








APPENDIX 4

Temperature Curve of Humanure Compost After Spring Thaw

1 40 25 days
i . ‘ Compost

) g * "
1 20 524 hours above this .t_e'mper'ature en'su_res toté\pathogen detath 20 depth

emp. ensures total f)'a.thoge death —_—

j Compost

i human body temperature " h
8" dept

100

80 .
__Outside

50 . ambient temp.
_.". A L o This graph illustrates the intemal rise in temperature of
40 — no R a compost pile collected over a five month period

K during late fall and winter in the cold northern
: hemisphere. Once the pile thawed in spring it
L autormatically began thermophilic activity sufficient for
human pathogen destruction. This compost consisted
of human urine and fecal material collected ina
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The humanure was covered with straw after being
4/4 6/26  deposited on the outdoor, earth-bottomed,
Da S (4/4/94 to 5/26/94) open-topped compost pile. Kitchen food scraps and
y some garden refuse, as well as a small amount of
chicken manure were also added to this compost. This
pile was not turned or manually aerated in any way. No
compost starters whatsoever were used.

Temperature in Degrees Fahrenhei

The above graph provides an illustration that human fecal material and urine when collected in a sawdust toilet and
layered on an outdoor, earth-bottomed, wooden compost bin open to the rain, covered with straw and additional food
scraps, a small amount of garden refuse, and a small amount of chicken manure, will undergo thermophilic composting
automatically, even after being frozen for months. No turning is necessary, although the pile should be covered with a
layer of insulating material after it has thawed, such as straw, animal manures, or earth, to hold in heat. According to
Gotaas (Composting, 1956, p. 20), disease causing bacteria are unable to survive temperatures of 55-60 degrees C
(130-140F) for longer than thirty miniutes to one hour. Dr. T. Glbson (Complete Book of Composting, J. |. Rodale, 1960,
p. 650) states, "Alf the evidence shows that a few hours at 120 degrees Fahrenheit [approx. 50C] would efiminate
[disease causing microorganisms] completely. There should be a wide margin of safety if that temperature were
maintained for 24 hours.” Franceys, et. al. (A Guide to the Development of On-site Sanitation, 1992, p.214) state, "Alf
fecal [pathogenic] microorganisms, including enteric viruses and roundworm eggs, will die if the temperature exceeds 46
degrees C [115F] for one week. Fly eggs, larvae and pupae are also killed at these temperatures.” According to
Feachem, et. al. (Appropriate Technology for Water Supply and Sanitation,1980), complete pathogen destruction is
guaranteed by arriving at a temperature of 62 degrees C [144F] for one hour, 50 degrees C [122F] for one day, 46
degrees C [115F] for one week, or 43 degrees C [110 F] for one month. Westerberg and Wiley (Applied Microblology,
December, 1969) found that three days at 116 to 130 degrees Fahrenheit killed all of the polio virus, saimonella,
roundworm eggs and Candida albicans in infected compost.
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GLOSSARY OF TERMS

activated sludge
Sewage sludge that
is treated by forcing
air through it in order
to activate the bene-
ficial microbial popu-
lations resident in
the sludge.

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

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

Ascaris
A genus of round-
worm parasitic to
humans.

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

carbonaceous
Consisting of or con-
taining carbon.

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 decom-
posing vegetable
refuse, manure, etc.,
for fertilizing and
conditioning soil.

continuous composting
A system of com-
posting in which
organic refuse mate-
rial is continuously
or daily added to the

compost bin or pit.

cryptosporidia
A pathogenic proto-
zoa which causes
diarrhea in humans.

enteric
Intestinal

fecophobia
Fear of fecal materi-
al, especially in
regard to the use of
human fecal material
for agricultural pur-
poses.

green manure
Vegetation grown to
be used as fertilizer
for the soil, either by
direct application of
the vegetation to the
soil, by composting it
before soil applica-
tion, or by the legu-
minous fixing of
nitrogen in the root
nodules of the vege-
tation.
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heavy metal
Metals such as gold,
platinum, lead, mer-
cury, cadmium, etc.,
having more than
five times the weight
of water. Some
heavy metals, when
unnaturally concen-
trated in the environ-
ment, pose a signifi-
cant health risk to
humans.

helminth
A worm or worm-like
animal, especially
parasitic worms of
the human digestive
system, such as the
roundworm or hook-
worm.

human nutrient cycle
The endlessly
repeating cyclical
movement of nutri-
ents from soil to
plants and animals,
to humans, and back
to soil.

humanure
Human feces and
urine used for agri-
culture purposes.
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humus
A dark, loamy,
organic material
resulting from the
decay of plant and
animal refuse.

hygiene
Sanitary practices,
cleanliness.

indicator pathogen
A pathogen whose
occurrence serves
as evidence that cer-
tain environmental
conditions, such as
pollution, exist.

latrine
A toilet, often for the
use of a large num-
ber of people.

macroorganism
An organism which,
unlike a microorgan-
ism, can be seen by
the naked eye, such
as an earthworm.

mesophile
Microorganisms
which thrive at medi-
um temperatures
(20-37C or 68-
98.6F).

mefric ton
A measure of weight
equal to 1,000 kilo-
grams or 2,204.62
pounds.

microhusbandry
The cultivation of
microscopic organ-
isms for the purpose
of benefiting human-
ity, such as in the
production of fer-
mented foods, or in
the decomposition of
organic refuse mate-
rials.

moulder (also molder)
To slowly decay,
generally at temper-
atures below that of
the human body.

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

naturalchemy
The transformation
of seemingly value-




less materials into
materials of high
value using only nat-
ural 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 mater-
ial from an animal or
vegetable source,
such as refuse in the
form of manure or
food scraps; also a
form of agriculture
which employs fertil-
izers and soil condi-
tioners that are pri-
marily derived from
animal or vegetable

sources as opposed
to mineral or petro-
chemical sources.

pathogen
A disease-causing
microorganism.

pH
A symbol for the

degree of acidity or
alkalinity in a solu-
tion, ranging in value
from 1 to 14, below
7 is acidic, above 7
is alkaline, 7 is neu-
tral.

pit latrine

A latrine consisting
of a hole or pit in the
ground, into which
human excrement is
deposited. Known as
an outhouse or privy
when sheltered by a
small building.

protozoa

Tiny, mostly micro-
scopic animals each
consisting of a sin-
gle cell or a group of
more or less identi-
cal cells, and living
primarily 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 of a genus of
flukes that live as
parasites in the
blood vessels of
mammals, including
humans.

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

shigella |
Rod shaped bacte-
ria, certain species
of which cause
dysentery.

sludge
The heavy sediment
in a sewage or sep-
tic tank.

sustainable
Able to be continued
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indefinitely without
a significant nega-
tive impact on the

environment or its

inhabitants.

thermophilic
Characterized by
having an affinity
for high tempera-
tures, or for being
able to generate
high temperatures,
such as in regard to
thermophilic
microorganisms.

virus
Any of a group of
submicroscopic
pathogens which
multiply only in con-
nection 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
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waste, often pollut-
ed with human
excrements or other
human pollutants,
and discharged into
any of various
wastewater treat-
ment 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 inhabitants.
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a

acid precipitation, 22
activated sludge, 72-73, 189
adenovirus, 113

AlasCan toilet, 107
aquaculture, 25

Ascaris lumbricoides, (see also roundworm,
pathogenic worms) 89-90, 105, 114-116,

131, 161, 189
Survival in soil, 123, 132
Viability of eggs, 116, 118

b

bacteria, 32, 33, 113, 189
Aerobic, 37, 141, 189
Anaerobic, 37, 189
Fecal, 113-114
Indicator, 117, 118, 121
Survival in humanure, 122
Survival in soil,118, 120
Survival on crops, 118
Thermophilic, 138

BHT, 45

bins, 36, 99, 148, 157
Three-chambered, 159

biobins, in Germany, 179

bioregionalism, 140

Black Death, 59

BOTVIP latrine, 67

Brown, Lester, 22

Buddhism, 56

C

camp composter, 168, 171
carbon dioxide, atmospheric, 21
carbon/nitrogen ratio, 38, 40, 87
and Nitrogen loss, 39
cartage systems, 157
Celsius/Fahrenheit conversions, 186
China, 51, 79, 96, 97,98, 112, 116, 173
chloramines, 75
chlorine, 18, 73-74
cholera, 59, 61, 114, 127
Christianity, 58, 59
circadian rhythm, 163
Clivus Multrum, 87, 93-95, 107
Analysis of finished compost, 95
Quantity of compost produced, 93
Water conserved by, 93
C/N ratio, 38, 40, 87, 104, 105, 149, 189
coliforms
Fecal, 117,118
Total, 117
combined sewers, 72, 189
compost, 32, 33, 189
Aeration, 105, 147
“Asian, 96-99
Benefits of, 32-35
Bins, 36, 99, 148, 157
Capacity to hold water, 32
and Chemobyl, 35

Continuous, 104, 140, 142, 148, 160, 189

Control of plant diseases, 33, 34
Covering, 37, 138, 153, 173
Defined, 31, 189

and Diesel oil, 34

Flat-topped, 37, 166

Frozen, 37, 164, 187

Heavy metals, 79

Laboratory analysis of, 181, 184
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Layering, 38

Management of, 104, 152, 166

Materials to avoid in, 45

Moisture content of, 35-37, 146-147

Mouldering, 87, 88-95, 150

Necessities for, 146-149

Nitrogen loss, 39

Oxygen, 104, 105, 147-149

Piling of, 35

Pits, 36, 98, 99

Shrinkage, 44

Temperatures, 37, 89, 98, 125, 131,
133, 145, 164-169, 180-81, 187

Thermometers, 46

Thermophilic, 85, 87, 88, 104, 127, 141,
143-145

Time factor, 131, 133, 163

and TNT, 35

Turning of, 104, 140, 142, 148

and Uranium, 35

Urine in, 105, 146

Watering, 146

composting (see also compost), 24

Active, 85

Aeration, 105, 147

Asian, 96-99

Basement, 103

Bin construction, 99, 148, 157, 159

Cartage systems, 158

Continuous, 104, 140, 142, 148,160

Experimental, 142

Mouldering, 87, 88-95, 150

and Oxygen, 104, 147-148

Passive, 85, 90, 92

Sources of information, 174

Thermophilic, 85, 87, 88, 104, 112,
127, 131, 138, 141, 143-145

Time factor, 131, 133, 163

composting toilets,
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Aerobic, 98-99, 104

Anaerobic, 98, 105

Cartage systems, 158

Low-tech, 100

Pathogen transmission through, 125, 127
Plans for, 107-108

Sawdust toilet, 100, 101, 152, 153, 154,
155, 161, 162, 165, 167, 169, 170
Sources of, 107-108
Confucius, 57
cover material, 87, 92, 101, 138, 146,
148, 153,173
coxsackievirus, 113
cryptosporidia, 189

d

deforestation, 22
diarrhea, 20, 113, 114
dioxin, 74

disposable diapers, 45
dysentery, 114

€

earthworms, 163
echovirus, 113
Egypt, composting of sludge in, 179
Escherichia coli, 114,117, 144
Europe

Diseases of the middle ages, 59
extinction of plants and animals, 21

f

Fahm, Lattee, 80
Fahrenheit/Celsius conversions, 186
farmland, loss of, 22
feces and urine
Raw use of, 53, 86, 112, 131
Separation of, 41-42, 86, 91, 147
Weight of, 52
fecophobia, 41, 43, 86, 109, 189
fertilizers
Chemical, 18, 19
Pollution from, 19



Flatt, Hugh, 161
flies, 173
food

Exports, 51

Refuse generated by American cities, 15
" fossil fuels, 22

fungi, 143, 145, 163
fusarium, 34

8

Germany, municipal composting,
179
Biobins, 179
Giardia lamblia, 114
Gibson, Dr. T., 168
global warming, 21-22
Gotaas, 43, 181
greenbelt around Asian cities, 112
green manure, 189
Guatemalan mouldering toilet, 91

h

heavy metals, 71, 77, 79- 81, 190
transmutation, 80
helminths, 113, 190
hepatitis A, 113
hepatitis B, 112
Hinduism, 56
hookworms, 121, 127, 129, 131
Horvath, Joseph C., 79-80
Howard, Sir Albert, 35, 36, 48, 140, 141
human nutrient cycle, 11, 12, 13, 88, 190
humanure, 7, 8, 14, 190
C/N ratio of, 39
Composition of, 39
Dollar value, 16
Per square mile of arable land, 15
human waste, 7, 14, 21, 24, 25, 53-54
humus, 31, 32, 145, 190
Hunzas, 35, 110

1

India, 99, 140, 142

indicator bacteria, 117, 118
Survival in humanure,121

indicator pathogens, 116, 190

Indore process, 140, 141

inks, 46, 50

)

jail fever, 59-60
Japan, 51, 173, 178
Jews, torture of, 59

k

Kervran-Effect, 80
King, Dr. F. H., 52, 173
Korea, 51, 65, 173

1

landfills, 15, 78-79
latrine, 190
double pit, 161
(see also Vietnamese double vauit)
legalities, 170
Leptospires, 120, 127
lime, 38, 47-48, 140, 142, 162
Lovley, Derek, 35
Lubke, Sigfried, 35

m

macroorganisms, 145, 190
Marino toilet, 42
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mesophile, 143, 144, 190

metric conversions, 185
ton, 190

microwave toilet, 81

microhusbandry, 29, 190

Miquel, 144

moulder, 190

mouldering toilets, 29, 86-95
Commercial, 86, 92, 95
Guatemalan, 91
Non-commercial, 86, 88-90

Transmissior. of pathogens through, 125,

127
mulch, 30, 190
Multrum toilet, 92-94

Transmission of pathogens through, 125,

127

(|

Native Americans, 60
naturalchemy, 31, 190
newspapers, 45

night soil, 7, 25, 29, 51, 53, 58, 112, 158, 191

nitrates, 18-19, 123, 191

nitrogen, 52, 95, 162
loss, 39

Norway, 92

0

odor elimination, 37, 87, 101, 151, 156, 172

oil reserves, 51
organic, 191
organic refuse, 31
outhouse, 66

Pathogen transfer through, 123
oxygen, 38, 104, 105, 125, 147, 148
ozone, 21
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P

Pakistan, 110
parasites (see pathogenic worms)
paratyphoid, 113
pathogen, 191
pathogenic worms, 113, 114-116, 118, 126-
131, 161
Eggs, 116, 118, 131
Fecal, 114, 115
Survival in humanure, 122
Survival in soil, 118, 121
pathogens, 29, 111
Defined, 87
Eliminating from humanure, 122
Indicator, 116
Persistence in crops and humanure, 117
Persistence in soil, 118
Survival in thermophilic compost, 127
pH, 33, 47-48, 162, 191
phosphorous, 19, 53, 95, 162
phytophtora, 34
pinworms, 127, 128
Eggs in feces, 128
pit latrine, 66, 191
Ventilated improved, 67
Pollution from, 66, 68
Pathogen transfer through, 123
Plague, 59
poliovirus, 113, 120
population growth, 22
Postel, Sandra, 21
potassium, 19, 53, 95, 162
pour flush latrine, 67
pressure treated lumber, 156
protozoa, 113, 191
Fecal, 114
Survival in humanure, 122
Survival in soil, 118, 119
Survival on crops, 118
psychrophile, 143, 191
pythium, 34



r

recycling, 15

reovirus, 113

Rodale, J. 1., 48

Rodale, Robert, 140

rotavirus, 113

roundworm, (see also Ascaris, pathogenic
worms) 89-90, 98, 105, 121, 127, 130, 131,
161

Rumpelstiltskin, 31

S

Salmonella, 113, 114, 118, 127
sand mound, 69
sanitary napkins, 45
sawdust, 40, 41, 44, 151, 155, 156
sawdust toilet, 100-102, 153, 154, 155, 161,
162, 164-165, 167, 169, 170
Quantity of sawdust required for, 155
Scandinavia, 92
schistosome, 131, 191
septic, defined, 70
septic systems, 68-71, 171
Pollution from, 70
and Population density, 71
septic, 70, 191
septic tank
Capacity, 68
Cross-section, 68
Distribution system, 69
Pathogen transfer through, 123
sewage pollution, 16, 17
Beaches, 16
Ocean dumping, [7-18
sewers, (see also wastewater treatment)
Combined, 72
Pollutants in, 77
Cost comparison to manual collection, 178
shigella, 113, 114, 127, 191
Sides, S., 33

sludge, 73, 191
Activated, 72-73
Agricultural use of, 76-78, 83
Bacteria resistant to antibiotics in, 78
Composting in Egypt, 179
Composting in U.S., 178, 179
Forest disposal of, 78-79
Heavy metals in, 77, 79-80
Incineration of, 81
solar greenhouse wastewater treatment, 76
stool analysis, 116-117, 122, 129, 130, 162-
163
Streptococci, 120
Sun Mar toilet, 107
sweating sickness, 59
sustainability, 9, 23, 55, 191
synthetic organic compounds, 70, 71

t

Tao, 57
of Compost, 139, 140
temperature conversions, 186
temperature of compost, 37, 89, 98, 125,131,
133, 145, 164, 168, 169, 180, 181, 187
Required for pathogen death, 145, 125,
133, 187
Tester, Cecil, 48
thermometer
Compost, 46
Sources of, 185
thermophilic, 192
thermophilic bacteria, 138
In humanure, 144
thermophilic composting, 29, 38, 43-44 58,
138, 143
Conditions required for, 142
Transfer of pathogens through, 125, 127
thermophilic microorganisms, 143, 144
Number in humanure, 144
time factor in compost, 131, 133, 162-163
toilets (see also multrum, mouldering)
Botvip latrine, 67
Double pit, 161
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Guatemalan mouldering toilet, 91
Microwave, 81
Marino, 42
Multrum, 92-94
Outhouses (see pit latrines)
Pit Latrines, 66-68 (see also separate list
-ing)
Pour-flush latrines, 67
Sawdust, 100-102, 153, 154, 155, 161,
162, 164-165, 167, 169, 170
Transmission of pathogens through
composting toilets, 127
Water consumption of, 18
toilet paper, 44, 73
topsoil, 33
Loss, 22, 51
Tsu, Lao, 57
turning of compost, 140, 142, 147, 148
typhoid, 59, 113, 120

u

urine (see also feces/urine)
Pathogens in, 112
In compost, 105,146

\Y

vaults, 98
vibrios, 114
Vietnam, 96, 98-99
Vietnamese double vault, 99, 161
viruses, 113, 127, 192
Fecal, 113
Survival in humanure, 121
Survival in soil, 118-120
Survival on crops, 128

W

Ward, Barbara, 80
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waste, 7,21, 192
Reduction, 23, 54
Solid waste generated in U.S., 14, 21, 23
waste stabilization ponds, 124-125
Transmission of pathogens through, 125
wastewater, 192
wastewater treatment plants, 72, 73, 123,
124
and Chilorine, 73
Solar greenhouse, 76
Transfer of pathogens through, 124
water
Consumption, 20
Pollution, deaths from, 20
Testing, 117
wetlands, constructed or artificial, 75, 76
whipworms, 130
White, Andrew D., 59
winemaking, 30-31
witches, 59, 109
wood ashes, 47, 162
Wood’s End Laboratory, 46, 135, 184
worms (see pathogenic worms, also
Ascaris lumbricoides, hookworm,
roundworm, whipworm, pinworm,
helminths)

y

yeasts, 32
yersinia, 114
Yucatan, 65

Z

Zen, 57



