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Abstract: In this paper the thrust was on assessing changes occurring during the decomposition of human
feces through estimation of changes in some typical characteristic parameters (pH, Electrical conductivity,
volatile solids, moisture content, carbon content, nitrogen content, C:N ratio and oxygen uptake rate). For these
purpose experiments were performed in plastic reactors at controlled temperature (25±2°C) in an incubator that
simulated the drop and store type of dry toilets without permitting leaching of dissolved/very fine colloidal
substances including microorganisms. The study was carried out over a period of one year. The results of this
study indicate that decomposition rate of human feces is very slow with only 15% reduction in volatile solids
after a year.
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INTRODUCTION It represents a closed-loop approach, and is an attempt to

In most parts of the world, basically two types of towards a circular flow of nutrients in which excreta are
water based sanitation systems are used. These can be returned to the soil instead of water [6]. Basis of
described as drop and store and flush and forget [1-3]. ecological sanitation systems lies on the separate
These conventional forms of sanitation systems require collection, storage and processing of urine and feces. The
wastewater management and are based on the perception feces are processed either by dehydration or by
of fecal material as repulsive and not to be touched [4]. composting method. The preferred method depends on
The design of the technologies is furthermore based on climate, groundwater tables, amount of space and
the premise that excreta are waste and that waste is only intended purpose of reuse of sanitized feces.
suitable for disposal [2]. Composting of human feces or fecal matter and

Water-borne sanitation as used in conventional utilizing the nutrient value of human urine is seen as the
sanitation systems is based on the collection and most attractive proposition to sustain agricultural
transport of wastewater via a sewer system, using mostly production. However, much less information is available
water supplied for drinking/domestic uses as transport to  judge the ecological viability of using this technique
medium [5]. The system mixes comparatively small in practice. Further it is essential to develop a sanitation
quantities of potentially harmful substances with large model which incorporates EcoSan philosophy to
amounts of water and the magnitude of the problem is upgrade/modify the present practices. This research
multiplied.  In   addition,   both   the   construction,  and paper, therefore, is an attempt to asses the changes in
operation and maintenance of the necessary hardware physico-chemical parameter during the degradation of
(e.g. sewer, wastewater treatment, drinking water human feces with the ultimate objective of proposing
treatment, etc.) for the flush and discharge options are a alternative options of sanitation and residue management.
heavy financial burden.

Ecological sanitation represents a shift in the way MATERIALS AND METHODS
people think about and act upon human excreta. Ideally,
ecological sanitation systems permit the complete Human Feces: In the present study human feces were
recovery of all nutrients from human excreta to the benefit collected from a non-flush, drop and store type of toilet
of agriculture, and conserve and protect water resources. from  a village named  Mandhana  near  IIT Kanpur (UP),

move away from linear solutions of waste disposal
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Table 1: Composition of Human Feces

Parameter Concentration

Moisture content (%) 80.0±5.0
pH 5.3±0.2
Electrical Conductivity (mmho/cm) 60.0±15
Organic matter (% dry weight) 82.0±5.0
Carbon-C (% dry weight) 42.5±2.5
Nitrogen-N (% dry weight) 4.1±0.4
C:N ratio 12.0±1.0
Phosphorous-P O  (% dry weight) 1.1±0.22 5

Potassium-K O (% dry weight) 2.8±0.172

Calcium-CaO (% dry weight) 4.5±0.80
Magnesium-Mg (mg/g dry weight) 8.2±1.5
Sodium-Na (mg/g dry weight) 8.5±1.3
Iron-Fe (mg/g dry weight) 3.8±0.9
Zinc-Zn (mg/g dry weight) 0.24±0.04
Copper-Cu (mg/g dry weight) 0.004±0.005
Manganese-Mn (mg/g dry weight) 0.27±0.05
Nickel-Ni (mg/g dry weight) 0.009±0.002

India. The toilet  was  designed  to  have separate seats
for defecation and anal cleaning. Feces were collected
daily from 4-5 houses and thoroughly mixed before used
for  analysis, maintenance of earthworm stock, feeding
and in  different experiments. The composition of human
feces is presented in Table 1. 

These  experiments  were performed in an incubator
at controlled temperature (25±2°C) in PVC reactors of
diameter 250 mm and depth 500 mm. The surface area of
each reactor was 491 cm . The reactors were covered with2

lids having numerous 2 mm perforations that allowed
escape of gases out of the reactors. 20 kg of fresh feces
were  properly  homogenized and filled in each reactor
with four replicates. The samples were collected after
homogenizing at one month interval for 12 months and
were analyzed for moisture content, pH, electrical
conductivity, volatile solids, and oxygen uptake rate.
Attempts  were made to start the analysis immediately
after collection/preparation of the samples. However, wet
(without loss of moisture)/dried samples were preserved
at low temperature (4-6°C) whenever required.

RESULTS AND DISCUSSION

The variation in total solids, volatile solids, moisture
content, pH, and oxygen uptake rate over a period of one
year as a result of anaerobic decomposition is presented
in Figure 1. A summary of the changes occurred in one
year period in some typical parameters, namely pH,
electrical conductivity, volatile solids, moisture content,
carbon content, nitrogen content, C:N ratio, and oxygen
uptake rate is reported in Table 2. The gas production
started within an hour after filling the reactor with fresh
human feces. The gas production was significantly higher
in the first four days and was negligible after one month
of incubation. The gas production was mainly due to
favorable environmental condition for anaerobic process
inside the reactor. The surface of feces was black and
cracks were developed due to gas formation. The fungal
growth was also observed on the surface.

The moisture content showed a decreasing trend
throughout the experimental period. The rate of decrease
was very low with an initial value of 80% to a value of
67% after 12 months. This low decrease was due to the
fact that leachate was not allowed to leave the reactor and
the rectors were maintained at controlled temperature and
humidity.

Volatile solids decreased from 91 to 76% during the
experimental period (~15%). Reduction in the volatile
solids is one of the indicators used to assess the
stabilization of feces and compost maturity. Presence of
high organic matter content and moisture in the human
feces is favorable for anaerobic conditions to develop.
The variation in the respiration activity/oxygen uptake
rate was reduced from initial 71.8 to final 42.7 mg O /g2

VS/h within 12 months. This high demand of oxygen
uptake rate even after one year period reveals that the
residues need to be further stabilized and can not be
disposed into the environment because of foul odor.
Generally the microbial activity slows down and oxygen
uptake rate gets reduced significantly after the
stabilization/mineralization   of  waste.  Iannotti  et al. [7]

Table 2: Changes in Some Typical Parameters on Decomposition of Human
S. No Parameter Initially After 12 Months
1 pH 5.6±0.2 9.4±0.2
2 Electrical Conductivity (mmho/cm) 151.0±18.0 43.0±17.0
3 Volatile Solids (%) 90.7±3.0 77.5±4.0
4 Moisture Content (%) 79.8±2.0 67.5±2.0
5 Carbon Content (%) 45.5±3.0 38.5±1.5
6 Nitrogen Content (%) 4.0±0.4 3.2±0.2
7 C:N ratio 11.3±2.0 12.0±0.5
8 Oxygen Uptake Rate (mgO /gVS/h) 71.8±5.7 42.7±3.22

9 Total Solids (kg) 4.0 3.4
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Fig. 1: Temporal Variation in Moisture Content, pH, Volatile Solids, Total Solids and Oxygen Uptake Rate (OUR) 
During the Decomposition of Human Feces
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