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Fentility: Transforming Human Waste into Human Wealth describes the e
‘himan waste to maintain the fertility of food-producing soils. No agrn
d sustainable if the nutrients in human waste are not retumed safely and
ﬂﬁwﬂl‘hdl they came. Chemical fertilizers have served to replenish som
mmluwm soil when human waste is not recycled pmperiv These y v
increasingly expensive, less effective and, for many people, scarce I'wo Examples of Systems to Grow All our Food
nﬁﬂhm?x{ﬁCCmNursmmnmdbw‘im Supply Dealer, United - e
of anhydrous ammonia, a chemical nitrogen fertilizer that is increasingly :
Furthermore, China, India and the United States, with their increasis
, are all importers of chemical fertilizers. Organic fentilizers, in contrast o - Chanter 6 ir Challe and Opportunity
| mnlwmcdnumm However; chemical icrt|lm~r\.:m!.»:hr: i ' ik E
petroleum are usually used to grow the crops and/or animals from
hﬂfm The fertilizer of the future, if we ure to maintain ferile Select Bibliography
zer we all possess - human waste, )
I nwas oniginally The Tao of Poo: Transforming Human Wasie into
lﬂhbuuotm because of legal considertions. Tao means the Way : Appendices
: . sees the universe as filled with opposites (day / night, good /
un} The Tao is the fluid, ever-changing balance between
into harmony in one's mind, one can sce the true nature
mmm others and the environment as a whole. A. A. Milne's
Ml@lll.llmysmpﬂfmhlam with himself and whatever is
m}.m huats apposites, and hopefully soon we will
full of i ausing org ) but its positive
% mi-ﬂﬂnmcmg] By acknowledging its negative
th Some Brains will hopefully leam to retum our
1e dl and live in healthy balance with the Earth
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Introduction

How would it be 1f yu
fertlizer while still maintxining ar
y properiy recycling human wasic, you
1o give life 1o you. At the same [Lme, YOu
and dump less (or no) poliution inio (e A
promising alternative systc
dasadvantages of the modemn conven jonal me
PuHu:mnn Many of these altsnanves not
10 human waste, but return the minen
orgamc matter 1o the soil, 50 that the soil ¢
all of the knowledge humaniand |
do pot kmow fully how 1o use our unne and
and efficient, will not spread disease, and
0 as soils continue to lose the m

developing a way to recycle your
simation. Before any method is a
mﬂmdmbeperf-mneh and 1t w
awhorizy. Applying human b
Improperly recycling human wastz
spread many serious diseases su
properiy treated 1o kall the path
persist in the soil and ching w the surt
enier the body of the person who ¢
When human waste is properi)
be reclammed and maintained in a way
scarce non-Tenewabie resources such

Fesources not genersted by

our children, their children and the many
liwes 10 come depends entirely on how we
truly heaithy plants, healthy food. health;
2 healthy soil in 2 way that is susta

O
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and that exciting!

keep up with the people’s

even emptied ar all, and
wagons™ and "honcy

“Give back 1 Nature as much as
and She wil

- Alan Chadwick, creator of the biodynamiciF

207, 22

¢ (Emmaus, PA: Rodale Press, 1511), pp. &
codErve 5 the Flush




busckets™ used m cart away the privies com
cholera and yellow fever, as social probiems 2
Quitary ements increased. In response, many

{which had replaced cesspools and privies) to their nerwork ¢
away siorm water. While storm water cou id run throug
waterways without difficuiry, raw sewage runmng throu
rivers into which it was discharged and spread discase an
forced w Jook for other places to dump their sewage, and onc
outlying farmland. Liguid sewage from the cities was dumped at onc
and, as it mickied through the sloping fields, was punf ied by I
seached the end of the fields, it was claimed to be drinkable. Howes
mechanical and bacterial sewage treamment techn were develap
seemingly involved less risk to public health. A It, sewage farms and c
returned the sewage 10 the land were largely abandoned.

more from it than we give

m the soil and incorporate

vy contain are removed from
cept when our bodies are
urine and mam

the Incans, we did not consider the
extensively pursued how to retum ¢
onginally came. We simply wanted
pealize the real costs of this short-s1g

After each flush of 110 7 gallon
sewage sysiem where they are punfied
standards. Primary standards are met
and the solids have setiled out from
Hquid is acrated and broken down by

Ex

t be retumed 1o the soil.
-dwelling crearures,

soil is active, the
why it must be
mpOsL.

er and cured

lly occurring plant or animal

f organic mater
ght amount of air and
. During the process of
me. 11 When the original
Cured compost is what is

slwaviolet light, chlorine or bromine before it is

SCWRZE SYStems receive most everyt
Buman urine and manure, but also toxic and cancer-c
herbicides and fungicides that are carclessly dumped do
comaming industrial wasie. Human waste, once a poten
which feed us, is rendered toxic 1o soils ance it has been mixed
industrial toxins, heavy metals, pesticides and the other w
labeling human urine and manure as "waste” and treas
285615 10 the soil into poisons and problems. Both the s
secondary and teriary standards respectively, can stil
cancer-Lauaing substances, such as pesticides and he:
0% of the sludge we produce in the United States i f
though it sull often contains dangerously high levels of heavy merals (
zinc, nickel, icad and mercury) and other toxins that can endanger the b
and those who consume the crops. The other 80% that is too poisonou
dumped into & landfill, in which case a wilderness and all of the creamres

i

ide would sull continue 10 enter
Resources 1990-91 [New York

d worldw

August 1992, p. 48,

n Speed Press, 1991), p. 42) and John Jeavons,
hwm Comg Muterials A1 Home (Willies,

ade ot the Common Ground Biomtcagve

their onginal gize, Two conditions will

The imual carboa-0-nirogen

3Cami H. Sioner, ed., Goodbye ta the Flusk Toilel (Emmaus, PA* Rodale Press

dummwnnmmunmmmmw.m‘\ Earth § :

{The Earth Works Ge

Fou Can Do To Save the Earth I_Bﬂ!edn,t‘ak Earth Works Press, 1989}, p. 48),
plam personnel of Willis, CA_ personal communication, April 1991
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TR TAttCT decomposed as the compost pile

2 pew substance called humus. Like alch g

bry ghe action of decomposing organisms such as bacteria

45 sansformed, 50 not all cured compost is humus, but it is hu
valuabie &nd essential 1o the health of the soil.

% Humus is a complex synthesis of living and dead 1
decomposed organic matier, and minerals in an inorganic stale

2 Humus is essential fi
1) Humus is an energy source for soil microbes wi v 5 Structur AR e — T
und indirectly make unavailable nutrients available wo _
2) Humus adds nitrogen and other important major and minor mine il 4
3) Humuos prevents those minerals already in the soil, especially nitro
4) Humus holds water like a sponge, increasing the amount
effect decteases the amount of imganon w he soil needs 1o
5) Homus releases the minerals and water
relanvely long period of time. ; 1
6) Humus buffers the pH of the soil, allowing acid-lovi
soil and alkaline-loving plants to survive i slightly acid
Huomus is constantly being lost from the soil
of the soil, humus in the form of cured compost m

.

be allowed to decompose and be transformed into humus, Ide
added to the soil, the minerals and humus lost from the soil «
expanded upon on pages 12-19.

Instead of retuming the minerals that are contained in our urine &
currently dump the minerals along with our waste into the oce
noaagricultural soil. Not only are the minerals not returned to t
they also cannot be composted and transformed into Jife-g
femility our lives depend. We break the cycle of giving and

ion. We cannot continue 1o live on this planet if
precious resources. What comes from our farms must be retumn.
and ourselves to survive.

The way that we break the Law of Return and the consequences we
worthy of a closer look. We use scarce witer, resources, energy and
mﬁgqridofom manure and urine which contain nutrients that on g
fetuming these nutrients to the soil, we throw them away, and in the proc
past and future fentility of our soils. Then, after throwing away our r
wide ml:tctfnupimn and trace minerals, we use more resources

essary to keep it

i

t facilibes, the adoption
man waste needs to be

uraged and which was
for your living sitoation
; human waste 10 the
iy and
neral lack of public

How To Grow More Vegetables (Berkeley, CA: Ten Speed Press, 1991), p, 45,

"o ot




Human Waste Recvcling and the Agpropoatencss of Bioip

Probably Sufficiens Nutrienis Are
Ferality if High Biointennve Yields Are €
siogen, phosphorus, porssium and ¢
applicd at the fow application rates w h
wally sufficient to fenilize the approximat
Table 2 on page 9) needed by on :
fugh (How To Grow More Veg
can be produced (see Table
suggest the appropridteness of 5

Innugficient Nutrients Are Pre
When Conventiona Agriculnual Te
commercial, chernically-depend
vegetarian diet that includes all of
area is peeded. !* There arc not enoug)
the addigonal land necded. 50 eve
techniques are employed, the farm s

deum or the ferality of

e Possibly Sufficient N
yields are pot obtained, it i
with additional cured compo
diet when mid-range Biown
application levels listed in
refies on a large smount o

scultiure does not add suffi
numents by the plants and for the reter
essential for holding nutrients in the
crops. Ifinsufficient amounts of
nutnients, and more numenis
Bicintensive Mini-Farming, the
added annually while crop vield

Second, yields produced |
steadily over time until a maximum
annually stay the same or decrease. (T
the soil, the climate, the resources ava

€ Wiy can be enoH

because as the organic matter level of the soi
and 2} the nuirients in the soil are utitized by the
fernlity may be increased, so that eventually hig
climate and sufficient water for the crops being

food-growing technk
| nit of arca
jucing the amount of
decreases worldwide as

Third, if the growing climate is such that even the incre:
production of mid-range Biointensive yields, more land will
compared to the amount of land needed when high B
15 needed. then the nutrients from human waste must be spre:
imsutficient to maintain yields and soil fernlity. However, if mi
produoced, the nutrients contained in one person's urine and manure
soil productivity if the crops grown for the diet are selected to reduce
The amount of land needed to grow one person's diet can be :
Potatoes andfor sweet potatoes in addinon to grains in the diet. Potatoes ¢

Chart on pages 159-160),
area becomes increasingly

2 and 300 years in
was developed from a system called “the
1 h was synthesized and brought to the United States by
the English master horti t, Alan Chadwick, in 1967. Ecology Action has sm_:plmrd this
ap roach and termed the method Sustainable Biointensive Mini-Farming The most important
aspects of the method are

330,000 square feet arc needed 10 grow 3 vegan diet for one

o o ! |

: person with conventional sgriculture (Kenneth E F
“Waa, The Tanic Effec {Samiond, CT- gricul Kenneih E. F
! MM%“GS fSimaur Associales, 19741, p. 41). 2,000 to 4,000 syare feet are weand




I'he Fertilizer F’uu-n“;E”f Human Waste

Double-Dug, Raised Beds

I Sustainable Biointensive Mini-Farming, crops are planted in bec
— Joosened 10 the depth of 24 inches, which creates a ‘raise
plant roots 1o penetraic easily and allows air. the most important
T enter the soil, Moisture is retained without "waterlogging ', weedi
Joaseness of the soil, and erosion is minimized

Pounds Pr

Intensive Planting

Seeds or seedlings are planted in 3- to 5-foot-wide beds usin

Each plant s placed the same distance from all plants neares t
their leaves touch, This provides a “mini-climate” under the leave
the valuable microbiotic life of the sail, retands weed growth, and
method avoids the problems encountered when planting in namow row

Composting
The high yields made possible by intensive planung would
wy of recycling all of the soil's nutrients and maintaining the soil
fertilizers, derived from increasingly scarce and expensive petrt
of the nurients lost from the soil when crops are gro 1
valte of future crops grown. Also, chemical fernl
time, damaging soul structure, soil mictobial
Sustainable Biointensive Mini-Farming
ing of arganic materials such as crop residues, m;
farm and farmer themselves. When these matenals are prop
into hurmus which provides the clements nece
described on page 4).

: Yields to Grow,.,
te Diet for One Person - and
: Fertility of the Area's

nzbly by Producing Enough
the Area on a "Closed

Research has shown that many plants g
beans and strawberries, for instance, thrive when 1
in mepelling pests, while others atract beneficial inse:
control tomato worms while its blue flowers attract bees. A
effects on the soil; for example, their deep mots loasen the subs
unavailable race minerals and nutrients.

'
—

method must all be used together for the optimum results. Mer
fwumpb.iant enough. Farmers experimenting with such intensive
umtql soil preparation and companion planting and still employir
find thy beset with d g productivity and soil fernliry

Sustainable Bicimtensive Mini-Farming, used as a whole system
even increase the health of the soil, while producing yields that are g
mechanized chemical or organic agriculture and using 67% to 83
purchased fenilizer and 99% less energy.

Warld Health Organizaton
and Philip L. Altman and
wcan Socketes for Expenimental
manure can vary more than

figures are based on the average

1991}, p. 23. Adupted from 1978
needed depends on the

i Min :
MHow Ta Grow More Vegetables. Berkeley, CA: Ten Speed Press, 1991,

« John
e 75 t
«fohn Jeavons and Carol Cox. Lazy-Bed Gardening. Berkeley, CA: Ten Speed Press, 175 pp s Apper

1992, 118 pp. 18pavid Duhon, One Circle (W
1TExceptions to this rule of thumb are diets that co y
18 Based on data from aciual field-produced yields presented by Jobn Jeavons,
(Berkeley, CA: Ten Speed Press, 1991), pp. 70-97

wo smples for calones,
fow Tor Grow More Vegetobies

er Ranch Road, Willits, CA 95490,
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The Four Goals of Recycling Human Waste

1) Purification
2} Production of Sufficient Humus
) Return of Minerals
4) Proper Nitrogen Application

For any method of food-rasing to be sust
producing the food in a way that achieves thes
mportance, but all must be achieved if t

E

Huoman manure generally cont
exiremely small life-forms such as bacteria
typhoid, hepatitis and many other
cannot be removed through any method o
be used to destroy pathogens:

® Heat

* Desiccation

* Lack of air

Ls Cnmpvur-.ﬂn { consumption by other organisms
« Time outside of the human body

* Chemicals

While 100% destruction of the pathogen population is ideal before human waste
and retumed to food-raising soil, some percentage less than 100% may be accepuat
the method of reuming the processed waste to the soil, the resistance of the person hi
processed waste, the ability of the pathogens o survive and multiply in the soil, and the nu
PAthogens necessary to cause discase.'? An acnual percentage can only be determined through
\extensive scientific testing of the processed waste, a procedure that is generally unavailable f
people in the world, In the later chapters on recycling human urine and manure, the scientifical
proven and accepted criteria are given that must be met before the processed waste can be :
considered safe to handle and add 1o food-producing soil. (Domestic car and dog waste may

abmuﬂ-.dmwﬂau Technalo,
. gy for Water Supply and Sanitaiion Vo
w&wm water] Management - A State of the Art Review ;w::nnm;‘r

3: Health Aspects of

10

on, D.C.: World Bank, 1981,

I‘II-'h'.--'-'-'-‘-'-'-'-'—'_<_-_--...._||__'-'._'..-';..._l.__r'

(1Y)

irements that

f the
fertilize

was his

criterion for human
human manure must

1 Night-Sod Composting

Enmdocyasis, Expcsons and
) nar Series 43 (New York:
phs and a detuled explanation w
Orpamic Method Primer, Update

Cambr

support of the endocylotc process in | 1 Bargyla and Gylver Rae
Special Edition (San Diego, CA: The Raieavers, 199 21-27
2py. Lawrence C. Fowke, personal communication, November 24, 1993, and De. Lew Feldman, personal
communication, December 13, 1993
B According to Steiner, the pathway through which the nunents in human manufe must travel i “human - plant -

animal - plant - human.* In other worts, human manure should be wsed to fertilize soil that grows food for anmals.




Any system of human wasio processir
{apimals. often nsecs, that transmit infection It
from contacting the human waste ar |
Waste SIoTage container must be sealed 50 1
@ ereanng a barmier between the vecl
described in more detail in the section, "Compaosting Hum

Thie entire process of reruming human waste &

, st be done sanitaniy in order 1o ;l_l'

thogens from the waste of one person it rthe
\’:m: 15 :;hbdm the soil. While improving
causes a decrease in the incudence 0! hur
surprising and severe repercussions Asane i :
sl of its members are exposed 1o certain diseases early in child
these pathogens. With un}.-;mc_.l sanitation, it 1s possible that fewer
and may suffer more senous effects if they become infected ti’l. n
not the best way 10 acquire immunity ar \ e health of the cor
scknowledge and weigh all of the possible el in sanitation

.Jr11|‘h', N & community with pax
hood and acq

a cha

Wiste ¥

gl

As described earlier, humus i
with the nutrients in human urine
10 fully replenish the soil's supply and

1t would seem that if we properly f
the minerals and Humus Jost from t
While this imay be true in terms of o
Carbon and nitrogen are essential fo

%o fully replenish the soil's supply by simply allowing our waste 1o decompose and be transformed
imso humus, However, we breathe. Becau
appear in our waste. Rather, it escapes into the air as ide
make. Furthermore, organisms in the soil and com pile, as well a (
exhale carbon dioxide, So continuously, carbon, in the form of carbon dioxide,
the soil,

If & system is 1o be sustainable, nothing can be lost and not reg
earbon can be reclaimed and returmned 10 the soil Is by growing plants, P!
from the air in the process of photosynthesis and incorporate some of the ¢

The manwre [nom ibese pramals then could be wsed (o grow crops for human consumpt
Faustanons for the Renewal of Agriculiure: A Courre of Lectures Held at Ko
1934 | Kambenon, PA: Rio-Dynamic Farming and Gardening Associauon, 193], ¢
ﬁﬂw Ahis phway (or perhaps a more complex pathway IF farm animol
Ao fertilize crops for humans, Swinér believed that Later generations of thase whi e hra
mwmm An example of an animal ta narally avoids eating crops ferul with iy own
ranuse it the cow. Though the grass feniificed by the cow's manure may be greener, the cow will avaid it (D
Willam A Albvscht, The Albrechs Papers, Charles Waliors, Jr., ed. [Raytown, Missouri: Acres U.S A, 1975), p
FT05 The reion for this avoldance miay be due in part 1o the gniss containing toxic levels of miraie :
Acconting o Stemer, lavatory aid [which includes human urine) should never he used as 1 fertilizer, no
el rocessed or aged i (Dr, Rudolfl Steiner, Agriculiire, “Supplement” [Londc Bin-Dyn:
o, 19731, . 167, and Craig Sisks, e wnt” [London: Bio-Dynamic
personal communication, Sepiember 23, 19935

12

carbon in their bodies

de (rom the exh

manstormed nto humus
of the organisms in the

ciorn and amaranth

The most important plants we can grow with the nutrients in human waste

ants which z the production of sufficient
r sus plants that can be

1 decompose together and produce
soil when it grew food. If we do not graw
bec { of organic mairer and ]
tain nutrients and support a healthy population of soil
o wind and water erosion. Lf the overall health of the
less healthy food and we who depend on the soil's

lost by the

= vulnerab
will prodi

\nic marter of soils worldwide has oocurred and continyes 1o
soils of farms managed with commercial U.S. agricultural

soils often have an organic matter level as low as 0.5 10 1% {410 6% is the goal
1e past 100 years, 50% of the organic matter onginally in

occur. This is es
fechmques -- suck
for optmum soil and plant health). Ove




Midwestern soil has been lost ! Declines in soil organic ma
American Dust Bowl| in the 1930's Preventable soil loss thr
o gt

ic matter continues toxday .‘\';.umnn_ull_-,. the ©
b is approximately six pounds for every oné |
m‘xgdo:f::mﬁ stmfgnh:n, by 1989, the United Stares had lc
topsod i
LA major reason for the loss of organic maner is that
have not been produced or added farmiand soil, becau
ecopomically unfeasible. To grow all of our own tood,
Biointensive Mini-Farming techniques, we need only approxirm .[l-l" C
to that needed when chemical, mechanized
When we need only one quarter the land, we can give the '._I.md (
remain fertile sustainably. With small farms ("mini-farms”), growing c:
preducing sufficient cured compost, which is essential for the revitaliza
inabl nt of the soil's fertility, becomes economically
Furthermore, il only one-quarter of the land is needed, three-quarter:
or returned to its wild, natural state; thereby preserving the land's natural p
and animal diversity.

crops and

lization and

How many carbonaceous plants s
cured compast and humies) will be returned

The exact amount of carbona
manure will be given in each of th
book. However, a general nile of i
compost for themselves to maintain the fernl
or not, is:

wld we gr

row carbonaceous
tility of the

70% of the area in vur gardens and farms needs to
crops, called "compost crops”, il we want to maintain the
sustainably.?®

MDigvid Pimental, et al., "Land Depgradation: Effects
150; and Barry Commaner, “Nature Under Attack,” ¢
B7ri.City Herald, Washington Sta, July 14, 1994,
amplification by John Jeavons and Ecology Action
2gobin Hur, "Six Inches From Starvation; How and Why America's To
March 1985, pp. 4547
HIBlaintensive yields are geaerally 2 to 6 times thase produced with ¢
{based on yields obtained in the field presented by John Jeavons, How To
Speed Press, 19911, pp. 70-97).
Appendix B: Detailed Calculation #2 for a description of how 1o calculate what percen
for growing compost crops, food crops and income crops.
T0% of the farm should be used for growing compost crops 1o sustan th y
semaining 30% of the farm area, approximately 20% can grow nos-carbonaceous fiod crops
human manure and urine can be processed — perhaps composted with the carbonaceol
of the farm ~ and added 10 the soil growing their food), 10% of the fam area or less o3
%0 linle of & sustainable farm is marketed is because none of the nuinents contined

%

can i

in the mark crops will
mﬂ;hmwﬂn farm. Therefore, the area of the farm used for marketing will slowly lose minerals. If the
soil's 4 are not replenished, the soil will Iy become infenile “ :

W some arrangement is made so that all of the manure and urine of thase who buy and consume the farm's
are and returned 10 the farm's soil, then the sail's minerals will be retumed, Hi

ever, the amo
‘manare and urine is low compared to the amount contained in the crops which were o
Husman waste i processed and returned w0 the farm'’s soil, not enough humiss can be generated fi
enbsh the soil's supply. Unless enough of the farm i3 used 1o grow carbonaceous er.

ez, the hiimscs supply of the soil could diminish o unhealthy levels aver tm

thal can be
¢, Therefore,

14

ceous crop production is really not as difficult as it
carbonaceous crops that provide food for hutmans us
residues :-u.': conve into humus), and in tempernite
en [ew other crops thrive. Assuming your climatic year
m weather and 6 months of cool weather, if grains are
entire ;._m; already 50% of the farm's time
¥ O

0d m order to prod
See Detiled Calculation
1, food and income crops.
from those who do nof

¢ important step of reclaiming the notrients in his or her consumers’ manure and

even when a farmer has taken th
urine, she or he must still use abo; % of the farm 1o produce carbonaceous crops for composting and generating
humus in order o imprave and sustain the fertility of the soil i = ”

29Gee John Jeavons, Ecology Action’s Self-Teaching Mini-Series Booklet #14. The L\;m;-d’.m _:'D-id 8’%&
Mini-Farm (Willits, CA: Ecology Action, 1987), pp. 4-15 for the derivation of the T &, 20%, guidel
sustainability




Maximizing the Humus Produced from the ( arbon
Aerobic and Anaerobic Composting (

Once we have enough carbonaceous and nitrogenou
how do we turn them into humus? Humus is the “product
(without air) decomposition. The advantages and di sadvantages o

Disad

Advamages of aerobic composting

1) Less time is needed to decompose the 1) 40%

organic matter and produce humus anir
aerobically

nitr

Organic

2) Tempemanes hot enough to kill most
human pathogens (and weed seeds) can be

generated in the center of an serobic compost
pile,

Advantage of anaerobic composting

1) Only 2% to 10% of the nit
manure is typically lost whe
decomposed in a closed pit} ¢ Organic
nitrogen is essential for hurnus build-up, more
humus may be generated compared with that
produced through acrobic decomposition,

the bods, the entire: farm
e filled with weods.

305, 1. Rosdale and staff, The ¢ ) !

. v omplete Book of Comporting (Emmaus, PA: Rodale Books, 19601, p, 61
:;,Itiw Parnes, Feriile Soil (Davis, CA: AgAccess, 1990), p, 44, e e
3. L Rodale and stall, The Complete Book of Composting (Emmaus, PA: Rodale Books, |960)), p. 63

» £ i ; :
i _U'IP'leﬂ;li—-&o'lW Soil Amendmeniz and Fertilizers, Publication 21505 (akland, C A University

ix C

1 in tropical climates, see Overseas Members, Composting for the Tropcs
3 rrendy hemng repnnged and soid by
n

3TFor more inforr G
{England: Henry Doobleday Research Association, 15 This publication 15 <
rission of the Henry Doubleday Research Assod

Ecalogy Action by the kind

16



Gogal #3
Returm of the Nutdents ia Human Witste to Food-Ralsing 5

With the modem resource-, energy- and capital-consumptive 1
waste. all of the minerals extracted from the soil by the plants and c
humans sre sent into the sewage system and buned at the botom of a Iz
not returned to the soil. In order to keep the soils that feed us ! ertile sus
reliance on nonrenewable resources, we must refurn the minerals contained in Our Wi

soils.

It may seem odd that retumning the minerals contained in h
important goal of the four mentioned above. This is not meant to su
minerals in our waste is not important, only that it is less importas
order of importance, 50il needs air, water, humus and minerals (o be fert
not only because minerals are the least important of the four elements
but Also because there are many minerals in the soil that are unusable b
with other minerals and cannot be ahsorbed by the pl
become available when they are consumed and excreted by soil orge
and/or when there is a change in the soil's pH (le
encouraged when humus is added 10 the soil. So ¢
in the soil slowly, but continially, as the soil bec
more of the minerals essential for plant growth, the
fewer crops and less carbon are pro S

i , especially trace minerals that
amounts. This is one reason theariz
changes in the world's climatic patterns a
biomass and the increase in atmosphenc cart
waste (o the soils that feed us is one way 10 I

If the soil is deficient in some mineral, the food produced
that mineral. If we cat only the crops produced by that soil, we »
as will be our waste. When we add our waste 1o the soil that feeds us or ¢ C
from plants the soil grew, neither the waste nor the cured compost conts
minerals the soil did not already have, and the soil will remain defi
the soil must first have the proper amount and balance of i
cured compost generated from the crops the soil grew can be 3 :
the soil at & maximum level of health. In order to balance the s eral 1 alyzed
by & repurable laboratory? that can advise you on the type and quantity of organic fertilizers to add
to the sail 40 : .

38 el
’mnb“ﬁ;‘;ﬁfw Donald A. Weaver, The Survival of Civilization (Poterville, M1: Hamaker Weaver
“An excellent laboratory, Timberleal Farm, 5569 Sute Sircer, Albany, Ohic
ch wh is able 10 recommend oeganic fertilizers 1o balance the soil and grea

health,
.Qf-smkiuﬁﬁmwummmnmjmhcx!d:dm:hes. il i hel he
+ : ) p balance the soil's minerals, they
hould be added 10 the surfuce of the soil before the cured compost s added. After both the fertilin an
evenly over the surfuce of the bed, mix them inio the 1op 2 1 3 inches of the soil will a diggin
Ma:lyhcm m:; thorough soil test hias been done, and the amount of each feril]
L ha ¢ a knowl ble soil scientist. A warning should be writien on the sample bag
wfﬂl::::’km cenler ‘-’*:;”mm coniaing soil enriched with human ﬂ-'u:::lr“r:ul: *
g contaln human pathogens) as described in the “Trees" and "
sections on pages 7482 and 83-109 respectively, I no soil e Shesba by
Iy, test is available or the minerals in the soil
siply add cured compost cach year and mix it into the top 2 1o 3 inches of soil. 1f the soil has h::1
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Goal #4
Proper Nitrogen Application
When we return human waste 1o the soil, we war

{oo much nitrogen, There are five possible detrimenta
health if too much nitrogen is added to the soil:

oadditinac
"C1S 0N SC

2 Adding excessive amounts of mitro,
the case of common chemical nitrogen ferti
gausing them to take in more nitrogen than they can ¢
plant accumulates as either free amino acids, which makes tf
discase?!, or as nitrate or nitrite, both of which are de
very small dosages. While the risk is highest when ch
problem can occur when excessive amounts of raw or
added o the soil, since manures Contan MOrganic mit
nitrite and mirate) as well as organic mirogen. It
do not eat the grass growing around their manure, a
prefer.42

2) Nitrate in the groundwarer
When the soil receives excess n
plants leaches into the groundwater in
or the water we drink, is extremely toxic

3)

Vst

1ay be

Wt

W

. g | !

T T 0

With excessive nirogen app
vegetative growth occurs, This cause
lodge (full gver) with rain and/or w

4) Acidification of the soil
“Ammonia-contatning ferili
& tendency to increase soil acidity, M 3
into nimite and nitrate in the presence of :
soil colloids.” An increase of hydrogen
£an cause some minerals to be unavailable o plants, i
destroyed and inhibit the growth of some crops. 46

MFeank von Sieensel, "Healihy Planis Don't Get Sick.” Soil & He

gmatly from Francis Chabe Santé des Caltures, une Réw
Massan, 1985). i

Depending on
jecades, centuries and

I T
::?‘5‘}-?1;%"”“'“. The Albreckt Papers, Charles Walters, Ir, ed. (Raytown, Missouri: Acres 1§ A e T
"lm&mmmsmx.hpmfom.'nmmm" Image (Covelo, CA: Island Press, 1992), p. 33

" ‘Mmmﬂtﬁ!y.mn”’mm?mﬂm of Soils, 9th ed. (New York: Macmillan Publishing ¢ ompany, 1984), Ty He

= o, Lc'm-!“"g”éﬂ;d?mp;{tw:l{ﬁ:;,%hu:!_{Nm York: Macmillan Publishing © ompany, 1984) "‘" =

.“_'- : mmpfw,",th.l; incressed boss of soil humus due 10 soil acidification 9, John Fry, Met.

h ed. (New Yock: Macmillan Publishing Company, 1984,

S0paul . Sachs, E ary, VT: The Edaphic Press, 1993), p. 45
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amount nitrogen that can be applied without endingering the health of the soil or

q:;?wumm::l??l mﬂs;p!und per gn.rdp:n bed (100 square feet) per year depending of
amount of nitrogen in the soil and the percenmge of available nitrogen in t

throughout this book, if no more than (1.5 pound of nitrogen is added per 100 square
et of soil, Goal #4 js considered achicved. In terms of cured compost, this will be considered to
e equivalent o § cubic fect of cured compost that is 50% soil by volume, See Appendix C:
Further Discussion #1 for a more thorough discussion of this guideline for applying cured compost
and achizving Goal #4.

It is often supposed that manure must be composted before it is added © soil in order t
avoid the five dangers described above. From 1958 to 1976, the Scandinavian R h
sested and observed the effects of various fertilizers on the physical, chemical and biolog
charseteristics of the soil. Among the fertilizers that were lested were rw manure {rom unsp
harnyard animals, composted manure from unspecified bamnyard animals, anure and
chermical fermilizers, and chemical fertilizers alone, They were applied at rate: hat the amount of
availahie nitrogen would be similar -- about 0.07 pound per 100 square feet.” ]
of this experiment, the topsoil and the subsoil of the plot fertilized with raw bamyar
the highest amounts, or compared closely with the plots with the highest amounts, of pore
woltme, carbion and nitrogen levels, biological activity and percent f toral humus, ar |
Jowest bulk density. Even the yields produced from the plot fertilized with raw manure we
highest. In conclusion, the authors state: "Fresh farmyard manure has had favorable
both viclds of crop and various soil mraits, With the addition of inorg C [ch
fertilizers] o the manure the yields have increased further but h
in the subsoil, followed with a worsening of soil structure and bi
The nitrogen in fresh human manure appears to contain
available nitropen compared to the manure of various farm ani
in the above study was from unspecified bamyard animals
not undsually low amount of available nitrogen. Therefore, applying no
total niogen per 100 square feet per vear in the form of fresh or composte 18
mﬂe for the soil in terms of the five possible dangers listed above, and most likely

lizer usec
per 100 square

In most cases, when human waste is processed for rec
conmins will be lost. Depending on the processing technigue, th
approximately 0% to 100%.% Since not all of the nitrogen w
supply in the soil will decrease unless additional nitrogen is
soil in'a way that is sustainable and does not depend on nonrenes
another farm's soil 45 in the case of chemical and organic fi

and other plants with which "nitogen-fi acteria }

itrogen in the air ( pheric nitrogen, N2) into a form (ammonia

NOy') that is usable by plants. In onder for the plant-bacteria association to add nitrogen to the soil
be harvesied when 10% o 50% of their flowers are in bloom. Annual legumes

should be harvested about 1 to 1.5 inches above ground level, leaving the roots, which contain the
nirogen, in the soil, and perennial legumes should be harvested 1 to 1.5 inches above the growing

NHa, or nitrate,

H3ohe Jeavons, How To Grow More Vegetables (Berkeley, CA: Ten Speed Press, 1991 23

¢ 5 ! . - Press, | L P23, AL e from 15

; Eﬂmﬁ fest insrucnons, Thll_ browdly generlized guideline for :Ii.e mgsimim uuu\mf; aof ””\rLu:'[“dmIf]l‘ rf|..l...’|‘;H
%wngmmul’mli will vary with the climate, precipitation, 501l and form of nirogen i the fer
_hﬂ“mm g"lheunl nu:;PcE-nn ?liﬂs lm:mnurc and 70% for inorganic fertilizers, based on stndard
e Ni: \';ods e ri:u:zl i qufecr.; of Orpanic and Inorganic Fertilizers on Soils and
- B.D. Penersson and E. v. Wistingh Dot 1

r. it awnﬁ'mnl !mﬂﬂ?@%‘i’rrg and [norganic Fertilizers on Soils and Crops
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Tomnotes #76 and ¥152.
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ve left the roots

erent methods by which human urine and
ed to the soil. Each of the methods will
Is of recycling human waste described above,
ates and living situations. While some methods meet
tors may have had different, as well as similar, goals in
ethods discussed is a vast improvement aver the
carding human waste, and has the potential to greatly

conventional |
benefit the planet, the soil and ourse




Chapter 3

Recycling Human Urine

mical sy

source of supplementary nirogen for agn =

alfalfs, coftonseed and blood meals? Almos

fertilizess are grown or raised chermically or =
on scarce petroleum to grow our food We are al -

that grow the crops used for organic fertilizers. Witl 1

marginally being retumed in the form of nirog
how Jong will these soils remain fe
cattle used 1o create our ofgans

remain ferile and productive.®
urine {about 91 gallons co
pitrogen necded for 1510 7
produced by each one of u
pounds), potassium (1.6
able 1 produce all of ber«
income, and all of the con
Bioinensive beds (2,000 1o 5,000 5
this area 10 grow a vegetarian d
18 10 45 times this area 10 grow
needed if the soil is less f
minerals are contained ir 5
pitrogen and much of the phosphorus,
needs each year may be obrained
reasons that will be described la
processed and retumed 1o the so

The challenge is to find the simplest, saf
With & method that meets all four goals of recy
human unine is generally not legal and can endanger your

o5t

s Amory Bloch Lovins, “Energy in the Real W

1975, . 9. i
hmJ'“_'::mg;;-““"'-ﬁ'fl'rl-"-'fl'“fdcl!r.l"z\ Ten Speed Press, 1991), p. 23. Adapted from 1978 i

Huold B ot Composting: Sanizary Disposal & Reclamation of Organic Wa
m&mar‘; ;J;:(;cn:u. Switzerland: World Health Organleauon, 16
; ilogy Dats Book Vol 3, 2nd ed. {Bet
Biokgy, 1974, pp. 14961505 N "
0n miodels created by the suthor using field-produced data from John Jeavons Te
des (Herksicy, CA: Ten Spoed Press, 1991), pp. 70-98. Rt
2 E F. Wait, The Tisanic Effect (Stamford, CT: Sinour Associates, 1974,
e lﬂ;-!'i:d’m. in hisman urine, 8 well as human manure, vary sccording (o the diet and |
of tae indevidual, ‘above figures are based on the average smounts of minerals in bsiman unn

i

our local he

Ith authority

human urine ay le
ine of anyone wi
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converted
s mitrogen
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and other urinary
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A: AgAccess, 1990), p. 34




COMFPOSTING

HUMAN URINE

stabilized #
Goal #4, the proper application of nitrogen, can be achieved by this me

rine simply by retuming the cured urine-enriched compaost at a rate e

of nitrogen per 100 square fect 2.7 cubic feet of human urine-¢
produced as described on pages 24.31 contains approximaiety y
Appendix B: Detailed Calculation #1).

N O O A T TU)

of the straw rom
1 Al muanuT
eavons, Hirw

Farm m Willies, CA

gh for successful and efficaemt
Berkeley, CA: Ten Speed
sgh. 4-fool-high piles tend

s that are 4 feet by 4 feet or 5 fect by § feet cou &
they are better insulated and manntun & mT constant moisiure level

pp. 41

Press, 1991 [
better than

0 decompase

foot-high piles as

.&mm communication, February |8, 1993,
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maintained as described below, will generate about 98 8 cubic f s 68.6%

soil by volume. This is enough cured compost 1o apply 4 3w

of nitrogen and humus to 2.7 1o 8 cubic feet of cured compo
i mentioned earlier) per bed per year for 7.8 to 2

ion #3). Goal #2. production of ient hionus, i

Equivalen: Quansries of Cured Compost in Terms of Nifrogen and Organic

50
68.6

In order to achieve Goal #3, the return of the minerals, all of the be
complete diet for the person producing the urine should receive an equal [
cured compost, since each of the beds contributed some of the mis
the urine-enriched compost. Spread equally over 24.4 beds, Y8.8 <
{5 68.6% sail by volume is enough for each bed 1o rec
minimum of 4.3 necessary 1o achieve Goal #2). Th
grown on these 24.4 beds in order to produce en¢
#3. 1f Goal #2 is not achieved, not enough carbon and
1o the food-producing soil to hold the minerals that a

Growing more arganic matter for th
interplanting the wheat with another crop,
50% in flower (leaving most of the rots 1
was fixed from the air)®; and/or 2) by gro
of growing seasons you have) as d

Goal #4, proper nitragen applic s achieved ]
less than 7.8 beds, and possibly more (see Appendix C: Further Di

LN I NN

1f you have two growing seasons annua
and produce more compost for your garden or
that will provide food for you and straw (o compost with your urin
can be used to grow additional food or income crops, or {
millet and amaranth which provide not only food, but also th
essential for a successful compost pile. Summer "compx
maierial, and especially carbonaceous compost material)
winter and still obtain all the straw you need to compost
both to be self-sufficient in food and to retum the nutrients

its ferility,

If vou decide 1o try this method and have obtained permission from
authority, reserve & set of clothing, at least 2, 5-gallon buckets with cover

#ad & more stable envimonment, for decomposition. In the case of unine-enriched compost piles, the |
#lso Allow less rine t0 leach out. Piles higher than 4 feet tend 10 either (all over or compress, whic
amounit of air in the pile and encournges anaerobic decomposition,
Far of intery b that yield large quantities of carbonaceous compost material, se
A _l*mswbqlalcnm‘r Self-Teaching Mini-Series Booklet 814 The Complete 21-8ed ,'r:]rrrn:r::[:“\‘:;nj-f
LSS M!qﬁiq.ﬁm_m Income (Willits, CA: Ecology Action, 1987), pp. 12-15; J. Mogador Griffin, Ecology
’ Acsion's Self.Teaching Mini-Series Booklet #15: One Basic Mexican Dier, "Supplement” (Willis, CA: Ecology
g l’élztm Wasike, Ecology Action's Self-Teaching Mini-Series Booklet #25 - One Basic Kenyan Diet
' ey -w Action, 1991), pp. 15-16; and Carol Cox and Staff, Ecology Action's Self-Teaching Mini-
Learning 1o Grow All Your Own Food (Willits, CA: Ecology Action, 1991), pp. 3-5.
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gonly | or

d thmough

urine produced
1 wide and
ovide

les on ¢
r largest

y from that
vy wet one. If not, be sure 1o

T that could erode your
ild spread disease

T hly permeable rock

2 strients and pathogens in the urine into the
ally suitable s the depth of the water 1able is 5 feet or
of the vear. If there is a time when the groundwater is normally higher than
store vour urine and use it to build compost when the water tble has

3.5 10 4.5 pounds per cubic foor (Universay of Wisconsin, Special Bulletin l_-h R3
kiet]. The Tower figure of 3.5 pounds per cubne foot ts used throughoot this book 1o

estimate the straw storage space needed, (733/3.5=200 1t ).
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i hoose § sito that is shaded, ideally by a dect
Iﬂm:‘{mﬂ:;ﬁr piles should be far end sugh from the to
far enouigh from the dripline 50 tht the feeder roots of the tree will not
Joosened (see step #2 of “A Method" below) and will not be able 0 . :1
The shade will keep the moisture ant}}rlnp(‘r_'lnn‘ levels of the compost p

iles to decompose more ellicien
e 'Il':_:ud:i“ :lcstﬂ w!ﬂm t0 situate your compost piles on unused
with the nutrients that may leach from the piles.

umaged
inents from the p
5 more Con

o enrch

A Method

1) Measire out the arca you will need for the number \_\F\'-'-nlplml [
2) Loosen the sail of the area for one compost pile to the d

{When you are ready to build your second pile, loost

same time, the second area may compact before the

drainage.) 4 \ :
3) Add a 3- to 4-inch layer of branches and twi

the foundation for your pile and will help keep the

are
1d pile is t

4) Collect your day’s urine in @
metal ones will comode, and plastic ones will dissol
alternative storage system which can also store mun
storage container’s seal must be tight er
entering the storage container, cor
exsential for all human wa :
One person generates about 1 quart of ur 3 = all ons 1o L B

nt the glass container from breaking or the A : I
ets as described below and urinate directly into the
5) Place 2 pounds of straw or other dry, car
pound in each). » Straw very loasely pac
» [oasely packed about 2.3 pounds, and « rightly packed about 3

1725
Tiwhile the loosened soil ind layer of hranches are exsential for ens: by 1 2 amount of
allow some of the nutrients in the urine that leach out of the compo . sva heans and veich a8
nutrients that arc lost 1 by planung comfrey around the botom edg " The Cax 21-Bed

[eamirey] is not burned by very strong doses of concentrited nitric
«consumes them voraciously. Its ability 1o scovenge nutrients in th ¥
reventing leaching arand compost piles...” (Peter Harper, The Naiwral
19941 p. 105.) The leaves and siems of comirey, & perennial, can then be periodically harvested (cut the p al
point 210 3 inches above the soil) and added to the urine-containing compost pile, thereby returming some of the
wrine’s nutrients that would otherwise have been lost
pan l%my. “To Pee or Not To Pee,” The Permaculture Activist, August 1992, p, 48,
Im Gotass, Compoting: Sanitary Disposal & Reclamation of Organic Wastes, World Health O
Maonograph Series No. 31 (Geneva, Switzerand: World Health Organization, 1956, p. 35; and Sim Van de
Tke Todlet Papers (Sants Barbary, CA: Capra Press, 1978), p. 33, The amount of urine produced daily depends
greatly on the lnu:lmtl_!l' Tiquid that is consumed. While one may produce more than | quart of urine cach day, the
d in the urine g ily 15 not greatly affecied, only diluted

totad amount of
w-:idlum'm less protein tan the diet consumed by people in industriatized nations, the person's

of unne can h“f;{'l' much as 40% Jess nitrogen than the 7.5 pounds annually shown in Table |

I of this mitrogen 15 jos
he available m the cured
1g wheat noed 10 be 30

sonl was ndded. Adding carbonaccoes crop
e goal is 100% resenbion, and it
above cake ul.ilm:n any nitrogen that s bost
ompatible nitrogen-fixing crops.

L wevent the loss of mtrogen
nication, January 3, 1995). Howcver, turming the pile
ompast pile, which may indirectly
7 in the bodics of micrOOMgantsms in

urbxon (rom the

& Human Excreta,” Sewage Works Journal, July 1943, o, 679-680,) the compost
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15 moist as a wrung-out

pile ix compieted, it should be watered in order 10 keep the pile about

: l“AMmh addition of human urine, straw and soil to the compost pile, the pile "'l:_"E "\ j
scaled 50 that no flies, mosquitoes or other vectors ciin contact pathogens in the human urine '.“h

disease. One simple way of achieving this is by building a wooden frame and covering it
with & tight nemng such 4s mosquito netung. A tarp or a thick layer of ava ilable n.|,|iﬂm|:\ (paim
fronds or sticks, for example) may also be effective but will generally reduce the Jn]nhntl-‘\rl,nr
entering and exiting the pile and may encourage anacrobic decomposition There shoould be no

between the bottom edges of the barrier and the soil, in order to prevent insects from

entering. If flies do enter the pile, the pile should be tumed to prevent them from breeding. Fly
Jarva cannot survive temperatures above 124°F (51°C). ; )

1f the pile attracts cunious animals o neighbars’ complaints, covering th
tarp that is anchored 10 the ground with stones or heavy sticks may be helpful. Be su

he pile with a light
{0 remove

the tarp and air the pile occasionally to prevent the pile from decomposing anaerobically From the
author s experience, very litile odor is detectable even when standing next to the pile :
; o add to

12) Continue adding to your pile until it is at least 3 feet high. If it is not convenient ¢ |
your compost pile every day, you could store your buckets and add them every few days to the
pile. When the pile is completed, add 1, 5-gallon bucket of soil » it off (to help hold in the
‘mmonia

).
Repeat the sequence above for building all subsequent urine-enriched compost piles

Note: Undiluted urine is toxic to the creatures that live in the soil. Therefore, those who
adding urine directly to the soil rather than composting it recommend to firs

yrine with at least 5 to 10 parts water to | part urine, effectively detoxifying it
composting urine described here, adding the urine to the soil and straw and
pile after it hias been built will probably dilute, decompose and detoxify the urine E
does not need to be diluted with water before it is added to the buckets of soil and straw
Risk of Increasing Soil Salinity Through the Use of Urine-Enrict ) I
Garden", page 33) Diluting the urine before adding it to straw and soil would require a tre
and impractical amount of straw and soil to absorb the additional liquid.

Muintaining the Compost Pile

13) Onee the water in the urine begins to evaporate, you will probably need 1o water the pile as
uﬁ:nn_synu waier the rest of your garden, unless it is covered with a tarp, in which case you co
waiter it less often. Keep the pile abour as moist as a wrung-out sponge. ;

b To keep the pile from becoming too moist and avoid anaerobic decomposition and the
nutments from cxeesswclyl leaching out, protect the pile from rain with available materials, wood or
: » anaerobic decomposition can also be encouraged by covering the pile with a
tarp, since the tarp can exclude air from entering and exiting the pile. If you detect a sour odor and

a

discover the pi “L'- very wet, it is {:mba}lﬁiy decomposing anacrobically, which in general produces
! cured compost (see the comparison of aerobic and anaerobic composting on page

‘ _ I i SUNE on pag

16): Turn the pile immediately to allow some of the moisture to evaporate. Do not water the ;11'||.c. 3

. -gﬂ mmmﬁngituﬁthaml o keep 'I'[\f”ll k|
™ y Eg rort , iy to keep the tw tF unt le I 4163
= M lllsme:agni i omy I i i off until the pie no longer smells,
l' l’ W|m‘mmm pl]': 15 built, its lemperature will increase until it reaches 120° 1o

) b 1 :
A . 140°F.™ Afier a week or two, its temperature will begin to drop. "When the decrease exceeds 20

7RG, Feachem, ctal. i tati
7RG, Feachem, ot al,, Appropriaie Technology for Water Supply and Sanitution, Vol. 3: Health Aspects of

w A Smllt of the Art Review [Washington, D.C.: World Bank, 1981 lop. 108
redyim, u.kﬂ&umuuu I i i :‘. £ I 'Il 'I'IIIL‘l
s urine-contining compast pile with extreme heat uled
Ky Bene
SR not need 1o allow or e the pile 10 g I pen-kill i lemperatures
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most of the salts (any
¢ not eventually leached
are added, they could
-

n of cured compost and/or
and plant uptake. Increased
he soil, which could slow or
r is used to predict the

hot pides is that Jess cured compost 1 produced, as more of

ng heat When we compast human
the pile o kill pathogens. We must
well as our pathogens when deciding the most

HIF € L.‘~|-|\|-.l
TLEMAan Mmanure
daphic Press, 1993), p. 90

“A: Ten Speed Press, 1991), p 42) and John Jeavons,
yw Your Own Compost Materials At Home (Willits,
Current data from compost piles made at the Common Ground Biointensive

¢ piles may decompose o e ax 1/6 their uigma_! size. Two conditions will
produced from the same volume of initial compost: 1) The initial carbon-10-RIIOEEN

¢ 7Y if the pile is tumed more than once 10 speed decompasition 1

Action’s Self-Teaching Mini-Senes, Booklet £23- Bivintensive Composting (Willizs,
‘ 1 1990) for the various signs that indicate a compost pile is completely mature. .
8251eve Rioc Jlogy Action's Self-Teaching Mini-Series, Booklet #23 Bivintensive Composting (Willis, CA:
Ecology Action, March 1990}, p. 9. To determine the compost's moisture level, see the same page of the same

publication
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1 !}Wn?pcmhﬁot The danger of decreasing the permeability af the soil depends on

amount 501 = ati Al irrigation, and the
slts sdded 1o the soil through fertilization and ImEAH ! .

m’l ' %ﬁhmmfgg through leaching and plant uptake. Irrigation wHleT :h;n hn‘\ m-t -Enlll

r an reduce & soll's permeability because of the water's ability 1o extract caloium and other soluble

b) the amount of sodium relative 1o the amounts of calcium and magnesium that are added
to the soil through fertilization and irrigation;

¢} the amounts of carbonates and bicarbonates thit are added. The combined effects of

. 1 O i s calculating the "adjusted Sodium
: mhm;{nﬁs B e ki_?lbc im?‘dlll }idﬂz?cLlﬂ't:u:‘] ;l.—xnrtu.-ri\-]\t_\ of the imgation
Adsorprion Ratio” (adj. SAR). The adj. ,as well as jeical conductivity of the FHERT
1 water, is used 1o predict the danger of the irngation water decreasing the soil's permcabiiity
g . i v in the soil. Shrinking-swelling clays (such as montmorillonite)
'JM@;&?CI:;L“& non-swelling clays F.\u-uh as illite-vermiculite and kill\]llliih_'l
Decreased soil permeability rtsjucc»:lthc ﬁmjm of air and water (the two most Important ¢l 2
for fertile soil) that can enter the soil, and reduces crop vigos
L 3) Sait toxicity {most commonly boron, chlotine and sodium). The danger of ac
soxic levels of certain minerals in the soil depends on the differcnce between the ar
\minerals added to the soil through fertilization and irrigation and the amounts lost thro
and piant uptake. 5
As shown in Appendix B: Detailed Calcudation #6, wh
each day Is composted and added 10 24 garden beds 84 it has i .
b ar salt toxiciry of the soil. The more importar r is the quality of the
water used to imigate the soil and crops - _
urine (as well as manure) has been used for many centuries by ancient Andean
peoples® and, for the past 4,000 years, by the Chinese® 1o fertilize their fields .'| he
the Chinese (until recently when they adopted conventionul mechani d chemical
technigues), unlike most human civilizations before and after them (including our o Iy
succeeded in maintaining and even improving the fortility of their soils. So, on the |
histories and the calculations shown in Appendix B: Detailed Caloulation #6, it scems ext
wﬂmpmpcﬂymmpusud and applied human urine would compromise the health of the
o

a&-s.-ﬁwﬂ D, W, Westcor, Warer Quality in Agriculture. Irrigation and Drainage Paper #29 (Rome: Food
‘and Agric Organization of the Uniied Nations, 1976), pp. 24,7
BAyhile 24 4 beds are necded in the winier w grow the straw necded 1o compont all of the urine one person produces
annually, fewer bods are needed if ndditional carbonaceous compost arops e grown in the summer as
of systems 1o grow all of one's food (calories) and recycle all of one's wiste (wrine and manure) arc given in
apuer S ol this publicatinn. Example #1 requires 24 beds and Example #2 requires 35 beds. In any sustainahl
syseem, all of th cured compost should be added 10 all of the beds growing the person's dict in onder
the soil's fenility and meet the four goals of recycling human waste. However, the fewer the beds that
given amount of urine-enriched cured compost that one person can generie annually, the greaier the ek
wuﬁm, Therelore, the lower number of beds, 24 in Example #1, is used W determine the
salinity by adding the annual production of urine-enriched cured compost. 1f no risk is found,
of beds that receive the annual production of urine-enriched cured compant will nit change this

& Civilization (New York, NY: Harper & Row, 1976), p. 222
of Forty Centuries (Emmaus, PA: Rodale Press, 1911), pp, 103205,

Two
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urine in the garden are 1w deter deer from the garden

o the garden "to mark human termitory™) and as
for example, fresh urine sticks to the leaves of buitercups
he leaves of onions. Undiluted human urine is toxic 1o soil
¢ but not toxic 10 soll
ned through careful

compaost is suicidal.

¢ the introduction of
he earth, taking from it
ir play. Few
1 of earth..fn
as farmyard
lers eventually leaves
the land, owing to

i

21-22

87 ELaine Myers, "Pee on the Garden The Permaculture Activist, May 1992, pp
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Chapter 4

Recycling Human Manure

"A soind man i
At seeing nothin

1o

The simplest, but »
the soil. This is sometimes |
problem with this method 14 "
fresh human manure, disease 15 sure 0 he
contains lots of pathogen

In general, huttian manure by more
disease than is human urine. Hea
time and/or chermcals can be employ
manure hias passed through the sev
contain pathogens, but i o
household pollutnts. Al
these toxins and will be described

Production of Eno.
Re

Very few of the popular al
enough hunms 1 replenish the supply lost from the
contributing the manure. However, all of the
be modified 1o do so, though the smount of | ) ed wo
mu:z“ﬂﬁn SL“EC t'.\)'\"."lﬂ and been conmam I| ed with §
5t hirst urified of | cavy metals before it car
mﬂuummﬂ]‘ P 1 of its heavy metal for

14

I
: wnan gl
 Sxwees ke Expersmontal

. w hr e T amd
and it EsineEt
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raiher than leaving it on the soil's surface would Nurther reduce t
A thind way mo decreass the amount of nitrogen lost from huma

decompose anserobically. When andmal manure 15 dect mp
euls reduce the amoant of ammonia produced. Litle

converted 1o nitrate since this process requires (mygen. To anacrobically ¢
should be kept slightly muist -- too dry and 4t will let in air and produce amim
will pumnify and emit offensive odors, which may artract fi
¥ Ihc maost [!F-\l.'lh'ul way, o decrease the amount of nitr
with plenty of soil and carbonaceous plant material for the re:
Human Urine, " Composting human manure is described
the nitrogen in human manure is lost, all of the lost nitro
by growing leguminous crops that fix atmosphenc nitro

rhis.myagcs?l-?’la .l
Nitrogen is the element most easily lost from human wi A
imponant constituent. Unlike the phosphorus in ¥ ino |

L man manure) is readily

animal manure (and possibly |
minerals are inconvenient to ads

miclecules in human ma
undersiood. ™

Proper Nitrogen Aj

The percentage of lable nitrogen contained in hun
manure, approximately equal to she ]

danger to human health, depe i
0.5 pound of 1otal nitrogen is added in the form of ¢
per year. Cm.scrvauvcly, humian munure never nee
before it is returned 1o the soil ™

2.4 cubic feet of human manure-enriched cured compost produced as descr
62-72 contain 0.5 pound of cured nitrogen,?s

2, Robert. Parnies, Fersile Soil (Davis CA: AgAccess, 1990}, pp, 4
oA Mm.l??;]ﬂ::lll;:mnc Tronn infoemation on animal manures by D, Roben Parnes, Fe
o Customary practice is 10 use rotied {animal | manwre on fas
hough he Mavor of some crops is tainted when fertilized wigh fre
CA: AgAccess, 1990], pp. 44, 46)

On the other hand, when Chinese larmers switched from ferilizing with human

Ehemical synihetics, they “complained that the rice was hander and not us wx
:n:hu.uhhmmm_"m-chml Ablem e Oood Bt (s

wing crops and fresh
h manire (D, Robert P

ail | Davis,

al and plant waste 1o

. _ : cat,” i i you use only family
From the Good Earth (New York: Hary N Abrams, Inc., 1993

In elither cage, one must be "
crog hus met the wnct requ bt 'ﬁm‘fi sure that the manute used (o fertilize soil that will grow oot or leaf
g/

Chapter 4 10 ensure the pathogens i ¢ ontaing have been

prendix B: Detafled Calcul Wl

anure™ jre described in this chapter,
und require less capital than the conventional
ind treamment plants. An even more nmporant
ke conventional treatment they are able 10
human wast ¢ methods are

1g human manure that do

¢ soil's supply of humus is
und of total nitrogen be

y al

1 methods, will not be

ocessing human manure that
hat the method is a partof a
1anure does not also
utrients and
and, water and

of human
ice [is] "harder and not as
'r, it is better to tasee.™

) below, aquaculiure, human-designed wetlands, “solar aquatics systems”, and an algal
aneously process human urine and manorne.

980 the n

regenerutive svsiem simu
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Table 3
The Methods Compared

Goal #3:
Mincrals
Goal #2:  Rewmed Usable
Goal#l: Enough o Food- Encrgy & by One
Homan Waste Humus  Producing Land Resources Water r

Puifeq®  Bodoed? Soil 2 Requied®  Boquind  Required™

Aguaculture Often No No€ Possibly Low Very Low High
Fiuman-Designed Weands  Yes-Chemical No€  PossiblyD  HighF High!  Very High
Solar Aquatics Systems Yes-Chemical  No©  Possibly”  Medium® Medium®  High
Algal Regencrative Sysiem Possibly® Yes HighH  Medioml-  Very High
Pelietization Yes-Heut [ bly?  Medium! Very High  HighM
Solar Cooking Yes Hea ! Yes Low! Low Low
Composting Yes-Heat (e Yes Low Very Low Low
Tees Yes-Time {- Yes Low Very Low Low

Yes-Time £ Very Low  Very Low Low

ply and Sanitation, Vol 3: Health Aspects of

~w [Washington, D.C.: World Bank, 19811, pp. 21 65
v and Sanitation, Vol. 3: Health Aspects of
ashington, D.C.: World Bank, 1981], p. 22




AQUACULTURE

For many centurics and up to the present, people living where water 1s plen
have often situated their privies above ponds. The nutrients contained in the waste
plankton which feed the fish which feed the peo le who produce more urine and r
the plaskion and continue the cycle. The nutrients also feed the plant 3

! ly harvested and either eaten or composted and add

One challenge with aquaculture systems is that Goal £
difficult 1o achieve, Since the manure is fresh and unproces
ﬁmgl:n; it containg must be destroyed in the pond in order for dise

and water plants are consumed. However, some human man L
including parasitic worms, not only are not destroyed but thrive in ponds. For
reproduction cycle of the worm responsible for uninary schistos
insermediate aquatic host, and one egg can give nse to thousands of lary
can survive as long as 1.5 years in water.!™ Some vir
can be found three 1o five months or more after they haye entered and polluted a water
If fish or plants from the pond are consumed before sufficient time has passed to kill the
in the waste thit entered the pond, the pathogens could survive t se dis In order t
these pathopens are destroyed before produce from the pond is consumed, 1
used: only one pond receives human waste for 1.5 years (assum ookworm
community). For the next 1.5 years, the second pond receives human waste
the first pond have time to destroy the pathogens that were introduced. A her compl
that pands can serve as breeding grounds for insects like mosquitoes that transfer ma
diseases and often cannot be eliminated by simply impr wing sanitation conditions. If
lhnpsynunmy face, it may be safest o choose another means to purify and recvele your Waste

One advaintage to most aquaculiure systems is that the humin wiste
mb@msﬁmUy inio & pond, so the waste is not contaminated with
other toxins that a sewdge system typically contains.

While the fish, when suffi tly cooked to kill any pathogens within or on the outs
M, may be a valuable source of nutrition and calories, vegetahles are needed for a omplete and

diet. While all of the water planis can be composted, if they do not contain enough
carbon, not enough humus will be generated (o replenish the humus supply of the soil growing the

ismitted patho,
X ple,

¥R.G. Feachem, et al., Appropriaie Technology for Water Supply and Sanitation Vol 3: Healt
h’mﬂw Management — A State of the Ari Review [Washington, D.C
a.w_.ﬂnﬂ:'ﬂfrmmfn?m: Influenice of Sal and Other Ager lopment of the

und Necator americanus,” Parasitology, Vol 9, 1917 iy e

L Wia 4 : - 5 «Bp. 157189
1 AL a i ; ]
j d. Rhodes, e1al., WS:?T;I :3 Higman Poliomyelitis Virus i Experimentally Infected River
iz M_., andﬂ s (fin::il w ol. 41, 1950, p;l.urxlh-!d‘l‘ and N. A. Clarke, B. E. Stevenson, and P
: Iﬂr‘.’ wm ey Coxey 0 Water and Sewage,” Journal of the American Water Works Association,

h Aspecis of
: World Bank, 1981], p. 52.
s in Modifying the Larval De

i
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re system 10 achieve Goal #2, production of

grow carbonaceous crops that could be
\lli'llll:‘.

-ontan minerals derived from the soil, if those

of those who consume the crops)

y the s0il will be depleted of certain

plants must then
t water and nutrient
he pond, the
o the soil growing the food
h which the mud can be
can be drained so that the
of the nitrogen in the
odically can help

1an 0.1 to (.5 pound per

to a pond in ways that will

1y issue). Woods Hole, MA

and .

Y
-

ion of the United Nations, Chinu Recveling of Organic Wasies in Agriculture,
wd and Agriculture Organization of the United Nations, 1977), pp. 9-10.

n manure from animal manure data presented by David E. Chaney, ¢t al, Orgunie Soid
ery, Publication 21505 (Oakland, CA: University of California, 1992), p. 16 ;
analysis, contact Steve Rioch, Timberbeaf Farm, 5569 Ste Street, Albany, Ohio, 45710
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HUMAN-DESIGNED WETLANDS

_» 501

?
oy
COMPOSTING PEOPLE
'S
\

When the discharge from the sewage treatment plant in Arcata, California no longer m
t standards, Dr. Bob Gearheart, an environmental engineering professor at Humboldt
University, Dr. Gearge Allen, a fisheries professor at Humboldt, and Frank Klopp, the
public works director of Arcata, teamed up to devise a solution. Sparked by a st m from a
C-minus student who slept all the time” of Allen’s,!™ the trio went to work and ¢v g
up with a cheaper, more environmentally sound alternative to the state's pr posed
treatment plant. It was called human-designed wedands. With the support of the people of Arcata
und the perseverance of Gearheart, Allen and Klopp, the construction of the wetlands was
reluctantly approved by the state. In 1986, the wetlands were comple
Arcatn's sewage water to rertiary standards (see page 2) ever since.
In Arcata's wetlands sysiem, Arcain's sewage first goes to a convention
where it is treated to meet primary standards. The sewage is then pumped into o
where it is treated to secondary standards. After the suspended solids have settled to the bottom
the liquid flows through a series of three 2.5-acre marshes for two day cattails,
bulrushes and other marsh-loving plants with the nutrients it contains. ! ighly 90% of the
sewage's heavy metals are removed by the plants and microbes living in the hich take up
and incorporate the heavy metals into their bodies, The plants and microbes are & le to break
down pesticides, industrial solvents and other toxins in the sewuge water,! but 1able to
remove all of the pathogens. In order 1o fully achieve Goal #1, the purificanion of the waste, the
Sewage water is pumped back to the teatment plant where it is chloninated, to kill any remaining
pathogens, and then dechlorinated and discharged into Humboldt Bay.!™ The dischar .
actually cleaner than the bay itself, and pure enough to raise salmon.!'? The plants, having
accumulated industrial oxins, are harvested and burned 10 prevent the toxins from ace lIIl\I;I-ﬂilli_'
and damaging the wetlands. 11
A!m_l's_ wetlands system has at least three advantages over conventional sewage treatment
_ﬁmﬁr_ﬁ.ll 15 & much cheaper way for a town to purify its sewage water to tertiary standards
Arcata estimates its wetlands system has saved it $2 million in capital costs over the state-advocated

Walcr 15

'mlmu Willwenh, “A § % Waste To Be Sweet Again,” Time, Murc ), 1989, illiam Price
; Makes Waste To Be Swee y » Murch 20, 1989; anc / Price
WAL h % H, 9 and J. William Price,

y January/February 1990, p. 29: and Susan Dillingham, "Letting Nature Do The Dirty Work Insight,

m& 1989, p. 50.
Susan Dillingham, "Letting Nature Do The Dirty Work,” fnsight, [ 5
1 s dnsight, January 16, 1989, p, 50,
% 8rce E. Goldstein, Sewage Treatment, Naturally,” Worldwarch, July/August 1988, p, 5
l”’_ an Dillingham, "Leuting Nature Do The Dirty Work,” Insight, January 16, 1989, P 50
- 'W!L Price, "l'l:; Marsh That Arcata Buill," Sierra, May/June 1987, p. 53
3 : Goldsizin, *Sewage Treawment, Naturally,” Worldwaich, July/Augusa 1988, pp. 56,
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Do The Dinty Work,” /

and snails that
v be that the predators
would keep them in

January 16, 1989, p. S0.
1987, n. 53

May

a, May/June 1987, p. 53

¢, January 16, 1989, p. 51; and Garixge,

re's Way to Treat Sewage,” Audubon, January-February 1992,

n, "Sewage Treatment. Naturally,” Worldwarch, July/August 1955, p, &
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check, These predators may be, in part, the fish living in the pond. Before the fish are cate SOLAR AQUATICS SYSTEM:!
must be thoroughly cooked in order to kill any pathogens the fish may have consum EMS
"Another disadvantage to Arcaw's wetlands system is that by us yxidation

lh.uwgmswmdnry standards. some of the nutrients and most of the less soluble nutrients
settle o the bottom of the ponds are lost and very difficult to remove and retum to agricultural
lands.

Therclore, Goal £3, the return of the nutrients in the waste to food-raising soil, and,
y, Goal #2, production of sufficient humus, may not be achiev ed.
Furiher challenges we face when using human-de gned wetlands to achieve Ge
#3 are identical to those faced when Solar Aquatics Systems are employed, and are describe
'meg‘ m‘ N
An advantage of these systems is that they are gainir
themselves effective in cleaning effluent under vanous climat
installation and use of a wetlands system, first contact your coun
ive responsible for such approvals. If the representative i
wetlands systems, contact the United States En anmental Protec
Clearinghouse. This agency will send an appropn Environmer
your health representative which describes how wetlands work and how to inspec
them.

= Director of
no more fand

For more information, contact

& Linited States Environmental Protection Agency's Small Flow

“enter a1 OAI 1 Locust S, Falmouth, MA,

x 1992, pp. 32-35. NYC officials
wreciamation, lawn care, gandoming and
w00 and analysts of this method




adequately

returned 10 the soil from which they came, neither Goal #2 nor Goal #3 mi

tor purify the wasre 1S

importan: disadvaniage 10 most sysrems that employ waler plans ¢ 3

that - nor enough cwfmr?i.\ prmfm'r'd to fully achieve Goal #2, (Scc dlh.cu.\hunn‘u 1.- Goal #2
on pages 12-17.} In gencral, water plants, like most of our common vegetable pl nts, are

jvely Jow in carbon and high in nitrogen, with notable exceptions being re v

prodaced in Wolverion's § stem), cattails, bulrushes and others, Since we need 1o g

carbonaceous Crops o uce enough cured compost to maintain th ty of the soil that feeds
: s, we can modify water plant systems to include carbonaceous water plants (reeds, cattails and

r bulrushes, among others) in order 1o produce enough humus to maintain the fertility of the soil

Wm%\m if the nutrienss are composted, it may stull not be po isible ko use the cured compost on
the sofl from which the nutrients ariginally came if the sewage in Iy was contaminated wit :
aavy metals and other toxins from industrial andlor household w rstems that
utilize plants to purify sewage of toxins, the plants take up and concentrate the r
metals and toxins in their bodics, Compost created from these plants would st
‘these toxins, perhaps at levels which would harm the soil and severely reduce
healthy crops, animals and people,
According to the USDA,'?! the amounts of four heavy metals that
“cafely” accumulate (in kilograms per hectare) per year are

ts ability to grow

icultural souls can

Cadmium  5-20

Zinc 250-1000
Copper 125-500
Nickel 50-200

Stated a different way, sludge may be safe w0
more than 25 parts per million (ppm) of cadmium (sl
acceptable 10 apply 10 omamentals and trees). No d:
heavy metals was given, nor was data given on the accey
heavy metals that can poison the soil and its crops. The
ppm of either PCB or PBB, common industrial chemicals 1

The above USDA guidelines appear o be extremely |
accumudate in the soll and do not readily leach out of the 5o
seems needed on what level of toxic heavy metal contami

Another guideline w gavge the woxicity of sewage
cadmium-1o-zine ratio is less than or equal 1o 100, the will 2
foxic level of cadmium in the sludge. That is, if there is an exce
sludge that would render the crops toxic, there would be enough
plants before they could mature, So crops that would have conizined 1o
cannot be consumed. However, if this results, it would be very desirs
need 10 be added to the soil in order 1o increase the soil's pH and make the heavy metals less
avaulable, though this would also make other important nutrients, such as phosp
ﬂlﬂdale.m'l'he soil would then need 10 be analyzed, preferably by someone ex
. revimlizing soils with toxic levels of heavy metals, to determine the next step 1o h

r mercury, other

ntain more than 10

horus, less
ienced in

:store the

. 4 Before using any sewage sludge (which is best composted hef ]
. i DES posted before it is used, to allow some
~ of the organic 1oxins and pathogens 1o be destroyed) in your garden or farm, be sure that the ley
. mereury, cadmium, zine, copper and nickel, as well as PCB and PBR, are considered safe

¥y Minnich, et al., The Rodale Guide 1o Compoxring (Emmaus, PA: Rodale Press, |
Brady, The Nature and Properiies of Soils, 91h ed. (New York Macmill

979), p. 364
an Publishing Company, 1984),
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niot be safe for the long-term health of the soil, as
m-to-zinc ratio. If any of this information is not
not use the sludge to ferrilize gny soil 12
crop toxicity, we need o focus on the possibility
riilized with sludge whose levels of heavy metals
term health of the soil. Most heavy

i ously, these heavy
) grow healthy crops
we continue 10 use i,
HAAE OUr Waste, our soils

sludge
on the possibi

1 work to:

s¢ them rather than

VESts in ion-exchange
e recycled metals, a
altemative chemicals

arison of

ewage,” Audubon,

The Rodale Guide o Composting (Emmaus, PA: Rodale Press, lU’UF_!v a6
. Bevond the Limits (Post Mills, VT: Chelsea Green Publishing Company, 1992), p.

123 Jerry Minnich, et
1M ponelia H. Mea
96




AN ALGAL REGENERATIVE SYSTEM

h biologist and lectur

1n 1973, Dr. Clarence. G. Golucke, then researc
' ing Research Laboratory at the University of C
Oswald, then professor with the Department of Civil Engin
the University of Califoria, Berkelcy. des X
for single-family farms und homesteads
dairy cow and 50 chickens, an algal pool, :
and chickens all five in the circular building
suppoart the algal pool which is on the roof, but to pre
animals. The food scraps and waste from the peo
people and animals, fertilizer for the sail and food §
animals, added 10 the anserobic digester or s
{estimted &t 1973 prices) can be camed by se
and dried algne.

I order 1o produce fuel and femilizer, the food
digester and undergo anacrobic decomposition. The gas w
contains 50 to 70% methane and can be bumned for fuel,'?
enters a 16,250-liter (4,276-gallon) pool which gro

}dry weight of aigal protein can be prog

of sthudge, produced from the process of anue
nitragen and, once they are composted, could be used
instestriol wastes enter this system so heavy metals and

The liquid from the digester passes through th
dnnkable water, By placing the digester and
and chickens, the entire system occupics only
poal weighs about 17 1ons, the roof would ne

The benefit of using this algal regenerative system is
removed from the land at the rate they are when conventions

generaies useful by-products such as algae and biog

m can be ﬂr‘“ﬂi‘_ﬂ and added 10 the soil

wever, § are five difficulties 10 the algal regener » Vsl
and Oswald. First, Goal #1 may not be m\n_.;;l_q:nr]:i\- ;w;q';L'::udd;I,\:. \.l\“tl?‘_l_‘”
pethogens in the human waste would be subjected 10 anaerobic ¢ .«-"{.m,,,; hefiore 1
removed and upplied 10 food-raising soil. Viruses and bacteria are destroyed virtus

1, Berkeley

s employed

B¢ G Gotocke and W, J. Oswald, * ' 5 ;
'm,‘l;‘k \w'\.d;"p -k:\}-\llg,.ai Regencnuive Sysiem for Single-Family Farms and Village
%Mm 30-501% carbon dionide and small
sy unum:_:l_\ ol nitrogen, hydrogen, carbon monox it
m?::kl?- (L Jobm Fry, Methane Digexters for Fuel, Gas und Fer e C

: + DXYEen
2ers [Santa Barhara, CA: |

1wl havve
> andd the

it ench

ant amount of caloncs for the cow

naining at 2.1%:; land degrdation o contnoe linearkty
_as predicted by P. Buringh, “Availsbility of

_ D, Pimentel and C.W. Hall, eds., Food and Nasural

1989, pp. 69-83, as noted in Dr. David Pimentel, o al., “Natural Resources

wd Environmens: A Journal of Interdisciplinary Sthies, Yol 15,

h dawn and other information
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the inclusion of animals increases the area this system requires (o be sustainable,

amimals are a pan of this system for wo reasons:

1) Mote energy is produced and available for human us
needed by the cow and chickens 15 very low, most of the fuel ge
decomposing their manure can be used by humans, If no animals were ing ludex
amount of biogas that could be generated by anacrobically decomposing he urine .
person 5 i & year is only enough to meet Tess than 4% of the individual's yearly ent
peed. This is enough energy to run a 2- © 4-inch bumer for, at most, 17 m
o cook one meal for one person each day) ar an ave light bulb for 1 hi
energy Jeft over 1o heat the home or the waler, or power any appliances.’
the regenerative sysiem would produce only about 25% the encrgy |c;1,11|n'.1‘
North American (who may not be an ideal role model nsumes 40 ©
energy as the average person in a developing country

required by the people and animals by hous

2) With the exception of water plants such as alg
biogas production (most often grain and fora
are anaerobically decomposed (in the form of
in methane, containing more encrgy per volume and
from placing raw plant material into the biogs
plantmaterial is used to produce biogas, les
does not need 10 be cleaned out as ofien
But herein lies the fifth difficulty, ¢

e, Becsuse the amount
crated by anaerobically

n the system, the
nd manur

ougn
h-no
nimals,

tes (hare

cach day, w

H Even with the
y the averi
1s much

ided, unit
crops used for

the supply of the soil that grew the plants consumed by forage a
manure is commonly used 1o generate biogas), but is burned up ar
carbon that remains after the manure is anaerobically d distl
seen in Figure 4, this is not an adequate amount of ca
sufficiently replenish the ¢ f T
animals.

wnt of humus los

fore. & sufficient amount of |

from the production of biogas from forage animal m

arganic matter and humus levels will eventually be so d
produce healthy crops or healthy people

There are at least two different ways of

1) For every bed growing forage crops that are f

eould grow carbonaceous crops. These crops could

uced in order to generate a sufficient amount

2) Rather than producing biogas by anacrobicall

manure from animals (chickens, for example) that ¢

31 From ot presented by L. Johin F hitne Digesters f
¥ L. John Fry, Methane Digesters
Joba Fry, 1973), pp. 14, 19, 23. Sec Appendia B: Detailed Calcoul
energy where there is a largo concentration of people, such o
mect the needs of many people simultuneously (for example, when biogas i
mﬂﬁ“& D::ll:' Energy ]I'ul Planet Earth " Sclentific American, September 1¢
wses the equi Lol 60 ft° of biogas every day, approximaely the same amou ol A
: ¥. y the same amount produced by anae
ccompasing the manure produced iy | dairy cow and 50 chickens (L. John Fry, Methane Dix I.-I
llg;mhmm ‘LmSmuBm, CA: L John Fry, 1973}, pp, 14, 19, 23)
| “Angerobiic Digestion of Solid Wasies,” Compot Science Journal, February 1972
MN-HIIQI‘ “increased Production of Biogas from Cowdung by Adding iu\c:n“. Ao
Journal Vﬂ;iﬁ&l:! of Food and Agriculture 822, April 1971, pp, 164-167,
j ald's sysiem channels the biogas afier it is burned throg p
5 tugh 1y
?m:mnme the loss of carbon s 4 resull of burniing biogas depends on |r|u
- - ‘the alial . iﬂ&]ﬂdﬂu tesulling smount of addisonal algal growth and

.. 611
Agriculiural Waste Materials

algal pool, The extent to which
amaunt of carbon that is rapped
carbon dioxide that is converted and
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ks could be compasted along with the sludge
chicken manure, In this way, both the
could be returned. (Some of the
e decamnposition and could only
1.) One Bioinensively managed
3 fuva beans and
et of cured compost
ins for the chickens.
5t matenial, o
d 10 produce

2 the year. If no season




Eigure 4

Does the Algal Regenerative System Achieve Goal

Ome 2-year-old Jersey dairy cow grows well on
7.300 Ibs. com silage (26% dry marter) per
Beds needed to grow com at mid-range Biointensive yields = \r: 6!
Beds needed to grow alfalfa nt mid-range Biointensive yields = 36.5
Toral area needed to grow food crops for cow = 7,310 square feet

0 Ibs. al

Total carbon in feed = 2,386 Ibs.

ox. 53% of carbon lost as

dioxide

Fed to animnls

1,117 Ibs. of carbon in manure produced

p—_—

Digested to make biog e of remiaining carbon lost from

815 Ibs. of carbon in
|

Sludge nged 2-3 months'9 :50% of remaining carbon losi

a5 carbon

W5Csence H. Eckles, Dairy (
percentages from Frank B. Mormison, Fee
1086, 1110,
: assumes that there are no chemical or organic substances fost (i
]nlnkﬂmwwmsﬂngc ;
his loss of carbon happens whenever foo
:md fmr:nm elover and alfaifa, as well w .. we need
Rrow carbonaceous compost crops in 0% of o I 8 il i | e
E:h“h poiy .{mp"“e B SeatBty of e \;“il; our farms and gardens in order to sustainably
Most of the nitrogen in the sludge produced by an

), are 0 (I

i in the form of

he oxidized forms

1 § -2
i e ummonia wi

humus, which releases nitrogen much m v
we slowly 10 the plants (L. John Fry, Mes
Fertilizers [Sams Barbara, CA; | John Fry, 1973, p. 25). i

ore it is used, w

e Digesiers fi
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as Rescarch Sution,
i droxide and
7 umits of carbon in

based on John Jeavons, Ecology
teruals At Home (Willits, CAc
iizees, Publication




Figure 5
Available

Comparison of the Amount of Biogas Produced and Carbon
10 Be Returned to the Soil When Plants Are Digested Directly and

When They Are First Fed to Animals " UA543 Sia foed. hermtive Beviy (Volunicers in Asia. PIO. Box

Total carbon in feed = 2,386 Ibs. Total carbon in feed = 2,386 lbs. .-

l -
Fed 1o animals——> approx. 53% of carbon lost |

| as carbon dioxide | e

W | -
1,117 Ibs. of carbon in manure produced I

| ' 3 : -
Digested 10 make biogas-—->27% of Digested to mak 27% of

| remaining carbon lost from | remaining carbon lost = y

| buming bio-gas from buming bio-gas .

A4 : N
815 Ibs. of carbon in sludge 1,742 Ibs of carbon in sludge =

1 -
Aged 2-3 months--—>50% of remaining Aged 2-3 n 50% of E I

| carbon lost as curbon remaining carbon lost -

I dioxide as carbon dioxide - I

W
408 Ibs. of cured carbon can be returned
10 the soil, enough 1o achieve Goal #2 for
only 20.4 to 49.4 beds, 73.1 beds are needed
10 produce this smount of cured compost, so
52.7 10 23,7 beds will be depleted of orginic
matter and fentility over time

While the nlgal regencrative system designed by G
achieve Cioal #2, it probably achieves Goal #3, the return o) rals ing soil,
since all of the elements in the waste (with the exception of cart d nit -
returned to the soil when the cured sludge is added. So long as 1 (0.5 r
in the form of composted sludge is added 10 100 square feet of soil |
of nitragen, would also be achieved

Note: In 1973, Golucke and Oswald demonstrated that the comg

L m:;«m. individually and integrally, were technologically fe .‘_;I: t u.l- .\ i -.
r_. b R’g‘mi::&r?;ﬁnﬂ on the sustainable use and application of cow manure, see !
l“ m& Lok pplication of Composted Vegetble Matter, Composted Cow Munure |
.
.' X
'l e ‘.-' 4 ' . g




PELLETIZATION

5 10 proK

BioGro Systems and other up-and-coming companies have developed a proces
dry fertilizer pc![é:.c from the sludge generated from conventionally treati TN W
the studge is dried at 212°F (100°C), the pellets are free of pathogens and cou
all food-growing soils as lony as ludge vwas n antaming th heavy
waste, Therefore, like the water plant system tion only partin
purification of the waste. The pathogens are € 1OXIC Contimir
careless household dumping remiain

Pelletization also does not fully achieve
is produced through the heating o y [
oxic levels of contaminants and can be safely apy
their nutrients will be converted into humus, More
incorporated into the top two to thn 7
with carbonaceous material before tl
achieved by this method for 2 rea

1 Only the nutrients from the human waste th
sludge are contained in the pe
that are contained in the liquid pol
waterway. If some of the nitroge
2) When the sludge is hea

in the sludge wall escape s §
unlikely that enough carbon r :
in the soil thar grew the food for those

Due 10 the losses of carbon o i
sludge are returned, pelletization is probably ur
nulrients

Another consideration is e58 Of
umounts of energy, resources and capital, making it
solution for most people of the world

lction of
Assumir

Jrmation, write

Eormore information.
BloGro Systems, 180 Admiral Cochrane Drive, Suite 05, Ann i

M ncomon [
ing the lertilizers into the wp few centimeters of soil can reduce amme
Ievels found when the materials arc applied 1o the sariace” (Ny

yhe ©. Brady, The Na i
ed, [New York: Macmillan Publishing P 299). With more of the ..I.. i
i the soll, mors ol it can combine with ¢ n the peliets and (he ) creale 5, By |-I]-'.|r||‘
Carbomaceous materlal 1o the pellets in i compost pike, the sdditional carbon will be able 10 trap me s sl

nitrogen and combine with it 10 produce more hy

ig

e and he

/ of the sun
everyone, and
ceable

ed 10 this

wod

M urine
s (Taos, NM:

ited by the
| not be

ve Goal

s method, since
d when the



soll's supply of nitrogen.

mﬁh&[hy is to channel and filter the emitted air through an ag
tsville,

and read:

Architecture, P.O. Box 1041, Tuos, NM 87571

(916) 444-6616.

$10.00.

Night-Soil Composting, World Bank, Washington, D.C

Another consideration is that during cool, cloudy days, we would ne
human manure until the sun retumns. Also, depending on the method of sols
would need to find & way to reduce any odor that may be produced from h

fixing bacteria associate in order to bring nitrogen in the air into the soil and replenish the

) Store moist

ion used, we

ing the manure. One
compost pile, as was done in

Maryland described in the next section, "Composting”

:1 4 solar oven, wrile or call:
« Kerr Enterprises, P.O. Box 27417, Tempe, AZ 85285. Tel. (602) 968-3068
» Thomas P. "Pete” Pirotte, Spotlight Marketing, Inc., 4609 Seagraves, Joplin, MO 64804

» Michael Reynolds. Earthship Volume 111: Evolution Beyond Economics. Solar Survival

» Beverly Blum, ed. The Solar Box Cooker Manual: How to make, use and teach others abowt
them. Solar Box Cookers International, 1724 Eleventh St., Sacramento, CA 95814,

 Joseph Radabaugh. Heaven's Flame: A Guidebook to Solar Cookers, 1991. Available from
Home Power, In¢., P.O. Box 275, Ashland, OR 97520 for $10.00

* Barbara Prosser-Kerr. The Expanding World of Solar Box Cookers, 1991. Available from
Bountiful Gardens (a project of Ecology Action), 18001 Shafer Ranch Road, Willits, CA,
95490, or from Kerr-Cole Solar Box Cookers, P.O. Box 576, Taylor, AZ 85939 for

s Hillel I. Shuval, et al. Apprapriate Technology for Water Supply and Sanitation, Vol. 10
. 1981,

COMPOSTING

1s in human manure and achieve Goal £1, purification of
aminated with toxins) is to heat it 1o at least

crally be reached in the center of a

ong and 3 1o 4 feet high, or

) 1 cooler. So if human manure
re must eventually be turmed into

e pathogens in the sludge, even
1s was made possible by covering each pile
at acted as an insulator. Including

and of varying lengths. Air was drawn

astic pipes underneath the pile that were

e wood chips increased air circulation in the pile
at passed through the pile was then channelled

isting (New Haven, Connecticut: The

g anthracis [seemingly the most heat-resistant
y temperatures above 131°F (55°C) for 3 weeks or longer at 40% or
position is 50 1 50%.]” Poincelot later states that some

robic de
i se conditions, In order 1 ensure complete purification, be surc that the
given in this booklet are met or excoeded during the processing of human

Survival of Human Pathogens in Composted Sewage,” Applied

. p. 994,
tio of the piles would be about 22 to | {assuming the carbon and nitrogen coatent of
ys wis approximately equal to the average of rotted and raw sawdust, since the wood chips were reused
> A carbon-to-hitrogen ratio of 30 o 1 is more optimal and will be considered the goal when building
wist pile in this booklet. Dr. Robert Pames suggests that 50 or 60 1 I may trap more mirogen and creaie
wmus. Therefore, while more iotal area ir required w produce a pile with an imitial carbon-to-nitrogen of 60 0
> ount needed 1o create a pile with an inital carbon-to-nitrogen of 30 to 1, more cured cOMPOSt
will probably ailable per square foot of growing area. However, a carbon-to-nitrogen mtio of 30w Iw
more biological activity that may more successfully decrease the number of pathogens in the manure (Dr. n
Parmes, personal communication, November 1, 1993 and January 7, 199-11. A pile that initially mumumi
nitrogen ratia of 60 to 1 will gencrally produce less heat and take considerably longer {perhaps as long a5 two years

w0 decompose,

ember |
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asmall pile of mature compost, effectively climinaung the smell of the
Thepier

consistently reached 140°F (60°C) and maintained

10 dayss sometimes a pile’s temperiture would reach as h 176°F (B(*C)

Sold weather could slow the piles down. These piles were so l.-ﬁ-gr and well-aerated, and a

. generate so much heat, that all of the pathogens tested for (viruses, bacterin and the heat-
r of imestinal wonms of the genus Ascaris, among others) were suffici
: muwwcwld sufely be added to food-producing soil even the

While the pathogens were completely destroyed, any toxins contaur 15 &
metal industrial waste, pesticides or other contuminants would have remained in the compost

and restricted its ussbility as a fertilizer. Therefore, Goal #1 may not have been fully achieved.
Since the Beltsville method composted only sewage sludge and not the wastewaler, as 15
the case with pelletization and other methods of processt
‘mitrogen and other nutrients in the liquid portion of the sewage we
into & walerway of ocean rather than composted. Of the nitrogen
sludge, up to half of it as well as much of the carbe
\escaped into the air and was lost due 1o the extreme
as well as-carbon, is necessary 1o enable the microorganisrns
Buamiss, the loss of carbon and nitrogen will decrease the total an
Therelore, the Beltsville piles may not have produced er
amount Jost from the soil which produced the food consumed by t
sludpe. In other words, the method may not have adequately achie
sufficient humus o replenish the supply lost in ¢
Another difficulty of the Beltsville system s
meone, and energy 1o run these machines, in order ¢

piles 130

Compasting Human Manure

Composting human manure and achieving t
ponsiderable amount of experience and skill. The d
mmust the above temperature and duration requirements t
must also be met after the pile is wmed. Otherwise, par/
survive even if they end up in the center of the new p
chance that some of the pathogens were not turned ing
outer layers of the pile where it is generally not hot e

W that commonly infects meat and causes intest
bactenia that are not exposed 1o the killing heat in the c

M9 1 Sherval, ot al., Appro, / fater 5
1 X priate Technology for Water Supply and Sanitation, Val, 10 Night-Sail 1005,
= I o ok SOk 5_,;,_ [ ater Supply and Sanitation, V ! ight-Soil Composting
Shuval, et al., Appropriate Technology for Water Supply and Sanitation. Vol, 11 5
e g Y o 13{_{4 wer Aupply and Sanitaiion, Vol. 10): N
' Mu%whmqm 10 149°F (65°C) for one day (K. H. Knoll, "Compost F
o wewpoini,” Informaiion etin No. 7 |International Ressarch Group on
‘..M"Ih Influence ol Various Composting Processes on Non-Sporeforming {Ln.lr
] .M' . Rm?_ﬁrmpmﬂdnxnumu, December 1963); and K. H
- Reline Disposal, Ca-wh cience, 1961, pp. 35-40), Salmonella will be more likely destroyed in a compost pile
L 'MVd. .FG.E :Imhhnqned lnluqumly'(il.l Shuval, et al., Appropriate Technolopy ;,'.r “'.1:’(:
ar mmhmng&-swﬁnmﬂu:ﬁ\hmmnum. D.C.: World Bank, 19817, p. 12, Salmonella
: = | with = (R, , etal. Appropriate Technology for Water Supply und Samitan o
Aspects of Excreta and Sullage Monagement — A State of the Art Review ;w b

Sail Com

araton from
ase Disposal, 1959]; K.
Information Bulletin
Enoll, "Public Health and

v and Sanitation,
ashinglon, D.C.: World
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aecompase aerobically ard heas sufficiensdy so kil

a day in order o
to 158°F and hold

on and nitrogen
mius that result

; 99.5% 10 1005 Since 99.5%

anure contasning pes afier a

owever, until this goal is reached, 2 35%

with an initial carbon-to-nitrogen rabo of

can be returmned to the soil by growing

n, Appendin B: Detiled

y & fracoon of the gram-

condary benefits, including

e 5 for the amount of nizrogen
the mbility 10 re Y% of nitrogen imitially contained in the compost pile of on

n-producing beds to replace all of the nitrogen that was st Even if 50% of the

annual production of human manare and 210 pounds of straw is lost (2 pounds of mitrogen

lanted and the nodules as well s the above ground biomass of the favas and
pound of nitrogen sdded per bed for a 1ol of 4.3 pounds of RIEmgen for the 7 beds) and
W nitrogen retained in the cured compost) more RITORCR than was kst (2 pounds) woalkd

post temperature instead reaches 131°F 55°C) for 18 10 71 consecutive days, the

and more cured compost will be genenated compared & the amognt when holer

wre reached. However, in meeting this condibon for pathogen destruction, there 5 grealer chance,
espe er climaies, thai the lemperature will not be maintained for this length of time and some pathogens

will remain infectious.
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yerally

The method i mposting humun manure described below will ger

e b : : ipe 1y follc { and the Lemperature and
puin:phogmfxmnmd compost, $0 long a5 it is strictly followed anc :
duration i re met. Before experimenting with you

thod, abiain

¥ ts for purification &
permission vour local health authority since the heall

Capowring and Storing Your Manure

anure until you have
POSING

yu will need o st
JIrEVER

To create & compost pile all at once, ¥
accumatated enoegh to construct your pile. In order ¢
anaerobically:

n will

» Collect your manure and uring in separare containers Urine in the
make the manure (00 weL Also, the size of the storage drum needed, I
absorb the urine and prevent its nitrogen from escapin 2

p | (see "Composting Human Urine”, pages 2
One method 1o separate the urine from the manure is 1o have
COmpaSting privy — onc for manure and one for urine. A
illustrated in Figure 6 below. Once the urine 15 captured, i

7

The seal between the storage conainer and priv

and other vectors from entering the storage

causing disease. This requirement s £55€n for al

1d straw 10

WS and

Sophisticated Low-Technology Urine and Manure Separator's
and Storage Privy

Wum mwﬂm with adding redworms (Einsenia foetida) 10 the stor
hm::qmd&lymd perhaps trf more sitrogen that could be rowmned 1o the soil
Unifike m:rmundhlhc deeper strata of soil, E. foetida are found in any aged, moist compost pile, You will
Mm’-iwﬂlﬁl‘l ““undwc the wormas 40 the drom after each dumping. Unne must not entor the manure stormge
1 ' WOIA, =

o help break down the
form of worm ca

tings

worms 1o decompase hunan manure will not purify it of its pathogens since the empe :
ﬂJmm (R . Chancy, o, Organic A diicnt g Forieers, Pobiicaiom 215
mw@wﬁw w mr‘;‘l‘“ 19921, p. 19). Further research ts needed o dewermine o
S e amnver el and whin they are consumed by worms thit consume human manure
Catilogo de Actividad munure separaor design, see La Coordinacion Genenal del Programa IMSS Sofidaridad
=g de Avcién Comunitaria (Mésico DF : Méxkco, IMSS, 1998), p. 85,

tion 21505
lent o which

(=]

astic containers. Plastic containers are lighter and Jess apt to

[2-gallon can of wheat straw (the straw sh
day.!% (See Appendix B: Detail
aller the better (see footnote #161
ire 1o create a carbon-t

d weigh a linde under §
lculation #10.) The straw
1

to-nitroge

decompositic

| 1o compa.

nure generated bn
\ppendix B: Detiled
pounds of wheat

yOu 2 Curious 1o discover
and make sure that they are nod

and water are used mnstead of wilet paper
rbon-to-nitrogen ratio of 30 © | has been avoided

=5 The first possible disadvantage s an increased
honaceous material is added and stored with the
25 compared o the amount that will escape when
The sccond possible disadvantage is the anserobic decomposition of the

X tion of fresh human manure. From trials ot Ecology Action,

w is added o the storage CONLANCT SPPEAS very unlikely.
straw to the SKAZS CoNLAIner decTeases the necessary volume
be kept large and emptied less frequently. Also, the sTaw
2 (which is roughly 70 to B5% water) below the ideal motsture level of 50 o 0%
., and slow the decomposition of the manure until the manare can be used (0 consuct 3

w that you arc conscious of the tade-offs involved, you may want 10 experiment with
traw b the manire sUNGEE CONLANET, observe the resolts, and decide which works best for you

ad iendency towand ©
when half the amount ol
ide, adding only half

How To Grow Mare Vegetables (Berkeley, CA: Ten Speed Press, 1991), p. §2. To creaic a ol
y of 60 o | as suggesicd by Pames (see footnote #148), 1,167 pounds of whest straw arc
necded per person per year (sce Appendix B: Degiled Calculation #10). At mid-range Bioimensive yields, (1,167/
30) 38.9 beds wounld need to grow wheat each year
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proximately o

Swire bules) annuaily, To store this struw. you will need a bin
cubic feet of straw {see footnote #70). (The bin can be 3 fect hi

ind 5 feet long, for

both vour wring

exampic. )
If you obtain permission to compost hiimetn waste and dect

anure with siraw, yol will need 943 pounds of straw e
m‘v:yhhh. yotr will need about 25 beds during the winter !
fewer if sraw ing grains such as millet and quinca are growi is
sutnmer a8 well) and about 269 cubic feet of stor:
wide, 3 feet high and 6 feet long, for example.) If
summer and the winter, as described in the section
storage space is needed. Since the total amount of sraw
harvests, each harvest will be less than that when all of
Each harvest is continually used to make compost pt
diminish before the next harvest needs o be sk
systems 1o grow all of your calaries and recycle d

wo

Choasing an Appropriate Site for Composting Your Manure

1 you plan 1o compost all of the manure you generaic each year, ann
area that is 3.3 feet wide and 6.6 feet long 1o contain will ¢
and and 3 feet high. Also, an additional space 3.3
:ﬂﬂlﬂ can be tumed. These compost piles will ¢

The 3 3-foot-by-9.9-foot site for your ¢
feet away from any source of water or livi
area should be at least 5 feer below the depi
Below the surface aof the soil),"™ since the water
pathogens. If the groundwater is ar least 5 feet be
of the pathogens will have died or been consumed i
r. To test the groundwater level, dig a 6-foo
make it easier after you have dug to 3 feet or
hole and berm with plastic 1o exclude rinfall as
10 test if water appears at the bottom of the hole, 1f w
ﬁl'ﬂt!hllﬂ be chosen, Be sure 10 verify from th
cked was a rep ively wet one. If not, be sure to reche
sure that the site does not recerve severe runoff that could erode
‘youd are building the pile on a slightly inclined surf g
entire composting site in order to prevent any
compost site and threatening the health of those ne:
The site should not be above fissured rock or other permeable rock
allow excessive leaching ql'tht nutrients and pathogens from the ma . y th vl
m:: usually suitable as long as the depth of the water table o he regjuire

. Afier you have chosen a site which meets the above re
: Site 18 h quirements, present your site and
proposal to your local health authority in order 10 obtain permission before | o

€, YOu may wil
n-rich leachate

i begin

 Asamide ﬂ;. 38,9 beds of wm:lnﬁ-?ugltﬁﬁmmmnw yields can provide 389 pounds of whe L

._‘“‘ ' *“m lrnu@m *muhuh or 1.6, 1-pound loaves of heead cach day of the vear (2/3 pound
“!I. Mhdm s .;Et_u and other ingredients makes & 1-pound loaf of bread). 380 pounds of wheat

& g persan per day or app ly 66% of un average person's daily cakoric nood,

‘emutimlllm W,

: requires the most area (o + T ol any diet wi .
'i i € '5;:“ L"‘l nost any diet worldwide, if &
. “ﬂ%mmrw:{m Barbaru, CA: Caprs Press, 1978), p, 48
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composting your manure. Composting human manure is illegal and can be
1O your _iufa th but 1o the health of your community and the soil Do nor begin
nure without first consulting and obtaining permission from yowr local &r;g]ilh

Freparing the Site

h of 1 foot with a garden fork in the 3.3-foot-by-3.3-foot

i a layer of branches, twigs and/or stalks, as described
vw the pathogen-containing
ze of the soil where it could
econd pile only immediately
and need reloosening. =

i € entire composting area is loosened
and need reloosening, which means exira work
k., and a compost

of the manure you

¢ added 10 it, it will fll sbout 10,
with s0il and additonal straw,

containers needed will vary depending on
ot only will the containes be shie 1o bold

i 1o the microorganisms. Since the

its, more of the straw is cxposed and can be consumed

fily available, the microbes will be able 10 capture more
s, Dr. Robert Pamnes, whao has operated a commercial

Ph.D, in phy from Otuo Staie University, suggests addng
available than straw, such as the alicratives 10 tilet paper (see

(personal communication, November 1, 1993), However, most

n carbon. Exceptions wo this are fresh alfalia and other somewhat woody-

Since they are both somewhat nich in carbon and their carbon is relatively

1 b0 add 10 the manure storage container. The disadvantage is that they

50 the conle the storage containes will remain comparatively wet and will iend 10

< materials have & carbon-1o-nitrogen oo lower than 30 1o 1, 5o adding them 0

1d will not increase the overall carboa-to-nitrogen mibio © 30 o 1 needed for

tion. Therefore, depending on how much groen plant material is added 1o the slomge

= 210 pounds of straw normally needed to increase the carbon-io-nitmgen rano o X woakd

firal compost piles

yallon containers are not available (and likely they will not be for many people in the world), you may

allon continer, fill it halfway and add it 10 your composi pile periodically. However,

going basis is not optimal for maximism heat generation which i secessary o kil the

want
b
pathogens
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mltfoflhr sticks. ndd the following layers in su
1 10 2 quarts of water o thorou i ¢ luyer af
1) Two (2) tightly packed 5-gallon buckets of we
(creating a layer approximately | © Z inc
2) One-half of 1 30-gailon container of human
2 inches thick)
3) Stightly more than one-third (0.37) of a 5-gall
inch thick).

Continue adding these layers in sequence o
added (at which time you should also run out of ¥
The pile, if it is built all at once, should be abous
of the pile should be 1, 5-gallon bucket of soil (1.6
Calcalation #12 for the derivation of this recipe

Keeping gond records of the umounts
well as any observations and problems you ha
process and how to improv i

ompost Pile Volume

i
h Maimenance of the

s these four items i balance

0 moch air and 0o little water, the pile will be very

dded o the pile, there will be too litle air, and it will

st pile

oonlnines b
100 mwhward 10 handie and sid 1o the compont pile, you may want to oo, 9t B, Apropri m, Vol 3: Health Aspects of
ant i - Cran - Workd Bank, 1981], p. 108

gallon
cattaners and fill them only hallway

a9




)

"
4 LA

mm] . In order 1o add more air 1 the pile, the pile can be turned. The goal of
wrning the m-caﬁi’ml;‘nmrmst pu:Jis rhr same '“!\ it ;_« Fm- 2 contpost pile not con
homan manure all of the material on the putside of the existung p
the mew pile, mnnmrmkc all of the material on the inside of the exis
gm&w proper air and water b;dur!cc_ in lhs' compost !.'Iil.: '«\fl[l\ .iur.‘hé you will
encoumge efficient decomposition. Material on the outside of 2 compost pile 1s gene dl; ;
decompose efficiently. Tumning ensures that no material remains on the outside anc relative ly
When compost i5 made with human manure, o - i €
pile the inside of the new ]'ni is even more critical because we are o
decomposing the pile but also with killing all of the human pathog
Pathogens have & much better chance of survival if they are not
temperatures that can be generated only from the center of a prope
tioned eariier.
ﬁ.“m often should the pile be tumed? It should be tumed
o0 the outside of the pile to the heat-killing tempe
temes it is tumed, the benter. Frequent nurning wil
im the marre will be turned into the cenier of the pile and kill
cured compast and humus the pile generates, since nwrning en
hamas in the compaost pile. Roben Rodale recommended in Or ;
that & compost pile containing human manure should be imed
months, and then once every 3 months thereafier for a vear." Howe
amount of humus and cured compost and still kill the pathogens i
is to turn the pile only once, after the pile’s temperature has pe
degrees or more below its pcai\."is 28 you would with a compost pi
manure.

sndl up on OF Near

Whether the pile is tumed three times or only once, the cured oo
10 food-raising soil, even where Ascaris is present, 1 year after the pi
f:!tlcmamtau\ed a lemperature of at least 140°F far 3 cons i
after it was first turned. A compasting thermometer is inv:
temperatures of the pile.
In order to create piles that consistently meet these requirements, a consid
expenence and skill is needed, especially when the weather is cold and/or riiny.
o leamn.

was comple
bath afier i

If the temperature and duration requirements are not met both ti
allowed to mature for 2 years after it is completed, or 7 years if Ascar
Your community (Ascaris is found worldwidel%5). During this time, the
Kept as moist as 8 wrung-out sponge in order o encourage a heaithy populat
that will eventually consume the human pathogens that are not as well suite
r'h_'ﬂ! main disadvaninge of waiting this long is that the compost may be

when the decomposition process continues and the humus in the cured
transformed back into its mineral components), 57 If mineralization occurs 1c
final cured compost has very little humus, Goal #2, production of sufficient humus 1o ac
ratsing soil, may not be achieved, especially if the presence of Ascaris requires a 7

Therefore, if we choose to recycle human manure through composting,
ounelves ime to develop our skill in order 10 consistently build and maintain a
meets the temperture and duration requirements for pathogen purification and wil

A85Paul D, Sachs, Edaphor (Newbary, VT: The Edaphic Press, 1993), p. 90,
‘._KG. Feachem, et al, Appropriaie Technology for Water Supply and Sanitation, Vol. 3: lealth Aspects of
SNd Sullape Munagement - A State of the Art Review [Washingion, D¢ Wood Bank, 1981], p, 22,
-‘m Rioch, Ecology Action's Sell-Teaching Minl-Scries, Bookle: #23: Blointenaiv willit
-

food-
uration
we must allow
post pile that
not be in danger

e Compagting (Willits, CA:

Action, March 1990), p. |,
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an compost our manure and schieve all four goals of

Ticiently to kill the pathogens,

store it, break apart the pile

s way, you halt the

zation of the humus. Store the dried cured compost in g
could restart the decomposition process) and

1 very hird it to absorbing water and

above, you will be able
lume, This is enough

d nitrogen and minerals
f 24 w 8, 100-square-foot
-ured compost is generated
» compost the manure,

Y composting one person’s

ent cured compost, for

f beds needed to

» 40 beds (1,000 1o 4,000

experience of the

on's food for all year,

sing beds to achicve Goal #2.

r all of owr food-raising beds

our urine annually is enough
red compost we generate

vel of about 24 10 8

ow all of one person’s food
hieve Goal #2. Remember:
ealures in the soil and compost piles breathe, we

ps in 70% of our gardens and farms if we want to
sustainably

)SL Crops to generate enough cured

eturn of the miner, our waste to the soil which
all of the minerals in the urine and manure,
in the form of cured compost, may be
The only exception may be nitrogen, since
rial decomposed and transformed into humus. To
us or other crops with which nitrogen-fixing
ng nitrogen that gasified into the air back down into
retention of nitrogen is not achieved and a 35% loss of the nitrogen

1€ M8 189 all of this nitrogen can be retumed to the soil from
4.20ft 15 used to grow the wheat straw with cool weather fava
ved in John Jeavons, Ecology Action’s Self-Teaching Mini-Series

feet of stomge space is needed for every year's worth of manure-containing compost you plan 10

168 About 15 cut

store

1894 loss of 35% of the original nitrogen through composting is based on an estimate for 8 compost pile that does
not contain human manure by Dr. Roben Pames, Fertile Soil (Davis, CA: AgAccess, 1990), p. 56, See footnote
W152.




Bookler 814 Complete 21-Bed Biotmensive Mini- Farm: Fertility, Nutriion and Ine ome
m'éi.i'ﬁtib;y Action, 1987), pp. 4-15. The fava beans and vetch are harvested wie
0 508 of their fowers are in bloom and composted. The additionial nirogen added o

cured compost will fully replace the amount that was lost during the composting of
:-m-d:tn composting of the fava beans and vetch (see Appendix B: Detiled Calculation

#15).

One advaniage to compasting is that, like solar heating, it can be done by an indivic
The waste does not first have o travel through a sewuge system, so Goal #1 can be fully
through i killi f p =ns through solar heating requires no

composting. However, the killing of pathogens through B
whereas & significant level of experience and skill is required 1o be able to create compost pile
consistently reach and maintain a sufficient level of heat to kil the pathogens.

Composting Toilets

Tnstead of storing your manure and using it to build a compost pil
in the storage bin, and, over time, the pathogens it contains would be
more fit to survive in that environment and would be destroyed,
eventually produce pathogen-free cured compost: not with heat, but »

i f organisms better fit 1o survive over time in that environment
are several commercially available composting toilets with vari
sarjous prices. No manufacturer guamntees the final compost
soil, since it is nearly impossible to ensure that the pathogens have b
withan the wilet hot enough to kill them. Some compostin
manure (up 10 2 to 3 years' worth of manure produced b
material only from the bottom of the bin, 1o ensure that w
snless you are sure the manure you are removing is at least 2 years old (7 years where A
infections are prevalent), the compost should not be added to soil that will be worke:
produce food whose edible portion may contact the soil.170 Instead, allow what vou e
kmtmg:nilct to age further, or compost it as described abo
; manure generally does not get as hot in a composting toilet as it woul
acrobic compost pile, ot least as much, if aof more, humus will be produced assumi
quantity of carbonaceous material is added. A little less than 10 ounces of wheat stra
amount of other carbonaceous material to create an initial carbon-to-nitrogen r
10 1) should be added each day to the toilet so that 210 pounds of straw are added 10 th
year for every person using the toilet. Most composting toilet manufacturers do not desi
foless 1o receive this amotint of dry material. As a general guideline, you will be adding
30 times the volume that the designer predicted so if the manufacturer claims it will hold all the
human waste produced by a family of four for 2 years, it will probably only hold one month's
worth whick will not be g sufficient amount of time for the manure to manire and be safe to handle
‘N? ly available composting toilets deserve special attention: the Sun-Mar NE
Amonr-clectric) and the Phoenix. The two toilets are similar in conceptual design 10 insure proper
v 3 and require very little maintenance. Both have handles that, when rowed, add .1:r o
iy manure and encourage aerobic decomposition, and both generate cured compost
- ‘e, ance ntly aged, can be removed only from the battiom of the storage bin (to minimize
1 the sisk of contacting fresh manure) and added to food-maising soil. :

ssed on e
L e e e
s ' § anagement ~ A Sig of ri W
agion, .C. World Bk, 1981), pp. 193-200; and Jetry Minmich, e a1, The Kodie Gt o
T I'.._Iﬂ'ﬁ 2, 363. However, it may be possible 10 use human urine 1o kil
warms of the genus Ascaris, Sce Appendix C: Funher Discussion #2,

Composting
parasitic worm

n

£ 2 Carbon-to-nitrogen tatio
e amount needed 1o
resent o combine with

med 10 store accumnulated liguid away
re to'd ose acrobically. The

- d away from the

composted, or pumped

TUCT 10 maintain an optimal

iquid may have
removed and composted as

195 Meadows Rd., Whitefish,

Ukizh, CA 95452 Toll
14, Business Office (707)

1, read:

d Sanitation Vol. 3:
of the Art Review.

of ¢

wev for Waser Supply and Sanitation, Vol. 10: Nighs-
* : World Bank, 1981
the Flush Toilet. Emmaus, PA: Rodale Press, 1977. (Out of

Barbara, CA: Capra Press, 1978, Distributed by
ountry Road South, RR 1, Box 95, Francestown,

nd 4 discuss site requirements and include plans for building yourown

per cubic foot (the sime approxemate density & that of dry materal in s

i"li-_r.lm.lli‘d]l.l.l_ ng density s 3.6 pounds A . :
- | 1 3 - = k
compost pile). 210 pounds of straw / 3.6 pounds / t” = 58.3 it} + 2.7 £t of manure = 61 it ol
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Cine way 1o purify manure and return the nutricnts it con
food is known as secondary recycling. Rather than adding nug
grows food-producing annual crops, we can first
the tees eventually take up the nutrients in the manu
things, some of the leaves can be collected from 1
lefit under the tree 10 decompose and maintain the humus supy
Then, the collected leaves can be composted. When the com;
growing annual food crops, the soil's nutrients can

ished as well. \

The length of time a pathogen will live depends, in
lives. When human munure is b
they were in a compost pile {see Table 7«
disease, the soil between the trees
after the manure is buried, or 7 years if o
Eventually, the pathogens are unable to surviv

Since th

c Ci
Henge is v

rst chal

There are five chal
recycle human manure. The
supporting the trees. If we remove all of the fallen |
only all of the minerals the leaves contain, but also
decomposing leaves could have potentially added
manure, we can replenish the supply of
humus. Since the carbon-1o-nitrogen ratio of b
decomposes in the ground, it does not contain e
humus, and Goal #2 may not be adequately
deficiency may be 1o compost some of the faller
trees. The success of this approach will depend mair b
"!ﬂm the amount of leaves the tree produces), the texture 1
climate.

£
fi

1" Based on the author's snalysis of data presented by R G. Feachem, et il., Appropriase Technol
Supply and Saniiation Vol, 3: Health Aspects of Excreta and Sullage Managemeni - A Stare ¢
(Washingion, D.C.: World Bank, 1981), pp. 21723
(Emmaus, PA: Rodale Press, 1979), p. 363,
umlllhr 10 the difficully we encountered in examining the algal regen ¢ system: whenever crr
fed i animal (in this case, humans), a subsiantial amount of the carbon in the crops does not end ¢ P in thy
O hamians’ manure but escapes ino the air with each exbalation of carbon dioxide of those who eat o
the crops. Therefore, there muy notwbe enough carbon in the animuls’ o humane MANue 1o ge
10 feplenish the soil's supply. -

the A
) and Jerry Minnich, ot al., The Rodale Guide 1o Co

T4
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{ Farm, 5568 Suie

buned manure 1% o add

1949), pp. 1SS
no serous bic-ap of

Waveland Press,
notricnts when the

Sireet, Albany, Ohio, 45710




T that could en
foant 1.5 yeans of manure (o 7 years if Ascaris is present in our comimunity). The manure sho g ' i ”'Ijl':i \-;nllrl,lnl.l..‘l::.v,
hwﬂumqmu"‘ml 1o 0o more than 0.5 pound of ogen per 100 square feet in ore { R Bl Y Tire not be situated above fissured rock orotier
achieve Gol B4, the proper application of mitrogen to food raw If 3.5 ye : £ & . A e X diahosalt e " ure could leach inm
pecessary ) of manure can be received by the orchard, then enouy s will have passed 1o kil gz J.-.'-r]'c. |;.m;|
pathogens in an arca after it has received human manure and before it needs to be redug and rece the depth
MmOl manure.

The fourth challenge with this method is that the 1wl

s humah manure may not be available to some people in the world, espect
m mired to grow anoual crops like grains, legumes and vegetables. In Examples #1 ar 2 "
LW-::}),:?U sguare feet are needed 10 recycle the manure produced by one per r b In general, at § 10 § » that receiy Miyee of Humman tmicis
1988, China had only 9,300 square feet per capim, the Netherlands had 6,7(6 4 juivalent 1o no more nOUr r A -
capita. Egypt had 5,300 square feet per capita, and Japan had 4,100 square fect per ca
further information on the averge amount of land available per capita currently and in
see Appendix D: The Circle Chart.

How much area between the trees is needed? In 3.5 years, we produce about 9.7 §
altropen in our manure (19.4 pounds in 7 years). Applied at a rate of pound per 100 s
feer, we would need 1.932 square fect (in & community where Ascaris is n !
square feet (where Ascarir is present) of area between the he

and extend their boundaries year afier year
troes in the orchard without damaging roots. T
rees on s slightly larger than recommended o insure 1
between the trees 1o dig xamples #1 and #2 of Fi; .
and 15 feet have been increased 1o 45 foet and 20 feet res
human manure.

The fifth challenge with this method is tf
Therefore, it will probably take several years for a i
“excess” 30 that some of them could be used fc
Mini-Farm, the garden does not receive any human wasie
ganden, receives partially decomposed human re. The
A guantity of leaves sufficient so that some of them could be c

arca required to

Site Requirements

The orchard that I 1o receive human manure must be downhill
waler source, and the groundwater level must be at | feet below
feet below the botiom of the excavated sections described below) duri
. To estimate the depth of the groundwater under the orchard,
deep in the conter or lowest part of the site. Standing in this hole.
dsgg:;dberure the rainy season. Build a berm (as described in t
AR urine manure) around its perimeter, and cover the hole and 3
rminfall and surface runoff from entering the hole. Use an 8-foot-long, 1-inch by-1
I Waler appears at the botiom of the hole. I water is detected a1 any time during {
St or a new miethod of recycling human waste must be chosen. Be sure to verify §
precipitation tat the year you checked was a representatively wet onc. If not, be su

Barbe Baler, Man of the Trees

l i
.ﬂw"m??m Vol 43 (Rome, ltaly: Food and Agriculture Organization of the United Natjons
e ety yeany tard ’
2 *lﬂ'l:::;‘lm “):Il[l::.rbm \nhﬂalg closer to the trees than is shown in the shaded arcas in - = How To Grow More Veetables (Berkeley, CA: Ten Speed Press, 1991), pp. 90-91, 94-95
oS grow and criend hmﬂt;::*“w‘;:cmw m“ﬂmh in the buried manure. Also, as the 1 e b 1 Fpproximate ¢ ority of its main feeder rots, though feeder rmots can be
Jthis e urea will not be able 1o be dug ik in higtne : 3 P s
e foeder oot %0 it may as well receive nutrient-rich human manure while it can, #ble 10 be dug withaut injuring wand in an area with a diameter 2 10 3 times that of
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Eigure 8
Recycling One Person's Manure with a Mature Orchard'® Figure 8 (continued)

Example #1B: Using Full-Sized Trees

Example #1A: Using Full-Sized Trees
Where Ascatis Is Not Prevalent
Where Ascaris Is Prevalent

Ciechaed 1 .
ANCTANS Ly

o

Orchard

A
=
Wy 49
i - ’ >
i 0 .
A= Wil
(e ¥
No.of Type of i

2  Repular A 1

2  English W ! p Vea

1 Chesinut xumately 4% of the calones

v one person annually
i Y
Total Number of Tt
Total Area Nes Orchard ar
Area Available w Receive M KK
mﬁw!ﬂtulmﬂmﬂmuim year dod pounds of pronduce (frsit o nuts) consumed per day are for wh
orchard is mature and are derived from John feavis w More Vesetabies (Becke A' Tir
M 1991), pp. 9097, All igures do not include reluse w
spacing for these trees s 40 Teet (1o hu avong, How | w More Ve n ik v
TaSpaed.hul.lwum D0-91, 94.85), The trees are § on 43-foot centers in order i provide soil tha
eceive human manure between the troes

I“mlhlhlﬂmoffmluuﬂdnuudlﬂlumdhrul\ Iy one peron (the e r manure

added 10 the orchard's soif) eats all of the archard's annual Ty
W35ee Appendix B: Detailed Calculation #16A

fer Agye 1 B Degadled Cakculation #1168



Example #2A: Using Semi-Dwarf-Type Trees

Where Ascaris [s Prevalent

=101l51

A=apple, F = filbert, P = peach

Actual

No.of Typeof Spacing Pounds/Day £
Trees ] {EFee)'® Consumed'#4 A
8  Semi-Dwarf Apple 20 ; 2.90

8  Filbert (Hazelnut) 20 504,651 0.48 -
8  Regular Peach 20 08.779 1.99

Total = 869,854 Calories / Year
or approximately 99% of the calories
needed by one person annually

Total Number of Trees = 24

Total Area Needed for Orchard = 8,628 square feet! 5
Area Available 10 Receive Manure = 4,390 square feet!®

me'm;fum trees is 15 feet (John Jeavons, How To Grow Mare v .
pe h e More Vegetables [Berkeley, CA
Speed Press, 1991, pp, 9!‘.I-19m1e 94-95). The trees are planted an 20-foot centers in order to provide soil that can

18980e Appendix B: Detailed Cakulation #16D

Figure 8 (continued)

Example #2B: Using Semi-Dwarf-Type Trees

Where Ascaris Is Not Prevalent

434,927 Calories / Year
or approximately 50% of the
calories needed by one person
annually.

ber of Trees = 12 .

Orchard = 4,349 square feet!®
- rriare FapgiiS

Area Available 1o Receive Manure = 2,230 squarc feet




GRAINS AND PERENNIALS

In selecting trees for recycling human manure, as seen in Examples #1 and #2, the sma
the recommended spacing of the trees, the more trees that are needed, in order i
area in betwreen the trees that can receive human manure. This would not n
trecs recommended to be planted 15 feet apan were, for example, plan
20 feet apant as in Example #2. However, the recom nended spa
i so that, once the trees are mature, the trees’ leaves, esg
souch. This has the similar and beneficial effects of spacing other o
beans or wheat, closely together — the touching leaves: 1) shade the ground, whic
weed growth and creates & "moisture bubble™ by mini g soi ¢
dioxide bubble,” allowing the maximum amount of carbon dioxide give
available and absorbed by the leaves of the mees; and 3) create 3 more s
the trees by minimizing wind and temperature fluctuations within the orchare
are spaced much farther apar than about 25% to 30% of the recommended s
these positive effects can be realized. There is more evaporation from the so
10 require mare water; more weed growth in between the trees carbc
10 the trees for photosynthesis and more carbon dioxide g
the already carbon dioxide-rich atmosphere; and a gr
growth and reduce vields. Therefore, the larger the ©
fewer treex and less water, fertilizericompost, tim
trees, the orchard will prodice the same or more
if yow use trees thar are spaced more closely together

rooted perenmials, human manure can
s and humus. The method
eliminates the waiting period and

method by shallowly burying
for life inside a human body,
s in relatively sterile soil can
years in the soil L™
allowed to age
-square-foot garden
ed from one person 10
ow the manure
ections are not prevalent
sman food and
le w0 integrate the 18 or
eded (except
»od, all of your compost

In conclusion, burying munure and using trees for s
requires very little experience and skill and involv I
manure is required. Also, trees can be excellent fc
soils. Stll, more research needs to be done to d
marnure-rich soil and produce the most leaves (as well as friu
time,

tlized tests in soil that
However, the method has yet
hat generally prevent the

¢, the method as outlined

1

LLLLLLLLLLL LR Y

ted by R. G. Feachem, et al, Appropraaie Techaoiogy for Water
Errress and Sullage Managemens — A State of the Art Rewiew
¥i: and Jerry Minnich, et al, The Rodale Guade o Composnng
may he possible 10 use human urine W Kill parasitic womm
e Appendix C: Further Duscussaon Ll

{ data presen!
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All 18 or 12 bed

proundwaner level ma
which the excavated sect
oW

B F
or lowest par

berm with plastc o
}och-by- | -ench pod
any time dunng the yoar, a ncw s
Be sure w0 verify from t
one. If not, be sure 1o rect
that could erde your sie
could spread discase
The beds that receive hurman
extremely permeahle rock fo
the grovmdwater. Sandy
of the water tahle meet
{f you have m
showakd rovate whick be
losing or acc
sonl However, if only
thase sections should be u
before we can fully ur
of the soil and how be:
recycle your manare, y "1 10 FECYC
by & method other thar I and per
Modifications t -

1) Daring each month
comzainer’s seal andior th
preves flies, mosguiloes
paathogens and caasing
recycling systems, Eac I
i larger than needed, may work well). Flas
{xince human manure will not cormode them as
than metal containers. If you have the |
pots.

Oxhver than manure and wilet paper

#157), no other material should be added
container and record the date on it Da
vysematally w0 ensure that suffioss
may contait and before the manure-enniched o
postion souches the soil. Then, begin collecting you

m
M you Fimd that ¢ smrage container 1 odotout, te m
porstically open the contune s w2 the mare with a

bically. If necessary,
AT e :
L vl O comtames w empuod and the manure is added 1o woil

n onder W0 encix

L=]

f
f
f
-
F
F
f
ot

t

1553333333 L

11

store if in a separate bin, (Yoo
e the soll at the bottom of the
half by stakang sming
half of a 100-square
om confusing it with a
i , but you wi edd 1o dig out mt least balf of a
ave somewhere to put the manure you produce each

bed is designed 1o receive 3 separate layers of
b s, you will
In total, only
1s mentioned above
least 2 feet wide
1 4 feet (and therefore 25
and calculations mentioned
excavated beds.

nanure beyond one month is
¢ manurc age contuner on
lected over Section 1. Afier the
month over Section 2, spread the next
1 can then cover the manure and sow

per year in her or his manure or shout 0 23 pound per month.
ving about 0.5 pound of nitrogen per 100 square fect pee year,
 and groandwater, crop lodging, soil acidification and
manure produced by one person in 2 moniths,
of nitrogen. So, no more masire than is generated by

ve the manure produced by one persod during the year i
h section receives the manure generated by one person in onc
worth or slightly bess than 0.5 pound of nitrogen per year
achieved
beds at & rate of 0.5 pound of nitrogen por 100 square fect per
1 jpound en per 100 square feet per year, where Ascaris s Fwﬂdrm,aulphut
anure ds of nitrogen are produced per year, enough to feriline (2.8 /0. ]
}.1 pound per 100 square feet per year. To ensure that the manure cums sufficiently
1 sets of 28 beds are needed wal of [28 x 3] 84 bods where Ascaris i provalent) Where
£ (0.1} 28 beds are used per year, and 2 sets of 28 beds, for a wial of [28 x 2] 56 beds
red before n manure-enriched bed is pathogen free and can be reused. See Figures 11 and 1300

for further clarification
evalent in your community, ask your local physician.

per person, are regq
pages M4 and 101 re
Ts mine whether of not Ascaris s
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& or wo growing seasons, you will need 1o
£ nl Each

SIOTE YOUT MANUNe in separate containers until the beginning of the next growr
manure storage container should be dated at the end of the month after it is filled w Lee
beginning of the first g g season (optimally in the spring, for reasons w hich w : explained
later), put the manure you collected during Month 1 into Secrion 1, the manure you
during Month 2 into Section 2. Month 3 into Section 3, and 50 on until you run out of
sranure. It is essential that the manure be added in this systematic manner in order 10 mini
amount of area you need and to know when the manure has aged sufficiently and the soil ¢
safely worked. i

If you have only one growing season per year, you will need
for this method. '™ You can choose to collect e months' worth of mal
which case you will need only 6 containers per person The manure in €
be spread over iwo excavated sections (the entire bed) rather than over ¢
disadvantage of this is that the more manure you have to spread o I
difficult and time-consuming it is to spread the manure evenly, and spreac
you will generally want to take much ume

As with human urine and manure Compostin

dumping. spreading and covering the manure, and use

2ir

i

2 manure ige containers
per container, in
contai would the

& SECTIon.

14 5T

4) Cover the manure with a layer of soil about
removed when you dug the beds. If you find th
more soil 1o cover the manure, ¢
manure, or cover the excavated s
exclude them. If you are not going 1o sow
and do not need the section to receive su
out. A sheet of translucent plastic over the bed w

house,
It is possible that covering the manure w
anaerobically and inhibit plant growth. Howe
Agction's preliminary experiments with this me

the opposite.

the mar

ISETV

9 nsiead of swring the manure in continers, n aliemative (o 1)
month and cover it with a layer of soil just as yon woald if y
of the neat growing season, saw seed, The disadvants
may leach out before the seeds that are sown are maiis
animals from uncarthing the i whereas growing pl
98Eor a family of four, a single container with a volume
.Mlymepdmmm.hu! it will nesd 10 be added 104 times the arca (or a3 many times
members but less if some of the members are very young and produce less ms N
lhﬂ:_m“l:.:nw in the text above and shown in Figures 11 and 1 3
rtilizers into the 1op few eentimeters of soll can redice ammonia e
levels fiound when the materials are applied 1o the surface” (Nyle C. Brudy, The =
ed, [New York: Macmillan Publishing Company, 19841, p, 299), While Brady
the same would undoubtedly be the case for adding human manure W the soil. The |
will abso help conceal it from animals.

method is to spread i over o secrion cac
grow crops year-roand, Then, at the b
ad are that the nutricots in
) use them. Also are soil will not

yer of soil covering the manure

a6

mp...and it
back an

cover the

which cometh

1 version of Deuteronomy, The Holy Bible

at the
. 1991) o
ree feet hi

: n plants are
¢ the amount of

h-wise Cross Section of 100-Square-Foot Bed (25 feet by 4 feet)

— )
1 ; . f
G Sou. (L) |
e A_—-:{é MANURE }
b e
< 25 f- -
T) W thy (probably as often as you water the rest of vour
garder on and plant growth. Continue stonng

YOUr mir




o b An Example Calendar
§) The crops should be harvested as they mature : waty . the kir st 18 hs of Using Grains and Perennials
In arder to generate the maximum amount of carbonaceous ¢ i ) ASSuming Yo ave I owing Seasons -- One 5-Month Season
best to leave any carbonaceous crops, such as ¢ y : duri he Su ( 7-Month Season during the Winte
they an: growing in sections thal will immediat QUTIng ihe nter
carbonaceous crops can et (o being fully
next crops will have sufficient nme (o matu
10 feed the soil and sustain, or even improv
When harvesting grain, cut the stalk
1o improve the soil's structure, serabon and
decompose and transform into high-guality b
information sheet, "Roots In The Soil”.) Co
t, 2.3 10 5.3, 3-foot-by-3-foot-by-3-foot o
jpee enouph soilless cured compast (o apy
1-92. Where Ascaris is not prevalent, 1.1 o
% are needed. ) Try to prevent the harvesie:
try fot to touch the soil yourself. Afie )
have contacted the soil. By generatir
grows your food and is not currently
humus the soil lost when it g
productive for as many years and generat
1f you decide 1o eat th un, be s
received himan maniire. Root
eaten until the soil has aged for
community) due to the intimate contact th
{Boiling the grain, roots or leaves for at lea
not certain at this time. )

The Secand Growi

9) If you have two growing seasans,
in the fall, Tor reasons that will be descerit
frost, spread the manure you have stored the
bas not yet received manure, and cover it w
After one year, you will have spre
the manure from Month 2 over Section
over Section 12,

sown with winter crops (wheat, rye or barle

Sown one month before the first hard (rost. Sow wir

manure in the fall as you did in the spring (steps 5 anc

that received human manure in the spring and then grew a summer cro,
mmm up the nerwork of residue and surface roots. This will
exposed soil and optimize he chances of the sown seed having good con
broadeast seed for winter crops in these sections so that now all 12 sectd
seeds sown in all 12 sections with a light (1/4-inch) layer of soil, and water t

are s

hem ns




o i of Shelr sradble. For this reason. you mdy wan
fven §f you can grow Crops year-r sund. Harvest the
At the beginning of the nexi growing season
o eceive manure and to optimize the carbon you wil
om fop of the stubble from the crops grown on the fi
Section 2, and repeat the same pattern you csiab
manure Cover the sections that received a second
crops. Cover the seeds with a light layer of soil and w
throagh 7 above
In the sections that do not receive mar
{Sections 7-12), break up the stubble and loo
contact. Sow these sections so that all 12 secti
seeds with soil, and water the sections as T
Repeat this pattern, outlined in ™
seasons as you have. At the end of the second
received a second layer o ure, soil, seed

produce. Add
layer of manure

1sing this method
1

A Summary of the Panern

I every growing season aficr the

AN

manure with
4) Sow seed appropri
5) Cover the seed |
6) Water as ¢

Category #2: The section does nof receive human 1
Opemtion for Category #2

#
L) Harvest any remaining cr
2) Break up the stubble layer
cultivator to provide good s
3) Sow seed appropriate for the s
4) Cover the seed hghtly wi
5) Water as needed

The Third Year

12) In the third year, add a third layer of manure an 1« wp of tl
the second of manure in the same pattern you established in the fir
continue growing and harvesting all 6 beds
D:llg the first thres years, nonc of the 6 beds receiving human manure receives cured
:ml iy adding this manure to the soil at the rate of 0.5 pound of nitrogen per year \-q-[l-; 11
feuring w0 the soil the nutrients contained in the food eaten, with the excep of rarh s
whick is breathed out into the air In other words, simply returning your many a‘».-'.". rl.m] ’_1':1,
m“”w:ﬁ the humus 'nosliimm the soil annually. However, if cured -nr:;m 1
were L] soil " R
h“‘mw added as wellas 0.5

ITOWTL On

1 ) : pound of nitrogen in the form of
it 15 possible that 100 much nitrogen would be added 1o the srrfl Thcn];_wrc?:;:;t

90

ted plants should probably be added 10 other beds or

is are taken from the soil, bot the plants

he w0l are de wnposed
lahle t0 the sl

i can be very high. For

§ 0 u day, 387
sible that the
cCeives human
More research is

jer this regime, it may
haman manure and

5 ed to recycle
m human

eeds and more soil, it will

5 10 be safely worked

d layer, and fill the
4 inches thick), Then,
feet of cured

z perennials, This is
will not be double-dug
re has sufficiently aged. In
trench that is excavated is
bed, the soil that was
- to the bed. However,

5o no soil is removed. When cured

yount of soil in the beds remains
srennials, over time the beds

nials would bulge with

Plantr and How to Use Them (Old Greenwich, CT: Devin-

s for more than 100 years suggests this cstimaie & accurste. D
il Organic Matter in Some of the Rothamued Classical

7. pp. 298-305

i) = 11,2 bedds / year 1 3 scts of beds (where Ascariris

<0 I
present) where Ascaris is not present) = 22 beds
199 15k ), ening - The (uick and Dircy Guide (Berkeley, CA: Ten Speed Presa,
1993), p. 2

91




5 the cured soilless compost evenly over the bed, and sift it into :II--.- wop 2 w0 3 inches
cfmu.‘fmmadcxst the seed of deep-rooted pe als such as alfalfa, medium red clover of
others™ inin cach filled bed, which can be harvested dunng the following years to provide
compost material. Chop in the seeds lightly with a rake. Alfalfa and me 1 red clover can tw.h_lx-
sown in the early spring, but if you wait until the late spring or early summer rains sown in
the fall of the previous year will have additional time tw mature before i ed 1o be harve
and the nials sown. Sown in the late spring or car!
fime 1o estmblished before the winter in most ¢

Transplanting and Bro

From Ecology Action's expenente, )
higher yields than one that is sown directly (broadcast)
hizman manure that has not yet been purified P
broadeasting the seed rather than mansplanting seed

-rich soil. The tool used 1o cover the s
corn or other large seed, a planting stick) should be
Soil that is pathogen-free

Start Collex

Optimally, you will want 1o sow all
reason why it is best to start collecting your r
the beginaing of the fall growing season, yi
beds that can be sown in the spnng. Even o
growing scason, all 12 sections of your first
sown in the fall with carbonaceous grain crops

The following year and for as many ye:
lless compost should be added once ench ye
compost to a bed growing perennials is at the t
need to be added nt the beginning of a cooler se
most easily done after the first harvest of I
Harvest most perennials by cutting 1 to 1.5 inches at

2000 e red clover is & less valuable crop for produchn
ahout hall the carbon that alfalla produces during the gro
half or less of the carbon thar medinm ned clower pmduc
§ Unless soil nitrogen is s scarce that only micog
sustainubility of the soil and farm 1o grow perenmials that a
composted, the carbonnceous residues from the perennials will gener
those Inm ‘more n'u.mgmml;:wtnnms {such as clover, comfre
element in most compost piles, and it I8 essential (or the produciios iiTicie: WS A 5
m'i“whwhhmrmm‘ in e4sence we ﬂ!:iil grow lufhm!'“” e BN G e
v u-nph_ ofa pum_wul that can prochuce a large amount of carbonaceous residue s Jenuale
: smchoke. However, if it is grown in human manure, the tubers should not be caten. To plant the b : \‘I,J,‘,l:,,,m an
mamare-enniched soil, lay the tubers on top of the stubble fram the crops grown on the third layer of manuce. Then

il in the bed 3o 4 inches 1l g
1"“& al soil, sdd the nppropriate amount of cured soilless composs anid sift it into the &

wn rather than rich in ¢
cured compost
ally, carbon is the mis




Figure 11

. ’)
The First 10 Years and Beyond Year 2

Using the Grains and Perennials Method

in a Climate with Two Growing Seasons
Where Ascaris 1§ Not Present in the Community

Spring Growing Season

All pathogens in human manure, excep
to healthy soil for 3.5 years or less, T1
community, oaly 12 beds, or 2 sets of 6 beds, will be

SO0 § manure

rare

» Optimally, begin storing your manure i the fal

Xear 1

Spring Growing Season
» Dig ot all 6 beds or enough to receive the munure you have stored since
o Spread the manure collecied during Month | h
Month 2 over Section 2, and 50 on u
» Cover the manure with soil. Sow seed:
with soil, and water as needed
» Harvest the plants as they mature

Fall Growing Season (al least one month before
# Dig out any remaining beds,

» Put the manure you collected since the

the next sections that has not vet rece

# Cover the manure with soil. Sow wint

Cover seeds with soll, Water a

# Harvest any crops that remain on sections that re

stubble and soil of these sections. Sow
needed. All 12 secrions will now have re

8

ing. Loosen
Water as

2 oS
: . 1 : o 2 z / g 1 : " layer), cove wi
! i . - H | '
| i : . ‘
Lﬂ-ﬂ-‘-lm-( Ty eny i i ol 54 ‘ il : .
huir=) : : Bralad ey | lowwe gepy| Wie v orfvy o
) [ [ - __-]‘[ T ‘ .i“'J.”“.

7 stoved manare (the th

el r i) Well I'!_;'L geipaery) welrirely




Figure 11 (cont)

( g

A the begioning of Year 4, hurvest th

they are mature {or in the laie spring/early sumr
seeds.

are harvested and receive
Tenmils in the set of 6 beds

her be redug and

1 Case a new setof 6
‘ would enter the first
5 shown below,

During Year 4, dig out the second set of 6 bed: {Beds 7-12), anc
£ill them as you filled the first set in Years 1, 2 and 3

Below i5 a length-wise cross section of all 12 beds
the month and year (month / year, e,z 9/ 95) that
i filled with manure in 9 /97, and all 12 beds are
added. Therefore, at the end of ¢ %
manure added last 10 5 3

ather set of 6 beds or the
uman manure, soil, se
second set of 6 beds, will
s in the spring of this year, They will

crops). Il Section | is not
sodl as mentioned earlier, a nev
need 10 be dug to begin the new cy

' z 1 ¥ ¢ i
L 3 L = | |
LT -.-] f |
15 1 T I v T
folp | VY 0 SN

b
WAL mee | |

L 4 "

4/ " 10/oo| |
ey

s I Is they have been
Fu L1 e/ | receive an annual application of
4t iy |

Once all 12 beds have been filled,
a cycle that is described below

Beds 7-12
i HARVEST

The Differens Stages of the Beds After the Fir

Each of the sets of 6 beds in this n
manure where Asearis is not present will

® Stage I lasts for 3 years when the set of 6 |
* Stage I occurs during the fourth year
are planted with perennials, but the pe

t_'!_ﬁ— 4TS _L__‘_J-‘&
| I
= ==

e 6 beds have t Stge I

1als are 0o your

——

mmumd»undwn 7 montha to grow from seed (0 harvest

Moed Vepeiables [Berkeley, CA: Ten Speed Press, 19911, pp. K283 In m

“w—hpmwwmmwd alfulfa {or most other perennials) afier it

Befiore it should be allowed 1o die hack in the winter. o the first harvest will probak
year.

ily be

96




the growing season and receive an annual application of

Figure 11 (cont.)

Beds 1-6 will receive their third and final layer of manure

throughout the year. Beds 7-12 continue 10 grow perer
S-Month Season

Season during the Winter

i

Beds 1-6
#
A% e of —ee — |
seil — - -~ |
s - (i 2
Stage |

» Beds 16 leave Stage | and ens
in to grow perennials that ma
I-Hb:fll be f:ves:.d and then cither
1o receive stored human manure
income und/or compost crops (10
6 beds would need 1o be dug 1o enter Siuge
identical to the situation present in Year 7 only |
will proceed similarly 1o Years 7.8 and 9 as o

Beds |-6

LOMPOLRT

N Pores s Pl



YEAR 9 - Ape. 2004
- Sopt. 2004

YEAR 10 - Apr. 2005
- Sept. 2005

Heds 1-6 ’
1  Sections 8-12 1
Repeat YEAR 3
51 porennils, as
st perennials, as needed
} grow food

Repent YEAR 4 CMOVE pereni
receive manure

o
4)

repeal YEAR

AARARRRRRARARARRANRANRYY
131111111

receive the o
Onee o
& cycle that 1s desc

The First 13 Years and Beyond
_1 sing the Grains and Perennials Method
in a Climate with Two Growing Seasons
Where Ascaris Js Present in the Community

1l

a new bed would need 1o be dug to

manure ¢ ted, or used 1o grow

ns and perennials method follow




Figure 13 (cont.) Figure 13 (cont.)

The Different Stages of the Beds Afer ler

Years Where Ascans [3 Fres

ins and percnnials 10 e

Bach of the sets of 6 beds in this method of

mamure where Ascarts is prescnil will pass through

o Stage | lasts for 3 years when the set of 6 beds

» Saage H occurs during the fourth year when

are planted with perennials, but the pe

» Suge J11 begins in the fifth year, w hen the

a0 annual application of cured soilless compost. Al

when Ascaris is not present), the perennials in the s

» At the beginning of the wnth year of t

w0 Stage I of the cycle, or preferal
would need 10 be dug to recey

eycle. This cycle, as it occurs |

6 beds have b

nials are o yi

of perennial

Hage d Stage M1

The perennials in Beds
original first set of 6 beds)
more soil. They will grow ar
that are harvested throughou
sotlless compost. Beds 1318
in the spring of this year. °
spring of the following year

Beds 1-6
. . . is 7-12
g Ly
157 e |
..-lr" l-— = E— 5 2 3
Pt
Stage | Stage 111 : |
.

Beds 1-6 will receive a second layer Stage 1
throughout the year. Beds 7-12 and Beds 13-
respectively, will be harvested and receive cured
Beds 1-6 Beds 7-12
Stage | Stuge 1H
103

102

ceds and mote soil, and
18 will be harvested and

Beds 1318

gl 3T T

"'“'Ilil.{.‘!’;.r‘“f.

Stage 11

ed soilless compaost
wing year. Beds
1) redug, in which case the
rain; or, preferably, 2)
root and leaf crops, if
Stage I and begin 1o
and receive cured soilless
in Year 10, only the three

Beds 13-18
RosT -f»_;-t-,’

}Lui;u%

-t

Stage HI




figure 14

Timeline for Grains and Perennials Method

Where Ascaris |s Present

Assuming You Have Two Growing Seasons -- One >
during the Summer and One 7.Month Season during the Winter

Sept. 1995 - Start collecting yoar manure

Bods 1-6 Beds 7-12
Sections 1-7 8¢ 2 Seclions 1319 Ssctipns 20-2
YEAR |
~Apr, 1996 Ist layer manure
SUMMEr CTops
i Sql. 1996, 1m layer manure

winler crops winLCr CTOpS

YEAR 2
- Ape. 1997 Ind layer manure
SUMMET CTOpd  suminer crops

- Sepr. 1997 2l layer manure
winler crops winier crops

YEAR3
-Apr. 1998 3rd layer manure
SUMMES CIOPS  SUITIMCE CTops

- Sept. 1998 Ind Tayer manure
winler crops wir Co

YEAR 4
- Apr, 1998 fill in beds, add compost
sow perenmnials

«Sepi 1999

£ TR

winier crops i

YEAR §

- Ape. 2000 harvest peronmials,
i compost, harves!
perennials, us needed

MET SO

~Sept. 2000  harvest perennials, w5 needed
Winer crop winier oI 8
YEAR 6
-Apr. 2001 harvest peronnials, add 3rd layer manur
compost, harvest peronnials,  summer crops
needed

a8
<Sept. 2001 harvest peronnials, us nocded

SUIMITET (TS

Ard layer manure
winter crogr Winler crogs

5-Month Season

Ined layer munure

Bods 13-18

Segtions 25-31  Sections 32-3

s neoded

105

T
T COpS

LTI

add

harvest perennaals,

harves porennuls, as noeded

harves percnnaabs. add
compos], harves!

perennials. =5 neoded

tarvest perenmials. as nocoded




teved AS IS Ar

Goal #1, purification of the manire, is uc

je human manure: the pathogens are killed over time when the)
mﬂﬂﬂt rigors of living outside a human body. Since the method is

and the manure need not enter 3 SEWIET SySIET, the manure will be free o
mctls and chemical toxins

individual
| vy

ton of curcc

ed from t

The beds growing perennials are given an ai
The beds that are receiving manure will receive som
the manure and the roots of the crops the w. If
more humus than the amount generated f -
humus 1o maintain the soil's supply. Howe
during the three years that the beds are rece
1o nchieve Goal #2, sufficient humus prod.
another reason for rotating the beds t

To estimate the amount of ©
will choose alfalfa 1o grow as our peres
the winter) to grow in the 6 beis
commaunity, the 6 beds reccivin
cured soilless compost so that
still be 13.1 cubic feet remmnin x B iled ( ) i ai
the 6 beds receiving manure and tf : I 1 1 enough curee . it
soilless compost 10 apply 4 cub t(e ( t Eh
by volume) to all 12 beds of alf
could be applied o other pere
#18).

VEATS OF C

ny

It is possible to produ
mnge Biointensive yields. In
{flour com) in the summer ar
25% of the calories needed by one person
ground duning harvesting.

Since the minerals in the manure pro
currenily receiving human manure, it is prob
from decomposing the plants grown in th
crops. This can be easily accomplished by
the manure-enriched beds and equally distributing the .
nnd\mngbﬂda. (Because the compost will be adde

e added when constructing the compost piles 1o return s
digging process.) Like the method that uses wees, thi

O 5 \

1 compost produce

e of the soil removec

5 & form of s

s . 1 I
the nutrients in the manure cun be rewmed, in the form of cured ¢ I

- cu Al . 1o the s0il e
?:*ymu. You gvl:':l I:hcn minimize the p_tmmhll:ty of cancentrating the nutrients in l'l:c 1 .
ibeds, and minimize the risk of a toxic build-up of minerals the manure may conain in exces s

recpive hurTAn mumue undd
nACw TS W0 MCCIVe st

st Fn\:m::\:

dawd

FResculued from field produced
ata presented by John Jeavons, Mow To Grow More Vegeahl, . .
Ten Specd Press, 1991), pp. 78-81, based on a S-month warm growing season for c-m: s sty CA

mpost P

M5ee Appendix B: [

3

o

g

-
»
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is sall achieved. In addinon, nic

m;nm:ively of the calones one -

Be sure not @ grow o
rotation of differem cropa. Gira
: gince they prodice 4
pormon 1% well above the & |
peas and Nowers, could be
after year, over tine the
which may imbalance the w1
throughoat the years, you -an [
may especially need, a8 well 5
mewe stable farm and g
diversity

Any crop which pr
portion b well above the
manure. You will then
the sl with the t
of the straw w0 buikd & how
populariry. Alwo, you an
Bre many opprrtumies 4
human manure

T

n the methid & e
Crops gmwn in hurman ma
two possibile modific anion
1) The excuvated heils
material wioridd be whides! o0 b
-nizrogen ratio i Wi ow )
carbonaceons maienal w
0t W e sairmemsnehin g
i he wecnon on nuing e
will not grow on ihe ma
The disadvantage 1 thar 1
raiafall, and drying due v ihe
be present s feed muwe 0
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However, of too muct
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When ane i5 willing and eager, the pods foin in
Aeachylis

Chapter 5

Two Examples of Systems to Grow All Our Food
and Recycle All Our Waste

Example #1

Urine and manure are composted (separately).

In this example, 24 beds are needed. These

needs for all year. During the winter, all

in is produced and are planted with potatoes. In 1l

are harvested; 10 beds are planted with cc

will be 1 bed of miscellancous vegetables for extra vitamins, min
The x

H

4

; o
diet. 1! total amount of straw produced by the quinoa and w
10 compost all of the urine and manure produced by one person each year, &
page 111,

Assur

1) Crops can be grown annually duning c
one 8-month growing season in t
2) Mid-range Biointensive yields are obt
3) Straw production of millet is approxin
quinoa is approximately 3/4 that of wi
4) The composition of quinoa straw, in terms of carbon and nitrog
wheat. (The composition of most straw from grain crops is
5) The compost generaied from the manure and unine is added 1o all 2
has aged sufficienty, ‘

month ErOWINg S€ason in the summer and
or

ual to that of wheat, Straw prodix

214100 sqate feet can yield
over 300 pounds .
‘wverage perwon in the United Staes mmnmm.m?‘:’t;bln “';“ soft fruit in & 4- W 6-month growing season, The
{How To Grow More Ve <2 pounds of vegetables and sofl fruits annually,” (Job
hh&”sﬁw? [Berkeley, CA: Ten Speed Press, 1991], p. 7.) b i
* ok Jeavons, ore ¥, . 7
oo figare egetables (Berkeley, CA: Ten Speed Press, 1991), pp. 70-82, Column E,

e < 110

€ the Tour goals of

"|||l_"' L One person’s an

amount of siraw

e will depend on

Food Produced for the Soil and One Person in Example #1

Calories
£n Calones Produced/

150
558

268
L
uinoa 1 128
vl Veget 0 0 10,000 100

YTAL: 24 14 007,090

provide all of t
's urine and ma

he straw (960 pounds not
e and all of the calonies

1l with which to compost human waste:
¢ time to break down. By being

not be readily available enough for the
m stalks are ideal at the bottom of & compost pile
increase the pile's aeration and drainage. They can

Pounds of crop (100% dry weight) x % Carbon 100, See Table 9 for the data for elividial

s Pounds of erop (100% dry weight) x % Nitrogen / 100, See Table 9 for the data for

individual
213The higher ¢
Dubon, One Circle (¥

lories can be grown in a given arca. See David




also be separately as will be done in this example, but smashing them with a s
hammer or other heavy object encourages them to decompose more efficiently

Percentage of Area in Compost, Food and Income Crops

04, 4% compost cTops T Appendix B: Detailed

5.6% food crops, 0% income crops. (Se
#22 for the derivation of these figures.) This differs from the gmdeline for
sustainability of 709 compost crops, 20% food crops and 10% income crops because the
ing the example was to minimize the number of beds needed. More beds could be added in
order to include some income beds (10% or less).

sl

Cured Compost Production

h cured compost that is 50% soil by volume is produced by this system to achieve
Goal #2 for 15.9 to 44.7 beds, or all of the beds in the system depending on the
application rate of cured compost (see Appendix B: Detailed Calculation #21 )

Achievement of Goals #1, #3 and #4 of Recycling Human Waste

If the temperature and duration requirements are met, or the cured compaost is suff
mature, Goal #1, purification of the manure, will be achieved By applying the cured compos
generated 1o all of the food-raising beds, Goal #3, return of the nutrients, 1s achieved. Since the
application rate of cured compost is less than 8 cubic feet per 100 square feet, Goal #4, proper
application of nitrogen, is also achieved.

the use of grains and perennials

the manure

Straw prod

{ perennials on
mposted or
uSINg grams and

i 1o fead one person for all year.

Jeavons, How To Grow Mare Vegera (Beskeley, CA: Ten Spoed Press, 1991) §2. Column E,

wd figure,




Table 5

Food Produced for the Soil and One Person in Example

Lbs. of
Struw } e
No. Produced Lbs. of Lbs. of y [T
of (Harvest Carbon Nitrogen  Calories y
Season  Crop beds Weight) Produced®'? Produced™® Produce
et Ha.rdLRed Spring 6 180 84.7 1.03 89,820 150
Hard Red Spring 138 414 1949 2.37 206,586 150 (
Potatoes, Irish B e 0 0 0 178,560 558

Subtotal: 23

5 7537 4.5 268,430 268
Summer Com, Flour 10 535 253.7 4.56 2684 :
Millet, Proso 5 150 70.9 0.82 44,490 89
Quinoa 6220 116 54.6 0.67 |\\
Beans 1 0 0 0 158
Misc. Vegetables 1 0 0 0 100

Subtotal:

All Year: Alfaifa

392.9

TOTAL: 35 1,395 1,051.7 30.0

Note: Crops in bold are grown on the 6 beds currently re
"Grains and Perennials” in Chapier 4. If the crops are
contact the soil which contains human manure

consume the grains from these 6 beds, but to compost instead, you will need to g
additional crops 1o have enough calories for yourself all year. Perhaps you will need 4
35 total beds. 40, 100-square-foot beds growi
much less than an average of 40 hours

eiving hum

an be consumed. If

3 Pounds of carbon = Pounds of crop (1005 dry weight) x % Carbon / 100, See Table 9 for the data for individual
mﬂdnm-mdcmﬂllill% dry weight) x % Mitrogen / 100, See Table 9 for the data for

21%The higher the number, the greater the arca efficiency — more calories can be grown in a given area. S

Dubon, One Circle (Willits, CA; Exology Action, 1985), pp. 21,22, i b
”‘h&nﬁd in the *Grains and Pererinials” section, not all of the 6 beds receiving manure are planted in the

y “ﬂlb?lyw.ln the second and third years, all 6 beds are planted. Therefore, the dats above (with the

! tion af “calories produced per 8. 1.7 reflect the annual average yield of quinoa planted in the 6

| on th and experience of Ecology Action and olher Biointensive mini-famers

human manure

114

re and provide
1 Example

for all year can be

for 24.8 to 64.2
y beds w
App

ceded in Example
waler, weed and
cach year in

1. Killing the
ess skill,

fded 1o the soil at an
lume (or the
nd mtrogen).




Chapter 6

Our Challenge and Opportunity

The methods of recycling human unne and ¢ that have been described not only are
ly illegal at this time in your srea but also ma inappropriate for your living sit
challenge is then yours: o develop an appropriate method to return your nutnent-ric h was

the soil that achieves the four goals of recycling humin waste.

Before you begin (o expeniment with a method of recycling your urine or manurc, discuss
the method you plan to use with your local health ty. Prepare yourself thoroughly
beforchand so that you are familiar with the current health codes and can describe how your
method meets the code requirements and overcomes i
human waste. In discussing your proposed method wi
peceive good suggestions and support. Thro
weaknesses in your approach that you can
llegal and can be dangerous, you will gener
department in order 10 begin testing your m
obtaining permission may be dif
your idea, why you feel it is important, and
your neighbors and friends in the commun
method. After finding no fault in y
endeavor, which may help you o
was essential for the establishment
what you need to do to turn your vi

Through the efforts of all of

can retum the nutrients in oy

ing process simply by cho
creating ways o overcome them
and maintain the fenility of the soil v I
process will grow. Ecology Action is interesie
50 that together we can discover und share with ¢
recycle the nutrients in human waste. We
but the knowledge we have gained on how to
and the health of the planet, in a way that is su

{ungers and difficulties of recycling
you can

yur local health re
ussions, you may a
; : human waste is nof

ith h

ng
e safest and most

m to our ch
i

ilth, as well as our owr
un in the process

= 50il's he

», and have

“Pooh,” zaid Piglet, feeling quite happy again now, T will.' And then
he said, ‘How shall we do it?* and Pooh said, That's just it. How?' And
.I'.hen-l'hey sat down tagether o think it ou

'Poolt's first idea was that they

2 a Very Deep Pir..."

A A Milne, Winnie-the-Pooh
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Appendix A

Table &

English and Metric Conversions and Formulas

i
.I:L
t
£
§
g

5 gallons = approx. (.67 cubic foor
1 cubic = 27 cubic feet

8 cubic feet of cured compost sp
1 inch of rainfall = (.62 gallo
1, 3-wire bale of straw = 1.5 fect
3.6 Ibs. of carbonaceous material =
8.5 Ibs. of nitrogenous material =
Dry vegetation in a built compost
cured. 24

Freshly harvested green vege
approximately 8.5 after it has

t compost pile shrinks by a

Weight
1 gallon of water = approximately 8 pounds
1 ton = 2000 pounds

1 pound = 0,454 kilogram

1, 3-wire bale of straw =70 to 93 pound
1 cubic foot of baled straw = 6 10 10) e
1 cubic foot of loose straw = 3.5 o 4.5 pounds™’
| quart of urine = 2.2 pounds?2*

{average = 83 pounds)

25 ichand Freodenberger, " A Straw-Bale Revoluion,” Backll:

on experimentad data from comipost piles bl at Ec
Willits, CA.

e, Fall 1993, p. 30,
y Action's Commaon Ground Mini-Farm in

a”‘m [wmhﬂéa;?&tgn;:::ﬂ:.rrﬂ?;ﬂ. .l;m.-.'-n.«-. Hookler #10; Grow Your Own Compost Materials
MW:‘A Straw-Bile Rovolution,” BackHome, Foll 1993, p. 30

Bbyiniversity of Wisconsin, Special Bullctin #4

7  of Wiscansin, Special Hulleun #4

mmpﬂ‘,"ﬂhﬂ! Digesters for Furel, Gas and Fertilizers (Sunta Barbara, CA: L. Jobn Fry, 1973) ol

o - 118

‘ .
Y

\\\\{

fLLd

Organization Monograph

{mmhos [ co

e N/ 10O

roximate Volume of Cured

material = Dry weight of

7E), p. 6R

y Sachs, Edaphos (Newbary, VT

1o the reciprocal of the obm (mbo &
& C. Merriam Company.

smisanon Vol 3: Health Aspecs of
‘Washingson, D.C.. World Bask, 1981), p. 10,
% and s hased on more recens and cxtensive esving of

HONS.

. & Reclamaos Irganic Wasies, Workd Henlth
s, Switreriand: Workd Health Crganzaison. 1956) p 35,

119



Formula 1o Estimate Weight of Cured Carbon ane { Nitrogen in the Cured Compost Generated {1
2 Weight of Dry Material Whose Carbon Content 1s Known

Weight of cured carbon in cured compost = weight of initial carbon x 0.508%

&)

Weight of cured nitrogen in cured compost = weight of cured carbon / 152
Table 7

Minimum Time Reguired to Purify Human Manure in Various
Environments and under Various Conditions

Envirpnment Conditions
Under water Hookworm present TS
Hookworm not present | year
Compost pile Center of the s tempernture is 140° o 158°
| nive days 1 ye

Compost toilel Ascaris preses

Ascaris not present

Solar oven Sunny
Buried in soil Ascaris present

Ascaris not p

B¥4Gee John Jeavons, Ecol fn’, :
i logy Action's Self-Teaching Mini-Series Booklei #10: Grow Your (wn ¢
Materials At Home (Williss, CA: Ecalogy Action, 1981), p e ey
e-nitrogen mtio of the organic fraction of cured com .
carban | l i of cured Compost is reported o bo betwee:
lg‘h;ﬂnh?lﬂ Kohnks, Soil Science Simplified, rd ed, (Prospect Heights, r:ll \N'.llu' :'u: Trl :
_n-.lﬂmlﬂ I:Pllll D, Sachs, Edaphos (Newbury, VT: The Edaphic Press, 1993), p 13 1
1o 10 1: Dr, Robert Pames, Fertile Seil (Davis, CA: AgAceess, 1990), p 53 ]
ter compost with an initial carbon-to-nitrogen ratio of 30 10 1 hus ma
.d;ﬂn%_@yw};&_u}ﬂmu Initially contuinied (John Jeavons, Ecology ,‘1 m. l\r;} Irl:l Ip:,l,.':"\l',',,,. 'i"."“ At
m‘“. .Gwh “:hm Compost Materials At Home [Willlts, CA: Ecology Action, 19811, p, 7). 1f none
nitrogen is lost, then hh’l:l:um compost will have a carbon Ao-niogen ratio of 1540 1. The n-r:.rr:- Il'uuf.lm g
: = carbu &tm'm ratio of 15 w 1 throughout this publication. Earlicr Ecology
have ratin of eured compost 1 be 10 1 1, bised on earlier data

{] w1
Ing., 1966), p. 39
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Nitrogen -\! Content and Carbon-to-Nitrogen (C/N) Ratios of Some
Compostable Materials on Dry Weight Basis?'é .

(C) and Dry Matter Content
Materialss?

56 879 174
800 X4
4 0,71 90,5 26.3
X (.66 .5 a5
54 0.5 11.0

Dhiposd & Reclamanon of

iy & Feeding. 21sied. (Hhaca, NY: Momson Publishing Co.,
R 5. Robinson, Comgrey - A

1 comfrey, from
AD-MR-221

with the excep
rop (1983 Minnesota
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Appendix B

Detailed Calculations

Detailed Calculation #1

Volume of Cured Compost That Contains 0.5 Pound of Nitrogen
From pages 17, 26 and 38

Human Urine-Enriched Cured Compost

rraw and soil, the volume of the con

imation: When urine is added to a bucket of
remains the same.

Harvest Initial Initial
Weight Carbon Volume
Maerial (Lbs.) (Lbs.)
Wheat straw 733 345
Urine —— 6
TOTAL

Total Cured Nitrogen = Total Cured Carbon / 15

=1755/15

= 11.7 Ibs.
Volume of cured compost (that is 50% soil by volume) that cor of cu
fitopen = [(0.5/1L.7) x 3181 /(1 -0.50) =27 3

1 Cured Compost

Human Manure-|

H.:l.r_vcst Initial Initial Cured
Y Weight Carbon f VYolume
Maerial {Lbs.) (Lbs.)
Wheat sraw 210 98.9
Manure 200 (wet) 21 10.50
TOTAL 59.95

Total Cured Nitrogen = Total Cured Carbon / 15

=59.95/15

=4.0 Ibs.
.

based on the thist the moisture level of human urine is the same by weight and by volume

The original moisture level of 94,5% was converted 1o 20% (1 p1ica
i = 2 ypical of cared compost that is
wﬂalﬁmwnmﬂ gallons) & (1 - 0.94.5)/ (1 Il.zm:nsr:‘ i
g hﬂl__ on the assumption that the moisture level of hurﬁmmnn , v
2 V.:r.‘l'ituw moisiure level of T7% was converied 1o 20% {typical nrf;r:ll?f-:}:n;. T}}. T L e by
be applied): 2.7 {1 (1- 0.77)/ (1 - 0.20) = 0.8 1,

stored or ready 1o be

al 18 stored or ready

(s 122
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| by volume) that contains 0.5 Ib of cured nitre =
24 n =

Not Containing Human Waste

the loss of nitrogen
wws the volume of cured
spending on the
is retained in the

me (it2) of Cured Compost (that is 50% seil by
: ains 0.5 Ib Cured Nitrogen :

y 85%, 41% and 15%

Nitrogen is Retained

27 32 6.6 I8
compost 24 2 59 16
waste cured compost 33 39 8.0 22

see footnoles #76 and #152

red compost that contains 0.5 Ib of cured nimogen (generally the
re foet of soif) in 8 cubic feet of cured compost (the

feet of soil)

A loss of 41% of wiginal nitrogen cre.
maximum amouni that should be applicd per {
historically successful application rate per 100 sgquare

123



Deimiled Calculation #2

Percentages of a Farm Used to Grow ( ‘rops for Compost, Food o

ud fncome
From page 15

For & farm to be sustsinable, 70% of the "Bed-Crop-Months” needs to be devotedto
growing crops for compost. Bed-crop-months (BCM) is a concept used to guide the planning of a
Sustninable muini-farm. The number of bed-crop-months is determined by multiplying the number
of 100-square-foot beds a crop occupies by the number of months the crop is in the

ial crop in a single bed accounts for 12 BCM since it occupies that bed for the entire

jost food and income crops are grown only part of the year, during the main g oWing sea
some crops can be planted 2 or more times during that scason Below are sample calculations
BCM for various crops:

Alfalfa 1 ¢rop in 1 bed for 12 months = 12 bed-crop-months (BCM)
Cormn: 1 crop in 1 bed for 4 months =4 BCM
1 crop in 2 beds for 4 months =8 BCM
1 crop in 1/2 bed for 4 months =2 BCM

Lettuce: 1 crop in | bed for 3 months followed by a second crop in the same
bed for 3 months =6 BCM

To calculate the percentages of the farm dev
income, first classify each crop you are plannir
of carbonaceous compost material, 4 prodi B

se. Although some crops are producers of compost 1 erial and food, and j
well, it is important to include each crop in only one of the above 5, If the crop prox
t.:tbmmst:u_mml for the compost pile, and the carbonaceous ial is not sol
compost crop”, it may also produce food, in the form of grain, but for our purpose
!hmk} be considered 4 compost crop. If the crop does not produce much carbonaceous ¢
material and is eaten by those on the farm, the crop is a “foed crop”. If the crop does not produce
much W mn}:mm m:u:_'rinl and is sold, it is an "income ¢ g
Nex| culate the BCM for all of the crops in each group and =ach eroup's B¢

Then, divide the total BCM of each group by th F tal BCM of rlzl- 1'm’nl;ilrittlﬂfﬁut;“ s e
100. The final figures represent the percentages of BCM devoted 1o the prod
maierial, food and income on the farm, which, for a farm to be sustainable, should t
20% and 10% (or less) for compost, food and income respectively, Remember
thet are marketed, the easier it is to maintain and improve the fertility of \'.'-r:.' =

er of food for

M

Becavse it can sometimes be difficult and confusing to determine whethe N
compost, [0;1 or income crops when, in fact, they full um%::.r two or all of ;:.lr:.';-h:.:l‘tl-r:;u‘n[l\‘:‘-: o
m gfﬂdwﬂt cwl.lil ensure sulfﬁc:em compost material and food are produced by t ar
uphu)MZGufallP:?tllfcmfP:;gmwnﬂn the farm should also produce high-calorie food (such
. erops grown on the farm should produce high-c

arbon compost

1e farm itself

Soil and Straw
ol

From page 27

and has a carbon-

f nitroge

y dry weight. See Table 9

wheat straw =
traw x % nitrogen of wheal straw x S =

= % moisture of harvested straw x

T'otal N in Straw and Urine = 30
x S) + 7.5]1 = 30

r matter) of wheat straw added to the urine
*h also includes soil) with a carbon-

of any compost material (including human wrine and manure} that i “harvesied” and added
fresh 1o & ¢ rial is dried. Nitrogen is lost 1o the air. Therefore, the most accurae
estimate of the nitrogen content of such material is determined by analyzing a sample of the material while it is still
wet." This data 1 available and has be sed in this publication 1o determine the nitrogen coaient of compost
materind that is harvested green. Unfortnately, data is not currently available on “wet” human wrine and manure,
only on urine and manure that has been dried. Depending on the percentage of nitrogen that was lost in the drying
process, there may be more nitrogen in the wet human waste than is indicated in this publication.

2T he nitrog

‘hanges when that ¢
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Detailed Calculation #4

Amaunt of Built Compost Generated from the Method Used to{

From page 27

Volwme aof the straw :

3.6 pounds of smaw, or any theroughly dry maternial, occupies approximd
compost pile. 2 )

733 Ths. of wheat stmw x (1 fid / 3.6 1bs.) = 2036 13

o1y 1 i3 in a newly butll

Volune of the soil o
1/4, 5-gallon bucket / day x 365 x (0.67 fi*/
buckets of soil 1o cap all 10 (see below) v

llon bucket) = 61.1 f° of soil + 1
ine-enriched compost piles (6

Vodigme of the straw and soil = 203.6 fi3 + 67.8 fi® = 271.4 ft* of built compost Of Approxim
10, 3-foot-by-3-foot-by-3-foot compost piles

Percentage of soil in built piles = 678117 /2714 =

Delailed Calculation #5

Amaunt af Cured Compost Generated fram Urine-Enriched Bu

From page 28

Volume of straw once it is cured =

203.6 ft* of dry staw initially (see Det
Vaolume of soll remains the same throughou
Tosal volume of cured campost generated +
Percentage of soil in ciired piles = 678 ft* [ 98.8 [P = 68.6%

Qured compost that is 68.6% soil by volume contai
or 62.8% of the nitrogen and humu
50% soil by volume. Therefore, in orde
matier, humus and minerals, of 2.7 1 (set
compost (that is 50% soil by volume) per 100 sq. Tt
£i® of cured compost (that is 68.6% soil by volume) must be ad

Migee Table 6 in Appendix A.

15 approximalely 2 tmes more than the amount of soil in mature compost generated fron
MMW#@:M 4 pans dry, carbonaceous material, 5 parts green, nitrogenous male
wh,mwmh‘:imﬂml Mﬂul;" many theoretical buill compost piles calculated 10 have § |
‘carbon-urmlrogen 10 | using shown in Table 9 and the conve :

3 } 1 v raicn lactors shown Table 6.
tmﬁlwml one 1o build a compost pile that does oot conuin human wsie I.--lu. I.‘n! e
atio of approximately 30 w 1
Sec Append A for this conversion facior.
¥ _“&Mm Action Se&':l';;n;mh;un Series Booklel #10; Grow Your Own Compost Materials

Ay inbtal

B ol
™ 126

sugh for (98,8

ncreasing Sodin and
| Urine 1o the Soif?

From pa

This number
intensive
beds.

foomolz #76. in whick
ured ComposL

i e eguivihent 0 oS
aine the wheat straw that &5
midivonal beds. Agan thes

no data on the average amount ol borman

he s0il. However

248 Boron W0

in urine was avay gl the tme of wiling.




Camposition af “Hdeal” [rrigation Water?®

For the water not o increase the soil's salinity over time, it must have an elec trical conductivity
(EC) of less than 0.75 mmhos / cm.

For the water not to decrease the soil's permeability over time, it must have an clectrical
conductivity (EC) of greater than 0.5 and an adjusted Sodium Adsorption Ratio (adj. SAR) of less
than 6.

For the water not to increase the amount of sodium in the soil to toxic levels over time, it must
have an adj. SAR of less than 3.
For the water not to increase the amount of chloride ions in the soil to toxic levels over time, it
must have a chloride concentration less than 4 milliequivalents / liter (meq / 1)
since each person produces

Taking all of these guidelines into consideration, we will assume we have water with an
uan

electrical conductivity of 0.60 mmhos / cm, a chloride concentration of 3.00 meq / | and an adj
SAR of 1.85.
To achieve a calculated adj. SAR of 2,19 we will allow the water's concentration of
sodium, calcium + magnesium and carbonate + bicarbonate to be as follows:
; Wale

Ligal lorigation Water

Sodium (Na) =3.10 meq /1

Calcium + Magnesium (Ca + Mg) = 1.00 meq/
Carbonate + Bicarbonate (COn + HOOs) = 0.40 meq /|

adj. SAR = [Na / V(ICa + Mg) [ 2))(1+ (8.4 - pH,)]

pHe = (pK2' - pE.') + p(Ca + Mg) + p(Alk)

(pKy' - pK.') is obtained from the table below, using the sum of Ca + Mg +
plCa + Mg) is obtained from the table below, using the sum of Ca + Mg ]
pLALK) is obmined from the table below, using the sum of COs + HCOs in

Sum of Concentrations(meq [ 1™ - pK.') Ca+ Mg
030 S Gy

1.00 1 3.3
4.00

pHe = (pK3' - pKS) + p(Ca + Mg) + p(Alk) %, e blond s st procicte e
=(2.2+3.3+34)
=89 5 o

BEEAR S/ WG M 11+ (8.4 - pHO)I ] ac. o [Na / V¢ ) 2 - pHo)

=[3.10/ {1_0[”1”[[”-34_3_‘“‘; . [ (pK1' - pK.) + y + M) + p(Alk) .

=2.19 } s obtair ym th 1 ¢ sum of Ca + Mg + Na in meg /|
of Ca+Mgmmeq/!

A+ + Na
+ Mg = 1.01
+ HOOs = 0,405

2nd ¢d. (Bethesdia,

- M9Based on RS, A : A T
i oot Mﬂacw.“‘fmu.wamqum Agriculture, Irrigation and Draing 251 Adapied from Philip L. Alman and Dorothy Dittmer, ods.. The Biolagy Dans Sook Vol

e Paper ¥29 MD: American Socicties for Experimental Biology, 1974), p. 1496
s data table, gec R 8. Aycrs and D, W. Wesicot, Water Quality in Agri 252ppilip 1. Altman and Dorothy Dittmer, eds., The Biology Dta Book Vel 3. nd ed. (Bethesda, MD: American
(Rome: Food and Organization of the United Nati i ﬁ:,‘;:‘“;f! :"lsrmrm and - Socivties for Experimental Biology, 1974), p. 1496

of the United Nations, 1976), p. 7
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mcmmdmmhm (pKz - pK piCa + Mg} pl
[] 2.0 7 :

~40 2 37
1.00 2.1 3. A
‘_oo 2.2 2.7 2.4 igesting the Urine and Manure

pH. = (pK2' pK:') + p(Ca + Mg) + p(Alk)
=(22+33+34)
=89

- b
adj. SAR = [Na/ Y((Ca+ Mg)/ 2)][ 1+ (B4 pHeH
= [3.17 /(10T / D)1+ (B4 - 8.9)]
=2.23
Since the EC of the blend is above (.5 mmbhos / ¢cm an dj
than 6, the blend is not predicted o decrease the soil's perme ability ove

3) Sodium toxiciry: Since the adj. SAR of the &
canse the soil 10 accumulate sodium 1ons 10 10w

Over nme

4) Chloride toxicity: Since the concentr:
the blend is not predicted o cause the soil 1o accumulate

On the basis of the above cal
in terms of soil salinity, permeability
receives 10 gallons of "ideal” irrigatio
growing season). In fact, the quality of the
salinity, pmclhiflf)' and on concentr
wrine you produce and compost io 24 be
agriculture, approximately 80% of the s
used.

Therelore, if you gain the permission of you
urine 1 your beds, use the above model 10 calcu
p\fbedsln which it will be applied, dependi
irmigated. Problems with salinity, permeab
er'l_‘pﬂslud urine is applied 10 fewer beds (as well a
of nitrogen) and/or when less water is applied w0 cact
added 1o a growing area for each 4-month crop |
in order for salt accumulations 1o be sufficiently

W% gac ad 0% masare by wogght.
John Fry, 1973
Joha Fry, 1973, p. 3
sftan Co 19990, p 281
mhing Co.. 1949), pp 10s,

is & Feeding, 2151 ed (New York: The Morrsos Publishmg Co. [949), pp. 1085,

jed cown can be allowed i lermere wnderground canh pits — 2

w omly o cow

To prochuce silags |

sl is unnecessary and

S
m_ data table, e RS, Ayers and D. W, Westcot Water Chualicy in Agr ure, [rrigation un.
: ) 3 ¥ ud rig o

Eqummm: Food aul Agriculure Organieation of the United Nulm,l‘:rﬂni P il - riad
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Area needed annually 10 grow com \|1|u_t at mid-range Biointensive yields
1,898 ihs. / (51.% Ibs. / { bed}?®! = 36.6 beds
needed annually o gm\n. alfalfa nml unge Bic
2.920 Ibs. / (80 Ibs. / bed)- 162 = 36.5 beds
Toul area required to grow feed for one cow annually = !?Iut\da + 36.5 beds
- 7,310 sq. M.263

The total weight nh.n’t\un in the crops grown to feed the cow is deter (v
weight of the crops by the percentage of ¢ arbon in the crops. The percentage ot C r]\ n in

the crops can be derived irnn: the percentage of mineral matter

followang formula:

% Carbon = (100 - % Mineral Matter) / L8

% carbon in com silage = |
% carbon in alfalfa hay = [(100
Carbon contained in 7,300 Ibs. of com
Carbon contained in 2,920 Ibs. alfalfa hay =
Total carbon contained in corn silage and alfa

- 1,038 Ibs.

300 x 0.26 x 0.5467
x 0,905 x 0,
lbs

348 lbs
2,386 Ibs.

281 The proper time 1o cut com [for s
this is when the husks first begin
should be dented and glazed.” Corn hary
according (0 Clarence H. Eckles, Dairy Ce
Pp. 451452, B 929 pounds pos acre 18 oquivale
A00-squawre-foot beds, including paths, m 1 xen

pounds of dry com plants with the ears rem

Boobles #15: One Banic Mexican Diet, “Supple

com kemels (Jobn Jeavons, How To Grow More

totil of 655 pounds of dry com biomass produced per | x

mdspcr 100 scquare feet because com plants harveswed for com si
fess wotal omass than fully mature com planis.

Ivis asspmed that this dry com matier ligure, when rehydrated 1o the motstur
represents the amount of corn silage that is generated, and thal the com d
while fermenting 10 produce silage. This assamption may 3
and cored compost generated from the studge prodiced during t
fact, there s 2 loss of com biomass during the fermentation process involved in «
wllb:_n'.e::m produce sufficient silage, and there will be even less cured compo:

from anumal m
production, m
vailable for cac

Hiointensive yield for alialfa (air-d
ry weight, presumed (o be 9 44
How To Grow More Vegetables (Berkeley, CA: Ten Speed Press !:N‘H 7. 52
-checking this figure, 1/6 10 1/3 of an ucre (7,260 10 14,520 s
quiare feel) is th .
feed one h;imm g data poesentod by John Jeavons, et al., Backyard Homestead :r?—ﬁ;lufl:.‘; .‘,“ I:,h, e )
Tm Ten Speed Prew, 1983), p. 6; und John h.mnv. How To Grow More V. hi > B :Wm i . o0
en Speed Pross, 19915, p. 56, egetables (Berkeley, CA

® dry matter) from John Jeavons,

132
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.

{ year) =10 Ibs

= 408 Ibs.
posted rather than fed to

This is 5 it the composted sludge!

of cured compost that is 50% soil by

VO

efore, 408 bs 408 Ibs. x 1 ft?/ 2.5 Ibs.) 163 M2 of

L. John Fry, Methane Digessers for Fuel, Gas and Fertilizers (Santa
carbon (carbon that is digestible in the biogas geneTaion) was
AL Of COW MAMIIT,

4 Datia for ¢ om position ¢ of cow manure from
John F 73}, Only non-lig
in determining the carbon-to-nitrog
s Detailed Caleuls w4,




Applied at a rate of 3.37°° 1o 8 ft* per bed (100 square feet), 163 M° of cured
sludge compost can maintain the humus level of | 8 )

i3 3.3 fitibed]) = 20.4 to 49.4 beds.

Since 73.1 beds need cured compost, [(73.1 beds - 49.4 beds) o (
23.7 10 52.7 beds will not receive any cured compost. Over nme 38
humus and many of the essennial minerals
incapable of growing most crops. One wi
wheat in the beds that produced the corn
material.

Cured Compost Generaied from Wheal

Pounds of wheat straw at md-range B
which grew comn?57 = (30 lbs,

Valume of buill compost generat

Volume of cured soilless compos
Volume of cured compost that 15

feet),

ured wheal

Applied at a rate of 3.3 (o 8 fi* per bed (100 square
siraw compost can maintain the humus level of
2 /3.3 1/ bed]) = 11.6 to 28.1 beds.

Total area of which cured compo
maintin the humus level |

32 1o

beds

Since 73.1 beds are needed, if wheat ix grown in the beds prowing co.
harvested, enough cured compost can be generated
all beds and achieve Goal #2_ } Fi(ia
35135 ¢ (compared w1
cured compost that is not ¢
soll by volume can be added
maintain the soil's supply of
soll is well-aerated, in which case humus
can replenish, If so, the sail will become less
wentil it loses its fertility altogether

i ¥ eVEr thoit

x‘ﬂhilglln:hﬂ{ccmfm1 Bdligester 10 which human wasie wis added, most of the nitrogen in the
e donst since there i finde or no humus or soil in the digester w0 capture i1 Therefoee i
shudge containg the same concentraton of fitrogen and humus a8 cured compon
mm’*m wante. See Detalled Caleylusion # 1

~"John Jeavons, How To Grzv More Vegetables (Berkeley, CA. Ten Speed Press, 1991), p. 2
ol mw?,"?wr...“1’-.557:,,".“:13:‘-?’;,1;"}2'"‘,&:" o lampacii

the 11 -AS iole ot ] L aching Mini-Seriey Bookler #1

ropicx: A Smull Approach to Sustainable Agriculture (Willits, CA: Ecology Action, |98 ),

we will i

from compost that did not origir
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"

{ Biogas from

1.5 Ibs.

ured compost

ompost (that is 50% soil

sction of biogas from the

Ifa and corn can
on #5)

of alf

the piants are

Yowr (ham Cnmpusat

sching Mini-Serwes B
19813, p. 7 for this © won facsor -
v wate (cuher unne of mamgre), 33 f of the cured
See Detmled Calkculaton 81

PSP
compost that s generased contan ()




Detailed Calculation #10

Determination of the Quantity of Wheat Straw Nee

10 the Amonnt of Manure Generaved by Cne P

From page 65

To determine this, we need 10 know the o
one person produces in one year Then, we
manure 5o that the combined totals of carton
nirogen in the manure and SN 4re in 4 rad

You can use this model 1o belp vor
m)rmmbmnnmnf materials, RESUMING you

Land Nitrogen in One et o Manure
Moist manure produced by | person in wimal 00 It
Average maisture content of hum
Dry manure produced by 1 I
manure is 6% nigrogen by "

Nitrogen in 46 Ibs. dry manure = (46 « 65 2.8 Ibs. (see footno
Average carbon-1o-nitrogen ratio ol huma T
Carbon in 46 Ibs, of dry muanure 28 x 7.5 I It

Now, we will let "W ! wi
combine with the manure o
trying o determine. (Wheal '
Appendix A: Table 9.)
The amount of nitrogen in "W f whea

% molsture of harvested struw v % nitrogen of wheat straw

0,925 x 0.0062 x W

000574 x W
The amount of earbon in "W ibs of w! v

% molsture of harvested siraw x % carbon of wheat straw x W

0.925 x 0.509 x W

B4708 x W
Welght of Straw Needed 1o Cre g
To solve for "W, we let the wial cx ’
|.l|e manure and straw equal 30

in manure+Carbon in wheat sira
(!li((M?l}M\WﬂH'H o (L0574 2 W)
21 +(0.AT08 x W) = B4 4 (0172 » W
03xW=63
W=210
Therefore, 210 pounds of wheut siraw, when eid W -
one year, will create o ttal carbon-to-stirogen ratio of 1 R

Aduded Daily 1o Manr

Amount of Stravw Thar Should Be. ! "
mdj(?laufl;m Tf;hfd described on pages 62-72, ha i 110
= 105 Ibs.) is added 10 the manure stormge container anr
Amount of straw added daily to storage container « eu;: Ibs, / ,,-.,_,r. 68 s
= 0.288 Ib i
= 4.6 oz,

» Be Added

erson Annuwally

(AARARARARARARARARRANNNANY

A AN RRRRRRREEE

(aee f
Lige fooinote #145)

1 4R|
n wheal smaw) = 60

1N the Manure one pervon

rockucey Each Fear
gen B

i 00, M-gallon containers

& Capws Pross, 1970 p 68 200 poesds of s

st vty orrased W N gaiioen




Detailed Calculation #13
Volume of Built Compost Produced from 210 Pounds of §

Generated by One Person Annuai

w, Soil and the Manure

From page 69
Volume of Manure Produced Per Person Per Year =20 gallons (estimated)?’ “ 2.7
Volume of 210 1bs. (dry weight) of straw = 210 Ibs. / (3.6 1bs / fi) = 58.3 f
Volume of soil = 5 fi? + (2 x 0.67 13 (1o cap both piles) = 6.34 IF‘ i ] :
Touml Volume of Built Human Manure-Enriched Compos 72+ 5830+ 6341

- $7.34 N3, enough to build 2

=ach 3.3

Percentage of human manure in the built comy
Percentage of soil in the built compost = 6.3

Volume of Cured Compost Produced from 210 Pounds of Straw, Soil and the Manure
Generated by One Person Annually

From page 71

(See Detailed Calculation #13 for the derivation of the initial volumes of the various mate
5§83 §t3 of undecomposed straw cures 10 58.3 fi* / 6.57 = 8.9 fit) of cured straw

2.7 13 of human manure cures to 0.8 ftY (sce = #239)

6.34 ft? of soil remains 6.34 N2 afier the d
Total Volume of Cured Compost = 8.9 fi
Percentage of Soil in Cured Compost = 6.34 It

Cured compost that is 40% soil by volume contains approx
1.2 times the nitrogen and humus compared to an equal v
50% sail by volume. Therefore, in order to appl the
matter, humus and minerals of 2.4 it! (see Det
compost that is 50% soil by volume / 100 sq. i, {
100 5q. fi. of cured compost that is 40% «
Applied at this rate of 2.0 10 6.7 ft* per 100 s

by volume is enough to maintain the hum 67101 2
i t 1 TwleD /2.0 =2
8.0, 100-square-foot beds S 4%
g&:l’m L3
+%John Jeavons, Ecology Action's Self-Teaching M
; & Self- fini-5 S row .
R i, s Erctogy Actcn, 1061 e et H10: Grow Your Own Compost Maerial
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compost that is 40% soil
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Detailed Caleulation

£ o Replenish
wisting Human Manure™s

| manure and 210 poounds

Human Marnure in Figure 8

b2 B0

\qll.l.l'l feet

Jing on the izl Carbon-t0-mUDgon
by Dr. Roben Pames, Ferale Sosl




b = 39.0 feet (between rows on offset ceniers)
Length y= 20t + 39 ft + 20 fi =79 fect y
m([vl;)=4ﬂﬁ+15ﬁ+20f! =62.5 feet all
Total Area =L x W =79 ftx 62.5 It | i\
= 4,938 square feet

Area Occupied by Trees -
Area of 1 tree = x (radius)® = (3.14) x (20)°
Total Area = 2 mees x (1,256 sq ft / tree) =

256 square feet "
2,512 square feet

Area Available to Receive Human Manure = 4938 s
greater than the 1,932 square feet needed minimally

Calculation 16C (Example #2A)
Total Area of Orchard

aA+pi=c?

(1012 + b2 = (20)*

b = 17.3 feet (between rows on offsel centers)
Length(L)=7.5ft+ 17311+ 173+ 173 i+ 1731

| + 173 ft + 7.5 fi= 101.5 feet
Width (W) =75 fi +20 ft + 20 ft + 20 ft + 10 i + 7.5 ft = 85 feet |

Area of 1 tree = (radius)? = (3.14) x (7.5)% = 176.6 squ
f aye= .6 square feet
Total Area = 24 trees x (176.6 sq ft / tree) = 4,238 square feet

greater than the 3,864 square feet needed minimally,

fi - 2,512 sq ft = 2,426 square feet,

Total Area =L x W = 101.5 ft x 85 f1 = 8,628 square leet —

Area Occupied by Trees =4l

Area Available 1o Receive Human Manure = 8,628 sq fi - 4,238 sq ft = 4,390 square feet

e v

AL

ulation 16D (Example #2B

66.9 fi fi -

4,349 square feet

ft - 2,119 sq ft = 2230 square feet.

Detailed Calculation #1

f Cured So1

g Grains and Perennials to
s Not Present

»d to recycle human manure where
als (for this example,
al crops for food and compost

s of the first and second crops grown in the layer

< (alfalfa) will be removed. and these beds or a new setof 6
1 nanure. During that year, the 6 other beds are
two vears, those 6 beds of alfulfa are harvested 3 times
nonth growing season. During the fourth year, those 6 beds of alfalfa are
removed and redug (or a new set of 6 beds is dug) to receive manure, and the first sct of 6 beds,
now filled with human manure, is planted with perennials. As shown in Figure 12 on pages 99-
100), this cycle repeats itself every 3 years, with the 2 seis 0g 0 beds aliernating.

In & S-month growing season, mature alfalfa can be harvested 3 times annually on the
average. At mid-range Biointensive yields, | bed of alfalfa produces 80 Ibs. of alfalfa (air-dry




£.276 I the spring, when a bed of alfalfa is

weight: i 90.5% dry matter) per yed
¥ o i st or 173 of 80 Ibs

removed. the yield is estimated 1o be equal to one harve
Alfalfa harvested (Year 7) = 1/3 x (80 Ibs /bed x 6) = 160 Ibs.

.\lﬁlfarnrvuwd(‘:’ears&=80|h.~;fbcdxn = 480 Ibs
Alfalfa harvested (Year 9) = 80 Ibs, / bed x 6 = 480 Ibs
Total alfalfa harvesied = 160 + 480 + 480 = | 120 1bs.

Average alfalfa harvested per year = 1.1 20/3 =373 1bs.27 g
1) 1,284 Ibs. of

I 373 Ibs. of alfalfa that is %0.5% dry matter is produced from (373 x 0 905 /0.26

| alfulfa (wet harvest weight: 26.3% dry matter)

Wheat Straw Harvested Per Year 9
30 pounds wheat straw (approx, 92.5% dry matter)?™ / bed x 6 beds = 180 Ibs.

| Carn Stalks Harvested Per Year _
) When the first layer of manure is added in the spring, not all of the sections of the 6 beds
= will receive human manure. The number of sections that receive human manure will depend on the

number of months' worth of stored manure available, and therefore on the length of the winter
ing seasor. Below, it is assumed that there is a 7-month winter season, 5o 7 of the 12
sections will receive manure and will grow comn the first summer. In the following two

over this three-year period.

2 x 48.5 Ibs. comn stalks (post ear harvest, 100% dry matter)*™ / bed x 6 beds 170 Ibs.

3
485 Ibs. com stalks (post car harvest, 100% dry matier)*® [ bed x 6 beds = 291 Ibs.
291 1bs. of com stalks that is 100% dry matter is produced from (291 1bs. x 1.00 / 0.906) 321

matier).

Averape annual comn stalk yield (harvest weight: 90.6% dry matter) =
(188 Tbs. + 321 Ibs + 321 1bs.)) / 3 =277 Ibs.

mlolm!nvms.ﬁ ¢ ' i
low To Grow More Vegetables (Rerkeley, CA: Ten Speed Pre 3 .

0 £ - ¥, CA: Ten Speed Presa, 1991), p. 82; and Fre
_umnm & Feeding, 2151 ed. (Ithaca, NY: Morrison Publishing Co., 1949), p u:nmlf e
m'luwhm alfulfa o add 10 8 compost pile in the year when no alfalf

s of eac mic-third of cach harvest should be
4 pr it from and soced. With one-third of each harvest s BT
B - L = mrvest siored lor two yes i
m-ﬂlhﬂlnfl‘was harvest {equal 1 the amount of alfalfa wsed w builid compes :rlu Ih‘-r p:-\l J:Ianl-r |I\-\”I
mm 10 build compost during the third year, L '
¢ How To Grow More Vegeiables (Berkeley, C 3
; _m‘ Jeavons, ¥y, CA: Ten Spoed Press, 1991), p. 82: and Fry
:llmnrud;d Feeding, 210 ed (Ithaca, NY': Morrison Publishing Co., 1949), p 1“.‘,:‘. i e S B
E o frtm.s L an:;nfwﬁnl.l'm Ec:‘.lloFr Action’s Sell“Teaching Mini-Series Booklet #15: One Basic
Mexican Diet, wﬂnm (Willits, l_:h, Ecology Action, 1988). Since Booklet #15 assumes high-range
Bioiniensive yields, biomass yield of 97 pounds dry weight per 100 square feet was div |d:1rhw 2 :f.

mid-range Bioi e yiclds,
gﬁﬂmﬁm 3. Mogador Griffin, Ecology Action’s Self-Teaching Mini-Series Booklet #15 One Basic

Diet, "Supplement” (Willies, CA: Ecology Action, 1988

: 3 a 1 ). & Book

 Biointensive e yields, the com biomuss yield of 97 pounds dry weight P:Tlcil”:f::e
te mid-mange Biointensive yields.

#15 assumes high-range
feet wiis divided by 2 1

142

12 sections will grow comn. Therefore, the com stalk yield below is an average of the annual yields

711
170 1bs. of com stalks that is 100% dry matter is produced from (170 x 1.00/0.506) 188 Ibs. of
corn stalks that are harvested when they are mature but not entirely dry (%0.6% dry matter)

Ibs. of corn stalks that are harvested when they are mature but not entirely dry (90.6% dry

% harvesied, during the two years that

tivalent of
year ) will be

» Ibs.
£.99 lhs

1.03 lbs

Cluires lur f e € 27 #) /6,57 = 193 I3
B.50 =178 A3
7.8 =37.1 13

o 8 fi? of cured compst
| be (37.1 fi*- 24 ft¥) 13.1

w 18 Beds Using Grains and Perennials o
ies Where Ascans Is Present

From page 106

Jls method 1o recycle human manure, all 8
(for this example, aifalfa) and 6 beds are
wps for food and compost materials (for this

the winter)

sive yields of the first and second crops grown in the layer



Harvexsed Per Yeur
In Year 10, 6 beds of peren
eds will be excavated (o rereive stTte
eycle as desenibed in Figure |3 repeats itscl
are removed (Beds 1-6 i Year 1010 Fig 1
2 S-month growing scason. During the second
of alfalfa each vear.

It & S-month growing scason, ma
Biointensive vields, 1 bed of alfalfa prod
00.5% dry maner) per year 31 In
estimated to be equal to onc ha
Alfalfa harvested (Year 10)
Alfalfa harvested (Year 11) = 80 [bs
Alfalfa harvested (Year
Total alfalfa harvested = 640 + O
Average alfalfa harvested 1
853 Ibs. of aifalfa that is X
alfalfa (wet harvest weig

be had from 12 beds

657 =193 N3

.50 = 40.6 1Y

Ibs.

19.3 + 406 fi =599 fd

sred compst that is

853 x 0.905 / (.263) 2,935 Ibs. of

Wheat Straow and Corn S

Same as when 12 beds o #1 rves of
straw, and 277 1bs. (harvest

" \gen i W, £

Carbon in Alfalfa = see 107

Carbon in Wheat
Carbon in Corn Sta

ume) 1.5 times that of

Nitrogen in Alfalf PR
Nitrogen in Wheat 1 in the layer of
Nitrogen in Comn =1

Total Nitrogen = 20.55 Ibs. + 1.(

Carbon-to-Nitrogen Ratio =
A compost pile with an ir
shighly less cured compost
intitial carbon-to-nitrogen rats 1
crops either on beds other than the 18 used
tightly so that more biomass (thoug
carbonaceous crops in place of some «

ranth in the summmer.

nly 7 sections
2 sections in

5. SITAW

5 calocies /1b.)

I
i i

Built Compoxt from Alfalfa, Wheat Str
The estimated volume of builr unrr‘.z
the materials: 2.935 Ibs. of alfalfa,

ed on the harvest w
Ibs. of corn stalks

bed 69 calones / Ib,

3ALjohs jegvons, How T : AT

0 Grow More Vegetables (Berkeley, CA: Ten Speed Press, 1991), p. 82 an,
.H-l'h,l'udr& Feeding, 11ut ed. (Ithaca, NY: Morrison Publishing Co., I'J-i'ﬁ‘_.'\ Il\firﬂ R SN B,
nbﬂb-bmmhlﬂﬂﬁlmﬂlk in the timea of the year when no alfalls s harvested, during the
s yeacs that alfalfs is hervested, two-thinds of cach hurvest can be used 10 b '
one-thind of each Sarvest should be air-dried (1o prevent it (rom melding) and

s anl veich are planted o 12.5% and 25% the regular
ons, Ecology Action’s Scif-
arm (Willits, CA: Ecology Acuon,

uild compost during those two years and

stored. With one-third of each harve
i =l ¢ b cach harvest
woend for two yeans, you e the equivident of two-thirds of # year's harvest, equal 1o the amount of alfalfa that

\”bmmm the previous two years, with which to build compost during the third year
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&Gwm‘ug Season - All sections of all 12 beds grow amaranth

produced = 12 beds x (45 Lbs, / bed) = 540 1bs.
Csmia produced = 12 beds x (8 Ibs, seed / bed) x (1,775 calories / Ib.)
= 170,400
Winter Growing Season - All sections of all 12 beds grow interplanted oats, favas and vetch
Straw produced = 12 beds x (30 Ibs. / bed) = 360 Ibs :
Fava Bean Biomass = 12 beds x (180 Ibs. / bed x 0.125 bed) = 270 Ibs
Veich Biomass = 12 beds x (50 1bs, / bed x 0.25 bed) = 150 Ibs
Calories produced = 12 beds x (7 Ibs. seed / bed) x (1,769 calories / 1b.)
= 148,596

Average annual signmer straw procuction over three years = (4 21.5+

Volumie of butlt compost generated from average annual summer straw
502.5 1bs / (3.6 Ihs. / ft") = 139.6 fi°

Yolume of cured compost gencrated from avernge annual swmmer straw production
139.6 i/ 6.57 = 20.2 1}

juction =

Volume of built compost generated from annual winter straw production =
360 Ibs. / (3.6 Ibs. / ft!) = 100 £}

luction =

il winler tava

Volume of built compost g
€270 Ibs. + 150 Ibs.) / (8.5 Ibs

1 andd verch production =

- 49.4

Nolume of cured compost gencrated from annual winter fava bean and vetch production =
494 /* /85 =58 N

Total volume of cired compost ger
152 + 58 = 210 1

ued trom miterpl oats, favas and vetch =

Volume of cured compost generated from aven
22+ 210 =422 1

e annual summer and winter crops =

Added equally to the 12 beds in the sysiem, 42.2 fi’ «
for cach bed I.O receive (42.2 fi*/ 12 beds) 3.5 12 annually (eq
composi that is 0% soil by volume). Therefore, (
achieved.

a

riMIL B2, the pril ent hrnus, 1s

rion of suf

Average summer caloric production over three years = (134,900 + 17
- 158,567
Average total (summer + winter) caloric production per year = 158,567 + 148,50
( ) ol I per 158, 148,596
approximately of the 876,000 calories needed by the AYETARE person e

ADD + 170,400) / 3

307,163, or

year,

)+ 540) / 3 = 502.5 1bs.

13 )

WRRRR

ed Calculation #20

by the 18 Beds
ire
! mor
WF growing sedson)
. and vetch
A 15 CALONnC ]
W

(697.5 + 810+ 810)/ 3="T72.5 Ibs.

progucton =

| sugremer Straw produchon =

wnnual winler straw production =

12.5% and 25% the rogulsr
pe as shown in John Jeavons, Ecology Action’s Seli-
ademsive Mini-Farm (Willits, CA: Ecology Acuon,

<*4ats arc plant

sowing rates, Th v
Teaching Mini-Senes
1987}, pp- 1415 and us




Valutse of citred compost generated from annual winier STaw prt il
150 fi} / 6.57 = 228 Y

Volutne of bult compost generated from anmiual winter Favis beafl anc v
(405 Tbs. + 225 Ibs.) / (8.5 Ibs, /1

Volume of cured compost generated from ar
741 2/ 85=87 1

Total volume of cured compost generated from interplanted oats, Tavi
228+ 87=315 M

pal wimier Fava bean and ve

Volume of cured compost generated from average annual sunumer
32.6 fi' + 31.5 f' = 64,1 1t

Added equally 1o the m beds
for each bed to receive (64.1 ft! [ 14 bed

that is 50% soil by volume). Therefore, Goal #2, the product { sufficiens it

Average summer caloric production over three yea

Average total (summer + win
approximately S3%

Detailed Calculation 821
Amount of Buill and Cured Con t erated by Example A
From page 112
Nate: All compost productic

compost that is SO%
compaost that Example #] and Example #

Straw (wheat, millet, quinoa) e T e
Corn stalks 535
From Table 4 (page 111) and Detailed Ca fomns ¥

The carbon in 960 Ibs. of straw and one persim's unnunl produce [ urine

(296.6 Ibs. + 709 Ibs. + 347 b 4792 1t
The nitrogen in 960 Ibs. of straw and one annual production o

(3.61 1hs. + 0.82 Ibs. + 1.03 Ihs) + 7.5 28 The. = 1576 s
Total Carbon [ Total Nitrogen = 4792 by 04 e

Therefore, if all of the straw i used 10 compost the urine 1nd manure
create plles with initial carbon-to-nitrogen mio of W) ] W
Now, we need 1o determine how much of the 960 pound

o the urine and how much should be used 1o cor Ty
ru.;n;u-llh manure. I only
E; 331bs, + 210 1bs,) 943 Ibs, of wheat straw is needed, and (7 \3 II| 94 -.

10 compost urine and (210 1hs. / 943 1bs.) 22% is used o compost the man

AW

S0, (D60

IARRRRRRRARARRANY

A% 15

2102 Tom. 3o

= 3587 Ibs
w 118 e
b = 304
. Eariched Compost
ot 1205 s
e :
* K Ik 4.0 tha
e nnin
o v awblids
k iw
| w itk 1 L
i LASNON
- . \rmendbin A
asam
52 /60w
p gl i Exmrmpic #
. 2 o [wweird | T




Percentages of Area for Crops for Compost Material., Food and Income in Exam

ple #1

From page 112

See Detailed Calculation #2 for an explanation of the calculation procedure below.

ssurning that the summer g wing season is 4 months and T!‘;l' winter growing . $8
#ﬁllmmpﬂsll:mp HCMg:‘lll beds of wheat (winter) x 8 months] + [4 beds of \A'h(_..l.
{winter) x 4 months which is not productive] + [23 beds of com, millet and quinoa
(summer) x 4 months] = 272 BCM } Bt
Total food crop BCM = [3 beds of potatoes (winter) x 4 months] + [1 bed of vegetables
{summer) x 4 months] = 16 BCM A N
Total income crop BCM = [0 beds (winter) x § months| + [0 beds (summer) 4 months]
=0 BCM

Total BCM =272 + 16 + 0 = 288 BCM
Percentage of compost crops = 272 / 288 = 94.4%
Percentage of food crops = 16/ 288 = 5.6%
Percentage of income crops = 0/ 288 = 0%
Detgiled Calculation #23

Amaount of Built and Cured Compost Generated by Example 42

From page 115

Compost material Average Ibs, (harvest s
Straw (wheat, millet, quinoa)

Comn stalks 535

Alfalfa 2,935 (sec Detailed Calculation #18)

WCML&MMK’UBMS Urine with
olume of cured compost generated from composting urine with straw is en

maintain the humus level of 7.8 to 23,0 beds.

Cured Compost Produced from the Straw Not Needed for Urine Composting. Dry Corn Stalks
B g a Harve

From Detiled Caleulation #3, we determined that 733 1bs. (harvest weight) of wheat is needed 10

compost all of the urine ane person produces at an initial carbon-to-nitroge of 3010 1

However, using straw from millet and quinoa, as well as wheat, in Detailed Calculation #21, we

found that 748.8 Ibs. of 2 mixture of millet, quinoa and wheat straw (the ratio b weight of each is
proportional 1o the amount that is harvested) 1s needed 1 compost the urine with an initial carbon

Inhrnﬁn_nﬁaofllm L
cight of straw not needed for urine composting = 860 Ibs, - 748.8 Ibs. = 111.2 Ibs

-wsmmmmmmmwm@mmmmm of Alfalfa,
ol ks Generated
Carbon in Alfalfa = 2,935 Ibs. x 0.263 x 0.509 = 3920 |bs
Carbon in Straw Mixture = gald‘fl':,:s, +194.9 1bs. + 709 Ihs. + 54.6 1
~ Carbon in Com Stalks = 535 Ibs. % 0.906 x 0.523 = 253.7 Ibs.

bs.) x 111.2 / 860

. 150

season is § months:

Total

irbon

= 699 Ibs.

= 2}

Ibs. + 0.821h. + 067 Ib.)x 111.2 / 860

x 0.0004 = 4.56 Ib

Tota \.l‘_;...:-,,-. =
- e = 25,74 Ibs.

LCarbon-to-Nitrogen Ratio

B

345 8.5=406 N0
68.0 12

by volume is

[3.3/bed])

annually produced by
beds + 17.0 beds i
compost, this is
sequently probabiy
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Detatled Calculation 824
Percomsages of Area for Crops for Compost Material Food and Income in Example #:
From page 115

Jeulation procedure below

$ee Detailed Calculation #2 for an explanation of the ca

Assuming that the summer growing scason is 4 months and the winter growing season 1s
manths.

Total compost crop BCM = [19.8 beds of wheat (winier) x 8 mx ]
{winter) x 4 months that is not produ. + [21 beds of com, millet 2
x4 months] + [12 beds of alfalfn x 120

399.2 BCM : .
Total food crop BCM = [3.2 beds of potatoes (winter) x 4 months] + |2 beds of

vegetabies (summer) x 4 months]
=20.8 BCM p—
Total income crop BCM = [0 beds (winter) x 5 me ds (su x 4 mont
-0 BCM "
Total BCM = 3992 + 20.8 + 0 = 420 BCM A
3 - o . . ‘
Percentage of compost crops = 399.2 / 420 = 95.0%
Percentage of food crops = 20.8 / 420 = 5.0% -
Percentage of income crops =0/4 [} % ]

Appendix C

Further Discussions

e dmaounts of cured

STy 10 maintain the
on of bacieria that
d 10 the soll when
COMPANYINg rain can camy
ws pathways (ammonification,
at adequate nitrogen is

Is at Ecology Action
ually no
¢ matter and humus that

trogen i urned

otic nitrogen-

xessing and returning all
nable fanming and

by, 100 square feet of soil
0.5 pound of nitrogen per
2 soil should receive?®$; and
¢ minimum amount of

h compost material to
itrogen or more. 29
r soil health, namely potassium,

\ hed compost piles (see
v 2.7 cubic feet of human urine-enriched
2.4 cubic feet of human manure-
2-72), and 3.3 cubic feet of cured
| carbon-to-nitrogen ratio of

1 (Berkeley, CA: Ten Spesd Press, 1991), p. 23. From 1978 La

row More Veg

1 (Davis, CA: AgAccess, 1990), p. 131 lists the nitrogen needs of varioas
rogen per 100 square foet is adequate for all except possibly while powmtoes. From
Willits, California, white potatoes produce good yields {commonly yielding 2 dmes
53 applied per 100 square feet, _
288 From Appendix B; Detiled Calculation #1, 3.3 cubic feet of cured compost pencrated oaly from plant mazenal
and 1o human wastz snd that is 50% soil by volume congiins 0.5 pound of nitrogen. One bed growing com :3&
summer and oas in the winter produces approximately 53.5 + 30 = 83.5 fbs of carbonaceous material, 232 £ of
built compost which shrinks to approximately 3.5 ft? of cured compost.
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oil by volume and has a carbon-to- nitrogen rat
: : pound of cured nitrogen.

However, we add cured compost to soil, we also add or
(i the health of the soil. Therefore, another goal for the quantit cured ¢
the amount aeeded to improve and maintain the soil's organic maiter level 8
about 3% for tropical climates. Most agriculnural soils hay
0 2%, and the orgamc matter content of Midwest soil

years. ¢ Generally, if the soil organic matier falls below
matier i hold important sotl minerals, and these minerals may |
the soil's health and preventing its fertility from being s
‘dooe befiore we can predict the consequences of various app
of soils in various climales.
we rely solely on cured compost for the soil's source
apply the proper amount of cach of these si

we may be adding not enough (or even too 1

w0 the It may also be that we may need to add too much
%0 add enough jic matter or vice versa

i , applying 8 cubic feet of cured compost !
. squae feet once every year in various temperate climates has g

| crop yiclds and improved soil ferlity. It is because of this ex|
 feetof cured that is 50% soil by volume is given as the
" mnpesof 2.4, 2.7 or 3.3 (depending on the original materials us
 see Appendix B: Detsiled Calculation #1) to 8 cubic feet that i

I & temperate climate, 8 cubic feet of cured compost that is

| from the plants grown in 100 square feet of soil (ar high-range £
diuce significant hiomass and carbon). Soil that produces at mi

grow enough compost crops to generate about 4.0 cubi f

atter, whic

joof 150
{ iresh human manure, as in the Trees and Gratns snd Perentials

-
§ methods. For a discussion on whet an exce i
e i 1on on whether an excessive application of nitrogen can lead 1o an increase
ot S0 mus degradation, see pendix C: Further Discussion #3
s x ¥ cubne feet of cured compost does not always produce
the T . tory at the University of Arizona found that an

e produced with less applied cured compost  Dr. Ed Glenn

wirogen and «

less compost

ns approximalely

2 B cubic fee

compost that is S0% soil by

elds compared to application mtes

and 372 cubic fect of

oil by volume) per 100 squ kel per year, According to Glenn,

yst al the three highest rates “suffered from salt

at even 0.8 cubic feet of cured

wt 15 50% soil by volume) per

v Interestingly, 1.4 cubic feet of cured sollexs

ix equivalent to 2.8 cubic feet of

wste

wsely with the amonnt of 3.3 cubic feet

wolume or more, depending on the compost crops that are grow ntating 0.3 pound of
ication, iti ssible that - | . i 3
At this rate of 1:;-;?“%:\;\%«:;;’ 1}071:1;\““ A : Dr Glenn's findings, Hillel L. Shuval recommends 1.4 to 2.8 cubic feet of
amount = y be added 1o th ; o -
npost (1 dent of 2.8 ta 5.6 cubic feet of cured compost that is 50% soil by

recommended

of pisrogen is based on the assumption that nitrogen is being appl
‘nitrogen fertilizer. The nitrogen in cured compost is much less re
of the nitrogen in cured compost is released and available ©
‘minogen that is released may depend on the carbon-to-nitro
- em ratio of the initial compost materials, amor
I compost with an initially high carbon-to-nitrogen mtio, or made
 compost materials such as wood chips or sawdust, releases its nitrogen more slowly
the precise amount of cured st that will add the correct amount of nitrogen t
Whmumpuu urthermore, adding 0.5 pound of nitrogen in the f

depending on the groundwater level, the soil

H 1. Shuval's findings correlate closely with the

» 1o contain 0.5 pound of nitrogen.
as 1.6 cubic fee il

nic matter and humus to establish and

enn sugeests, of cured

« |00 square feet of soil (in temperate regions, 3%

it

. currently unanswerable question at this time. Ongoing research at

s Common Ground Mini-Farm in Willits, CA suggests that this may be the case,
a 50 to 100-year period in various soils around the world by as many

as are interested and willing will be essential for us to answer these key questions and live

k. David Pimental, et al., "Land Degradation: Effects on Food and Energy Resources, ” Sc:
1976, 5. M“mh,ﬂwm : m.'::kam mﬁm Attack> Columbia Forum, Spring 197
2 s =~ 40 * ®. bave organic matter levels us hi 5% — but t}
s “-Mﬂ: e gt evels as high as 15% — but tb
FiAg mately 4.0 cubic feet of cured compon that is 50% soil by volume is e
; generated from the mateeis
1 X nﬂm«::m the warm season and a mixture of wheal, rye, fava be:ns :n:‘!"vcmhd_:,s
exczibed by Jobn Jeavons, Action’s Self-Teaching Mini-Series Booklet #14: The Complete 21-Bed
Misi-Parm (Willis, CA: Ecology Action, 1987), pp. 14-15, A detailed calesbaint et et
! : 3 ! PR . ulation o derivation of
ripvseciriy “h found using biomass dat from John Jeavons, How to Grow More Vegetables,
Y

but continued research over

sustainably

10 Conven Dry Weight

Technalogy for Water Supply and Sanitation, Vol, 10: Ni 1 is
J 5 . 10: hi-Sc
‘Bank, 1981), p. 78, and Dr, Robert Parnes, Fertile Soil (Davis, C;ug ig:&fﬂ%g

Siapyrly: omd Ssmstutnion, Vol 10 Mgt Sl ( mpusssion

204 - 1LL Shsval, el ol
(Washimghon, 120 Wiorkd Dapk 1981, p

|55

154



S B e e e o Aill et of the worms in the genids ASCATT

hirnan manire !

When urine is siored with manure and not separited or dilus
fhe 1srea it the wrine decomposes is reported o be able 10 kill paris
frotn worms in the genus Ascaris, in the manure -"-‘_ The difficul
surine and manure are stored together, much of the nitro; .
amenonia, and the manure will likely decompose anaerobics
the s It containe. The final product, rather than be
the sotl, will be a wet, noxious stew that will be diffic

spread other discases,
However, E. 1. Hamdy reported that A

16 hours ** Although some of the urea in the urnin
Josx of nitrogen, significant snacrobic decomposition o
anlikely. There may be a creative and sir 10 EXpos
and then separate the two for further processing

¢ from the human manure, both the ur
the nts. that human manure must
10 soil that is growing food (especially root
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Eurther Discussion #3

Can an excessive application of

According to Lea Harrison, a permaculture (p
past 13 years, the answer i5 yes Where acrobic soil micr
and consuming humus and oxygen in the soil, |
become populated by anacrobic bac Nic
ethylene which inhibits actobic bacte )
from producing ethylene. Therefore, ¢ iV

femilizer can allow the acrobic bacteria 1o continue

MM AN OV

1o break down

For different reasons, Dr, William Albrec
Sofls at the University of Missourt, would agre
will cause the sail to lose more humus. Sixt
Sanborn Field at the Missouni Experiment Stution led Dr,
chemical nitrogen femilizers increasing the loss of humus fror
eases of apphied chemicals, particularly the nitrogen alone, were 1
mutier when the microbial action of balanc ve salts called for ca

. and consequently, bring about its oxidation rapidly. This is a so

L prine in livestock, mixed with the straw-bedding and

the straw with its wide carbon-nitrogen ratio suddenly given ext

microbial balance of the less active carbonaceous organic mat
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. 5L T, Owon, et al., *Achicvements in the fight sgainat parasitic diseases in New € hina," Chinese Medical

]
o ' 79, Decembor 1959, pp. 493.520,
- i MH_ y.;f-rﬂmm&wam lambeicoides Ovicide,” Journal of the Egyprian Medical Association Vol. 53, -
I| g " ’lli. Hurison, “Soil Fenility,” The Fermaculiure Acuvis, May 1992, pp. B-11. =
NS =

g 156 2

=tved compamhle amounts of nitrogen in the
i< ¥, c + ¢ the lack

we, i may

imogen can increass

me approximately 30 pans carbon foe
X il ontun Y parts
Wi

a Of 15. When the cured
I57 carbon to | pant

the Carbon-o-nitrogen
marter and huogy
ositon only

{ nitrogen for the
er, Adding more
ans and increasing the

Paul D. Sachs, who
c fraction of

nitrogen
COpOst

in the soil can exist in four
te, the common
il

at are in plants and
ia or nitrate, after

ince the humos can
and nitrate and, as in
and 4) as nitrogen-

at is stable for 10, 100
t forms as well which vary

Missoari: Acres US.A.,

11, 1993

fren is amched to phenolic compounds and is moch
-r.g organisms (E. A. Paul and F. E. Clark, Soil

33, Inc., 1989], p. 134}




Appendix D
I'he Circle Chart

el be soil microbes. The carbon in fresh green vegetables i
1 i STraw 18 less readily available; the carbon in sawdust is even !
carbaon in suble kimus is the feart readily available 0
“Can ¢xcess pifrogen in the soil cawse humus o be lost more rapidly?" may
unless the amounts of available nirogen and carbon in the soil are known. U
be consumed by the soil microbes (that is in the form of unstable humus,
in & soil that has recently received cured compost, for examnple) and there
ofavkilable nitrogen, then the answer is yes: an excessive applicanion of
1 tend 10 increase the rte at which the unstable humus 15 degraded. However,
unavailable (as in the case of stable humus), then an excessive application of
l its rate of degradation. Srill, for the soil humiis level o be maintained, some
e humuts must be allowed o age and become stabilized 10 replenish the stable i
does degrade. If excessive applications of nifrogen prevent this stabilization pracess
. the overall hizmies level of the soil will decline and endanger the

= 06

19)-p00,]

Fuimo

' health of the soil.
WaY in exceisive of nitrogen fertilizer could cause humus in the il to
‘quickly is if the mitrogen fenilizer has an acidifying effect on the soil. Organic
il is less stable in acidic soils and breaks down miore quickly. 3™ Nitrogen fertilizers
an acidifying effect on the soil are; ammonia nitrte, anhydrous ammania, aqua
i chloride, 30 in sulfare™0s, nonium phosphate, diammonium
\irea?06 (hoth of the latter are synthetic chemical nitrogen fe riilizers), Other
#rs are; potassium chloride, sulfur, acid min, superphosphate and triple

S8y SeAIY

aedy

L processed human urine and manure should probably not be added to I
than the equivalent of 0.5 pound of nitrogen per 100 square feet per year, W
rate could mi_ncc the number of beds needed to recycle one person's anm

urine and manure, it may also deplete the soil of its organic matter and humus and ir:
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Notes & Sources of Data for The Circle Chart (pg. 159)

Dr. Kenneth EF Watt, The Titanic Effect, 1974, Sinauer Associates, Inc., 5t ymford,

igures for the upper

"

Conneticut. p: 41, (43 circles, 22 circles, and 10 circles) The
end of the ranges have been developed from other data

2. Source 1o be identified

3 UNFAQ Yearbook statistics from 1988

4 United Nanons State of the World Environment Report
Homestead, p. 19

5. Eeology Action conservative projection for d
a) P. Buringh, "Awailability of Agric
Production”, 1989, in D. Pir

Di

Resonrces, pp. 69-83

Resources and an Optimum Hu

Population and Eaviromment
No. 5, May, 1994,

b) UN/FAQ data, Worldwatch Institute data and other information

The Complete Loss af World A
a) Inthe year 2044: accelerated projection (production loss if soil deteriors

enlimre Produciion might occur

ocours at an increasing, mther than linear rate: 30%. on the average

25'years, doubled rate, on the average, in following ears)
b) Inthe year 2060: Pimentel Buringh's worst case projection (loss if p

oduction
at the rate of 30% everv 25 vears) Many think this projection has a
chance of occuring
¢} Orinthe year 2118 Pimentel Buringh's best case projection (1

production al the rate of 15% every 25 vears

3 y 6. Developed from Ecalogy Action research and publications
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Appendix E

ISuatuinahIc Application of
: ( unllpmnld Vegetable Matter,
Composted Cow Manure and Organic Fertilizers

1S IMproving & soil
e than 8 cubic feet of
) than 16
wl it should be added

2w 1 I ! fert ned virtually
t 5 that

is grown
not maintaned

1 another area, that
r be able to produce the

on interveniion and
However, using more than
0 be depleted. How much soil
For example, instead of
1 is 0% soil by volume
il by volume per 100

lds) is needed o
7 cubic feet is added
d will lose its organic
r | become so depleted that
even the other 100 square feet of

cured comyx square feet
cured compast = 100 square feet .
vt and will eventually lose its fertility = 93 square feet

Are.

(¢ Pl W
Area that wi

{ receive any
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At mid-range Bioinrensive vields, (he
feet can generate is approximately 7 ci
ximately 386 square feel1s required

sqiare feet. depleting the other 286 squ

Area needed to produc
Area thar will receive
Area that will noi receive any comy

It is most important that bcgmrnny H| n

ply wh: they have ‘r' i

© 1o 8 cubic feet (that is S
lFPw"P season. The soil's fertility th
basis that does not deplete other soila i
After doing a number of expenment

the Environmental Research La
continue these experiments for i

wpﬂﬂed the hypothesis that sustainable 00« duct
y continue to produce high yields but will improve
the soil "

Sustainable Applicaron

DOften, 2 half-inch layer of amm
approximately & cubic feot U
pddition to & one-inch layer (8 cubn
i 50% sail by volume), However th
toxicity in the craps, nitrate in
passibly a loss of soil humus

Even mr:-mpnrun: adding th
Annual fodder production for th i
techniques, requires (af imd range Binln
(75, 100-square-foot beds). The cow
annually or approximately | 10 ¢
cuwred manuare (without soil)
501l ance per year al the rate des
fm_‘ beds) will not receive compost, a 1
This practice will eventually cause the 47 5 beds ¢
productivity

Area thar will be .,'rr

Area that will lose it fertility =

308110 data for chickens wnd hores are being researched
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