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are covered in more detail in Section 2.10. Mechanisms for pathogen reduction and / or inactivation 
include starvation, predation, exclusion, desiccation, partitioning, and temperature, and are covered in 
more detail in Chapter 3. 

2.6.3 Nutrients
FS contains signifi cant concentrations of nutrients, which can be harnessed for benefi cial resource 
recovery, but if not properly managed can result in environmental contamination. The nutrients in 
FS can supplement synthetic nitrogen based fertilisers that are heavily dependent on fossil fuels and 
phosphorus, which is a mined resource of which fi nite supplies are estimated to reach their peak 
availability within 100 years (the point at which demand outstrips supply) (Bentley, 2002; Steen, 
1998). Environmental impacts from nutrients include eutrophication and algal blooms in surface waters 
(see Figure 2.3), and contamination of drinking water (e.g. nitrates leading to methemoglobinemia). 
Nutrients are covered in more detail below in Section 2.9.1. Further information on concerns and 
benefi ts of resource recovery of FS treatment endproducts are presented in Chapter 10. 

2.6.4 Stabilisation
Untreated FS has a high oxygen demand due to the presence of readily degradable organic matter 
that consumes signifi cant amounts of oxygen during aerobic respiration. If FS is discharged to the 
environment, it can result in depletion of oxygen in surface waters. The process of stabilisation 
results in a FS containing organic, carbon-based molecules that are not readily degradable, and which 
consists of more stable, complex molecules (e.g. cellulose and lignin). Stabilisation is achieved through 
the biodegradation of the more readily degradable molecules, resulting in a FS with a lower oxygen 
demand. Common indicators of stabilisation include measurement of Volatile Suspended Solids (VSS),  
BOD, and COD. In addition, stabilisation ensures that organic forms of nutrients present in treatment 
endproducts are stable, and can be more predictably and reliably used. Stabilisation also reduces 
foaming of FS, leading to better dewatering. Stabilisation is explained further in Chapter 3, Treatment 
Mechanisms. 

Figure 2.3  Eutrophic river resulting from direct discharge of untreated faecal sludge and wastewater, Yaoundé 
Cameroon (photo: Linda Strande).
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2.7  TREATMENT CONCERNS

The source of FS coming into a FSP should be monitored to ensure that toxic constituents are not 
introduced from industrial sources. Heavy metals are not removed during the treatment process, and it 
is therefore important to avoid contamination of the FS in the fi rst place. Heavy metals are not usually 
a concern when dealing with domestic FS as these compounds typically come from industrial sources, 
although some contamination can occur from domestic sources, if for example batteries are disposed 
of into the toilet. Leachate from sludge drying beds and stabilisation ponds can be high in salinity. This 
is of concern if the effl uent is to be used for irrigation due to impacts on plant growth, reduced soil 
permeability, and surface crusting. Use of a manifest system for tracking the source of FS is covered in 
Chapter 11, Operations and Maintenance, and the impact of metals and salinity is discussed in Chapter 
10, Enduse of Treatment Products.

2.8 SAMPLING PROCEDURES AND PROGRAMMES

When characterising FS, the quality of the results are strongly infl uenced by the way in which samples 
are collected, as well as the laboratory methods and practices followed. This is exacerbated by the 
diffi culty of trying to sample from within a closed onsite system. FS in containment structures is 
normally not mixed, so the sludge tends to form a scum layer on the top and is often more dense at 
the bottom. Where and how the sample is taken depends on the question that is being asked, and the 
sampling method should be reported alongside the results. For example, if the goal is to understand 
FS characteristics within the containment structure, versus understanding characteristics of FS that 
will be transported by trucks to treatment plants. For the former sampling would be done directly 
from the containment structure, for the later from the collection and transport truck. If the goal is to 
characterise FS within the containment structure, then a representative sample should be collected by 
taking multiple samples in the different zones (i.e. top, middle, bottom), and making a volumetrically 
representative composite sample.

If the goal is to characterise FS that will be delivered to a treatment plant, grab samples can be taken 
directly from the collection and transport truck at various intervals as the truck is discharging, and 
then mixed to obtain a composite sample (see Figure 2.4). The most accurate method is to take grab 
samples over set time periods (e.g. every 2 minutes), but samples can also be taken at the beginning, 
middle and end of discharge since the exact volume in the truck is not known (this is a more qualitative 
measurement, but has been shown to be reasonably accurate). The volume of the FS sample should 
be proportional to the volume of the truck from which the sample is taken as is carried out for fl ow 
proportional wastewater sampling (Vonwiller, 2007). If feasible, samples can also be taken following 
discharge to a storage tank fi tted with a mixer in order to obtain a representative sample. Once FS is 
collected, settling occurs rapidly and this needs to be taken into consideration when selecting the 
timing and interval of sludge collection. 

Other aspects that need to be taken into account include the need for sampling to take place over a 
short period of time, for the sample container to be closed to prevent volatilisation or contamination, 
and for the sample to be kept cool to prevent microbial activity. Samples should be analysed within 
eight hours from the time of collection, or if this is not possible, the sample should be preserved by 
refrigeration or freezing, or by the addition of a chemical fi xative, depending on the standard method 
for the parameters to be measured.
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Figure 2.4  Sampling campaign to quantify and characterise faecal sludge in Ouagadougou, Burkina Faso for the 
design of a new faecal sludge treatment plant. Currently, none exist in the city and the only option for 
collection and transport companies is direct discharge (photo: Hanspeter Zoellig).

Case Study 2.2: Diffi culties associated with sampling for FS characterisation 
(Kartik Chandran and Melanie Valencia, Columbia University, New York)

Starting in 2011, the Bill & Melinda Gates foundation funded a project to assess the possibility to 

produce biodiesel from FS. A partnership between KNUST in Kumasi-Ghana, Columbia University in 

New York and Waste Enterprisers was formed. The fi rst step was the characterisation of f FS in Kumasi. 

A group of graduate students from KNUST conducted the “100 sample study” to assess solid content, 

ammonia, lipid content, pH and COD. The comparison was done among pit latrines, private and pubic 

toilets and was collected at site of discharge by the trucks. The analysis determined that toilets were the 

best feedstock for the purpose of maintaining a healthy fermenter system and getting a better yield of 

long chain fatty acids that could be precursors for biodiesel. 

As the project evolved, volatile fatty acids were also considered as precursors for lipid production. This 

raised some concerns in terms of transporting the samples from the site to the laboratory due to the 

volatilisation of the material in question as well as the length of time between obtaining the sample and 

testing. The sample vials would then be fi lled up to the rim and taken to the laboratory immediately 

for same day VFA measurement. To obtain a homogeneous sample, especially for VFA production in 

the anaerobic digesters, four out of the six fermenters were mixed through pumps. Samples for gas 

production were collected before mixing while FS samples were collected afterwards. 
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Several managerial challenges were also encountered during the collection of the loads as well as during 

sampling. The facility is located within a pond system that serves as the wastewater treatment facility 

for the municipality. The fi rst challenge was to get the trucks to discharge their FS in the experimental 

system rather than in the ponds. At the beginning,  5 USD (GHC10) were given to the truck drivers 

in compensation for their time, as it took longer to discharge the truck into the experimental system 

compared to the ponds. Nonetheless, during the rainy season many truck drivers refused to deliver FS 

because the road into the facility was damaged due to the rain. The incentive of 5 USD was no longer 

enough. Only a few truck drivers that became acquainted with the project continued to provide FS. 

Once the rainy season was over, trucks continued to not come to the facility even when the road had 

been fi xed. Many alternatives to address this situation were considered, including making the sludge 

discharge opening larger for faster emptying. In the end, the fermentation team opted for doubling the 

pay. This attracted many more drivers and the word spread fast. More information about this and other 

FSM projects can be found at www.susana.org.

Case Study 2.3: Faecal sludge sample selection and characterisation from onsite sanitation facilities 
in eThekwini Municipality, Durban 

Characteristics of faecal sludge may vary greatly between different locations and types of facilities. In 

order to verify how greatly, the Pollution Research Group (PRG) at the University of KwaZulu-Natal 

in Durban, South Africa carried out a study of FS properties from different types of onsite sanitation 

facilities in the Durban Metro area, including urine diverting toilets (UDDTs), household (HH) and 

community ablution block (CAB) VIP latrines. The fi rst phase involved a sampling programme (Table 

2.4) to empty pits and to obtain sludge samples from selected onsite sanitation facilities followed by 

chemical, physical, mechanical and biological properties analyses. 

A sampling method was developed for different depths at the ‘front’ and ‘back’ sections of the pit for 

all dry VIPs and UDDTs. The wet VIPs had a high liquid level and the sludge was concentrated as a 

crusty layer at the surface of the liquid. Samples were selected from the ‘crust’ and from the liquid 

beneath the sludge layer; no distinction was made between the ‘front’ and the ‘back’ of the pit. The 

CAB pits were full of liquid similarly to the wet VIPs. On average, eight samples were selected from 

each dry VIP, between four to six samples from each wet VIP, two to six samples from each UD toilet 

(active and inactive vault) and about 12 samples from each CAB. The samples of about one litre were 

stored in plastic containers at 4°C for further analytical tests, including: Chemical Oxygen Demand 

(COD), ammonia, Total Kjeldahl Nitrogen (TKN), (ortho)phosphate, potassium, water content, total, 

volatile, fi xed and suspended solids, sludge volume index (SVI), pH, thermal conductivity, specifi c 

heat, rheology (viscosity), density, particle size distribution, calorifi c value, heavy metals and parasites.

Some of the analytical results are summarised in Table 2.5 as an average of all samples. They indicated 

a relatively high moisture content of all VIP samples – about 80%. Expectedly, the UDDT samples had 

a lower moisture content (60%). The combination of moisture content (respectively total solids) and 

viscosity of the materials provides a useful starting point for assessment and design of mechanical pit 

emptying devices. The maximum measured sludge viscosity from a dry VIP was about 6x106 Pa.s, 

with an average value of about 3x105 Pa.s. However, these values are based on the untreated FS: for 

pit emptying purposes the content of non-faecal wastes should also be taken into account. The COD 

values were the lowest in the UD toilets. 
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Table 2.5  Average values of faecal sludge properties based on lab analyses

% mg/L g/g 
DW

g/g 
DW

ml/mg - mg/g 
DW

mg/g 
DW

mg/g 
DS

mg/L mg/L W/
mK

MJ/kg kg/m3

Dry 

VIP

83 381 0.57 0.43 0.11 7.6 680 13 40 0.73 3.86 0.54 14.06 1,356.5

Wet 

VIP

79 562 0.54 0.46 0.04 7.7 720 7 30 0.83 2.93 0.55 13.08 1,443.1

CAB

VIP

77 139 0.49 0.51 0.51 7.4 650 3 30 0.60 14.31 1,350.1

UD 60 246 0.45 0.55 0.23 7.5 490 5 30 1.00 3.27 0.38 12.93 1,450.4

Pit sludge categorisation was carried out at WWTP site near Tongaat, north of Durban. Three sludge 

samples were selected from a dry VIP pit and a urine diverting (UD) toilet (from active and inactive 

vaults). Manual sorting by different material categories was carried out, the weight of each of them 

measured and then calculated as a per cent of total wet mass. An example of screening FS during a 

sampling event is presented in Figure 2.5.

Although different materials were identifi ed during the manual sorting, over 85% by wet mass was 

determined to be organics which was FS. The second most prevalent category was ‘paper’, about 7-8% 

total wet mass, followed by textiles (1-2%). Feminine hygiene products were about 1% of the total 

mass. Further investigation of the particle size distribution between the different material categories is 

expected to provide information about the size range of those components and estimate their impact 

on the pit emptying devices. 

2.9 PHYSICAL-CHEMICAL CONSTITUENTS 

This section provides an overview of the commonly measured constituents for the characterisation 
of FS and the typical methods of quantifi cation. Further information on the fundamentals of their 
transformations is presented in Chapter 3: Treatment Mechanisms. Methods need to be rigoroursly 
adapted for FS, but a detailed description of the analytical methods for wastewater can be found in 
references such as Standard Methods, e.g. APHA (2005).

2.9.1 Nutrients 
Excreta contains nutrients that originate from food consumption. Of the total nitrogen, phosphorus 
and potassium that is consumed, 10-20% of nitrogen, 20-50% of phosphorus, and 10-20% potassium 
is excreted in the faeces, and 80-90% of nitrogen, 50-65% of phosphorus, and 50-80% of potassium in 
the urine (Berger, 1960; Lentner et al., 1981; Guyton, 1992; Schouw et al., 2002; Jönsson et al., 2005; 
Vinnerås et al., 2006). Ammonia (NH3) is produced by deamination of organic nitrogen, and hydrolysis 
of urea (CO(NH2)2) in urine by urease. The majority of ammonia in raw FS comes from the urine 
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(Mitchell, 1989; Jönsson et al., 2005). The nitrogen content in faeces is about 20% as ammonia, 17% 
as organic nitrogen in the cells of living bacteria, and the remainder as organic nitrogen (e.g. proteins, 
nucleic acid) (Lentner et al., 1981). 

Nitrogen
Nitrogen is an important parameter to consider in FS treatment, as the total nitrogen concentrations 
in FS is typically quite high (e.g. 10-100 times the concentration in domestic wastewater). Depending 
on factors such as pH, length of storage, the presence of oxygen, and the type of FS, nitrogen will be 
present in a combination of the following forms; ammonium (NH4-N)/ammonia (NH3-N), nitrate 
(NO3-N)/nitrite (NO2-N), and organic forms of nitrogen (e.g. amino acids and amines). 

When quantifying ammonia concentrations in FS, a preliminary distillation step is required, followed 
by a titrimetric method, electrode, or a phenate method (APHA, 2005). To prevent volatilisation, 
samples must be refrigerated and analysed within 24 hours, or frozen or acidifi ed to pH 2 for analysis 
within 28 days (APHA, 2005). Total Kjeldahl Nitrogen (TKN) is the sum of organic nitrogen and 
ammonia (NH3-N)/ammonium (NH4-N). TKN can be determined by the macro-kjeldahl method, 
the semi-micro-kjeldahl method, or block digestion and fl ow injection analysis. Nitrate and nitrite can 
be determined by ion chromatography, capillary ion electrophoresis, cadmium reduction, hydrazine 
reduction, cadmium reduction fl ow injection, or UV spectrophotometric method (APHA, 2005). 
There are also commercially available kits for these analyses, which are commonly used. Total nitrogen 
can be determined by oxidative digestion to nitrate followed by quantifi cation of the nitrate, or by the 
sum of TKN and nitrate/nitrite results.

Figure 2.5  Municipal solid waste removed from faecal sludge with bar screens at treatment plant infl uent during a 
sampling event in Kampala, Uganda (photo: Daniel Ddiba).
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Phosphorus
The concentration of phosphorus is also an important parameter to consider, as the total phosphorus 
concentration in FS is quite high (e.g. 2-50 times the concentration in domestic wastewater). 
Phosphorus in FS will be present as phosphate, the acid or base form of orthophosphoric acid (H3PO4 
/ PO4-P), or as organically bound phosphate (e.g. nucleic acids, phospholipids and phosphorylated 
proteins). The fate of phosphorus in the various treatment processes will be based on factors such as 
sorption, precipitation, complexation, sedimentation, mineralisation, pH, plant uptake in planted 
drying beds, and redox potential. 

Phosphate can be determined colorimetrically to determine ‘reactive’ phosphorus, or following 
hydrolysis or digestion to quantify total phosphorus, including particulate and organic fractions 
(APHA, 2005).

2.9.2  pH
Measurement of pH is essential for the understanding of water chemistry processes, such as acid-base 
chemistry, alkalinity, neutralisation, biological stabilisation, precipitation, coagulation, disinfection, 
and corrosion control (APHA, 2005). The pH of FS from septic tanks is normally in the range of 6.5 to 
8.0 (Ingalinella et al., 2002; Cofi e et al., 2006; Al-Sa’ed and Hithnawi, 2006), but can vary greatly from 
1.5 to 12.6 (USEPA, 1994). A pH outside the range of 6 to9 indicates an upset in the biological process 
that will inhibit anaerobic digestion and methane production. This could result from a change in the 
hydraulic loadings, the presence of toxic substances, a large increase in organic loading, or that the 
systems are receiving industrial or commercial wastewater. The pH can be measured with electrodes 
and meters and pH papers (APHA, 2005). 

2.9.3 Total solids
TS concentration of FS comes from a variety of organic (volatile) and inorganic (fi xed) matter, and is 
comprised of fl oating material, settleable matter, colloidal material, and matter in solution. Grit, sand 
and municipal waste are discussed below in Section 2.9.6. Parameters that are typically measured 
include total solids, fractions of volatile or fi xed solids, and settleable, suspended or dissolved solids.

The total solids (TS) are quantifi ed as the material remaining after 24 hours of drying in an oven at 
103-105°C. Volatile solids (VS) are the fraction that are ignited and burned off at a temperature of 
500°C, and this fraction is also considered to be the organic portion. The fi xed solids are the amount 
remaining after ignition, and are generally considered to be the inorganic portion. The ratio of VS to TS 
is used as an indicator of the relative amount of organic matter and the biochemical stabilty of FS. Total 
solid values are important as they are used to design and dimension FS treatment technologies such as 
planted and unplanted drying beds. 

The suspended solids fraction of the FS are defi ned as the solids that are not able to pass through a fi lter, 
while the solids that do pass through are termed dissolved solids. Since these values are dependent on 
the pore size of the fi lter that is used it is important to report fi lter size with suspended solids data. A 
0.45 µm fi lter is typically used for the analysis of wastewater effl uents, but fi lters up to 2.0 µm can be 
used. If FS is too dense to pass through fi lters, then total solids concentrations are more commonly 
reported. 

Solids that settle out of suspension after a certain period of time, for example, the solids that accumulate 
in the bottom of an Imhoff cone after 30 to 60 minutes, are termed settleable solids. This value is 
reported as the sludge volume index (SVI), and is used for designing settling tanks. More information 
on solids measurements can be found in Chapter 9.
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2.9.4 Biochemical Oxygen Demand and Chemical Oxygen Demand
The oxygen demand of FS is an important parameter to monitor, as the discharge of FS into the 
environment can deplete or decrease the oxygen content of water bodies resulting in the possible death 
of aquatic fauna. The oxygen demand is reduced through stabilisation, and can be achieved by aerobic or 
anaerobic treatment. FS dewatering technologies do not necessarily decrease oxygen demand.

BOD is a measure of the oxygen used by microorganisms to degrade organic matter. The standard 
method for detecting BOD involves incubation at 20˚C for 5 days, and is reported as BOD5 in mgO2/L. 
Wastewater is considered to be weak, medium, strong and very strong respectively at BOD5 of 200, 
350, 500, and >750 mg/L (Mara, 2004). As shown in Table 2.3, FS typically has a much higher BOD5 
than that of ‘strong’ wastewater. Non carbonaceous material can also consume oxygen, for example 
the oxidation of ammonia to nitrate, which can increase the reported BOD value if not taken into 
account. To prevent this, nitrifi cation can be inhibited through the addition of chemicals. The particle 
size distribution also has an effect, as smaller and more soluble particles have faster BOD reaction rate 
coeffi cients. Other factors that can account for sample variability include sample fi ltration, dilutions, 
and sampling methodologies.

BOD only represents biodegradable organics, whereas COD represents the oxygen equivalent of the 
organic matter that can be oxidised chemically with dichromate, a powerful chemical oxidant. The 
laboratory analysis of COD is more convenient than that for BOD, taking between a few minutes to 
hours depending on the method. 

COD concentrations will be higher than BOD for a number of reasons including: 
• complex organic molecules like lignin which are resistant to biodegradation, being oxidised by 

COD; 
• some inorganic substances also being oxidised by COD; 
• inhibition of bacteria in the BOD test. 

COD is determined in the laboratory with an open or closed refl ux method, and commercial kits are 
also readily available (APHA/AWWA/WEF, 2005). The ratio of BOD to COD can also be used as an 
indicator of the relative biodegradability of the organic matter in different waste streams. BOD, COD, 
and measurements of COD fractionation are explained in detail in Chapter 9. Other metrics of organic 
carbon not included here are measures of total organic carbon (TOC), and specifi c organic compounds 
of concern.

2.9.5 Oil and grease
Fats, oil and grease in FS comes from a wide variety of sources including lard, meats, seeds and nuts, 
kerosene, and lubricating oils. Oil and grease content is important to consider because it can reduce 
microbial degradation due to reduced solubility, increase the scum layer in settling tanks, cause 
maintenance problems, and create fi lms in surface waters if discharged. Extraction with solvents can be 
used to determine concentrations of oil and grease, and is reported as total oil and grease soluble in the 
specifi c solvent that is used (APHA, 2005).

2.9.6 Grit and sand
Grit and sand concentrations are important to consider in the treatment of FS, as their presence 
infl uences the required size and fi lling rates of tanks used for storage and treatment, and can increase 
the frequency of clogging in pipes and pumps. Sources of grit and sand include unlined pit latrines, 
cleaning and washing of utensils and vegetables, cleansing (e.g. sand tracked into house), and fl ooding. 
In areas where sand is pervasive in the FS, it is a signifi cant treatment and design concern (e.g. Dakar, 
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Senegal; Case Study 2.4). In order to reduce the sand and grit content, sand traps should be installed at 
entry points to pipes and sinks. Concentrations of sand can be determined by fi rst drying the sample at 
105°C in an oven, then at 550°C to obtain the total fi xed solids. The ashes are then treated with a hot 
mixture of nitric acid and hydrochloric acid. The amount of sand is obtained after fi ltration following 
calcination at 1,000°C.

2.9.7 Municipal solid waste
Municipal solid wastes are deposited in sanitation containment systems for a number of reasons, 
such as the lack of a functional system for the collection and management of municipal solid waste. In 
addition, menstrual hygiene products and baby diapers are commonly thrown into sanitation systems. 
As shown in Figure 2.6 the accumulation of these solid wastes can be signifi cant and should be strongly 
discouraged through educational campaigns. Solid wastes can cause problems in the collection and 
transport of FS (Chapter 4), result in clogged pipes and pumps, increase required storage and treatment 
volumes, and affect the end quality of treatment products. 

In order to prevent clogging at treatment plants, the installation of a bar screen is essential at the infl uent. 
It has been found that organic decomposable wastes are the largest constituent in the screenings from FS 
(Troschinetz and Mihelcic, 2009) and typically accounts for 48% of the total waste. Other constituents 
include pebbles, rubble, sand and fi ne particles (29%), iron, wood and textiles (20%), and plastics (3%) 
in mass (dry weight) percentage (Rouyat et al., 2006). Similar results were observed in Dakar, and are 
presented in Case Study 2.4.

Figure 2.6  Municipal solid waste removed from faecal sludge with bar screens at treatment plant infl uent, Dakar, 
Senegal (photo: Linda Strande).
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Case Study 2.4: Sand and solid waste content in faecal sludge in Dakar, Senegal; increased 
collection costs in Kampala, Uganda 

Dakar
A study conducted in Dakar, Senegal found the average sand content in FS from septic tanks to be 

935 g/m3 (mg/L), with a range of 90 g/ m3 to 4,000 g/m3. In poor areas of Dakar, yards are typically 

bare soil and access roads are unpaved. A large amount of sand is therefore tracked into latrines by bare 

feet or shoes. This amount increases further in the rainy season, when wet sand adheres more readily 

to shoes and feet. Showers are also commonly located in the latrine superstructure. In addition, the 

predominance of squat toilets facilitates the direct introduction of sand in the system (M’Voubou, 

2004). 

When passing FS through a 2 cm diameter grid, the following composition was found for the solid 

waste content (mass dry weight percentage after 2 days of drying in the sun): sponges, bones, wood 1% 

each; textiles 2.5%; plant seeds 3%; stones 11%; plastics 12%; sand 25% and decaying (organic) matter 

43% .

Kampala
Next to creating problems in pit emptying and FS treatment, additional solid waste in pits leads to 

higher emptying fees. In Kampala, the pit emptying fees are based on the volume of removed material 

and the travelling distance between the emptied system and the discharge location. The presence of 

accumulated solid wastes in a sanitation system results in a 10-50% increment on top of the emptying 

cost. Table 2.6 provides the typical costs for pit emptying in a 5 km travel radius and the increased costs 

due to this penalty. 

Table 2.6  Typical costs for pit emptying in a 5 km travel radius plus increased costs due to a rubbish penalty

Truck Capacity
(m3)

Standard Costs 
(USD)

Penalty for rubbish 
(10 – 50%) (USD)

Range of total costs 
including rubbish fi ne 

(10 – 50%) (USD)

≤ 1.8 28 2.80 - 14 30.80 - 42

2.0 – 2.7 32 3.20 - 16 35.20 - 48

3.6 – 4.0 40 4.00 - 20 44.00 - 60

4.5 – 7.2 48 4.80 - 24 52.80 - 72 

8.0 – 11 64 6.40 - 32 70.40 - 96

 

2.10 PATHOGENS IN FAECAL SLUDGE 

Exposure to untreated FS should always be considered as a pathogenic health risk. Adequate reductions 
in pathogens need to be determined based on the intended enduse or disposal option for treated sludge 
and liquid effl uents. This is described in more detail in Chapter 10, Enduse of Treatment Products. 
Some common pathogens of concern that may be excreted in faeces, and their importance in disease 
transmission, are presented in Table 2.7.
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Table 2.7 Selected pathogens that may be excreted in faeces and related disease symptoms (adapted from 
Schönning and Stenström, 2004)

Group Pathogen Disease symptoms

Bacteria

Aeromonas spp. Enteritis

Campylobacter jejuni/coli Campylobacteriosis - diarrhoea, cramping, abdominal 
pain, fever, nausea, arthritis, Guillain-Barré syndrome

Escherichia coli (EIEC, EPEC, ETEC, 
EHEC)

Enteritis. For EHEC there are also internal 
haemorrhages that can be lethal

Salmonella typhi/paratyphi Typhoid/paratyphoid fever – headache, fever, malaise, 
anorexia, bradycardia, splenomegaly, cough

Salmonella spp. Salmonellosis – diarrhoea, fever, abdominal cramps

Shigella spp. Shigellosis – dysentery (bloody diarrhoea), vomiting, 
cramps, fever; Reiters syndrome

Vibrio cholera Cholera – watery diarrhoea, lethal if severe and 
untreated

Virus

Adenovirus Various; respiratory illness, here added due to enteric 
types (see below)

Enteric adenovirus types 40 and 41 Enteritis

Enterovirus types 68-71 Meningitis; encephalitis; paralysis

Hepatitis A Hepatitis – fever, malaise, anorexia, nausea, abdominal 
discomfort, jaundice

Hepatitis E Hepatitis

Poliovirus Poliomyelitis – often asymptomatic, fever, nausea, 
vomiting, headache, paralysis

Rotavirus Enteritis

Parasitic protozoa

Cryptosporidium parvum Cryptosporidiosis – watery diarrhoea, abdominal 
cramps and pain

Cyclospora histolytica Often asymptomatic; diarrhoea; abdominal pain

Entamoeba histolytica Amoebiasis – often asymptomatic, dysentery, 
abdominal discomfort, fever, chills

Giardia intestinalis Giardiasis – diarrhoea, abdominal cramps, malaise, 
weight loss

Helminths

Ascaris lumbricoides Generally no or few symptoms; wheezing; coughing; 
fever; enteritis; pulmonary eosinophilia

Taenia solium/saginata Taeniasis

Trichuris trichura Trichuriasis - Unapparent through to vague digestive 
tract distress to emaciation with dry skin and diarrhoea

Hookworm Itch; rash; cough; anaemia; protein defi ciency

Schistosoma Spp. (blood fl uke) Schistosomiasis, bilharzias
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2.10.1 The use of indicators
When measuring the treatment effi ciency of FS treatment processes, it is too expensive and labour 
intensive to measure all types of pathogens. Instead, it is common practice to select indicators of 
pathogenic activity which are measured to provide an indication of the level of pathogen removal 
during treatment. These indicators can be either pathogenic, or non-pathogenic, but the organisms 
need to be carefully selected in order to provide adequate information on the inactivation of pathogens. 
The following requirements should be met when selecting an indicator (Mara, 2004):
• be exclusively of faecal origin;
• be in numbers greater than those of the pathogens of concern;
• have a removal that mimics, and is close to, that of pathogens of concern; and
• be simple, inexpensive, accurate, and reliable to measure.

In addition, indicator organisms should have the ability to survive longer than the pathogen of concern. 
Some of the typical indicator organisms for wastewater, FS and environmental contamination are 
the coliform bacteria, helminths and baceteriophage (as an indicator for viruses). Other indicators of 
faecal contamination that have been used in pollution control and pathogen die-off studies include 
faecal streptococci, Klebsiella, Clostridium perfringens, Bacteroides, Enterococci, and Bifi dobacterium 
(Feachem et al., 1983; WHO, 1984).

2.10.2 Coliform bacteria
Coliform bacteria are bacteria that populate the intestinal tract, and are pervasive in faeces. Their 
presence in the environment is therefore used as an indicator of faecal contamination. Escherichia coli 
(E. coli) is the target organism that has traditionally been used to identify faecal contamination in the 
environment (Feachem et al., 1983). However, there are complicating factors such as bacteria from 
the genus Escherichia that can grow in the environment, and the test is therefore not 100% indicative 
of faecal contamination. Tests have been developed to enable the quantifi cation of total coliforms, 
faecal coliforms, and E. coli. However since these bacteria are not indicators of viral or protozoan 
contamination, and although they are used as indicators of faecal pollution in the environment, they 
do not necessarily provide a good indication of pathogen reduction in FS treatment processes.

Total and faecal coliforms are not good indicators in tropical and sub-tropical climates. The standard 
method for coliforms analysis relies on the production of acid and gas in medium incubated at 
a temperature equal to that of the human body (37°C). The standard method of analysing thermal 
tolerant faecal coliforms relies on their production of acid and gas from lactose when incubated at 44°C. 
However, under tropical and sub-tropical conditions, it has been found that coliforms, which are not 
necessarily faecal, also grow and produce acid and gas from lactose at 44°C (Mara, 2004). Enzymatic 
and biochemical assays have been developed for the detection of E. coli (APHA, 2005), and commercial 
kits are also available for total and faecal coliforms and E. coli.

Helminths
When analysing FS, helminths are most commonly used as an indicator of the effectiveness of 
pathogen reduction due to their prevalence in low- and middle-income countries, and their persistence 
following treatment. Helminths (‘parasitic worms’) are eukaryotic parasites, which are prevalent in 
about one third of the world’s population. Helminths include nematodes (round worms), cestodes 
(fl at worms) and trematodes (fl ukes). These are important pathogens to monitor, as eggs from one 
infected person can infect hundreds of people. Ascaris lumbricoides, a type of round worm, is the 
most commonly used indicator, as the eggs are one of the pathogens most resistant to inactivation in 
treatment processes, and can be identifi ed relatively easily (Feachem et al., 1983). The ability of Ascaris 
lumbricoides eggs to remain viable stems from a highly impermeable eggshell, which is considered to 
be one of the most resistant biological structures. The shell allows the passage of essential respiratory 



Te
ch

no
lo

gy

40

gases while protecting the eggs from a wide array of chemicals and extreme pH conditions (Nordin et 
al., 2009). The monitoring of the removal of Ascaris eggs therefore provides an indication that less 
resistant pathogens have also been inactivated (Fgure 2.7).

To use Ascaris eggs as a metric of pathogen removal, the number of eggs can be enumerated, but a 
more sensitive metric is to measure the viability of eggs. A viable egg is one that still has the potential 
to develop, versus eggs which are no longer viable and have no risk of pathogen transmission. The 
enumeration of viable Helminth eggs employs the coproscopic method, involving sedimentation, 
desorption, centrifugation and fl oatation. During development, this method was estimated to achieve 
an effi ciency of 30-70% in the enumeration of viable eggs (Gaspard and Schartzbroad, 1995). However, 
further work has increased this to 100% based on a sensitivity of 0.4 ppm, by calculating the number of 
helminth eggs in the sample, and incorporating the estimated effi ciency of the procedure (Malicki et al., 
2001). In addition, improvements in the method have signifi cantly reduced the number of replications 
that are necessary based on previous methods (USEPA 1995). 

The improved USEPA standard methods for the enumeration of helminths (2003) are based on 4 steps 
that include: 
• parasite dissociation from organic matter; 
• fl otation with natrium nitrate solution; 
• sedimentation; and 
• concentration and microscopic examination using a Sedguick-Rafter counting chamber. 

The South African Water Research Commission has also developed and published the ‘Standard 
Methods for the Recovery and Enumeration of Helminth Ova in Wastewater, Sludge, Compost and 
Urine Diversion Waste in South Africa’, which is available free of charge via the internet (Moodley et 
al., 2008).

Figure 2.7  Analysis of viable Helminth eggs in Dakar, Senegal (photo: Linda Strande).
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Viruses
Quantifi cation of total viruses in FS can be undertaken using an electron microscope, but the easiest 
method of evaluation is to measure their effects on hosts (Madigan and Martinko, 2006). The 
bacteriophage are commonly used as viral indicators. Examples include Salmonella typhimurium 
bacteriophage 28B, enterobacteria phage MS2 and coliphage Øx174 using host strains respectively as 
Salmonella typhimurium phage type 5, Salmonella typhimurium WG 49 (ATCC 700730) and E. coli 
ATCC 1370. The standard double-layer agar method is used, with viruses quantifi ed by the plaque 
assay with the agar overlay technique (Adams, 1959; Madigan and Martinko, 2006). 

2.11 CONCLUSION

Based on the current state of knowledge, it is evident that caution must be exercised when making  
assumptions for quantifying and characterising FS for the design of treatment systems. Fortunately, 
FSM is a rapidly growing fi eld, and there is currently a great deal of research being conducted into 
the characterisation of FS. In the next few years, as FSM gains in acceptance, and research results are 
obtained, further information will become available, allowing for the more accurate design of treatment 
systems. 

Previous research into the characterisation of FS has focused on parameters for environmental 
protection and agricultural use, e.g. BOD/COD, TS, TVS, nutrients, and pathogen indicators. 
Current research into innovative enduses has increased this fi eld to include parameters such as COD 
fractionation, lipid content for biodiesel, structural properties, and calorifi c value. Examples include 
the use of FS treatment endproducts as a potential energy source, such as the biogas produced from 
anaerobic digestion systems, or direct use of dried FS in industrial boilers and kilns (Murray Muspratt 
et al., 2014). Other possibilities include treatment with black soldier fl ies to produce protein, and 
incorporation in building materials (Diener et al., 2014). Other research that will assist in improving 
collection and transport methods, and understanding dewatering behavior, includes the analysis of 
rheological properties and shear strength (AIT, 2012; Radford, 2012).
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End of Chapter Study Questions

• List four parameters which are important for FS characterisation, explain how they are 
analysed and which ranges determine high, medium and low strength FS.

• Describe how each of the following operational factors impact the variability of FS: toilet 
usage, storage duration, infl ow and infi ltration and climate.

• Describe two theoretical methods that can be used in the quantifi cation of FS, and the 
diffi culties in obtaining the relevant data.

• Describe FS treatment objectives, why they are important, and how their effectiveness can be 
monitored.


