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Abstract

Purpose Faecal sludge (FS) and organic market waste (MW) have resources that could be recovered by co-com-
posting though not fully explored under changing climatic conditions in Nigeria. This study explored the charac-
teristics and nutrient quality of co-composts produced from pre-treated FS and MW feedstocks in Nigeria.
Method The study was exploratory and analytical in design and co-composting was purposively selected for re-
source-recovery. The raw faecal sludge (FS) was harvested from septic tanks of households (50%) and institutions
(50%) through mechanical evacuation service trucks and dewatered using 0.1% gradient sand filter. The biode-
gradable MW was sorted and used for further studies. The dewatered FS (DFS) and MW were mixed in ratios 1:3,
1:5 and 1:7, respectively with DFS and MW as controls. Each of the mixes was made into 1m? heap and co-com-
posted using the windrow method. The experiments were monitored for 88 days with fortnight composite sampling
from each mix (13-weeks). The samples were analyzed for temperature, pH, moisture-contents, micronutrients,
macronutrients and pollutants using Standard Methods.

Results At maturity, N:P:K (%) indicate good composts at 9: 5: 4, 18: 7: 19 and 3: 3: I inthe 1: 3, 1: 5 and 1: 7 mix-
es, respectively, while those of controls were: 19:12:12 (DFS) and 17:14:11(MW) with no significant differences
between experimental and control mixes. Also, four factors extracted (pollutants, agronomic, macronutrients and
micronutrients), explained 78.2% variability.

Conclusion The matured co-compost satisfied nutrients and pollutants quality for agricultural use, recovered or-
ganic fertiliser from raw domestic and institutional faecal sludge and market waste.
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Introduction

Waste management channels waste through practically,
economically and technically appropriate recovery, or
disposal routes in compliance with public health stan-
dards (Suess and Huismans 1983). By convention, solid
waste management is a municipal responsibility, though
inadequate services dominate waste management in
most local government areas (LGAs) in Nigeria. The
millennium development goals (MDGs) advanced up-
take in sanitation services at the household level, with-
out considering faecal sludge management, which has
been corrected through the sustainable development
goal (SDG) 6.2 (McGranahan 2015).

In Nigeria, very few geographical entities, such
as the federal capital territory (FCT) and the pioneer
tertiary institutions, such as the Obafemi Awolowo
university (OAU) and the university college hospital
(UCH), Ibadan have the conventional sewerage sys-
tem. Most households depended on on-site sanitation
systems (OSS) (Strauss et al. 2000; Strande et al.
2014; Jenkins et al. 2015; Rao et al. 2017) and about
2.7 billion people rely on OSS globally (Rao et al.
2017; Semiyaga et al. 2017), which accumulate faecal
sludge (FS). The FS fill-up rate is dependent on vaults
diameter, width and depth; the number of users, the
frequency of use and groundwater level (Strande et al.
2014).

The Multi-indicator cluster survey (MICS) revealed
that 24.7 % of the population in Osun state have ac-
cess to improved sanitation facilities (NBS/UNICEF
2017). In Nigeria, the community-led total sanitation
(CLTY) is the national strategy to achieve open defeca-
tion free status, a programme that majorly focussed on
excreta containment without planning for faecal sludge
management (FSM) (Chuah and Ziegler 2018). Raw
FS contains organic pollutants and pathogens (WHO
2010), though Otterpohl et al. (1997) and Singh et
al. (2017) showed that dewatered FS (DFS) is rich in
organic matter and nutrients that require sanitization
before use in agriculture. Usually, FSM should be pro-
ductively managed, with resources recovered through
centralised and point management structures. In Nige-
ria, however, FSM is a challenge and its management
lacks the infrastructure and political will; thereby rele-
gated in developmental priorities and decision-making.
FS is therefore discharged in dumpsites, stagnated and
open water resources and on farms at the instance of
some farmers. Due to the scarcity and costly chemical

fertilizers, attention is placed on organic fertilisers; a
fulcrum for sustainable resource recovery from FS and
MW in Nigeria, hence this study.

Materials and methods

Description of the approved disposal dumpsite in
the study area

The study took place at Olusosun dumpsite, Osogbo,
in Osun state in Nigeria, between November 2015 and
March 2016. The dumpsite was the predominant solid
waste disposal facility owned, operated and managed
by the Osun state waste management agency (OWMA),
as at the study period. It was in use for municipal solid
waste (MSW) disposal by public and private enterpris-
es. The dumpsite is located at the outskirts of the state
capital, within the boundaries of Egbedore LGA. The
dumpsite was characterised by the tropical rainforest,
and its temperature ranged from 19°C to 34°C and an
average of 350 mm rainfall (Oyelami et al. 2013). The
drainage pattern in the area is dendritic due to a clayey,
weathered surface layer overlying the complex base-
ment rock. Some streams and rivers flow northwest and
discharge into river Osun (Oyelami et al. 2013). Apart
from the MSW, the dumpsite receives FS emptied by
vacuum emptying enterprises. There is no FS treatment
facility, hence FS is discharged in the dumpsite without
remediation (Plate 1a).

Pre-treatment of faecal sludge by dewatering and
drying

The dewatering and thickening of FS were achieved
by the low-cost sedimentation/gravity process, fol-
lowing the guides by Uggetti et al. (2009) and Ug-
getti et al. (2012). The mix of domestic and institu-
tional faecal sludge contains water that leached out
by gravity thickening before drying. The dewatering
and drying trough was modelled on Koné¢ et al. (2004)
and had a volume of 4.62m? obtained by (5.49 meters
(length) by 3.66 meters (breadth) and (0.23 metres
(height) (Plate 1b). The system has a slope of 0.1%
outwards, for gravitational effluent removal through
the filter (fine sandy soil) media. The dewatered FS
was dried at room temperature to prevent loss of nutri-
ents by volatilization. The dewatering and dry system
ensured 69% volumetric reduction from the raw FS
start volume.
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Plate 1b The dewatered septic sludge prior to drying
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Co-composting of dewatered faecal sludge and
sorted market organic wastes

In collaboration with OWMA, the study collected or-
ganic solid wastes from Igbona, Owode and Olaiya
markets in Osogbo metropolis. The solid waste was
aggregated and sorted into organic and ‘other’ wastes,
following the guides provided by Cofie et al. (2009,
2016), before the constitution of the various experimen-
tal, feedstock co-compost piles.

Constitution of experimental co-compost piles

Following guides provided by Cofie et al. (2009),

Fernandez et al. (2010) and Scoton et al. (2015),
co-composting was performed at ambient climatic con-
ditions at temperature (22°C — 38°C); humidity (40%—
60 %) and C: N (20:1) mass ratio. The study constructd
ed and utilised a 1 m® (1.0 m (length) x 1.0 m (width)
% 1.0 m (height)) graduated mould in constituting the
three co-compost and two control piles. The co-com-
post experimental piles comprised of dewatered FS and
sorted organic market wastes in ratios 1:3, 1:5 and 1:7
by volume and composted using the acrobic windrow
method (Cofie et al. 2009; Mengistu et al. 2018) (Fig.
1). The experimental mixing ratios of FS and MSW
were determined by adapting the methods used by Cof-
ie et al. (2009).
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Fig. 1 Feedstock materials processing and aggregates into experimental mixes in the co-composting study

Co-composting method and turning frequency

The aerobic windrow composting method was used
with the homogenized feedstock of 1 m?® heaped to
conical sizes (Mengistu et al. 2018; Nartey et al.
2017). The experimental piles were aerated by mix-
ing, with moisture maintained at between 40% to
60% by manual water sprinkling on the constituted
heaps. Also, the co-compost heaps were turned once
in 3 days (Getahun et al. 2012), during the initial six
weeks and decreased to once in seven days during the

last weeks when the temperature plateaued at room
temperature.

The co-composting experimental units and sam-
pling methods

Following the guide by Costa et al. (2016), a composite
sample, from each of the five experimental piles were
obtained immediately after the constitution to establish
the quality of the feedstock mixes before the co-com-
posting process.
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In the co-compost piles, temperature, pH and mois-
ture contents were measured every day, from inception
until maturity. The measurements were taken at three
random sampling points, with the average presented in
the study. For elemental analysis, sampling was done
once at a 2-week interval, to establish the performance’s
trends, from inception until maturity. In this regard, two
grab samples were collected after thorough mixing of the
pile contents (APHA 1998) and constituted into a com-
posite sample for each mix and transported immediately
to the laboratory for further processing and analysis. The
samples were oven-dried at 50°C to prevent denaturing
and cooled at room temperature before analysis.

Methods of analysis for co-composts mixes

In co-compost samples, macro-elements (total organic
carbon (TOC), total kjeldahl nitrogen (TKN), potas-
sium (K), phosphorus (P) and sulphur (S); micro-ele-
ments (calcium (Ca), magnesium (Mg), iron (Fe), mo-
lybdenum (Mb), sodium (Na) and selenium); pollutant
parameters (arsenic (As), lead (Pb), copper (Cu), nickel
(Ni), zinc (Zn), cadmium (Cd), chromium (Cr), and the
total coliform count (TCC) were analysed using stan-
dard methods (APHA/AWWA/WEF 2005). Tempera-
ture, moisture content and pH values were measured
in-situ with calibrated probes, following manufacturers’
instructions. Measurements were taken in three random
points in co-compost heaps, at 0.1m and 0.3m depths
from the highest point and stabilised before recordings.
Total kjeldahl nitrogen (TKN) in each sample was an-
alysed after digestion with sulphuric acid, following
standard methods (APHA/AWWA/WEF 2005). Also,
the proton induced x-ray emission (PIXE) method was
used for elemental analysis of co-compost samples at
the centre for energy research and development (CERD)
of the Obafemi Awolowo university, [le-Ife, according
to the guide provided by Johansson and Thomas (1976)
and Kwiatek et al. (1994). Also, TCC was estimated by
the membrane filtration technique (Bartman and Ped-
ley 1996) and computed according to standard methods
(APHA 1998). The study data were entered and anal-
ysed using IBM-SPSS version 20 software with results
presented by the summary and inferential statistics at P
o < 0.05 The relationships among the co-compost piles
were shown through path weights which vary from -1
to +1 with the values closest to 1 reflecting the strongest
paths while those closest to 0 reflect the weakest paths
(Fan et al. 2016; Garson 2016).

Results and discussion

Changes in co-compost temperature, pH, and
moisture content

The temperature of co-compost piles ranged between
room temperature 23°C and 63°C, during the thermo-
philic, self-heating phase, and subsequently reduced to
the mesophilic and room temperature range at maturity
(Fig. 2a), though their moisture contents were controlled
between 42.9% and 60.1%, to provide the optimum
condition for natural biodegradation (Fig. 2b). Also, pH
ranged between 6.6 and 7.7, and within the recommend-
ed threshold for optimum performance (Fig. 2c).

The characteristics of the feedstock co-compost ma-
terials (Table 1) showed that temperature was ambient
(28.3°C and 29.0°C) and moisture contents were opti-
mal (49.0% to 61.0%). The pH ranged from 6.6 to 6.9,
the TKN averaged 1.77% (sorted MW) and 2.82% (de-
watered FS) and the C: N ratio varied from 22.3 to 24.9.
Also, potassium, phosphorus and calcium respectively
ranged from 1.6% to 2.3%, 1.4% to 1.8% and 1.2% to
1.7%. Also, total coliform count (TCC/100ml) ranged
from 136 x 107 to 449 x 107.

In agreement with Costa et al. (2016), the tempera-
ture was self-moderating and determines co-composts
quality at maturity. Except for the FSC pile, the tem-
perature of experimental co-compost piles reached
thermophilic phase within 72 hours, in agreement with
Karanja et al. (2005) and Jeong et al. (2017). Tempera-
ture progression from mesophilic to thermophilic range
in experimental piles indicated the presence of a high
degree of biodegradable constituents, microbial activ-
ity and their self-insulating capacity (Sundberg et al.
2004). The temperature range agrees with studies by
Scoton et al. (2016) and Cheng et al. (2017). At tem-
peratures above 55°C, pathogenic microorganisms are
decimated in composts in agreement with Cofie et al.
(2016) and Nartey et al. (2017) while Niwagaba et al.
(2009) showed that high compost temperatures deci-
mate pathogens, but inadequate to achieve total saniti-
sation irrespective of the co-composting method used.

The pH range of composts was in congruence with
previous studies where a progression in pH was report-
ed during co-composting of diverse substrates (Mengis-
tu et al. 2018; Al-Muyeed et al. 2017). The turning fre-
quency in co-compost piles was consistent with those
in previous studies, driven by temperature changes in
the sanitisation of matured compost (Koné et al. 2004;
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Table 1 Physical, chemical and microbiological characteristics of co-compost feedstocks

Parameters Unit Dewatered faecal sludge Sorted market solid waste

Temperature °C 283 29.0
Moisture content Percent 61 49
pH 6.6 6.9
Total kjeldahl nitrogen Percent 2.82 1.77
Total organic carbon Percent 63.0 44.0
Organic matter Percent 15.6 153
C: N ratio 223 24.9
Potassium (K) Percent 1.564 2.262
Phosphorus (P) Percent 1.812 1.395
Sulphur (S) Percent 1.471 1.273
Calcium (Ca) Percent 1.655 1.244
Magnesium (Mg) Percent 0.634 0.427
Iron (Fe) Percent 0.135 0.105
Sodium (Na) Percent 0.151 0.136
Copper (Cu) Percent 0.007 0.002
Zinc (Zn) Percent 0.493 0.065
Aluminium (Al) Percent 0.472 0.201
Silicon (Si) Percent 2.596 4.744
Chloride (CI) Percent 0.236 1.056
Manganese (Mn) Percent 0.204 0.011
Total coliform count TCC/100ml 136 x 107 449 x 107

Parkinson et al. 2004; Cofie et al. 2009; Nartey et al.
2017). Though temperature and pH were self-regulata
ing during the composting process, the moisture con-
tents were regulated at between 40% and 65%, from
inception to maturity to prevent moisture from being a
process limiting variable.

Characteristics of co-composts at various com-
posting stages

The initial co-compost heaps were weakly acidic while
those of matured composts transited from neutral, to
weakly basic. The moisture contents of the co-com-
post at the initial, thermophilic and mesophilic phases
ranged from 48-64%, except when matured and below
40%. Also, the proportion of TKN varied marginally
from the initial co-compost heaps to matured co-com-
posts, in contrast to a reduction in their organic carbon
contents from initial heaps (63%) to matured co-com-

post samples (14.3%). The C: N ratio reduced from
start-up values (24.9%-18.9%) to (10.1%-9.5%) in ma-
tured co-composts (Table 2).

The total coliform reduction in matured co-com-
post mixes revealed higher reductions in FSC, SWC
and a marginal reduction in ratio 1:7 mix, in contrast
to a 46% increase in the coliform count of 1:5 mix. In
co-composts, elevated temperatures eliminate patho-
gens, which may recolonise at mesophilic and room
temperature at maturity (Gold et al. 2016) due to avail-
able nutrients, hence the situation in the current study.

The recycling of MW is largely dependent on de-
mand for sanitised composts (Vergara and Tchobano-
glous 2012) whose quality is dependent on the feed-
stock properties, such as C: N ratio, pH and organic
matter (Kaboré et al. 2010; Anwar et al. 2015); mi-
crobiota (Galitskaya et al. 2017), and process control
conditions (Kaboré et al. 2010; Anwar et al. 2015). The
C: N ratio, macro-nutrients and micro-nutrients of feed-
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stock materials were optimal and consistent with those
Fernandez et al. (2010), Lohri et al. (2017) and Nartey
et al. (2017), though had a high coliform counts that
exceeded the threshold limit of <1000 CFU/g for com-
post (IRC 2015). Hence, the feedstock materials if used
without sanitising can result in soil and farm produce
contamination (Nartey et al. 2017).

Macronutrients and micronutrients quality at
thermophilic and matured co-compost stages

The co-compost mixes recorded a loss in macronutri-

ents, such as organic carbon, nitrogen, P, K and S at
thermophilic and matured stages, corresponding to
progressive mineralisation of organic carbon of 15.9%
and 71.4% respectively for SWC and FSC at maturi-
ty. The co-compost ratio 1:5 had the lowest nitrogen
loss (9.1%) at the thermophilic stage while at maturi-
ty, the co-compost ratio 1:7 had the highest nitrogen
loss (40.0%). However, there were increases in K of
co-compost ratios 1:3 and 1:7 at the thermophilic stage
of bioconversion, while ratio 1:7 had the highest K loss
(70.6%) at maturity (Table 3).

Table 3 Macronutrients loss in the thermophilic and matured stages in co-composts

Total organic carbon Total Kjeldahl Nitrogen Phosphorus (P)  Potassium (K) Sulphur (S)

Compost (TOC) (TKN)

Heaps T%) M%) T (%) M%) T(%) M@%) T®%) M(@©%) T®%) M%)

FSC 37.5 71.4 29.1 33.7 339 31.9 304 267 39.5 574

SWC 15.9 61.6 15.3 5.1 14.4 1.0 33.0 507 27.3 40.5
Ratio 1:3 34.8 48.8 29.7 5.4 22.1 34.6 -5.5 43.8 13.9 45.1
Ratio 1:5 43.6 61.6 9.1 8.1 18.2 46.2 224 279 -70.0 58.8
Ratio 1:7 44.9 70.8 429 40.0 59.4 16.5 -6.0 70.6 66.7 17.4

Key: FSC= faecal sludge control; SWC= solid waste control;

heaps at matured stage

The progressive decreases in TOC contents were
in agreement with those reported by previous studies
(Mengistu et al. 2018; Cofie et al. 2009; Anwar et al.
2015; Al-Muyeed et al. 2017; Krishnan et al. 2017;
Singh et al. 2017). The rate of carbon mineralisation
was highest during the thermophilic stage, in conso-
nance with Anwar et al. (2015), though TOC loss (15.9-
44.9%) was lower when compared with those of Tiquia
et al. (2002), where the TOC ranged from 50% to 63%
in aerobic windrows.

The progressive loss in nitrogen during the thermo-
philic co-composting was similar to those reported by
Mengistu et al. (2018), perhaps due to the formation and
volatilization of ammonia during the active composting
phases. In contrast, the co-compost piles at mesophilic
and matured stages had a higher proportion of nitro-
gen, though lower than those of the initial piles. The
progressive increase in nitrogen may be due to the con-
centration effect that resulted from biodegradation of
organic carbon compounds resulting in the weight-vol-
ume loss which might show relatively as an increase in

T=co-compost heaps at thermophilic stage; M= Co-compost

the approximate nitrogen base (Dias et al. 2010). Rather
than agreeing with Mengistu et al. (2018) that nitrogen
losses occurred at a higher rate than organic matter min-
eralisation during the thermophilic stage, a possibility
by Wang et al. (2016) is fixing atmospheric nitrogen by
Nitrosomonas in the co-composts under aerobic condi-
tions during the later stages of composting. However,
suggested that Nitrosomonas are inhibited at tempera-
tures > 40°C and only activated during the later meso-
philic Morisaki et al. (1989) and maturation stages.

In composting, the C: N ratio portends compost ma-
turity and its reduction is caused largely by microbial
mineralisation of organic carbon. A gradual reduction
in the C: N ratio in all experimental heaps was consis-
tent with the works of Gao et al. (2010) and Costa et
al. (2016). The matured compost had C: N ratio below
15; this is in line with studies by Bernal et al. (2009),
Al-Muyeed et al. (2017) and Mengistu et al. (2018),
though in contrast to the C: N ratio of 25.8 by Adewumi
et al. (2005) with poultry manure and municipal solid
waste as feedstocks.



342

International Journal of Recycling of Organic Waste in Agriculture (2020)9: 333-347

The N: P: K values of 1.820%, 0.703% and 1.886%
were equivalent to about 18.2kg/m? of nitrogen, 7.03
kg/m* of Phosphorus as phosphate, and 18.86 kg/m* of
potassium as the primary macronutrients of the ratio
1:5 dewatered FS: MSW co-compost mix. The com-
post properties improved soil properties by increasing
its aeration and water holding capacity, according to
Mandal et al. (2014) and Anwar et al. (2015). Similarly,
the phosphorus value in the matured co-composts was
lower than the threshold for organic compost in Nige-
ria. In contrast, potassium value exceeded the national
special programme on food security guideline range of
1.5-3.0%, and 1.0-1.5%, respectively.

Also, the highest potassium value in FS (0.78%)
before thermal treatment by Osibote et al. (2016) was
lower than those used in this study but at par when com-
pared with those contained in the matured co-composts.
This suggests that the FS has lower, initial potassium
and phosphorus values when compared to those of oth-
er countries such as Ghana, perhaps due to diet and soil
conditions, among others. Moreover, the micronutrient
in the matured composts was permissible and should

support plant growth in trace quantities (Anwar et al.
2015). The macronutrients and micronutrients quality
of the study co-composts were within the guidelines’
values provided by IWMI and SANDEC (2002). How-
ever, one of the challenges in compost regulation is the
divergent threshold values for parameters and varied
from country to country where developed. This should,
however, be standardized globally, to allow compari-
son within, and between countries. The compost quali-
ty was in harmony with the quality control indices ob-
tained by Vinod and Ravindernath (2015) in India, was
within the permissible limits prescribed by the fertiliser
control order (India).

Multivariate exploratory analysis of co-compost
variables

In the multivariate relationships among co-composts
parameters, the eigenvalues extracted four factors and
fifteen components that explained 78.2% of its variabil-
ity (Table 4).

Table 4 Initial eigenvalues and total variance explained by the PCA model

Components Eigenvalue (total) Percent (%) of variance Cumulative %
1 3.974 26.494 26.494
2 3.300 22.002 48.496
3 2.845 18.968 67.464
4 1.604 10.696 78.159
5 0.842 5.615 83.774
6 0.663 4418 88.192
7 0.436 2.905 91.097
8 0.354 2.362 93.459
9 0.323 2.154 95.613
10 0.205 1.368 96.981
11 0.151 1.006 97.988
12 0.115 0.769 98.757
13 0.079 0.524 99.281
14 0.061 0.406 99.687
15 0.047 0.313 100.000

PCA = Principal component analysis

67.5% of the variance could be explained respec-
tively by principal component (PC1) (26.5%), PC2
(22.0%), PC3 (19.0%) and PC4 (10.7%). Chromium
is one of the composite index parameters for clean in-

dex (Vinod and Ravindernath 2015) and previous stud-
ies identified it in garden and kitchen waste, however,
with progressive mineralisation from the feedstock,
to matured co-compost piles (Hanc et al. 2012). The
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abundance of chromium in kitchen and garden waste
has been demonstrated by previous studies (Déportes
et al. 1995; Stefanakis et al. 2011; Hanc et al. 2012).
The variables that defined PC 1 were TKN, chromium,
silicon, fertilising index and clean index. This factor
groups the properties associated with compost maturi-
ty based on their fertilising and pollutant indices, apart
from nitrogen which is a process limiting variable. All
the parameters were positively correlated, except chro-
mium and silicon. In PC 2, Al, Zn and TOC defined the
agronomic character of co-composts, showed a positive
correlation and the variables progressively decreased as
the compost matures. PC 3 was defined by the macro-
nutrients’ variables; Mg: K ratio, K, P and S. In Factor
3, only P was negatively correlated. PC 4 was essen-
tially micronutrients with only Cu negatively correlated
(Table 5).

Further, the paths of co-compost variables from
quality, micronutrients and pollutants present a nega-
tive coefficient (0.015 and 0.012). Macronutrients and
process control indices had a coefficient of positive val-
ues (0.951 and 0.062), indicating negative and positive
effects on co-compost quality, respectively. The endog-
enous variables explained 97.7% of the co-composts’
variance; contributed by macronutrients, micronutri-
ents, process control and pollutant indices. The model
has an increasing indirect path in micronutrients, pol-
lutants, process control and macronutrients. The partial
least scores (PLS) of paths analysis showed that macro-
nutrients, as a block has the highest correlation (0.951),
while others showed weak correlation values (Fig. 3).

The multivariate data analysis classified parameters
into factors, according to the guide provided by Soares
et al. (2017). The variables that defined the predomi-

Table 5 Principal component loadings of the co-compost data

Component score coefficient matrix

Principal components (PCs)

Parameters
PC1 PC2 PC3 PC4
Total Kjedhal nitrogen 0.267 0.198 -0.189 -0.029
Clean Index 0.245 -0.012 -0.058 -0.088
Chromium (Cr) -0.234 -0.040 -0.058 0.026
Fertilising index 0.214 0.007 -0.120 0.131
Silicon (Si) -0.169 0.126 -0.111 -0.094
Aluminium (Al) -0.035 0.288 -0.041 -0.073
Zinc (Zn) -0.041 0.281 -0.019 -0.087
Total organic carbon 0.100 0.235 -0.052 0.038
Mg: K ratio -0.041 -0.083 0.350 0.094
Potassium (K) 0.063 0.060 -0.262 0.133
Phosphorus (P) -0.044 0.155 0.255 0.068
Sulphur (S) 0.022 0.141 0.227 0.108
Sodium (Na) -0.107 -0.121 0.112 0.432
Magnesium (Mg) 0.036 0.023 0.076 0.373
Cupper (Cu) 0.175 -0.006 0.066 -0.195

Extraction method: Principal component analysis.
Rotation method: Varimax with Kaiser normalization.
Component Scores.

nant factor were TKN, Chromium, Silicon, Fertilising
index and clean index, apart from Nitrogen which is a
macronutrient required for plant growth (Brinton 2000;
Mandal et al. 2014). PC 2 defined the agronomic char-
acteristics of the matured co-compost, and the parame-
ters progressively decreased by mineralisation during
the composting process. PC 3 denotes essential macro-

nutrients Mg: K ratio, K, P and S with the only P being
negatively correlated while PC 4 loaded micronutrients
with the only Cu negatively correlated. The macronu-
trients and process control indices had a positive effect
on co-compost quality, while the micronutrients and
pollutants indices exhibited a negative effect on the
co-compost quality.
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Fig. 3 Path analysis of variables in the five co-compost piles

Conclusion

The study revealed mixed, but similar results in the
co-composting study using ratios 1:3, 1:5 and 1:7 mix-
es. The co-compost feedstock materials and matured
compost blends had high coliform counts beyond the
threshold limit of <1000 CFU/g for matured compost.
The matured co-compost blends satisfied the macro-
nutrients’, micronutrients’ and acceptable pollutants’
quality, suitable for all agricultural demands in soil
conditioning and fertilising procedures. Therefore, the
study showed that the co-composting of dewatered fae-
cal sludge with the organic market waste is a potential
resource recovery strategy, which should be optimised,
to arrest the perennial discharge of raw faecal sludge
into the environment.
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