
  
 

Abstract
Background : The concept of eco-toilets in Bangladesh was promoted by an NGO (Practical Action, Bangladesh). 
The ecotoilets are especially built to collect human excreta for using them as manure on the fields after appropriate 
treatment for 12 months. Objectives: This study was designed to see the physical properties appropriate for fields 
and pathogenic potential to ensure the treated human excreta are safe for cultivator’s handling. Methodology: The 
study was carried out in three phases during 2010 to 2014. A total of 210 composted faecal excreta were examined 
for  physical properties like colour, odour, odour intensity, moisture, bacteriological examination for faecally trans-
mitted potential bacteria and parasitological  examination for ova / cysts of faecally - transmitted parasites to 
recommend whether  these composted excreta were suitable for use as manure by the cultivators. Results: Majority 
of the specimens in all three phases contained remarkable moisture: 22.3-80.0% in all specimens in phase I, a 
considerable number (16, 53.3%) contained 25% moisture in phase II and high moisture content (66.4%-78.9%) in 
6(50.0%) of specimens in phase III. Bacteriological examination revealed no pathogenic organism in any specimen 
of the phases- although, some specimens in all phases showed growth of non-coliform bacteria. Parasitological 
examinations in all phases revealed ova/larvae of helminths of Ascaris lumbricoides (AL)/ Trichuris trichiura 
(TT)/ Strongyloides stercoralis (SS). No cyst or trophozoite of any pathogenic parasite, or oocyst of the cryptospo-
ridium was found. Conclusion: The composted excreta could not be adequately treated by sun-drying as indicated 
by high moisture content and were found not suitable to use as manure by cultivators in the field. 
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sanitation.3 Majority of the faecal waste globally does not 
undergo any treatment to eradicate the possible microbial 
pathogens and eventually, over 50% of the water sources 
like pond, lake, rivers, oceans are contaminated with 
untreated sewage.4

Whereas, human excreta as organic biosolids can be recy-
cled onto agricultural land for providing essential nutrients 
of the crops and for improving soil conditions by increasing 
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Introduction
A significant proportion of population, especially in the 
developing countries, were estimated by World Health 
Organization (WHO) to lack access to safely-managed 
sanitation and were developing the guidelines to safely use 
the human excreta in agriculture.1,2 The lack of access to 
safe sanitation also produces significant economic impact. 
India’s GDP was found to face a loss of 6.4% due to inadequate 
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water-holding capacity and aeration, as well as an energy 
source for earthworms and beneficial microorganisms.5 
Faecal sludges have been found to contain essential nutri-
ents (nitrogen and phosphorus) and potentially beneficial 
as fertilizers for plants.6 The organic carbon in the sludge, 
once stabilized, is also desirable as a soil conditioner, 
because it provides improved soil structure and aeration 
for plant roots.6
A large number of human pathogens like bacteria - e.g., 
Escherichia coli & Salmonella species and parasites/proto-
zoa e.g., Cryptosporidium parvum, Giardia intestinalis, 
Ascaris lumbricoides, Taenia saginata / Taenia solium 
primarily originate from human faeces.7 Therefore, the use 
of human biosolids in the fields as fertilizer bears the risk 
of infection by these human pathogens for the users. For 
the purpose of safely using nutrients in human excreta, the 
concepts of eco-toilets have been popular worldwide with 
composting the biosolids by anaerobic digestion (AD).9 
AD is the process treating organic materials biologically in 
the absence of oxygen and producing biogas.  Because of 
the capacity for efficient conversion of organic materials as 
well as cost effectiveness, this process became very popu-
lar in resource-poor areas of the world. But AD alone can 
not remove all pathogenic potentialities of the faecal 
sludges.10-13 

Keeping in mind the above considerations, the present 
study was conducted to test composted and sundried 
human excreta from eco-toilets at different areas of 
Bangladesh for assessing physical properties favourable 
for survival of the human pathogens and existence of 
pathogenic bacteria, protozoa and helminths that could be 
harmful for cultivators.

Methodology
This was a prospective observational study complet-
ed in three phases during 2010 to 2014 and conducted 
in the Institute of Epidemiology, Disease Control and 
Research (IEDCR). Human excreta (faeces and 
urine) were collected separately for 6-months in the 
especially built latrines (eco-toilets) for this purpose 
by an Non Government Organization (NGO) named 
‘Practical Action Bangladesh’. The excreta were then 
composted after 6-months use being covered by ash, 
kept unused for next 6-months in phase 1 study and 
examined for potential pathogens. In the next two 
phases, following recommendations made from 
previous phase, the specimens were sundried after 
initial composting. In phase I, completed during 2010
-2011, a total of 60 composted faecal excreta were 

examined and recommendations made based on find-
ings to keep excreta for further anaerobic  digestion 
and sun-drying before use as manure; in phase II 
during 2012, in continuation of phase I recommenda-
tions, 120 composted human faeces specimens from 
30 different eco-toilets (4 from each including 2 from 
upper layer and 2 from middle layer) were sundried 
and examined, found not suitable for use as manure 
and recommendations made for further adequate 
sun-drying; in phase III completed in 2014, in contin-
uation of the collaboration, a total of 12 composted 
and adequately sundried human excreta were exam-
ined for the physical properties and pathogenic poten-
tial for safety to ensure the reuse of human excreta as 
safe soil conditioner.
During all phases, examinations of the composted 
and/or sundried human excreta were performed in the 
laboratories of IEDCR. The physical examinations of 
the excreta included smelling odour, looking colour, 
measuring pH and moisture content14 by standard 
techniques. The parasitological examination included 
Microscopy using normal saline, iodine and safranin 
preparations to see ova/ larvae of AL, TT, AD & SS, 
cyst/ trophozoites of EH, GI and oocyst of Cryptospo-
ridium species. For bacteriological study, the speci-
mens were crushed aseptically, dissolved in sterile 
normal saline and inoculated over Thiosulphate 
Citrate Bile salt Sucrose (TCBS) agar, McConkey’s 
agar and Salamonella-Shegella agar media to see 
growth of any Vibrio cholerae, Salmonella & Shigella 
species. 
Data for each specimen were collected in separate 
data sheet and entered into computer using SPSS soft-
ware (version 16.0) for analysis.

Results
Phase I findings:
The colour and odour of the composted excreta of eco‐toi-
lets were more or less within acceptable quality. The mean 
pH was acidic (6.2) and the moisture content was high 
(22.3-80.0%). Bacteriological examination revealed no 
pathogenic organism, although non-coliform bacteria were 
found to grow. Parasitological examination revealed at least 
one type of parasite in each of the specimens. Ova of Asca-
ris lumbricoides (AL) and Trichuris trichiura (TT) were 
found in all specimens (60,100.0%), although many of them 
seemed to be nonviable based on physical characteristics. 
Cysts of amoeba were found in all specimens, but all of 
them were non-pathogenic. (Table 1).
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Phase II findings:
The colour of the specimens was muddy or blackish, had 
no odour and mean pH was alkaline (8.5). Some of the 
specimens (31/120, 25.83%) contained moisture (50.0-53.3%). 
Some of the specimens contained ova of helminths (12/120, 
10.0% contained ova of AL, 1/120, 0.8% contained ova of 
TT and 1/120, 0.8% contained both ova). No cyst/tropho-
zoite/oocyst found among the specimens. There was no 
growth of potential pathogens by culture on bacteriological 
media. (Table 2)

Table 2: Pathogenic potentials of composted human faeces 
(n=30) during phase II

Table 3: Relationship of moisture and ova/cyst of parasites 
content in the composted human excreta (n=30) from 
eco-toilets in phase II tested immediately

AL-Ascaris lumbricoides, TT- Trichuris trichiura, SS-
Strongyloides stercoralis 

>7.0 (Alkaline) 30 (100.0)1 pH

25.0%2 Moisture content 16 (53.3)

Yes3 Ova of AL/TT/both 14 (46.6)

Findlings of 
majority 
specimens

Number (%) 
of specimens 

Sl
no.

Trait

Discussion
The proposed Eco-toilets by Practical Action Bangladesh 
were expected to be safe by not containing any potentially 
pathogenic microorganism. For this purpose, the physical 
properties and pathogenic potentials of the composted 
human excreta have been examined consecutively in three 
phases. Pathogenic potentiality in the phase I was very 
high showing ova / larvae of helminths, cysts of non-patho-
genic amoeba and non-coliform bacteria. This indicated 
that treatment of the human faeces was not adequate for 

AL-Ascaris lumbricoides, TT- Trichuris trichiura, SS-
Strongyloides stercoralis 

Number (%) 
of specimens 

Sl
no.

60 (100.0)

Findlings
of majority 
specimens

41(68.3)1 pH 6.0 (Acidic)

60 (100.0)2 Moisture content 22.3-80%

54 (90.0)3 Growth of bacteria 
(non-pathogenic)

Yes

60 (100.0)4  Cyst of non-pathogenic 
amceba 

Yes

Yes5 Ova of Al /TT / SS

Trait

Table 1: Pathogenic potentials of composted human faeces 
(n=60) during phase I

Number (%) specimens showing-

Al-Ascaris lumbricoides, TT- Trichuris trichiura, SS-
Strongyloides stercoralis 

Moisture content

No moisture
 (n=14)
25% moisture 
(n=16)

No ova/cyst     Ova of AL/TT/both
12(85.7%)   

4 (25.0%) 12 (75.0%)

P value 

0.01
2(14.3%)

Phase III findings:
Specimens were black/ash and majority (6, 50.0%) had no 
odour. The mean pH of the specimens examined was 7.9 
(SD±0.2875). Moisture content of half of the specimens 
(6, 50.0%) were between 4.6 to 8.1%, whereas, other half of 
the specimens had high  (66.4%-78.9%) moisture. (Table 4)

Table 4: Pathogenic potentials of the specimens in phase 
III (n=12) 

Half (6, 50.0%) of the specimens showed no growth of any 
faecal pathogen and 3(25.0%) of the specimens were found 
to yield growth of non-coliform faecal pathogens. Speci-
mens showing growth were also found to contain high-lev-
el of moisture (66.4-70.3%). (Table 5) 

Table 5: Relationship of moisture content and growth of 
bacteria in the composted human excreta (n=12) from 
eco-toilets in phase III tested immediately

AL-Ascaris lumbricoides, TT- Trichuris trichiura, SS-
Strongyloides stercoralis 

Black/ash 12 (100.0)
7.9 (Alkaline)
66.4-78.9% 6 (50.0)

Yes 10 (83.3)
No 12 (100.0)
No 12 (100.0)

Findlings of 
majority 
specimens

Number (%) 
of specimens 

1
2
3
4
5
6

Sl

Color
Mean pH

High Mosture Content 
Ova/larvae of AL/TT/SS
Tophozoite/cyst/oocyst

Pathogenic bacteria

Trait

Number (%) specimens with  moisture
 content

Culture growth of 
faecal pathgens

No growth 6 (50.0) 0 (0.0)

Growth of non-coliform
bacteria

3 (25.0) 3 (50.0)

Low (4.6-8.1%) High (66.4-78.9%)
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safely use by the cultivators. Consequently, there was a 
recommendation for further anaerobic digestion, followed 
by sun-drying of the composted specimens from eco-toilets. 
Although, in phase II, specimens were composted adequately 
and sundried before submitted for examination. But yet 
majority of the specimens contained remarkable moisture and 
ova / lavae of helminths and yielded growth of some bacteria. 
Recommended again to increase the duration of sun-drying. 
Finally, in the phase III specimens also cotained similar prob-
lems and could not be recommended for use in the field as 
manure. To observe the survival of Ascaris eggs, Jensen et al13   
found that >99% die off occurred of the Ascaris eggs in a 
similar condition of double vault composting latrines used in 
Vietnam. Berendes et al15 in a study at Port-au-Prince, Haiti, 
found that 10.4% viable and 8.3% fully embryonated Asca-
ris eggs in new compost dropped down to zero in specimens 
older than six weeks of composting. As Ascaris ova are 
considered to be most heat-resistant of all enteric patho-
gens,16 finding these eggs in composted faecal sludge 
indicates inadequate composting. A significant number of 
the specimens contained high-level of moisture, which 
could be favourable for long-time persistence of some 
infectious ova of the helminths as well as some bacterial 
faecal pathogen.17 Parasitological examination revealed ova 
of Ascaris lumbricoides and Trichuris trichiura and larvae of 
Strongyloides stercoralis in many of the specimens. It was 
found that the specimens showing moisture contained signifi-
cantly higher number of ova of the parasites. Bacteriological 
examination by culture revealed growth of some non-coli-
form bacterial pathogen, which were strongly associated with 
high moisture content of the specimens.  

Conclusion
Many of the specimens contained very high level of mois-
ture and there was a significant relationship of moisture 
level and ova content of the parasites and bacterial culture 
growth in the specimens, which strongly suggests that 
specimens were not composted and sun-dried adequately 
as well as the proposed system of composting and sun-drying 
are not adequate to make the human faecal sludges safe for use 
in fields by the cultivators.
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