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ABSTRACT  11 

 12 

Aims: This study characterised faecal sludge from public ventilated improved pit (VIP) 
latrines in Cape Coast to assess their potential impact on the environment and to guide the 
selection of appropriate management solutions. The paper also estimates the amount of 
beneficial resources wasted due to the lack of a faecal sludge (FS) treatment facility 
Study design: The study employed a quantitative design involving laboratory analysis of FS 
sampled from 13 VIP latrines.  
Place and Duration of Study: Sampling activities were carried out in Cape Coast, Ghana in 
January and February (dry season) and September and October (wet season) of 2015. 
Methodology: Samples of unhardened pit latrine sludge were collected from all 13 pit 
latrines for quality assessment. Physico-chemical parameters (moisture content, COD, 
BOD5, total solids and total volatile solids) of homogenous samples from the surface, middle 
and bottom of pit contents were analysed following standard procedures. 
Results: Apart from total solids, all other parameters decreased with depth of sampling and 
the differences were statistically significant (p<.01). Seasonal variation in faecal sludge 
characteristics was not significant except for BOD5. A high COD:BOD5 (3.8-4.5:1) shows 
faecal sludge that is characterised by slowly degradable organic matter. 
Conclusion: Even though the FS at the bottom of the pits was found to be the most 
stabilized, its characteristic parameters indicate that discharging it into the environment 
without any further treatment would pose a significant threat to public health.  The 
characteristics suggest that co-composting would be the most appropriate option for treating 
the FS and also underscore the fact that the VIP latrine technology is not suitable for use as 
a public toilet. 
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1. INTRODUCTION 16 

 17 

Pit latrines have been used in Ghana for several centuries largely as traditional pit latrines in 18 
rural communities. Majority of these latrines were unimproved and therefore did not ensure 19 
hygienic separation of human excreta from human contact. In recent times, ventilated 20 
improved pit (VIP) latrines and septic tank systems have become more common and the 21 
predominant form of sanitation in urban and peri-urban areas due to the limited coverage of 22 
conventional sewerage systems.  23 
 24 
The World Health Organisation (WHO) and UNICEF’s Joint Monitoring Programme (JMP), 25 
which is responsible for monitoring progress towards the Sustainable Development Goal on 26 
water, sanitation and hygiene (WASH), considers otherwise improved facilities shared by 27 



 

 

two or more households as a ‘limited service’ [1].  However, factors such as costs, space 28 
constraints, high population density in urban areas and absence of functional wastewater 29 
treatment plants have compelled householders in urban and peri-urban areas of Ghana to 30 
depend heavily on public toilets. This is particularly the case in Cape Coast where 40% of 31 
residents are reported to depend on public toilets [2]. The Ghana National Environmental 32 
Sanitation Strategy and Action Plan (NESSAP) 2010 – 2015 also reported that 37.6% of 33 
residents of the Central Region of Ghana (where Cape Coast is the Regional Capital) use 34 
public latrines, the third highest in the country after the Ashanti (46.3%) and Brong Ahafo 35 
(39.7%) Regions. These public toilets are either water closets connected to septic tanks, or 36 
ventilated improved pit (VIP) latrines. 37 
 38 
The SDGs 6.2 and 6.3 emphasize the need for safe management of excreta and 39 
wastewater, with the UN progress reports on SDG 6 shows that the number of people using 40 
safely managed sanitation services is increasing [3]. However, it is recognized that unsafe 41 
management of faecal waste and wastewater is a major public health and environmental 42 
problem [4]. It is therefore not enough to have hygienic toilets but there should be facilities 43 
for the safe collection, treatment and disposal or reuse of excreta desludged from the toilet 44 
facilities.  Indiscriminate disposal of FS without treatment poses a grave public health risks to 45 
communities and the aquatic environment. It defeats the purpose of sanitation as a barrier to 46 
disease transmission.  47 
 48 
The most fundamental step involved in the management of any type of waste is the 49 
identification of its constituents [5].  There is complex heterogeneity in the characteristics of 50 
FS depending on factors such as type of onsite sanitation system, season, emptying 51 
frequency, extent of water intrusion into the facility and user habits [6, 7].  Knowledge of the 52 
characteristics of FS is required for the selection of appropriate technology for treatment, 53 
sizing of treatment units and assessment of the prospects of resource recovery from the 54 
sludge [8]. 55 
 56 
Currently, there is no conventional wastewater or faecal sludge treatment system serving the 57 
Cape Coast Metropolitan Area (CCMA). Faecal sludge (FS) desludged from on-site 58 
sanitation facilities (both private and public) are discharged on a bare ground near the City’s 59 
solid waste dump site without further treatment. To the best of our knowledge, there is 60 
limited information on the characteristics of FS produced in Cape Coast, the extent of 61 
stabilization that the FS attains prior to disposal and, for that matter, its anticipated impact on 62 
the environment.  The absence of such data could hamper the adoption of well-informed 63 
excreta management practices. This study was conducted to characterise FS from ventilated 64 
improved pit latrines used as public toilets in Cape Coast, Ghana. The objective was to 65 
assess their potential impact on the environment and to guide the selection of appropriate 66 
management solutions. The paper also estimates the amount of beneficial resources wasted 67 
due to the lack of FS treatment facility. 68 
 69 

2. MATERIAL AND METHODS  70 

 71 

2.1 The study setting 72 

 73 
The study was conducted within the Cape Coast Metropolitan Area (CCMA). The Cape 74 
Coast Metropolitan Area is the administrative capital of the Central Region of Ghana and lies 75 
in the coastal part of the country. It is located on longitude 1

o
11' - 1

o
41'W and latitude 5

o
07' - 76 

5
o
20'N [9] and covers a land area of approximately 122 km

2
. According to Ghana’s 2010 77 

population and housing census, the population of the CCMA was 169,894 with a density of 78 
1,392/km

2
 [2] making it the 7th most populated city in Ghana. Currently, the estimated 79 

population is 186,159 with a density of 1,520km
2
 [10]. The average minimum and maximum 80 



 

 

temperatures are 24 and 32
o
C respectively with relative humidity ranging from 70% to 90% 81 

[11]. Located in a tropical country, CCMA has two main seasons: wet and dry seasons. The 82 
bimodal wet seasons occur in March to July and September to November [12]. The total 83 
annual rainfall for the metropolis ranges between 750mm and 1,000mm (CCMA 2014). Most 84 
communities in the CCMA have low water table making the lands suitable for pit latrines. In 85 
2014, more than 100 public toilets (both dry and wet systems) operated in the metropolis [9], 86 
with approximately one public toilet for 1.22 square kilometres. Public toilets are operated 87 
and managed by community members who collect user fees per person per visit and pay 88 
daily or monthly franchise fees to the Metropolitan Assembly. The metropolis currently has 89 
no FS treatment facility. FS desludged from private and public toilets are discharged in an 90 
open area at the City’s solid waste dump site. The liquid waste generation rate in Cape 91 
Coast for 2014 was estimated to be 16,000 tonnes and expected to increase to 20,000 92 
tonnes in 2020 [9]. These figures translate into a daily generation rate of 44 tonnes and 55 93 
tonnes for 2014 and 2020 respectively which are disposed on a bare ground without any 94 
treatment. 95 
 96 

2.2 Latrine selection 97 

 98 
Thirteen (13) public VIP latrines located in various urban and peri-urban areas of the CCMA 99 
were selected. The latrines were selected to ensure that all the various zones in the 100 
metropolis is covered. These thirteen latrines have been reported to serve over 4,100 people 101 
each day [13]. 102 

 103 

2.3 Samples and sampling procedure 104 

 105 
Samples of unhardened pit latrine sludge of approximately one (1) litre were collected from 106 
three (3) layers (surface, middle and bottom) of each of the thirteen pit latrines. A rod was 107 
driven through the sludge to determine the penetrable depth of each pit and hence the depth 108 
of the middle layer. The surface samples were collected early in the morning when majority 109 
of the users were expected to use the facility. To sampling from the middle and bottom 110 
layers, a sampler was constructed from a 150 mm diameter PVC pipe. An opening with 111 
moveable cover was constructed at the bottom and middle of the PVC pipe based on the 112 
depth of the pit. The bottom of each opening was sealed at a height of 60mm below the 113 
opening to provide enough space for sampling. The openings were closed before inserting 114 
the sampler into the pit to prevent sampling from an unintended depth. Sampling activities 115 
were carried out in January and February (dry season) and September and October (wet 116 
season) of 2015. The choice of wet and dry seasons for sampling was to ascertain whether 117 
FS characteristics will vary with season. Two (2) samples were taken each month. Samples 118 
were randomly taken from five (5) different locations in each pit and thoroughly mixed to 119 
obtain a composite sample.  120 

 121 

2.4 Sample preservation techniques 122 

 123 
To mimic the dark environment of the pit and to ensure that the bioactivity of the samples is 124 
not altered, storage containers were wrapped in black polythene bags before transporting 125 
them to the laboratory. All samples were stored in a cold environment at 4°C to inhibit 126 
microbial activities and allowed to reach room temperature before laboratory analysis. Tests 127 
were conducted within 24 hours of sampling. Storage of faecal samples at 4

o
C for 24hrs 128 

have been reported to have no significant effect on microbiota composition [14, 15].  129 
 130 

2.5 Sample preparation and analysis 131 

 132 



 

 

Preparation of samples and testing protocols for COD (total, soluble and particulate), BOD5, 133 
solids (total and volatile) and moisture content were carried out based on standard methods. 134 
The test method used for each of the parameters are as shown in Table 4. The COD 135 
fractionation test followed the protocol used by Nwaneri [16]. The fractionated COD, BOD5, 136 
Solids and moisture content of all samples were measured according to Standard Methods 137 
for the Analysis of Water and Wastewater [17]. All analysis was performed in triplicates and 138 
the average results taken. 139 
 140 

2.6 Parameters for characterization of faecal sludge and potential impact on 141 

the environment 142 
 143 
Samples of pit latrine sludge were characterised using parameters adopted by [16, 18]. The 144 
physico-chemical parameters analysed were moisture content, total solids, total volatile 145 
solids, total COD, BOD5, soluble COD and particulate COD. The soluble and particulate 146 
COD were measured only for the samples taken from the surface layers. These parameters 147 
were selected to determine the biodegradable content of the FS and, hence, the potential of 148 
reducing sludge volume by latrine additives. As noted by Bakare [19], the amount of 149 
biodegradable or non-biodegradable material present in a pit latrine determines the efficacy 150 
of latrine additives added to it. The physico-chemical characteristics and the test method 151 
used are listed in Table 1. 152 

 153 

Table 1. Parameters used to measure physico-chemical properties of fresh 154 
faeces and faecal sludge  155 

Parameter Reason Test Method Reference 

Moisture 
content 

To quantify the moisture 
content of the samples 

Thermogravim
etric   

AWWA [17] 

Total COD 
(tCOD) 

To measure oxidizable organic 
matter in the different samples 

Open reflux 
colorimetric 

AWWA [17] 

BOD5 To quantify the biodegradable 
material present in the samples 

Titrimetric  AWWA [17] 

Soluble COD 
(sCOD) 

To quantify dissolvable 
oxidizable organic matter 

Open reflux 
colorimetric 

AWWA [17] 

Particulate 
COD (pCOD) 

To quantify particulate 
oxidizable organic matter 

Open reflux 
colorimetric 

AWWA [17] 

Total solids To determine total solids in the 
samples. 

Thermogravim
etric  

AWWA [17] 

Total volatile 
solids (TVS)  

To quantify the organic material 
present in the samples 

Thermogravim
etric 

AWWA [17] 

 156 

For these parameters, review of existing literature could not identify any authoritative set of 157 
guideline limits for the disposal of FS into the environment. The closest guidelines are those 158 
related to the use of excreta in agriculture, which mainly focus on heavy metals, pathogens 159 
and some organics [20, 21].  Nevertheless, to appreciate the environmental risks associated 160 
with the disposal of FS into the environment, the discussion of the results of this study 161 
makes reference to the general characteristics of untreated septage, a material removed 162 
from septic tanks, usually with the aid of a cesspit emptier. Environmental Regulations in 163 
most countries require that septage is treated prior to reuse or disposal into the environment 164 
[22, 23]. The results are also compared with Ghana EPA effluent quality discharge 165 
standards. 166 

 167 

2.7 Data analysis 168 

 169 



 

 

Data analysis was performed using Microsoft Excel and SPSS statistical software. The 170 
descriptive statistics was used to present the mean and standard deviations of the results 171 
from the 13 pit latrines at different depths, with the exception of total COD for which the 172 
median and interquartile range (IQR) were presented because the data was found to be non-173 
normally distributed. A one-way ANOVA test (α = 0.05) was used to test whether there are 174 
statistically significant differences in the characteristics among the three sampling depths but 175 
for total COD a nonparametric test (Kruskal-Wallis) was used. Multiple comparisons of 176 
parameters at the three sampling levels were done using Bonferroni (ANOVA) and Dunn-177 
Bonferroni (Kruskal-Wallis) post hoc analysis. A two-sample t-test for means at 95% 178 
significance level was further used to compare FS characteristics for dry and wet seasons. 179 

 180 

 181 

3. RESULTS AND DISCUSSION 182 

 183 

3.1 Characteristics of FS 184 

 185 
The results of the physico-chemical characteristics of FS and their seasonal variations are 186 
presented in Table 2. The table also shows the average characteristics of untreated septage 187 
and Ghana Environmental Protection Agency (EPA) effluent quality discharge standards 188 
which were adopted for assessing the environmental risks associated with the disposal of 189 
untreated faecal sludge into the environment. 190 
 191 
Table 2: Characteristics of FS in Cape Coast (N = 13) 192 

Parameter 

Unit Mean (SD) Seasonal 
differencea 

(p-value) 

Septage 
[22] 

Ghana EPA 
Discharge 
Standard 

 All 
samples 

Dry 
season 

Wet 
season 

Moisture 
Content 

% wet 
sample 

63.9 
(2.2) 

63.1 
(2.3) 

64.6 
(3.0) 

1.5 (.11) - - 

Total CODb mg/L 58,740 
(1,556) 

57,866 
(3,807) 

59,349 
(2,239) 

1480 (.58) 31,900 250 

BOD5 mg/L 14,356 
(1,443) 

13,197  
(1,532) 

15,515 
(1,730) 

2318 (.00)** 6,480 50 

Soluble COD mg/L 16,205 
(1,729) 

15,822 
(1,629) 

16,588 
(2,990) 

766 (.43) - - 

Particulate 
COD 

mg/L 45,806 
(648) 

45,387 
(744) 

46,224 
(1,091) 

837 
(.045)*** 

- - 

Total Solids % wet 
sample 

36.4 
(2.5) 

36.9 
(2.3) 

35.4 
(3.0) 

-1.5 (.11) 34,106c - 

Total Volatile 
Solids 

% TS 65.8 
(1.2) 

65.5 
(2.7) 

66.1 
(2.3) 

.6 (.61) 68 - 

COD:BOD5  4.1 4.5 3.8  - - 
pCOD:sCOD  2.9 2.9 2.8  - - 

SD – Standard deviation;  a – Wet season-Dry season; b – Median (IQR);  c – In mg/L  193 
** Significant at 1% level  *** Significant at 4.5% level 194 
 195 
Generally, the results do not show significant differences between the dry and wet seasons 196 
with the exception of BOD which increased significantly in the wet season.  Usually, changes 197 
in FS characteristics between the dry and wet seasons are attributed to intrusion of water 198 
into the pits during the dry season [24].  However, the results of this study suggests that the 199 
VIP latrines studied in Cape Coast were, probably, constructed in a manner that controls 200 



 

 

water intrusion into the pits.  Results of the overall characteristics of the FS are discussed in 201 
the following sections: 202 
 203 

3.1.1 Moisture content 204 

 205 

Water constitutes about 64% (SD=2.2) of the FS.  For the purpose of environmental 206 
protection, no threshold value for moisture content has been set by the Ghana EPA. Various 207 
studies report moisture content of faeces as ranging from 50% to 90% [25, 26] depending on 208 
the source.  Generally, faeces from dry sanitation systems such as the pit latrines involved in 209 
this study tend to have a lower moisture content while samples from wet sanitation systems 210 
like the water closet have higher moisture contents. 211 
 212 
The significance of the moisture content of FS lies in its influence on the biological 213 
degradation of the organic matter in the faeces as well as the possibility of desludging with a 214 
vacuum truck.  To enhance microbial activity, a moisture content ranging from 50% to 60% is 215 
considered adequate [27]. It could be inferred that the moisture content recorded in this 216 
study is ideal for microbial activities. With adequate retention time and organic matter, the 217 
microorganisms can further stabilize the FS. 218 
 219 
On the other hand, the lower moisture content recorded in this study would make it difficult to 220 
desludge the contents of the pits with a vacuum truck since that technical option for pit 221 
emptying requires much higher moisture content to ensure adequate fluidity of the faeces.  222 
For instance, the moisture content of samples taken from vacuum trucks at the FS disposal 223 
site in Kumasi, Ghana, was reported by Fanyin-Martin [28] to be as high as 98%.  224 
Conventionally, desludging by a vacuum truck is only done for wet sanitation systems.  225 
However, there is a practice in Ghana where water is pumped into pit latrines to loosen the 226 
contents and subsquently desludge with a vacuum truck. Fanyin-Martin [28] analysed such 227 
FS desludged from pit latrines in Kumasi and found the moisture content to be 95%. 228 

 229 

3.1.2 Chemical and biochemical oxygen demand  230 

 231 

The average total COD of FS measured in this study was 58,928 mg/L (SD=8,305mg/L), 232 
with the average BOD5 being 24% of the average total COD. The COD results in this study 233 
fall within the range reported in Ghana (49,000-85,998mg/L) [28, 29] but higher (4.7 times) 234 
than those reported in Ouagadougou (12,437mg/L) [8]. On the contrary, the results are lower 235 
than those reported in Kenya (112,800mg/L) [30] and Malawi (45,447mg/L) [31].  The results 236 
from Cape Coast are far higher than that of septage [22] and the Ghana EPA effluent 237 
discharge standard.  The significant increase in BOD during the wet season suggests that 238 
microbial activity in breaking down the biodegradable component of the FS is sensitive to the 239 
marginal increase in moisture content. 240 
 241 
The implication of these results is that it is not appropriate to discharge the FS into the 242 
environment without further treatment. This is because the high COD and BOD5 indicate that 243 
the faecal matter is characterized by high oxygen demand (from its high organic content) 244 
and would therefore utilize high amount of oxygen during aerobic degradation. The impact of 245 
discharging this untreated FS (in terms of oxygen depletion) on the receiving environment, 246 
particularly surface waters, is very grave. 247 
 248 
The total COD comprises of particulate COD (pCOD) and soluble COD (sCOD).  The 249 
amount of particulate COD was higher than the soluble and constitute 78% of the total COD. 250 
The high ratio of particulate COD to soluble COD (2.9:1) suggests that most of the 251 
degradable COD present in the faeces are slowly degradable [32] and this is confirmed by 252 
the high COD:BOD5.  Results from this study is within the amount of slowly biodegradable 253 



 

 

organic fraction (up to 80%) reported in literature [33]. The presence of high amounts of 254 
slowly biodegradable organic matter implies that the microorganisms will require much 255 
longer time to degrade the organic matter in the sludge. The disposal of FS in this state into 256 
the environment will have a dire environmental and public health consequence [7] 257 
particularly when it finds its way into surface water bodies. 258 

 259 

3.1.3 Solids  260 

 261 

The mean total solids content measured in this study was 36% (SD=2.5) of wet sample. This 262 
value is over 5 folds higher than those measured in pit latrines (4.68%) and public toilet 263 
septage (1.90%) in Kumasi [28]. Of the total solids content recorded in this study, between 264 
64% and 68% are organic matter that are biodegradable. The ratio of organic solids to the 265 
total solids indicates the relative amount of organic matter present and the biochemical 266 
stability of the faecal sludge [24]. It therefore has implications for the choice of treatment 267 
technology to be applied.  The percentage of organic solids recorded in this study are 268 
consistent with those generally reported in literature [6, 29].  As noted under the results on 269 
COD and BOD, a high percentage of the organic matter is slowly biodegradable and could 270 
account for the relatively high desludging rate observed among public pit latrines in Cape 271 
Coast [34].  This is because the retention time that informed the sizing of the pits may not be 272 
adequate for the biological degradation of all the organic matter in the faeces, which would 273 
quickly fill up the pit and call for desludging. 274 

 275 

3.2 Variation of FS characteristics with depth 276 

 277 

The variation in the FS characteristics among the three sampling layers are shown in Table 278 
3.   279 
 280 
Table 3. Variation of FS characteristics with depth in Cape Coast (N = 13) 281 

Parameter Unit 
Mean (SD) 

F (p-value) Surface 
layer 

Middle 
layer 

Bottom 
layer 

Moisture 
Content 

% wet 
sample 

76.7 (1.7) 63.8 (4.7) 51.0 (3.0) 187.34 
(.00)** 

Total COD mg/L 61,817 
(2,527)

a 
57,938 
(830)

a 
55,921 
(2,192)

a 
16.53

b
 

(.00)** 
BOD5 mg/L 20,248 

(3,054) 
13,695 
(2,500) 

9,125 
(726) 

75.69 (.00)** 

Total Solids % wet 
sample 

23.7 
(2.7) 

36.2 
(4.7) 

49.3 
(2.8) 

167.36 
(.00)** 

Total Volatile 
Solids 

% TS 75.7 
(2.0) 

67.5 
(2.0) 

54.3 
(2.2) 

364.12 
(.00)** 

SD – Standard deviation; a – Median (IQR);  ** Significant at 1% level; b – H for Kruskal-Wallis test 282 
 283 

All the parameters measured in this study generally decreased significantly among the three 284 
sampling layers from the surface layer to the bottom layer (p=.00 for all parameters) except 285 
for total solids which rather increased significantly from the surface to the bottom layer 286 
(p=.00).  Furthermore, a comparison of the inter-layer characteristics of FS shown in Table 4 287 
reveal that the variation in the parameters are also significant between all pairs of layers as 288 
shown in Table 4. 289 
 290 

Table 4. Results of inter-layer comparisons of FS characteristics (N = 13) 291 

Parameter Unit Inter-layer difference in mean (p-value) 



 

 

Surface- 
Middle 

Surface-
Bottom 

Middle-
Bottom 

Moisture Content % ws 12.9 (.00)** 25.7 (.00)** 12.8 (.00)** 
Total COD

a 
mg/L 3,879 (.02)* 5,895 (.02)* 2,017 (.02)* 

BOD5 mg/L 6,553 (.00)** 11,123 (.00)** 4,570 (.00)** 
Total Solids % ws -12.5 (.00)** -25.6 (.00)** -13.1 (.00)** 
Total Volatile Solids % TS 8.2 (.00)** 21.4 (.00)** 13.2 (.00)** 
a
 – Difference in median (p-value);  * Significant at 5% level; ** Significant at 1% level 292 

 293 
The change in trend of the total solids is expected as a decrease in moisture content 294 
corresponds to an increase in total solids. In describing the processes that occur in pit 295 
latrines, Nwaneri, Foxon [18] and Buckley, Foxon [25] noted that the addition of new faeces 296 
to the heap results in the mechanical compaction of the bottom layers and the squeezing of 297 
moisture out of the bottom content. This process may have accounted for the decreasing 298 
trend of moisture content from the surface to the bottom. The decrease in FS characteristics 299 
from the surface to the bottom layer have also been observed and reported in other studies 300 
[16, 18, 30]. The percentage decrease in the moisture content, total COD, BOD5 and TVS 301 
were in the range of 4% to 32% (surface - middle), 11% to 55% (surface - bottom) and 7% to 302 
33% (middle - bottom).  303 
 304 
The results show that FS sampled from the bottom layer were more stabilized than those at 305 
the surface and middle layers. Notwithstanding, the mean total COD (55,245mg/L) and 306 
BOD5 (9,125 mg/L) at the bottom were much higher than the Ghana EPA effluent discharge 307 
standards (COD=220-fold; BOD5=180-fold) and characteristics of raw septage (COD=1.7-308 
fold; BOD5=1.4-fold). This indicates that, it is not appropriate to dispose the faecal sludge 309 
into the environment without further treatment. The current disposal practice in Cape Coast 310 
is greatly polluting the environment and poses public health risks. 311 
 312 
 313 

3.3 Implications of findings for management solutions 314 

 315 

3.3.1 Technology selection for public use 316 

 317 
The findings of this study highlight the inappropriateness of the choice of the VIP latrine 318 
technology for public use.  The need to desludge unstabilized FS from the latrines is an 319 
indication of the failure of the choice of technology.  By its conventional design, it is expected 320 
that when the pit is full it would be sealed to allow the sludge to decompose, usually within 321 
two years [35] before the stable compost is removed and used as manure or safely disposed 322 
of with no or minimal environmental risks.  This raises the question of how to provide an 323 
alternative facility for this fallow period.  The immediate solution is the use of the alternating 324 
or double-pit design option which allows pit rotation within the same latrine facility.  Pit 325 
rotation is a perfect option for VIP latrines used at the household level where the low faecal 326 
loading rate affords the contents the first pit adequate time to stabilize while the second one 327 
is in use.  However, when the technology is applied in a public toilet, the high usage rate 328 
leads to a rapid filling up of the alternative pit before the content of the first pit becomes fully 329 
stabilized [36, 37].   330 
 331 
The latrines studied in Cape Coast were not designed with double pits to allow pit rotation.  332 
Nevertheless, the potentially high content of slowly degrading organic components 333 
suggested by the high COD:BOD ratio recorded in this study implies that a long retention 334 
period would be required to stabilize the contents of the first pit to be filled.  This, in turn, 335 
implies that the sizes of the alternating pits required to support such long retention period 336 
would be unreasonably large.  Unfortunately, the moisture content of FS in such dry 337 



 

 

sanitation systems is usually too low to allow pit emptying by a vacuum truck as encountered 338 
by Obeng, Keraita [38] in Prampram, Ghana.  It is, therefore, recommended that the 339 
authorities in Cape Coast consider replacing the VIP technology with a water-depended, 340 
easy-to-desludge technology such as the aqua privy, the pour-flush or the water closet with 341 
septic tank technology, subject to other technical and economic considerations 342 
 343 

3.3.2 Selection of a treatment option 344 

 345 
As noted earlier, there is the need for treatment of FS in Cape Coast to forestall the public 346 
health hazards associated with the current FS disposal practice. A wide variety of 347 
technologies exists for the treatment of FS and septage including waste stabilization ponds, 348 
co-composting, anaerobic digestion, vermicomposting, etc.  However, with the relatively 349 
large amount of total solids in the FS, the choice of co-composting as a treatment option 350 
would be highly viable and beneficial to local farmers.  From Table 5, between seven and 351 
thirteen tonnes (depending on the treatment technology selected) of soil conditioner could be 352 
available for agricultural use daily.  The Cape Coast Metropolis is surrounded by farming 353 
communities who could benefit from relatively cheaper soil conditioners (manure). To the 354 
best of our knowledge, there are currently no reports of the direct application of faecal 355 
sludge in agriculture in and around Cape Coast, but the practice of dumping faecal sludge 356 
into the environment means large volumes of beneficial organic matter is wasted.  357 
Nevertheless, constant monitoring would be required to ensure that the manure is free from 358 
heavy metals and pathogens. 359 
 360 

3.3.3 Potential resource recovery  361 

 362 
Aside the recovery of manure from the FS, other beneficial resources such as biogas, biofuel 363 
and protein source for poultry could be obtained from the FS treatment in line with Ghana’s 364 
Environmental Sanitation Policy principle of treating sanitation as an economic good [39]. 365 
Untapped beneficial resources from faecal sludge produced in Cape Coast is shown in Table 366 
5. These are based on calculations used by Diener [40]. 367 

 368 

Table 5. Estimated beneficial resources from FS produced in Cape Coast. 369 

Beneficial resource Unit Value  Basis for Calculation 

Average quantity of FS 
production in Cape Coast  

tonnes/day 49.0 2014 and 2020 estimates [9] 

Average solids content in FS  tonnes/day 17.8 Average results of 36.4% from 
this study 

Biogas potential  m
3
/day 1,548.6 87mL of gas/g FS at a 

temperature of 30
o
C [41]. 6 

days a week for 52 weeks a 
year 

Biofuel potential  GJ/day 302.6 Calorific value of 17GJ/tonne 
[42] 

Black soldier fly (BSF) larva as 
poultry feed  

kg/day 356 20kg BSF larva for 1 tonne of 
FS [43] 

Protein potential from BSF 
larva  

kg/day 124.6 35% protein/kg of BSF larva 
[44] 

Soil Conditioner from BSF 
larva production  

tonnes/day 7.1 60% solids reduction by larva 
[40] 

Soil conditioner from biogas 
plant  

tonnes/day 12.5 30% reduction of volatile solids 
[41] 

 370 



 

 

Studies have shown that FS is a potential biofuel with calorific value comparable to other 371 
fuels [45]. An estimated 302.6 GJ of biofuel could be obtained from FS produced in Cape 372 
Coast (refer to Table 5). This amount of biofuel could provide an important energy source for 373 
small and medium scale industries in Cape Coast and its environs.  Furthermore, biogas 374 
technology is becoming increasingly prominent in Ghana. As an important energy source, 375 
biogas can reduce the dependence on firewood for household, institutional and industrial 376 
uses. With the current FS production rate in Cape Coast, about 1,549 m

3
 of biogas is wasted 377 

each day. Using 2,500 litres/day of cooking energy requirement for a household size of five 378 
[46], the biogas potential of Cape Coast could provide energy for more than 600 households. 379 
This could go a long way to reduce the amount of greenhouse gases in the local 380 
atmosphere.   381 
 382 
The use of black soldier fly (BSF) (Hermetia illucens) larva in the treatment of solid waste 383 
and excreta has attracted a lot of attention and research. More information on the application 384 
of BSF larva for biowaste treatment can be found in Gold [47]. The BSF larvae has been 385 
identified as an important protein source for chicken [48] and fish [49]. Nguyen [43] reported 386 
that one tonne of FS with 40% dry solids could produce 20kg of BSF larva providing about 387 
35% of protein source for poultry [44]. Based on these figures, the FS produced in Cape 388 
Coast can generate about 356 kg of BSF larva meal and 125 kg of protein each day (see 389 
Table 5). This could significantly boost poultry and fish farming. Whiles this is a potentially 390 
beneficial resource, public education to ensure product acceptance is very necessary.  391 

 392 

3.3.4 Improving degradation using additives 393 

 394 
Pit latrine additives that boost nutrients, enzymes, bacteria [50] can potentially be used to 395 
improve the degradation rate of organic matter. Without prejudice to the earlier concerns 396 
raised about the appropriateness of VIP latrines used as public toilets, pit latrine additives 397 
that enhance the activities of microorganism would be very useful in Cape Coast due to the 398 
presence of adequate moisture for microbial activity and the high organic matter recorded in 399 
this study. A successful application of additives to improve the degradation rate of faecal 400 
sludge in public toilets will increase the period between desludging, consequently minimising 401 
the risk of environmental pollution.   402 
 403 

 404 

4. CONCLUSION AND RECOMMENDATIONS 405 

 406 
Generally, the characteristic parameters (COD, BOD5, moisture content, and organic solids) 407 
decreased from the surface to the bottom of the pits except total solids which increased from 408 
the surface to the bottom. The mean moisture content ranged from 60.1-68% while the mean 409 
total solids ranged from 32% to 40.2%. The proportion of total solids that are volatile ranged 410 
from 63.7% to 67.8%. Mean total COD ranged from 36,355 mg/l to 73,250 mg/l with 411 
particulate COD accounting for 78% of total COD. The mean BOD5 ranged from 11,654 mg/l 412 
to 16,655 mg/l with a high COD:BOD5 of 4.1. With the exception of BOD, the FS 413 
characteristics did not show any significant variation between the dry and wet seasons. Even 414 
though the FS at the bottom of the pits was found to be the most stabilized, its characteristic 415 
parameters indicate that discharging it into the environment without any further treatment 416 
would pose a significant threat to public health. Additional treatment is therefore required 417 
prior to final disposal or reuse of the sludge to protect public health. The large particulate 418 
COD and COD:BOD5 show that the FS is characterised by high content of slowly degradable 419 
organic matter which would be suitable for co-composting as a treatment option. The 420 
findings of this study underscore the inappropriateness of the use of the VIP latrine as a 421 
public toilet and the need for managers of sanitation systems to recognise faecal sludge as 422 
valuable economic resource. 423 



 

 

 424 
 425 
 426 
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