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Abstract: The potential of household solid waste to supply micro-nutrients is studied. The study aimed at
finding the levels of metal ion concentrations in domestic refuse typically the organic, paper and plastic waste
stream components which constituted the highest waste stream fractions generated by residents in the Nsawam-
Adoadjiri townships. INAA was used to determine metal ions concentrations in household solid organic, paper
and plastic components of wastes generated by sampled households of Nsawam and Adoagyiri townships of
the Akwapim South Municipality of Ghana. The analysis covered (Ca, K, Mg, Na, Cu, Mn, Al, Cl, and V).
Standard reference materials were also analysed in the same manner as the waste samples to ensure good
quality control/quality assurance procedures. Higher mean concentrations of 5.59 :g/g and 13.27 mg/g were
recorded for Mn and Cl, respectively in organic waste stream component as compared to 1.13 :g/g and 0.19
mg/g in paper/cardboard waste stream and 2.67 :g/g and 13.27 mg/g in rubber/plastic waste stream components
respectively. These values are comparable to literature values.
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INTRODUCTION

The term solid waste refers to all solid and semi-solid
discarded materials (USEPA, 1972; Russell, 1982;
USOTA, 1989). Solid wastes is defined as all wastes in
solid form, which are discarded as useless or unwanted
and in general arise from human activities (Peavy et al.,
1985). However, the concept of solid waste as useless is
subjective because what one considers as useless or
unwanted could be a resource or raw material for another.
Solid wastes can also be as the organic and inorganic
waste materials, produced by households, commercial,
institutional and industrial activities, which have lost
value in the eyes of the first owner (Cointreau, 1982).
Domestic wastes refer to the waste generated by
households. It must be discerned from municipal solid
waste, which is the solid waste collected by the municipal
collection system. Residential solid wastes are generally
composed of food wastes, garden wastes, paper and
cardboard, sweepings, ash, packaging material, worn out
or broken objects, old clothes, etc. Determination of
metals in wastes has implications in the direct application

of the organic components of waste for agriculture such
as compost or feeding livestock. Other implications
include leachability of metals in domestic wastes dumped
at disposal points to contaminate soils as well as surface
water and groundwater resources due to improper waste
management practices especially in developing countries.
The study aimed at finding the levels of trace elements in
domestic refuse typically the organic, paper and plastic
waste stream components which constituted the highest
waste stream fractions generated by residents in the study
area, according to a concurrent waste stream
characterization study.

MATERIALS AND METHODS

Study area: The study area is showed in Fig. 1. The study
area is located in the Akwapim South Municipality and
encompasses two major and important adjoining towns
namely Nsawam and Adoagyiri. These two townships
account for about 70% of wastes generated by the
municipality. The municipality, unique for its strategic
and   close   proximity   to   Accra,  has  a lot of transient
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Fig. 1: Map of Ghana showing the location of the study area (Map Room, Geography Department, University of Ghana, Legon,
Accra).

population. The Administrative capital is Nsawam. The
municipality is drained by the Densu River and its
tributary rivers and streams. Nsawam and Adoagyiri
townships are located on the main Accra-Kumasi
Highway. Nsawam is located on latitude 5º48 N and
longitude 0º21 W whereas Adoagyiri is located on
Latitude 5º49 N and longitude 0º21 W. Majority of people
engage in commercial farming especially in the area of
pineapple, pawpaw, mango and other exportable fruits.

Bakery is also another area of commercial activity that the
inhabitants engage in. 

Sample collection and preparation: Solid waste samples
were collected individually from households. The waste
samples were then separated into organic (food and plant
residues), paper and plastics. The separated samples were
mixed together to form composited samples. The samples
were  then  transported  immediately in sealed polythene
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Table 1: Radionuclides and irradiation schemes used for neutron activation analysis
Product Irradiation Decay Counting

Element Reaction radio nuclide Half-life Energy (keV) time (Ti) time (Td)  time (Tc)
Ca 48Ca(n,p)Ca49 49 Ca 8.7m 0.3084.4 2 m 1 m 600s
K 41 K(n, p)K42 42 K 12.36h 1524.7 1 h 24 h 600s
Mg  26Mg(n,p)Mg27 27 Mg 9.45m 0.843.8,1014.4 2 m 1 m 600s
Na 23Na(n, p)Na24 24 Na 15.0 h 1368.6,2754.1 1 h 24h 600s
Cu 65Cu(n,p)Cu66 66 Cu 5.10 m 1039.2 2 m 1 m 600s
Al 27Al(n,p)Al28 28 A l2.24 m 1778.9 2 m 1 m 600s
Cl 37 Cl (n, p)Cl38 38 C l37.3 m 1642.4,2167.5 2 m 1 m 600s
V 51V(n,p)V52 52 V 3.75 m 1434.1 2 m 5 m 600s

bags for analysis involving heavy metals and potentially
toxic elements. 

Samples of domestic refuse consisting of paper,
plastics and other organic fractions were cut into small
pieces using a stainless steel knife and sun-dried for five
days to achieve a constant weight. They were ground into
powder using a commercial blender (Warren blender),
homogenized and sieved through 0.5 mm sieve (British
Standard Endecott Limited, London) to have uniform
particle size. Replicate samples each for short and
medium irradiations were prepared. 200 mg of the
samples were prepared, wrapped in a thin polyethylene
capsule and heat-sealed. They were then packed in 7 mL
polyethylene capsules and then heat-sealed. Peach leaves
(NIST 1547) and orchard leaves (NBS1571) standard
reference materials were prepared, analysed and used as
reference standards.

Sample irradiation and counting: Irradiation of the
samples were done using the GHARR-1 research reactor
of the Ghana Atomic Energy Commission, operating at
half full power of 15 kW with a neutron flux of
5×1011n/cm2s. The scheme for irradiation was chosen
according to the half-lives of the element of interest. The
samples were sent into the reactor by means of a
pneumatic transfer system. At the end of the irradiation,
the capsules were returned from the reactor and allowed
to cool down until the level of activity was within
acceptable levels for handling. The samples were placed
on top of an N-type High Purity Germanium detector
(HPGe) and the counts were accumulated to obtain for a
pre-selected time to obtain spectra intensities. The
radionuclides and irradiation schemes are described in
Table 1.

RESULTS AND DISCUSSION

In order to have quality control and method
validation of results obtained from Instrumental Neutron
Activation  Analysis  technique,  several standard
reference materials were analysed together with the
samples. Table 2 shows the results for elemental

concentrations in typical standard reference materials
along with their certified values. A comparison of the data
shows that most elemental concentrations agree within
±10%.

The levels of metal concentrations in organic fraction
of domestic solid waste as indicated in Table 3 showed a
decreasing order of Mg>K>Ca>Cu>Cl>Al>Na>Mn>V.

Food residues constituted the bulk of the organic
waste streams characterized in the waste. This might be
the reasons why magnesium, potassium, calcium, copper,
sodium and manganese were detected in relatively high
concentrations. The levels of elemental concentrations in
the paper fraction of domestic waste samples as indicated
in Table 3 showed a decreasing order of
Mg>Ca>K>Na>Al>Cl>Cu>Mn>V. Paper streams
specifically characterized and analysed for metals mainly
included coloured newsprint, black and white newsprint
and as well as paper packaging and other paper and card
materials.   Paper  is  of  natural  origin i.e. produced from
plant pulp, the presence of the essential elements was duly
expected. For example, Na is an essential element and a
natural component of paper. Copper and other heavy
metals may be found in paper as a result of certain
chemicals added during manufacture of paper and its
products. Copper recorded mean concentration of 0.14
mg/kg and as a component of blue pigments used in the
manufacture of printing inks, relatively higher amounts of
copper in the solid paper waste fraction were expected.
However, concentrations of metals are found to be
relatively higher in coloured paper (Bertagnolli and Katz,
1979). The residual mix of paper and card materials
characterized in the domestic solid waste stream may
have resulted in reduced copper concentrations as
compared to copper concentrations in solid organic
wastes. Paper and card materials are compostable and
could be recycled. Processes in the recycling include
deinking used to remove metals used as pigments in
manufacture of printing inks.

From Table 3, the levels of elemental concentrations
in the rubber/plastic fraction of domestic waste samples
showed a decreasing order of K>Mg>Ca>Cl>Al>
Na>Mn>V. Plastics found in municipal solid waste may
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Table 2: Analysis of standard reference materials used in this study
Peach leaves (NIST 1547) Orchard leaves (NBS1571) 
------------------------------------------------------ ------------------------------------------------------------

Element This study Reported This study Reported
Ca(%) - - 1.96±0.01 2.09±0.03 
K (%) 2.56±0.15 2.43±0.0243 1.37± 0.01 1.47±0.03
Mg (%) 4324±72.00 4320±86 0.89±0.02 0.62±0.02
Na (:g/g) 26.03±1.00 24±1.9 79.76±4.00 82.0±6.0
Cu (:g/g) 4.02±0.01 3.7±0.2 11.71±0.80 12.0±1.0
Al (:g/g) 251±5.30 249±3.5 295.02±0.78 Not Reported
Cl (:g/g) 357±3.20 360±18 683.32±22.0 690
V (:g/g) 0.40±0.02 0.37±0.03 0.34±0.05 Not Reported
Mn (:g/g) 99.01±2.20 98±2.9 86.57±2.70 91±4.0

Table 3: Mean concentrations of elements in domestic solid waste fractions
Element Mean (Organic) Mean (Paper) Mean (Plastic)
Ca (%) 0.39±0.01 0.23±0.02 0.04±0.01
K (%) 0.45±0.42 0.09±0.01 0.18±0.01
Mg (%) 2.06±0.05 0.39±0.03 0.11±0.03
Na (mg/g) 0.46±0.00 0.28±0.00 0.10±0.00
Cu (mg/g) 2.10±0.04 0.14±0.06 ND
Al (mg/g) 0.13±0.02 0.28±0.05 0.16±0.02
Cl (mg/g) 1.13±0.04 0.19±0.03 13.27±0.12
V (:g/g) 1.29±0.24 0.21±0.06 0.40±0.17
Mn (:g/g) 5.59±0.30 011.39±0.23 2.67±0.34
ND: Not deducted

contain metals resulting from additives added to plastics
to enhance the performance or appearance of plastic
products. However, plastics only have few additives
(USEPA, 1995) .This might have resulted in reduced
elemental concentrations except for chlorine found in the
rubber/plastic waste. 

CONCLUSION AND RECOMMENDATION

Metals ions were found in considerable proportions
in waste stream components generated by various
households. The organic components of the waste streams
analysed present good potential for applications in
agriculture since they contain significant amounts of the
metal ions. However extensive analysis needs to be
carried  out  to  determine waste toxicity  especially  with
respect to heavy metals which may be present in wastes
generated by respective households. This is quite
necessary since source separation of waste is not practiced
generally at the study area. Source separation of organic
waste components from the other wastes components is
recommended so that the potential of urban organic waste
for agriculture is improved.

REFERENCES

Bertagnolli, J.F. and S.A. Katz, 1979. Colored Gift
Wrapping Papers as a Potential Source of Toxic
Metals. Int. J. Environ. Anal. Chem., 6(4): 321-325.

Cointreau, S.J., 1982. Environmental Management of
Urban Solid Wastes in Developing Countries. World
Bank Urban Development Technical Paper 5,
Washington D.C., U.S.A.

Peavy, H.S., D.R. Rowe and G. Tchnobaglous, 1985.
Environmental Engineering Mc Graw Hill Book
Company, Singapore.

Russell, S.H., 1982. Resource Recovery Economics.
Marcell Dekker, Inc., New York, USA.

USEPA, 1972. Solid Waste Management Glossary.
Government Printing Office, Washington D.C., USA.

USEPA, 1995. Analysis of the Effects of Toxics on
Municipal Solid Waste Management Options.
Retrieved from: www.epa.gov/cgi-bim/claritgw.

USOTA (United States Office of Technology
Assessment), 1989. Facing America’s Trash. What
Next for Municipal Solid Waste? OTA-0-424.
Government Printing Office, Washington D.C., USA.


