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INTRODUCTION 

 “Sanitation generally refers to the provision of facilities and services for the safe disposal of 

human urine and faeces. The word 'sanitation' also refers to the maintenance of hygienic 

conditions, through services such as garbage collection and wastewater disposal” – WHO  

 

These technical notes will cover information regarding issues about sustainable toilet systems 

and management of waste generated from toilets. Some information about general hygiene 

culture, diseases and possible preventive methods, with the respect to the area of the project, 

will be provided too. 

 

The majority of Marsabit’s toilets are pit latrines (94%) with only 1% being flush toilets. The 

pit latrines are usually not maintained nor cleaned regularly and properly. Most of these pit 

latrines (76%) are communal, meaning they are shared between multiple families; there are 

12% of private pit latrines and from these 88% are outdoor toilets; the rest 12% are indoor [1]. 

 

Due to the soil properties, pit latrines cannot be dug deep enough; shallow pits are quickly 

filled and new pits are required. The lack of water also causes many more problems regarding 

people’s hygiene [1]. 

 

There is no sewer system or solid waste collection in urban areas. Most of the waste (76%) is 

burned (without supervision or control). Another 22% of the waste are simply discarded of left 

at open dumps. Only 6% of the waste are collected and transported to a landfill. The County is 

planning to set up a controlled landfill to dispose the garbage, 13km away from the proposed 

new housing area [1].   

1 TOILET SYSTEMS 

There are different options for toilet systems, conventional ones that require water and those 

that do not require water to operate, referred to as dry toilets. Dry toilet system is already 

common in Marsabit, as this method is using very less to no water at all. For cases where dry 

toilet is not suitable (e.g. socially unacceptable), low flush toilets could be implemented. 

1.1 Dry toilets 

Dry toilets are toilet systems that do not require water to remove the waste. Three different 

toilets are explained below. The first method is a simple compost toilet that includes a pit with 

a detachable platform and outhouse. The second method is called two pits compost toilet, which 

is similar to the first system. The difference between the two methods is in what to do after the 

pit is filled. In the first method, a new pit will be dug, the platform and the outhouse will be 

moved to the new pit while the old pit is covered and a tree would be planted in the same place. 

In the second method, there are two pits, when one pit is full, the platform and the outhouse 

will be moved to the other pit and the process repeats. The third method is a urine-diverting 

double vault toilet. This is also a compost toilet but instead of digging a pit, a two chambers 

platform will be built above the ground. This method can be built with three different sitting 

positions: squatting, sitting with a bench or sitting with a toilet bowl. 
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1.1.1 Simple compost toilet for tree planting 

Simple compost toilet for tree planting (figure below) consists of a shallow pit, a platform and 

a movable shelter. The idea of this type of toilet is that when the pit is filled, the platform and 

the shelter will be moved and a tree will be planted directly on top of the pit. The human waste 

inside the pit will act as fertilizer. A new pit will be dug and the platform and shelter will be 

reused and the process repeated [2]. 

 

 

Figure 1 Simple compost toilet for tree planting [2] 

Advantages [2]: 

 Low cost 

 Simple for all users 

 Low risk of pathogen transmission 

 Can be built and maintained using local material 

 Does not require water 

 

Disadvantages [2]: 

 Old pit is unusable, new pit is needed to be dug 

 Relatively labour intensive 

 Only suitable in area with enough space 

 Risk of underground water contamination. 
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Constructing the toilet 

 

o Constructing the ring beam:  

 

After digging a pit (diameter less than one meter and depth at least one meter, if possible), a 

ring beam is needed to support the platform, preventing the toilet from collapsing.  

 

   

Figure 2 Making a ring beam [2] 

  

Materials needed: One 50 kg bag of cement can 

be used to make 2 platforms and 2 ring beams, 

reinforcing wires, bricks and/or wooden boards 

to make a mold. 

 

“Instructions: 

1. Lay down the cement bags on level 

ground. 

2. Make a mold from bricks, wooden 

boards or both; for a platform 120cm x 

90cm, the ring beam will be 130cm x 

100cm on the outside and 100cm x 70cm 

on the inside. 

3. Make a concrete mix of 1 part cement, 2 

parts gravel, 3 parts sand and water. 

Pour the concrete into the mold until it is 

halfway to the top. 

4. Place 2 pieces of reinforcing wire 3mm 

thick on top of the wet concrete on each 

side of the ring beam and set them near 

the corners. Make handles of wire 8 to 

10 millimeters thick, and set them in the 

concrete near the corners.  

5. Pour the rest of the concrete and level it. 

6. Cover the concrete with wet cement 

sacks or wet cloths and leave it 

overnight. For the next 7 days, wet the 

concrete several times a day to keep it 

damp. 

7. When the ring beam is solid, carry it to 

the pit, level the ground and place the 

ring beam. Pack soil around the outside 

of the ring to set it in place. 

8. Place the toilet platform on top and then 

build a shelter.” [3] 
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o Constructing a platform: 
 

  

Figure 3 Outside mold [2] 

  

  

 

The material required is similar to making a 

ring beam but an extra component is needed: a 

wooden keyhole-shaped piece to make the 

toilet hole. 

 

“ 

1. Lay down a cement bag on the ground. 

Make a mold from bricks and/or 

wooden boards with the dimension 

120cm x 90cm and 6cm deep. 

2. Place a wooden keyhole piece in the 

center, 

3. Make a concrete mix and pour half way 

to the top. 

4. Place reinforcing wires on top of the 

wet concrete. Use 4 to 6 wires going in 

each direction and set them near the 

corner. Make handles of wire 8 to 10 

millimeters thick, and set them in the 

concrete near the corners. 

5. Pour the rest of the concrete and level 

the surface. 

6. Remove the keyhole when concrete 

starts hardening (after about 3 hours). 

Leave the slab overnight, cover it with 

damp cloth. Wet the slab several times 

a day for the next 7 days to keep the slab 

damp, let concrete dry slowly so that it 

hardens well and strongly. 

7. When the concrete is completely 

hardened, move and place it on the ring 

beam. 

8. Make a cover for the toilet hole.” [3] 
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o Improvements: 

 

 

Figure 4 Improvements [2] 

The platform can also be made using other local materials such as logs, bamboo and mud. If 

logs are to be selected, use wood that is termite-proof and does not rot easily. Construction of 

a platform using local materials can be seen below [2]. 

 

Figure 5 Construction of a platform using logs and mud [2] 

 

o Constructing a shelter: 

 

 

Figure 6 A simple shelter that can be moved easily [2] 

 For hygienic purpose, foot rests to stand on or a 

concrete seat can be made (as shown in Figure 4). 

 To make a concrete toilet seat, two buckets are 

required; one bucket is bigger than the other is. Put 

one bucket inside the other, make sure to have 

several centimeters between the buckets. Weight 

the inner bucket with some rocks so it stays on the 

bottom. Pour concrete in the space between the 

buckets [3]. 

A simple shelter can be made using local materials. The 

toilet shelter or outhouse can be built using woods and 

straws, so that it will be light and easy to move around when 

the pit is full [3]. 
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Usage and maintenance: 

 Before using, put dry leaves and/or straws in the pit. This will help faeces decompose. 

 Add two handfuls of soil mixed with ashes or dry leaves after every use. 

 When the pile gets too high, stir it down with a stick. 

 Sweep and wash the platform regularly, be careful not letting much water in the pit. 

Water will interfere with the composting process and can cause the waste to smell. 

 When the hole is nearly full, remove the shelter, platform and ring beam. 

 Top up the hole with 30cm of soil mixed with plant matter (leaves, corncob, fruit peels, 

etc.). After about two months, the waste will settle. Add more soil, pant matter and 

water and plant a tree. Do not plant crops whose roots will be consumed (potato, carrot, 

etc). Planting fruit trees is recommended. 

 Move the shelter, platform and ring beam, dig a new hole and start over [2]. 

1.1.2 Two pits compost toilet 

This method is similar to simple compost toilet, but instead of planting a tree in the pit, the 

compost will be dug out. 

 

Advantages: 

 Creates compost 

 Can be built and maintained using local materials 

 Does not require water 

 

Disadvantages: 

 Requires constant source of cover material 

 Wrong type of waste can interfere the compost 

 Requires space for two pits 

 Pathogens could spread if the pits are overflowed 

 Risk of underground water contamination 

 

 

Construction: 

 The construction of two pits compost toilet is the same as simple compost toilet. A hole 

is dug, ring beam created, a platform and a simple shelter that is movable are made. 

 A second hole is dug with the same dimensions but more than 30cm away from the first 

hole and it is covered with wood or concrete (figure below) [2].  
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Figure 7 Two pits compost toilet [2] 

Usage: 

 When the first pit is full, follow the instructions as in the simple compost toilet. 

 Move the ring beam, the platform and the shelter to the second pit and repeat the 

process. 

 When the second pit is full, the compost in the first pit should be ready to be used. 

Empty the first pit using a shovel, remember to wear gloves and wash hands after 

handling the compost. 

 Store the compost in bags or buckets or add them to an already existing compost pile. 

 Return the shelter, the platform and the ring beam back to the first pit while the waste 

settles in the second pit. 

Maintenance is the same as for the simple compost toilet [2]. 

1.1.3 Urine-diverting double vault dry toilet  

Urine-diverting dry toilet (Figure 8) does not use a pit; it is built above ground and so it is 

easier to remove the waste/compost. It also has separated compartments for faeces and urine. 

This helps keeping the faeces dry, killing germs and reducing smells. This also allows the urine 

to be used as fertilizer [2]. 

 

This toilet is more costly to build than pit toilets. It requires some work to keep them well 

maintained. However, they are good for those who want to make their own fertilizer and a have 

a permanent toilet. It is good for places where the ground is hard to dig, and there is lack of 

water [3]. 

 

The urine-diverting double vault toilet has two chambers so that faeces can break down in one 

chamber while the other chamber is being used. A special toilet bowl separates urine into a 

hose and leads it outside to the garden [3]. 
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Figure 8 Urine-diverting dry toilet [2] 

Advantages: 

 Does not require water 

 Reduces odour 

 Creates compost 

 Relatively low cost 

 Long service life 

 

Disadvantages: 

 Requires monitoring and maintenance 

 Needs constant source of cover material [3]. 

 

Construction of the toilet: 

 

There are three ways to build the toilet, depending on how people prefer to sit: squatting, sitting 

with a bench or sitting with a toilet bowl. All three types have their base made out of concrete 

(which need reinforcement) or other local materials that are waterproof. The base contains two 

chambers, a hole in front or on the side for the urine-diverting hose to run outside, a hole for a 

vent pipe and two small doors to remove the contents (Figure 11). Each chamber needs to be 

big enough to be used for at least one year, the size can be the same as in the pit toilet; which 

makes the chamber 100cm high with the bottom’s dimension 120cm x 90cm [3]. 

 
*Note: the wall in Figure 12 will be different if the base is built for squatting. 

 

 

Figure 9 Base of a 2-chambers dry toilet [2] 
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a) Squatting toilet 

 

The wall inside the base of a squatting toilet is different. A small space is required on the 

dividing wall to place the urine-separating containers for both chambers (as shown in Figure 

12) [3]. 

 

Figure 10 The base for squatting toilet [2] 

Cut the bottom off a 20L jug, attach it upside-down, to the space on the dividing wall (Figure 

13). Attach a tube to the spout to divert the urine. Make sure there are no leaks on the jug or 

the tube. Put a fine mesh screen in the jug to keep faeces and other things from falling in [3]. 

 

 
 

Figure 11 Urine-separate container [2] 

To finish the base, make a platform with a squatting hole. The jug should be in the center so 

the urine goes in the jug and faeces in the chamber (Figure 14). One side of the hole is closed 

until the hole which is being used is full. Then the cover moves to the new hole, giving time 

for the waste to decompose [3].  

 

Figure 12 The base with a squatting hole [3] 
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Finally, attach a vent pipe, build the shelter, steps, make a door and place a container for the 

urine or lead the tube outside straight to the garden. (Figure 15) [3]. 

 

 

Figure 13 Almost finished toilet, door required [2] 

b) Sitting with a bench toilet 

 

For this type of toilet, when constructing the base, build the back of the base higher to make a 

bench across both chamber (Figure 16) [3]. 

 

Figure 14 The base for sitting with a bench toilet [2] 

Next, prepare the urine diverter. Cut the bottom and side from a plastic jug. Attach a tube to 

the spout. Put a fine mesh screen in the jug to keep faeces and other material from falling in 

(Figure 17) [3]. 
*Note: make two urine-diverters. 

 

Figure 15 Urine-diverter [2] 
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To finish the base, make a bench with wood, leaving a 5-sided hole over each chamber. Attach 

each urine-diverter to the front of each hole. Put toilet seat over each hole (Figure 18) [3]. 

 
*Optional: cover the bench with plastic of linoleum for easy cleaning. 

 

Figure 16 Finishing the base [2] 

Finally, attach a vent pipe, build the shelter, steps, make a door and lead the urine tube outside. 

(Figure 19) [3]. 

 

Figure 17 Almost finished toilet, door required [2] 

c) Sitting with a toilet bowl 

 

This type of toilet uses the basic base. Cover the base with a platform made of concrete or wood 

with a hole over each chamber (Figure 20) [3]. 
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Figure 18 The base [2] 

Urine-diverting toilet bowl can be bought (if available), and they are very easy to install and 

use. Put the toilet bowl over one hole (as shown in Figure 21) and cover the other one until it 

is ready to be used [3]. 

 

Figure 19 A toilet bowl installed on the base [2] 

Finally, attach a vent pipe, build the shelter, steps, make a door and place a container for the 

urine (Figure 23). 

 

Figure 20 Almost finished, door required [2] 
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d) Using and maintaining a 2-chambers dry toilet 

 

 “Keep a pot of mixed soil, ash, and dry plant matter in the shelter. After each use, throw 

two handfuls down the chamber then close the lid. 

 Post instruction to help other people use and maintain the toilet. 

 Keep a pot of water in the shelter (if possible). Add a little water in the urine-diverter 

after each use to control the smell. 

 Always keep unused chamber covered when not in use. 

 Make sure no water gets inside the chamber. 

 If the content gets wet (diarrhea), add more dry matter. 

 If the toilet smells bad, also add more dry matter and make sure the vent pipe is clear. 

 If the pile inside the chamber builds up too high, use a stick to push it down. 

 When the urine pot is full, empty it and make fertilizer (instruction in Section 2.4). 

 When the first chamber is full, cover it and use the other chamber. 

 It is best for the faeces to sit for a full year before usage. When the second chamber is 

full, repeat the process. 

 Do not put any garbage inside the chamber. 

 (Optional) For men, make a urinal from a plastic jug and attach a tube to divert the 

urine outside to the garden” [3]. 

 

In addition, there are several other models and variations of dry (with and without urine 

diversion), which may be used in Marsabit County. Such options include ventilated 

improved pit toilets, for instance. This model has a ventilation feature that is used to reduce 

odor and also serves as a trap to trap and kill flies (Figure 21) [2]. 

 

 

Figure 21 Ventilated improved pit toilets [2] 

 

Several eco-toilets solutions have been adopted all over the world. For example, Vietnamese 

double-vault toilet, preceded by diverting toilet, 'Benjo', developed in 1950 in Japan (Figure 

22), to modern models such as bathrooms with long fall dehydration system, urine separators 

and local greywater treatment [3].  
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Figure 22 – Section and plan of a urine diverting toilet (‘Benjo’) developed at the Kanagawa Prefectural 

Public Health Laboratory. Yokohama, Japan, around 1950 [3] 

The Vietnamese model has two processing chambers with a volume of about 0.3m³ each, it is 

built entirely above the ground and the processing chambers are placed in a solid concrete, clay 

or brick. To avoid flooding, the bathroom floor is usually built at least 10cm above ground [3]. 

 

Another option for toilet could be the pour-flush pit toilet models (Figure 23) [2]. 

 

 

Figure 23 One and two pit pour-flush toilet [2] 
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This model uses water for anal cleansing and for the waste to be discharged into a pit. They 

can be built with one or two pits and use a plastic, fiber, cement or glass bowl, such as a water-

seal trap, which prevents odors and insect breeding. If well built, these bathrooms avoid smell 

and can be built in or close to home [2]. 

 

Other alternatives besides these presented may be adopted, taking into account the culture and 

environmental and climatic conditions of Marsabit County. 

1.2 Low-flush toilet 

A low-flush toilet is a toilet that was specifically designed to use significantly less water than 

a conventional flush toilet. The special designs focus on the cistern (the tank behind the toilet 

bowl) and the siphon (the pump and piping system inside the cistern that controls the water) of 

the toilet. 

A more advance version of this toilet also includes a dual flush system that uses even less water, 

if the toilet was only used for urinal (less than 1L). An average low-flush toilet uses 1.2-1.6L 

of water per flush comparing to a normal toilet that uses about 5.2L of water per flush [4]. An 

example of a low-flush toilet is shown in Figure 24 [5]. 

 

Advantages: 

 Easy to use and clean 

 Requires less water compared to a conventional flush toilet 

 Less odour than the dry toilet, if used and maintained correctly. 

 

Disadvantages: 

 Still requires water to operate 

 The system uses less water, thus risks clogging 

 Sometimes, it is required to flush twice or more in order to completely clean the toilet 

 

 

Figure 24 A low-flush toilet [5] 

The waste from the low-flush toilet can be transported to a septic tank (described below in this 

document). A water pump can be used to transport water from the storage tank to the cistern 

of the toilet. Depending on the house design (where the storage tank, the toilet, shower, sink, 

etc. are placed), the water can be transported also through gravity.  
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A pump can be selected based on the information below.  

o Calculation of a Total Dynamic Head:  

The formula that determines Total Dynamic Head (TDH, in meters) is presented below [6]: 

 

TDH = hp + he + hf where: 

 

  hp          is the operating head (pressure) required by an outlet (water faucet, showerhead, toilet 

etc.) 

 

is the elevation difference between a pump and an outlet 

 

is the friction loss in system (meters). 

 

 

Figure 25 Graphic representation of terms stated in formula above [6] 

Pressure hp: 

Pressure requirements are set by the products used and can be typically found in product 

description. The pressure must be set at an adequate level: not too high and not too low. If the 

pressure is too low, the pump may not provide an adequate flow to operate the device. Contrary 

to low pressure, high pressure might damage seals and other plumbing equipment.  

Elevation he: 

Elevation is set as a difference between the upper point of water distribution system (the water 

outlet) and its lower point (the level of pump intake, not the pump itself).  

Friction hf: 

Friction accounts for energy losses associated with moving water due to friction with the pipe 

walls, elbows, valves and other fittings.  

hf = f (L/D) x (v^2/2g) where: 

hf = head loss (m) 

f = friction factor 

L = length of pipe work (m) 

d = inner diameter of pipe work (m) 

v = velocity of fluid (m/s) 

g = acceleration due to gravity (m/s²) [6]. 

 

 

 

he h2 h1

hf
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o Pump selection:  

A good supplementary tool for pump selection is a “Pump curve”. For a proper pump selection, 

one should know how to use the curve and know where to find it. Typically, such curves can 

be found in the product description. 

 

Figure 26 Example of pump curves with different impeller diameters [7] 

 

o Water pump electricity consumption 

 

Two types of water pump can be suitable for the low flush toilet, 12V and 230V well pump. 

12V well pump is energy efficient but can only run one tap at a time and requires frequent 

maintenance. The well pump of 230V is cheaper than a 12V one and can run three taps at once. 

Although, to function properly at its maximum capacity, 230V well pump consumes more 

energy and requires a larger inverter, which costs more [8]. With either pump options, the 

energy consumption relies mainly on the pumps’ horsepower. Depending on how much water 

needs to be transported (volume flow) and the distance (represented by height), a suitable 

horsepower for a pump can be determined. The calculation is shown in Figure 24. 
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Figure 27 Calculation of horsepower needed for a pump [9] 

2 MANAGEMENT OF WASTE GENERATED FROM TOILETS 

The dry toilets and low-flush toilets generate waste which can be handled in different ways. 

Flush toilets provide blackwater, a mixture of faeces and urine, while dry toilets can provide 

separate fractions of faeces and urine. Main product generated from toilet is excreta, generally 

presented by faeces and urine. They are a valuable product, which if handled properly, can not 

only increase population health, but also increase sustainability, bring advantages to agriculture 

and food production, help to restore lost fields, and increase rural income. All these advantages 

can be achieved through understanding and implementing the nutrient cycle. 

2.1 Nutrient cycle 

Nutrients are substances used by plants and animals for growth. Nutrient cycle is described as 

the move of nutrients from the environment into living organisms, which are then recycled 

back to the physical environment. Nutrients in the soil are taken up by plants for example, and 

plants are later consumed by animals or humans and excreted back to the environment. 

Nutrients are also released back to the environment when an organism dies [10]. 
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Microorganisms in the soil 

then break this matter down, 

and again make nutrients 

available in their mineral 

form, which makes it possible 

for plants to take them up 

again [10]. 

 

In fact, all nutrients that plants 

and human beings require to 

survive are cycled in this way. 

In relation to water 

management and sanitation, it 

is mainly Nitrogen (N), 

Phosphorous (P) and 

Potassium (K) that are of high 

priority. They are the most 

important nutrients to sustain 

plant growth and agriculture, 

and thus humanity [10]. 
Figure 28 The basic nutrient cycle [11] 

 

Nutrients are continuously recycled in a natural ecosystem. However, in recent decades, 

population growth has resulted in human activities such as large-scale farming, which have 

caused some significant changes in nutrient cycles [10]. 

 
Figure 29 Nutrient removal by harvesting crops [10] 
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With harvesting crops, nutrients and organic materials are removed from the soil. This 

decreases soil’s reproductive ability and makes soil exhausted faster. This is expressed through 

reduced harvesting amounts, erosion of the soil and sometimes desertification [10]. 

 

To prevent land damage, and to restore already exhausted soils, fertilizers may be applied.  

Fertilizers may be bought – commercial fertilizers, or they can be processed within natural 

conditions – self-made fertilizers. Self-made fertilizers are cheaper and efficient alternative to 

commercials [10]. In some cultures, dung from animals and humans has been used as a fertilizer 

to restore nutrients back to the soil, and in many cultures human excreta have been recycled 

back to agricultural fields. This way, the nutrients and organics went back into the soil at 

roughly the rate they had been withdrawn [10]. 

2.2 Why recycle nutrients? 

Human activity can destabilize natural ecosystems, for example by taking nutrients from the 

earth without recycling them. This damages the topsoil – a term which describes the upper 

layer of soil that contains most of the available plant nutrients and in which most of the 

biological activity takes place. The topsoil is the primary home for the soul food chain of 

microorganisms, earthworms, insects, and small vertebrates. It is the only proper home for the 

roots of crop plants. With the loss of topsoil comes the loss of human food security, as well as 

reduced agricultural productivity [10] [12]. 

 

Topsoil requires two components: mineral-rich rock material and decaying vegetation. Various 

soil animals and microorganisms are also essential to the formation of topsoil, but in most cases 

these creatures will multiply rapidly in the soil if conditions are made appropriate for them 

[12]. The application of rock dust should be followed by a cover crop, preferably a high-

biomass mixture of cereal grains and legumes. The fibrous root systems of cereal grains, 

particularly rye, are in many ways ideal for rapidly filling the soil with organic matter. If 

legumes are properly introduced and incorporated at the right time, they will provide some soil 

nitrogen and encourage the rapid growth of microorganisms. This heavy addition of organic 

matter will result in soil life to flourish, by accelerating the biological processes that make the 

minerals in the rock dust readily to be used by crops [12]. 

 

 

2.2.1 Food security and poverty alleviation  

In parts of the world, particularly in sub-Saharan Africa, rural people suffer from periodic 

famines due to drought, soil erosion and poverty. The products acquired with the help of dry 

toilets, also known as eco-toilets (toilets which create compost) and their nutrients can be used 

in rural and urban areas to increase food security for all households [3]. 

 

The nutrients from eco-toilets can be used directly at the homestead level. About 1.5 liters of 

undiluted urine for example, can be used to fertilize 1 square meter of soil. The 1.5 liters is the 

amount usually produced by one adult in one day. Even without an eco-toilet, people may 

easily collect their own urine and use it on backyard gardens to increase the fertility of the 

ground [3]. The fertilizing effect of urine however, works best in soils with a high organic 

matter content. This can be achieved by adding the compost from dry toilets and garden 

composts. The sanitized humus from dry toilets can be used as a rich and nutritious soil for 
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planting in pots even in urban areas. The urine can 

be used to fertilize the soil even before planting as 

well as for continued fertilization of plants during 

growth [3].  

 

Vegetable and fruit crops grown using urine 

fertilization produce 2–10 times the amount of 

crop by weight as those grown in unfertilized and 

poor soil. Using urine to grow vegetables and 

fruits, increases production and results in greater 

food security at virtually no cost [3].  

Soil enriched with compost holds water longer and 

so plants grown in such soils require less watering 

and survive droughts better than plants grown in 

ordinary soils without this humus (compost). In 

times of drought, backyard crops grown on soil 

with humus may well survive and even produce 

enough vegetable. If, over time, families can 

collect enough humus from their toilets, they may 

be able to enrich larger and larger areas, leading to 

increasing food security [3]. 
Figure 30 Farmer in Burkina Faso with onions 

that are fertilized with urine (left) and 

without urine (right) [13] 

2.2.2 Cost savings to farmers 

The nutrients in urine are similar but not exactly the same as what can be provided by 

commercial fertilizers. Despite this fact, urine and commercial fertilizers give similar result in 

increasing plant growth. Urine is high in nitrogen and lower in phosphorous and potassium. 

Some addition of phosphorous and potassium is often needed to get the best possible use of 

nitrogen. Taking into account that faeces and ash are high in phosphorous and potassium, 

commercial fertilizers can be replaced with urine, sanitized faeces from eco-toilets and ash, 

with little or no extra cost [3]. 

2.3 Handling urine 

Pit toilets can be a source of groundwater pollution [14]. Urine is rich in nitrogen and up to 

50% of the nitrogen can leach out of the pit toilet, pass through the soil and reach groundwater. 

Water with NO3 concentration higher than 50 mg/liter is considered to be unfit for human 

consumption [15]. It is however not unusual to find such high concentrations of nitrogen in 

wells in communities with pit toilets [3]. Therefore, recommendations that toilets be sited at 

least 30 meters from wells are meant to protect well water from pollution. Building 

aboveground toilets or generally toilets where waste is contained, is a good option to prevent 

nitrogen pollution of groundwater. Another good method is to keep the urine and faeces 

separated, resulting in several advantages [16]: 
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 “Less volume – the collection system will fill up much slower if the urine is diverted 

and the volume of faecal material will be kept small. Further reduction of the volume 

and weight of faeces through dehydration or decomposition is possible. 

 Less smell – the smell will be less when keeping the urine and faeces apart and will 

result in both more convenient and acceptable use of the toilet and handling of the 

excreta. 

 Prevention of pathogens dispersal – a drier faecal fraction will cause less risk for 

leaching and transport of pathogens through fluids to the groundwater and to the 

surrounding environment. 

 Safer and easier handling and use of excreta – the faeces will be drier, which may be 

beneficial for pathogen reduction. In addition, drying will help further reduction of 

pathogens by various other treatment means and will also make it easier to handle and 

to use the separated urine and faecal fractions” [16]. 

 

Urine contains few disease-producing organisms. However, storing undiluted urine for one 

month will make it safe for use in agriculture. Undiluted urine increases the dying rate of 

pathogens and prevents the breeding of mosquitoes [3]. 

 

Urine may have minimal risk of infection, especially if mixing with faecal mass is avoided and 

urine has been stored for an extended period of time. The guidelines for urine use are based in 

most cases on storage time and temperature. However, it is generally accepted that if urine is 

stored for at least 1 month, it will be safe for agricultural application at the household level. If 

urine is used for crops that are eaten by people other than the urine producer, it should be stored 

beforehand for 6 months, considering the temperatures between 4-20°C [3]. 

 

Urine makes the smallest amount of household wastewater, but contains most of the essential 

nutrients for plants as N (Nitrogen), P (Phosphorous) and K (Potassium). While phosphorous 

and potassium in urine are generally found in ionic form, which is directly available for plant 

to be used, nitrogen is transformed into ammonium during storage [17]. 

2.3.1 Urine storage in small scale 

 

Urine can be used directly to water crops, provided that the crops are used for household’s own 

consumption. The costs for the installation of a urine separation unit or storage unit are very 

small. Almost every toilet system can be adapted for urine diversion using very simple methods 

[17]. Few examples are given below. 

 

 

 Low-cost water-less urinal 

 

A very simple option for a waterless urinal is the “eco-lily”, also called “bidur” (Figure 31), 

can be made with a plastic jerry can and a plastic funnel. An old light bulb or a plastic table 

ball (size of a tennis ball) can be placed into the funnel to act as odour seal. The bulb or the ball 

should float up when urine enters the funnel. The main disadvantage of the light bulb over the 

plastic ball is that the solder and metal cap on the light bulb contains heavy metals, which can 

contaminate the urine. The use of the light bulb or plastic ball as odour seal can also be used 

for other low-cost designs of urinals [18]. 
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Figure 31 Low-cost water-less urinal “eco-lily” or “bidur” [18] 

 

Figure 32 Various designs of water-less urinals [19] 

 

Waterless Urinal with Rubber Tube Seal 

 

In another method, a flat rubber tube is inserted in urinal. This rubber tube is flat at the bottom 

when not in use but it opens up when urine is flowing through.  

Normally it should be cleaned at least once a month, with water, otherwise the rubber tube 

might not close properly, due to the urine precipitates accumulated. Around once a year, this 

tube needs to be replaced. A low cost option for such a rubber tube seal is to use a condom with 

little hole cut at the bottom [18].  
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Figure 33 Rubber tube seal [20] 

2.3.2 Urine storage and use in larger scale 

Urine can be stored in larger quantities and then applied as a fertilizer. In such cases, where the 

product could eventually become commercial, at least some samples of different storage 

containers should be analyzed from time to time to guarantee a good hygienization and 

fertilizer quality. The urine storage containers should be properly sealed, as when urea is 

degraded to ammonium, the pH of the solution rises and nitrogen can evaporate as ammonia.  

Urine is high in nitrogen content, therefore, it should be applied at a rate corresponding to the 

desired plant nitrogen requirements. For dimensioning urine application, the local 

recommendations for use of mineral nitrogen fertilizers can be used [21]. 

 

During storage, pH of urine raises form around 6 to 9 due to the decomposition of urea into 

ammonia/ammonium (NH4+/NH3) and hydrocarbonate. This high pH leads to bacteria, 

protozoa, viruses and intestinal helminths die off over time [21]. 

For storing purposes, it is preferred that urine is not diluted. Urine is very corrosive and 

therefore storage tanks should be made resistant to this (plastic or high quality concrete, while 

metals should be avoided). Once the tank is properly sealed, it prevents humans and animals 

contacting with the urine and as well as prevents the evaporation of ammonia, decreasing the 

risk of odour and loss of plant-available nitrogen [22]. 

 

 

Figure 34 Transport, collection and final delivery to the field of human urine in Ouagadougou, Burkina Faso 

[23] 
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2.3.3 Health Aspects and Recommendations 

Safety recommendations for storing urine are generally aimed at reducing the risks from 

consuming urine-fertilized crops. In addition, this reduces the risk for the people handling and 

applying urine [22]. 

 

Community urine in urban systems always needs to be sanitized when stored, because cross-

contamination risks are high. In a large system, the crops are not consumed only by the 

households from which urine has been collected. For such systems, the recommended storage 

time at 4 to 20°C is between one and six months, depending on the crops type to be fertilized 

[22]. To avoid faecal contamination in urine, care must be taken during cases of diarrhea and 

if children or unaccustomed adults use the toilet. Concerning handling urine, one must 

remember to always wear protective gloves, as urine is highly acidic (if pure) or alkaline (after 

storing) [17]. 

If a family uses its own urine, the risk of disease transmission via fertilization and crops is very 

low - the risk that diseases are transmitted directly, e.g. by handshaking, coughing or by 

improper hygiene behaviors is much higher [22].  

 

The table below presents the WHO guidelines adopted for developing countries. 

Table 1 Recommended storage times for urine mixture (urine and water, a pH of at least 8.8 and a nitrogen 

concentration of at least 1 g/L is assumed) and recommended crop for larger systems (where crops 

will be consumed by individuals other than members of the household from which the urine was 

collected) [24] 

Storage 

temperature 

(°C) 

Storage 

time 

Possible pathogens 

in urine mixture 

after storage 

Recommended crops 

4 1 month Viruses, protozoa 
Food and fodder crops that are to be 

processed 

4 6 month Viruses 
Food crops that are to be processed, 

fodder crops 

20 1 month Viruses 
Food crops that are to be processed, 

fodder crops 

20 6 month Probably none 

All crops (if the crops are consumed 

raw, there must be at least one month 

before harvesting and last application 

and urine application should be done by 

incorporation into the soil) 

 

2.3.4 Urine Application  

Stored urine must not be applied directly to plants because of its high pH and concentrated 

form. Instead, it can be: 

 

 mixed without dilution into soil before planting, to enrich the soil; 

 poured into trenches, but at a sufficient distance away from the roots of the plants and 

immediately covered (this should take place no more than once or twice during the growing 

season); 
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 diluted few times, then it can be frequently used around plants (up to two times weekly) 

[25]. 

 

The adequate application rate depends on the nitrogen demand and tolerance of the crop it will 

be used on, the nitrogen concentration of the liquid, as well as the rate of ammonia loss during 

application [25]. In general, it can assumed that 1 m2 of farmland can receive up to 1.5 L of 

urine per growing season (this quantity meets the daily urine production of one person). The 

urine produced by one person during one year is sufficient to fertilize about 300 to 400 m2 of 

farmland [25]. 

 

Urine can be applied pure or diluted with water. A common dilution rate is 3:1 (3 parts of water 

and 1 part of urine). It should be taken into account that dilution increases the volume to be 

spread and thus labor, transport expenses, etc. To reach the best fertilizing effect and to avoid 

ammonia losses to the air, urine should be incorporated into the soil as soon as possible after 

application, preferably instantly. The best and the least costing method is the labor-intensive 

application with watering cans (Figure 36). Another option is the close to the ground 

application of urine with slurry spreaders (Figure 37) [25]. 

 

 

Figure 35 Application of urine with watering can on bigger fields in Burkina Faso [13] 

 

Figure 36 Large-scale urine application in Sweden [13] 
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A good availability of nutrients is very important in the early stages of cultivation. As the crop 

enters its reproductive stage, it stops growing and hardly takes up any nutrients. Thus, 

fertilization should stop after between 2/3 and 3/4 of the time between sowing and harvest. A 

waiting period of one month between fertilization and harvest always should be observed [21]. 

2.4 Handling faeces 

High attention concerning proper sanitation should be given when dealing with faeces. Faeces 

provide an effective pathway for transmitting of diseases. There are a lot of ways faeces can 

result in health problems. Diseases can spread when via hands, flies, water, soil as well as food, 

once these have already been contaminated. The purpose of proper sanitation is to form a set 

of barriers between faeces and flies or fields and fluids, to make sure that diseases will stop 

spreading. This can be done by containing faeces in a processing chambers and other separating 

solutions, until the pathogens are reduced to acceptable levels before re-use. Then the contents 

may be removed for further secondary treatment to make them even more harmless and more 

useful. Furthermore, a device for hand washing to block will block the pathway for faecal-oral 

transmission. Educational campaign will not only include proper use and management of toilets 

but also the importance of hand washing after defecation, after helping a child who defecates 

and before preparing food or feeding a child [3]. 

 

A number of environmental factors are known to kill off faecal disease organisms. These are 

increases in storage time, temperature, dryness, pH, ultraviolet radiation, and competing natural 

soil organisms [3]. Table 2 shows the factors that affect the survival of these microorganisms. 

Table 2 Physicochemical and biological factors that affect the survival of microorganisms in the environment 

[22] 

Temperature Most microorganisms survive well at low temperatures (under 5°C), but 

die quickly at high temperatures (higher than 40-50°C). This can be the 

case for water, soil sewage and on microorganisms on crops. At 

temperatures of 55–65°C all types of pathogens (except bacterial 

spores) die within hours. This can be achieved through composting 

processes. 

pH Highly alkaline conditions easily inactivate microorganisms. 

Inactivation is rapid at pH 12 but takes longer at pH 9. 

Ammonia Pathogens in excreta can be faster inactivated by the addition of 

ammonia, as it changes pH. 

Dryness Dehydration of faecal mass in an eco-toilet processing chamber will 

decrease the number of pathogens. 

UV-light/ 

Solar radiation 

UV-irradiation will reduce the number of pathogens. It is used as a 

process for the treatment of both drinking water and wastewater. In the 

field, the survival time will be shorter on the soil and crop surface where 

sunlight can affect the organisms. 

Presence of other 

organisms 

The survival time of pathogens may be shortened by the presence of 

other organisms. Different types of organisms affect each other by 

predation, release of antagonistic substances or competition for 

nutrients. 

Nutrients Bacteria adapted to living inside the human excreta are not always 

capable of competing with other organisms in the general environment 
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for scarce nutrients. This may limit the ability of faecal bacteria to 

reproduce and survive in the environment. 

Oxygen factor Most enteric bacteria are anaerobic and thus are likely to be out-

competed by other organisms in an aerobic environment. 

2.4.1 Treatment of faeces 

Several treatment options are available for faeces. Incineration is the safest method where all 

pathogens will be eliminated but it has not been used in practice. The nitrogen will be lost, only 

phosphorous and potassium will retain in the remaining ash. Other methods, except storage of 

faeces, reduce the pathogen content relying on elevation in pH, temperature and drying up. 

This actions can be divided by primary and secondary processing.  

 

Primary processing usually include dehydration, composting or soil composting. The purpose 

of the primary processing is reducing the volume and weight of the faecal material to ease 

storage, transport and further 

treatment. Primary processing 

takes place in chambers under the 

toilet, where faeces are contained 

for a certain period of time. During 

this containment the volume and 

number of pathogens will be 

reduced through storage time, 

usually up to 12 month, 

decomposition, dehydration (as a 

result of ventilation and addition 

of dry material) and increased pH 

(addition of lime, urea or ash) as 

well as activity of other organisms 

and competition in nutrients [3]. 

Figure 37 An eco-toilet with processing chambers. The toilet has a moveable 

seat-riser with urine collector. The processing chambers below the 

bathroom floor can be emptied from outside [26] 

In some of the basic models developed in Zimbabwe the processing takes place in a shallow 

pit under the toilet [3]. But this might not be recommended if the risk of flooding is high. In 

such cases, the faeces have to be stored in a deeper pit or container.  

The secondary processing makes sure that faeces are safe enough and can be returned to the 

soil. Secondary processing usually takes place either on site (generally in the garden) or off site 

– at the ecological station. Secondary processing usually refers to high temperature composting 

or pH increase by the addition of urea or lime as well as longer storage time. If a sterile end 

product is required, the secondary processing could be done by carbonization or incineration. 

2.4.2 Dehydration 

In dehydration systems, the urine is separated from faeces, to keep the processing chamber 

contents dry and the volume of material relatively small. This option allows the use of urine 
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separately as a liquid fertilizer. Faeces are dropped into a processing chamber, where they are 

safely kept out of the environment for a period between 6 and 12 month, and lime, ash or even 

urea is added after each defecation to lower the moisture content and raise the pH to an amount 

higher than 9. This system of creating conditions of dryness, raising pH and increasing storage 

time will result in pathogens dying-off relatively fast. The partly treated faecal mass is later 

removed from the processing chamber and subjected to and of the further secondary treatment 

procedures. 

 

Dehydration is different from 

composting, because the 

organic matter present is not 

degraded or transformed; only 

the moisture removed from 

faeces. By dehydration, faeces 

will reduce by about 75% in 

volume. Totally dry faeces 

look like crumbled, powdery 

substance (Figure 39). Over 

time, pathogens in the faeces 

will significantly reduce in 

amount as well [27]. 

 
Figure 38 Dehydrated faeces as the product of a Urine Diverting Dry 

Toilet (UDDT) [28] 

If the drying was fast and a low moisture level was achieved, the losses of both organic matter 

and nitrogen are small. Dry storage of the faeces recycles more organic matter and nitrogen to 

the soil, but the organic matter is less stable, if compared to composting. Dried faecal matter is 

a complete phosphorus and potassium fertilizer with high amounts of nitrogen [29]. 

 

Although rich in carbon and nutrients, the dehydrated faeces may still contain spores (they are 

able to survive extreme environmental conditions) and other pathogens. The degree of 

pathogen inactivation generally depends on the temperature, the pH (using ash or lime will 

raise the pH) and storage time. The addition of calcium carbonates, contained in lime or wood 

ashes added as drying material, helps to raise the pH, and thus accelerate the process of 

pathogen inactivation. However, secondary treatment is necessary (e.g. composting) to 

inactivate remaining pathogens [27]. 

2.4.3 Composting 

Compost, pit humis, terra preta, vermicompost, humanure are all products of the degradation 

of organic wastes. They vary regarding composition and structure, but provide similar 

functions when applied to the soil. As the process of composting is a low-cost and generating 

heat solution (50 to 80°C), it is a highly recommended secondary treatment, which kills any of 

the remaining pathogens. The composting process, however, requires adequate carbon, 

nitrogen, moisture and air [30]. 

 

The texture and quality of the pit humus or composting products highly depends on the 

materials, which have been used for composting or have been added to the excreta and the 
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storage conditions. Besides human faeces, a variety of organic materials can be composted, 

such as kitchen waste, garden waste, animal manure (cow dung, chicken dung, etc.), etc [30]. 

 

Faeces taken from a pit toilets, double pit toilets or composting toilets, where dehydration and 

primary treatment has taking place, are partly composted. These can be used to start seedlings 

or indoor plants, mixed into the soil before crops are planted or just mixed into existing compost 

pile for further treatment. 

 

In vermicompost, the earth worms are used during the composting process. This results in soil 

rich in nutrients and humic acids, improving the structure of the soil. Earthworms make the soil 

contain 5 to 11 times more nitrogen, phosphorous and potassium, comparing to surrounding 

soil. It can be applied directly or mixed with the soil. Even a small amount of Vermicompost, 

up to 3 mm thick, can improve harvests within one season [30]. 

 

Terra Preta or black earth is a result of lacto-fermentation and vermicomposting of biowaste 

and faecal matter into long-term fertile soils. Terra Preta has an especially high organic carbon 

content, which allows long lasting fixation of essential nutrients, water retention and reduced 

leaching of nutrients from root area of plants. This provides good environment for beneficial 

microbes’ growth [30]. 

 

 

 Making and applying compost 

 

There are two simple ways to make compost: heap and pit method. Although the heap method 

costs less, it needs open areas with high rainfalls. The pit method on the other hand is better 

for a dry place where moisture is limited and windy conditions are prevalent. 

 

Requirements for pit method: 

 Different organic material: manure, kitchen waste, crop residue, etc. 

 Tools for digging (shovel, dump cart) 

 Water 

 Topsoil 

 A 2m long stick 

Steps to make a compost pit (illustrated in Figure 40): 

 

1. Select a suitable site: as far away as possible to the living area and any water source, 

since composting will produce liquid waste that can potentially contaminate nearby 

underground waters. If possible, locate the pit under a shade, that way water 

evaporation will be minimized. 

2. Collect all readily biodegradable material available. 

3. Depending how much material gathered, decide upon a size of the pit. The pit can be 

as wide as needed but a good depth is roughly 50 cm. Dig a second pit with the same 

dimensions next to the first to be used when turning the compost. 

4. Composting is an aerated process. Therefore, the process requires good air circulation, 

which will prevent the creation of methane gas. To help keeping the compost pit 

aerated, coarse materials (pebbles, tree branches, etc.) are added to create more spaces 

for air circulation. The extra spaces will also help any liquid precipitates through, 

keeping the compost dry. 
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5. Spread different organic material in layers, each layer is 5-15 cm thick. After spreading 

an organic layer, spread a thin layer of soil (1-3 cm) on top. 

*Note: the thickness of each layer is not as important as the variety of organic 

material, which gives balanced nutrients to the final product. 

6. Add more layers until the pit is full. 

7. A 2 meters stick is used by pushing all the way to the bottom of the pit, this helps the 

air to get into the pit and measure the temperature of the compost. 

8. Cover the pit with a layer of dry grass to keep the temperature high inside the pit and 

minimize moisture loss. 

9. Let the pit decompose for 2-3 months. During this time, the content will get smaller. 

Use the stick to check the temperature of the content, if they are cooled down, the 

compost needs turning. Turn the compost layer by layer over to the second pit. 

Remember to keep the compost moist. 

10. Marsabit is in Kolla climatic zone, in which case, the compost usually cools down and 

needs turning once every 3 weeks. 

 

Figure 39 How to make compost (simplified) [31] 

After compost is ready, it has the color dark brown or black, also called the dark soil (dark soil 

means it contains high level of organic material). To be more careful when checking the 

readiness of the compost, Baggie method can be used [32].  

The Baggie method is done as following: take a handful of compost and put it in a plastic bag, 

take a brief smell before sealing the bag. After the bag is sealed, put the bag in a drawer for 2-

3 days then take it out, open the bag and smell the compost. If the compost is ready, the smell 

would be the same as before; if the smell is worse, it is an indication that the compost requires 

few more days [32]. 
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Figure 40 Ready compost 

2.5 Handling greywater 

Greywater generally refers to the wastewater generated kitchen, bath and laundry, but not from 

toilets. It can contain pathogens, for example, from washing diapers [33]. There are several 

treatment methods, depending on the treatment process, it can be reused for various purposes, 

e.g. in agriculture, flush toilets, washing machines, etc. Based on the contamination level, the 

greywater is either treated in a septic tank, or used directly e.g. for irrigation purposes. 

2.5.1 Septic Tank 

A septic tank is a watertight chamber made of concrete, fiberglass, PVC or plastic, in which 

greywater and blackwater can be primarily treated. Although settling and anaerobic processes 

occur in the septic tank and solids and organics are reduced, the treatment is still only moderate 

[34]. 

 

The septic tank works so that liquid flows through the tank and heavy particles settle at the 

bottom. Over time, solids accumulated to the bottom are degrading anaerobically. However, 

the rate of accumulation is faster than the rate of decomposition, and the accumulated sludge 

and scum must be periodically removed. Septic tank should have at least two chambers. The 

first chamber should be the size of at least 50% of the total length, and when there are only two 

chambers, it should be two thirds of the total length. Most of the solids settle down in the first 

chamber. The separation between the chambers, is to prevent scum and solids from escaping 

with the wastewater. The T-shaped outlet pipe further reduces the scum and solids that are 

discharged [34].  

 

Accessibility to all chambers (through access ports) is necessary for maintenance. Septic tanks 

should be vented for controlled release of odorous and potentially harmful gases. Design of a 

septic tank depends on the number of users, the amount of water used per capita, the average 

annual temperature, the desludging frequency and the characteristics of the wastewater. A 

minimum of 48 hours retention time ensures that moderate treatment is achieved [34]. 
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Septic tank could be built for each individual house or alternatively, a bigger, multi-chamber 

septic tank can be designed for groups of houses and/ or public buildings (e.g., schools). 

Figure 41 Principal septic tank scheme [34] 

Under normal conditions, users do not come in contact with the greywater in a septic tank. 

Generally the waste water, the sludge and the scum must be handled with care as they contain 

high levels of pathogenic organisms. These can be added to the compost. Users need to be 

careful when opening the tank as harmful and flammable gases may be released. Care should 

be taken not to discharge harsh chemicals into the septic tank. Scum and sludge levels need to 

be monitored to ensure that the tank is functioning well. Generally based on their size, septic 

tanks should be emptied every 2 to 5 years. Water-tightness of septic tanks should be checked 

from time to time [34]. 

2.5.2 Greywater towers 

Greywater towers are circular bags that are filled with soil, ash or compost mixture with a 

gravel column at the center. They are used to treat and reuse greywater. Vegetables are planted 

in holes cut in the sides of the bag and each day the available greywater from a households is 

poured directly on the gravel column contributing to vegetables growth [35].  

Greywater towers can be made from simple plastic bags or clothes, reinforced with wooden 

poles, filled with a soil mixture (soil, ash and/or compost or vermicompost) and anchored into 

the soil. Greywater from bath, laundry or kitchen contains nutrients on which vegetables grow 

successfully [35]. 
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Figure 42 Step-by-step instruction to construct a greywater tower [36] 

To construct a greywater tower, a circle should be marked out on the ground with a diameter 

of around 80 cm. The bottom layer of the tower should be dug out and the wooden side poles 

need to be firmly planted into the ground. A shade cloth is then wrapped around the poles and 

the resulting cylinder will be filled with gravel in the middle and the soil mix all around. The 

backfill should be well mixed before applying it. A bucket with the bottom removed can be 

placed at the bottom in the middle of the tower to increase stability and improve the flow 

regime. Small stones should be packed in the bucket to increase weight and to prevent fast flow 

of the water through the bucket and to achieve even water distribution. As the bucket is filled 

with stones, it is backfilled with the soil mixture. After that, the bucket can be removed (and 

reused), leaving the stones in position. The soil should be humid but not too wet, when packing 

the tower. The soil should be distributed evenly so that water can flow through. For each soil 

layer placing the bucket, filling it with stones, backfilling it and then removing the bucket 

process has to be repeated up to the top layer of the greywater tower (around 1 m in height) 

[35]. 

 

The greywater tower requires little labour for construction, operation and maintenance. Once 

people get familiar with the towers, they are easily maintained. It can be difficult to predict 

how much water is required for the vegetation to grow, but experience will usually tell. In the 

beginning it is recommended to apply about 20 L per day and attune it according to the exact 

water demand. If water forms a puddle around the bottom of the tower it means that too much 

water is being applied. A possible solution for this problem would be to make a second tower 

[35]. 

 

Greywater towers work good for leafy crops such as spinach. Ideally, the planting holes should 

not be staggered diagonally, as this provides more space for root development. Different crops 

which use the soil in a complementary way should be grown to facilitate biological control of 

disease and pests. For example tomatoes and onions can be planted on the top of the tower. 

Garlic and onions are also useful to prevent plant diseases and pests [35]. 
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3 HYGIENE 

The general objectives of hygiene are to help prevent water and sanitation-related diseases and 

to help improving living conditions. To meet these objectives, it is not enough just to construct 

improved water supply and sanitation facilities but also these would need to be used by 

everybody and in a safe way. To achieve this, an interest is needed from both communities and 

officials in having safe, reliable and accessible facilities constructed, used and maintained. 

Hygiene habits and education promote a proper use of water supply and sanitation facilities 

and a care for their continuous functioning through proper operation and maintenance [37]. 

 

Diseases related to water and sanitation include various types of diarrhea, worm infestations, 

skin and eye diseases and mosquito-borne diseases. Together they form the most frequent cause 

of illness and death in the developing world. Water and sanitation projects generally aim to 

reduce these diseases [37] 

3.1 How do diseases spread 

Pathogens transmit through several different routes (see picture below). The cause is often 

inadequate sanitation and hygiene. An example of three essential barriers that can stop the 

spread of diseases (e.g. diarrheal) are: 

 

 Toilet barrier 

 Safe water barrier 

 Hygiene barrier [37] 

 

Figure 43 Paths of disease transmission and prevention barriers [38] 

Toilet barrier appears when hand washing with a soap is applied after defecation. Washing 

hands with soap is the simplest and the most effective way to prevent diarrheal diseases and 

sharp respiratory infections. It is important to know that washing hands with only water is not 

enough; in order to ensure that hands are fully cleaned, soap must always be used [39].  
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Some critical times to wash hands with soap are: after using the latrine; before touching food 

or eating; and after cleaning a young child or helping a child go to the toilet. Good hand-

washing practices also reduce the incidence of other diseases, as pneumonia and other 

respiratory diseases, as well as trachoma, scabies, and skin and eye infections [39]. 

 

 

Figure 44 Description how to wash hands [40] 

It is also strongly recommended to make the hand washing stations and use them on the daily 

basis. These should always be equipped with soap, water and draining for the wastewater. An 

easy example for a hand washing station is the following, provided by SODIS in 2006 which 

can be built easily using only piles of wood, nails, bottles (0,5 – 3 liters) and rope. Fill one 

bottle with soap, and the other two with water; Re-fill the content when bottles are emptied 

[40]. 

 

 

Figure 45 Simple hand washing station [40] 

Safe water barrier appears when water is collected and stored in a closed tanks with no access 

of possible contaminants (faeces, urine, flies etc.). This can be achieved with plastic bottles or 

some kind of containers. 



 

37 

 

Improved hygiene behavior is very effective as it cuts all the possible routes of water/faeces-

born and inadequate sanitation related diseases.  

3.2 Common diseases and preventive methods 

Hygiene barriers however do not provide a hundred percent protection, but significantly reduce 

the risks of diseases. Some of the most frequent diseases in Marsabit area are malaria, intestinal 

worms, diarrhea and malnutrition.  

3.2.1 Malaria 

Malaria is caused by infection of red blood cells with parasites inoculated into humans through 

a feeding female mosquito. Thus, the first step of preventing the disease is not letting the 

mosquitos breed close to human settlements (e.g. no open stagnant water) [41]. The first 

symptoms of malaria are nonspecific and similar to those of a minor viral infection. This 

includes headache, fatigue, muscle and joint aches, generally followed by fever, chills, 

perspiration, anorexia, vomiting and worsening malaise. In young children, malaria may also 

present with lethargy, poor feeding and cough [41]. 

 

Malaria is an illness which requires strong medical treatment. Treatment cannot be done 

without a qualified doctor’s help. Everybody who is suspected with malaria should be treated 

on the basis of a confirmed diagnosis by microscopy examination or RDT testing of the blood 

sample. At this early stage of disease progression, precise diagnose should be stated and 

effective antimalarial treatment is given. If ineffective or poor quality medicines are given or 

if treatment is delayed, there is a high risk of illness progression to the severe malaria. Severe 

malaria usually manifests with one or more of the following: coma, renal failure (represented 

generally by blood in urine) or pulmonary oedema (when it is extremely hard to breath). If left 

untreated, severe malaria is fatal in the majority of cases [41]. 

 

Guidelines for the treatment of Malaria, published by WHO, gives detailed instructions on 

treatment of malaria.  

3.2.2 Intestinal parasites 

These infections are very common. They are spread by worm eggs which are present in human 

faeces which in turn contaminate soil in areas with poor sanitation. The three main species that 

infect people are the roundworm, whipworm, and hookworms. Intestinal worms produce a wide 

range of symptoms including abdominal pains, general malaise, diarrhea and weakness. 

Hookworms may cause chronic intestinal blood loss and may possibly result in anemia. Since 

the main source of spreading of these parasites is contaminated soil, they are usually called 

soil-transmitted parasites [42]. 

Soil-transmitted parasites live in infected individuals where they produce thousands of eggs 

that are passed to faeces. Humans become infected after ingesting infected eggs or larvae in 

contaminated food (e.g. if vegetables or meat is not carefully cooked), hands or utensils or 

through penetration of the skin by infective hookworm in the soil. There is no person-to-person 

transmission or infection from fresh faeces, because eggs need about 3 weeks in the soil, before 

they become infective [42]. 
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A good strategy for controlling the soil-transmitted infections is to prevent and control main 

risk groups. These are:  

 

 Preschool-aged children 

 School-aged children 

 Women of childbearing age, including pregnant women in second and third trimester 

and breastfeeding women [42]. 

 

Schools provide an important point for deworming activities, as they provide easy access to 

health and hygiene education components, as promotion of hand washing and improved 

sanitation for example [43]. 

3.2.3 Diarrhea 

Diarrhea is one of the most common excreta related diseases. Diarrhea is a malfunction of 

digestive system which causes watery excrement more frequently than what is normal for the 

individual. Severe diarrhea creates rapid weakening due to weakening of liquid and salt balance 

of the body and so the body starts to dehydrate. Diarrhea episodes are especially dangerous and 

harmful for children, as they deprive them of the nutrients necessary for growth and lead to 

malnutrition [44]. 

 

Main transmitting factors of diarrhea are lack of safe drinking water, inadequate personal 

hygiene or food hygiene [44]. 

 

Important means of preventing diarrhea are: 

 

 Improvements in sanitation services 

 Improvements and increase of access to safe water 

 Promotion of hygiene education 

 Washing hands right before touching food 

 Proper cooking of food 

 Keeping food and water clean and safe [44]. 

 

Washing hands is the simplest measure to prevent diarrhea. Hands should be washed with soap 

and running water always after using the toilet, before food preparation or eating. Special 

attention should be paid to children, as the main group of risk of having diarrhea. They should 

be taught properly the importance of this and they should be supervised [44]. 

 

Apart from washing hands it is important to pay attention to food and water preservation. Water 

should not be transported nor conserved in open containers, since this may let pathogens in and 

creates the breeding environment for insects (e.g. mosquitos). Water containers should be 

washed regularly.  

Food should be contained without contact to contaminated water and ground, as well as with 

no access to flies or other insects. Especially meat and milk products preservation needs to be 

kept under control in the areas where cold storage is not an option [44]. 

 

Patient suffering from diarrhea should have an adequate diet, with respect to his/her needs. It 

means the amount of food can be chosen by patient but the food should be easily digestible and 

liquid rich, such as carrot or potato mash. Milk can irritate stomach and worsen the diarrhea. 
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However, breast-feeding, diarrhea patient is still breast fed as before. Sour milk products and 

lactic acid bacteria may shorten the durance of diarrhea [44].  

 

Long diarrhea is dangerous especially to children and the elderly, where it removes a lot of 

nutrients and may lead to malnutrition. Thus, it is necessary to begin rehydration treatment 

immediately after diarrhea appears. Medical treatment is especially recommendable:  

 

 If the child is under six month 

 The symptoms are too fierce and overall condition weakens patient fast 

 Diarrhea lasts more than five days 

 Intense stomach aches present [44]. 

 

Common signs of dehydration are:  

 

 Extreme thirst and dried out lips 

 Sunken eye balls and tearless eyes 

 Sudden weight loss 

 Little or no urine or dark urine 

 Sagging of soft spot in infants [44]. 

 

A simple test to identify the dehydration is to lift patient’s skin between two fingers and if the 

skin does not return right back to normal, it is a good sign that patient is dehydrated. In this 

case rehydration procedure should be started and medical treatment seeked, if there are no 

improvements in patient conditions. 

3.3 Hygiene education practices 

The first step of changing the community habits is education of adults, which is followed by 

their help in education of children. Some of the possible frameworks for developing this sphere 

are presented below [45]. 

3.3.1 Participatory Hygiene and Sanitation Transformation (PHAST) 

This approach is a learning methodology based on participation of community members. This 

increases community members’ awareness of their water, hygiene and sanitations situation, 

through participation in activities that should motivate them to develop and adapt the general 

ideas on how to improve the situation [45]. 
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Figure 46 Seven steps to community planning of PHAST [45]  

PHAST provides seven-step approach to support community planning processes. Each step 

sets a group of exercises and tools to improve community planning on hygiene and sanitation. 

These activities shall be arranged in participatory manner in order to enhance the participation 

of individuals [45]. 

 

As steps and activities are easily understandable, tools, however need short explanations: 

 

 Unserialized posters are a creative or expressive assessment tool to express 

interpersonal relationships, cultural values and taboos. 

 Nurse Tanaka is about identifying common local health problems and determine which 

could be prevented through WASH interventions. 

 Community mapping helps the community to identify critical problems concerning 

toilets, greywater and solid waste management. 

 Pocket chart is quantitative –qualitative assessment of toilet use and preferences –

including gender, socio-economic and territorial variables. 

 Three-pile sorting is used to assess and compare hygiene and sanitation behaviors to 

risk criteria and possibility to modify and improve 
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 Transmission root activity refers to rising awareness to faecal-oral infection routes and 

identify barriers to prevent 

 Gender role analysis activity is to increase understanding of sanitation as a system 

diversify or erase gender barriers 

 Sanitation options or sanitation ladder activity targeted on identifying and comparing 

the range of basic sanitation technologies available for community and to decide which 

options could be the most appropriate in local context 

 Planning posters are tools for visualizing and setting goals with prioritizing the steps 

leading to a change 

 Step six and step seven tools are the tools of actual result representing the changes and 

developed situation [45]. 

 

In general the PHAST concept is applicable to all kind of communities who are willing and 

trying improve their hygiene and sanitation planning and who want to start a process of 

community hygiene behavior changes [45] 

3.3.2 Child Hygiene and Sanitation Training (CHAST) 

CHAST is an approach based on PHAST but its targeting group are children. CHAST is also 

a participatory learning methodology that supports community children in improving hygiene 

behaviors, reduce diarrheal diseases and encouraging effective management of sanitation and 

water services [46]. 

 

CHAST applies a variety of exercises and educational games to provide children with good 

hygiene practices from younger ages. CHAST encourages children to actively participate in 

open discussions and share their ideas and thoughts, as well as findings to a larger group of 

their kin. CHAST tool gives less experience and knowledge base, compared to PHAST and is 

meant to be fun, with the promotion of general understanding of key issues related to personal 

cleanliness and hygiene. CHAST uses a child-to-child approach to encourage children to 

actively participate in discussions and share experiences [46]. 
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Figure 47 Five CHAST steps [46] 

The first step is meant to be an icebreaker to make children familiar with the facilitators. During 

the first activity the children introduce themselves with a puppet help and are familiarized with 

the course objectives. Children can tell a story from their daily lives and draw or color the 

picture, to make everything easier [46]. 

 

Second step focuses on common health and hygiene problems and helps identifying them. 

Cards are supposed to show good and bad hygienic behaviors and have to be sorted into to 

piles. Children will needed to create possible pairs of cards, this exercise compares good and 

bad habits and focuses on behavior that can cause the spread of diseases [46]. 

 

Step three first revises the problems identified before and then gives an explanation to them 

and some of the common diseases that children can suffer from. It can be done through telling 

a short story on the basis of posters and role-plays done by some of the children after 

facilitator’s instructions [46]. 

 

Step four demonstrated different actions for blocking the diseases spreading and it is 

concentrated on practical trainings in good hygiene behavior, combined with different role-
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plays or/and puppet shows. Activities connect knowledge about the spread of diseases and their 

prevention to better hygienic behavior. Also practical exercises can be carried out in small 

groups [46]. 

 

Last fifth step is the data collection and general review on the tools used (were the tools 

efficient or do they need changes etc). This provides improvement of methods and tools [46]. 

This approach is based on the premise that personal hygiene practices are usually acquired 

during childhood and it is much easier to change the habits of children from the early 

beginnings [46]. 
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