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ABSTRACT
Sludge content in VIP latrines is degraded mainly under anaerobic conditions and the process is relatively slow. At varying 
stages of digestion within pit latrines, sludge accumulates and odour and fly nuisance may occur which could pose risks 
to public health and the environment. Management of accumulated sludge in pit latrines has been a major problem facing 
a number of municipalities in South Africa and is also a global issue. Manufacturers of various commercial pit latrine 
additives claim that by addition of this product to pit content, accumulation rate and pit content volume can be reduced, 
thereby preventing the pit from ever reaching capacity. This paper presents a comprehensive study conducted to determine 
the effects of additives on pit contents under laboratory and field conditions. By conducting both laboratory and field trials, 
it was possible to identify whether there is any acceleration of mass or volume stabilisation as a result of additive addition, 
and whether any apparent effect is a result of biodegradation or of compaction. The results indicated that neither laboratory 
trials nor field trials provided any evidence that the use of pit additives has any beneficial effect on pit contents. The reasons 
why additives seem to not have any beneficial effects are also discussed.
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INTRODUCTION

In South Africa, where the provision of adequate sanitation 
facilities to all is considered to be a fundamental human right, 
it is important to look at the provision of sanitation facili-
ties holistically, and to derive scientifically-based approaches 
towards managing these sanitation facilities. In South Africa, 
the provision of adequate, appropriate, effective and sustainable 
sanitation facilities for all citizens is mandatory, and venti-
lated improved pit latrines are the minimum acceptable level 
of sanitation delivery in the country (DWAF, 2003). Many of 
the municipalities in South Africa are still struggling to reach 
their goal of providing basic sanitation to all, and there is an 
urgent need to plan and budget for a number of issues related 
to ventilated improved pit latrines that have been provided, 
before or when they become full. Management of accumulated 
sludge in pit latrines has become a major problem for many 
South African municipalities. The major problem has been on 
how to handle pit latrine sludge, and what disposal options 
are appropriate. Various disposal options have been proposed, 
including discharging sludge to sewer, sea outfall, wastewater 
treatment plant, burial onsite, transporting to landfill sites, 
deep row entrenchment for agroforestry and further dewater-
ing and treatment/processing to produce agricultural fertilizers 
(DWAF, 2007).

Apart from these proposed disposal options, there are a 
number of pit additives available on the market, which manu-
facturers claim have the ability to reduce the volume of pit 
sludge content, and therefore the rate at which sludge accumu-
lates in the pit, as well as to eliminate odour and fly problems. 
However, the claimed effectiveness of these pit additives has 

not been conclusively and scientifically demonstrated, and the 
findings from the few available studies previously conducted, as 
presented in the literature, are controversial. The study con-
ducted by Taljaard et al. (2003) did not provide strong evidence 
to support the claims stated by various manufacturers of pit 
additives; however it was noted that there was reduction in 
odour and flies in treated pits. The study involved both labora-
tory and field trials. In another laboratory study conducted 
by Sugden (2006) to investigate the efficacy of bio-additives 
designed to reduce sludge volumes in pit latrines and septic 
tanks by enhancing the anaerobic digestion process taking 
place, it was found that though all four stages of anaerobic 
digestion took place in all of the laboratory test units, there 
was no evidence to show that any of the bio-additives either 
enhanced or inhibited the anaerobic digestion process. Foxon 
et al. (2009) also concluded from laboratory experiments that 
commercial pit latrine additives were unable to accelerate the 
biodegradation rate and mass loss from samples of pit latrine 
sludge. 

Despite the results presented in the scientific literature 
which suggested that pit latrine additives are not effective for 
reducing accumulation of sludge within a pit, a number of 
role players in the industry still believe that the use of these 
products might be beneficial. Faced with these controversies, 
this study endeavoured to conduct a comprehensive experi-
ment which investigated the effects of additives on pit contents 
under both laboratory and field conditions, and also to provide 
a scientific basis for understanding the possible outcomes of 
using pit additives. 

MATERIALS AND METHODS 

In order to evaluate the efficacy of pit latrine additives in 
treating pit sludge content, two different trials were con-
ducted. The first was a laboratory trial with sludge collected 
from a pit located in Durban, South Africa. The sample was 
taken from the surface of a pit beneath the pit pedestal. 
Samples were collected in plastic bags and placed in buckets 
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which were tightly sealed to limit the exposure of collected 
sludge samples to air. The samples were thoroughly mixed 
in order to obtain homogeneity of sludge content in each 
treatment and replicates. After mixing, the sludge sample 
was divided into sub-samples of known mass (approximately 
300 g each) and then placed in 300 mℓ screw-top plastic jars. 
The mass of the jar was measured before and after being 
filled with the mixed pit latrine sludge. The experiment was 
divided into different treatments (i.e. with different additives 
and reference treatments). Two different pit latrine additives 
were selected from a set of available commercial pit latrine 
additives. To maintain commercial confidentiality, these are 
referred to as Product A and Product B. Pit latrine additive 
dosage rate was determined as mass of additive per surface 
area of the pit (g∙m−2), based on the manufacturer’s recom-
mended dosage, and the same dosing rate was applied to the 
surface area of the jars. 

An average value of 1.2 m2 was assumed for the surface 
area of the pit, based on the common value for pit designs in 
Durban, South Africa, where the study was conducted. The 
calculated recommended dosage for each additive was then 
added to the prepared sludge samples for the additive treatment 
placed in the jars. For Product A, each jar contained a known 
mass of sludge with 0.4 g of Product A in 10 mℓ of water added. 
Another set of jars contained a known mass of sludge with 
0.02 g of Product B in 10 mℓ of water. A reference treatment in 
which 10 mℓ of water only was added to the sludge was included 
to determine whether there was any effect of adding water 
without additives. A control set of test units was also included 
in the experimental set-up where neither water nor additive 
was added to the sludge in the jars. This was done in order to 
quantify the effect of natural degradation and dehydration of 
pit latrine sludge. Five replicates of each test were performed. 
All the jars were incubated for 30 days at approximately con-
stant temperature in a fume cupboard, and the mass of each jar 
was recorded over time. The rate of mass loss was calculated as 
the change in mass of jar content over defined periods of time 
for each jar, and expressed in grams per day per jar. 

The second part of the study was a field trial, in which 30 

pit latrines which were still in use were selected from a com-
munity within eThekwini Municipality, in order to obtain 
field results for the effect of the pit additives to compare with 
the laboratory results. The same pair of additives used in the 
laboratory trials was used in the field trials. According to the 
two additive suppliers, the sludge content in the pit latrine 
should be sufficiently wet, and if it is known that any chemi-
cal or other substances has been added to the sludge in the 
pits, a considerable amount of water needs to be added before 
the treatment commences. Therefore all of the pits, except 
the control pits (which were left untreated with either water 
or additives), were flushed with 20 ℓ of water to mitigate 
the effects of whatever substances/chemicals may have been 
added previously and also to equalise the effect of water on 
the shape/level of sludge originally present in the pit latrines. 
From the 30 pits selected for this study, 2 sets of 8 pits were 
each treated with Additive A and B, respectively, a set of 7 pits 
was treated with water only, and a further 7 were used as the 
untreated control set. Since the additive suppliers indicated 
that the additives should be added with water to the sludge 
contents in the pit latrines, an equal amount of water was 
used to mix the two additives used in this study. 10 ℓ of water 
was used to slurry the additive before it was poured into each 
pit. 10 ℓ of water was used for each of the water-only pits. 
The field trials were carried out over a period of 6 months. 
Measurements of the sludge present in all of the pits were 
made before any treatment, after initial flushing with 20 ℓ of 
water, after 3 months and at the end of the 6-month period. 

Two measurement techniques were used; the first method 
involved measuring the distance between the top of the ped-
estal and the surface of the pit contents at 3 different locations 
within an area of approximately 0.06 m2 using an infrared 
laser distance meter. Figure 1 presents a schematic diagram 
of how measurements were taken using the laser meter. These 
measurements were averaged so as to give an indication of the 
distance between the top of the sludge heap and the pedestal. 
The difference in sludge heap height was calculated as an indi-
cation of the rate of reduction of sludge content in the various 
VIP latrines. 

Figure 1
Schematic diagram showing how measurements were taken using the infrared laser meter (Bakare, 2014)
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Figure 1 
Schematic diagram showing how measurements were taken using the infrared laser meter 

(Bakare, 2014) 
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The second approach used for taking measurements dur-
ing the field trials involved making use of stereoscopic digital 
photographs to measure the spatial coordinates of any number 
of points on the surface of the sludge in the pit latrine. The 
points were then use to map out the shape of the surface of the 
pit content in 3 dimensions. Figure 2 presents the stereographic 
image equipment.

The digital camera was lowered on a supporting boom 
through the toilet pedestal. The boom was supported by 
a structure which could locate the camera precisely and 
reproducibly in the same position on subsequent visits to the 
same latrine. The camera boom was able to rotate to several 
positions which had been pre-set and could be locked by a 
locating pin. On every visit the floor was marked with a dot 
of paint at each foot of the supporting table to ensure that for 
subsequent visits the supporting table was placed at the same 
position. The camera support system allowed the camera to 
be tilted at a few pre-set angles to allow imaging for differ-
ent levels in the pit. A trigger cable allowed the photograph 
to be initiated from outside the pit. For each pit, 8 images 
were recorded; 2 photographs were taken on each of 4 sides 
(forwards, backwards and to either side) and the 2 images 
were horizontally displaced by a known distance. The whole 
procedure was calibrated beforehand by images of a surface 
where the positions of the points were precisely known, and 
preliminary calibrations indicated that points on a surface 
300 mm from the camera were located within a tolerance of 
about 0.7 mm when the displacement of the camera between 
images was 10 mm. The pictures taken were uploaded to a 
computer for analysis. Figure 3(a) shows a single image of 
the surface of a pit latrine indicating the back, left, front and 
right sides in the pit latrine. The squares of yellow paper that 
are seen in the pictures were accurately cut and dropped into 
the pit, to provide reference distances that were used to check 
the triangulation results. Once the pictures were downloaded 
to the computer, points were selected in order to perform 
the triangulation calculations; an example of stereographic 
images of a pit surface showing how the points were selected 
for triangulation calculations is presented in Fig. 3(b).

The triangulation calculation determined the distance 
between the camera and any point on the surface of the pit 
contents. The surface map generated after performing the trian-
gulation calculation is as shown in Fig. 4. The vertical distance 

between the heights of all of the points analysed was then 
averaged as an indication of the height of the pit contents. The 
change in the calculated average vertical distance between the 
heights of all of the points analysed was then used as an indica-
tion of the rate of accumulation of sludge content in the various 
VIP latrines investigated.

LABORATORY RESULTS

Figure 5 shows the cumulative mass loss from the test jars kept 
in a fume cupboard over 24 days. For clarity, the results for jars 
treated with additives are shown as lines, whereas the results 
for the controls are shown as point symbols. 

The rates of loss of material from the jars, determined by 
linear regression of the data shown in Fig. 5, are presented in 
Table 1. As is also evident in Fig. 5, the group of jars treated 
with additive A appear to have a very slightly higher average 
mass loss rate than the other groups, although the confidence 
ranges for all of the groups overlap. A comparison of the 
slopes for the Additive A group and the untreated group using 
analysis of covariance (Brownlee, 1966) showed the differ-
ence to be insignificant (p>0.4) The rate of mass loss for the 
Additive B group was, in fact, less than that of the untreated 
group, although that result also proved to be statistically 
insignificant.

These results support the hypothesis of Foxon et al. (2009) 
that the quantity of active micro-organisms added in a dose 
of commercial pit latrine additive is insignificant compared to 
the naturally occurring micro-organisms present in pit latrine 
sludge. Thus, any enhancement of biological activity within a 
pit due to the pit latrine additives would be insignificant rela-
tive to natural degradation processes occurring within the pit 
as a result of the presence of naturally occurring organisms.

FIELD RESULTS

The second trial conducted made use of the same pit latrine 
additives; however, randomly selected pit latrines within a com-
munity were dosed with the same set of additives used in the 
laboratory trials. Two different methods of measurement were 
used to quantify the effect of direct addition of pit latrine addi-
tives to sludge contents in the pit. Figure 6 presents the sludge 
reduction results obtained using the infrared laser distance 

Figure 2
Stereographic equipment set-up (Bakare, 2014)

 

 

 
 
Figure 2 
Stereographic equipment set-up (Bakare, 2014) 
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TABLE 1
Regressed rates of mass loss for pit latrine sludge in laboratory trials

Treatment
Regressed rate of mass loss (g∙jar−1∙day−1)

Mean 95% confidence interval

Untreated 0.619 0.584 – 0.654

Water only 0.574 0.533 – 0.616

Additive A 0.658 0.620 – 0.696

Additive B 0.593 0.561 – 0.627

Pooled results 0.620 0.601 – 0.639

Figure 4
Surface map generated by triangulation calculations of selected points on the images taken of pit contents by the stereographic camera (Bakare, 2014)

Figure 3
(a) Single images of the pit surface (Clockwise from the top left: back; left, front and right sides of pit), (b) Stereographic images of a pit surface showing 

the points selected for triangulation calculations (Bakare, 2014).
 

 

 
Figure 4 
Surface map generated by triangulation calculations of selected points on the images taken of pit 
contents by the stereographic camera (Bakare, 2014) 
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Figure 5
Cumulative mass loss from jars of pit latrine sludge with and without 

treatment by additives and water

meter, for each of the treatments of the field trials. 
The first 3 months indicated a net decrease in level across all 

treatments, except for the control pits in which there was a net 
increase in level. The consistent increase in level in the control 
pits was expected because they were in use, and no additives or 
water were added to them. However, it was observed that there 
was no significant decrease in level across all treatments after 
the first 3 months and until the end of the field trials. There was 
also no significant difference between the level changes for the 
pits into which additives were added and the pits into which 
only water was added. 

 

 
Figure 5 
Cumulative mass loss from jars of pit latrine sludge with and without treatment by additives and 
water 
  

TABLE 2
Overall changes in sludge level as measured with the laser distance meter

Treatment
Rise (+) or drop (−) in level over 6 months (mm)

Mean 95% confidence interval

None +131 +79 to +184

Water only −191 −273 to −110

Product A −150 −96 to −104

Product B −131 −202 to −67

Figure 6
Change in pit latrine sludge level for all of the treatments for the field 

trials using the laser distance meter

 

 

 
Figure 6 
Change in pit latrine sludge level for all of the treatments for the field trials using the laser 
distance meter 
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Figure 7 
Net sludge reduction for all the treatments for the field trials using the stereographic imaging 
technique.  It should be noted that some data points are missing in the above plot since: (1) during the course of 
the trials some pit latrine became so full that the camera could not be lowered; (2) There was a case in which the 
owner of the pit died and the pit was locked up. 
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These measurements could not show whether the apparent 
reduction in pit latrine contents volume was due to levelling of 
the pit contents through water addition or through enhanced 
biological degradation rates as a result of the water added. 
What they did show is that the apparent reduction in the level 
could not be attributed to the treatment with pit additives. A 
summary of the average overall sludge level changes obtained 
using the laser distance measure for each of the treatments of 
the field trials are presented in Table 2. 

Figure 7 presents the result of the net sludge reduction per 
month in all of the pits using the stereographic imaging tech-
nique. Statistical analysis (ANOVA) was performed to deter-
mine whether there was a difference in the net change in level 
for any of the pits during the trials. The results showed that 
there were no significant differences between the three treat-
ments and the control (p>0.05) over the duration of the trial. 

The most likely explanation for the apparent contradiction 
between the stereographic measurements and the laser level 
measurements is that the addition of water with mixing to the 
highest part of the surface caused it to be flattened. The stereo-
graphic measurements were able to compensate for this because 
they covered the entire surface, rather than just the mound 
immediately below the toilet pedestal.

DISCUSSION 

The results obtained from the laboratory trials showed the 
distribution of the rate of mass loss for all four treatments. 
However, there was no statistically significant difference in the 
rates of mass loss between sludge samples receiving the  different 
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treatments, or to which either of the two additives was applied.  
Testing the effect of additives is much more difficult in 

the field than in the laboratory, but is necessary to counter the 
argument that there may be relevant aspects of field conditions 
that are not replicated in the laboratory. One of the significant 
measurement difficulties is the irregular geometry of pit con-
tents, so that simple level measurements do not provide reliable 
information about sludge accumulation rates, unless the deter-
mination involves a very long time interval, perhaps 2 years or 
more. The stereographic measurement system was developed 
specifically to account for irregular geometry, and so allow 
accumulation rates to be estimated in a shorter time. The com-
parison between the results of the simple level measurements 
and the stereographic measurements confirms that using the 
simple level measurements can lead to erroneous conclusions.   

These results support the findings of previous studies 
(Sugden et al. 2006; Foxon et al. 2009) that pit latrine additives 
do not assist in reducing pit filling rates and sludge volumes. 
However, only two additives were tested, and there may be 
others which would return a different outcome. Nevertheless, 
most pit additives claim to rely on the same principle as 
those tested: that is, seeding the sludge with selected micro-
organism species which are especially effective in catalysing 
degradation. It is therefore probable that the use of other 
additives in this class will show a similar outcome. The failure 
of the pit latrine additives to accelerate the degradation of pit 
latrine sludge noticeably suggests that the quantity of micro-
organisms added in a single dose of pit additive is insignifi-
cant compared to the quantity of micro-organisms naturally 
present in the sludge, and that the latter are very well adapted 
to the environment.

Bakare et al. (2012) indicated that less than 30%, on aver-
age, of the sludge content in a pit latrine is biodegradable and 
that the biodegradable material is largely concentrated in the 
layer close to the surface. Hence, the residual biodegradability 
of material beneath the surface layer of the pit content is signifi-
cantly lower when compared to the material in the surface layer 
of the pit. Thus, the addition of pit latrine additives to pit sludge 
content would not have any significant effect in reducing the 
mass or volume of the bulk of the buried material through bio-
logical degradation, since only the surface layer of pit contents 
will contain fresh material and mixing of sludge in pit latrines 
is very difficult to achieve. 

It was observed, both during the sampling of sludge for 
the laboratory trials and during the field trials, that the latrine 
sludge contained a significant amount of solid household waste. 
The presence of non-degradable solid waste is a significant 
problem for any sludge management scheme, which will not be 
helped in any way by the use of additives.

This study has failed to provide any evidence that addi-
tives increase the rate of degradation over the rate which 
occurs spontaneously due to naturally occurring micro-
organisms. Even if more precise measurements over a longer 
trial were to reveal a measureable improvement, it would not 
be sufficient to justify the use of additives as part of a sludge 
management program. To be economically effective, the addi-
tive would have to completely prevent accumulation of sludge, 
and so eliminate the need to empty the pit. A typical addi-
tive treatment for a pit costs ZAR20 per month (and is much 
higher for some products) and over 5 years this will come 
to a total cost of ZAR1 200 without interest or ZAR 1500 
(USD 200) including interest. A pit latrine can be completely 
emptied and the sludge content disposed of using manual 

or mechanical methods for approximately the same cost 
(Buckley et al., 2008).

CONCLUSIONS

Neither the laboratory trials nor field trials conducted pro-
vided any evidence that the use of pit additives has any effect 
in reducing the mass or volume of sludge in VIP latrines. There 
were no statistically significant changes in the rate of mass loss 
on sludge samples in the laboratory or in sludge content of the 
pit latrines in field trials, as a result of applying pit latrine addi-
tives. The significant reduction in sludge height in pit latrines, 
where water only was added, could not be attributed to volume 
reduction due an increased biodegradation rate. Instead, this 
observation is probably explained by flattening of the sludge 
surface in the pit. 
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