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Abstract

Environmental pollution in developing countries such as Ghana transcend many fields of
human activity. Rivers that serve urban communities as sources of potable water encounter challenges
of pollution as a result of agricultural, industrial and domestic activity.

The wood processing industry leaves in its trail huge amounts of sawdust. Urban sewage also
creates environmental problems if not managed adequately. Contaminated imported foods become
sources for the introduction of new microflora into developing countries. Such new microflora can
result in health problem in such societies.

This paper discusses the enormity of these problems in Ghana with a proposal for minimising
them by the application of radiation processing technology.

1. INTRODUCTION

Environmental pollution has in the past been associated with industrialised countries
where technologies have been developed to combat the problem. However, in recent years
developing countries such as Ghana are beginning to come to grip with pollution problems.
Rivers that serve as sources of potable water face huge challenges in terms of pollution as
they journey through economically active zones [1].

Ghana has a very thriving wood industry. A by- product of the wood products is a
tremendous amount of sawdust from the sawmills. Presently, sawdust in Ghana has reached
harzadous levels. A negligible amount is however used as substrate in the mushroom industry.

Daily influent of raw sewage in the large cities is another source of pollution due to
the increased migration to urban areas. In Ghana, cities such as the capital, Accra is now faced
with the problem of these microbiologically harzardous sewage products.
Conventional methods are limited in scope in satisfactorily solving these problems.
Ghana has an emerging free market which imports food in large volumes and from variety of
countries. These foods sometimes arrive contaminated and unwholesome.
These unwholesome foods can serve as sources of new microflora into the natural chain.
These may have detrimental health consequences to the society at large.

In this paper, the enormity of the above problems is discussed with a proposal for
minimising them by applying radiation processing technology.

2. WATER POLLUTION IN AND AROUND ACCRA

The population of Accra, the capital of Ghana, is estimated at 3.5 million [5] and is
served with two major sources of drinking water, the Densu river to the west and the Volta
river source to the east.
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2.1 The Densu Reservoir

The Densu river, a typical rain forest zone river, flows for 116 kilometers into the
Atlantic ocean and drains a total area of 2,564 square kilometers. It journeys through tropical
humid forest inhabited by small farming communities whose activities appear to have little
impact on the river. However, the rest of its journey through coastal savannahs faces huge
challenges in terms of pollution.

In those coastal savannah areas, it has been recently found that the influence of over
fertilization of the soil with chemicals has a direct impact on the nitrogen loads of the waters.
Pineapple farming, which is the main activity of this area, contribute about 90% of the total
nitrogen loads [6]. Biological oxygen demand loads of two sites along the river were found
very high as shown in Table 1. These were as a result of inputs from sewage as well as the
agricultural and other domestic waste. Bacteriologically, in that study, none of the two sites
qualified as suitable direct source of drinking water or as points of primary contact such as
swimming.

The Densu river is dammed at Weija to create the Densu reservoir with a total surface
area of 8,300 acres and a maximum water depth of 16 m (Figure 1). At present the capacity of
the water works is 91 million litres per day.

2.2 The Kpong Reservoir

The eastern part of Accra is served by drinking water from the Kpong reservoir. The Kpong
reservoir was developed in 1982 from the Volta River primarily for irrigation and for the

FIG. 1. The Weija lake and project area.
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production of hydroelectric power. It is 25 km downstream of the existing Akosombo dam
(Figure 2).

The Kpong dam which was closed in 1981 caused the flooding of about 2685 hectares
of land. The reservoir has a total surface of 37.4 km2 and a maximum water depth of 15 m
with a mean depth of 5 m. The mean annual flow of water through the reservoir is 1183
m3sec"1 and the water retention time is 5 days. [7]

A comparison of the waters at Weija and those of Kpong shows that the former is of a
lower quality. [1]. The lower transparency and high conductivity at Weija indicate higher
concentrations of suspended and dissolved materials - both organic and inorganic. The end
result is poorer quality of treated water from Weija Table 2.
Water quality in and around Accra has deteriorated in recent years mainly due to human
activity. The influx of nutrients has rendered the water sources highly eutrophic particularly
the Weija reservoir, which has develop algae blooms in the open water resulting in algogenic
tastes and odour. These water quality problems need to be addressed using modern
techniques.

3 SAWDUST PRODUCTION

The timber resources of Ghana are contained in an area of 1.2 million hectares,
producing approximately 1.3 million cubic metres of logs, Table 3. During logging, the

FIG. 2. The Krong dam and the reservoir area showing the sampling sites I and II.
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crowns and butts of the timber trees making up 50%-of the total volume, are usually left to rot
after felling. The three year average logging waste volume (1990 - 1992) is estimated at
1,279,000 m3 or 836,466 tonnes [8]. The processing of the logs in over 100 sawmills, 9
plymills, 15 veneer mills and over 250 furniture firms all over the country generates a
considerable amount of residue in the form of sawdust, edging, slabs and veneer waste and
core rejects. Only about 45% of the volume of logs brought to the sawmill emerges on the
average, as sawn timber. In general, about 20% to 25% of the true volume of logs sawn
comes out as sawdust whiles other residues constitute 25% to 35% [8].

Sawdust production has in recent years attained levels that have resulted in heaps of
sawdust at all wood processing industries.

A negligible quantity of offcuts and sawdust is used as boiler fuel. A few of the mills
have recently acquired moulding machinery for processing some of the residue into sticks,
slips and narrows for export [9]. A negligible quantity also serves as direct substrates for the

TABLE 1. PHYSICAL, CHEMICAL AND BIOLOGICAL PARAMETERS AT TWO
SITES ON DENSU RIVER

Location-

River

Pokuase

Nsawam- Bridge

WHO LIMITS

Drinking Water

Primary Contact

Secondary

Contact

pH

6.9

7.0

6.5 -8.5

TURB

(FTU)

23.0

62

5

CN

<0.05

<0.05

0.1

As

<0.05

<0.05

0.05

DEPTH

/m

1.0

10.0

COLIFORM

/100 ml

60,200

28,200

10.0

1000

10000

TOTAL

FAECAL

36,800

3,440

0

200

5000

Source: Ref. 6.

TABLE 2 . WATER QUALITY - WEIJA VS. KPONG, AUGUST, 1990

Location

INTAKE - Weija

Kpong

TREATED - Weija

Kpong

pH COND

US/cm

7.9 j 290

6.7

7.1

7.1

74

360

90

TRAN

en

53

200

-

Cl

35

9

10

4

BOD

8.6

4.0

0.8

0.8

Ca

15

6

20

7

ALK

102

40

82

46

NH3-N

0.18

0.003

0.003

0.003

NO3-N

0.56

0.16

0.30

0.12

Source: Ref. 1.
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growth of Pleurotus and Auricularia mushrooms. The major part of the heaps of sawdust that
are piled up at the sawmills in Ghana are normally set on fire, thus polluting the atmosphere.
There is therefore the need to look for other beneficial uses of sawdust in Ghana. It is
envisaged that irradiated monomers will serve as binders of the sawdust into composite
boards.

4. SEWAGE PRODUCTION IN ACCRA

Daily liquid waste collection in Accra over a six-year period, 1991-1996 averages
92,623 m per year, Table 4 . The solid concentration is estimated at about 10-12%. Currently,
the waste is treated conventionally and either pumped into the ocean or a negligible amount
used as fertilizers.

TABLE 3. ESTIMATED VOLUME OF LOGGING WASTE, SAWDUST AND OTHER
WOOD RESIDUES GENERATED BY THE TIMBER INDUSTRY (1990 - 1992)

Log Production* (x 1000 mJ)

OR Logging Waste

Mill Production* (x 1000 m")

Sawdust (x 1000 m')

Other Residue (x 1000 mJ)

1990

1290

550

244

428

1991

1229

578

257

450

1992

1318

600

267

467

Average

1279

576

256

448

Source: Timber Marketing Board Ref. 8.

TABLE 4. TOTAL LIQUID WASTE COLLECTION

1991

1992

1993

1994

1995

1996

Total

84,987

104,909

98,236

83,443

93,649

90,630

555,854

Source: Accra Metropolitan Authority
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5. CONTAMINATED IMPORTED FOODS -

Imported foods (eg. Meat, fish, vegetables etc. ) sometimes arrive contaminated and
unwholesome. Such foods are normally burnt and buried to prevent the flow of new
microflora in the country.

6. POTENTIAL FOR RADIATION PROCESSING

6.1 Water Pollution Treatment in Accra

The existence of water pollution around Accra demands that an alternative technology
such as radiation processing be adopted. Radiation processing can be used to decontaminate
our main sources of potable water thereby improving the microbiological quality and degrade
halomethanes, halothanes and halogenated aromatic compounds. This process can also
improve the water odour and taste as well as reducing the chemical oxygen demand [2] inter
alia.
6.1.1 Disinfection of bacteria pollution: Radiation processing has been shown to reduce
total coliform, faecal coliform and faecal streptococci levels in tap water by several orders of
magnitude. In the envisaged drinking water processing by radiation, cost will have to be
thoroughly evaluated depending on the throughput and the dose applicable.
6.1.2 Removal of toxic organic chemicals: Even though no scientific evidence exists on
toxic organic chemicals from the two reservoirs for the Accra water supply system, the
activities resulting in their pollution have probably caused organic chemical pollution which
can be a successful target for radiation processing.
6.1.3 Degradation of disinfection by-product precursor compounds: Chlorine which is the
main water disinfecting chemical used in the Accra water supply system is known to form
trihalomethanes. The removal of these by-product precursor compounds will also be an
advantage in the radiation processing of water from the two reservoirs.
6.1.4 Taste and odour improvement: The pollution of the Accra water supply system has its
related taste and odour problems. Pollution is normally manifested to the consumer through
taste and odour thus these parameters are a major concern to water treatment authorities.
These are also parameters that radiation processing can improve for both the benefit of the
consumer and the water treatment authority.

6.2 Radiation Processed Composite Boards from Sawdust

It is proposed that radiation processed monomers are used as binders for sawdust in
the production of composite boards [3]. Investigations are in progress to use radiation
processing to also decontaminate sawdust thus making it more accessible to mushroom
producing fungi in the mushroom industry [4].
6.2.1 The use of sawdust in the manufacture of composite boards is under study as a joint
project between Ghana and South Africa under the Africa Regional Co-orporative
Agreement (AFRA) of the International Atomic Energy Agency. Use is being made of the
radiation polymerization of multifunctional unsaturated monomers to bind sawdust into
composite boards, [3]. The binder employed is a customised and modified thermoplastic resin
which is added at about 6 to 10% on mass basis. As the resin contents affects the water
repelling properties of the board, a more water resistant board is obtained at higher resin
contents. Additional chemical modifiers are also added depending on the particular
application and fibre used. In addition, certain waxes may be added in certain specific
applications.
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Some of the advantages of the process have been enumerated [3] as:

6.2.1.1. The resin binders contain no formaldehyde or phenols thus making it
environmentally friendly and does not cause obnoxious fumes when burning.
6.2.1.2. Composite boards with excellent weathering properties can be produced
economically for application in economic housing.
6.2.1.3. The technology allows for the product to be moulded into the final shape with
little additional processing required and limited waste generated.
6.2.1.4. In countries with limited timber resources, most available agricultural
fibre can be beneficial to produce composite boards comparable to those made
from wood.

6.2.2 Studies have indicated in Ghana that gamma radiation can serve as a decontaminating
as well as a hydrolytic agent of sawdust for the bioconversion of four varieties of Pleurotus
spp. Preliminary results indicate that a dose of 20 kGy increase the yield of Pleurotus eous
varET-8[4].

6.3 Radiation Treatment of Sewage in Ghana

Radiation processing of sewage sludge to become a non-hazardous product can serve
as soil conditioners in agriculture [2]. Ghana, basically an agricultural country, spends
millions of dollars (US) on the importation of chemical fertilizers.

The efficacy of radiation processing in the elimination of microorganisms in waste
water will also be of direct benefit to public health in Ghana.

6.4 Contaminated Imported Foods

An unwholesome imported food which could contaminate the environment by
introducing new microflora will also find the application of radiation processing ideal in
curtailing such an environmental polluting hazard. Radiation processing can sterilize the
unwholesome food prior to its disposal. The radiation facility can be situated at the port of
entry thus eliminating the flow of 'foreign' microflora into the country.

7. PUBLIC AWARENESS AND LEGISLATION

There is a radiation protection law is place in Ghana which allows the importation of
radioactive sources. There is, however, a negative public perception with regards to nuclear
energy and its potential benefits to society. The Ghana Atomic Energy Commission has
recently embarked on a programme to create public awareness to an appreciable level by the
year 2001.

8. CONCLUSION

Radiation processing has a potential in Ghana for conserving the environment in the
areas of drinking water improvement, benficial use of sawdust, conversion of sewage into
fertilizers and the disposal contaminated imported foods.
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