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Abstract. 

Excreta (faeces and urine) that is deposited into a pit latrine are subject to biodegradation, 
which substantially reduces the volume that remains. On the other hand, other matter that 
is not biodegradable usually finds its way into pit latrines.  The net filling rate is thus 
dependent on both the rate of addition of material and its composition.  A simple material 
balance model is presented which represents the faecal sludge as mixture of biodegradable 
organic material, un-biodegradable organic material and inorganic material. Measurements 
made on two pits in eThekwini, South Africa were used to determine parameters for the 
model. Model predictions were then compared with data from 15 other pits in the same 
area and filling rate data from previous South African studies. These comparisons 
indicated that the pits studied exhibited relatively low filling rates resulting from orderly 
disposal practices. The average composition of the pit (COD, biodegradable material and 
inorganic fraction) changes with age, which will impact on any subsequent sludge 
treatment process. Pit filling rates are greatly affected by the disposal of solid waste in 
addition to the faecal material. For the pits studied, the model predicts that the filling time 
could have been extended from 15 y to over 25 y if all solid waste had been excluded from 
the pit.  
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INTRODUCTION 

eThekwini Water and Sanitation are responsible for the provision of sanitation services in 
Durban. After the formation of the Municipality in 1999 about 60 000 ventilated improved 
Pit (VIP) latrines were inherited from the incorporated local entities. The VIPs in eThekwini 
are lined single-pits and include the four necessities of a VIP: a pit 1.5 m deep (or deeper), a 
foundation and cover slab, a superstructure and a vent pipe with a fly screen (Mara 1984). 
After sewerage reticulation had been extended to a number of residential areas and a more 
formal survey undertaken, it was found that there were 45 000 VIP latrines that had reached 
or were reaching the end of their service life, in that they were completely full. By June 2011 
all 45 000 VIP pits had been emptied and were once again fully serviceable. A solid waste 
collection and removal service has been implemented. It is now proposed to empty all the 
VIPs on a 5 year cycle. In the initial round of emptying, the average age of the pit was 
approximately 14 years, and many of the pits were fill or overflowing and in urgent need of 
emptying. The municipality proposed that a 5 year cycle should be used for emptying since 
this was possible from an organisational point of view, and most pits are expected to require 
more than 5 years to fill. In addition, 5 years is the amount of time that a standard pit 
servicing an average family (5.5 people per household) will receive a volume of material 
equal to the holding volume of pit, or in other words, the average pit will fill completely in 5 
years if no degradation of pit contents occurs. The cost of emptying a pit, depending on 
removal method, content disposal location, accessibility of pit, and terrain, ranges between 
R 600 and R 1 000 per pit (WIN-SA 2006 values). The cost of pit emptying is more closely 
aligned to the number of pits emptied, than to the volume of pits emptied, thus from an 
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economic point of view, a better understanding of pit filling rates would assist in more cost-
effective design of the pit emptying programme. 

The four main processes in a VIP are; the filling of the pit, the transfer of water into and out 
of the pit, biological transformations, and pathogen die-off (Buckley et al., 2008). The pit 
contains a range of substances including faeces, urine, anal cleansing material, and general 
solid waste. The contents of a VIP have an aerobic surface layer, but anaerobic conditions 
prevail in deeper layers. Thus the exposed surface of pit contents, especially newly added 
material, will be subject to aerobic biological processes. As the pit contents are covered over 
and oxygen supply is limited, conditions in the pit become anaerobic, and anaerobic 
biological processes dominate. The amount of time faecal sludge spends under aerobic 
conditions depends on the rate at which material is added to the pit, and pit dimensions 
(Buckley et al., 2008). 

Sludge accumulation in VIPs and strategies for emptying full pits were the subjects of a 
recent comprehensive research programme (Still and Foxon, 2012a,b ; and Still and 
O’Riordan, 2012). 

MATERIALS AND METHOD  

Overview 
A simple material-balance model of the filling and degradation processes occurring in a pit 
latrine was developed, and compared with field measurements. The model considers the 
material found in a pit to be divided into two main categories; the so-called fine sludge is that 
portion that is visually approximately homogeneous, with a maximum particle size of about 
1 mm; and a component made up of un-biodegradable household coarse refuse that has much 
larger particle size i.e. plastic bags, discarded cloth and other household detritus. Since no 
biological transformations occur in the coarse refuse fraction, it accumulates with time in the 
pit and therefore can be considered in isolation from the other material in the pit. Therefore, 
the core part of the model considers only the visually homogenous fine sludge portion. This 
portion is divided into three fractions: biodegradable organic matter, matter that was 
originally un-biodegradable when deposited into the pit, and un-biodegradable matter formed 
by the biodegradation process. The originally un-biodegradable material is the 
un-biodegradable fraction of faecal material and any other fine un-biodegradable material 
that remains during sampling when coarse refuse is separated out (Figure 1) 

Fine sludge Coarse refuse 

Biodegradable Un-biodegradable 
Un-biodegradable 

Organic Organic Inorganic (ash) 

 

             Fine sludge Coarse refuse 

Biodegradable          Un-biodegradable 
Un-biodegradable 

Organic Organic Organic Inorganic (ash) 

 
Figure 1: Fractionation of material in a pit 
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Because of the heterogeneous origin of the material, the model is formulated on a volume 
basis, to reduce complexities associated with density variations. 

Two pit latrines were examined for this study: The pits selected were part of the municipal pit 
emptying programme and sampling of the pits was performed in conjunction with the 
municipal pit emptying tem. The pits were located in the same community (Savana Park) in 
the eThekwini Municipality, and had very similar user profiles, geography, climate, design 
and construction. Both VIPs selected were filled to within 0.2 m of the top of the pit, the 
reported average number of users of each pit was 7 and the pits were located on slopes. VIP 1 
was on the top of a steep slope while VIP 2 was on the hillside. Both pits had the same 
concrete block construction, 2 m deep with 1.4 m2 cross-sectional area, and were in 
approximately the same condition with an intact superstructure. Neither pit had been emptied 
previously. Samples were collected at the top of the pit, after the top 0.5 m of material was 
removed, (0.5m down), 1.0 m down and the bottom of the pit, approximately 2.0 m below the 
original pit content level. The samples were analysed for total solids, moisture content, 
volatile solids and COD.  

Since there is a great deal of uncertainty about the filling process over the history of the pits, 
the results from these two pits were compared to less intensive data from a study by Bakare 
(2012) from a further 16 pits located in various settlements in the eThekwini area in order to 
assess the extent to which the results could be considered typical or anomalous.  

Sludge accumulation model 
Consider a volume of sludge which initially consists of ߥ௕଴ m3 that is biodegradable and 
 ௨଴ m3 that is un-biodegradable.  Each m3 of biodegradable material degrades to form k m3 ofߥ
new un-biodegradable material. The volume of new un-biodegradable material is represented 
as ߥ௡ m3, with initial value ߥ௡଴ୀ଴. 

The rate of degradation is given by   
ௗఔ್
ௗణ

ൌ െݎ ∙  ௕ߥ

Then, after the material has remained in the pit for time , the un-biodegradable material 
formed by degradation is ߥ௡ሺߠሻ ൌ ௕଴൫1ߥ݇ െ ݁ି௥ఏ൯, and the original un-biodegradable 
material present is ߥ௨ሺߠሻ ൌ  ௨଴ߥ
The total volume present at age  is  

ሻߠሺߥ	 ൌ ሻߠ௕ሺߥ ൅ ሻߠ௡ሺߥ ൅ ሻߠ௨ሺߥ ൌ ௕଴ߥ ∙ ݁ି௥ఏ ൅ ݇ ∙ ௕଴൫1ߥ െ ݁ି௥ఏ൯ ൅ ௨଴ߥ ൌ ௨଴ߥ ൅ ݇ ∙ ௕଴ߥ ൅ ሺ1 െ ݇ሻߥ௕଴ ∙ ݁ି௥ఏ

 The ratio of the total volume present to the volume of originally un-biodegradable material is: 

	߶ሺߠሻ ൌ ሻߠሺߥ

ሻߠሺݑߥ
ൌ ሻߠሺߥ
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The fraction of biodegradable material present is: 

ሻߠሺߚ	 ൌ ሻߠሺܾߥ
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ൌ ݁∙0ܾߥ

െߠݎ

ߠݎെ݁∙0ܾߥ0൅ሺ1െ݇ሻܾߥ∙0൅݇ݑߥ
ൌ

0ܾߥ
0ݑߥ

݁െߠݎ

ଵା௞0ܾߥ
0ݑߥ
ାሺଵି௞ሻ0ܾߥ

0ݑߥ
݁െߠݎ

  …. (2) 

Ash content is measured on a mass fraction basis, and is a sub-fraction of the originally 
un-biodegradable fraction.  Assuming that the ash fraction has density a  and the remainder 
of the material in the pit has density o , and the volume fraction of ash in the originally 

un-biodegradable material is Fa, then the volume of ash associated with volume v() is Favuo, 
and is mass is ݉௔ ൌ  :The mass contained in volume v() is  .0ݑߥ௔ܨ௔ߩ
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	݉ሺߠሻ ൌ ௨଴ߥܽܨܽߩ ൅ ൣሺ1 െ ௨଴ߥሻܽܨ ൅ ݇ ∙ ௕଴ߥ ൅ ሺ1 െ ݇ሻߥ௕଴ ∙ ݁ି௥ఏ൧0ߩ  

The mass fraction of ash is then 
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   .… (3) 

The fraction of the organic material present that is biodegradable is: 

ఔ್
ఔ್ାఔೠ

ሺߠሻ ൌ ఔ್బ∙௘షೝഇ
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It is assumed that this ratio will be the same whether expressed in volume, mass or COD 
units, since the biodegradable and un-biodegradable organic fractions are assumed to have 
the same density and COD. 

 

The age distribution of material in the pit is determined by the history of when it was 
deposited and the reaction transformations that consumed or generated it.  However, the age 
distribution of the originally deposited un-biodegradable material depends only on the 
deposition history, as it undergoes no transformations. 

This originally un-biodegradable material in the pit will have a residence time distribution 
(RTD) density function ௨݂ሺߠሻ where 	ߠ is the age of the material (the time since it was 

deposited). ௨݂ሺ߬ሻ is defined by ௨݂ሺ߬ሻ ൌ
ௗிೠሺఛሻ

ௗఛ
  where ܨ௨ሺ߬ሻ is the fraction of originally 

un-biodegradable material which has age t  .   

The total volume of the originally un-biodegradable material is given by: 

௨ܸሺܶሻ ൌ ׬ ܴ௨ሺݐሻ݀ݐ
்
଴ , where ܴ௨ሺݐሻ is the rate of addition of un-biodegradable material at time 

t (m3/d), and T is the time since the pit started filling.  The RTD function ܨ௨ሺ߬ሻ is the given 

by ܨ௨ሺ߬ሻ ൌ
׬ ܴ௨ሺݐሻ݀ݐ
ఛ
଴

׬ ܴ௨ሺݐሻ݀ݐ
்
଴

൙   

For the case where the rate of addition is constant, ܴ௨ሺݐሻ ൌ ܴ௨,				 ௨ܸሺܶሻ ൌ ܴ௨ ∙ ܶ,		 

௨ሺ߬ሻܨ		 ൌ
ఛ

்
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ଵ

்
  

Equation 1 implies that a volume 	݀ߥ௨ of originally un-biodegradable material of age between 
	߬ and 	߬ ൅ ݀߬ will be associated with a volume  	߶ሺ߬ሻ݀ߥ௨ 

Thus the total volume of material in the pit is: 
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For a constant addition rate this becomes: 
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ቇ
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௥
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Equation 5 applies to the entire contents of the pit at age T since the pit started filling, and can 
be used to calculate the height of pit contents (given pit dimensions) when the pit has been in 
use for a time period of length, T. 

In order to establish a profile of age vs. level below the surface, consider the volume with 
ages between t and T where 0 ൏ ݐ ൏ ܶ 
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்
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ቇ
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௥
቉  … (6) 

Since material of age T corresponds to the bottom of the pit, equation 6 can be used to 
calculate the level in the pit of material of age t.  The fraction of biodegradable material at 
this age or level can be calculated using equation 2. 

In this form, the model assumes that the feed characteristics and feed addition rate are 
constant and that biodegradable material all degrades at a single constant rate.  

Experimental procedure 
Samples of pit contents from the two Savana Park pit latrines (which will be referred to as the 
reference pits) were collected in May 2010 during the municipal emptying exercise. During 
pit emptying, it was recorded that approximately 25% of the contents was non-faecal matter, 
a value similar to other studies (Still and Foxon, 2012 a,b). Samples were dug out of the vault 
through the back top slab using rakes and spades. The top layer sample was collected from 
the very first shovel-full taken from the surface of the pit contents, and probably contained 
some material less than a day old. The depth of the pit was measured with a graduated rod, 
with 0.5 m, 1.0 m and 2.0 m noted. When the centre of the pit reached the next marked 
height, another sample was taken. The emptying process disturbed the layering of the 
material, and frequently the pit content collapsed around holes as they were dug. While 
sampling, the emptiers attempted to maintain as much order in the sludge layers as possible. 
Nevertheless it was estimated that the uncertainty of the depth measurement was 
approximately 300 mm for the levels of the middle two samples. This uncertainty in depth 
did not apply to the top or bottom samples, but it was probable that the sample removed from 
the bottom of the pit was contaminated by samples from higher up the pit. The samples were 
screened to remove coarse, obviously non-faecal material, such as plastic bags, cloth and 
broken glass, which meant that the samples did not represent the refuse content of the 
material. Samples were stored in pre-labelled, sanitized and lined plastic containers with lids.  

Analyses were performed according to the Standard Methods for the Examination of Water 
and Wastewater, 15th Edition. The sample solution used for COD is a two part dilution. 50 g 
of sample is blended and mixed thoroughly and diluted to 1 000 mℓ with distilled water. A 
60 m mℓ aliquot of this solution is diluted with distilled water to 500 mℓ for the final sample 
solution. All analyses were done in triplicate. The mass measurements were recorded to 1 mg 
precision, and the volume measurements to ±1 mℓ. Due to the heterogeneous nature of the pit 
contents, it is expected that significant differences between samples from within the same 
layer will exist. To obtain an indication of the average composition of material from each 
layer, a 50 g composite sample was prepared by collecting smaller masses of material from 
different parts of each sample. Data for fresh faeces from Buckley et al. (2008) and Nwaneri 
(2009) were compared with the measurements from samples of the surface layer in the pits.   
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Interpreting experimental data in terms of the model 
The distribution of material in the pit is determined by the entire history of what was disposed 
into it.  This depends on the history of the users’ behaviour, about which we have almost 
complete ignorance. Modelling the process therefore inevitably involves sweeping 
assumptions, such as considering the rate of deposition of material into the pit and its 
characteristics to remain constant for the entire period.  Furthermore, even if detailed 
information were available, more detailed assumptions probably would not be particularly 
useful, since they would only be applicable to the specific pits investigated.  In view of these 
uncertainties, one can only expect a rough correspondence between the model and measured 
data. 

Two issues were evident in the experimental data that could not be directly accounted for in 
the model:  

 The first was the observation that the COD/volatile solids ratio of fresh faeces from 
Buckley et al., (2008) was more than twice that of the surface material. This means that 
either (i) non-faecal organic matter disposed of in the pit has a much lower COD than 
faeces, therefore the COD content of pit sludge is diluted relative to that of faeces; or (ii) 
that the faecal matter loses a significant fraction of COD in the interval during which it is 
exposed to air before being sampled; or (iii) the faeces of the users of the pit latrines 
studied had a lower COD concentration than those used in the study by Buckley et al. 
(2008). Given the semi-solid state of pit sludge, it is believed that a combination of (ii) 
and (iii) are responsible for the differences observed. Without any way of determining the 
extent to which the difference was due to a high rate of degradation on the surface, the 
surface degradation was not modelled in this study. Rather the characteristics of the 
material on the surface of the pit (the top sample characteristics) were considered to be 
the effective feed to the pit.  

 The second issue was the fate of water in the pit. The data show that water was not 
conserved in the pit, and indeed it would be surprising if it were, since the pits are not 
sealed. There was an exchange of water between the pits and the surrounding soil that 
could not be characterised from the data in this study. To get around the lack of 
knowledge about the water movement, the model was compared with the measured 
compositions on a water-free basis. However, the volume of pit contents must reflect the 
volume of water, so the modelled volumes of dry material were scaled up using the 
average measured value for the water content of the pits. 

To examine the wider relevance of the model assumptions, 16 sets of less comprehensive 
measurements (Bakare, 2012) were added to the 2 sets of detailed measurements (this study). 
Figure 2 shows the volume fraction of water (moisture content on a volume basis) for 7 of the 
18 pits that seem to fit the model relatively well. 

Since the sampling excluded large objects such as plastic bags, cloth and glass, their volume 
are not properly accounted for in the model. Thus the model deals only with the fine sludge 
fraction. However, the disposal of larger objects into the pit is a completely independent 
process, which needs to be estimated separately on an entirely different basis. During the 
emptying of the two pits investigated here, the volume of large extraneous material was 
estimated at 25% of the total, i.e. 0.7 m3. Over the life of the pit this represents an average 
rate of 1.296×10-4 m3/d, or 47 ℓ/year (wet); 2.51×10-4 m3/d or 9.2 ℓ/year (dry). This represents 
approximately 10% of the dry material added to the pit. 
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Figure 2:  Volume fraction of water 
 
Model parameters 

The water content of the pits was taken as 0.8064 m3/m3, the average measured value for the 
two reference pits.  COD was assumed to be directly proportional to the volume of organic 
material (biodegradable or un-biodegradable).. The density of the ash was assumed to be 
2 500 kg/m3, and all other material (including water) to be 1 000 kg/m3 , giving 

ఘೌ
ఘబ
ൌ 2.5 

The remaining parameter values were adjusted to fit the measured data, and are shown in 
Table 1.  

Table 1: Fitted model parameter values. 

Description Symbol Value Units 

Rate of addition of un-biodegradable material (dry basis) uR  4.16×10-5
m3/d

Ratio of biodegradable to un-biodegradable material fed 
௕଴ߥ ௨଴ൗߥ 3.8315

 
m3/m3

Fraction of un-biodegradable material fed that is ash aF  0.6748
 

m3/m3 

Yield of un-biodegradable organic material from 
degradation of biodegradable material 

k  0.1
 

m3/m3 

Rate constant for bio-degradation r  0.0015
 

d-1 

Rate of addition of coarse refuse (dry basis)  * RL 2.51×10-5 m3/d 
* The coarse refuse addition rate was estimated separately from the parameter fitting exercise described above. 

Comparison with field data 

The model derived using data from the two reference pits was compared to less 
comprehensive data from 16 other pits in the eThekwini area.  Of these additional pits, five of 
the 16 corresponded reasonable well to the model trends (good pits: Figure 3 and 4), however 
the remaining 11 did not (bad pits: Figure 5 and 6). 

Figures 3 and 4 show the fit of the model to the same seven pits as in Figure 2.  The fraction 
of COD remaining is calculated as the ratio of the COD measured at a depth over the COD at 
the surface. The filled symbols represent the two pits in Savana Park which were used in 
determining the model parameters, and the open symbols are for the other five pits.   
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Figure 3: Distribution of ash with pit depth 
for the good pits. 

Figure 4: Distribution of COD with pit depth  
for the good pits. 
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Figure 5: Distribution of ash with pit depth 
for the bad pits. 

Figure 6: Distribution of COD with pit depth 
for the bad pits. 

DISCUSSION 

Modelling assumptions and approximations 

The purpose of developing the pit filling model is primarily to assist municipal planners to 
formulate strategies for managing low cost sanitation services based on pit latrines. However, 
it is necessary to examine its applicability carefully, given its sweeping assumptions and 
limited fit to the experimental data. It is also necessary to consider the limitations of the data 
themselves. 

It may be concluded from the consideration of the measured data that the model shows a 
reasonable correspondence with a substantial proportion of pits in the eThekwini area (7 out 
of 18 in the sample considered), but more than half do not fit the model.  However, the data 
for those that do not fit the model show no discernable trend at all, and might merely reflect 
unpredictable user behaviour. It is possibly significant that all but two of this set of pits have 
ash contents at the surface that are substantially higher than those which were used to 
determine the model parameters, indicating that the pits may have been used for disposal of 
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much higher proportions of material other than excreta and toilet tissue, and that may have 
influenced the characteristics of the pit samples. 

A similar argument applies to water content, since the movement of water into and out of a 
pit depends on site-specific factors. Since water occupies about 80% of the pit volume, it 
does have to be accounted for, but there does not seem to be any better option than using the 
average value.  It should be noted that researchers with experience of pit latrines in Asia and 
other parts of Africa consider those found in eThekwini to be unusually dry, so the average 
value used in this study probably needs to be re-considered for other localities. 

The assumptions of uniform feed composition and uniform degradation rate over the life of 
the pit are clearly unrealistic in themselves, but there is no way that they could be improved 
in practice, and probably no advantage for policy planning that could be derived from a more 
detailed treatment.  

There is good reason to believe that there is a much higher rate of biodegradation of material 
on the surface of the pit where conditions are aerobic than for material that has become 
submerged.  However the measured data do not provide any information which could be used 
to estimate this.  For this reason the surface material was taken as the effective feed to the pit, 
ignoring any processes taking place on the surface. As a result, the filling rate cannot be 
directly related to the actual input but has to be inferred from the level in the pit and the time 
that it has been in operation. However, data from Still and Foxon (2012 b) showed no 
correlation between filling rates estimated from pit-emptying records and the reported 
number of users per household, so it appears that there may be no better approach to the 
problem than the one adopted here.  

Parameter values 

The parameters Ru and /bo uov v  are convenient for the derivation of the model, but are less 
convenient for relating to field conditions. However the feed to the pit can also be described 
in terms of the equivalent values in Table 2. 

Table 2: Model feed characteristics 

Description Value Units 

Rate of addition of dry material (excluding coarse refuse). 0.182 ℓ/d

Rate of addition of wet material (excluding coarse refuse). 0.942 ℓ/d

Un-biodegradable material in sludge (dry basis). 21% m3/m3 

Inorganic ash in sludge (dry basis). 14%
 

m3/m3 

Rate of addition of coarse refuse (dry). 0.025 ℓ/d 

Rate of addition of coarse refuse (wet). 0.13 ℓ/d 

 

Note that, as previously explained, the model feed composition does not correspond to what 
users deposit in the pit, because it does not account for biodegradation that occurs at the 
surface before it gets buried.  
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Predicted scenarios 

If the model is accepted as the best estimate available for a process filled with uncertainties, 
the following scenarios illustrate how it might be used to evaluate strategies for designing a 
sanitation service based on pit latrines. Figures 7 to 9 represent the composition of the fine 
sludge fraction for the pit contents, to which must be added any coarse refuse disposed into 
the pit. Figure 7 considers how the volume in the pit will vary with time for various 
proportions of un-biodegradable material in the feed (these proportions are on a water-free 
basis, whereas the volume is based on the average water content as discussed above).  The 
solid black lines (20%) correspond to the parameter values that fitted the pit data of this 
investigation. The dotted lines (32%) correspond to the average surface composition of 
sludge found for the additional pits that did not match the model (Figures 5 and 6).  

 

Figure 7:  Volume of pit contents for four scenarios. 

Figure 8: Overall biodegradable content of pit 
sludge for four scenarios. 

Figure 9: Average ash content of a pit sludge 
for four scenarios 

Figures 8 and 9 examine the characteristics of the fine sludge averaged over the entire 
volume, representing what would be taken out the pit when emptied, assuming that the 
stratified contents would become mixed during emptying, and that coarse refuse would be 
separated out. 

These plots indicate that the longer material is left in a pit, the greater the degree of 
stabilisation of the pit contents when it is exhumed. Using the parameters obtained from the 
model fitting exercise (biodegradable : un-biodegradable volume addition ratio = 3.8:1) the 
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average fraction of biodegradable material in accumulated pit contents would reduce from 
nearly 80% to less than 40% over a 10-year period. Depending on the final fate of the pit 
sludge, this information might be important for designing pit size and emptying frequency to 
ensure that the exhumed sludge has appropriate characteristics for burial, composting, 
incineration etc. 

 

Overall filling rates: including coarse refuse disposal. 

Figures 7 to 9 represent the material left after separating out coarse refuse. However, the 
volume occupied by this refuse has to be considered when estimating the time to fill a pit.  
For this purpose, the coarse refuse can be lumped together with the fine un-biodegradable 
sludge as there is little benefit in considering variations in the fine and coarse un-
biodegradable fractions separately.  Thus in Figure 10, the un-biodegradable fraction on the 
horizontal axis is the combined value. Figure 10 shows how the fraction of un-biodegradable 
material in the feed affects the average filling rate over the time required to fill a 2.8 m3 pit 
serving 7 people.  For the average un-biodegradable content of the reference pits in the 
detailed study (29.5%) the filling time is 15 years. Figure 11 presents the model filling rate 
per person (based on a household of 7).  The model curves are compared with the distribution 
of filling rates taken from a number of studies conducted at different times at a number of 
sites in South Africa (Still and Foxon, 2012b), represented here by the filling rate percentile 
lines.  

Figure 10: Average filling rates vs. feed 
composition, including coarse refuse. 

Figure 11: Average filling rates per person vs.
feed composition, including coarse refuse. 

Figure 11 is included because the data from filling rate studies are usually reported on a per 
person basis.  However, the wider percentile limits for the per-person data appear to confirm 
that reported numbers of users per pit are very unreliable, and thus only add to the 
uncertainties.  Consequently, the per-pit data of Figure 10 appears to provide a more reliable 
basis for design. 

It is notable that the reference pits fall below the 20th percentile filling rate. Their selection 
for this study was based on the fact that the material was easy to sample, because they were 
clearly well managed pits, with a low proportion of coarse refuse. Orderly user habits 
probably contributed to the good agreement between model and data for these two pits (i.e. 
the model assumptions of constant feed rate and composition were approximately valid). 
However, they were clearly not typical. In contrast, the average un-biodegradable sludge 
content of the surface fine sludge samples (excluding the household refuse fraction) from the 
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pits that were not well-described by the model was 32%. If the household refuse is included, 
the total un-biodegradable fraction of the surface material would be greater than 40%. From 
Figure 10, this set of pits would fall between the 50th and 80th percentiles of the pit filling rate 
data set, and so is probably fairly typical. The correspondence between the model predictions 
and available filling rate data is therefore about as good as could be expected. 

The model predictions clearly show the impact of increasing the amount of non-
biodegradable material in the pit on the filling rate; the reference pits with low un-
biodegradable content addition rate filled 2.8 m3 in approximately 15 years, whereas the more 
typical pits (50th percentile) fill in approximately 8 years. If the coarse refuse contribution is 
removed, the filling time predicted for the reference pits is over 20 years. This highlights the 
importance of keeping coarse refuse out of pit latrines to maximise pit life-span. 

CONCLUSIONS  

Given the uncertainties involved, it seems unlikely that the design of a pit latrine based 
sanitation service would be driven primarily by the factors described by the model, but rather 
by considerations of logistics, human resources, cost and the subsequent treatment process. 
However, the model may be useful to estimate some of the implications of any chosen system 
design. Nevertheless, the following conclusions may be drawn from the results of the 
modelling study:  

 The quality of the data obtainable from sampling pit latrines is by nature very scattered, 
such that more sophisticated modelling of the processes in pit latrines is not justified. 

 There appears to be a systematic variation of organic content and ash with depth, in that 
at least 7 of 18 pits showed decrease in COD with corresponding increase in ash content 
relative to surface samples with increasing depth.  

 The model predicts that the influence of addition of non-degradable material on the filling 
rate is significant. Thus, if the intention of the system design is to maximise the life of the 
pit or to minimise the pit filling rate, an effective solid waste management system must 
also be implemented within the community - in the case of the reference pits the pit life 
could be extended from 15 years to over 20 years. 

 The average biological stability of the pit sludge increases with time. Pit dimensions and 
emptying frequency may be designed around the required stability of the sludge when the 
pit is emptied. 
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