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Abstract: This study examined macro-nutrient content of solid waste compost to determine the potential of the
compost for soil fertility amelioration in Ghana. Heavy metal concentrations in the compost were also examined
to assess the potential health implication of compost application in urban and peri-urban agriculture. It was
observed that the overall NPK concentration was low in the different compost types, but generally, total N and
K were greater in agricultural waste compost compared to municipal solid waste (MSW) composts. The
agricultural waste compost was also richer in organic carbon. In terms of toxicity concerns, heavy metals
concentrations (Ni, Zn, Cu and Cd) were generally low in the different types of composts and within permissible
Australian standards for compost products. However, lead (Pb) concentration in mixed MSW composts was
significantly high in the dry season, exceeding the Australian limit of 150 mg/kg Pb, required for unrestricted
compost use. There was considerable seasonal variation in the heavy metal levels in the composts made from
open windrows process, with reduced levels in the rainy season. It appeared that seasons affected mixed waste
characteristics, which affected compost quality. It was therefore concluded that seasons and composting
processes, to some extent, were important determinants of the levels of toxic metal concentrations in final
compost products in Ghana.
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INTRODUCTION

Organic waste constitutes about 60-70% of the
materials in waste stream in Ghana [1, 2] and it is
increasingly becoming a major source of environmental
pollution in urban areas in Ghana [3]. Primarily, organic
waste (through copious discharge of leachates), is a major
source of contamination in urban water supply and
environmental pollution when left unattended [4-6]. It
putrefies easily under the hot tropical temperatures and
generates considerable quantities of leachates and
obnoxious odour [4, 5, 7, 8]. Under such circumstances,
organic waste may also act an important breeding site for
disease causing vermin including flies, insects and

rodents, which are vectors of diseases such as cholera,
diarrhoea, dysentery and typhoid fever [3-5, 9-11].
Therefore, the management of organic waste in Ghana is
a key strategy for urban environmental health promotion
and disease control effort [3, 7-9, 12].

Currently, composting presents one of the best
opportunities for managing organic wastes [ 13-16]. It is an
important option for both sustainable waste management
and sustainable agriculture [14, 17]. Compost has
numerous benefits and nearly all crop farmers like to apply
good-quality compost to their fields. Its benefits include
improving soil properties, maintaining stable soil moisture
content, preventing soil-borne diseases and acting as
buffer to facilitate gradual release of plant nutrients
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[7, 11, 13-15, 17-19]. In urban and peri-urban areas in
Ghana, composts are produced at household, local
community and large-scale municipal levels [1-3].
Composts are widely applied in both urban and peri-urban
agricultural production of vegetables for the consumption
of urban populations in Ghana [7, 12, 19-22]. This is
because composts are cheaper compared to chemical
fertilizers for use in urban agriculture for soil fertility
improvement.

However, despite the huge benefits from compost
application in urban and peri-urban agriculture in Ghana,
there are serious doubts about public health safety of this
process and whether the application of the composts in
urban agriculture is safe and does not present excess
significant risk to human health [1, 7, 23-25]. First, many
composts produced locally are marketed and applied
without adequate knowledge on their nutrient (NPK)
content [2, 3]. This means appropriate compost
application rates are unavailable as yet and which also
means incorrect soil-specific application amount cannot
be avoided. This has huge implications for urban water
quality as over-dosage of compost may lead to excess
nutrient loading into ground water and seepage into
urban water supply system [4, 26-28]. Other problems
associated with the use of compost in urban agriculture
have to do with the possibility of introduction of
contaminants such as heavy metals into the natural food
chain and food web [5, 8-10, 12, 20, 22, 24, 26-32]. Once
these toxic trace elements are introduced into the food
chain, they bio-accumulate and/or bio-magnify at higher
trophic levels where humans occupy in the ecological
food chain and thereby creating heavy metal induced
health problems in humans. Heavy metals, such as lead
(Pb), cadmium (Cd) and mercury (Hg) above some
threshold levels become toxic to living organisms and are
major problems in composts derived from mixed materials
in the waste streams [10, 12, 16, 26, 31, 33, 34]. In this
respect, this study investigated the macro-nutrient value
and heavy metal contamination of composts derived from
solid wastes in Ghana. The study sought to find out the
suitability of the composts for soil fertility improvement
and whether the heavy metal levels were within
acceptable limits for safe application of the composts, in
view of the fact that such composts were widely applied
by local farmers in urban agriculture in Ghana.

MATERIALS AND METHODS

Composting Sites: Three different solid waste derived
composts were sampled. The samples were categorized

134

according to the sources of production, described as
follows: (i) residential composting, directly from
household waste (referred to as Household compost) (ii)
decentralised community composting, with solid waste
feedstock from Asiedu-Keteke community (referred to as
Asiedu-Keteke compost) and (iii) centralised large-scale
composting, with solid waste feedstock from
Teshie-Nungua and its environs (referred to as Teshie
compost). Compost from the University of Ghana
Agricultural Research Station at Kade, produced from
crop residues and poultry waste (referred to as Kade
compost) was analysed to serve as a control with minimal
contaminants compared to the composts produced from
the municipal solid wastes.

Compost Samples: The composting process at each of the
sites took approximately ten months. The Teshie compost
and Asiedu-Keteke composts were each produced from
mixed materials, which included biodegradable fractions
such as food left-over, fruits, animal wastes, leaves, other
plant trimmings/parts and papers. These compostable
fractions were co-mingled with non-compostable materials
such as metals, plastics and rubbers and bottles, which
were only removed after the composting process.
Whereas the Household compost was produced from
materials mainly of kitchen wastes and yard trimmings, the
Kade compost was produced from materials largely
comprising chicken manure, cocoa husk, rice straw and
sawdust.

Sampling Procedure: Freshly produced composts,
considered mature by producers, were sampled directly
from the windrows. Samples were taken in the dry season
(January and February) and in the rainy season (June and
July). Ten replicates of each compost type were sampled
and analyzed for each season. Compost samples were
air-dried, ground and sieved (particle size < 0.5 mm) for
physico-chemical analyses.

Physico-chemical Analyses: For the determination of pH
and electrical conductivity, one part of compost was
extracted with 10 parts water (that is, 1:10 w/v). The pH,
electrical conductivity (EC), total nitrogen (N), nitrate
nitrogen (NO;), ammonium nitrogen (NH,), total
phosphorous (P), total potassium (K) and total organic
carbon (C) were determined using standard Test Methods
for the Examination of Composting and Compost reported
in literature [16, 21, 27, 34-36].

One gram of compost was wet digested in 5 ml of
ternary mixture [20ml (60-62%) HCIO,: 500ml conc. HNO;:
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50ml conc. H,SO,]. The digest was appropriately diluted
to 100 ml and the levels of Cd, Pb, Cu, Zn and Ni were
determined using atomic absorption spectrometry (AAS).

Statistical Analysis: One way ANOVA was used to make
comparisons among the different compost types at 95%
confidence limit.

RESULTS AND DISCUSSION

The pH of the composts ranged between 6 and 7.73
(Table 1). pH generally gives an approximate index of
compost maturation. Mature composts tend to have near
neutral pH values while composts under maturation tend
to be more acidic. Averagely, mature composts have pH
between 6 and 8 [17, 21], suggesting that probably the
composts under study might be mature. The Electrical
Conductivity (EC) value of the Kade (agricultural waste)
compost was significantly greater than that of the three
MSW composts (p<0.05) (Table 1), which may indicate
greater degree of mineralization of the former.

The C/N ratio of the composts examined ranged
between 11.37 and 14.32 (Table 1). This is consistent with
C/N ratios reported for mature composts as usually
below 20 [34-38]. The C/N ratio is traditionally used to
determine the degree of maturity and define the agronomic
quality of compost. The total nitrogen content of the
Kade compost (13.3 g/kg) was significantly different from
all the other composts (p<0.05) (Fig. 1). This marked
difference could be attributed to differences in the type of
materials that were used as the feedstock to produce the
compost. The relatively high total nitrogen content in the
Kade compost was probably due to the large amount of
chicken manure (a rich nitrogen source), which was part
of the feedstock for the Kade composting. The Kade
compost had the highest concentration of nitrates, the
form in which nitrogen is available for uptake by plants.
Essentially, compost stability increases with the
appearance of more nitrates and disappearance of
ammonia in the composting medium [6, 11, 21]. Although
the NH,/NO, ratio is not sufficient to predict absolute
compost maturity, it gives relative stability indications [21,
34-36, 38]. Composts with lower NH,/NO, ratio tend to be
comparatively more stable. This suggests relative stability
of the composts studied in the following other: Kade
compost > Household compost > Teshie compost >
Asiedu-Keteke compost (Table 1). In general, the
composts from municipal solid wastes (MSW)
(Household, Asiedu-Keteke and Teshie) were found to be
of low organic carbon, ranging between 5.30% and 8.37%,
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Table 1: Some physico-chemical properties of marketed composts in Ghana

Electrical
Solid waste conductivity NH,”/  Organic
compost pH (EC) (dS/m) C/N NO; C(%)
Asiedu-Keteke  6.04 3.9 11.37 0.65 8.53
Teshie 7.32 1.5 14.32 0.44 5.30
Household 7.29 0.9 12.68 0.33 8.37
Kade 7.73 7.2 13.62 0.30 18.11

in comparison to the Kade (agricultural waste) compost of
18.11% (Table 1). The difference between total organic
carbon in the agricultural waste compost and the MSW
composts is statistically significant (p<0.05).

The Kade compost, thus, presented a better product
for soil organic matter content improvement. Its rich
organic carbon content is a reflection of the high organic
carbon value in saw dust, cocoa husk and rice straw,
which were part of the component composting feedstock
materials. Total potassium concentration was significantly
greater in the Kade (agricultural waste) compost compared
to the MSW composts (p<0.05) (Fig. 1). This was
attributed to the cocoa husk component of the crop
residues that were used to produce the Kade compost.
Cocoa husk is reportedly high in potassium and known to
contain 3 to 4% potassium as dry mass [40].

Generally concentrations of nitrogen and potassium
in the MSW (Household, Asiedu-Keteke and Teshie)
composts were lower than the levels in the Kade
(agricultural waste) compost (Fig. 1). Within the three
MSW composts types (household, community or
municipal) however, concentrations of nitrogen and
potassium were independent of the compost types.
Marginal concentrations of total phosphorus were
recorded in all the composts (Fig. 1). Contrary to the
observed trends of greater levels of nitrogen and
potassium in the Kade compost, phosphorous
concentration was relatively greater in the Asiedu-
Keteke compost compared to the Kade compost
(Fig. 1). This marginal difference was attributed to
possibilities of cross contaminations from traces of
detergents in discarded paper and plastic detergent
packages at the Asiedu-Keteke composting site
(Fig. 2).

The feedstock materials for the Household and Kade
composts were relatively devoid of contaminants such as
plastics, printed materials and metals. This may have
accounted for the much lower concentrations of toxic
heavy metals, Cd and Pb, in the Kade and Household
composts compared to the Asiedu-Keteke and Teshie
composts, which were produced from mixed waste stream
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Fig. 1: Total NPK in some marketed composts in Ghana

Fig. 3: Mature compost at Asiedu-Keteke composting site after separation of contaminants
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Fig. 4: Seasonal variation of heavy metals in some marketed composts in Ghana
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(Fig. 4). It is well known that most of heavy metals are
intrusions from contaminated materials in the compost
feedstock [6, 22, 26, 32, 33].

Cadmium concentrations were below detection limit
of 0.01 mg/kg in the Kade compost and very negligible in
the Household compost. The highest cadmium
concentration, 2.1 mg/kg, was observed in the Teshie
compost, but this was within the Australian standard of
3.0 mg/kg Cd in compost [35]. Lead in the Kade compost
was below detection limit of 0.01 mg/kg whiles the
Household compost had the lowest Pb concentration
which ranged between 10.5 and 49.5 mg/kg (Fig. 4).
However, the Pb contents of the Teshie and Asiedu-
Keteke composts were higher, reaching concentrations of
171.4 and 210.1 mg/kg respectively (Fig. 4), both of which
exceeded the Australian compost quality standard of 150
mg/kg Pb [35]. The high concentrations of Pb in the
Teshie and Asiedu-Keteke composts may have been as a
result of contaminants in the mixed feedstock from which
the composts were produced. On the average, mixed
municipal solid waste in Accra contains 8% paper
(including discarded printed materials), 8% plastic and
rubber materials, 3% metals (including discarded dry and
wet cells), 2% glass, 11% residue and 2% miscellaneous
or other waste [2]; all of which could have introduced Pb
into the composts, hence, the high concentrations of Pb
in the Teshie and Asiedu-Keteke composts. Generally
concentrations of heavy metals in the open MSW
compost windrows decreased in the rainy season (Fig. 4).
The decrease was most pronounced for Pb. Substantial
leaching of metals from open compost windrows or
washing away of metal-bound particles from the windrows
in rainstorm water was thought to have possibly occurred,
which might have contributed to the decreased levels
of heavy metals in the composts in the rainy season.
This theory is further strengthened by the fact that the
Kade composting windrows, which were protected
from rains, did not show significant difference in
heavy metal concentrations between the dry and rainy
seasons (Fig. 4). On the other hand, the lower levels of
heavy metals in the MSW composts produced during the
rainy season could also have been a reflection of a shift
in consumption pattern, generating mixed waste fractions
with relatively less heavy metals compared to the waste
generated in the dry season. The high zinc concentration
in the Kade composts (Fig. 4) might have been a
contribution from residual poultry manure in the waste
feedstock from which the Kade compost was produced.
Poultry manure is a rich source of zinc [11, 18, 33, 39],
which is attributed to antibiotics and other zinc containing
chemicals used in the poultry industry. Zinc, copper and
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nickel concentrations in the composts (Fig. 4) were within
the Australian compost quality standards of 200 mg/kg,
100 mg/kg and 60 mg/kg respectively [35].

CONCLUSION

Agricultural waste compost in Ghana appeared richer
in plant macro-nutrients, especially nitrogen, potassium
and organic carbon, compared to compost from MSW
sources. Additionally, composts from source separated
wastes (Kade and Household composts) had lower
concentrations of heavy metals compared to composts
from mixed waste (Asiedu-Keteke and Teshie
composts). There was seasonal variation in the levels of
the heavy metals in the compost produced by open
windrow process, with reduced levels in the rainy season.
It was concluded that composts were safe for use in urban
and peri-urban agriculture without excess risk to human
health. However, the composts produced during dry
season from mixed waste fractions in Ghana, given the
high lead content, might not be suitable for unrestricted
applications.
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