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1. Introduction 
The following overview and annotated bibliography summarize key findings from academic and water 

supply and sanitation (WSS) sector literature regarding the benefits, risks, and value to the utilization of 

composted human excreta, or “humanure1,” in agricultural production. The following study seeks to 

better understand these findings and identify knowledge gaps in order to formulate additional research 

goals ascertaining the market value and potential of humanure. A better comprehension of humanure 

market viability will support the larger objective to identify business opportunities and methodologies as 

potentially effective strategies for increasing sanitation access and use among low-income populations, as 

well as identify opportunities for alternative fertilizers not dependent on diminishing, non-renewable 

resources. Specifically, the following study evaluates pertinent literature on humanure through the lens 

of the following objectives:  

 Determine conclusions regarding the use of humanure as an agricultural and soil fertility aid. What 

have academic and sector studies concluded about the uses of humanure in agricultural pursuits? What 

important questions have these studies identified as still to be answered? 

 Understand the market value of humanure within different contexts and business strategies. What 

have academic and sector studies concluded about the value of humanure in the marketplace and within various 

business models? 

 Compare and contrast identified possibilities and liabilities (including public health-based) that either 

encourage or inhibit the market success of humanure. Where have academic and sector studies found the 

greatest potential for market success and for liability (including public health liability) with humanure?  

 Identify knowledge gaps and unanswered questions regarding humanure use in agriculture, 

humanure as a product or commodity, and the prevalent attitudes surrounding its utilization.  

2. Overview 
Following is a general summary of humanure issues covered in the literature. The information provided 

is meant to be as concise as possible--for more detailed information, please consult the sources mentioned 

under the different headings in the annotated bibliography2.  

2.1. Agronomy 101: Soil Fertility Parameters3 

The most basic requirements for plant growth are light, water, facilitating physical structure (primarily 

for roots) and nutrients. Soil fertility refers to the way in which these requirements (primarily the latter 

                                                           
1 As much as this is a study on sh*t, some semblance of semantic professional decorum must be maintained, and the reader will 

benefit from definitions of the euphemisms used. Therefore, throughout this study,”humanure” is used to refer to human feces 

and/or urine that have been set aside or saved for agricultural and/or agronomic purposes. While in some instances throughout this 

report the overall health risk and toxicity of humanure will be examined, in most cases one can assume that “humanure” refers to 

excrement that has been rendered sanitary through any variety of composting or other processes.  

Furthermore, while the label humanure could encompass any human excreta-related product, this study primarily focuses on 

humanure obtained from household or public composting toilets; it does not specifically focus on other products that could also be 

classified as humanure such as treated sludge or effluent from wastewater treatment plants.  

2 Please contact dwsparkman@gmail.com if you need digital copies of any of the articles.  
3 The majority of information in this section comes from (Jönsson, A, B, & E, 2004), (Agra-Facts: Soil Organic Matter) and (Soil 

Science Society of America, 1997) 

mailto:dwsparkman@gmail.com
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three) are provided to a plant or crop via soil. The following are a list of different parameters by which 

soil fertility can be evaluated:   

 Macronutrients:  Phosphorous (P), Potassium (K), Nitrogen (N), Sulfur (S), Calcium (Ca) and 

Magnesium (Mg). These six elements are usually referred to as macro as the rate by which they are 

taken up by plants is generally 100 times more than that of micro-nutrients. All of these macro-

nutrients are taken up by plants in ionic form, and generally speaking, the three most important 

macro-nutrients are N, K, and P, with N usually being the most limiting nutrient for plant growth. 

 Nitrogen (N): The use of N by plants is generally higher than the total of all other micro or macro 

nutrients together. Taken up in ionic form either as nitrate (NO3-) and/or ammonium (NH4+). The 

main natural sources of nitrogen of plant-available4 N come either from N fixation by micro-

organisms or degradation of organic matter in the soil.  

 Potassium (K): Although the high water solubility of K often results in a good supply of plant-

available K, many crops, such as vegetables, need large amounts of K. Because of this, some 

additional K fertilization may help plant growth.  

 Phosphorous (P): P is taken up by plants as phosphate ions (at pH 5-7 primarily as HPO42- and 

H2PO4-). The natural supply of plant-available P comes from the dissolution of soluble 

phosphates in the soil and from mineralization of organic matter.  

 Sulfur (S): Similar to K, S is also water soluble and most crops need it in somewhat smaller 

amounts than P; yearly additions are often needed.  

 Micronutrients: Just as essential as macronutrients, but needed and taken up in much smaller 

amounts (~100 times less than 

macronutrients). The elements generally 

considered micronutrients are: boron, 

copper, iron, chloride, manganese, 

molybdenum and zinc. Most of these 

micronutrients are needed for enzyme 

formation, and are normally available in 

sufficient quantities in initial soil or 

topsoil content and/or through 

mineralization of organic material.  

 pH: Fertile soil generally has a 

pH in the range of 6 to 6.8, as most 

nutrients needed are soluble in that range 

and uptake by plants is facilitated5.   

 Micro-organisms: Fertile soil generally has a range of micro-organisms that can help support plant 

growth. Their presence and level of activity is determined by a range of factors including soil pH, the 

                                                           
4 “Plant availability” refers not to overall nutrient content, but the amount of those nutrients that are in a form plants can utilize.  
5 Figure 1 taken from Sugden, S. “Ecological Sanitation-Searching for the Next Great Leap Forward.” January 2010; original source 

unknown 

Figure 1: Nutrient Availability and Soil pH 
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presence of added synthetic chemicals, moisture content, level of compaction and temperature, 

among others.  

 Structure and Capacity to Distribute Nutrients: Fertile soil is structured in such a way that enough 

water is retained, root growth is supported, nutrients are properly supplied, and sufficient, 

subsequent draining is achieved. Organic matter is a primary component necessary for obtaining a 

fertile soil structure. Some definitions of organic matter and how it relates to soil follow:  

 Organic Matter: Any material that is part of or originated from living organisms. Includes 

soil organic matter, plant residue, mulch, compost and other materials6 

 Soil Organic Matter (SOM): The total organic matter in the soil can be divided into three 

general pools: living biomass of microorganisms (0-10%), fresh and partially decomposed 

residues that are readily available to soil organisms (the “active” fraction, 10-40%), and the 

well-decomposed and highly stable organic material that is resistant to biological 

degradation because it is either physically or chemically inaccessible to microbial activity (the 

“stable” fraction, often referred to as humus7, 40-60%). Generally, micro-organisms in the 

biomass are responsible for degrading/converting the active fraction into the stable fraction.   

 The stable SOM (humus) and some of the active portion, together with microorganisms, are 

involved in binding small soil particles into larger aggregates. This aggregation is important 

for good soil structure, aeration, water infiltration, and resistance to erosion and crusting, all 

essential for healthy plant growth. The resistant, or stable, fraction of SOM (humus) 

contributes to nutrient holding capacity (cation and anion exchange capacity), structure, and 

soil color.  

 SOM, in its different forms, serves to both maintain beneficial soil structure (active fraction) 

including facilitating ability to store and transmit air and water, provide a storehouse for 

plant-available nutrients (humus, or stable/resistant fraction), maintains soil in an un-

compacted condition with lower bulk density, provides a carbon and/or other energy source 

for micro-organisms,  improves tilth in the surface horizons, reduces crusting, increases the 

rate of water infiltration, reduces runoff, and facilitates penetration of plant roots8. 

 While organic matter can add some “new” plant nutrients in the active portion that become 

available via degradation, its primary benefit is in creating a medium in which nutrients can 

be retained, released and “delivered” in plant-available form through decomposition. Once 

the active fraction has been converted to humus, its primary utility and contributions to soil 

fertility are physical (improving soil structure and aeration), chemical (facilitating exchange 

capacity) and biological (providing an environment in which microbes can live).  

While any limitations in the above soil fertility parameters will cause reduced yields among 

crops, the resources most often depleted through improper or over-use of soils are 

                                                           
6 Definitions on organic matter taken from United States Department of Agriculture (USDA) website: 

http://soils.usda.gov/sqi/concepts/glossary.html, retrieved November 8, 2010.  
7 Occasionally humus is used to refer to all organic matter in the soil. Within this paper it refers to only that portion of SOM that has 

been degraded and stabilized.  

8 Taken from (USDA 1996) and quoted in Sugden, S. “Ecological Sanitation-Searching for the Next Great Leap Forward.” January 

2010.  

http://soils.usda.gov/sqi/concepts/glossary.html
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macronutrients. Table 1 illustrates some of the macronutrients removed from the soil depending 

on different crop types. 

Table 1: Indicative Quantities of Macro-Nutrients Removed in Harvested Crops9 

CROP Yield (kg/ha) N P205 K20 

Cassava 20,000 125 30 150 

Groundnuts 1,000 (unshelled) 50 15 15 

Maize 4,000 200 80 160 

Millet 4,000 120 200-400 100-120 

Rice 4,000 (paddy) 60 30 30 

Sorghum 4,000 120 50 140 

Soyabean 2,000 125 30 40 

Sugar cane 90,000 (cane) 85 60 180 

Sunflower 1,000 39 6 75 

Sweet potatoes 20,000 125 30 150 

Wheat 3,000 70 30 60 

 

As seen above, different crops utilize and remove different amounts of nutrients from the soil; implying 

that fertilization techniques (particularly in regards to macro-nutrients) will vary based on soil type and 

crop. In regards to macro-nutrients, N is often the most limiting nutrient on plant growth. Since different 

plants respond differently at different times to N application, it is important to research specific 

characteristics for each plant to determine when the most appropriate nutrient application time may be.  

As no yield increase can be expected if plant growth is limited by factors other than nutrient supply, e.g. 

pH, lack of water, limited organic matter, etc., it is important to ensure that all other soil fertility 

parameters are met before supplying additional nutrients through organic or inorganic fertilizers. 

Nutrients will be of little use to plants if they are simply placed in or washed-through poorly structured 

soils that do not foster a habitat for micro-organisms (which assist in degradation of organic matter to 

release nutrients) and provide other characteristics that facilitate efficient nutrient uptake. 

In regards to organic matter, it is important to reiterate that there is not a direct linear correlation between 

increasing SOM and soil productivity; productivity is also dependent on nutrient levels, water, and pH, 

among others. Once suitable soil structure properties have been attained, diminishing returns will be 

observed with increasing organic matter. In other words, soils higher in organic matter (e.g. 8%) are not 

inherently more productive or fertile than those that have less (e.g. 6%). Generally however, any soil that 

has decreasing SOM over crop cycles can be classified as in a process of degradation, and reduced yields 

will occur regardless of nutrient levels as organic matter moves below ~4%. Most productive agricultural 

soils have between 3%-6% organic matter10.   

                                                           
9  Table provided by John Meadley, November 2010; source: Agricultural Compendium for Rural Development in the Tropics and 

Subtropics: Elsevier: ISBN: 0-444-42905-0 

10 Taken from: Cornell University. Soil Organic Matter. Agronomy Fact Sheet Series #41. 2008. Retrieved December 10, 2010 from: 

http://nmsp.cals.cornell.edu/publications/factsheets/factsheet41.pdf 

http://nmsp.cals.cornell.edu/publications/factsheets/factsheet41.pdf
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Overall, soil conditions vary significantly worldwide based on initial characteristics and use practices; 

soil deficiencies will need to be analyzed on a case by case basis to determine which factors, if any, may 

be contributing to decreased soil productivity in a given area.  

2.2. Soil Deficiencies: Humanure Lends a Helping Hand11 

Generally speaking, ecological sanitation (EcoSan) and the application of humanure seek to close the 

nutrient loop between plant and human. Continuing a nutrient-based perspective, instead of flushing 

away nutrients contained in excreta, the application of humanure recycles these nutrients into the soil to 

aid plant growth and increase yield. Once humans reach adulthood, virtually no N, P and K are taken up 

by the body—nearly all macronutrients consumed are released again through excrement. The amount of 

excreted plant nutrients equals roughly those consumed. In addition to nutrients, and perhaps even more 

importantly when compared to artificial fertilizers, humanure can provide a renewable source of organic 

matter that is also essential to soil health. Overall, human excrement can generally be said to have the 

following soil enhancing properties:  

Urine 

 Nitrogen: Of the N available in urine, 75-90% is excreted as urea and the remainder mainly as 

ammonium and creatinine. Urea is an organic compound, and has the highest nitrogen 

content of all solid nitrogenous fertilizers in common use. Ammonium is directly plant 

available and an excellent N fertilizer, urea is degraded to ammonium by urease (a catalyzing 

enzyme) in the soil.  In short, the plant availability of urine N is the same as that of chemical 

urea or ammonium fertilizers.  

 Phosphorous: The P in urine is almost entirely (95-100%) inorganic and is excreted in the 

form of phosphate ions which are directly plant-available.  

 Potassium: K is excreted in the urine as ions which are directly plant-available, and is the 

same form as supplied by chemical fertilizers and the fertilizing effect should be the same.  

 Sulfur: S is mainly excreted in the form of free sulfate ions which are directly plant-available, 

and the same form as S in chemical fertilizers.  

 Other Micronutrients: Urine is reportedly rich in other micronutrients required by plants.  

 Organic Matter: Given its liquid form, urine’s contribution to soil organic matter and soil 

structure is negligible. 

 pH: Depending on the amount of degradation to ammonium, urine can be high in pH which 

can help balance more acidic soils, fostering a more habitable environment for micro-

organisms.  

 Moisture Content: While not necessarily a significant source of water, the moisture content 

of urine can aid in the composting process itself by facilitating an environment suitable for 

thermophilic organisms (see following section).   

Feces:  Compared with urine (which has water-soluble nutrients), feces contains both water-soluble 

nutrients and nutrients that are combined in larger particles not soluble in water. 

                                                           
11 Majority of information from this section taken from (Jönsson, A, B, & E, 2004) and through email correspondence with John 

Meadley, October 2010; for more detailed information, please consult sources mentioned in the bibliography.  



 
8 Humanure: Unraveling the Mystery            December 13, 2010 

 Nitrogen: A large proportion of N found in fecal matter originates from undigested material 

that first needs to be degraded by the soil in order to become available to plants, implying a 

lower initial amount of N available to plants initially when compared with urine. However, 

the organic matter found in feces will degrade and its content of organic N  can then become 

available to plants 

 Phosphorous: Similar to N, the main proportion of P in feces originates from undigested 

material and will need to be degraded by the soil in order to become plant-available. P is 

mainly found as calcium phosphate particles that are only slowly soluble in water. However, 

once they dissolve, these calcium phosphates should be as available as those provided by 

chemical fertilizers.  

 Potassium: Majority of K found in feces is water soluble.  

 Organic Matter: The feces component of humanure contributes a significant portion of 

organic matter, helping to improve soil structure and nutrient uptake capacity as mentioned 

in the previous section.  

The table on the following page may be useful in summarizing some of the potential contributions of 

different humanure components. It is important to note that the table is a generalization, humanure’s 

qualities are not constant and can vary based on diet, additives (soil, ash, lime, etc.), mixing or diversion 

of urine, climate, and how long the composting process takes, among others. Also, it is not only the 

nutrients found in either feces or urine that can improve soil quality, the organic matter found primarily 

in feces helps ensure that the nutrients are made available to plants, both through soil structure 

improvement and nutrient storage. 

Table 2: Potential Soil Enhancing Properties of Humanure Components 

 Feces Urine 

Nitrogen Low content of initially plant-

available N 

High content of urea and ammonium; 

comparable to commercial chemical 

fertilizers.  

Phosphorous Low content of initially plant-

available P 

Inorganic, plant-available P ions 

Potassium Plant-available Plant-available 

Organic Matter High, both as a soil conditioner 

(active fraction) and nutrient 

holding capacity (stable fraction, 

humus) 

Minimal  

pH Little effect if applied on its own; 

depends on additives.  

Can be high if urea degrades to 

ammonium (up to 9-9.3); also depends 

on additives.  

Moisture Content Little effect Some effect 

Temperature Only if thermophilic composting 

still occurring 

Minimal effect  
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Despite its variations, it is apparent that humanure contains nutrients and soil conditioning properties 

that are vital to soil health and improved plant yields. Furthermore, as most studies conclude, it appears 

that the mixture of nutrients and organic matter found in both feces and urine can be essential to 

revitalizing soil fertility, as almost all nutrients needed by plants are recycled aside from some N lost 

through ammonia gas. The advantage over artificial fertilizers is that in addition to supplying nutrients 

(although generally at a much lower %), humanure, through its organic matter, helps facilitate nutrient 

uptake leading to increased yields. Given the rate of soil depletion worldwide and the energy required to 

produce artificial fertilizers (See Section 2.6), recycling humanure could potentially provide a viable, 

renewable soil enhancer that while perhaps not acting as a true substitute to artificial fertilizers on a 

nutrient-alone basis, could complement and minimize the use and dependency on artificial fertilizers.  

2.3. Don’t Crap Where You Eat: Health Concerns on the Use of Humanure12 

In addition to containing nutrients essential to soil fertility, human excrement can also contain numerous 

pathogens harmful to human health. Generally, most disease-causing organisms of concern are excreted, 

in variable numbers, in feces, with a few also through urine. The likelihood of these organisms causing 

infections in different individuals is a function of contact and exposure.  

Urine: Generally urine is assumed to be a low health risk when compared with feces, but it should 

not be assumed to be sterile and caution should be taken. Most infectious organisms found in urine 

originate either in urinary tract infections or through cross-contamination with feces. (See Figure 1).  

 

Figure 2: Pathogens in Urine; taken from (Jenkins, 2005) 

Feces: Of much greater health concern than urine, feces can contain any number of parasitic viruses, 

bacteria, protozoa, and of particular concern to developing countries, helminths13. Given the 

                                                           
12 Majority of information from this section taken from (Schönning & Stenström, 2004); almost all studies cite (Feachem, Bradley, 

Garelick, & Mara, 1983) as the authoritative source on health, human waste and pathogen deactivation parameters.  
13 Please see bibliographic section for (Jenkins, 2005) for additional tables listing the numerous specific pathogens found in feces.  
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persistence of various helminths in the environment, especially Ascaris and/or Taenia eggs, they are 

often regarded as an indicator organism of hygienic quality when evaluating humanure.   

Countless studies have shown conclusively the health risks associated with human excrement; this study 

will not attempt to summarize them or elaborate on them except to say that in addition to the potential 

agricultural benefits, the application of humanure also brings with it numerous health concerns that must 

first be mitigated in order for it to be considered a viable and safe fertilizer. These concerns range from 

health risks to users of EcoSan toilets, people responsible for managing the composting process (whether 

households or a centralized facility), people trading in humanure, farmers applying humanure to crops, 

and consumers of food products grown with humanure fertilization.  

2.4. From Waste to Wealth: A Closer Look at Composting and Sanitizing 

Processes14 

The traditional mechanism utilized to render human excrement sanitary is through a process known as 

composting. Other disinfection processes include desiccation (dehydration), incineration, 

vermicomposting (utilizing worms to aid in decomposition and some pathogen deactivation through 

predation) and chemical treatments. Generally, whatever the process, the primary goal is to achieve 

significant inactivation of all pathogenic micro-organisms rendering the humanure harmless to human 

health, all while achieving a second goal of maintaining agronomic quality. Pathogens can be destroyed 

through heat, sunlight, food competition, pH, chemicals, lack of moisture, or inhibition and 

predation/antagonism between compost micro-organisms. To be successful, all of these factors are time-

dependent. The best and most effective method is generally some combination of the above mechanisms, 

and in most cases it is particularly important to ensure the conditions within the compost pile allow for 

biodiversity, both for hygienic and agronomic reasons.  

Unlike numerous studies produced by WSS sector agencies, composting is not something that “just 

happens” if you store human excrement, urine and sufficient drying material for 6 months. There are 

different composting processes, with corresponding different temperatures, moisture contents, stages, 

results and techniques, all of which require some monitoring to ensure adequate treatment is occurring.  

Below is a brief summary of details regarding different composting and/or sanitization mechanisms: 

Composting (Very generally, there are two forms of composting):  

1. Slow, low-temperature composting (mesophilic) needing on the order of years for sufficient sanitation. 

Main mechanism for pathogen inactivation in this treatment is dehydration and/or a process known as 

“curing” which involves pathogen deactivation through predation. However, more hardy micro-

organisms such as ascaris eggs can still survive at these relatively lower temperatures.  

2. Quicker, higher-temperature thermophilic15 composting needing on the order of months for sufficient 

sanitation. Main pathogen inactivation mechanism is elevated temperature. To achieve thermophilic 

composting, some essential parameters and steps must be followed:  

                                                           
14 Majority of information in this section taken from (Jenkins, 2005) and (Heinonen-Tanski & Vijk-Sijbesma, 2005).  
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  Moisture content of between 45-60% (can be achieved through urine or adding water; climate 

dependent) 

 Sufficient oxygen (aerobic bacteria compost more quickly and with less odor than anaerobic 

bacteria); spaces need to be created in the compost so bacteria do not drown 

 Temperature (Usually only an issue during winter when ambient temperature is too cold and 

inhibits micro-organism growth.  

 Balanced diet: proper C:N ratio (20:1-35:1 is ideal), can be achieved through natural additives, 

drying material, etc.  

 An awareness of the different effects of batch vs. continuous mixing.  

 Size of compost piles  

 Insulation 

Chemical Treatments: The main chemical treatments summarized in the literature involve 

sanitization through addition of lime or ash (raising pH) or urea (disinfection through ammonia, 

NH3). Although these treatments have shown promising results, they can have some potential 

drawbacks in lowering the moisture content (with ash/lime inhibiting microbe diversity or 

thermophilic processes), pH (lime/ash, effecting diversity and/or soil quality), or elevated N 

concentrations from urea. These alterations could potentially carry agronomic consequences 

diminishing a humanure batch’s fertilizer potential; a careful understanding of initial soil conditions 

and needs, as well as avoiding excess in additive applications should help mitigate any detrimental 

consequences to fertilizer quality. Overall, chemicals or other additives should be applied only when 

they can facilitate deactivation of pathogens while not compromising subsequent agronomic quality of 

a given humanure batch.  

Desiccation: Essentially dehydrates micro-organisms; no thermophilic temperatures reached and 

some potential survival of more resistant pathogens such as ascaris. During this process, composting 

bacteria do not survive and aren’t able to carry out their role of stabilizing easily biodegradable carbon 

(active portion of organic matter) into humus. If the carbon isn’t stabilized into organic carbon 

(humus), when the humanure is applied to the soil the bacteria found there can begin to degrade the 

available carbon meanwhile utilizing and depleting available nitrogen, and even raising the 

temperature, which can be harmful to plants and diminish soil fertility. Overall, desiccation does not 

allow for degradable carbon to be stabilized before application to the soil, implying that potentially 

not all nutrients have been converted into plant-available form through composting processes, and the 

technique has not been optimized to recover and recycle nutrients. Whatever is added to a dry 

“compost” batch will be desiccated or dehydrated and not necessarily composted. The process of 

composting is what converts biodegradable carbon into humus, freeing up nutrients in the active 

portion of organic matter which plants can utilize. If a humanure batch is only dehydrated and not 

composted, pathogens may die off but the material will not likely be converted into something that 

                                                                                                                                                                                           
15 Thermophilic composting refers to thermophilic bacteria that thrive in temperatures between 50-60 C. If conditions are in place 

for the creation of these bacteria, temperature of the compost pile will rise on its own accord and pathogens will very likely be 

inactivated. Mesophilic composting mentioned in the point above refers to mesophilic bacteria, which thrive at lower temperatures 

and will not create temperatures high enough to kill off all pathogens (ascaris and helminthes will likely survive).  
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plants can use. This composting process could occur following application to the soil itself, but has the 

potential to elevate temperatures and utilize available nitrogen.  

Incineration: Guaranteed pathogen kill-off, expensive and energy intensive and will affect agronomic 

qualities and quantities of humanure. Similar to desiccation, incineration (can occur spontaneously in 

compost at temperatures greater than 90°C depending on moisture content) implies combustion 

which will achieve efficient (from a time perspective, not energy or cost) pathogen deactivation but 

limit fertilizer qualities. Incineration converts humanure to ash (reducing quantity significantly) and 

many nutrients are volatized or not allowed to be decomposed or converted properly into something 

plants can use (reducing quality).   

Generally, chambered ecological toilets do not usually achieve temperatures high enough for 

thermophilic composting. This process will often not render humanure pathogen-free unless allowed to 

sit for a much longer time (up to 2 years of curing), or if sufficient lime or other chemical is added to alter 

the pH enough to provide an environment inhospitable to micro-organisms. This pH alteration can have 

consequences for agronomic humanure quality, and it can still be questionable whether the treatment will 

sufficiently kill off more resistant pathogens such as ascaris.  

 

Figure 3: Graph of Temp-time inactivation; C (F) on vertical, (Jenkins, 2005) 
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Currently, temperature has been shown to be the most important and reliable factor in treatment, and 

achieving sufficient temperature-time treatments is the most effective way to ensure that humanure has 

been rendered sanitary and all pathogens have been inactivated (Figure 3 shows a graph of the necessary 

time-temperature values for inactivation of a variety of micro-organisms, other time temperature values 

appear below and on the following page). Humanure utilizing composting mechanisms that have not 

achieved these temperatures should still be considered potentially pathogenic, receive a separate 

treatment and handled with caution before adequate testing has been carried out. One also needs to be 

aware of the mixing (batch vs. continuous) techniques and their respective effects on temperature and 

achieving thermophilic conditions throughout a given compost pile. In continuous mixing techniques, 

waste is added on an ongoing basis and new material will take time to reach temperatures of other 

sections in the pile and could lower overall temperature. In batch mixing techniques, waste is collected 

and separated in order to compost in one “batch”; uniform temperature is easier to maintain throughout 

but the process is somewhat more labor intensive than continuous mixing in that batches must be 

separated and more space is 

needed to handle different 

batches. While some recent 

studies have shown 

promise with 

vermicomposting 

(composting mechanism 

utilizing earthworms), 

lactic-acid fermentation, or 

chemical additives (such as 

urea or ammonia), more 

analysis is needed to 

ascertain the best 

combination and 

mechanism to achieve 

sufficient pathogen 

inactivation all while 

maintaining agronomic 

quality. It can be concluded 

however that any 

composting technique will 

have variations depending 

on climate and location, 

and generally the most 

efficient process would be one in which thermophilic composting is achieved, resulting in both pathogen 

deactivation and the nutrient decomposition and conversion necessary to maintain fertilizer qualities.   

Figure 4: Pathogen Survival Rates (Jenkins 2005) 
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Figure 5: Thermal Death Points for Common Parasites and Pathogens (Jenkins 2005)  

2.5. PooPoo and other Euphemisms: Cultural Taboos and Resistance to Humanure 

Usage 

Since its advent in the late 19th Century, water-borne sewerage and waste disposal is often seen as the 

pinnacle of wastewater infrastructure development. With good reason given the potential health risks, 

most people have a “healthy” aversion to human excrement16. Although utilized a great deal as a 

fertilizer over a hundred years ago, the notion of applying human feces and urine to agriculture 

providing human food supplies, no matter how odorless or composted it may be, is still a somewhat 

revolting thought to many people and relatively unknown to others. Given the lack of rigorous, 

comparative and sociological-based studies carried out on public humanure perception, it is challenging 

to not draw conclusions based on generalities or anecdotal information. With that caveat, one can over-

generalize and infer that Asian populations (particularly rural, East and Southeast Asia) are much less 

averse to humanure utilization than rural Latin American populations. Africa generally lies somewhere 

between this spectrum, with populations from countries long-used to water-borne sewerage somewhat 

averse to dry, on-site sanitation in general (some exceptions include some populations in Germany, 

Sweden, Finland and other pockets in Northern Europe). As shown by some studies in Muslim 

populations, areas with strong religious taboos against excrement will also be reluctant to utilize 

humanure. There are other studies that show that households with a direct association with the utility of 

humanure (primarily rural or semi-rural) will have a greater proclivity to using it than those who do not 

see a direct agricultural benefit (urban or peri-urban).  

                                                           
16 This is evidenced by the numerous euphemisms employed worldwide when discussing sh*t.  
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While difficult to classify geographically, people generally fall into the following segments in regards to 

their perception of humanure utilization:  

 Humanure Fanatics (HF): Those people who either use their excrement already on crops, or love the 

idea and are extremely eager to try it.  

 Water Aspirers (WA): People not necessarily averse to humanure per se, but aspire to a water-based 

sanitation system as opposed to on-site as they see little added benefit to a dry, composting toilet. 

This segment could be found in peri-urban, non-agricultural areas without an existing infrastructure 

for collection and treatment of humanure.  

 Curious, Information Seekers (CIS): People who would need more information and assurance about 

the process in order to participate; likely will not be the first people in a given area to adopt 

humanure usage. In some cases, this hesitation can be caused not by health concerns, but by an 

unwillingness to change dependable agricultural practices and fertilizer inputs in general.  

 Not a Chance (NC): This segment generally includes people that are completely repulsed by the idea 

of any connection between human excrement and food sources.  

Societal barriers to effective humanure utilization can generally fall into the following categories:  

 Legal/Political: There are either numerous legal restrictions on human excrement reuse or sale (as is 

the case in the United States) or a complete lack of existing norms that fail to provide a framework in 

which hygienic humanure production could take place.  

 Cultural: More challenging to classify, cultural taboos on humanure usage can vary greatly across 

continents and even within the same country. Most are rooted in health concerns.  

Before any humanure-based sanitation program is considered, local research should be carried out to 

better understand societal perceptions and regulations and their potential to hinder or support the use of 

humanure, and understand exactly what, if anything, motivates people to obtain a bathroom. If there are 

taboos against humanure, demand will be hindered and it will struggle in the marketplace regardless of 

its nutrient content and price when compared with other commercial fertilizers.  

2.6. Chikwawa Gold and Excre-Magic: The Market for Humanure 

Despite some anecdotal evidence about the value of “nightsoil” in 19th Century Europe and East Asia, 

some cash offers of $0.01-$0.02/kg in Rwanda, potential struvite sales in Nepal, and some cash exchange 

for humanure in West African ecological sanitation programs, a thorough internet search yielded no 

robust studies quantifying current humanure market activity anywhere in the world. In other words, 

there is significant documentation on people throughout the world using humanure, and even wanting 

humanure, but little reported, quantitative evidence of people buying and selling it.  
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Figure 6 provides some examples of 

historical waste reuse, implying that there is 

some value to humanure. From the literature 

it appears as if there are two significant 

challenges to marketing humanure: 1. 

Humanure’s contribution to improved 

yields, e.g. is humanure a viable fertilizer 

when compared with other substitute goods 

on the market?; and, 2. Safety--is humanure 

itself, and crops grown with it, safe for 

human consumption? The first marketing 

challenge will be primarily directed at 

farmers buying, selling and/or utilizing 

humanure agriculturally; the second will be 

both towards farmers, anyone else 

responsible for handling humanure, and 

consumers of crops grown with it. 

To generalize, any promotion of humanure 

in the marketplace will have to take into 

account two essential qualities: agricultural 

and health safety/hygiene. Below is a brief 

summary of how these areas have been addressed up until now in the literature:  

Health Safety/Hygiene: The majority of studies have shown that if a proper composting process is 

followed, health risk should be minimized and humanure could be promoted as a hygienically safe 

product. It could likely be less expensive, require fewer resources and provide more conclusive 

results if monitoring is focused on the process (ensuring time-temperature values are achieved) as 

opposed to testing every batch of compost for pathogens (which could result in numerous false 

negatives given sampling challenges). Putting any of these monitoring processes into practice and 

assuring quality is a significant challenge however, particularly if the composting is carried out at the 

household level implying numerous “compost production centers” to monitor. Therefore, while 

conclusions have been reached about the process itself (particularly at a laboratory-level), there are 

still significant gaps in the literature regarding whether these processes have been adequately put 

into practice in developing areas with ecological/composting toilets. In other words, it can be 

concluded that human feces can be made safe, but whether this is actually happening in a particular 

batch will need further research if humanure is to be positioned in the marketplace.  

 

Agricultural: There are fewer studies on assessing exactly how humanure could serve to improve soil 

fertility and subsequently position itself somehow in the marketplace. Some reports attempt a 

comparison of humanure with other fertilizers based on nutrient values; one example of this is 

Figure 6: Examples of Human Reuse Wastes Practices (Mara & 

Cairncross, 1998) 
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summarized from Steven Sugden’s research.17 In Embangweni, Malawi, numerous ecological, 

composting toilets have been implemented at the household level. A batch of humanure was tested 

by the Malawi Bureau of Standards with the following results:  

Table 3: Humanure Analysis from composting toilets from Embangweni, Malawi 

 
 

While there is some variation in results, the nutrient level percentages obtained allow for a 

comparison of humanure with other products based on something quantifiable as opposed to other 

comparative methods that rely on demonstrations of greater crop yield alone. The report details the 

Nitrogen percentage as a potential variable of comparison. The averaged 2% N value found roughly 

equates to 1kg of N per 50 kg bag of humanure, compared to 11.5 kg N per 50 kg bag of commercial, 

artificial fertilizer. If a 50kg bag of artificial fertilizer costs MK 5,800 ($41.42), then the Nitrogen 

equivalent value of humanure would be MK 504 ($3.60) per 50 kg, given that the N amounts in 

humanure were 8.7% of those found in artificial fertilizer. One could make similar nutrient equivalent 

value comparisons using P, K and S, and even begin to compute nutrient accumulation through 

humanure based on average human production (varies some in the literature, but can be assumed to 

be around ~40 kg humanure per adult person per year).  

 

It is very important to note however that these comparisons have limitations and rest on numerous 

assumptions. There can be significant variations in compost batches dependent on geographic origin, 

climate and composting process (particularly time and if urine has been mixed with or diverted from 

feces). For example, below is a table summarizing results from a separate nutrient study carried out 

on humanure from Peru. 18 

Table 4: Humanure analysis from urine mixing public composting toilets, Belén, Peru 

Muestra1 pH C.E 

dS/m 

N P S-

SO4 

K Ca Mg Na Z Cu Mn H B M. O 

 

Compost 

heces 

humanas 

% % % % % % % ppm ppm ppm ppm ppm % 

7.3 6.50 1.06 1.13 0.19 1.15 1.58 0.40 0.05 144.08 17.52 427.38 6909 111.8 30.26 

                                                           
17 Information in this section taken from:  Sugden, S. Ecological Sanitation—Searching for the Next Great Leap Forward. Water for 

People report. January 2010.  
18 Information taken from Inga, H. “Elaboraciones y Uso de Compost.” (2010). Compost studied taken from urine mixing public 

toilets in Belén, Iquitos, Peru, with sawdust as the primary additive to facilitate drying. Results sampled late 2009, evaluated by: 

Instituto de Cultivos Tropicales (ICT-NAS/CICAD-OEA. Shilcayo- Tarapoto, 08/01/2010). “M.O.” is materia orgánica, or organic 

matter.  

5 months 6 months 7 months 8 months

Moisture content % 9.44 11.55 7.22 5.17

Nitrogen % m/m 2.00 1.50 2.25 1.50

Phosphorus  % m/m 0.67 0.54 0.56 0.06

Potassium  % m/m 0.00 0.80 0.14 0.27

Sulphur  % m/m 0.96 0.68 1.11 0.96
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A separate compost study taken from the same area but a different toilet gave the following results19:  

Table 5: Humanure Analysis from urine diverting composting toilet,  Manco Capac, Peru 

N (%) P2O5 (%) K2O (%) CaO (%) Mg O (%) pH 

0.32 1.03 1.06 2.84 0.47 9.32 

 

While variation in some nutrient levels can be attributed to sampling procedures, urine mixing vs. 

diverting, it is interesting to note different attributes of different humanure batches, particularly the 

pH and N%. The implications of this are that standardizing a product such as humanure for the 

purpose of marketing will be challenging; much work is needed to standardize composting processes 

in a given climate in order to provide a dependable product for any eventual consumers.  

 

While comparing values between humanure and artificial fertilizers on a purely nutrient basis can be 

compelling and has its merits, it doesn’t adequately address other factors inherent to humanure that 

could increase or decrease its market value. Additionally, in some batches of humanure nutrient 

levels are too small to justify transport expenses. As mentioned above, in addition to nutrients, 

humanure contains organic matter that facilitates improved soil structure and nutrient storage 

capacity, attributes that would increase its value in the marketplace over artificial fertilizers. The 

results from Table 4 above show humanure with 30.26% organic matter. Conversely, cultural taboos 

and health risks associated with humanure could lower its market value when compared to trusted 

commercial fertilizers. For example, now looking at the analysis in Table 3 above, despite some 

promising results regarding nutrient and organic matter content, in the absence of a micro-biological 

analysis, one could be concerned that the moisture content observed may not have been sufficiently 

high enough to achieve thermophilic composting and sufficient deactivation of any pathogens. The 

lower moisture content could of course be attributable to a variety of other factors (sampling, post-

compost dehydration, etc.), but without knowing the complete story, an educated consumer could 

have cause for concern.  

Below are some areas that will need to be considered in order to adequately position humanure in the 

marketplace.  

 Minimize/Eliminate Health Risks: Both people handling humanure and those eating food grown 

using humanure will need to be assured they are not putting themselves at risk. Because of this, any 

humanure-based product on the market must enforce quality controls that ensure processes are being 

followed to achieve sufficient activation of pathogens. If health risk-mitigating composting processes 

can’t be assured, humanure will stumble as a commodity in the marketplace.  

 Agricultural Benefits: In addition to nutrient content, humanure should be promoted (and verified) 

based on its potential to improve soil productivity through its organic matter content as well as, if not 

more so than, its nutrient levels. The combination of these two attributes (nutrients and physical soil 

                                                           
19 Second analysis taken from urine diverting toilets in similar climate near Iquitos, Peru. Sampled by Jeff Walters, laboratory 

analysis carried out by Universidad Agraria La Molina, Lima, Peru. July 2010. 
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enhancer) should make humanure an attractive product to farmers. However, given that the majority 

of farmers living in developing countries are either subsistence or living on extremely thin, 

precarious profit margins, the benefits of humanure will likely need to be shown through 

demonstrations with local crops. In other words, the majority of farmers have dependable 

agricultural and fertilizer procedures already in place that work well for them, in order for them to 

change fertilizers to humanure they may need compelling, visual evidence of the benefits; an 

understanding of relative costs and benefits in comparison with conventional fertilizers on the 

market; and, in some cases, access to credit.   

 Regulatory Support: Humanure will never take off in the market if there isn’t a facilitating legal 

framework in place. For example, if humanure use is illegal or only allowed on certain crops, demand 

will be throttled. In addition to understanding health and agricultural areas, legal concerns should be 

taken into account as well in order to facilitate long-term sustainability of humanure marketing.  

 Comparison with Substitute Goods: In some respects, this level of humanure marketing may be 

more impactful to policy and decision-makers at the government level, households will likely be 

motivated by prices resulting from the issues below.  

 Energy Needed for Production: Humanure has an additional advantage to artificial 

fertilizers in that it isn’t nearly as susceptible to fluctuations in oil prices (artificial fertilizers 

require energy to produce). For example, in the Malawi study mentioned above, in 2007 

when oil was over $145/barrel the price of artificial fertilizer rose to MK 13,500 ($96), more 

than double the price. In 2000, the energy consumed in fertilizer production was equivalent 

to 191,000,000,000 liters of diesel, and is projected to rise to 277,000,000,000 in 2030. Given 

current food production practices, this translates into 10 calories of energy needed to produce 

1 calorie of food20. It can be assumed that humanure’s production costs would still be the 

same (aside from transport expenses), yet as a result of price increases in artificial fertilizer it 

suddenly would have more value.  

 Phosphorous: Studies (Cordell, Drangert, & White, 2009) have shown that phosphorous 

reserves, a non-renewable resource, are dwindling primarily due to modern agricultural 

practices involving artificial fertilizers. The primary source of P in artificial fertilizer is 

phosphate rock, which many estimate will be depleted in 50-100 years. Nearly 100% of P that 

is consumed by human is excreted in urine and feces, yet only roughly 10% of all excreta is 

being recycled to the soil. It has been estimated that 25% of the 1 billion tons of P mined since 

1950 has ended up in waterways.  

 Given the likelihood for oil and phosphorous prices to increase in the long term, 

humanure could be seen to represent a more stable source of fertilizer.  

 Address Taboos: Any attempt to position humanure in the marketplace will have to take into 

account local taboos and hesitations surrounding its usage and consumption of food grown with 

composted excrement. These taboos usually originate through rational concerns about health risks 

associated with excrement; assuring that health risks are mitigated through pathogen inactivation 

will be essential.  

                                                           
20 Information taken from (Lucas, Jones, & Hines, 2006), summarized in email correspondence with John Meadley, October 14, 2010.  
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There are few studies that have moved beyond the theoretical to actually begin testing and evaluating 

humanure-market hypotheses. From the literature review, there appears to be more information 

analyzing the hygienic aspects of humanure, and less research into some of its agricultural properties. 

This is not to say that there haven’t been comparative demonstration studies and some nutrient analyses, 

but in order to better market humanure as a product, more effort should be carried out to fill the gap of 

conclusive evidence on how humanure can improve specific soils, both in nutrients and soil building 

properties; how it can improve yields on specific crops in specific climates;  how processes can be 

standardized so that these agronomic qualities can be maintained under sanitary conditions; and how it 

can best be promoted to compete with or complement prevalent fertilizers in a specific marketplace. More 

generally and on a larger scale, if humanure is to become a marketable commodity (e.g., something that 

people are willing to pay something for) beyond simple household use, more effort is needed to 

understand and synthesize lessons learned from other examples (where they exist), and a greater 

emphasis should be placed on marketing and research to ensure that humanure provides the necessary 

hygienic and agronomic guarantees that are currently provided by other fertilizing techniques promoted 

in the larger market. 

2.7. Bonus: Diverters vs. Mixers. 

Technique Advantages Disadvantages 

Urine 

Diversion 

 Less likelihood of smell given 

lower moisture content and 

ammonia 

 Ease of maintenance 

 Can collect urine separately and 

use as fertilizer more quickly 

 

 Leads to drier compost pile, more difficult to achieve 

thermophilic composting 

 Removes N source from humanure (agronomic 

consequences) and natural source of NH3 (disinfection 

consequences) 

Mixing 

Feces and 

Urine 

 Increased moisture content 

facilitates thermophilic 

composting 

 Greater N content in humanure 

leads to better overall fertilizer.  

 Potential NH3 content in urine 

can aid in humanure treatment. 

 Smell, more labor intensive to avoid odor and maintain 

hygienic appearance.  

 Slight delay in availability of N for fertilization (as more N 

is found in urine, mixing it with feces implies that 

humanure availability limited by feces composting time, 

which is generally longer than that of urine).  
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3. Conclusions 

Question Conclusions Presented 

What have academic 

and sector studies 

concluded about the 

uses of humanure in 

agricultural pursuits?  

Health risks aside, the majority of studies reviewed have concluded that 

humanure can be extremely effective as a soil additive, rehabilitator and/or 

fertilizer. When combined, composted feces and urine provide the necessary 

set of nutrients essential for healthy plant growth, supply soil-building 

capabilities through organic matter that are often not available in artificial 

fertilizers, and can help regulate pH. Additionally, humanure could represent 

a much more sustainable, renewable fertilizer source. In all cases, locally 

specific soil studies and evaluation of crop needs should be carried out 

beforehand to determine soil fertility needs in order to see if, and how much, a 

given quantity of humanure could be applied.  

What important 

questions have 

academic and sector 

studies identified as 

still to be answered, 

concerning the uses of 

humanure in 

agricultural pursuits? 

 

The majority of questions identified relate to locally-specific studies, including 

local soil deficiencies, the effects of different applications/mixes of humanure 

in revitalizing soils and subsequent yield for a variety of different crops. Very 

generally there are three macro variables to be researched more specifically: 

varying soil fertility, varying humanure compositions (created by varying 

treatment/compost processes), and varying crops; research and experiments 

evaluating different combinations of the above and establishing local best 

practices would help further evidence for or against the use of humanure in 

agricultural pursuits in a given area. Ideally, all of these studies would be 

shared and synthesized to identify commonalities and/or divergences.  

What have academic 

and sector studies 

concluded about the 

value of humanure in 

the marketplace and 

within various 

business models? 

 

There are very few studies investigating the specific, current value of 

humanure in the marketplace. In areas with little cultural or legal barriers to 

humanure, one could preliminarily infer that there is or will be a space in the 

marketplace for humanure alongside other agricultural products. In areas with 

more substantive obstacles, it could take numerous years for humanure to 

move beyond the household level to providing a potential income stream 

within a business model. Overall, conclusions have not strayed much beyond 

the theoretical regarding the market potential of humanure.   

Where have academic 

and sector studies 

found the greatest 

potential for market 

success and for 

liability (including 

public health liability) 

with humanure?  

 

The greatest liability found by the majority of studies is regarding public 

health, particularly in regards to the handling of potentially pathogenic feces. 

For this liability to be overcome, standardized techniques for composting and 

rendering humanure sanitary will need to be established. These techniques 

will need to be local and climate-specific, and means for verifying the hygienic 

quality of any batch of humanure will need to be in place. Other liabilities 

could include public perception and/or legal restrictions, which could be easier 

to overcome once public health concerns can be alleviated. The greatest 

potential for success lies in humanure’s agricultural potential, particularly at 

being a more affordable and renewable soil augmenter.  

 

Humanure has significant potential in soil restoration and enhancement, but, like the saying goes: “There 

are two sides to every story.” Humanure’s dark side lies in the pathogens and health risks it generally can 

be assumed to contain if not treated properly. The main obstacle lies in establishing local best sanitization 

practices that ensure any human excrement is rendered safe for agricultural use. The technique can be 
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relatively straightforward, if not somewhat more labor-intensive than other sanitation options, but 

challenges can arise in ensuring consistent humanure quality (both agronomic and hygienic) across 

numerous households. There often is a trade-off between ease of treatment (adding a bunch of lime to the 

mix) and agricultural quality. Unfortunately however, a “failure” in regards to humanure processing can 

have more serious consequences (health) than simply poor agronomic quality. The agricultural potential 

is undeniable, but mechanisms must be put in place to ensure that public health is not compromised; 

otherwise households and governments will not support it in the long term and the bottom will fall out of 

any traction achieved by humanure in the marketplace.  

4. Research Gaps and Way Forward 
As there is a litany of research currently being carried out on health-related topics (and to a lesser extent 

agriculture) surrounding humanure, the principle gap seems to lie in understanding humanure as a 

commodity in the marketplace. As humanure will predominantly be a local commodity, more local-based 

research will need to be carried out to understand how much market potential it may have in a given 

area. Please see Section 4.1 for a list of local questions that could be asked, below is a list of more general 

questions that still need to be researched surrounding humanure:  

Theme Research Gaps 

Health  What are the risks associated with handling and processing humanure? How are 

these risks mitigated? 

 What are the risks associated with consuming food products grown with 

humanure? How are these risks mitigated?  

 What indicator would be the most appropriate to utilize in order to ensure that 

treatment is adequate in a given batch of humanure?  

Treatment and 

Usage 

Mechanisms 

 Which treatment mechanism (desiccation, composting, incineration, chemical 

additives, etc.), or combination thereof, is the most efficient, effective and 

replicable?  

  What is the most efficient application method of humanure to crops?  

Public 

Perception and 

Regulations 

 What norms currently exist throughout the world regarding humanure?, and 

what type of advocacy work is currently being done? 

 What are general perceptions on humanure use throughout the world?  

Humanure and 

the Marketplace 

 What are some established cases of humanure being bought and sold in the 

market? How were these businesses designed? How did they begin? What are the 

conditions necessary for them to succeed?  

 What are some chemical and nutrient characterizations of humanure, and how do 

these compare to chemicals/nutrients available in other fertilizers?  

 What are the implications to the value of humanure of the rising prices of 

chemical fertilizers?  

 Please see section below for additional questions that could be asked locally on a case-by-

case basis to better understand the market for humanure.  
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4.1. So you want to start Humanure Business?   

Here are some Questions you may consider asking beforehand… 

Like any nascent business attempting to understand value for a given product, anyone striving to bring 

humanure to the marketplace should carry out thorough landscaping and/or local market analysis 

beforehand. Some questions that could be useful before going into business are the following:  

What is the demand for humanure?  

 What are current, specific and local soil fertility challenges? What nutrients and other characteristics 

are lacking and how could humanure remedy these challenges?  

 What are people currently spending on other fertilizers? Which nutrients do these fertilizers contain?  

 What types of crops are usually planted, and how well would they respond to nutrients and organic 

matter offered in humanure?  

 What is the local diet?  

 What are local perceptions surround recycling human excrement, and its subsequent usage (after 

treatment) on crops? How could these perceptions serve to facilitate or throttle demand?  

 What volume of humanure (and nutrient, organic matter equivalents) could potentially be created by 

a given population?  

What types of humanure treatment options are available? 

 What is the climate like? (temperature, humidity, etc.)  

 How available is space for treatment, chemicals, etc.?  

 Is there a history of composting or other waste treatment in the area?  

 What potential additives are available?  

 Which composting toilet technology would provide the best results given local conditions and 

customs?  

 Will households themselves manage the composting process, or will it be centralized? If household, 

how is quality assured; if centralized, how is transport organized?  

What are some local health concerns?  

What are the legal norms (if any) regarding humanure? If none exist, is there a chance that there will 

be at some point and could serve as a hindrance?  

Will toilets be public, private, or shared?  

**Numerous other questions will need to answered in order to evaluate the viability of any humanure 

business; this will depend largely on specific expenses (capital and ongoing) and revenue, and hinge 

mostly on the equilibrium price of humanure in the market.** 
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population of Zimbabwe. Their results showed that a mixture of ecofert and humanure provided the 

best maize crop yield by weight, followed by those treated by ecofert alone. Both provided better 

yields than commercial fertilizers, and all human excreta-based fertilizer improved water 

productivity. Overall an excellent example of a localized study on humanure potential.    

Heinonen-Tanski, H., & Vijk-Sijbesma, C. (2005). Human Excreta for Plant Production. Bioresource 

Technology , 403-411. 

Literature review providing thorough and concise overview of soil nutrient needs and humanure’s 

ability to meet them. Author advocates separation of urine and feces to allow for different treatment 

strategies, to ensure an absence of smell, minimize pathogen content and allow for greater aeration in 

                                                           
21 What follows are a list of key studies; the list is certainly not exhaustive and definitely subjective given the focus of the overview, 

the studies mentioned in the “other literature” (Section 6) could bear more in-depth review depending on the type of question being 

asked.  
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the compost pile. Excellent introductory article to composting, soil fertility needs, the case for 

ecological sanitation and an argument for urine diversion.  

Mnkeni, P., & Austin, L. (2009). Fertiliser Value of Human Manure from Pilot Urine-Diversion Toilets. Alice: 

University of Fort Hare. 

A comparative study on the application of humanure, goat manure and inorganic fertilizers on 

cabbage crops in South Africa. The study found that humanure performed better than goat manure, 

but was out-yielded by inorganic fertilizers. The improved performance of humanure over goat 

manure was attributed to it being a better source of P and K; yet lacking N when compared to 

inorganic fertilizer. The article recommended a combination of humanure with inorganic fertilizer as 

the best mix, and highlighted humanure’s potential for improving crop growth in acidic soils through 

its liming effects. Given microbial content, the article recommended that precautions be taken to 

minimize human exposure.  

Jönsson, H., A, S., B, V., & E, S. (2004). Guidelines on the Use of Urine and Faeces in Crop Production. 

EcoSanRes Publication Series. http://www.ecosanres.org/pdf_files/ESR_Publications_2004/ESR2web.pdf 

Thorough overview and general guidelines for the application of urine and feces; including soil needs 

and humanure’s potential to meet them. Publication provides detailed analysis of soil-plant-human-

humanure nutrient cycle and methods for calculating potential nutrient production from a given 

human population. Similar to most EcoSanRes publications, very detailed information provided and 

forthright about research areas that still need to be explored. At the time of writing, this publication 

identified the following knowledge gaps: nutrient effects of excreta on specific crops and soils, 

fertilization strategies and application techniques when using excreta, efficiency of storage of urine in 

soil, and simple and resource-efficient sanitation techniques for feces.  

Morgan, P. (2003). Experiments Using Urine and Humus Derived from Ecological Toilets as a Source of Nutrients 

for Growing Crops. Kyoto. http://aquamor.tripod.com/KYOTO.htm 

Report discussing nutrient analyses carried out on different ecological toilet technologies (arborloos, 

fossa alternas, skyloos, etc.). Results indicated significant nutrient levels (N, P, K, etc.) in compost from 

toilets when compared to local topsoil (studies carried out in Zimbabwe). Report is significant in not 

only demonstrating elevated nutrient content in humanure, but also subsequent yield improvements 

when applied to a variety of crops.  

Schouw, N., Danteravanich, S., Mosbaek, H., & Tjell, J. (2002). Composition of Human Excreta--a Case 

Study from Southern Thailand. The Science of the Total Environment , 155-166. 

Academic study analyzing potential nutrients found in excrement in Thailand. Authors concluded 

that the metals N, P, K and S (macronutrients) were mainly excreted through urine, and other metals 

such as Ca, Mg, Zn, Cu, Ni, Cd, Pb and Hg were primarily excreted through feces. Unique, key study 

in that it is one of the few directly analyzing human excreta (before composting) to determine nutrient 

content that might be agronomically useful.  Study concluded that there was sufficient justification for 

human excreta recycling given the variety of macro and micronutrients available.  

http://aquamor.tripod.com/KYOTO.htm
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Soil Science Society of America. (1997). Replenishing Soil Fertility in Africa. Madison: America Society of 

Agronomy. 

http://www.worldagroforestry.org/units/library/books/pdfs/91_Replenishing_soil_fertility_in_africa.pdf 

Thorough and detailed collection of articles looking at distinct soil fertility challenges throughout 

Africa. Chapter 8 in particular focuses on the combination of inorganic and organic fertilizers, 

providing some background and a framework for how humanure may complement or replace other 

fertilizers. While not necessarily conclusive about humanure, is an essential resource for 

understanding detailed soil fertility challenges and potential strategies for remediation.  

Vinneras, B., Bjorklund, A., & Jonsson, H. (2003). Thermal Composting of Fecal Matter as Treatment and 

Possible Disinfection Method--Laboratory Scale and Pilot-Scale Studies. Bioresource Technology , 47-54. 

Academic study on thermal composting techniques and means to achieve sufficient pathogen 

inactivation (including ascaris). Study concluded that sufficient inactivation was achievable with 

thermal composting, but insulation was necessary to achieve and maintain high temperatures, even in 

hotter climates. Without sufficient insulation and occasional turning of the compost pile, it was 

unlikely that complete inactivation would occur throughout the pile.  

Winker, M., Vinnerås, B., Muskolus, A., Arnold, U., & Clemens, J. (2009). Fertiliser Products from New 

Sanitation Systems: Their Potential Values and Risks. Bioresource Technology , 4090-4096. 

Academic paper and literature review evaluating the potential (nutrient and health-based) for human 

waste products (blackwater, composted feces, struvite, and urine) to meet fertilizer demand. In 

northern European countries such as Germany or Sweden, the authors estimate that up to 30% of 

fertilizer demand could be met through humanure; in developing regions such as sub-Saharan Africa, 

annual excreta production corresponds to more than 100% of the local application of mineral 

fertilizers. Provides thorough and current discussion of different sanitation systems, their potential to 

provide nutrients for agricultural uses, potential threats to public health, and current mechanisms for 

treatment.   

Yadav, K., Tare, V., & Ahammed, M. (2010). Vermicomposting of Source-Separated Human Faeces for 

Nutrient Recycling. Waste Management , 50-56. 

Academic paper with objective to examine the suitability of vermicomposting for processing source-

separated human feces. Authors studied different layering techniques to determine ideal structure 

that would facilitate earthworm survival and efficient vermicomposting. It was determined that 

compost structured in layers of vermicompost-feces-vermicompost (VFV) provided for the most 

effective processing rates and pathogen die-off (complete inactivation of total coliforms in the 

experiment summarized in this study, but no mention of ascaris or more resistant pathogens). Because 

other studies have shown that achieving temperatures high enough in ecological toilets for pathogen 

die-off is challenging, the authors of this study propose vermicomposting as a potential alternative. 

The study concluded that vermicomposting has significant potential, but material must be pre-

composted to make the feed and structure acceptable to earthworms.   

 

http://www.worldagroforestry.org/units/library/books/pdfs/91_Replenishing_soil_fertility_in_africa.pdf
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6.2. Market Value of Humanure 

Owusu-Bennoah, E., & Visker, C. Organic Wastes Hijacked. Lomé, Togo: International Fertizers 

Development Centre (IFDC). 

Short report on night soil that was stolen in Ghana and later likely resold within the agricultural 

sector. Although lacking significant quantifiable information and highlights illegal activity, shows that 

there is value in humanure if people are willing to risk the consequences of stealing it.  

Rockefeller, A. (1998). Civilization and Sludge: Notes on the History of the Management of Human 

Excreta. Capitalism Nature Socialism , 3-18. 

Article summarizing history of different excreta-management techniques, highlights the market value 

that, up until relatively recently, humanure had as a fertilizer in Asian cultures.  

Salifu, L. (2001). Identifying Demand Drivers for Sanitation Technologies: The Case of EcoSan in Africa. WSP. 

Article separating and defining various demand drivers for sanitation technologies, including: Geo-

hydrologic drivers (high water table), demographic drivers (high population density), and 

economic/business drivers (small-scale local enterprises responsible for emptying pits and economic 

value of humanure in general). Paper highlights the potential to promote EcoSan not simply on its 

humanure potential alone (which is of little interest to some households in Africa), but to also 

highlight other demand drivers such as convenience and potential to increase economic wealth.  

Schuen, R., J, P., & Knapp, A. (2009). Study for Financial and Economic Analysis of Ecological Sanitation in 

Sub-Saharan Africa. Water and Sanitation Program (WSP). 

http://www.wsp.org/UserFiles/file/Ecosan_Report.pdf 

Comparative case study analyzing various ecosan projects (Uganda, South Africa and Burkina Faso) 

primarily from a financial perspective. While the majority of financial considerations surround 

subsidies for capital expenses and subsequent O&M costs incurred by the household, the case study 

on an ecological sanitation program in peri-urban Ouagadougou, Burkina Faso is particularly 

interesting in that it is reporting sales of humanure (ecofert and composted excreta) to farmers in the 

area. This program reportedly involves composting at a centralized “eco-station,” households pay a 

small fee for collection from the toilets and the humanure produced is resold to other farmers by the 

facility. Although all programs have been subsidized, including the “business” in Ouagadougou, it is 

a key study in that it is showing a market (albeit nascent), demand (although small), and that people 

are willing to pay something for humanure in Burkina Faso.  

Stone, R. (1949). The Shaoyang, China, Night Soil Fertilizer Reclamation Plant. Water Environment 

Federation. 

Article serves as a reminder that humanure production on a large scale is not a new idea to many 

parts of the world, and markets have existed before. This article presents a “night soil” humanure 

reclamation plant in 1940’s China; while most of the concerns expressed are the same as in other more 

current publications (health concerns, soil nutrients, etc.), the most interesting aspects of the report 

were that demand for the final fertilizer product exceeded the supply produced by the factory, and 

based on other night-soil ventures at the time in China, the author estimated a $25,000/yearly profit for 

a similar venture near Hong Kong.  
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Zhou, C., J, L., R, W., Yang, W., & Jin, J. (2010). Ecological-Economic Assessment of Ecological Sanitation 

Development in the Cities of Chinese Loess Plateau. Ecological Complexity , 162-169. 

Academic paper providing theoretical cost/benefit analyses of different sanitation program 

methodologies in the cities of the Chinese Loess Plateau. Important study in its detailed ecological and 

economic considerations related to potential sanitation systems (primarily ecological sanitation), but 

provides little evidence on actual demand for humanure-based fertilizers aside from hypothesizing 

revenue based on equivalent P, N and K costs in the current market. Useful for the theoretical 

framework provided for evaluating different sanitation programs and anticipated costs, and in 

economic approach utilized to evaluate potential sanitation programs in the region.  

6.3. Health and Hygienic Composting Processes 

Factura, H., Bettendorf, T., Buzie, C., Pieplow, H., Reckin, J., & Otterpohl, R. (2010). Terra Preta Sanitation 

-- Rediscovered from an Ancient Amazonian Civilization -- Integrating Sanitation, Bio-Waste 

Management, and Agriculture. Water, Science and Technology (WST) . 

A study advocating a different technique for humanure treatment based on an ancient technology 

discovered in the Amazon Rainforest. In this treatment procedure, coined as Terra Preta Sanitation 

(TPS) by the authors, human excrement is converted to hygienic humanure or “black soil” through 

urine diversion, addition of charcoal with lactic-acid bacteria to facilitate fermentation, and 

subsequent vermicomposting with worms. Study acknowledges that the technology is still in it early 

stages and much research is still needed, but are optimistic about the potential for this type of 

treatment technology citing its lack of smell, lack of need for ventilation and ease of use.  

Feachem, R., Bradley, D., Garelick, H., & Mara, D. (1983). Sanitation and Disease: Health Aspects of Excreta 

and Wastewater Management. World Bank Studies in Water Supply and Sanitation. Available at: 

http://www.personal.leeds.ac.uk/~cen6ddm/Sanitation&Disease.html 

This is one of the perennial sources for anything related to micro-organisms found in excreta and 

mechanisms for achieving sufficient inactivation. This work has been sourced by nearly all other 

literature reviewed, and the majority of temperature-time guidelines proposed by Feachem, et al are 

still regarded as standards throughout the sector. For guidance on time needed at a certain 

temperature to kill a particular micro-organism found in excreta, this is the work to consult, and has 

been by numerous other authors since its publication nearly thirty years ago.  

Feachem, et al. (1980). Appropriate Technology for Water Supply and Sanitation: Health Aspects of Excreta and 

Sullage Management: A State-of-the-Art Review : Volume 3. World Bank. 

Thorough literature review cited often for pathogen die-off parameters; similar to information 

obtained in (Feachem, Bradley, Garelick, & Mara, 1983).  

Jensen, P., Phuc, P., Konradsen, F., Klank, L., & Dalsgaard, A. (2009). Survival of Ascaris Eggs and 

Hygienic Quality of Human Excreta in Vietnamese Composting Latrines. Environmental Health . 

An evaluation of the hygiene of humanure created from composting latrines in Vietnam where due to 

agricultural constraints, farmers were emptying chambers every 3-6 months. Study found that 

regardless of lime addition, 99% die-off of ascaris eggs was achieved within 105-117 days, and 97% of 

all eggs were non-viable after 88 days. The main conclusions of the study were that given climatic 

http://www.personal.leeds.ac.uk/~cen6ddm/Sanitation&Disease.html
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conditions (warmer temperatures) and urine inclusion in compost, hygienic compost could be 

achieved in 3-4 months. It was found that lime had little effect on ascaris die off, the greatest 

contributors were ammonia found in urine and temperature.  

Mara, D., & Cairncross, S. (1998). Guidelines for the Safe Use of Wastewater and Excreta in Agriculture and 

Aquaculture. Geneva: World Health Organization (WHO). 

Thorough, multi-chapter work covering numerous aspects of wastewater utilization in agriculture. 

Provides some interesting case studies, particularly related to health, agronomic and management 

aspects, but does not provide much more than theoretical insight in regards to socio-cultural and 

economic aspects. Excellent source for detailed background on waste reuse.  

Niwagaba, C., Malubega, M., Vinnerås, B., Sundberg, C., & Jönsson, H. (2009). Bench-scale Composting of 

Source-Separated Human Faeces for Sanitation. Waste Management , 585-589. 

The principle objectives of this study were to evaluate how to reach sanitizing temperatures in ash and 

faeces mixtures, determine how the process responded to different food waste additives, better 

understand the role of insulation, and study the reduction in fecal indicator organisms (E. coli and 

Enterococcus spp.) during composting of feces and food waste. The study concluded that in order to 

achieve sufficient sanitization temperatures, even in tropical areas, insulation should be provided to 

the compost reactors (25mm Styrofoam insulators were utilized in this study). In mixtures that 

included food waste in addition to feces, sufficient sanitization was achieved in all batches except that 

which included no food waste, implying that when composting only feces, more research is needed to 

determine standardized composting procedures that sufficiently inactivate pathogens.  

Niwagaba, C., Kulabako, R., Mugala, P., & Jönsson, H. (2009). Comparing Microbial Die-off in Separately 

Collected Faeces with Ash and Sawdust Additives. Waste Management , 2214-2219. 

Academic study comparing die-off results when different additives are applied. Authors concluded 

that ash was a better additive at achieving die-off than sawdust alone given the high alkaline mineral 

content (giving high pH) and lower moisture content. Study does not distinguish whether die-off is 

due to temperature or desiccation, but given that the toilets where urine-diverting, it is likely that 

most die-off occurred due to lack of moisture and pH changes. Study acknowledges that more 

resistant organisms such as ascaris were not tracked in their study, any conclusions on the 

effectiveness of ash over sawdust or other treatment strategies will need to evaluate those micro-

organisms as well.  

Nordin, A., Nyberg, K., & Vinnerås, B. (2009). Inactivation of Ascaris Eggs in Source-Separated Urine and 

Feces by Ammonia at Ambient Temperatures. Applied and Environmental Microbiology, 662-667. 

Academic study illustrating the microbicidal properties of NH3 (Ammonia), which would support 

urine inclusion (as it contains Ammonia) since it contains pathogen-inactivation properties. Study 

concluded that temperature was still an essential factor in achieving Ascaris inactivation, but that NH3 

concentration could increase die-off rates at lower temperatures. In summary, the study illustrates the 

potential to shorten humanure treatment times (or lower temperatures) through the addition of NH3, 

but emphasizes that monitoring would still need to be carried out to ensure that necessary 

temperatures are being maintained. Implications are that humanure sanitization could be achieved at 

lower temperatures with the addition of NH3. 



 
30 Humanure: Unraveling the Mystery            December 13, 2010 

Nordin, A., Ottoson, J., & Vinnerås, B. (2009). Sanitation of Faeces from Source-Separating Dry Toilets 

Using Urea. Journal of Applied Microbiology , 1579-1587. 

Academic study investigating the effectiveness of Urea on bacterial pathogen inactivation. Study 

concluded that urea helped facilitate and shorten inactivation time somewhat, but temperature was 

still the primary factor, and more resistant organisms such as ascaris eggs were not included in the 

study. Although more research is needed, implications are that with the addition of chemicals 

containing NH3 such as Urea or urine, there is the potential that sufficient inactivation of pathogens 

could be achieved at lower temperatures. Additionally, since urea was not consumed, its utilization in 

humanure treatment had the added benefit of increasing N and thus the agronomic value. Study 

concluded that further research on urea’s effect on viruses was needed.  

Schonning, C., Leeming, R., & Stenstrom, T. (2002). Faecal Contamination of Source-Separated Human 

Urine Based on the Content of Faecal Sterols. Water Research , 1965-1972. 

Academic study analyzing cross-contamination of urine from feces. Study encourages additional 

precautions when handling urine not because it is necessarily at a high-risk for pathogens by itself, but 

because it can likely be cross-contaminated by feces. Study concludes that a significant percentage of 

urine sampled showed cross-contamination from fecal bacteria.  

Schönning, C., & Stenström, T. (2004). Guidelines on the Safe Use of Urine and Faeces in Ecological Sanitation 

Systems. Stockholm Environment Institute. EcoSanRes. 

http://www.netssaftutorial.com/fileadmin/DATA_CD/06_Step6/SE6._Guidelines_for_the_safe_use_of_uri

ne_and_faeces.pdf 

Key study from EcoSanRes summarizing different pathogens and various treatment options. Study 

concludes that further research is needed in the areas of: evaluation of processes involved in 

mesophilic composting and whether they will be sufficient for complete treatment; evaluation of lime 

and ash addition; microbial risk assessments for handling of humanure; evaluation of effectiveness of 

urea and other pH altering chemicals; and studies that systematically compare harmonized treatment 

options so that comparisons can be facilitated. Most importantly, the study identifies the need to adapt 

all findings to local conditions, including climatic, economic and socio-cultural that may affect 

handling and treatment of human excreta. Overall, a very thorough and detailed study summarizing 

potential threats, different treatment strategies that can be employed, and what still needs to be 

researched. 

Vinneras, B. (2007). Comparison of Composting, Storage and Urea Treatment for Sanitising of Faecal 

Matter and Manure. Bioresource Technology , 3317-3321. 

An academic study comparing two humanure treatment mechanisms: thermophilic composting and 

chemical treatment with urea. While effective at disinfecting fecal matter, some key disadvantages 

noted to thermophilic composting were the difficulty in maintaining uniformly high temperatures 

throughout the pile and the increased labor and health risk in the necessary manual turning of the 

pile. Author found that most efficient and effective treatment mechanism was through the addition of 

urea (which creates NH3), which in addition to achieving significant pathogen inactivation, produced 

the added benefit of increasing the N content in the product. Additionally, if treatment container is 

maintained closed, ammonia will remain inside until applied to the soil, acting as a preventive to 
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further recontamination. Author acknowledges that quantities will need to be monitored closely as too 

much urea could be toxic to eventual plants and/or soils the humanure is applied to.  

Vinneras, B., Nordin, A., Niwagaba, C., & Nyberg, K. (2008). Inactivation of Bacteria and Viruses in 

Human Urine Depending on Temperature and Dilution Rate. Water Research , 4067-4074. 

Academic study examining different inactivation times of bacteria and viruses in urine. The study 

concluded that due to the presence of NH3 in urine, dilution rate was important below 24C, where 

low ammonia concentrations could result in slow inactivation. Generally, study recommended 

restrictions on the use of urine as a fertilizer at temperatures below 20C, or temperatures below 34C 

when the quantity of NH3 is low. Overall, study concludes that WHO guidelines for urine could likely 

be shortened, especially at temperatures higher than 20C or with solutions with high concentrations 

of NH3.  

Vinneras, B., H. A., Bagge, E., Albihn, A., & Jönsson, H. (2003). The Potential for Disinfection of Separated 

Faecal Matter by Urea and Peracetic Acid for Hygienic Nutrient Recycling. Bioresource Technology , 155-

161. 

Academic study comparing two chemical treatments, urea and PAA (a quaternary mixture of 15% 

peracetic acid, 15% hydrogen peroxide and 30% acetic acid), for the sanitization of fecal matter. Study 

concluded that PAA would be an effective treatment for humanure with low quantities of organic 

matter shortly before application as fertilizer as there was a higher potential for microbe regrowth 

than when using urea. Authors recommended using urea if planning to store humanure for longer 

periods of time before using as a fertilizer. Authors also noted that a significant reduction in smell was 

achieved by using PAA, while urea tended to increase odor (likely due to ammonia).  

6.4. Public Perception and Regulations 

Drangert, J. (2004). Norms and Attitudes Towards Ecosan and other Sanitation Systems. Stockholm: EcoSanRes 

and Stockholm Environment Institute. 

Detailed report on perceptions surrounding ecosan and different sanitation technologies. While 

mostly focusing on technology, provides some interesting examples of questions to ask to gauge 

public opinion surrounding the reuse of human waste as fertilizer. Study mentions that while most 

people agree with the rationale of nutrient recycling through humanure, putting that in practice 

hygenically is a further challenge.  

Guzha, E., & Muduma, S. (2002). An Assessment of Community Attitude on Human Excreta Use and Products 

Produed from Human Excreta Plots. Harare: Mvuramanzi Trust. 

Study evaluated results from a survey carried out in a Zimbabwe community; results generally 

showed that the majority of people there were more accustomed to the idea of urine as a fertilizer, 

would be willing to trial feces, and saw nothing wrong with eating crops that had been produced with 

humanure. While locally people are open to the idea, the study shows that more demonstration will 

be needed for the idea to catch on, and conclusions drawn about community attitudes are not 

applicable in other areas. Although not extremely robust, a good example of steps that should be 

taken locally to better understand perceptions.  
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Nawab, B., Nyborg, I., Esser, K., & Jenssen, P. (2006). Cultural Preferences in Designing Ecological 

Sanitation Systems in North West Frontier Province, Pakistan. Journal of Environmental Psychology , 236-

246. 

One of the few academic publications on socio-cultural issues with ecological sanitation, study 

highlights cultural barriers in NWFP, Pakistan to dry toilets and latrines in general. Through a variety 

of men and women’s focus groups, study concluded that most people aspired to water-flushing toilets 

over dry sanitation options. They saw any form of latrines as being old-fashioned, backwards and 

taboo, while flush toilets were considered prestigious and desirable. The physical appearance of feces 

and urine in latrines was repulsive to people. The study emphasizes the importance of incorporating 

cultural preferences in the planning of improved sanitation, especially when designing low-cost 

ecological sanitation options. Most importantly, study re-emphasized the importance of 

understanding people’s motivators when adopting a particular sanitation technology. If people have 

no interest in selling or handing humanure, and there is a high taboo against anything coming from 

human excrement, than it will be challenging to establish any type of humanure market or program in 

the area.  

UNICEF. (2007). Estudio Antropológico sobre el uso de Letrinas Ecológicas en el Área Rural Andina. La 

Paz/Cochabamba, Bolivia. 

Thorough study (in Spanish) evaluating ecological sanitation in Andean regions of Bolivia. While 

containing numerous details on perception and results from ecological, composting toilets 

implemented, one of the most interesting findings of the study were the reasons why people were not 

using humanure. Unlike some studies explaining a taboo against humanure, this study found that one 

of the main barriers to humanure adoption in some rural Bolivian households was the reluctance to 

deviate from agricultural practices that had been successful in the past. People were afraid to try a 

different fertilizer as it might affect their livelihood. This study reinforces the notion that 

demonstrations of the benefits of humanure will not only be useful in assuaging health fears, but also 

necessary in convincing people of any potential agricultural benefits.  

WSP. (2010). Social Factors Impacting Use of EcoSan in Rural Indonesia.  

Specific to Indonesia, study concludes that there is a demand for ecological sanitation and humanure, 

but relatively less demand when people have to process it themselves. Unlike the article highlighting 

preferences for ecological sanitation in Pakistan, this report states that religion did not seem to play a 

key role in determining household preference for EcoSan. Focus group discussion did reveal some 

reluctance however, not as much based on shame or disgust but more on a lack of faith or 

understanding of humanure’s potential and effectiveness as a fertilizer. The majority of shame or 

disgust was in regards to the actual processing of humanure, in which 50% of respondents stated they 

would not want to be involved in that process. One interesting finding of the study was that 40% of 

farmers stipulated they would not be willing to inform their customers that crops were grown using 

humanure,  implying that there are potentially two different groups that will need to be marketed to 

and convinced: 1. Farmers, to be convinced of humanure’s agricultural potential and 2., customers 

who buy crops, that will need to be convinced that food grown using humanure is sanitary. Study 

overall does an excellent job of providing some guidelines on cultural considerations and questions to 

take into account before moving forward with an EcoSan program in a given area.  
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6.5. Other Important Literature and Useful Tables 

 

Jenkins, J. (2005). The Humanure Handbook. Grove City, PA: Chelsea Green Publishing. 

http://weblife.org/humanure/default.html  

Very thorough and approachable resource to all-things composting and related to humanure. While at 

times overly anecdotal and lacking some rigor in its approach, this book is very useful as an 

introduction, with numerous tables, drawings and pictures explaining health concerns and illustrating 

different composting techniques.  

Below are some of the more useful tables from the book including pathogens found in feces and their 

different inactivation rates at given temperatures:   

 

Figure 7: Potential Viruses in Feces  (Jenkins, 2005) 

 

Figure 8: Potential Bacterial Pathogens in Feces (Jenkins, 2005) 
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Figure 9: Potential Protozoan Pathogens in Feces (Jenkins, 2005) 

 

Figure 10: Potential Worm Pathogens in Feces (Jenkins, 2005) 
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Figure 11: Survival Time of some Pathogenic Worms in Soil (Jenkins, 2005) 
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7. Annotated Bibliography (Part B: Other References Consulted)  
 

Agra-Facts: Soil Organic Matter. Alberta Department of Agriculture, Food and Rural Development. 

Available online at: http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/agdex890/$file/536-

1.pdf?OpenElement 

Excellent fact-sheet/newsletter describing different attributes of soil organic matter and their 

relationship to plant growth.  

Bender, M. (2000). Comparison of Nutrient Return and Plant Uptake in Agricultural Systems. Journal of 

Sustainable Agriculture . 

Journal article that tracks nutrients in soil and plant uptake in a variety of different context. Relevant 

information to this report includes an analysis of nutrient flows based on “night soil” applications in 

China and humanure application in Japan. While conclusions and the paper itself primarily focus on 

the modeling of nutrient flows, there are some indirect conclusions supporting the cyclical nature of 

nutrient flows when humanure is applied to soils.   

Benetto, E., Nguyen, D., Lohmann, T., Schmitt, B., & Schosseler, P. (2009). A Life-Cycle Assessment of 

Ecological Sanitation System for Small-Scale Wastewater Treatment. Science of the Total Environment , 

1506-1516. 

Interesting, objective academic article analyzing ecological sanitation in general from a life-cycle 

perspective. While not focusing substantially on humanure directly, some conclusions drawn from the 

study would have implications to humanure utilization. Authors conclude that ecological sanitation is 

a viable alternative at small-scale, but unlikely to overtake water-borne sewerage systems on a larger 

scale. Additionally, authors infer that ecological sanitation could potentially pose greater risks to 

human health than water-borne sewerage, and release more contamination into the local environment 

through ammonia gas release.  

Breslin, E. (2001). Introducing Ecological Sanitation: Some Lessons from a Small Town Pilot Project in 
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Vietnam accustomed to utilizing human excreta on their crops. Contrary to government regulations, 

due to natural crop cycles farmers were using compost that had only been allowed to process for 3 
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