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Some social impacts of poor 

sanitation services



Some social impacts of poor 

sanitation services

• Life long effects of stunting

• Further isolation of marginalised groups (e.g. those with 

disabilities)

• Women and girls spend hours every day collecting water for 

flush systems

• Women and girls are often obliged to ‘hold themselves in’ 

throughout daylight hours

• On reaching puberty, girls may drop out of school due to a 

lack of (appropriate) toilets



Millennium Development Goal 7c

“Halve, by 2015, the proportion of the population without sustainable 

access to safe drinking water and basic sanitation”



Millennium Development Goal 7c

55/2. United Nations Millennium Declaration



Millennium Development Goal 7c

60/1. 2005 World Summit Outcome



Basic sanitation



Basic sanitation

“Toilet or latrine which separates humans from their excreta”



How we’re going…

Globally:

74% of the population (5.6 billion people) have a basic 

sanitation service

In Australia:

>99% of the population have a basic sanitation service



FS and WW treatment: solving 

the jigsaw

• Public health risks reduction

• Environmental protection

• Resource efficiency

Higher priority

Lower priority



• Water

• Phosphorus

• Nitrogen

• Carbon

• Pathogens

• Trace nutrients

• Micropollutants

• Cleansing material

What is in poo and wee?



Anal cleansing materials

https://www.wsp.org/Hygiene-Sanitation-Water-Toolkit/BasicPrinciples/AnalCleansing.html



Anal cleansing materials

The use of water is common in countries with Islamic traditions and in Asia. In schools water is

used when it is available within the toilet building or school yard. However, the use of water for

anal cleansing prohibits the use of certain types of school toilet technologies, such as dry pit

toilets, in which water can create problems because of discharge problems in the pit.

Natural materials, such as leaves, corn cobs, and stones, are commonly used in rural areas.

While leaves can be an acceptable solution in low-income areas, the use of materials such as

corn cobs and stones should be discouraged because it is difficult to use them in a hygienic

manner. Normally children collect the materials before entering the toilet. After using the

materials, they throw them in the toilet, which leads to rapid filling of the pits and regular

blocking of the pipes.

The use of paper, such as old newspapers and in some cases toilet paper, is common in (poor)

urban areas where paper can be collected or bought. In some cases, children use pages of

their notebooks or textbooks for cleansing. Often, the children throw those papers in the toilet

after use, which leads to rapid filling of the pits and regular blocking of the pipes. In cases

where the materials are separately collected in a container, they must be hygienically handled.

Which of the above methods school children use depends on several considerations:

Cultural setting: Water is commonly used in countries with Islamic traditions and in Asia,

while in Latin America wiping materials are most commonly used. In some countries the

methods used by men and by women differ.

Socioeconomic circumstances: Rich people and many middle-class people in

developing countries use toilet paper.

Urban or rural location: In urban settings natural materials such as leaves might be

scarce, whereas recycled paper might be easy to obtain. In rural areas the opposite is

true.

Locally available materials: If natural materials are used, the choice of material will

depend on which materials are easy to obtain and inexpensive or free.

Age group: Children will use materials that they can obtain in safe, accessible locations.

If properly handled, all of the anal cleansing methods described above can be hygienic.

Therefore, the decision to change school children's anal cleansing method should be motivated

by increased convenience, availability of sufficient materials, or environmental reasons rather

than by hygienic arguments. The use of toilet paper should only be considered if the school is in

a financial position to always provide paper for all children or if the children can bring their own

paper (which will rarely be the case for schools in developing countries).

Back to top

Relation of Preferred Anal Cleansing Method to Design of Sanitary Facilities

Table 1. Correlation of Sanitation Technology to Anal Cleansing Method

Method of anal

cleansing

Sanitation technology

Dry toilets Flush toilets

Water

Double chamber ecological toilet

with urine and wash water

diversion

All types

Natural materials

Simple pit toiletDouble pit or

double chamber ecological toilet

with or without urine diversion

All types as long as the materials

are not disposed of in the toilet

Paper

Simple pit toiletDouble pit or

double chamber ecological toilet

with or without urine diversion

All types as long as only toilet

paper is used for anal cleansing;

for other paper than toilet paper,

the paper should not be disposed

of in the toilet

Table derived from information provided by Ms. Mayling Simpson-Hebert

As illustrated in figure 2, solid materials used for anal cleansing must be safely collected and

disposed of. When the preferred anal cleansing method involves the use of solid materials, a

container with lid should be provided in the toilet area for the safe disposal of these. The lid is

essential to prevent flies from coming in contact with human feces and potentially transmitting

https://www.wsp.org/Hygiene-Sanitation-Water-Toolkit/BasicPrinciples/AnalCleansing.html



We are what we eat and drink …...

Median faecal wet mass production = 128 g/cap/day,

Median dry mass = 29 g/cap/day.

Faecal output in healthy individuals = 1.20 defecations per day

Fiber intake is the main factor affecting total fecal mass
Rose et al. (2015). Critical Reviews in Environmental Science and Technology, 45:1827–1879



Faeces production v. income

Rose et al. (2015). Critical Reviews in Environmental Science and Technology, 45:1827–1879



We are what we eat and drink …...
Daily loadings and concentrations of elements in faeces (wet weight)

Parameter Value, g/cap/day Value, g/kg

Total N 0.9 – 4.9 7.0 – 38.0

Total P 0.35 – 0.90 1.77 – 9.86

Total K 0.20 – 2.52 1.78 – 7.16

Na 0.12 – 4.10 0.80 – 4.94

Ca 0.10 – 3.60 2.68 – 3.77

Mg 0.15 – 0.34 0.93 – 2.86

Cl 0.09 0.6

S 0.13 – 0.2 0.6 – 0.87

mg/cap/day mg/kg

Cu 1.02 – 2.10 6.8

Fe 30 – 1,000 200

Pb 0.002 – 1.260 0.12 – 6.38

Mn 24 - 90 ---

Mo 2 - 4 ---

Zn 5.00 – 13.31 48.46 – 67.49

Ni 0.08 – 0.30 1.15 – 1.52

Cr 0.02 – 0.18 0.31 – 0.91

Cd 0.07 – 1.26 0.27 – 6.39

Hg 0.007 0.04
Adapted from Rose et al. (2015). Critical Reviews in Environmental Science and Technology, 45:1827–1879



We are what we eat and drink …...

Adapted from Rose et al. (2015). Critical Reviews in Environmental Science and Technology, 45:1827–1879

Concentrations of key components in fresh urine

Parameter Concentration range, mg/L

Electrical conductivity 160 – 270 mS/cm

Total N 4,000 – 13,900

TKN 5,580 – 9,220

Urea 9,300 – 23,300

Ammonium - N 125 - 600

Total P 350 – 2,500

Phosphates -P 205 – 760

K 750 – 2,610

Ca 32 – 230

Mg 70 – 120 



Summary: Urine and faeces daily 

loading rates

Rose et al. (2015). Critical Reviews in Environmental Science and Technology, 45:1827–1879



Summary: protein intake 2005-2007

http://chartsbin.com/view/1155•World: 77g/person/day

•Developed countries: 103g/person/day

•Developing World: 70g/person/day

•Sub-Saharan Africa: 55g/person/day

http://chartsbin.com/view/1155


Summary: % protein in diets 2005-2007

http://chartsbin.com/view/1157

•World: 11%

•Developed countries: 12%

•Developing World: 11%

•Sub-Saharan Africa: 10%

http://chartsbin.com/view/1157


Summary: Have a healthy diet!!

Recommended Dietary Allowance of protein for a healthy adult

• 0.8 g protein per kg body weight (BW) per day (minimal 

physical activity)

• To meet the functional needs such as promoting skeletal-

muscle protein accretion and physical strength, dietary intake 

of 1.0, 1.3, and 1.6 g protein per kg BW per day is 

recommended for individuals with minimal, moderate, and 

intense physical activity, respectively. 

• Long-term consumption of protein at 2 g per kg BW per day is 

safe for healthy adults, and the tolerable upper limit is 3.5 g 

per kg BW per day for well-adapted subjects. 

• Chronic high protein intake (>2 g per kg BW per day for 

adults) may result in digestive, renal, and vascular 

abnormalities and should be avoided. 



EAT Lancet Report



Alternative Sanitation Technologies

What’s available?

1. Ventilated improved pit latrines * ¶  

2. Pour-flush toilets * ¶

3. Septic tanks (+ infiltration)

4. Settled sewerage [U]

5. Simplified sewerage * [U]

*usually most appropriate for low-income communities with limited access to water
¶ single-pits for rural areas; either alternating twin-pits or mechanically emptiable

single pits for periurban areas

[U] urban areas only 



Sanitation Technologies



Sanitation Technologies

https://www.youtube.com/watch?v=KwHnwUmHrho


Sanitation Technologies



Sanitation Technologies



Sanitation Technologies





“Many people in rural north India prefer defecating in 

the open, and believe it is healthier and nicer.  They 

believe that the proper, religiously pure, and socially 

acceptable place to put faeces is far from one’s own 

house.  Pit latrines are a disgusting notion.”

Dean Spears, 2014



Something to think about…

“we (in developed countries) now take for granted 

that toilets are comfortable, well lit, smell-free, 

private, pleasant places to defecate. They are places 

where we can “go in peace”. Latrines provided using 

donor funds (in developing countries) have tended to 

be designed from a purely functional perspective and 

based on vague ideas about what poor people want, 

or what the implementing organisation thinks poor 

people should have.”

Steve Sugden, Latrine design: go in peace



Why do you think people might 

choose NOT to use a toilet?









*Slide from Ian Ross, presented at UNC Conference 2019. Ongoing work.

Learn more: https://washeconomics.com/

Sanitation Quality of Life (SanQoL)



Toileting behaviours are 

complicated…



“In the toilet cubicle I…”

Urinate and/or defecate

Engage in sexual activity (alone or with partner/s)

Have a moment of peace and quiet

Escape or avoid people, e.g. kids, a bad date

Check social media and/or emails

Play games on my phone/tablet

Read a book/newspaper/magazine

Manage incontinence (e.g. using catheters, changing pads, 

emptying colostomy bags)

Manage menstruation (e.g. change pads, take pain killers)

Have a nap or sleep (not always funny – consider homeless 

populations)

Procrastinate from work

Inject or ingest medication or illicit substances

Gossip with friends

Cry

Re/apply make-up

Change/fix clothing

Change nappies/diapers

Scratch places that are socially unacceptable to in public

Take photos (e.g. of toilets… or selfies!)

Smoke

Store things (including animals)

Am bullied or bully others

Blow or pick my nose

Write down my brilliant ideas

Eat/drink

Sing

Brush my teeth

Vomit

Self harm

Do pelvic floor exercises

Graffiti

Pray

Clean (e.g., the toilet, the cubicle – including “skid marks”)

Wash myself

Assist someone to do something else on this list (e.g. children, 

elderly, disabled)

Breastfeed or pump milk

Hide things

Dispose of rubbish, including contraception (in the bin or down the 

toilet)

Pee in the wash basin if there is no water for flushing



Toileting behaviour choices…



Toileting behaviour choices…

Sit or Squat

When using a pedestal toilet, sit or hover

Urinate whilst standing or sitting

Wash or wipe

Wash by pouring or spraying

Wipe with toilet paper or something else

Scrunch or fold toilet paper

Wipe whilst standing or sitting

Flush or bin paper

After defecating, wipe with your hand in front or from behind

After urinating, wipe with your hand in front or from behind

Wipe back to front or front to back (FYI, from a health 

perspective, it really should be front to back to avoid 

infections)

Change insertable menstrual hygiene management product 

whilst sitting, standing or with a leg up

Answer the phone… or don’t

After urinating, flush or don’t flush

Wash your hands… or don’t

Pants down or fully undressed

Shoes on or off (I make this choice when using squat toilets!)

Put the toilet seat down or up (for urinating/defecating and 

when finished)

Put the toilet lid down when finished, or leave it up

Wipe/wash with my left hand or my right hand

After urinating, shake or don’t

After urinating, remove the last few drops by shaking, pressing 

on the perineum, or the “corkscrew” method… or nothing

Paper hanging over or under the roll

After urinating/defecating, look inside the bowl, or on the 

wiping material (for health reasons, or just interest…) or 

don’t…

Prefer a certain ply toilet paper

When urinating, use your left hand, right hand, or both hands

When washing in a wiping culture (no water available), use a 

wet wipe or a self-supplied bottle or something else

Use a step/squatty potty when sitting

Use a step when standing 

Take my rings off (for religious or other reasons) or don’t



Sanitation is a human right

70/169. The human rights to safe drinking water and sanitation 



Sanitation is part of the Sustainable 

Development Goals



Sanitation is part of the Sustainable 

Development Goals



Basic sanitation



Safely-managed sanitation



How we’re going…

Globally:

45% of the population (3.4 billion people) have a safely-

managed sanitation service

In Australia:

76% of the population have a safely-managed sanitation 

service

• 70% wastewater is treated

• 2% septic tanks are emptied

• 3% excreta is contained/buried in situ



How we’re going…

24% of Australians 

DO NOT have a 

safely-managed 

sanitation service



Energy, nutrients and water

Potential for Resource Recovery from Huma Waste

kg/person yr:             Brown Yellow Grey

N          ~4–5              ~10%    ~87% ~3%

P          ~0.75             ~40%    ~50% ~10%

K          ~1.8               ~12%    ~54% ~34%

COD    ~30                ~47%    ~12% ~41% 

Water   ~44 m3/person year 

CNPK-H2O in wastewater streams



Sanitation – water – food – energy 

nexus



FS and WW treatment: solving 

the jigsaw

• Public health risks reduction

• Environmental protection

• Resource efficiency

Higher priority

Lower priority



Groundwater

Water pollution control



Case Study 1:

Merida, Yucatan (Mexico)



Karstic aquifer

Case Study 1:

Merida, Yucatan (Mexico)



Impact to water supply
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Four main water well fields, which only use chlorination as treatment process, to supply 

an average of 4m3/s of “tap water” to the MAM at 40m depth (Cuevas et al., 2003). 

These are:  Merida I, Merida II, and Merida III and currently under construction Merida 

IV (Table 11). From these, Merida I is of major supply, and is the nearest to the 

recharge zone around the RS. Water quality of the RS has been reported as favourable 

for human consumption. Thus, proximity of water well fields to the RS guarantees good 

water quality (Pacheco et al., 2004b).  

     Table 11 Water supply fields of the Metropolitan Area of Merida 

Well field Operation 
start year 

Supply area Area 
(m

2
) 

Number 
of wells 

Capacity 
(L/s) 

(%) 
Population 

supplied  

Merida I 1966 SE- Merida  6,250,000 24 1200 40 

Merida II 1985 SW- Merida 720,000  10 500 14.46 

Merida III 1993 North Merida 316,000  14 of 17 700 4.29 

Merida IV
a
 2014 NW-Merida 413,610 26 1300 25 

Interurban 
wells

b
 

 Around Merida  33 1650* 13.45 

Progreso  Progreso  23 1150* 2.8 
*Value estimated assuming 50 L/s for each well SE: Southeast; SW: Southwest. 

a
Under construction, it is planned to 

supply 350,000 people; 
b
 data from SEDESOL. Source: adapted from Flores-Abuxapqui et al., (1995); JAPAY, (2013); 

CONAGUA, (2011). Chlorination in Merida IV has been reported to use 1680kg of chloride per month JAPAY, (2009) 

Nevertheless, Flores-Abuxapqui et al., (1995) have reported different levels of 

contamination from these water well fields. Surprisingly, the highest contamination was 

within the peripheral area of Merida I (centre and south of Merida), which was 

associated to wastewater and faecal pollution. High concentration of mesophilic 

anaerobes in the influencing area of Merida III (northeast and east of Merida), was 

associated to the presence of wastewater treatment plant leakage or contamination 

within the distribution network. The best water quality was reported in the peripheral 

area of Merida II plant (west and north of Merida) for both: received water (at the 

household tap) and inter-households (at the distribution network). 

In 2013 the  decree  set a total water abstraction for the  priority area of 495 million m3 

(Table 12), which represent the 41% and 19% of the total abstraction in Yucatan State 

and Yucatan Peninsula respectively (CCPY, 2012).  

      Table 12 Water abstraction in the priority area of Yucatan in 2013 (m
3
/year) 
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A 3.7E+7 1.9E+4 0.0 7.2E+6 2.4E+7 2.0E+6 1.7E+8 5.9E+7 3.0E+8 

B 1.7E+7 1.0E+3 3.6E+4 9.9E+4 1.3E+6 7.7E+5 8.8E+6 4.2E+7 7.1E+7 

C 2.5E+7 0.0* 0.0 5.4E+4 6.4E+4 8.6E+5 6.6E+6 4.4E+7 7.7E+7 

D 2.4E+7 0.0* 7.3E+4 1.1E+5 1.8E+4 3.2E+6 3.5E+6 8.0E+6 3.8E+7 

A-D 1.0E+8 2.0E+4 1.1E+5 7.4E+6 2.5E+7 6.8E+6 1.9E+8 1.5E+8 4.9E+8 

Rest of Yucatan 2.9E+8 5.0E+3 4.0E+3 3.8E+5 1.1E+7 9.1E+6 4.8E+7 3.2E+8 6.8E+8 

Total 3.9E+8 2.5E+4 1.1E+5 7.8E+6 3.7E+7 1.6E+7 2.4E+8 4.8E+8 1.1E+9 

*There was no data reported in the Yucatan ordinance, it is incomplete. Source: Yucatan Government, (2013). 
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- Model the effect of water management interventions on pollutant 

concentrations. 

The limitations of this SIWM include:  

- For the study area, due to incomplete or fragmentary (and sometimes 

inconsistent) data to set the required data input for model input parameters 

some data was estimated on the basis of “typical” pollutant concentrations 

reported in the literature.     

- For the study area, a simplified approach was applied to the modelling of 

groundwater flow patterns and distribution of pollutants, which may not be 

robust enough to represent the karstic nature of the aquifer. This focuses on 

addressing regional and long-term water pollution issues rather than local or 

seasonal patterns.   

- Modelled interventions are suggested on the basis of current technical status 

and cost-effectiveness thus needs to be updated for future scenarios.     

4.2. Conceptual model 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20 Top-diagram: Conceptual model of the case study area, as a physical representation of the 
groundwater pollution scenario. Bottom-diagram: Simplified graphical representation of the model 

structure. Colour within one aquifer section illustrates homogeneous distribution of pollutants within the 
water volume of this section. Colour grading between sections illustrates that different pollutant 

concentrations built in different aquifer sections, as a consequence of different wastewater inflow 
volumes and pollutant loads. 
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This area is divided into 4 equally-sized sections: A, B, C and D from southeast to 

northwest direction, referred to as “aquifer sections”. Each section has its own 

characteristic for example in terms of population and wastewater load (both are highest 

in C that includes majority of Merida City and lowest in A, a predominantly rural area). 

 

 

 

 

 

 

 

 

 

 

4.3.2. Sub-model structure 

The model includes 10 sub-models, representing the water cycle (aquifer sub-model) 

and human influence (9 sub-models). Aquifer sub-model was conceived as the 

environmental factor for the conceptual model of this research (Figure 20). It comprises 

water quality data as input and output from the MAM case study.  

Table 21 Sub-model structure of the present research 

Factor Group Sub-model Coding name in the model 

Water cycle Aquifer Aquifer AQUIFER 

 
 
 
Human 

Population Population POP 

Urban Domestic Urban DU 

Industry IND 

Institution INS 

Public Urban PU 

Rural Domestic Rural DR 

Agriculture AGR 

Aquaculture AQU 

Livestock LIV 

The model was developed with data from the 4 aquifer sections of the MAM case study 

(Figure 23), which was delimited considering the site-specific groundwater pollution 

documented and data availability from local research. The human influence comprises 

9 sub-models. The population sub-model, which affects all the other 8 sub-models that 

represent the anthropogenic activities and are classified into two groups: “urban” and 

Figure 23 Rectangular study area of the model with the four aquifer sections A, B, C and D. 
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6.5. Simulation of seasonal variation of FC concentration 

So far the model has kept rainfall constant with time at about 7 m3/s, without 

considering seasonal variations. However, in the study area there is a dry season 

(November-April) and a rainy season (May-October), with very different monthly 

precipitation. Field data about seasonal variation of FC concentration in the study area 

are limited, but a study of Pacheco et al., 2000 (sampling year 1983) covering 17 

shallow wells in the north of  Merida, strongly support the idea of a seasonal variation 

of FC concentration. In the dry season, FC concentration dropped to a minimum of 1 

CFU/100ml, while in the rainy season peak concentrations in the range of 1x10E+05 

CFU/100ml are reached. The study has shown a correlation between temporal 

variation of FC concentration and the precipitation pattern (Figure 43) considering that 

the rainfall washes FC from its points of origin at the surface into the aquifer. 

Physically, one may imagine this as a flushing-out effect that is particularly efficient at 

high rainfall, while in the absence of rain the microbial contaminants reside in the 

unsaturated zone (upper layer of the aquifer) and die-off. 

 

 

 

 

 

 

 

 

As an example, the seasonal variations for section C were implemented in the model 

by considering monthly (rather than annual) rainfall and associating the FC 

concentration resulting from more or less effective infiltration in the aquifer with the 

amount of monthly rain. In detail, the FC level was multiplied with a factor that is the 

ratio between rainfall in a specific month (INEGI, 2011) and, the average monthly 

rainfall. Consequently, the concentration of FC in the aquifer is positively correlated 

with the amount of rainfall, as documented by Pacheco et al., (2000). 

With these assumptions and framework conditions, the concentration of FC was 

simulated on a monthly timescale. Figure 44 exemplifies the results for the year 2010, 
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Figure 43 Comparison of seasonal variations of FC concentration (shallow wells in the north of 
Merida, in 1983 from Pacheco et al., (2000), and average monthly precipitation for Merida from 

INEGI, (2011)  
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Public health implications

Risk to Adults



Public health implications

Risk to Under 5
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remains one of the main issues in the aquifer of the MAM, thus of health (Alcocer et al., 

1999; Mendez et al., 2004). 

In 2000, acute diarrhoea diseases incidence in Yucatan was the highest in Mexico (8 

698 per 100 000 inhabitants - Yucatan, 4 955 cases per 100 000 inhabitants -national) 

(Osorio, 2009; Mantilla et al., 2002; Alonzo and Acosta, 2003). Furthermore, Table 19 

shows incidence rate for specific disease in 2011 which were significantly higher than 

the national rate (SINAVE, 2012). 

Table 19 Incidence rate of Intestinal Infectious Diseases in Yucatan, 2011  

Intestinal infectious Diseases Incidence rate* 

Yucatan Mexico 

Intestinal amebiasis 745.54 384.15 

Helminthiasis 464.48 284.96 

Intestinal infectious from protozoans 179.62 71.9 

Ascariasis 231.56 71.37 

Paratyphoid and other salmonellosis 30.77 112.02 

Typhoid fever 3.5 44 

Bacterial food poisoning 21.42 40.71 
*Incidence rate is given per 100, 000 inhabitants. Source: SINAVE, (2012). 

A study in Yucatan aimed to identify the cause of salmonellosis in children with 

diarrhoea reported the same types of salmonella (S. Typhimurium and S. Enteritidis) as 

in raw meat (chicken, pork and steak meat). The study also reported antibiotic 

resistance from these types of salmonella; specifically S. Typhimurium was resistant to 

ten antibiotics (including ampicillin, chloramphenicol, trimethoprim-sulfamethoxazole, 

aminoglycosides, nalidixic acid and extended-spectrum cephalosporin). During the 

study (2003-2005) there were three deaths due to S. Typhimurium in children under-6 

months. S. Typhimurim, S. Typhi and S. Enteritidis, which may cause sepsis and 

meningitis (Zaidi et al., 2006). 

Mendez et al., (2004) have reported the highest infant mortality rate by municipalities in 

Yucatan State (Figure 17), which could be attributed to poor/deteriorated water quality 

through short-circuit contamination of the aquifer. Municipalities with the highest infant 

mortality rate (IMR) in 2000 were: Chichimila (71.11); Chankam and Chikindzonot 

(63.26), Yaxcaba (52.18), and Quintana Roo, Sudzal, Tunkas and Cenotillo (50.42). 

Morbidity causes in Yucatan in 2000, are shown in Table 20. Zoonotic diseases are 

intrinsically related to water quality due to the water vector transmission route of 

pathogens (Reyes-Novelo et al., 2011).  



Case Study 2: VeSV Bangladesh

VeSV-Bangladesh: Value at the end of the sanitation value-chain in 

Bangladesh (2013 – 2015).  PI: Professor B E Evans, Co-Is:  Dr M. A. 

Camargo-Valero, Dr L. A. Fletcher, et al. Research Partners: IWMI, BUET, 

NGOForum. Funder: International Water and Sanitation Centre (IRC) and 

Bangladesh Rehabilitation Assistance Committee (BRAC) 



VeSV
Value at the End of the Sanitation Value Chain

Effective long-term management of faecal sludge to reduce public health risks 

and encourage the recovery of valuable resources.

Access 

to Toilet
Emptying Transport Treatment Disposal or Reuse 



VeSV: Rural Bangladesh

Pit latrines in Bangladesh



Pit emptying: 

Personal protective equipment (PPE)

Personal Protection 
Equipment

 Waterproof suits 

 Masks

 Hand gloves 

 Safety glass (goggles)

 Gum boots 
Pit emptiers wearing PPE

Reduced exposure to faecal sludge 

Uncomfortable to wear due to the heat and humidity 

Unlikely to be popular among sweepers.

Results



Pit Emptying: what are the 

options?

Manual emptying: Human-powered emptying of pits, vaults and tanks can be done in one of
two ways by using buckets and shovels, or by using a portable, manually operated pump
specially designed for sludge (e.g., the Gulper, the Rammer, the MDHP or the MAPET).

Advantages: Some sanitation technologies can only be emptied manually, for example, the fossa
alterna or dehydration vaults. These technologies must be emptied with a shovel because the
material is solid and cannot be removed with a vacuum or a pump (e.g. the fossa alterna,
arborloo, composting toilets or Urine Diverting Dry Toilets). When sludge is viscous or watery it
should be emptied with a hand pump, a MAPET or a vacuum truck, and not with buckets
because of the high risk of collapsing pits, toxic fumes, and exposure to un-sanitised sludge.
Manual sludge pumps are relatively new inventions and have shown promise as being low-cost,
effective solutions for sludge emptying where, because of access, safety or economics, other
emptying techniques are not possible.

Disadvantages: handling fresh excreta poses the operators and general public to unhealthy and
unsightly conditions. The most important aspect of manual emptying is ensuring that workers
are adequately protected with gloves, boots, overalls and facemasks, but the use of such
Personal Protective Equipment (PPE) is often very difficult to achieve in practice due to cultural
and practical issues.



Faecal Sludge Management:

http://www.eawag.ch/en/department/sandec/publications/faecal-sludge-management-fsm-book/

Pit Emptying: what are the options?

http://www.eawag.ch/en/department/sandec/publications/faecal-sludge-management-fsm-book/


Mechanical emptying by tanker: Use of a tanker with a vacuum pump

Tanker with faecal sludge and septage

Advantages: Your pit will be empty after only one or two tanker visits; the
vacuum is strong enough to lift sludge from a depth of 2 to 3 metres;
minimum health risk to pit emptying workers.

Pit Emptying: what are the options?



Mechanical emptying by tanker: Use of a tanker with a vacuum pump

Disadvantages: Large vehicles cannot negotiate narrow, twisting roads and
alleys; Vehicles with powerful pumps are very expensive, and it is often very
difficult to get spares.

Pit Emptying: what are the options?
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Pit emptying
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VeSV: Rural Bangladesh
Local practices for pit emptying and sludge disposal

Results from household surveys

• 90% of households hired a 
sweeper. 

• ~BDT 300 (BDT 100-1,300)

• Dig 1 ft deep shallow trough near 
latrine; drain the contents into the 
trough (80%)

• Households yet to empty: same 
practices

Potential market for faecal sludge 
collection and transportation  is large



VeSV: Rural Bangladesh
Characterisation of faecal sludge samples

Results: sample collection and analysis 

5 Upazilas and 38 sampling 

points

• Mirzapur, Gazipur

• Phultola, Khulna

• Senbagh, Noakhali

• Bhaluka, Mymensingh

• Chagolnaiya, Feni

Faecal sludge 

characterisation:

TN, TOC, TVS, MC, pH, 

Conductivity, PO4-P, Total 

Coliform, E. coli and Helminth 

Eggs.
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VeSV: Rural Bangladesh
Pre-treatment units for faecal sludge drying

Results Pre-treatment units for FS 

dewatering were develop at pilot 

scale in an existing composting 

facility at Purbapara, Gazipur, 

Bangladesh.  

Two identical sand drying beds 

with mixed media were 

constructed with a surface area of 

12 m2 and designed to operate 

with a maximum solid loading rate 

of 450 kg m-2 yr-1.

The primary purpose of the drying 

beds was to dewater and dry FS 

collected from single pit latrines 

before co-composting

 
Figure 4 Plot plan of pilot-scale dewatering and composting units at Purbapara, Gazipur. 

  

(a) Drying beds – masonry work (b) Drying beds – plastering work 

  

(c) Drying bed 1 with plastic cover (d) Drying bed 2 with rigid cover 

Figure 5 Sand drying beds at Purbapara, Gazipur 

 

Pilot plat at Purbapara, 

Gazipur
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Drying



Pre-treatment units for faecal sludge 

drying

Sand beds represent an effective pre-treatment alternative for FS dewatering and drying and make an 

important contribution to pathogen inactivation.  Special attention is needed to consider its restrictions 

during wet seasons and hence, full-scale units need to manage appropriate solid loading rates to cope 

with longer drying cycles.  Nevertheless, it does not seem to make a great impact on full-scale 

operations, as a good FS management programme would need to encourage pit emptying practices 

during dry seasons, which will ultimate reduce detrimental impacts caused by a high water table during 

wet seasons. 

2.3 Bio-drying 
Considering the potential to utilize exothermic energy released during the biological stabilisation of 

organic matter under anoxic conditions, it was envisaged that the use of bio-drying beds would help to 

reduce drying cycles; particularly during wet seasons with added benefits such as faster FS stabilisation 

during composting.  Pilot-scale bio-drying beds were constructed at the experimental facility in 

Purbapara, Gazipur (see Figure 8).  

  

(a) Loading bio-drying units with pre-treated FS (b) Adding sawdust to adjust C:N ratio 

  

(c) Sample collection for analysis  (d) Final product after bio-drying 

Figure 8 Bio-drying beds at Purbapara, Gazipur 

 

FS samples were collected from various sources for pre-treatment (i.e., dewatering for 3 days) in sand 

drying beds.  Bio-drying beds were loaded with dewatered FS (71% moisture) and mixed with sawdust 

with a ratio 65:35 FS to sawdust.  Key parameters were used to monitor daily changes in the FS-sawdust 



Overall observations

• Sand beds represent an effective pre-treatment alternative for FS 

dewatering and drying

• Sand beds make an important contribution to pathogen inactivation

• They are less effective during the rainy season

• Solids loading rates need to be managed to adapt to longer drying 

cycles

• Any FS management programme needs to encourage pit emptying 

during the dry season in order to reduce the detrimental impact on the 

FS dewatering process

Pre-treatment units for faecal sludge 

drying



Post treatment: co-composting of dried 

faecal sludge

Approach 

The key consideration is to produce a high quality product with 

the potential to compete in the fertiliser market.

Development of co-composting processes to ensure optimum 

nutrient content in the final products. 

Co-composting provides opportunities to utilise locally 

available organic wastes to balance nutrients (C:N ratio), 

standardise operational conditions and the quality of the final 

product



Methodology 

• Pilot scale co-composting trials using dried FS (sand beds & biodrying) 

and a range of bulking agents:

• Cow dung

• Rice straw

• Organic market waste

• Sawdust

• Rice husk.  

• Windrows monitored during the whole process

• Quality of the final product was compared to relevant criteria for 

commercial fertilisers and international guidelines for the safe use of 

excreta.

Post treatment: co-composting of dried 

faecal sludge
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Co-composting



Co-composting and quality of the final 

product

Results 

Table 10 Final characteristics of the material in windrows 1-6 

Parameter 
Windrow 1 Windrow 2 Windrow 3 Windrow 4 Windrow 5 Windrow 6 

Bangladesh 
standards 

Faecal Sludge Sand beds Bio-dried  

EC (mmho/cm) 1.76 ± 0.17 1.98 ± 0.08 2.82 ± 0.23 1.29 ± 0.08 1.54 ± 0.12 2.08 ± 0.14 - 

pH 7.10 ± 0.19 7.40 ± 0.14 7.36 ± 0.25 7.35 ± 0.22 7.70 ± 0.26 7.56 ± 0.04 6.0-8.5 

Moisture (%ww) 37.22 ± 2.29 39.36 ± 1.55 41.30 ± 3.12 52.52 ± 2.34 56.15 ± 1.57 54.65 ± 1.78 10-20 

TVS (%dw) 42.33 ± 3.03 45.21 ± 0.78 36.32 ± 0.59 36.52 ± 3.13 34.97 ± 2.78 33.81 ± 1.19 - 

TOC (%dw) 25.08 ± 1.70 23.91 ± 1.17 24.71 ± 2.13 19.85 ± 1.79 18.99 ± 1.50 18.22 ± 1.20 10-25 

C/N 15.12 ± 0.20 15.52 ± 0.45 15.83 ± 2.12 11.15 ± 0.77 12.17 ± 0.16 10.80 ± 0.41 <20:1 

Total N (%dw) 1.66 ± 0.13 1.54 ± 0.04 1.57 ± 0.13 1.78 ± 0.11 1.56 ± 0.12 1.69 ± 0.16 0.5-4.0 

PO4-P (%dw) 1.12 ± 0.06 1.21 ± 0.11 1.26 ± 0.09 1.38 ± 0.08 0.97 ± 0.07 1.21 ± 0.06 0.5-3.0 

NO3-N (%wt) 0.12 ± 0.00 0.09 ± 0.01 0.07 ± 0.01 0.11 ± 0.03 0.13 ± 0.01 0.13 ± 0.01 - 

NH4-N (%dw) 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.01 ± 0.00 - 

Total Coliforms (cfu/g) nil nil nil nil nil nil - 

E. coli (cfu/g) nil nil nil nil nil nil - 

Helminth (eggs/g) nil nil nil nil nil nil - 

Si (% dw) 21.96 19.04 16.42 18.71 15.98 18.25 - 

Ca (% dw) 6.49 6.85 5.57 5.23 6.78 8.69 - 

Fe (% dw) 2.77 3.30 2.95 3.58 3.48 3.14 - 

K (% dw) 2.57 3.01 2.61 2.73 2.49 2.85 0.5-3 

Mg (% dw) 1.59 1.50 1.15 1.24 1.18 2.05 - 

S (% dw) 1.14 1.12 1.00 1.21 0.92 1.27 0.1-0.5* 

Mn (% dw) - 0.24 0.00 0.00 0.00 0.30 - 

Zn (% dw) 0.11 0.11 0.08 0.15 0.18 0.16 < 0.1** 

Cr (% dw) 0.03 0.00 0.03 0.00 0.03 0.00 < 0.005%*** 

Cu (% dw) 0.02 0.02 0.02 0.02 0.02 0.02 < 0.05% 

Ni (% dw) 0.01 0.01 0.02 0.00 0.02 0.00 < 0.003%**** 

As (ppm) 0.37 0.54 1.18 0.38 1.02 0.43 20 ppm 

Pb (ppm) 11.40 22.12 18.24 17.66 19.32 50.88 30 ppm 

Cd (ppm) 1.10 0.71 0.76 2.26 0.76 1.44 5 ppm 

 *There is no standard in the UK or Sri Lanka for sulphur  
**The standard for zinc in the UK is 400ppm (0.04% dw) 

 ***The standard for chromium is 100ppm in the UK (0.01% dw) and 1000ppm (0.1% dw) in Sri Lanka 
 ****The standard for Nickel is 50ppm (0.005% dw) in the UK and 100ppm (0.01% dw) in Sri Lanka 
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Overall observations:

• Co-composting is a viable option for the management of faecal sludge 

in Bangladesh. 

• The co-composting process was not affected by the sludge type or the 

mix of bulking agents used. 

• Thorough mixing of sludge and bulking agents is crucial to ensure the 

material within the windrows is homogenous – the study showed that 

this cannot be achieved by hand mixing alone

• Final product quality was generally within the standards required in 

Bangladesh with the exception of sulphur, zinc, chromium and nickel

• It is unclear where the heavy metals originated and further research 

would be needed to identify the source of these and determine if the 

issues can be overcome

• Final product was pathogen and helminth free – no impact on reuse 

options & complies with international guidelines for excreta reuse 

(WHO)

Co-composting and quality of the final 

product



Valorisation: adding value to compost 

depending on the product

Approach 

The nutrient value of the final products was lower than anticipated 

at the start of the project and therefore they would be considered 

as a soil conditioner rather than a fertilizer

By increasing the nutrient value of the compost, a competitive 

fertiliser could be produced. This could be done by utilising high 

nutrient waste resources or industrial fertilisers 



Results 

Section 4 Valorisation: adding value to compost depending on the 

product 

4.1 Enhancing nutrient value depending on the nature of the co-compost 
The nutrient value of the 6 types of co-compost final products can be found in Table 10. When 

compared with synthetic fertiliser nutrient values such as N-P-K and urea, the nutrient values of the 

compost are rather low. As a result, the compost would be considered as a soil conditioner rather than a 

fertilizer. By increasing the nutrient value of the compost, a competitive fertiliser could be produced.  To 

achieve this, blending with high nutrient waste resources would be an option. However, it is not always 

easy to find high nutrient waste sources locally; hence synthetic fertilizer was used as the nutrient 

source. The nutrient addition was done based on the total N value. The N value was increased 100% by 

adding the synthetic fertilizer (i.e., 50% N from co-compost and 50% N from synthetic fertilizer).  

This blending was done using a simple process or manual mixing, which is low cost and can be 

conducted in poor countries where mechanisation is a limitation. In previous studies carried out in West 

Africa (Ghana) there were three forms of fertilizer (a) Dry powder (b) Paste and (c) Liquid. It was found 

that using it in its powder form proved to be very effective in terms of the ease by which it could be 

mixed with compost. The photographs in Figure 22 show the mixing of the three forms of synthetic 

fertiliser. Based on these result, powder synthetic fertilizer was added to the compost during this study 

and mixed thoroughly. The enriched product was tested on local leafy crops as described in section 5. 

 

 

Figure 22 Blending with three forms of synthetic fertilizer (Source: IWMI Ghana office) 

 

4.2 Pelletisation of the faecal sludge compost 
The advantages of pelletizing compost include reduction in volume/bulkiness which in turn helps to 

reduce transport costs and make handling of the end product easier. There are also benefits in terms of 

optimising nutrient release which due to the disintegration of the pellets over time may allow a steady 

nutrient release. In order to achieve these objectives the characteristics of the pellets should be such 

that they are durable and therefore do not get crushed during transportation and they should also have 

suitable disintegration and nutrient release properties. 

The N value was increased 100% by adding synthetic fertilizer as 

dry powder (i.e., 50% N from co-compost and 50% N from synthetic 

fertiliser).

Valorisation: adding value to compost 

depending on the product



Results 

In general, the compost is ground into powder form before conducting the pelletizing process. Grinding 

is an energy consuming process as (a) compost has to be dried before grinding, and (b) grinding itself is 

an energy consuming activity.  In this case, to avoid additional grinding and drying steps, a disk  type 

pelletizer was selected (i.e., disk and roller).   

4.2.2 Pelletisation results 

It has been evidenced that fecal sludge that has been co-composted with sawdust is difficult to pelletize 

(Nikiema et al., 2014). Hence this trial was conducted on dried faecal sludge and sawdust co-compost 

and it was assumed that if this material can successfully be pelletized, all the other co-compost products 

also would be able to be pelletized by using the same methodology. Figure 24 shows photographs of the 

pelletising machine and the pellets produced. 

 

Figure 24 pelletisation machine and pellets produced 

 

Optimum moisture content, particle size and impact of binding agent 

Moisture content - The initial moisture content of the compost samples was measured and altered to 

the moisture content of the optimum range. Optimum moisture content was identified on production 

rate, quality of pellets (by visual inspection). If the moisture content was high the pellets had a tendency 

to stick together, and if moisture content was low pellets would not be produced properly as expected 

due to the low plasticity of the compost. The suitable moisture content range was identified by 

employing a trial and error method and it was found that the desirable moisture content ranged 

between 18% and 41%.  

Compost particle size – The hole diameter and thickness of the pelletizer die was noted as 5 mm. The 

biggest particle size used for pelletizing was 4 mm (i.e., 0-4 mm compost). When higher particle sizes 

were used, it was assumed that the compost particles are compressible and particles get ground during 

the pelletizing process. While proving the assumptions were valid, good quality pellets were produced 

using 0-4mm particle range. Ideal pellet size was found to be 5 mm in diameter and 15 mm to 17 mm in 

length, irrespective of binder and NPK content.  

Pelletisation machine and pellets produces

Valorisation: adding value to compost 

depending on the product
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Potential use as energy 

source
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Case Study 3: VeSV Uganda

Lubigi, sewage treatment work, Kampala, Uganda

Co-composting as an upscale method for adding value to faecal sludge 

management in urban Africa.  M Manga, B E Evans, M A Camargo-Valero.  

Funder: Leeds International Research Scholarship Awards, University of Leeds; 

Makerere University.



Pumping station

Grit removal + Parshall flumeScreens

Inlet discharge

VeSV: Uganda



Tanker with faecal sludge and septage Sludge thickening

Drying beds

VeSV: Uganda

WSP system



VeSV: Uganda

Manga M, Evans B E, Camargo-Valero M A, Horan N J (2016).  Effect of filter media thickness on the performance of sand 

drying beds used for faecal sludge management. Water Science and Technology, 74(12), 2795-2806



Faecal sludge dewatering

Manga M, Evans B E, Camargo-Valero M A, Horan N J (2016).  Effect of filter media thickness on the performance of 

sand drying beds used for faecal sludge management. Water Science and Technology, 74(12), 2795-2806
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• All the composting piles met the USEPA (2003) 

criteria for pathogen inactivation

• Piles containing coffee husks exhibited a 

higher inactivation efficiency and shorter 

inactivation period than other piles. 

• SBW piles attained complete helminth eggs 

during maturation period.

• Other mechanisms could have been 

responsible for pathogen inactivation during  

mesophilic phase such as 

 antibiotic action induced by certain actinomycetes

and fungi, 

 antagonistic effect between organisms 

 Toxic by-products (such as NH3)
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VeSV: Uganda

Manga M., Evans, B E, Camargo-Valero M A (2019). Inactivation of Viable Ascaris eggs during Faecal Sludge Co-

composting with Chicken Feathers and Market Waste. Desalination and Water Treatment, 163, 347-357 



Case study 3. Wastewater reuse for food 

and energy crops in North East Brazil

Our  main  research  project    “Caatinga Viva”  (USD$  1.500.000  - 2 years, founding by PETROBRAS, the Brazilian petroleum 
company) is carried out in the area surrounding the treatment plant of Pendências, a city located 220 km from Natal. There 
we are making the reuse of final effluent for irrigation of  elephant grass (15 ha) for biomass (production of briquettes), to 

replace firewood in the ceramic fabrics in the region. The project also involves the training of agricultural workers on 
Environmental Sanitation. Now they know the health and economical benefits  of sewage treatment and reuse.  

Calado-Araujo et al., 2015

Federal University of Rio Grande do Norte, Natal, Brazil



Environmental protection. Use native woods in industrial ceramics accelerates the destruction of one 
of the most important Brazilian biomes, the Caatinga (natural habitat that covers 11% of Brazilian 
territory).

Bioenergy for development. The use of a new element in the energy matrix, the briquette made with 
grass, irrigated with treated wastewater, is feasible and can replace gradually the use of native 
firewood.

Sustainability. Evaluate the production of briquettes made with purple elephant grass (Pennisetum 
purpureum) irrigated with the treated effluent from a WSPS in the city of Pendencias-RN, northeast of 
Brazil.

Wastewater reuse for food and 

energy crops



Wastewater for agriculture

• 20 million ha of land are irrigated 

with wastewater worldwide (1.3m 

ha in China)

• By 2025, 3.5 billion people (48% of 

the projected population) will reside 

in river basins considered to be 

water stressed (<1700 

m3/person/yr)*

• Nearly a billion people are 

employed in urban and peri-urban 

farming and related enterprises

*World Resources Institute, 2000

Wastewater reuse in agriculture



• Conserves water

• Low-cost method for sanitary disposal 

of municipal wastewater

• Reduces pollution of rivers, canals 

and other surface water resources

• conserves nutrients, reducing the 

need for artificial fertilizer

• increases crop yields (including 

energy crops)

• provides a reliable water supply to 

farmers 

• Health risks for irrigators and 

communities with prolonged contact 

with untreated wastewater and 

consumers of vegetables irrigated with 

wastewater 

• Contamination of groundwater  

• Build-up of chemical pollutants in the 

soil

• Creation of habitats for disease 

vectors 

• Excessive growth of algae and 

vegetation in distribution canals

Positive effects Negative effects 

Wastewater reuse in agriculture



WHO

Guidelines for the Safe use of 

Wastewater, Excreta and Greywaters

(WHO, 2006) 

*Source: Mara  D. and Bos R. (2010). Risk analysis and epidemiology: The 2006 WHO guidelines. In Wastewater Irrigation and Health: Assessing and Mitigating Risks in Low-

income Countries (ed. P. Drechsel, C. A. Scott, L. Raschid-Sally, M. Redwood and A. Bahri), pp. 51−62. London: Earthscan.

Wastewater reuse in agriculture



Wastewater reuse for food and 

energy crops

Calado-Araujo et al., 2015

Federal University of Rio Grande do Norte, Natal, Brazil

Maturation ponds for pathogen control and nutrient recycle



Calado-Araujo et al., 2015

Federal University of Rio Grande do Norte, Natal, Brazil

We're finishing the installation the briquette factory and the first harvest should be done in May. The workers of the area 
already planted corn, banana and beans for their own. Elephant grass for the production of briquettes

Wastewater reuse for food and 

energy crops



Analysis of ecological wood: the 

briquette 

Briquette
Experiment

E1-5 E2-5 E3-3

Moisture content 

(%)
7.3 10.0 7.0

Calorific power 

(Kcal/kg)*
4,130 4,090 4,170

*Expected values = 4100 – 4500 Kcal/kg

* Native firewood = 3,300 Kcal/kg

Other kinds of biomass largely produced in 

the northeast of Brazil, such as sugarcane 

bagasse, can also be used as raw material 

for briquette making.



Which sanitation 

technology/ies do you think are 

most appropriate for 

rural/remote communities?



Sanitation is part of the Sustainable 

Development Goals



Understanding and improving 

WASH using participatory methods



Some cool, just released 

(water) research

In Dr Beal’s own words:

• Community-based water demand 

management strategies are overwhelmingly 

preferred by the participants as tools to 

motivate behaviour change and encourage 

water efficient practices;

• Government urgently need to incorporate, as a 

default approach, community engagement 

from the outset of any water, energy (and 

broader) management policies in 

regional/remote/isolated; and

• There is a clear and urgent need to 

improve the environmental health and

WASH outcomes in 

regional/remote/isolated Aboriginal and Torres 

Strait Islander communities before we can say 

we've met many of the SDG's in Australia!

Available from: https://research-

repository.griffith.edu.au/handle/10072/389203



What do you see as the most 

significant barriers to achieving 

universal sanitation?

Let’s discuss!


