertilizer, in which case it presents great hazards by
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promoting the transmission of food-borne enteric [intestinal] disease, and
hookworm.”’

This book, therefore, is not about recycling night soil by raw
applications to land, which is a practice that should be discouraged
when sanitary alternatives, such as composting, are available.

The third way to deal with human excrement is to slowly com-
post it over an extended period of time. This is the way of most commer-
cial composting toilets. Slow composting generally takes place at tem-
peratures below that of the human body, which is 37°C or 98.6°F. This
type of composting eliminates most disease organisms in a matter of
months, and should eliminate all human pathogens eventually. Low
temperature composting creates a useful soil additive that is at least
safe for ornamental gardens, horticultural, or orchard use.

Thermophilic composting is the fourth way to deal with
human excrement. This type of composting involves the cultivation
of heat-loving, or thermophilic, microorganisms in the composting
process. Thermophilic microorganisms, such as bacteria and fungi,
can create an environment in the compost which destroys disease
organisms that can exist in humanure, converting humanure into a
friendly, pleasant-smelling humus safe for food gardens.
Thermophilically composted humanure is entirely different from night
soil.

Perhaps it is better stated by the experts in the field: “From a
survey of the literature of night soil treatment, it can be clearly concluded
that the only fail-safe night soil method which will assure effective and
essentially total pathogen inactivation, including the most resistant
helminths [intestinal worms] such as Ascaris [roundworm] eggs and all
other bacterial and viral pathogens, is heat treatment to a temperature of
55%to 60°C for several hours.” > These experts are specifically referring
to the heat of the compost pile.

COMPOST DEFINED

According to the dictionary, compost is “a mixture of decompos-
ing vegetable refuse, manure, etc. for fertilizing and conditioning the soil.”
The Practical Handbook of Compost Engineering defines compost-
ing with a mouthful: “The biological decomposition and stabilization of
organic substrates, under conditions that allow development of thermophilic
temperatures as a result of biologically produced heat, to produce a final
product that is stable, free of pathogens and plant seeds, and can be benefi-
cially applied to land.”
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The On-Farm Composting Handbook says that compost is “a
group of organic residues or a mixture of organic residues and soil that have
been piled, moistened, and allowed to undergo aerobic biological decomposi-
tion.”

The Compost Council adds their two-cents worth in defining
compost: “Compost is the stabilized and sanitized product of composting;
compost is largely decomposed material and is in the process of humification
(curing). Compost has little resemblance in physical form to the original
material from which it is made.” That last sentence should be particu-
larly reassuring to the humanure composter.

J. I. Rodale states it a bit more eloquently: “Compost is more
than a fertilizer or a healing agent for the soil’s wounds. It is a symbol of
continuing life . . . The compost heap is to the organic gardener what the
typewriter is to the writer, what the shovel is to the laborer, and what the
truck is to the truckdriver.”*

In general, composting is a process managed by humans
involving the cultivation of microorganisms that degrade and trans-
form organic materials while in the presence of oxygen. When prop-
erly managed, the compost becomes so heavily populated with ther-
mophilic microorganisms that it generates quite a bit of heat.
Compost microorganisms can be so efficient at converting organic
material into humus that the phenomenon is nothing short of mirac-
ulous.

NATURALCHEMY

In a sense, we have a universe above us and one below us. The
one above us can be seen in the heavens at night, but the one below
us is invisible without magnifying lenses. Our ancestors had little
understanding of the vast, invisible world which surrounded them, a
world of countless creatures so small as to be quite beyond the range
of human sight. And yet, some of those microscopic creatures were
already doing work for humanity in the production of foods such as
beer, wine, cheese, or bread. Although yeasts have been used by peo-
ple for centuries, bacteria have only become harnessed by western
humanity in recent times. Composting is one means by which the
power of microorganisms can be utilized for the betterment of
humankind. Prior to the advancement of magnification, our ances-
tors didn’t understand the role of microorganisms in the decomposi-
tion of organic matter, nor the efficacy of microscopic life in convert-
ing humanure, food scraps and plant residues into soil.
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The composting of organic materials requires armies of bac-
teria. This microscopic force works so vigorously that it heats the
material to temperatures hotter than are normally found in nature.
Other micro (invisible) and macro (visible) organisms such as fungi
and insects help in the composting process, too. When the compost
cools down, earthworms often move in and eat their fill of delicacies,
their excreta becoming a further refinement of the compost.

SOLAR POWER IN A BANANA PEEL

Organic refuse contains stored solar energy. Every apple core
or potato peel holds a tiny amount of heat and light, just like a piece
of firewood. Perhaps S. Sides of the Mother Earth News states it more
succinctly: “Plants convert solar energy into food for animals (ourselves
included). Then the [refuse] from these animals along with dead plant and
anmimal bodies, Tie down in the dung heap,” are composted, and ‘rise again
in the corn.” This cycle of light is the central reason why composting is such
an important link in organic food production. It veturns solar energy to the
soil. In this context such common compost ingredients as onion skins, hair
trimmings, eggshells, vegetable parings, and even burnt toast are no longer
seen as garbage, but as sunlight on the move from one form to another.”’®

The organic material used to make compost could be consid-
ered anything on the Earth’s surface that had been alive, or from a
living thing, such as manure, plants, leaves, sawdust, peat, straw,
grass clippings, food scraps and urine. A rule of thumb is that any-
thing that will rot will compost, including such things as cotton cloth-
ing, wool rugs, rags, paper, animal carcasses, junk mail and card-
board.

To compost means to convert organic material ultimately into
soil or, more accurately, humus. Humus is a brown or black substance
resulting from the decay of organic animal or vegetable refuse. It is a
stable material that does not attract insects or nuisance animals. It
can be handled and stored with no problem, and it is beneficial to the
growth of plants. Humus holds moisture, and therefore increases the
soil’s capacity to absorb and hold water. Compost is said to hold nine
times its weight in water (900%), as compared to sand which only
holds 2%, and clay 20%.°

Compost also adds slow-release nutrients essential for plant
growth, creates air spaces in soil, helps balance the soil pH, darkens
the soil (thereby helping it absorb heat), and supports microbial pop-
ulations that add life to the soil. Nutrients such as nitrogen in com-
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post are slowly released throughout the growing season, making them
less susceptible to loss by leaching than the more soluble chemical
fertilizers.” Organic matter from compost enables the soil to immobi-
lize and degrade pesticides, nitrates, phosphorous and other chemi-
cals that can become pollutants. Compost binds pollutants in soil sys-
tems, reducing their leachability and absorption by plants.®

The building of topsoil by Mother Nature is a centuries long
process. Adding compost to soil will help to quickly restore fertility
that might otherwise take nature hundreds of years to replace. We
humans deplete our soils in relatively short periods of time. By com-
posting our organic refuse and returning it to the land, we can restore
that fertility also in relatively short periods of time.

Fertile soil yields better food, thereby promoting good health.
The Hunzas of northern India have been studied to a great extent. Sir
Albert Howard reported, “When the health and physique of the various
northern Indian races were studied in detail, the best were those of the
Hunzas, a hardy, agile, and vigorous people living in one of the high moun-
tain valleys of the Gilgit Agency . . . There is little or no difference between
the kinds of food eaten by these hillmen and by the rest of northern India.
There is, however, a great difference in the way these foods are grown . . .
[T]he very greatest care is taken to return to the soil all human, animal and
vegetable [refuse] after being first composted together. Land is limited: upon
the way it is looked after, life depends.”’

GOMER THE PILE

There are several reasons for piling composting material. A
pile keeps the material from drying out or cooling down premature-
ly. A high level of moisture (50-60%) is necessary for the microorgan-
isms to work happily.”” A pile prevents leaching and waterlogging,
and holds heat. Vertical walls around a pile, especially if they’re made
of wood or bales of straw, keep the wind off and will prevent one side
of the pile (the windward side) from cooling down prematurely.

A neat, contained pile looks better. It looks like you know
what you’re doing when making compost, instead of looking like a
garbage dump. A constructed compost bin also helps to keep out nui-
sance animals such as dogs.

A pile makes it easier to layer or cover the compost. When a
smelly deposit is added to the top of the pile, it’s essential to cover it
with clean organic material to eliminate unpleasant odors and to help
trap necessary oxygen in the pile. Therefore, if you’re going to make
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compost, don’t just fling it out in your yard in a heap. Construct a
nice bin and do it right. That bin doesn’t have to cost money; it can
be made from recycled wood or cement blocks. Wood may be prefer-
able as it will insulate the pile and prevent heat loss and frost pene-
tration. Avoid woods that have been soaked in toxic chemicals.

A backyard composting system doesn’t have to be complicat-
ed in any way. It doesn’t require electricity, technology, gimmicks or
doodads. You don’t need shredders, choppers, grinders or any
machines whatsoever.

FOUR NECESSITIES FOR GOOD COMPOST
1) MOISTURE

Compost must be kept moist. A dry pile will not work — it
will just sit there and look bored. It’s amazing how much moisture an
active compost pile can absorb. When people who don’t have any
experience with compost try to picture a humanure compost pile in
someone’s backyard, they imagine a giant, fly-infested, smelly heap of
excrement, draining all manner of noxious, stinky liquids out of the
bottom of the compost pile. However, a compost pile is not a pile of
garbage or waste. Thanks to the miracle of composting, the pile
becomes a living, breathing, biological mass, an organic sponge that
absorbs quite a bit of moisture. The pile is not likely to create a leach-
ing problem unless subjected to sustained heavy rains — then it can
simply be covered.

Why do compost piles require moisture? For one thing, com-
post loses a lot of moisture into the air during the composting
process, which commonly causes a compost pile to shrink 40-80%".
Even when wet materials are composted, a pile can undergo consid-
erable drying."” An initial moisture content of 65% can dwindle down
to 20 to 30% in only a week, according to some researchers.” It is
more likely that one will have to add moisture to one’s compost than
have to deal with excess moisture leaching from it.

The amount of moisture a compost pile receives or needs
depends on the materials put into the pile as well as the location of
the pile. In Pennsylvania, there are about 36 inches (one meter) of
rainfall each year. Compost piles rarely need watering under these
conditions. According to Sir Albert Howard, watering a compost pile
in an area of England where the annual rainfall is 24 inches is also
unnecessary. Nevertheless, the water required for compost-making
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may be around 200 to 300 gallons for each cubic yard of finished com-
post." This moisture requirement will be met when human urine is
used in humanure compost and the top of the pile is uncovered and
receiving adequate rainfall. Additional water can come from moist
organic materials such as food scraps. If adequate rainfall is not avail-
able and the contents of the pile are not moist, watering will be nec-
essary to produce a moisture content equivalent to a squeezed-out
sponge. Graywater from household drains or collected rainwater
would suffice for this purpose.

2) OXYGEN

Compost requires the cultivation of aerobic, or oxygen loving,
bacteria in order to ensure thermophilic decomposition. This is done
by adding bulky materials to the compost pile in order to create tiny
interstitial air spaces. Aerobic bacteria will suffer from a lack of oxy-
gen if drowned in liquid.

Bacterial decomposition can also take place anaerobically, but
this is a slower, cooler process which can, quite frankly, stink.
Anaerobic odors can smell like rotten eggs (caused by hydrogen sul-
fide), sour milk (caused by butyric acids), vinegar (acetic acids),
vomit (valeic acids), and putrification (alcohols and phenolic com-
pounds).” Obviously, we want to avoid such odors by maintaining an
aerobic compost pile.

Good, healthy, aerobic compost need not offend one’s sense of
smell. However, in order for this to be true, a simple rule must be fol-
lowed: anything added to a compost pile that smells bad must be covered
with a clean, organic, non-smelly material. If you’re using a compost toi-
let, then you must cover the deposits in your toilet after each use. You
must likewise cover your compost pile each time you add material to
it. Good compost toilet cover materials include sawdust, peat moss,
leaves, rice hulls, coco coir and lots of other things. Good cover mate-
rials for a compost pile include weeds, straw, hay, leaves and other
bulky material which will help trap oxygen in the compost.
Adequately covering compost with a clean organic material is the
simple secret to odor prevention. It also keeps flies off the compost.

3) TEMPERATURE

Dehydration will cause the compost microorganisms to stop
working. So will freezing. Compost piles will not work if frozen.
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/BENEFITS OF COMPOST\

ENRICHES SOIL
» Adds organic material
« Improves fertility and productivity
» Suppresses plant diseases
« Discourages insects
* Increases water retention
* Inoculates soil with
beneficial microorganisms
» Reduces or eliminates fertilizer needs
* Moderates soil temperature

PREVENTS POLLUTION

» Reduces methane production in landfills
» Reduces or eliminates organic garbage
» Reduces or eliminates sewage

FIGHTS EXISTING POLLUTION
» Degrades toxic chemicals

* Binds heavy metals

« Cleans contaminated air

« Cleans stormwater runoff

RESTORES LAND

« Aids in reforestation

* Helps restore wildlife habitats

* Helps reclaim mined lands

* Helps restore damaged wetlands

* Helps prevent erosion on flood plains

DESTROYS PATHOGENS

* Can destroy human disease organisms
» Can destroy plant pathogens

» Can destroy livestock pathogens

SAVES MONEY

» Can be used to produce food

» Can eliminate waste disposal costs

» Reduces the need for water, fertilizers,
and pesticides

» Can be sold at a profit

» Extends landfill life by diverting materials

* Is a less costly bioremediation technique

Source: U.S. EPA (October 1997). Compost-New
Applications for an Age-Old Technology. EPA530-F-97-

047. And author’s experience.

However, the microorganisms
can simply wait until the tem-
perature rises enough for them
to thaw out and then they’ll
work feverishly. If you have
room, you can continue to add
material to a frozen compost
pile. After a thaw, the pile
should work up a steam as if
nothing happened.

4) BALANCED DIET

A good blend of materi-
als (a good carbon/nitrogen bal-
ance in compost lingo) 1is
required for a nice, hot compost
pile. Since most of the materials
commonly added to a backyard
compost pile are high in carbon,
a source of nitrogen must be
incorporated into the blend of
ingredients. This isn’t as diffi-
cult as it may seem. You can
carry bundles of weeds to your
compost pile, add hay, straw,
leaves and food scraps, but you
may still be short on nitrogen.
Of course the solution is simple
— add manure. Where can you
get manure? From an animal.
Where can you find an animal?
Look in a mirror.

Rodale states in The
Complete Book of Composting that
the average gardener may have
difficulty in obtaining manure
for the compost heap, but with
“a lttle ingenuity and a thorough
search,” it can be found. A gar-
dener in the book testifies that
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when he gets “all steamed up to build myself a good compost pile, there has
always been one big question that sits and thumbs its nose at me: Where am
1 going to find the manure? I am willing to bet, too, that the lack of manure
1s one of the reasons why your compost pile is not the thriving humus facto-
ry that it might be.”

Hmmm. Where can a large animal like a human being find
manure? Gee, that’s a tough one. Let’s think real hard about that.
Perhaps with a little “ingenuity and a thorough search” we can come
up with a source. Where is that mirror, anyway? Might be a clue there.

THE CARBON/NITROGEN RATIO

One way to understand the blend of ingredients in your com-
post pile is by using the C/N ratio (carbon/nitrogen ratio). Quite
frankly, the chance of the average person measuring and monitoring
the carbon and nitrogen quantities of her organic material is almost
nil. If composting required this sort of drudgery, no one would do it.

However, by using all of the organic refuse a family produces,
including humanure, urine, food refuse, weeds from the garden, and
grass clippings, with some materials from the larger agricultural
community such as a little straw or hay, and maybe some rotting saw-
dust or some collected leaves from the municipality, one can get a
good mix of carbon and nitrogen for successful thermophilic com-
posting.

A good C/N ratio for a compost pile is between 20/1 and
35/1." That’s 20 parts of carbon to one part of nitrogen, up to 35 parts
of carbon to one part of nitrogen. Or, for simplicity, you can figure on
shooting for an optimum 30/1 ratio.

For microorganisms, carbon is the basic building block of life
and is a source of energy, but nitrogen is also necessary for such
things as proteins, genetic material and cell structure. For a balanced
diet, microorganisms that digest compost need about 30 parts of car-
bon for every part of nitrogen they consume. If there’s too much
nitrogen, the microorganisms can’t use it all and the excess is lost in
the form of smelly ammonia gas. Nitrogen loss due to excess nitrogen
in a compost pile (a low C/N ratio) can be over 60%. At a C/N ratio
of 30 or 35 to 1, only one half of one percent of the nitrogen will be
lost (see Table 3.1). That’s why you don’t want too much nitrogen in
your compost — the nitrogen will be lost to the air in the form of
ammonia gas, and nitrogen is too valuable for plants to allow it to
escape into the atmosphere."”
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Material
Activated Sldg.
Amaranth
Apple Pomace
Blood

Bread
Cabbage
Cardboard
Coffee Grnds.
Cow Manure
Corn Cobs
Corn Stalks
Cottonseed MI.
Cranberry Plant
Farm Manure
Fern

Fish Scrap
Fruit

Garbage (Raw)
Grass Clippings
Hardwood Bark
Hardwoods (Avg)
Hay (General)
Hay (legume)
Hen Manure
Horse Manure
Humanure
Leaves
Lettuce

Meat Scraps
Mussel Resid.
Mustard
Newsprint

Oat Straw
Olive Husks
Onion

Paper

Pepper

Pig Manure
Potato Tops
Poultry Carcasses
Purslane

Raw Sawdust

Table 3.2

CARBON/NITROGEN RATIOS

%N C/N Ratio
56 ........... 6
36 .......... 1
11 ... 13
10-14 ......... 3
210 ......... -
36 .......... 12
0.10 ....400-563
— 20
24 ... 19
06 ...... 56-123
0.6-0.8 ....60-73
77 7
09 .......... 61
225 ... 14
115 ... ... 43
106 ........ 3.6
14 ... 40
215 ..., 15-25
24 ... 12-19
0241 ....... 223
009 ........ 560
210 ......... -
25 . ... 16
8 .. ... 6-15
16 ....... 25-30
57 ... 5-10
09 .......... 54
37 ... -
51 ... ... -
36 ......... 2.2
15 ... . 26
.06-.14 .. 398-852
105 ......... 48
1.2-15 ....30-35
265 ......... 15
—_— .. 100-800
26 ........ .. 15
31 .. 14
165 (... 25
24 ...l 5
45 . ... .. 8
011 ........ 511

Red Clover ...... 18......... 27
Rice Hulls ....... 03........ 121
Rotted Sawdust . .. 0.25 ... 200-500
Seaweed ........ 19......... 19
Sewage Sludge ...2-6.9 ..... 5-16
SheepManure ....2.7 ......... 16
Shrimp Residues .. 9.5 ........ 3.4
Slaughter Waste ..7-10 ....... 2-4
Softwood Bark ....0.14 ... .... 496
Softwoods (Avg.) .. 0.09....... 641
Soybean Meal ....7.2-76 ..... 4-6
Straw (General) ... 0.7 ......... 80
Straw (Oat) ...... 09......... 60
Straw (Wheat) ....04 ..... 80-127
Telephone Books .. 0.7 ........ 772
Timothy Hay ..... 085........ 58
Tomato ......... 33......... 12
Turkey Litter .. ... 26 ......... 16
Turnip Tops .. .... 23 ... 19
Urine .......... 15-18 ...... 0.8
Vegetable Prod. ... 2.7 ......... 19
Water Hyacinth .. -—........ 20-30
Wheat Straw . . ... 0.3 ....128-150
Whole Carrot . . ... 16......... 27
Whole Turnip .. ... 10...... ... 44
Table 3.1

NITROGEN LOSS AND
CARBON/NITROGEN RATIO

Nitrogen
Initial C/N Ratio Loss (%)
200 .............. .. 38.8
205 ... 48.1
220 ... 14.8
300 ................ 0.5
350 ........... ..., 0.5
760 ................ -8.0

Source: Gotaas, Composting, 1956, p. 92

Sources: Gotaas, Harold B. (1956). Composting - Sanitary
Disposal and Reclamation of Organic Wastes (p.44). World
Health Organization, Monograph Series Number 31.
Geneva. and Rynk, Robert, ed. (1992). On-Farm
Composting _Handbook. Northeast Regional Agricultural
Engineering Service. Ph: (607) 255-7654. pp. 106-113.
Some data from Biocycle, Journal of Composting and
Recycling, July 1998, p.18, 61, 62; and January 1998, p.20.
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Table 3.5
COMPARISONS OF DIFFERENT TYPES OF MANURES

Manure % Moisture % N % Phos % K
Human ..... 66-80 ....... 57 ........ 3-54 ...... 1.0-2.5
Cattle ...... 80 .......... 1.67 ....... 1.11....... 0.56
Horse ...... 5 .. ..., 229 ....... 125 ...... 1.38
Sheep ...... 68 .......... 375 ....... 1.87 ...... 1.25
Pig ........ 82 .......... 375 ....... 1.87 ...... 1.25
Hen........ 56 .......... 6.27 ....... 592 ...... 3.27
Pigeon ..... 52 . ... .. 568 ....... 574 ...... 3.23
Sewage ....— .......... 510 ....... 25-45 ....3.04.5

Source: Gotaas, Harold B. (1956). Composting - Sanitary Disposal and Reclamation of Organic Wastes . pp. 35,
37, 40. World Health Organization, Monograph Series Number 31. Geneva.

Table 3.3

COMPOSITION OF HUMANURE

FECAL MATERIAL
0.3-0.6 pounds/person/day
(135-270 grams), wet weight

Organic Matter (dry wt.) ...88-97%

Moisture Content . . .. ... .. 66-80%
Nitrogen .. .............. 5-7%
Phosphorous . ........... 3-5.4%
Potassium .............. 1-2.5%
Carbon ................ 40-55%
Calcium. ............... 4-5%
C/INRatio .............. 5-10
URINE

1.75-2.25 pints per person per day
(1.0-1.3 liters)

Moisture . ............... 93-96%
Nitrogen . ............... 15-19%
Phosphorous ............ 2.5-5%
Potassium .............. 3-4.5%
Carbon ................. 11-17%
Calcium ................ 4.5-6%

Source: Gotaas, Composting, (1956), p. 35.

Table 3.4

DECOMPOSITION RATES OF
SELECTED SAWDUSTS

RELATIVE

SAWDUST DECOMPOSITION

RATE
Red Cedar ............... 3.9
Douglas Fir . .............. 8.4
White Pine . .............. 9.5
Western White Pine ....... 22.2
Average of all softwoods . ... 12.0
Chestnut ................ 33.5
Yellow Poplar ............ 44.3
Black Walnut . ............ 447
White Oak ............... 491
Average of all hardwoods . . . 45.1
Wheat straw ............. 54.6

The lower the number, the slower the
decomposition rate. Hardwood saw-
dust decomposes faster than soft-
wood sawdust.

Source: Haug, Roger T. (1993). The Practical Handbook
of Compost Engineering. CRC Press, Inc., 2000
Corporate Blvd. N.W., Boca Raton, FL 33431 U.S.A. as
reported in Biocycle - Journal of Composting and
Recycling. December, 1998. p. 19.
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That’s also why humanure and urine alone will not compost.
They contain too much nitrogen and not enough carbon, and
microorganisms, like humans, gag at the thought of eating it. Since
there’s nothing worse than the thought of several billion gagging
microorganisms, a carbon-based material must be added to the
humanure in order to make it into an appealing dinner. Plant cellu-
lose is a carbon-based material, and therefore plant by-products such
as hay, straw, weeds or even paper products if ground to the proper
consistency, will provide the needed carbon. Kitchen food scraps are
generally C/N balanced, and they can be readily added to humanure
compost. Sawdust (preferably not kiln-dried) is a good carbon mate-
rial for balancing the nitrogen of humanure.

Sawmill sawdust has a moisture content of 40-65%, which is
good for compost.” Lumber yard sawdust, on the other hand, is kiln-
dried and is biologically inert due to dehydration. Therefore, it is not
as desirable in compost unless rehydrated with water (or urine)
before being added to the compost pile. Also, lumber yard sawdust
nowadays can often be contaminated with wood preservatives such as
chromated copper arsenate (from “pressure treated lumber”). Both
chromium and arsenic are human carcinogens, so it would be wise to
avoid such lumber — now banned by the EPA.

Some backyard composters refer to organic materials as
“browns” and “greens.” The browns (such as dried leaves) supply car-
bon, and the greens (such as fresh grass clippings) supply nitrogen.
It’s recommended that two to three volumes of browns be mixed with
one volume of greens in order to produce a mix with the correct C/N
ratio for composting.” However, since most backyard composters are
not humanure composters, many have a pile of material sitting in
their compost bin showing very little activity. What is usually miss-
ing is nitrogen as well as moisture, two critical ingredients to any
compost pile. Both of these are provided by humanure when collect-
ed with urine and a carbon cover material. The humanure mix can be
quite brown, but is also quite high in nitrogen. So the “brown/green”
approach doesn’t really work, nor is it necessary, when composting
humanure along with other household organic material. Let’s face it,
humanure composters are in a class by themselves.
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THERMOPHILIC MICROORGANISMS

A wide array of microorganisms live in a compost pile.
Bacteria are especially abundant and are usually divided into several
classes based upon the temperatures at which they best thrive. The
low temperature bacteria are the psychrophiles, which can grow at tem-
peratures down to -10°C, but whose optimum temperature is 15°C
(59°F) or lower. The mesophiles live at medium temperatures, 20-45°C
(68-113F), and include human pathogens. Thermophiles thrive above
45°C (113°F), and some live at, or even above, the boiling point of
water.

Strains of thermophilic bacteria have been identified with
optimum temperatures ranging from 55°C to an incredible 105°C
(above the boiling point of water), and many temperatures in
between.” The strains that survive at extremely high temperatures
are called, appropriately enough, extreme thermophiles, or hyper-
thermophiles, and have a temperature optimum of 80°C (176°F) or
higher. Thermophilic bacteria occur naturally in hot springs, tropical
soils, compost heaps, in your excrement, in hot water heaters (both
domestic and industrial), and in your garbage, to name a few places.”

Thermophilic bacteria were first isolated in 1879 by Miquel,
who found bacteria capable of developing at 72°C (162°F). He found
these bacteria in soil, dust, excrement, sewage, and river mud. It was-
n’t long afterward that a variety of thermophilic bacteria were discov-
ered in soil — bacteria that readily thrived at high temperatures, but
not at room temperature. These bacteria are said to be found in the
sands of the Sahara Desert, but not in the soil of cool forests.
Composted or manured garden soils may contain 1-10 percent ther-
mophilic types of bacteria, while field soils may have only 0.25% or
less. Uncultivated soils may be entirely free of thermophilic bacte-
ria.””

Thermophiles are responsible for the spontaneous heating of
hay stacks which can cause them to burst into flame. Compost itself
can sometimes spontaneously combust. This occurs in larger piles
(usually over 12 feet high) that become too dry (between 25% and
45% moisture) and then overheat.” Spontaneous fires have started at
two American composting plants — Schenectady and Cape May —
due to excessively dry compost. According to the EPA, fires can start
at surprisingly low temperatures (194°F) in too-dry compost,
although this is not a problem for the backyard composter. When
growing on bread, thermophiles can raise the temperature of the
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ESSENTIAL READING
FOR INSOMNIACS

pH MEANS HYDROGEN POWER

It is a measure of the degree of alkalinity or
acidity of a solution, and is often expressed
as the logarithm of the reciprocal of the
hydrogen ion concentration in gram equiva-
lents per liter of solution. pH7=.0000001
gram atom of hydrogen per liter. Pure dis-
tilled water is regarded as neutral with a pH
of 7. pH values range from 0 to 14. From 0
to 7 indicate acidity, and from 7 to 14 indi-
cate alkalinity.

©

7 14]

AC|D|C <eecccccccsccce P NEUTRAL{..-.........} ALKAL'NE

38 The Humanure Handbook — Chapter Three: Microhusbandry



































































































































































































































































































































































































































































































































































OUTDOOR SOILBED GRAVITY WATERLINE SWITCH
For Frozen Conditions

outdoors indoors
P e

~———— switching

Figure 9.9

water flow

f'\

~

soilbed

THA

-

_,: box

LT

wall footer —

sinking into the soil, creates a handy leaching
ing chamber freezes, water automatically swit

Source: Carl Lindstrom,

A 6” PVC pipe, cut in half lengthwise and set on plastic netting to keep the pipe from

leaching chamber

chamber in soilbeds. When the top leach-
ches into the lower leaching chamber.

www.greywater.com

ATTACHED GREENHOUSE
WITH GRAYWATER
FILTERING SOILBEDS
Figure 9.10

graywater
injection pipes

airflow

deep
soil —
beds earth

NAANKNKNANNANAN

rock heat storage

=4

fan

SIMPLE SOILBOX
GRAYWATER FILTER
SYSTEM

Figure 9.11

|\\I)/,

outlet

perforated graywater injection pipes

220 The Humanure Handbook —

Chapter 9: Graywater Systems



of the microscopic plants are algae, which can be either single cell
(such as Chlorella or Euglena) or filamentous (such as Spirulina or
Spyrogyra).

Macroscopic (larger) plants can grow under water (submer-
gent) or above water (emergent). Some grow partially submerged and
some partially emerged. Some examples of macroscopic aquatic
plants are reeds, bulrushes, water hyacinths and duckweeds (see
Figure 9.7). Submerged plants can remove nutrients from wastewater,
but are best suited in water where there is plenty of oxygen. Water
with a high level of organic material tends to be low in oxygen due to
extensive microbial activity.

Examples of floating plants are duckweeds and water
hyacinths. Duckweeds can absorb large quantities of nutrients. Small
ponds that are overloaded with nutrients such as farm fertilizer run-
off can often be seen choked with duckweed, appearing as a green car-
pet on the pond’s surface. In a two and a half acre pond, duckweed
can absorb the nitrogen, phosphorous and potassium from the excre-
tions of 207 dairy cows. The duckweed can eventually be harvested,
dried, and fed back to the livestock as a protein-rich feed. Livestock
can even eat the plants directly from a water trough.”

Algae work in partnership with bacteria in aquatic systems.
Bacteria break down complex nitrogen compounds and make the
nitrogen available to algae. Bacteria also produce carbon dioxide
which is utilized by the algae.”

SOILBOXES OR SOILBEDS

A soilbox is a box designed to allow graywater to filter
through it while plants grow on top of it (Figure 9.11). Such boxes
have been in use since the 1970s. Since the box must be well-drained,
it is first layered with rocks, pea gravel, or other drainage material.
This is covered with screening, then a layer of coarse sand is added,
followed by finer sand; two feet of top soil is added to finish it off.
Soilboxes can be located indoors or outdoors, either in a greenhouse,
or as part of a raised-bed garden system.*

Soilboxes located in indoor greenhouses are illustrated in
Figures 9.8 and 9.10. An outdoor soilbed is illustrated in Figure 9.9.
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PEEPERS

An acid spring choked with long, slimy, green algae flows past
my house from an abandoned surface coal mine. I introduced baby
ducks to the algae-choked water, and quite by accident, I found that
the algae disappeared as long as I had ducks swimming in the water.
Whether the ducks were eating the algae or just breaking it up pad-
dling their feet, I don’t know. In any case, the water changed from
ugly to beautiful, almost overnight, by the simple addition of anoth-
er lifeform to the wetland system. This indicated to me that profound
changes could occur in ecological systems with proper — even acci-
dental — management. Unfortunately, constructed wetland systems
are still new and there isn’t a whole lot of concrete information about
them that is applicable to single family dwellings. Therefore, I was
forced, as usual, to engage in experimentation.

I built a clay-lined pond near my house about the size of a
large swimming pool, then diverted some of the acid mine water to
fill the pond. I directed my graywater into this “modified lagoon”
wastewater system via a six inch diameter drain pipe with an outlet
discharging the graywater below the surface of the pond water. I
installed a large drainpipe assuming it would act as a pre-digestion
chamber where organic material could collect and break down by
anaerobic bacteria en route to the lagoon, like a mini septic tank. I
add septic tank bacteria to the system annually by dumping it down
the household drains.

Bear in mind that we use a compost toilet and we compost all
other organic material. What goes down the household drains is bath
water, sink water and laundry water. We do use biodegradable soaps,
but do not use an in-sink garbage disposal. Scientific research shows
that such source-separated graywater has the same or better quality
than municipal wastewater effluent after purification. In other words,
source separated graywater is arguably environmentally cleaner than
what’s discharged from wastewater treatment plants.”

I assumed that the small amount of organic matter that
entered the pond from the graywater drain would be consumed by the
organisms in the water, thereby helping to biologically remediate the
extensively damaged acid mine water. The organic material settles
into the bottom of the pond, which is about five feet at the deepest
point, thereby being retained in the constructed system indefinitely.
I also lined the bottom of the pond with limestone to help neutralize
the incoming acid mine water.
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The ducks, of course, loved the new pond. They still spend
countless hours poking their heads under the water, searching the
pond bottom for things to eat. Our house is located between our gar-
den and the pond, and the water is clearly visible from the kitchen
sink, as well as from the dining room on the east side of the house,
while the nearby garden is visible from the west windows. Shortly
after we built the pond, my family was working in our garden. Soon
we heard the loud honking of Canada geese in the sky overhead, and
watched as a mating pair swooped down through the trees and land-
ed on our new, tiny pond. This was quite exciting, as we realized that
we now had a place for wild waterfowl, a bonus we hadn’t really antic-
ipated. We continued working in the garden, and were quite sur-
prised to see the geese leave the pond and walk past our house toward
the garden where we were busy digging. We continued to work, and
they continued to walk toward us, eventually walking right past us
through the yard and on to the far end of the garden. When they
reached the orchard, they turned around and marched right past us
again, making their way back to the pond. To us, this was an initia-
tion for our new pond, a way that nature was telling us we had con-
tributed something positive to the environment.

Of course, it didn’t end with the two Canada geese. Soon, a
Great Blue Heron landed in the pond, wading around its shallow
edges on stilt-like legs. It was spotted by one of the children during
breakfast, a mere fifty feet from the dining room window. Then, a pair
of colorful wood ducks spent an afternoon playing in the water. This
was when I noticed that wood ducks can perch on a tree branch like
a songbird. Later, I counted 40 Canada geese on the little pond. They
covered its surface like a feathery carpet, only to suddenly fly off in a
great rush of wings.

We still raise a few ducks for algae control, for eggs and occa-
sionally for meat. At one point we raised some Mallard ducks, only to
find that this wild strain will fly away when they reach maturity. One
of the female Mallards became injured somehow, and developed a
limp. She was certainly a “lame duck,” but the children liked her and
took care of her. Then one day she completely disappeared. We
thought a predator had Kkilled the defenseless bird and we never
expected to see her again. To the children’s delight, the following
spring a pair of wild Mallard ducks landed on our little pond. We
watched them swim around for quite some time, until the female
came out of the water and walked toward us. Or, I should say,
“limped” toward us. Our lame Mallard duck had flown away for the
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winter only to come back in the spring with a handsome boyfriend!
Our graywater pond was the point of reference for her migration.

My youngest daughter was given a Canada goose to raise. The
tiny gosling couldn’t have been more than a day or two old when it
was discovered by one of the neighbors wandering lost along a road-
side. Phoebe named the goose “Peepers,” and everywhere Phoebe
went, Peepers followed. The two of them spent many a day at the
graywater pond — Peepers splashed around in the water while
Phoebe sat on the shore watching. Soon Peepers was a full grown
goose and everywhere Peepers went, large piles of goose droppings
followed. The goose doo situation became so intolerable to Dad that
he renamed the goose “Poopers.” One day, when no one else was
home, Poopers and Dad took a little trip to a distant lake. Only Dad
returned. Phoebe was heartbroken.

The following spring, a pair of honking Canada geese once
again flew overhead. But this time, only the female landed in our lit-
tle pond. Phoebe went running to the pond when she heard that
familiar honking, yelling “Peepers! Peepers!” Peepers had come back
to say hello to Phoebe! How did I know it was Peepers? I didn’t. But
somehow, Phoebe did. She stood on the pond bank for quite some
time talking to the majestic goose; and the goose, standing on the
bank beside her, talked back to her. They carried on a conversation
that is rarely witnessed. Finally, Peepers flew off, and this time,
Phoebe was happy.
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THE END IS NEAR

adies and gentlemen, allow me to introduce you to a
new and revolutionary literary device known as the
self-interview! (Applause heard in background.
Someone whoops.) Today I’ll be interviewing
myself. In fact, here I am now. (Myself walks in.)
Me: Good morning, sir. Haven’t I seen you somewhere before?
Myself: Cut the crap. It’s too early in the morning for this. You
see me every time you look in the mirror, which isn’t very often, thank
God. What, for crying out loud, would possess you to interview your-
self, anyway?
M: If I don’t, who will?
MS: You do have a point there. In fact, that may be an issue wor-
thy of contemplation.
M: Well, let’s not get off the track. The topic of discussion today is a
substance near and dear to us all. Shall we step right into it?
MS: What the hell are you talking about?
M: [l give you a hint. It often can be seen with corn or peanuts on
its back.
MS: Elephants?
M: Close, but no cigar. Actually, cigar would have been a better guess.
We’re going to talk about humanure.
MS: You dragged me out of bed and forced me to sit here in
front of all these people to talk about CRAP?!
M: You wrote a book on it, didn’t you?
MS: So what? OK, OK. Let’s get on with it. I’ve had enough of
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your theatrics.

M: Well, first off, do you expect anyone to take the Humanure
Handbook seriously?

MS: Why wouldn’t they?

M: Because nobody gives a damn about humanure. The last thing
anyone wants to think about is a turd, especially their own. Don’t you think
that by bringing the subject to the fore you’re risking something?

MS: You mean like mass constipation? Not quite. I’'m not going
to put any toilet bowl manufacturers out of business. I’d estimate that
one in a million people have any interest at all in the topic of resource
recovery in relation to human excrement. Nobody thinks of human
manure as a resource; the concept is just too bizarre.

M: Then what’s the point?

MS: The point is that long-standing cultural prejudices and
phobias need to be challenged once in a while by somebody, anybody,
or they’ll never change. Fecophobia is a deeply rooted fear in the
American, and perhaps even human, psyche. But you can’t run from
what scares you. It just pops up somewhere else where you least
expect it. We’ve adopted the policy of defecating in our drinking
water and then piping it off somewhere to let someone else deal with
it. So now we’re finding our drinking water sources dwindling and
becoming increasingly contaminated. What goes around comes
around.

M: Oh, come on. I drink water every day and it’s never contaminat-
ed. We Americans probably have the most abundant supply of safe drinking
water of any country on the planet.

MS: Yes and no. True, your water may not suffer from fecal con-
tamination, meaning intestinal bacteria in water. But how much chlo-
rine do you drink instead? Then there’s water pollution from sewage
in general, such as beach pollution. But I don’t want to get into all
this again. I've already discussed human waste pollution in Chapter
Two.

M: Then youll admit that American drinking water supplies are
pretty safe?

MS: From disease-causing microorganisms, generally yes, they
are. Even though we defecate in our water, we go to great lengths and
expense to clean the pollutants out of it. The chemical additives in
our water, such as chlorine, on the other hand, are not good to drink.
And let’s not forget that drinking-water supplies are dwindling all
over the world, water tables are sinking, and water consumption is on
the increase with no end in sight. That seems to be a good reason not
to pollute water with our daily bowel movements. Yet, that’s only half
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the equation.

M: What do you mean?

MS: Well, we’re still throwing away the agricultural resources
that humanure could be providing us. We’re not maintaining an
intact human nutrient cycle. By piping sewage into the sea, we’re
essentially dumping grain into the sea. By burying sludge, we’re
burying a source of food. That’s a cultural practice that should be
challenged. It’s a practice that’s not going to change overnight, but
will change incrementally if we begin acknowledging it now.

M: So what’re you saying? You think everybody should shit in a five-
gallon bucket?

MS: God forbid. Then you would see mass constipation!

M: Well then, I don’t understand. Where do we go from here?

MS: ’'m not suggesting we have a mass cultural change in toilet
habits. I’'m suggesting that, for starters, we need to change the way we
understand our habits. Most people have never heard of such a thing
as a nutrient cycle. Many people don’t even know about compost.
Recycling humanure is just not something people think about. I'm
simply suggesting that we begin considering new approaches to the
age-old problem of what to do with human excrement. We also need
to start thinking a bit more about how we live on this planet, because
our survival as a species depends on our relationship with the Earth.

M: That’s a beginning, but that’s probably all we’ll ever see in our life-
time, don’t you think? Some people, like you for example, will think about
these things, maybe write about them, maybe even give them some lip serv-
ice. Most people, on the other hand, would rather have a bag of cheese puffs
in one hand, a beer in the other, and a TV in front of them.

MS: Don’t be so sure about that. Things are changing. There are
more than a few people who will turn off their TVs, pick the orange
crumbs out of their teeth, and get busy making the world a better
place. I predict, for example, that composting toilets and toilet sys-
tems will continue to be designed and redesigned in our lifetimes.
Eventually, entire housing developments or entire communities will
utilize composting toilet systems. Some municipalities will eventual-
ly install composting toilets in all new homes.

M: You think so? What would that be like?

MS: Well, each home would have a removable container made
of recycled plastic that would act as both a toilet receptacle and a
garbage disposal.

M: How big a container?

MS: You’d need about five gallons of capacity per person per
week. A container the size of a 50-gallon drum would be full in about
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two weeks for an average family. Every household would deposit all of
its organic material except graywater into this receptacle, including
maybe some grass clippings and yard leaves. The municipality could
provide a cover material for odor prevention, consisting of ground
leaves, rotted sawdust, or ground newsprint, neatly packaged for each
household and possibly dispensed automatically into the toilet after
each use. This would eliminate the production of all organic garbage and
all sewage, as it would all be collected without water and composted at
a municipal compost yard.

M: Who'd collect it?

MS: Once every couple of weeks or so, your municipality or a
business under contract with your municipality would take the com-
post receptacle from your house. A new compost receptacle would
then replace the old. This is already being done in the entire province
of Nova Scotia, Canada, and in areas of Europe where organic kitchen
materials are collected and composted.

When toilet material is added to the collection system, your
manure, urine and garbage, mixed together with ground leaves and
other organic refuse or crop residues, would be collected regularly,
just like your garbage is collected now. Except the destination would
not be a landfill, it’d be the compost yard where the organic material
would be converted, through thermophilic composting, into an agri-
cultural resource and sold to farmers, gardeners, and landscapers
who’d use it to grow things. The natural cycle would be complete,
immense amounts of landfill space would be saved, a valuable
resource would be recovered, pollution would be drastically reduced,
if not prevented, and soil fertility would be enhanced. So would our
long-term survival as human beings on this planet.

M: I don’t know . .. how long before people will be ready for that?

MS: In Japan today, a similar system is in use, except that rather
than removing the container and replacing it with a clean one, the
truck that comes for the humanure sucks it out of a holding tank. Sort
of like a truck sucking the contents out of a septic tank.

Such a truck system involves a capital outlay about a third of
that for sewers. One study which compares the cost between manual
humanure removal and waterborne sewage in Taiwan estimates man-
ual collection costs to be less than one-fifth the cost of waterborne
sewage treated by oxidation ponds. That takes into account the pas-
teurization of the humanure, as well as the market value of the result-
ant compost.

M: But that’s in the Far East. We don’t do stuff like that in America.

MS: One of the most progressive large scale examples I have
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seen 1s in Nova Scotia, Canada. On November 30, 1998, Nova Scotia
banned all organic material from entering its landfills. The Province
provides free receptacles for every household to deposit their food
scraps into. So when a banana peel or burnt pop-tart gets pitched into
the trash, it goes into the green cart along with egg shells, coffee
grounds, and even cereal boxes, waxed paper and file folders. Then,
every two weeks, a truck comes around, just like the standard garbage
trucks we’re used to seeing, and picks up the organic material. From
there, it goes to one of many central composting yards, where the
material gets run through a grinder and shoved into a giant compost-
ing bin. Within 24 to 48 hours, the thermophilic microorganisms in
the garbage have raised the temperature of the organic mass to 60-
70°C (140-158°F). And it’s a totally natural process.

The Netherlands was one of the first countries to mandate large
scale source separation of organic material for composting, having
done so since 1994; in at least five European countries, such separa-
tion is common.’ Since 1993, in Germany, for example, discarded
waste material must contain less than 5% organic matter, otherwise
the material has to be recycled, mainly by composting.’ In England
and Wales, a target has been set to compost a million tonnes of organ-
ic household material by the year 2000.*

M: But those are not toilets.

MS: Can’t you see? This is only one small step away from col-
lecting toilet materials and composting them, too. Toilets will be
redesigned as collection devices, not disposal devices. We’ve developed
the art, science and technology of composting enough to be able to
constructively recycle our own excrement on a large scale.

M: So why don’t we?

MS: Because humanure doesn’t exist, as far as most compost
professionals are concerned. It’s not even on the radar screen. Human
manure is seen as human waste, something to be disposed of, not recy-
cled. When I was visiting composting operations in Nova Scotia, one
compost educator told me there were 275,000 metric tonnes of animal
manures produced annually in his county suitable for composting.
He did not include human manure in his assessment. As far as he was
concerned, humans are not animals and they don’t produce manure.

To give you an example of how clueless Americans are about
composting humanure, let me tell you about some missionaries in
Central America.

M: Missionaries?

MS: That’s right. A group of missionaries was visiting an
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indigenous group in El Salvador and they were appalled by the lack
of sanitation. There were no flush toilets anywhere. The available toi-
let facilities were crude, smelly, fly-infested pit latrines. When the
group returned to the United States, they were very concerned about
the toilet problem they had seen and decided they should help. But
they didn’t know what to do. So they shipped a dozen portable toilets
down there, at great expense.

M: Portable toilets?

MS: Yeah, you know, those big, plastic outhouses you see at rest
stops along the highways, at construction sites and festivals. The ones
that smell bad, and are filled with a blue liquid choked with floating
turds and toilet paper.

M: Oh yeah.

MS: Well, the village in El Salvador got the portable toilets and
the people there set them up. They even used them — until they
filled up. The following year, the missionaries visited the village
again to see how their new toilets were working.

M: And?

MS: And nothing. The toilets had filled up and the villagers
stopped using them. They went back to their pit latrines. They had a
dozen portable toilets sitting there filled to the brim with urine and
crap, stinking to high heaven, and a fly heaven at that. The mission-
aries hadn’t thought about what to do with the toilets when they were
full. In the U.S., they’re pumped out and the contents are taken to a
sewage plant. In El Salvador, they were simply abandoned.

M: So what’s your point?

MS: The point is that we don’t have a clue about constructively
recycling humanure. Most people in the U.S. have never even had to
think about it, let alone do it. If the missionaries had known about
composting, they may have been able to help the destitute people in
Central America in a meaningful and sustainable way. But they had
no idea that human manure is as recyclable as cow manure.

M: Let me get this straight. Now you’re saying that humans are the
same as cows?

MS: Well, all animals defecate. Many westerners simply won’t
admit it. But we’re starting to. We Americans have a long way to go.
The biggest obstacle is in understanding and accepting humanure
and other organic materials as resource materials rather than waste
materials. We have to stop thinking of human excrement and organ-
ic refuse as waste. When we do, then we’ll stop defecating in our
drinking water and stop sending our garbage to landfills.

It’s critical that we separate water from humanure. As long as
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we keep defecating in water we’ll have a problem that we can’t solve.
The solution is to stop fouling our water, not to find new ways to clean
it up. Don’t use water as a vehicle for transporting human excrement
or other waste. Humanure must be collected and composted along
with other solid (and liquid) organic material produced by human
beings. We won’t be able to do this as long as we insist upon defecat-
ing into water. Granted, we can dehydrate the waterborne sewage
sludge and compost that. However, this is a complicated, expensive,
energy-intensive process. Furthermore, the sludge can be contami-
nated with all sorts of bad stuff from our sewers which can become
concentrated in the compost.’

M: Composting sewage sludge is bad?

MS: No. In fact, composting is probably the best thing you can
do with sludge. It’s certainly a step in the right direction. There are
many sludge composting operations around the world, and when the
sludge is composted, it makes a useful soil additive. I’'ve visited
sludge composting sites in Nova Scotia, Pennsylvania, Ohio, and
Montana, and the finished compost at all of the sites is quite impres-
sive.

M: It’ll never happen (shaking his head). Face it. Americans,
Westerners, will never stop shitting in water. They’ll never, as a society, com-
post their manure. It’s unrealistic. It’s against our cultural upbringing.
We’re a society of hotdogs, hairspray and Ho-Hos, not composted huma-
nure, fer chrissake. We don’t believe in balancing human nutrient cycles! We
just don’t give a damn. Compost making is unglamorous and you can’t get
rich doing it. So why bother?!

MS: You’re right on one point — Americans will never stop shit-
ting. But don’t be so hasty. In 1988, in the United States alone, there
were only 49 operating municipal sludge composting facilities.® By
1997, there were over 200.” The U.S. composting industry grew from
less than 1,000 facilities in 1988 to nearly 3,800 in 2000 and that num-
ber will only increase.?

In Duisberg, Germany, a decades-old plant composts 100 tons of
domestic refuse daily. Another plant at Bad Kreuznach handles twice
that amount. Many European composting plants compost a mixture
of refuse and sewage sludge. There are at least three composting
plants in Egypt. In Munich, a scheme was being developed in 1990 to
provide 40,000 households with “biobins” for the collection of com-
postable refuse.’

It’s only a matter of time before the biobin concept is advanced
to collect humanure as well. In fact, some composting toilets already
are designed so that the humanure can be wheeled away and com-
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Butler, Pennsylvania, U.S., sewage sludge composting facility (above).

Missoula, Montana, sewage sludge, after composting, is bagged and sold for
home gardens (below).

A Nova Scotian compost operator inspects the windrow sewage sludge com-
posting operation (bottom).
All photos by author.
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posted at a separate site. Eventually, municipalities will assume the
responsibility for collecting and composting all organic material from
urban and suburban human populations, including toilet materials.

M: Yeah, right.

MS: And you are now revealing the main obstacle toward a sus-
tainable society. Personal attitude. Everything we take for granted
today — shoes, clothing, metal tools, electronic equipment, heck,
even toilet paper, exists for one reason, and one reason only: because
someone in the past cared about the future. You’d be running around
naked today chasing rabbits with a stick if people in the past hadn’t
made things better for us in the present. We all have an obligation to
our future generations. That’s what evolution is and that’s what sur-
vival of the species requires. We have to think ahead. We have to care
about our descendants too, and not just about ourselves. That means
we have to understand that waste is not good for us, or for future gen-
erations. When we dump endless amounts of garbage into the envi-
ronment with the attitude that someone in the future can deal with it,
we are not evolving, we’re devolving.

M: What’s that supposed to mean?

MS: It’s simple enough. OK, you have trash. You don’t throw the
trash “out.” There is no “out.” It has to go somewhere. So you simply
sort the trash into separate receptacles in your home, and that makes
it easy to recycle the stuff. When it’s recycled, it’s not wasted. A chim-
panzee could figure that out. It’s easy to understand and it’s easy to
do.

A lot of compost that’s been produced by big composting plants
has been contaminated with things like batteries, metal shards, bot-
tle caps, paints and heavy metals. As a result, much of it hasn’t been
useful for agriculture. Instead, it’s been used for filler or for other
non-agricultural applications, which, to me, is absurd. The way to
keep junk out of compost is to value compostable material enough to
collect it separately from other trash. A household biobin would do
the trick. The biobin could be collected regularly, emptied, its con-
tents composted, and the compost sold to farmers and gardeners as a
financially self-supporting service provided by independent busi-
nesses.

The trick to successful large-scale compost production can be
summed up in two words: source separation. The organic material
must be separated at the source. This means that individual families
will have to take some responsibility for the organic material they dis-
card. They will no longer be permitted to throw it all in one garbage
can with their plastic Ho-Ho wrappers, pop bottles, broken cell
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phones and worn out toaster ovens. Organic material is too valuable
to be wasted. The people in Nova Scotia have figured that out, as have
many others throughout the world. Americans are a little slow.

M: But they’re not composting toilet materials, are they?

MS: Some are composting sewage sludge, which is a big step in
the right direction. Some entrepreneurs are in the sewage composting
business in the United States, too. In 1989, the town of Fairfield,
Connecticut, contracted to have its yard material and sewage sludge
composted. The town is said to have saved at least $100,000 in waste
disposal costs in its first year of composting alone. The Fairfield oper-
ation is just a quarter mile from half million dollar homes and is
reported to smell no worse than wet leaves from only a few yards
away." The EPA estimates that Americans will be producing 8.2 mil-
lion tons of biosolids — that’s another name for sewage sludge — by
2010 and that 70% of it will be recycled. Ironically, they only predict
that 7% of that recycled sludge will be composted. Maybe the EPA
will wake up before then and smell the biosolids."

In Missoula, Montana, all of the city’s sewage sludge is com-
posted and the entire composting operation is funded by the tipping
fees alone. All of the compost produced is pure profit and all of it is
sold. Composting is a profitable venture when properly managed.

M: But still, there’s the fear of humanure and its capability of caus-
ing disease and harboring parasites.

MS: That's right. But according to the literature, a biological
temperature of 50°C (122°F) for a period of 24 hours is sufficient to
kill the human pathogens potentially resident in humanure. EPA reg-
ulations require that a temperature of 55°C (131°F) be maintained for
three days when composting sewage sludge in bins. Thermophilic
microorganisms are everywhere, waiting to do what they do best —
make compost. They’re on grass, tree branches, leaves, banana peels,
garbage and humanure. Creating thermophilic compost is not diffi-
cult or complicated and thermophilic composting is what we need to
do in order to sanitize human excrement without excessive technolo-
gy and energy consumption. Thermophilic composting is something
humans all over the world can do whether or not they have money or
technology.

There will always be people who will not be convinced that com-
posted humanure is pathogen-free unless every tiny scrap of it is first
analyzed in a laboratory, with negative results. On the other hand,
there will always be people, like me, who conscientiously compost
humanure by maintaining a well-managed compost pile, and who feel
that their compost has been rendered hygienically safe as a result. A
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layer of straw covering the finished compost pile, for example, will
insulate the pile and help keep the outer surfaces from cooling pre-
maturely. It’'s common sense, really. The true test comes in living with
the composting system for long periods of time. I don't know anyone
else who has done so, but after twenty six years, I've found that the
simple system I use works well for me. And I don't do anything spe-
cial or go to any great lengths to make compost, other than the sim-
ple things I've outlined in this book.

Perhaps Gotaas hits the nail on the head when he says, “The
farm, the garden, or the small village compost operator usually will not be
concerned with detailed tests other than those to confirm that the material
is safe from a health standpoint, which will be judged from the temperature,
and that it is satisfactory for the soil, which will be judged by appearance.
The temperature of the compost can be checked by: a) digging into the stack
and feeling the temperature of the material; b) feeling the temperature of a
rod after insertion into the material; or c) using a thermometer. Digging into
the stack will give an approximate idea of the temperature. The material
should feel very hot to the hand and be too hot to permit holding the hand
in the pile for very long. Steam should emerge from the pile when opened. A
metal or wooden rod inserted two feet (0.5 m) into the pile for a period of
5-10 minutes for metal and 10-15 minutes for wood should be quite hot to
the touch, in fact, too hot to hold. These temperature testing techniques are
satisfactory for the smaller village and farm composting operations.”

In other words, humanure composting can remain a simple
process, achievable by anyone. It does not need to be a complicated,
high-tech, expensive process controlled and regulated by nervous
people in white coats bending over a compost pile, shaking their
heads and wringing their hands while making nerdy clucking noises.

I want to make it clear though, that I can't be responsible for
what other people do with their compost. If some people who read
this book go about composting humanure in an irresponsible manner,
they could run into problems. My guess is the worst thing that could
happen is they would end up with a mouldered compost pile instead
of a thermophilic one. The remedy for that would be to let the moul-
dered pile age for a couple years before using it agriculturally, or to
use it horticulturally instead.

I can't fault someone for being fecophobic and I believe that
fecophobia lies at the root of most of the concerns about composting
humanure. What fecophobes may not understand is that those of us
who aren't fecophobes understand the human nutrient cycle and the
importance of recycling organic materials. We recycle organic refuse
because we know it's the right thing to do, and we aren't hampered by
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irrational fears. We also make compost because we need it for fortify-
ing our food-producing soil and we consequently exercise a high
degree of responsibility when making the compost. It's for our own
good.

Then, of course, there's the composter's challenge to fecophobes:
show us a better way to deal with human excrement.

M: Sounds to me like you have the final word on the topic of huma-
nure.

MS: Hardly. The Humanure Handbook is only a tiny beginning
in the dialogue about human nutrient recycling.

M: Well, sir, this is starting to get boring and our time is running out,
so we’ll have to wrap up this interview. Besides, I've heard enough talk
about the world's most notorious "end" product. So let's focus a little on the
end utself, which has now arrived.

MS: And this is it. This is the end?

M: “This is the end.” (Sung like Jim Morrison.) What d’va say folks?
(Wild applause, stamping of feet, frenzied whistling, audience jump-
ing up and down, yanking at their hair, rolls of toilet paper are being
thrown confetti-like through the air. Clothes are being torn off, peo-
ple are cheering, screaming and foaming at the mouth. Someone
starts chanting “Source separation, Source separation)” What’s this!?
The audience is charging the stage! The interviewee is being carried
out over the heads of the crowd! Hot dang and hallelujah!)

Here’s another book
order, Mr. Jenkins. That
makes three so far!
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THE HUMANURE HANDBOOK — GLOSSARY

actinomycete — Bacteria resembling fungi
because they usually produce a characteris-
tic, branched mycelium.

activated sludge — Sewage sludge that is treat-
ed by forcing air through it in order to acti-
vate the beneficial microbial populations res-
ident in the sludge.

aerobic — Able to live, grow, or take place only
where free oxygen is present, such as aero-
bic bacteria.

algae — Small aquatic plants.

ambient air temperature — The temperature of
the surrounding air, such as the outdoor air
temperature in the vicinity of a compost pile.

amendment — See “bulking agent.”

anaerobic — Able to live and grow where there
is no oxygen.

Ascaris — A genus of roundworm parasitic to
humans.

Aspergillus fumigatus — A spore-forming fun-
gus that can cause allergic reactions in
some people.

bacteria — One-celled microscopic organisms.
Some are capable of causing disease in
humans, others are capable of elevating the
temperature of a pile of decomposing refuse
sufficiently to destroy human pathogens.

biochemical oxygen demand (BOD) —The
amount of oxygen used when organic matter
undergoes decomposition by microorgan-
isms. Testing for BOD is done to assess the
amount of organic matter in water.

blackwater — Wastewater from a toilet.

bulking agent — An ingredient in compost, such
as sawdust or straw, used to improve the
structure, porosity, liquid absorption, odor,
and carbon content. The terms “bulking
agent” and “amendment” can be inter-
changeable.

carbonaceous —Containing carbon.

carbon dioxide (CO2) —An inorganic gas com-
posed of carbon and oxygen produced dur-
ing composting.

cellulose — The principal component of cell
walls of plants, composed of a long chain of
tightly bound sugar molecules.

C/N ratio —The ratio of carbon to nitrogen in an
organic material.

combined sewers — Sewers that collect both
sewage and rain water runoff.

compost — A mixture of decomposing veg-
etable refuse, manure, etc., for fertilizing and
conditioning soil.

continuous composting — A system of com-
posting in which organic refuse material is
continuously or daily added to the compost
bin or pit.

cryptosporidia — A pathogenic protozoa which
causes diarrhea in humans.

curing — Final stage of composting. Also called
aging, or maturing.

effluent — Wastewater flowing from a source.

enteric — Intestinal.

evapotranspiration — The transfer of water
from the soil into the atmosphere both by
evaporation and by transpiration of the
plants growing on the soil.

fecal coliforms — Generally harmless bacteria
that are commonly found in the intestines of
warm-blooded animals, used as an indicator
of fecal contamination.

fecophobia — Fear of fecal material, especially
in regard to the use of human fecal material
for agricultural purposes.

fungi — Simple plants, often microscopic, that
lack photosynthetic pigment.

graywater —Household drain water from sinks,
tubs, and washing (not from toilets).

green manure — \Vegetation grown to be used
as fertilizer for the soil, either by direct appli-
cation of the vegetation to the soil, by com-
posting it before soil application, or by the
leguminous fixing of nitrogen in the root nod-
ules of the vegetation.

heavy metal — Metals such as lead, mercury,
cadmium, etc., having more than five times
the weight of water. When concentrated in
the environment, can pose a significant
health risk to humans.

helminth — A worm or worm-like animal, espe-
cially parasitic worms of the human diges-
tive system, such as the roundworm or
hookworm.

human nutrient cycle — The repeating cyclical
movement of nutrients from soil to plants
and animals, to humans, and back to soil.

humanure — Human feces and urine compost-
ed for agriculture purposes.

humus — A dark, loamy, organic material
resulting from the decay of plant and ani-
mal refuse.

hygiene — Sanitary practices, cleanliness.

indicator pathogen — A pathogen whose
occurrence serves as evidence that certain
environmental conditions, such as pollution,
are present.

K — Chemical symbol for potassium.

latrine — A toilet, often for the use of a large
number of people.

leachate — Any liquid draining from a source.
Pertaining to compost, it is the liquid that
drains from organic material, especially
when rain water comes in contact with the
compost.

lignin — A substance that forms the woody cell
walls of plants and the “cement” between
them. Lignin is found together with cellulose
and is resistant to biological decomposition.
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macroorganism — An organism which, unlike a
microorganism, can be seen by the naked
eye, such as an earthworm.

mesophile — Microorganisms which thrive at
medium temperatures (20-37°C or 68-99°F).

metric tonne — A measure of weight equal to
1,000 kilograms or 2,204.62 pounds.

microhusbandry — The cultivation of microscop-
ic organisms for the purpose of benefiting
humanity, such as in the production of fer-
mented foods, or in the decomposition of
organic refuse materials.

microorganism — An organism that needs to be
magnified in order to be seen by the human
eye.

moulder (also molder) — To slowly decay, gen-
erally at temperatures below that of the
human body.

mulch — Organic material, such as leaves or
straw, spread on the ground around plants to
hold in moisture, smother weeds, and feed
the soil.

municipal solid waste (MSW) — Solid waste
originating from homes, industries, business-
es, demolition, land clearing, and construc-
tion.

mycelium — Fungus filaments or hyphae.

N — Chemical symbol for nitrogen.

naturalchemy — The transformation of seeming-
ly valueless materials into materials of high
value using only natural processes, such as
the conversion of humanure into humus by
means of microbial activity.

night soil — Human excrement used raw as a
soil fertilizer.

nitrates — A salt or ester of nitric acid, such as
potassium nitrate or sodium nitrate, both
used as fertilizers, and which show up in
water supplies as pollution.

organic — Referring to a material from an animal
or vegetable source, such as refuse in the
form of manure or food scraps; also a form of
agriculture which employs fertilizers and soil
conditioners that are primarily derived from
animal or vegetable sources as opposed to
mineral or petrochemical sources.

P — Chemical symbol for phosphorous.

pathogen — A disease-causing microorganism.

PCB — Polychlorinated biphenyl, a persistent and
pervasive environmental contaminant.

peat moss — Organic matter that is under-
decomposed or slightly decomposed originat-
ing under conditions of excessive moisture
such as in a bog.

pH — A symbol for the degree of acidity or alka-
linity in a solution, ranging in value from 1 to
14. Below 7 is acidic, above 7 is alkaline, 7 is
neutral.

phytotoxic — Toxic to plants.

pit latrine — A hole or pit into which human
excrement is deposited. Known as an out-

house or privy when sheltered by a small
building.

protozoa — Tiny, mostly microscopic animals
each consisting of a single cell or a group of
more or less identical cells, and living prima-
rily in water. Some are human pathogens.

psychrophile — Microorganism which thrives at
low temperatures [as low as -10°C (14°F), but
optimally above 20°C (68°F)].

schistosome — Any genus of flukes that live as
parasites in the blood vessels of mammals,
including humans.

septage — The organic material pumped from
septic tanks.

septic — Causing or resulting from putrefaction
(foul-smelling decomposition).

shigella — Rod-shaped bacteria, certain species
of which cause dysentery.

sludge — The heavy sediment in a sewage or
septic tank. Also called biosolids.

source separation — The separation of discard-
ed material by specific material type at the
point of generation.

sustainable — Able to be continued indefinitely
without a significant negative impact on the
environment or its inhabitants.

thermophilic — Characterized by having an affin-
ity for high temperatures (above 40.5°C or
105°F), or for being able to generate high
temperatures.

tipping fee — The fee charged to dispose of
refuse material.

vector — A route of transmission of pathogens
from a source to a victim. Vectors can be
insects, birds, dogs, rodents, or vermin.

vermicomposting —The conversion of organic
material into worm castings by earthworms.

vermin — Objectionable pests, usually of a small
size, such as flies, mice, and rats, etc..

virus — Any group of submicroscopic pathogens
which multiply only in connection with living
cells.

waste — A substance or material with no inherent
value or usefulness, or a substance or mate-
rial discarded despite its inherent value or
usefulness.

wastewater — Water discarded as waste, often
polluted with human excrements or other
human pollutants, and discharged into any of
various wastewater treatment systems, if not
directly into the environment.

Western — Of or pertaining to the Western hemi-
sphere (which includes North and South
America and Europe) or its human inhabi-
tants.

windrow — A long, narrow pile of compost.

worm castings — Earthworm excrement. Worm
castings appear dark and granular like soil,
and are rich in soil nutrients.

yard material — Leaves, grass clippings, garden
materials, hedge clippings, and brush.
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INDEX
A “pathogens”
aerobic: 31

actinomycetes: 39, 43
population in compost: 39
population in soil: 39
thermophilic: 46

activated sludge treatment: 93

aerobic bacteria: 31

aerosol can remediation: 59

Africa: 117

agricultural land: 72

agricultural limestone: 53

Agricultural Testament: 48

agriculture: 20

Asian: 73
Bio-dynamic: 123
pollution from: 20

agronutrients in humanure: 14

Alascan: 120

algae: 21, 92

bacteria with: 221
alternative graywater systems:
see “constructed wetland”

ammonia: 95

ammonia gas: 33

anaerobic bacteria: 31

anaerobic odors: 31

analgesics: 19

animal manures: 22

animal mortalities: 62

anthracnose: 60

antibiotic resistant bacteria: 18

antibiotics: 19, 46
produced by microorganisms:
46

antimicrobial compounds: 46

antiseptics: 19

appliances, water use: 208

aquaculture: 21

Aquatron: 120

aquatic plants: 96

illustrated: 218

Argentina: 117

artificial wetland (see “construct-
ed wetland”)

Ascaris lumbricoides: 26, 107,
133, 134, 137, 150-151
co-evolution: 133
eggs of: 99, 133

viability: 134, 137
shell: 134
development temperatures: 134

ashy stem blight: 60

Asian recycling: 72

Aspergillus fumigatus: 52

B

Bacillus stearothermophilus: 41,
45
bacteria: 27, 131; see also

anaerobic: 31
antibiotic resistant: 18
heavy metal resistance: 99
mesophilic: 37
populations in compost: 39
populations in fertile soil: 39
psychrophiles: 37
resistance to antibiotics: 99
size of: 38
thermophilic: 37
Bahrain: 20
Bavaria: 78
beach closings: 17
beach pollution: 18
Beef tapeworm: 99
benzene: 89
beta-blocker heart drugs: 19
bilharzia: 132
biobins: 231
biodiversity: 43, 45
in compost: 43, 45
in nature: 44
in soils: 60
Bio-Dynamic: 123
biofilter: 59, 61, 159
Biolet: 118
biological filtration systems: 59,
61
Biological Oxygen Demand: see
BOD
biological sponge: 108, 161, 173
Biological-Macrophytic Marsh
Bed: 213
biopesticides: 62
biosollids: 234
Bio-Sun: 120
bladder cancer: 95
Black Death: 77
blackwater: 97, 203
BOD: 210
body fat: 5
boron: 206
Botswana: 117
Brazil: 15
bread, thermophiles on: 37
breast cancer: 5
Bronx River: 17
bucket toilets: 125, 156, 159,
185, 189
emptying: 183, 193
bulking material: 104
bulrush: 213
Butler, Pennsylvania: 232

Cc

C/N ratio: (see “carbon”)
Calcutta: 21
Campylobacter: 130

cancer: 5, 20, 89, 94
Candida albicans: 45
Cape May: 37
carbofuran: 56
carbon: 33
carbon dioxide: 5, 14, 41
carbon tetrachloride: 94
Carbon/Nitrogen ratio: 32, 33, 34
nitrogen loss and: 33, 34
of humanure: 35
carcinogens: 5, 94
carousel toilet: 116
cartage systems: see “bucket”
Casa del Aqua: 208
Catholic: 78
cat liver fluke: 132
cattail: 218
Celsius: 237
Central America: 113, 229
cesium: 57
chemical fertilizer: 20
leaching: 20
groundwater pollution: 20
global consumption of: 20
U.S. usage: 20
chemicals, toxic: 56, 97
chemical wastes: 97
Chernobyl: 57
childhood cancers: 5
chili wilt: 60
China: 21, 67, 72, 122, 127, 201
humanure recycling: 81
humanure dumping: 82
sanitation: 82
use of synthetic fertilizers: 81
wastewater disposal: 82
water pollution in: 82
Chinese liver fluke: 132
chloramine: 95
chlorinated chemicals: 58
chlorine: 18, 57, 92, 207
bladder cancer and: 95
chloramines: 95
pregnant women and: 95
rectal cancer and: 95
U.S. population exposure: 95
chloroform: 89, 94
chlorophenol: 57
cholera: 12, 21, 77, 79, 80
Christianity: 77
chromated copper arsenate: 36
Clivus: 115, 118
Clopyralid: 59
CO2: 5, 14
coastal discharges: 17
coastlines: 17
coliform bacteria: 17, 135, 210
fecal: 135
combined sewers: 17, 91
Complete Book of Composting:
32
compost: 26
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acidity: 53-55
actinomycetes: 43
aerosol can remediation: 59
aerosol emissions: 52
aeration: 50
analysis: 180
antibiotics: 19, 46
batch: 41, 50, 179
benefits of: 22, 28, 32, 62
binding metals: 56
binding lead in soils: 57
bins: 172, 173
biodiversity: 43, 44, 45
biofilters: 59, 173
biopesticides: 62
browns and greens: 36
bulking materials: 66, 104
cold climate heat loss: 52
compost testing labs: 117
continuous: 41, 50, 179
turning: 49, 179
cost of turning: 49, 52
covering: 29, 31, 180
cover materials: 31, 180
curing: 42
decontaminating soil: 58
defined: 26
degrading toxic chemicals: 29,
57
dehydration: 31
designer: 62
dogs and: 29, 64
enzymes: 53
filtration systems:59
flies and: 31
four necessities for: 30
balanced diet: 32
moisture: 30
oxygen: 31
temperature: 31
four stages of: 41
freezing: 31
fungi: (see “fungi”)
heat of: 45
heavy metals and: 100
inoculants: 52-53
leachate from: 178
leaching: 29, 178
lignins: (see “lignin”)
liming: 48, 53, 54, 181
microorganisms in: 39
mineral additives: 53
moisture losses: 30
moisture requirement: 29, 30-
31
moisture retention: 28
myths: 48
needs of: 158
newspapers in: 65
nitrogen loss: 49
not managed: 141
odors: 31, 59
oxygen: 31, 48, 51
pathogen destruction and: 113
pH of: 53
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piled on the bare earth: 183
piling: 29

pits: 110, 113

primal: 156

rainfall and: 31

rats and: 192

root rot control: 60
sanitized: 44, 45
self-aeration: 51
shrinking: 30
spirituality and: 69
spontaneous fires: 37
static piles: 52
stormwater filters: 59
suppress plant diseases: 60
tea: 60

temperature: 31
testing: 47

toilets: 103

too hot: 45

turning: 49, 51, 52
uncured: 43
unturned: 51

wood ashes in: 53

compost bins: 172

biofilter: 173

biological sponge: 173

cover material used in: 172

double-chambered: 172

made from pallets: 177

normal bin sequence: 173
illustrated: 176

photos: 175, 194

size: 173

three-chambered: 174-5
constructing: 174-5
photo: 175

underneath the toilet: 186

composting: 21, 22

aerosol emissions: 52
aeration: 50
and rats: 192
animal mortalities: 62
Asian: 80, 110

in China: 67, 110

in Vietnam: 110
batch: 179
benefits: 22, 28, 32, 62
bin: 173
biofilters: 173
bones: 56, 66
browns: 36
chemicals: 56, 58
chlorinated chemicals: 58
Clopyralid: 59
contamination problems: 233
continuous: 110, 179
cooling phase: 41
curing period: 41
dead animals: 62
destroy plant pathogens: 60
Dicambra: 56
diesel fuel: 57
disposable diapers: 65
dog manure: 64

eggshells: 66
fats: 55
flies: 31
for a diseased population: 141
freon: 57
frozen: 181
greens: 36
hair: 65
heavy metals and: 100-101
herbicides: 56
Indore process: 48
inoculants: 52
insecticides: 56
in Vietnam: 111
junk mail: 65
leaching: 178
legalitites: 197
lime: 48, 53, 54
lipids: 55
mesophilic stage: 41
myths: 48
newsprint: 65
no turning: 51
odors: 31
oils and fats: 55
oxygen levels: 31, 48, 51
pathogenic population: 141
PCBs: 56, 57, 58
pet manures: 64
pits: 110, 113
RDX: 58
retention time: 178
retention time, diseased popu-
lations: 178
sanitary napkins: 65
segregation of materials: 55
sewage sludge: 231
slow: 26
soil in: 111
source separation: 233
telephone books: 65
TCE: 57
temperature monitoring: 181
curves: 182
thermometer: 117
thermophilic: 26, 41
TNT: 56, 58
toilet paper: 66
toxic chemicals: 56, 58
turning: 48
cost: 49
effects on bacterial
pathogens: 51
emissions: 52
heat loss, cold climates: 52
loss of agricultural nutrients:
49
loss of nitrogen: 49
oxygen, and: 51
unturned: 51
uranium: 57, 100
VOC: 59
weed seeds: 62
what not to compost: 55
wood chips: 66
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Composting Council: 27 214, 217
composting toilet systems: 103 soilbeds: 221

composting toilets: 103, 145,
197
Alascan: 120
Aquatron: 119
Biolet: 118
Bio-Sun: 120
Carousel: 116, 118
Clivus: 115, 118
commercial: 104, 106, 114,
118-120
cover materials: 105
defined: 103
Dowmus: 119
Envirolet: 119
Guatemalan: 115
Hamar: 120
homemade: 104
laws: 198
low-temperature: 107
retention time in: 107
managing: 104, 105, 109
multrum: 114
odor prevention: 108
owner-built: 107
pathogen survival in: 144,
145, 147
Phoenix: 119
priming: 108
solar: 116
Sun-Mar: 120
Sven Linden: 120
transmission of pathogens
through low-temperature: 145
Vera Toga: 118
water savings: 117
composting toilet systems: 103
compost leachate: 178
compost microorganisms: 39
compost pile
aeration: 110
compost pit: 110, 113
compost stormwater filter: 59
compost tea: 60
compost testing labs: 117
compost thermometers: 117
compost toilets: 103
compost toilet systems: 19, 103
Confront: 59
Connecticut River: 90
constructed wetland: 96, 210,
212, 213
cells: 214, 216
defined: 210
evapotranspiration: 212
four components for functional
success: 205, 208
in cold climates: 217
in greenhouse: 219, 220
mulch basins: 219
liners: 214
plants: 216, 217
single cell, diagram: 214
size required per household:

soilboxes: 221
subsurface flow: 213, 214
surface flow: 213, 214
two cell, diagram: 215
two types of: 213
Watson Wick: 212
continuous composting: 110
Control Lab: 117
Cornell University: 99
cover material: 31, 105, 159,
180
coxsackieviruses: 130
crops, pathogen survival on: 136
CTS Toilet: 119

D

DDT: 94, 97
decomposition, optimal: 46
Defense Department: 58
designer compost: 62
detergents: 207
Dicambra: 56
diarrhea: 130
diesel fuel: 57
dioxin: 94
disease: 121, 127
epidemic: 79, 124
disease resistance in plants: 60
dogs: 29, 64
dog manure: 64
Dowmus: 119
drains: 206
drinking water: 16, 226
analysis: 136
chlorine and: 95
quality violations: 95
quantity worldwide: 16, 117
duckweeds: 217
nutrient absorption: 221
dumps: 15
Dutch Hamar: 120
dwarf tapeworm: 132
dysentery: 130

E

E. coli: 42, 46, 51, 135, 136
Earthship: 219
earthworms: 66
Ebola: 5
Echovirus: 130
ego vs. the eco: 70
Egypt: 231
El Salvador: 230
emergency toilet: 155
England: 79, 229
Public Health Act: 79-80
sanitation in: 80
English gardens: 161
Entamoeba histolytica: 131

Envirolet: 119
enzymes: 53
epidemic disease: 79, 124
erosion: 20
Escherichia coli: see “E. col”
estuaries: 17
Europe: 228, 231
history: 77
evapotranspiration: 212
extinctions: 3, 5
bird species: 3
mammals: 3
plant species: 4
primates: 3

F

Fahm, Lattee: 101
Fahrenheit: 237
Fairfield, Connecticut: 234
Farmers of Forty Centuries: 73
Feachem et al.: 127
fecal coliforms: 17, 135, 211
excreted in 24 Hours: 134
in bathing water: 211
in laundry water: 211
in natural streams: 136
survival times in soil: 134
fecal material, U.S. production
of: 75
feces
potential bacterial pathogens
in: 130
potential protozoan pathogens
in: 131
potential viral pathogens in:
130
potential worm pathogens in:
132
fecophobia: 105, 184
fertility (loss of in soils): 73
fisheries: 3
fish grown with humanure: 21
fishing: 17
fish tapeworm: 132
flies: 31, 200
Flatt, Hugh: 189
Florida: 13
flush toilets: 15, 20
food waste: 13
forests: 3
France, water use: 20
freon: 57
fungi: 39, 42, 43
breaking down petroleum: 57
enzymes replace chlorine: 57
populations in compost: 39
populations in fertile soil: 39
thermophilic: 43
Fusarium oxysporum: 60
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G

garbage disposals: 204, 211
bacteria and: 205
gastroenteritis: 18
Germany: 78, 229
Bad Kreuznach: 231
Duisberg: 231
Munich: 231
water use in: 20
germination of seeds: 40
giant intestinal fluke: 132
Gilgit: 126
global temperature changes: 4
global warming: 2, 4, 13
glossary: 238
God: 72
Gotaas: 235
gravity waterline switch: 220
graywater: 31, 96, 203, 207, 222
amount generated per person
per day: 207, 211
and boron: 206
and powdered detergents: 207
and softened water: 207
bacteria in: 209, 210
growth and survival of: 210
reproduction in storage: 211
4 steps to reuse: 205, 208
garbage disposals and: 204
health threat from: 209
rules to follow: 211
pathogens and: 209
reuse for landscape irrigation:
208
source-separated: 222
green belt: 127
Guatemala: 204
Guatemalan composting toilet:
115

H

Hamar: 120

Hantavirus: 5

health agents: 196

Healthy Hunzas: (see “Hunzas”)

heavy metals: 98, 100, 102
accumulation in plants: 100

helminths: 26, see “parasitic

worms”

hepatitis: 18, 21, 82

Hepatitis B: 127

herbicides: 56, 59

Hermiston, Oregon: 58

Himalayas: 125

HIV: 5

Hoitink, Harry: 60

hookworm: 132, 148
survival time of: 149

Hopei: 110

hormones: 19

Howard, Sir Albert: 29, 48, 54,
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126
Huangpu River: 82
human consumption: 3, 4
human excrement: 21
four ways to deal with: 25
tons produced per year: 101
using raw: 21, 25, 75
U.S. production of: 75
water needed to flush: 101
weight of per capita: 74
Human Nutrient Cycle: 9, 10-11,
human pathogenic potential: 3
human population: 3
human waste: 8, 73
U.S. production of: 75
water needed to flush: 20, 101
humans as pathogens: 70
humans vs. nature: 70
humanure: 41
tons of water needed to flush:
101
bacteria per gram in: 41
composition of: 35
dangers of: 122
discarded: 12
dollar value of: 15
feeding to algae: 21
global production of: 14
nutrient value of: 14
pathogen survival in: 137
raw: 21, 75
recycling: 21
U.S. production of: 75
thermophiles in: 41
tons per square mile: 15
weight of, per capita: 74
humanure, danger of: 21
Humanure Hacienda: 174-175
humility: 70
humus: 19, 22, 28, 70
Hunzakuts: 126
Hunzas: 29, 125
hydric soil: 210
hydrobotanical method: 213
hydrogen ion: 38
hydrophyte: 210
hyperthermophiles: 37

incinerating toilet: 198
incineration: 58, 102
India: 29, 48, 113, 156
indicator bacteria: 135
indicator pathogens: 134
Indore process: 48

inks: 65

inoculants: 52-53
insecticides: 56

intestinal parasites: 21, 26

J

jail fever: 77, 79

Japan: 21, 72, 81, 201, 228
Jews: 78

junk mail: 65

K

Kervran-Effect: 100
King, Dr. F.H.: 73, 200
Korea: 21, 201
Koreans: 72

L

lagoons: 92, 93, 143, 144
lakes: 17
landfill: 12, 13
contamination plumes: 13
methane: 13
lavatory fluid: 123
leachate: 178
leachate barrier: 178
leachate collection: 178
lead: 57, 100, 102
lead-contaminated soil: 57, 100
legalities: 197
regarding the composting of

humanure: 197
leguminous plants: 75
lignin: 42
lime: 48, 53, 54
lime stabilized sludge: 53
lipids: 55
London, England: 79
Long Island Sound: 19
Los Angeles: 17
Lovley, Derek: 57
Lubke, Sigfried: 57
lumber, pressure treated: 36
lung fluke: 132
Lyme’s Disease: 5

macroorganisms: 28

magnification: 27

manures: 22, 35
comparisons of: 35
dog: 64

Mars: 6

marsh filters: 96, 213

mercury: 97

mesophiles: 37, 40

methane: 13, 32

methyl bromide: 60

methylene chloride: 89

Mexican biological digester: 83

Mexico: 113

microbial biodiversity: 45

microbial rock filter: 213
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microhusbandry: 25
microorganisms: 37, 39
antibiotic production: 44
biodiversity: 45
mesophilic: 37
thermophilic: 37
microwave toilet: 102
Miguel: 37
Milan, ltaly: 78
Milorganite: 98
minimum infective doses: 47,
128
missionaries: 229
Missoula, Montana: 234, 232
Mother Earth News: 28
motor oil: 97
mouldering toilets: 103
pathogens in: 144
mulch basins: 212, 219
multiverse: 72
multrum toilet: 114, 131
munitions sites: 58

N

Native Americans: 79
naturalchemy: 27
nematodes: 44
Netherlands: 229
New England: 79
New York State: 17
sludge produced: 100
newspaper: 65
pigment: 65
newsprint: 65
night soil: 8, 21, 25, 73, 75, 127,
in Asia: 21, 73
in Japan: 81
pathogen inactivation in: 26
nitrates: 20, 142
nitrogen: 19, 33, 49, 75
loss due to C/N ratio: 33, 34
loss due to turning: 49
Norway: 114
Nova Scotia: 52, 228, 229, 232
organics ban date: 52, 229
composting: 229, 232
green cart: 229
nuclear arms race: 71
nuns: 69
nutrient runoff: 20

o)

ocean sludge ban: 19
oil: 97
Oklahoma: 99
On-Farm Composting
Handbook: 27
organic matter: 28
calcium movement through
soil: 54
loss due to turning: 49

53 PM
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organic waste: 6, 13
organochlorines: 94
outhouse: 85, 142
pollution through dry soil: 86
pollution through wet soil: 85
oxidation ponds: 92, 228
oxygen: 27, 31
in water: 19
tension: 51
ozone: 94
ozone depletion: 5

P

Pakistan: 125
parasitic worms: 131, 132, 145
egg death: 140
survival in soil: 140
thermal death points: 147
paratyphoid fever: 130
pathogenic population: 179
pathogens: 44, 51, 127
bacterial: 130
survival in soil: 139
death: 144
and compost turning: 51
safety zone for: 152
time/temperature factor: 151
destroying in compost: 44, 51,
144
in compost toilets: 144
in conventional sewage treat-
ment plants: 142, 143
in lagoons: 143, 144
in outhouses: 142
in septic tanks: 142, 143
in soil: 147
in urine: 128
minimal infective doses: 47,
128
persistence of: 136
in sludge, feces/urine: 137
in soil: 136, 147
on crops: 136
in compost: 147
protozoan: 131
survival: 147
temperature to destroy: 45
thermal death points for: 147
transmission through various
toilet systems: 137
virulence: 128
viruses: 130
survival in soil: 138-139
worms: 132
PCBs: 58, 94, 97
PCPs: 57
Pennsylvania: 200
pestilences: 77
Peten Jungle: 204
pet manures: 64,
petroleum: 57
pH: 38, 54, 181
pharmaceutical drugs: 18, 37

Philippines: 117
Phoenix: 119
phytotoxins: 43
phytophthora: 60
pinworm: 145-148
pit latrines: 85, 142

surviving pathogens: 142
plague: 77
plants: 60

acquiring resistance to dis-

ease: 60

legumes: 75
plant pathogens: 60
Plymouth Colony: 79
pneumonia: 18
polioviruses: 137

survival in soil : 139
Pope Innocent VIII: 78
population increase: 16
pork tapeworm: 132
portable toilets: 230
Portland, Oregon: 59
powdery mildew: 62
Practical Self-Sufficiency: 189
pressure-treated lumber: 36, 56
primal compost: 156
proper sanitation: 19
protozoa: 44, 131

survival time in soil: 138

Protestant: 78
psychrophiles: 37
Purves, Mr.: 97
putrefaction: 90
pythium: 60

R

rainwater collection: 175
rats: 192

RDX: 58

rectal cancer: 95
redworms: 66

reed: 213

reed bed treatment: 213
religion: 72

Reotemp: 117
respiratory disease: 18
retention time: 179
Rhizoctonia root rot: 60
rivers: 17

Rockland County, NY: 59
rock reed filter: 213
Rodale, J.I.: 27, 54
Rodale, Robert: 48

root zone method: 213
Rotaviruses: 130
roundworm (see “Ascaris”)
Rybczynski: 111

S

Sahara Desert: 37
Salmonella: 45, 46, 51, 99
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salmonellosis: 18
sand mounds: 87
sanitary landfills: 12
sanitation: 19, 82, 127
lacking in world: 19
defined: 19
of compost: 44-46
Santa Monica Bay: 18
Satan: 77
Sawdust: 35, 36, 104, 178
cover material: 159
decomposition rates of: 35
from treated lumber: 160, 178
hardwood: 35
kiln-dried: 36, 178
moisture content of: 36
sawmill: 159, 178
softwood: 35
soil acidity and: 178
sawdust toilet: 141, 159, 172,
185
$25 toilet plans: 162
advantages of: 171
bins: 172, 173
biological sponge: 173
camping: 186
chlorine and: 161
cover material: 172
disadvantages of: 172
do’s and don’ts: 170
frequently asked questions:
190-191
misinformation: 185
on camping trips: 186
photos:163, 164, 167, 168-169
reserve capacity: 165
rinse water used with: 161
statistics: 161
three components of: 172
urinal: 164
vital statistics: 161
with hinged seat: 162, 164
with lift-off top: 166-167
Scandinavia: 114
S.CAT: 119
Scharff, Dr. J. W.: 25
schistosome: 132
Schenectady: 37
seed germination: 40
separation of urine from feces:
(see “urine”)
septic: 89
septic systems: 87, 88
density per square mile: 90
toxic chemicals released: 89
septic tanks: 87, 88
cleaners: 90
cross section: 88
ground water pollution: 89
pumping: 205
transmission of pathogens
through: 90, 142, 143
sewage: 9, 228
collected by truck: 228
toxins in: 12

1:53 PM Pag 54

spills: 17
sewage plant: 91
pathogens in: 142
sewage pollution: 12
beaches: 17
coastal: 17
discharges: 17
sewage overflows: 17
surface water: 91
water supplies: 79
sewage sludge: 19, 91
activated: 91
agricultural use of: 97, 98
amount generated in U.S.:
100
bacteria survival in: 137
resistance to antibiotics: 99
resistance to heavy metal
poisoning: 99
beef tapeworm and: 99
burning: 102
composted: 100, 232
detoxifying contamination
and: 100
disposal of in forests: 99
dumping of: 19
fertilizer once sold: 98
forest application: 99
grazing on pastureland: 99
heavy metals in: 97, 98, 100
incinerating: 102
lime-stabilized: 53
lime, effects of: 54
microbes in: 91, 98
ocean dumping of: 19
parasitic worm eggs in: 99
pathogen survival in: 137
production in NY: 100
toxic pollutants in: 97
used motor oil in: 97
worm eggs in: 99, 133
sewage treatment water (releas-
es to U.S. surface waters): 91
sewers:
combined: 91
toxic discharges to: 97
Seymour Johnson Air Force
Base: 58
Shang Dynasty: 72
Shanghai: 21, 74, 82
Shantung: 111
sheep liver fluke: 132
shigella: 130
shigellosis: 18
Sides, S.: 28
siltation: 20
Singapore: 25
Sir Albert Howard: see Howard
Sisters of Humility: 69
skin cancers: 5
skin infections: 18
sludge: (see “sewage sludge”)
sludge composting: 46, 100
in the United States: 232
facilities: 232

soil
contaminated: 58
fertility loss: 73
fossil fuels and: 73
microorganisms in: 44
nitrogen: 75
pathogen survival in: 136
remediation: 58
sterile: 60
thermophiles in: 37
soilbeds: 212, 220, 221
soilboxes: 220, 221
Solar Aquatics: 96
solid waste discarded: 12
Solar Composting Advanced
Toilet: 119
solar energy: 28
Solar Survival Architecture: 219
solar toilet: 116
solid waste: 12
source separation: 233
South Asia sanitation: 17
South Korea: 21
soy-based inks: 65
Spain: 78
sperm counts: 5
spirituality: 69
spontaneous combustion: 37
St. Abraham: 77
St. Sylvia: 77
Stanley, Dr. Arthur: 82
Steiner, Dr. Rudolph: 123
Stinger: 59
stool analysis: 135, 181
stormwater filters: 59, 61
stormwater runoff (filtration): 59
straw, decomposition of: 35
subsurface flow wetland: 213,
diagram: 214-215
summer solstice: 177
Sun-Mar: 120
Superfund: 5, 58
surface flow wetland: 213
diagram: 214
Sven Linden: 120
swear-words: 122
sweating sickness: 77
swimming: 17
synthetic chemicals: 5
Systemic Acquired Resistance:
60

T

Taiwan: 21, 228

Tanzania: 117

TCE: 57

Technisch Bureau Hamar: 120
temperature conversions: 237
Tennessee: 199

Texas: 99

Thames River: 80

thermometer source: 117
thermophilic microorganisms: 37
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age of: 40
antimicrobial compounds: 46
Bacillus: 41
stearothermophilus: 41
distribution in nature: 40
evolution: 40
extreme thermophiles: 37
heat produced by: 45
in soils: 37
quantity in humanure: 41
Thornton, Joe: 95
threadworm: 132
three bin composting: 174-175
tipping fees: 14
TNT: 56, 58
toilet paper: 91
toilets (see “composting toilet”)
as collection devices: 103,
141, 229
bucket (see “bucket”)
of the future: 229
pathogen transfer: 137
portable: 230
sawdust (see “sawdust”)
topsoil: see “soil”
Tories: 80
toxic discharges: 97
toxic waste: 5, 97
triazine: 56
Transline: 59
Tucson: 208
turning compost: 48
typhoid fever: 12, 18, 21, 77,
124, 130

U

Umatilla Army Depot: 58
underground storage tanks: 58
Universal Ancestor: 40
untouchables: 156
uranium: 57
urine: 31, 123
potential pathogens in: 128,
129
segregation of: 108, 110, 112,
122,170
use in compost: 31
used motor oil: 97
U.S. government, condemning
humanure: 124

\"

Vapor Phase Biofilter: 59, 61

vegetated submerged bed: 213

Vera Toga composting toilet: 118

vermicomposting: 66

Vibrio cholerae: 130

Victoria, Queen: 80

Vietnam: 111

Vietnamese Double Vault: 111
exported to Mexico and
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Central America: 113
viruses: 129, 130
survival in soil: 138-139
VOCs: 89

w

Wad, Y. D.: 48
Wales: 229
Ward, Barbara: 101
waste: 6
waste disposal systems: 83
waste production: 6
waste stabilization ponds: 92
pathogens in: 144
transmission of pathogens
through: 143
wastewater treatment plants: 18,
91, 142
costs of maintenance and
upkeep: 100
chlorine use in: 94
transmission of pathogens
through: 142, 143
water: 16 (see also “drinking”)
agricultural pollution of: 20
amount Americans use: 16
amount used by nuclear reac-
tors: 16
appliance use: 208
bacterial analyses of: 136
cleanliness standards: 18
depletion: 20
drinking: 16
people currently lacking
access to: 16, 19
drugs in: 19

EPA recreational water cleanli-

ness standards: 18
flushing: 15
nitrate polluted: 19
per capita usage: 16, 20
pharmaceutical drugs in: 18
polluted: 17, 18
agricultural: 20
impacts: 17
number of people who die
each year from: 19
U.S. coastal waters: 17
replacement rates: 20
swimming in: 17, 18
tons needed to flush: 20, 101
quantity used: 16
using it up: 20
water softeners: 207
water tables: 3
water use of appliances: 208
Watson Wick: 212
weed seeds: 62
Westerberg: 45
wetland: 213
wetland plants: 217
illustrated: 218
whipworm: 132, 149

White, Andrew D.: 77

Wiley: 45

witches: 78

wood ashes: 53

wood chips: 66

wood preservatives: 36

Woods End Laboratory: 65, 117

Woods End Agricultural Institute:
117

Woods End Europe: 117

World Scientists Warning to
Humanity: 1

worm boxes: 66

worm castings: 66

worms, parasitic: 121, 132

Y

Y2K: 187
yeasts: 27
Yersinia: 130
Yersiniosis: 130
Yucatan: 83, 203
Yonkers: 17

V4

zooplankton: 92
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