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ABSTRACT 

This study sets out to provide an insight into "pollution vectors", solutions 

and the need to monitor our local industries with respect to 

environmental pollution.   Based on the Limits set out by FMENV, WHO 

and ISEPA, this study found out (among others) that, the Effluent 

discharge from the cooling/kitchen section had slightly higher values of 

TSS, BOD and COD than FMENV/ISEPA limits.  The problematic 

parameters of the final discharge  effluent  include:   brownish  

appearance,   unpleasant  odour; slightly high TSS levels of 26mg/L and 

45 mg/L as against the FMENV limit of 15 mg/L BOD levels were higher 

than FMENV/ISEPA limit of 15mg at 30 mg/L and 50 mg/L respectively. 

COD levels of 110mg/L and 116mg/L as against FMENV/ISEPA limit of 

80 mg/L. These constitute some of the pollution vectors emanating from 

the case study. This study recommends that an effluent treatment plant 

{ETP) be installed to treat the waste water generated to FMENV/ISEPA 

set limit before discharge into the Nworie River. 
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DEFINITION OF TERMS 
 

To avoid technical ambiguities, the terminologies used in this work are 

explained as follows: 

 
Pollution Vector: A pollution vector is anything that is capable of 

   Carrying,    transferring,    emitting    or    circulating  

   pollutants   (harmful   substances)   within   a   given  

   environment.  

 

Disease Vector:  Insect and other agents that carry a particular 

   disease or infection from one point to another. For  

   instance malaria parasite is carried by mosquitoes. 

Pollution Media : Medium through which pollution can be manifested 

   e.g Air, Water, Land, etc.  

Pollutants           These are substances that pollutes e.g smoke or 

   Waste products from factories. 

Landfill                An area of land where waste material is buried under 

   Layers of earth, e.g. toxic chemical dumped at landfill  

   sites. 

Burrow Pit: A large hole or tunnel made in the ground by digging. 

Composting:  A process or producing a mixture of decayed plant  

   Matter,  manure,  etc,  added to soil to improve the  

   growth of plants, e.g. composting the kitchen waste.  

Incinerating: To destroy something completely by burning, to burn  

   Something to ashes, e.g. to incinerate rubbish. EPA 

EPA:   Environmental Protection Agency. 

Noxious Effect: Harmful, poisonous or very unpleasant effect.  

Acid Dust:          Dust that is made acid by gases dissolved in it and that 

   damages trees, crops, building, etc.  
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Toxicology: The scientific study of poison.  

Toxicity:  The quality or degree of being toxic.  

Aridity:  Land climate having little or no rain, very dry, e.g. the 

   arid   deserted   of   Africa   nothing   grows   in   these 

   conditions. 

Ecology:  The relation of plants and living creatures to each other 

   and to the environment, or the study of this e.g.  

   chemical in the factory's sewage system have changed 

   the ecology of the whole area. 

Biomass:  The total quantity or weight of living creatures in a  

   given area or volume; e.g. the biomass of a forest.  

Instrument: Tool or device used for a particular task e.g, legal  

   instruments, scientific, optical, precession instruments. 

Derelict Land:    is defined by the DOE (UK) as land so damaged by  

   industrial   or other development that it is incapable of 

   beneficial use without treatment. 

Radioisotopes: This is a radioactive chemical element that can exist in 

   two or more forms with different physical properties  

   (characteristics). 

ISO 14001:  International standard organization number 14001 that 

   covers the EMS and EMP. This provision covers the 

   environmental management system plan.  

SHP:   Safety and Health Policy. 

EMP:    Environmental Management Plan. 

EMS:    Environmental Management Strategy  

BOD:   Biological Oxygen Demand 

COD                    Chemical Oxygen Demand 

PAH                   Polycyclic Aromatic Hydrocarbon 

PCB                  Polycyclic Chlorinated Bi-phenyls 
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PH                      A measurement of the level of acid or alkali in a  

   solution or substance. In the PH ranged of 0 to14,  

   reading below 7 shows an acid and of 7 and above 

   shows an Alkali 

BIOSPHERE      Region of the earth where life exists. 

STRATOSPHERE Source of stratosphere ozone is the photo- 

      degradation of molecular oxygen by short wave  

      ultraviolet ray. 

ASPHYXIATION A state of been unconscious - caused by suspended 

   solid (silt) and coal. 
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CHAPTER ONE 
 
INTRODUCTION 
 
THE CONCEPT OF POLLUTION VECTOR 
Mathematically speaking a vector is defined as a quantity that has 

both magnitude (size) and direction. An example in this case is 
velocity.  But technically speaking, a vector is a course taken by a 

moving object, examples are aircrafts, vehicles, etc.  In the medical 
field, a vector is used to describe an insect and other agents that 

carry a particular disease or infection from one point to another 
hence, the term “Disease vector”.  For instance, a person or animal 
that can give disease to others without suffering from it is a vector.  

The example that readily comes to mind here, are mosquitoes 
which  are  carriers of malaria parasites and are capable of moving 

from one point to the other. 
 
In the light of the above analysis, one can rightly apply the term 
“POLLUTION VECTOR” within the context of environmental 

pollution, as that which is capable of carrying, transferring, emitting 
or circulating pollutants (harmful substances) within a given 

environment (pollution media). 
 

BACKGROUND OF THE STUDY 
Environmental studies is fast gaining popularity as a result of the re-

awakening of interest in environmental matters, which started in the 
mid-1960s.  Many countries have now consolidated and defined 



2 
 

previous legislation and introduced new laws which endeavour to 
deal with the environment as a whole.  A typical example is the 

control of pollution Act (1974) in India.  The government of India 
enacted in March 1974, the water (prevention and control of 

pollution)  Act to regulate water pollution in the country.  A central 
board has been constituted with powers, with effects from 

September 1974, to take all necessary measures to effectively 
implement the programme. 
 
Another example is the control of pollution Act of 1988 by the 

commission of the commission of the European communities.   This 

commission passed a directive (88/609/EEC), limiting emissions of 

certain pollutant into the air from large combustion plants. This aimed to 

effect reductions of 60% in the S02 emissions from large stationary 

sources (over 50 mw thermal input) and 40% in the Nox emissions. In 

Nigeria is the strengthening by the Federal Government of Nigeria's 

environmental Protection Agencies (EPA), which recently established 

the  Federal   Ministry   of  environment.     Some   states   and   local 

governments in Nigeria have also set up their EPAs. The Federal 

Environmental   Protection  agency  Act  CAP   131   LFN,   1990  (as 

amended) by DECREE  No  59 of 1992 established the  Federal 

Environmental   Protection   Agency   now   the   Federal   Ministry   of 

Environment (FMENV). By section 4 of the Decree the Ministry has 

responsibility for the protection and development of the environment and 

biodiversity conservation and sustainable development of Nigeria natural 

resources in general and environmental technology.  By this it is   clear  

that  the   protection  of  the   Nigerian   environment  from degradation in 
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its entirety is the responsibility of the Federal Ministry of Environment 

(FMENV). 

It could be recalled that the Nigeria Public Health Rules (Sanitation 
provision section 44- 50 of 1958) defined regulations governing the use 
of landfills, burrow pits, composting, incinerating, recycling and other 
modern methods for conventional ultimate waste disposal. 
 

The question that borders many minds is how compliant are our 
industries vis a vis to the environmental laws of our country Nigeria. 
Achi (1991), on the management of industrial waste in Nigeria decried 
the habitual and irresponsible management of industrial waste by many 
Nigerian industries. 
 

In his (Achi) study, a total of 200 production and service industries 
in Nigeria were randomly selected and handling of their industrial 
wastes was investigated. The common trend showed that over 80% 
of industrial plants seriously pollute the environment and less than 
18% of the plants are engaged in any form of reprocessing of their 
industrial wastes. The chemical/petrochemical and brewing/food 
industries contributed the worst offenders in poorly planned waste 
management as they dominate the industrial economy. 
 

Table 1.1: Waste Reprocessing in Nigerian Industries 
Types of Industry  Preliminary      

reprocessing % 
Complete 
Processing % 

Petrochemical 
Civil/Marine Engineering 
Non-mentals (glass, plastics paper, etc 
Metals 
Textiles, rubber, leather, foam 
Cement/Asbestos 
Foods/breweries 
Electrical goods 
Agricultural production 
Services/maintenance 

9 
8 
50 
38 
33 
0 
14 
0 
0 
0 

9 
8 
0  
19 
0 
0 
0 
0 
0 
0 
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Vegetable oil mills 75 75 

* Another 14% sell wastes to other companies. 
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Note: 

Preliminary reprocessing involves the separation of solid components 

from a mixtures, removal of solid sediments from liquids by filtration or 

converting the waste into handle-able shapes and sizes. Complete 

reprocessing involves the treatment of the waste physically,, thermally or 

chemically to convert it into industrially useful materials, totally inert and 

non-polluting components. 

 

He cited situations where industrial wastes were being dumped 

indiscriminately without considering the adverse effect it may have on 

the populace. For instance, he recalled that in July 1988, an Italian 

company dumped hundreds of tons of toxic industrial waste including 

several tons of polychlorinated biphenyl (PCB) at koko, a small town in 

the then Bendel State of Nigeria. 

And that in September 1986, hundred of palm trees (Nigeria's Major 

cash tree crop) were felled because of noxious effect of acid dust from a 

nearby cement factory in Ifo, another small town in the Ogun State of 

Nigeria. The story was the same in Kaduna where a super phosphate 

fertilizer plant releases toxic fumes of sulphate dioxide into the air 

causing acidic rains. The acidic rains continue to deplete the vegetation 

in the area thus increasing the aridity of this part of the country. 

 

He concluded that Nigerian cities and the country side face a serious 

problem of safe disposal of industrial wastes if the trend is not properly 

controlled. 

Roy  M.   Harrison  &   S.   Smith  (1992)  state that  pollution  is the 

introduction  into the  environment of substances  liable to  cause 

hazards to human health, harm to living resources and ecological 

systems, damage to structures or amenities or the interference with 
4 
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legitimate use of the environment. Introduction into the environment as 

mentioned above indicates that there was an action or reaction that 

resulted to harmful effects. 

There are on the one hand a group of substances which we recognize 

as pollutants and on the other, organisms which pollutants exert their 

effect. A basic maxim of toxicology is that all substances administered 

at sufficiently high dose are harmful to biota. Pollutants by definition 

are first introduced into the environment and then dispersed along 

pathways during which they may undergo transformations to more 

innocuous forms or to forms that are potentially more hazardous. One 

important aspect which influence the impact of a pollutant is the 

amount discharged into the environment. 

Conceivably, an organism may be able to cope with a small amount a 

very toxic substance, whereas an otherwise essential one may reach 

overwhelming   proportions   and   adversely   affect   many   organism 

pollution  encompasses  a  broad  range of chemical  and  physical 

properties and these properties strongly influence both the behaviour 

of pollutants in the environment and the manner in which they exert 

their effect on biological systems, etc. 

Pendey et al (1992) state that pollution is the result of the action or 

presence of a pollutant in a part of the environment where it is 

considered to have deleterious effects. 
 

THE ORIGIN OF WASTE 
It is a fact that one characteristic peculiar to man is that he progressively 

changes his environment to meet his biological and social needs.  On a  

socially organized basis, man provide himself with the materials 

necessary for life which he removes initially as raw materials from his 
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environment.  It is in the provision and utilization of these material 

necessities that worthless and sometimes harmful by products originate.  

Such product go to make the waste of all descriptions and they are the 

inevitable result of man’s interaction with his physical and biological 

surroundings.  Unless removed they reduce the wholesomeness and 

quality of these surroundings.  Thus, to separate waste from the 

environment has been one of man’s inevitable task. 

 

THE ENVIRONMENT 

Carney et al (1992) state that it is a common error to equate man's 

global environment with the biosphere. It is apparent, however, that 

since the biosphere is only that region of the earth where life exists, a 

global grid extending from some 10,000m, below sea level to 6000m 

above sea level must be less in extent than the whole world 

environment. Problems arising from parts of the environment outside the 

biosphere, e.g, the upper layers of the atmosphere or deep geological 

strata, can obviously infringe on man's existence. However, it is usually 

with problems and processes in the biosphere that we are immediately 

concerned. The biosphere can be broken into a number of components 

and these are briefly discussed below. 
a)      Biogeographical Regions 

These are regions on the earth's surface which are physically separated 

from one another and which tend to have their own distinctive flora and 

fauna. Examples of these regions are Eurasia, Australia, North America 

and South America. 
 
b)      Biomes 

A biome is a major type of environment rather than a locality. Examples 

include the desert, tundra and steppe. Similar biomes may be found in 
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different biogeographical regions. In the case of Polar Regions, biomes 

and biogeographical regions coincide. 

 
c)      Physical Environment 
The physical environment consists of the non- living elements within the 

biosphere, biogeographically region, biome or habitat. Example of these 

physical environs include. 

 

1.      PH 

2.       Temperature 

3.       Relative humidity 

4.       topography 

5.       salinity (if equal) 

6.       soil type, etc 

 
d)     Biotic Environment 
This is the living component of the environment. It consists of all the 

plants, animals and micro-organisms which are present. 
 
ECOSYSTEM 

An ecosystem consists of the physical and biotic components of a stable 

and self-perpetuating environment. The dynamic relationships which 

exist within the ecosystem are clearly an important component in 

maintaining the stability. 

 

An ecosystem may exist at any level from the whole biosphere (the 

global ecosystem) to the specialized artificial ecosystem, e.g one which 

exists within an activated sludge plant. 
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RESOURCES 

Timber, mineral, water, atmosphere, land, etc are important elements 

within the environment. Resources are particularly important in the 

present context when they are able to act as a media of dispersal for 

pollutants. The media of land, water and air are important. 
 
ENVIRONMENTAL REGULATORY FRAMEWORK 

The Federal Environmental Protection Agency   Act, CAP 131, LFN, 

1990 (as amended) by Decree No 59 of 1992, established the Federal 

Environmental   Protection   Agency   now   the   Federal   Ministry   of 

Environment (FMENV).   By section of the DECREE, the ministry has 

responsibility for the protection and development of the environment and   

biodiversity,   conservations   and  sustainable  development  of Nigeria's 

natural resources in general and environmental technology including 

initiation of policies in relation to environmental research and technology. 

By this, it is clear that the protection of the Nigerian environment from 

degradation in its entirety is the responsibility of all stake holders and the 

Federal Ministry of Environment (FMENV). To be able to perform this 

task, the FMENV has set up zonal and state offices and has mandated 

the state governments to set up a corresponding frame work in each 

state. In addition, the ministry has put in place regulations to control 

waste generation and disposal, which are to be enforced by the 

institutional frameworks put in place. The instruments so far developed 

to date by FMENV to halt environmental degradation in Nigeria include : 
 
1.     The National Policy on the environment (November, 1989): 
 The document describes guidelines and strategies for 

 achieving the policy goal of sustainable development by: 
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i)     Securing for all Nigerians quality of environment adequate for 
 their health and well being. 

ii)     Conserving and using the natural resources for the benefit of 
 present and future generations. 

iii) Restoring, maintaining and enhancing the ecosystem and 
 ecological processes essential for the preservation of 

 biodiversity. 
iv) Raising public awareness and protecting understanding of 

 essential linkages between environment and  co-operating 
 with other countries and international organization and 

 agencies to achieve the above. 
2.     National guidelines and standard for environmental pollution 

 control in Nigeria (March 1991):  This is the basic instrument 
 for monitoring and controlling industrial and urban pollution. 
3. National Effluent limitation regulation S.I. 8 of 1991: This 

 makes it mandatory for industrial facilities to install anti-
 pollution equipment; make provisions for effluent treatment 

 and prescribe maximum limits of effluent parameters allowed 
 for contravention. 

4. Pollution abatement in industries and facilities generating 
 waste regulations S.I. of 1991:  This imposes restrictions on 

 the release of toxic substance.  It stipulates requirements for 
 the monitoring of pollution to ensure that permissible limits are 
 not exceeded.  It specifies contingency plan for unusual and 
 accidental discharges, generator’s liability and strategies to be 

 put in place for waste reduction and the safety of workers. 
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5. Waste management regulations S.I. 15 of 1991: This 
 regulates the collection, treatment and disposal of solid and 

 hazardous waste from municipal and  industrial sources.  It 
 gives the comprehensive list of chemical waste by toxicity 

 categories. 
6.     Environmental Impact Assessment (EIA) Decree No 86, 1992: 

 This law makes EIA mandatory for any major development 
 project likely to have adverse impacts on the environment.  It 
 prescribes the procedure for conducting and reporting EIA’s. 
7.    Sectorial guidelines for EIA: This prescribes the detailed 

 guidelines for conducting EIA for project on sectorial basis. 
8.     Natural Resources Conservation Action Plan:  This spells out 

 sectorial strategies for the conservation of Nigeria’s natural 
 resources (fauna, flora, soil and aquatic ecosystems) towards 
 sustainable development. 

9.     National fuel wood substitution programme: This is aimed at 
 reducing the indiscriminate felling of trees for fuel wood by 

 prescribing appropriate strategies for the development and 
 utilization of alternative sources of energy. 

 
STATEMENT OF THE PROBLEM 
An overview of the problem of environmental pollution 
It is a well known fact  that man does not deliberately damage his 
own environment any more than a rational person would purposely 
destroy his own house.  However, the results of his activities 

damage the environment, examples among others are: 
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a)   The release of materials (CFCs), etc, in the atmosphere 
 causing ozone disbalance. 

b)     Effect of uranium on workers in uranium mines 
c)     Effect of radium on workers involved in radium work 

d)     Consumption of intoxicants, 
(e)     Water pollution, 

(f)     Land contamination 
g)     Agricultural pollution, 
(h)     Minning pollution,  
(i)     Industrial pollution 

j)     Municipal pollution, etc. 
 

For instance, polluting substance in natural sources of water have 
their origins in great varieties of places.  For convenience, these 
sources of contamination of natural waters are classified here as 

natural, agricultural, mining, municipal and industrial.  Pollution of 
natural waters by sewage and industrial waste is objectionable and 

damaging for many reasons.  Of primary importance is the possible 
hazard to public health and safety.  Others are damaging to 

aesthetic and intangible attributes of the stream and destruction of 
the economic value of clean natural waters. 

 
The effects of pollution on public health and safety, effect on 
aquatic and other life, damage to property and other economic 
losses pose a great problem to man. 
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The principal hazard to public health from polluted streams are 
mainly due to the presence of pathogenic bacteria from domestic 

sewage, toxic materials (acids, alkalis, specific poison like cyanide, 
heavy metals, salts) and materials from industrial waste comes not 

only from direct used of the water but also from consuming food, for 
example, fish, that have lived in the polluted stream.  Many 

poisonous substances are  absorbed by fish, often in a 
concentrated form, absorbs many poisonous substances.  Hence 
eating of fish from polluted water may be even more hazardous 
than drinking the water. 

 
Pollution of natural waters may be disastrous to fish and other 

organisms naturally inhabiting the stream.  Organic waste under the 
influence of bacterial action depletes the dissolve oxygen by 
consuming it in biochemical oxidation reaction.  This may suffocate 

the fish and other aquatic animals which require the presence of an 
appreciable concentration of dissolved oxygen.  With mild pollution, 

fish may acquire a flavour that render their flesh  unfit for use as 
food, whereas with more severe contamination the fish sicken or 

die.  The latter may also be a result of the presence of substances 
that are not in themselves toxic but cause asphyxiation by injuring 

the gills.  Suspended solids such as silt and coal have been 
particularly troublesome in this respect. 
 
Then, on damage to properties, discharge of acids and occasionally 

of other industrial waste leads to corrosion attack.  Corrosion of 
steel objects such as ships, damage to concrete structures in the 
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stream and corrosion of piping, pumps, valves and other 
equipments in plants using contaminated water as cooling water are 

quite common. 
 

Also, besides the numerous problems posed by environmental 
pollution, there is that of economic loss.  Polluted streams which are 

used as the only source of municipal or industrial water require 
substantial treatment at considerable cost for the removal of 
suspended solids, taste, odour, colour, hardness and specific 
chemical present.  If hot streams are used as a source of water 

supply the cost of cooling is also added.  Due to the many problems 
associated with environmental pollution there is therefore an urgent 

need for environmental quality management. 
 
PURPOSE OF THE STUDY 
To provide an insight into “pollution vectors and identification” 
- To suggest solutions that may put on check the impact of 

 environmental pollution due to pollution vectors. 
-  To showcase the need to monitor our local industries on 

 their compliance to our environmental standards. 
- To re-awaken the consciousness of operators of industries 

 and the Nigerian public on environmental protection.  
 
SIGINIFICANCE OF THE STUDY 
This research work will help to re-awaken the consciousness of 

operators of industries in Nigeria and the Nigerian public on 
environmental protection. 
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DELIMITATION OF THE STUDY 

The study was tailored down to a case study using the Nigeria Bottling 

Company (NBC Plc), Owerri Plant as a showcase of the 

environmental situations in some of our indigenous industries. 
 
LIMITATION OF THE STUDY 

Some of the major limitation during the course of the study were as 

follows: 

The reluctance of some of the companies (industries) to volunteer 

information on certain questionable environmental issues.  

 
The lack of easy access to some of the environmental institutions for more 

information, etc, for instance some of them were uncomfortable with the 

term "POLLUTION VECTOR". 
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CHAPTER TWO 

LITERATURE REVIEW OVERVIEW OF THE ENVIRONMENT 

 
There is growing concern that man's rapid industrialization may have in 

a long term, an adverse impact on his global environment. This calls for 

urgent solutions to pollution vectors due to their adverse effects on life 

and property. 

Franscios et al (1970) states that basic environmental sciences have 

existed as a facet of human scientific endeavour since the earliest days 

of scientific investigation. In the physical science, disciplines such as 

geology, geophysics, meteorology, oceanography and hydrology and in 

the life science, ecology have a long and proud scientific tradition. These 

fundamental environmental sciences underpin our understanding of the 

natural world and its current  day counterpart, perturbed by human 

activity in which we live. 

The environmental physical sciences have traditionally been concerned 

with individual environmental compartment. Thus, geology is centred 

primarily on the solid earth, meteorology on the atmosphere, 

oceanography upon the salt water basins, and hydrology upon the 

behaviour of fresh waters. In general (but not exclusively) it has been the 

physical behaviour of these media, which has been traditionally 

perceived as important. 

 
Accordingly, dynamic meteorology is concerned primarily with the 

physical processes responsible for atmospheric motion and climatology 

with temperature and spatial pattern in physical properties of the 

atmosphere (temperature, rainfall, etc) for instance, atmospheric 

transport and dispersion of pollutants (product of pollution vectors) could 
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readily be achieved through wind spread and direction; atmospheric 

stability; dispersion from chimneys exhaust pipes; etc. 

Land contamination is a consequence of pollution. The activities of 

certain pollution vectors are responsible for it. Land or more precisely its 

key component the soil differs in many ways from the other parts of 

terrestrial ecosystems, such as water and the atmosphere in that it acts 

as a sink, a filter, and a bioreactor for containments. 

For the purposes of defining the contaminative uses of land, Alloway B.J 

(Page 137) on land contamination and reclamation [Edited by R.M 

Harrison 1992, states that the U.K department of the environment (DOE) 

defines land as any ground, soil, or earth, house or other buildings, the 

air -space above it,   but excluding all mines and minerals beneath the 

land. It is the convention to use the term contaminated land whether or 

not apparent harmful effects have been caused by the contaminants 

(pollution vectors). This is in contrast to the widespread use of the term 

"polluted" has caused obvious harm and contaminated when they have 

not. Contaminated land is defined by the DOE as land, which represents 

an actual or potential hazard to health or the environment as a result of 

current or previous use. On the other hand 'derelict land' is defined by 

the DOE as land so damaged by industrial or other development that it is 

incapable of beneficial use   without treatment. The composition of the 

'soil' on contaminated land needs to be determined in order that the 

concentrations   of   contaminants   comply   with   the   critical   (trigger) 

concentrations stipulated for various end uses based on estimates of 

risk. The risk to material and services include: *       Sulfate attack of 

concrete; degradation of plastics and rubber by hydrocarbon; and fires or 

explosions from methane or hydrocarbons. The risk to humans include 

respiratory disorders and other illnesses from the inhalation of toxic 

fumes of dusts, direct ingestion of toxic compounds in contaminated 
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drinking water or particles of soil, skin disorders from contact with 

chemical and consumption of food plants that have accumulated 

significant amounts of harmful substances. 

In addition to contamination, anomalously high concentration of cation 

and anions potentially harmful to either construction materials or crops, 

livestock and humans, may be present in soils as a result of the 

weathering of some type of rock. Example include high concentration of 

SO2~4 (which attacks concrete) from weathering sulfides in clay and 

shales, and heavy materials such as cd, pb and zn from weathering 

marine black shales or unexploited ore minerals. Since these potentially 

harmful substances are not anthropogenic in origin, they should not be 

classified as pollutants or contaminants. 

It is important to recognize that though acute cases of land 

contamination attract a lot of attention and pose major risk, almost all the 

world's land surface is contaminated to some extent. The transport and 

deposition of atmospheric pollutants affects even very remote areas, 

contaminants can be carried hundred or thousand of kilometers by 

pollution vectors (air masses). Apart from atmospheric deposition the soil 

receives contaminants through direct placement by pollution vectors. 

This can occur from agricultural use of fertilizers and pesticides, the 

addition of large amount of livestock manures and sewage sludges to 

agricultural land, and other types of waste disposal. 

 

However, direct deposition tends to give rise to localized contamination, 

for example a burnt-out car dumped on waste land severely 

contaminates a few square metres, whereas, the fallout from a metal 

smelter will have affected ten or thousand kilometers, but with small 

quantities of contaminants. 
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Although, almost all the soil on the earth's land surface is contaminated 

to some extent, it is the more acute cases of contaminations which pose 

the most risk to living organisms and construction materials. It is 

therefore important to determine the extent of contamination, the 

contaminants involved, the risk they pose, and the most suitable way of 

either clearing up the soil or managing it appropriately. 
 

HISTORIC AND CULTURAL BACKGROUND OF POLLUTION 

In primitive nomad societies, the problem of waste disposal was the least 

worrying. The nomad separated waste from his environment by 

changing his surroundings. It is when man exists in permanent 

communities that the removal of his waste products must  be conducted 

on an organized basis. It is of interest to note that it was the transition 

from Paleolithic, society, based on hunting and gathering, to Neolithic 

society based on farming and agriculture which stressed the need for 

waste disposal. The excesses of the industrial revolution and its 

aftermath up the present day have however resulted in a qualitative 

different type of problem. Although waste  disposal   must,   as     a  

minimum  requirement,   conserve  the environments ability to sustain 

human life, the degree to which it is practiced, at levels above this 

minimum, depends on the economic, political, cultural and aesthetic 

values of the waste producing society. Achi   (1991),   gave   a   glaring   

insight   on   the   "Nigerian   industrial Background" in waste disposal. 

He stated that  Nigerian industries were really few in the first period of 

industrialization (up to 1970) and that land was plentiful for operators of 

industrial plants. Communities donated land freely without compensation 

just to attract industries in their various communities. 
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Because there was so much excess land around the plants, the disposal 

of wastes was carried out by dumping or through drains in the vicinity of 

the plants. The disposal of these waste was never of significant 

importance to the industry and nobody complained, because in most 

cases the industries were established at the site before the present 

population around it. The trends in urbanization in Nigeria followed the 

general pattern of economic centres (like markets, industries and ports) 

as in many other developing countries. In the case of Nigerian 

Industries, the disposal of liquid waste has been always considered as 

being of initial importance, a river bank was the obvious choice. Today in 

Nigeria it is hard to find any main river which does not have discharge 

channels of industrial effluents on the banks along its course. The 

Otamiri and Aba rivers in Owerri and Aba towns of the Imo and Abia 

States of Nigeria are the best examples. 

 

He (Achi) disclosed that the basic reason behind the establishment of 

the industries was solely the existence of a large market for the 

products. The existence of local raw materials was not of major 

importance, because foreign raw materials could be imported using the 

proceeds of the export of Nigeria primary products like palm oil, kernel, 

groundnuts, cocoa, petroleum, etc. Having little experience in running 

equivalent industries and being unfamiliar with the raw materials (to be 

imported) and their by-products, the indigenous potential manufacturers 

ignored adequate provisions for waste disposal. Therefore after the 

plants has been operating he is suddenly faced with the dilemma of 

disposing the waste and resorts to indiscriminate dumping, draining 

and releasing toxic gases into the 

environment. 
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The economic plan of 1970-1974 brought about the banning of certain 

goods. This resulted in "import - substitution industries" to emerge. 

Again, the main attention was geared on the expansion of the existing 

large market, but local source of raw materials and plans for waste 

disposal were given little attention. This was when Nigeria was " 

enjoying" an oil boom and foreign exchange, and import of industrial 

raw materials (whose by- products were unfamiliar) was noteworthy. 

In the second period of industrialization (from 1970 to present) many 

private and corporate manufacturers accelerated the establishment of 

various branches of industry. Today the management of industrial 

wastes does not conform to the provisions of the Nigerian " Public 

Health rules (sanitation provisions)" section 44-50, 1958. These public 

health rules define regulations governing the use of landfills burrow 

pits, composting, incinerating, recycling and other modern methods for 

conventional ultimate waste disposal. 
 
GLOBAL WARMING AND FLOODING 

According to " National Post" news paper (Monday April, 1999), there 

is growing evidence that global warming is taking place in recent 

years. More extreme weather conditions have been experienced heat 

waves, floods and increasingly destructive tropical storms. While there 

are signs that ice caps are melting and sea levels rising. 

 
It wouldn't be misconstrued to think that all these natural phenomena are 

taking place because of the influence our style of living is having on the 

planet in particular the huge emission of greenhouse gases such as 

carbon dioxide and methane (which cause the depletion of the ozone 
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layer) from our factories, vehicles, waste dumps, bush burning, 

deforestation and so on. 

National disasters as occasioned by floods have persistently ravaged 

many countries of the world with resultant damages in live and 

properties. 

 

Cases of these menace have been reported from far away countries like 

the Untied States of America, Indonesia, Papua New Guinea, China and 

recently from Cathrina and Sunami. In each of these countries the tale of 

woes were the same even though some of them were reputed to be 

among nations with some of the best environmental management 

policies in the world. Yet, the reason why they don't get spared experts 

say is largely to the ever increasing menace of global warming which 

would have otherwise made their experiences worst than what they 

presently experience if not for their important environmental control 

measures. 

 

In Nigeria, just like other developing countries, the situation remain ever 

precarious as no long term programmes are insight to tackle and curb 

the menace, talkless of implementing the ideals of 1992 Rio Earth 

summit on safeguarding the environment to the growing threats of global 

warming. From the South of the country to the North and from the West 

to the East nearly every state has tested harsh reality of flood disasters. 

 

The paper further recalled that on Wednesday, June 3, 1998 in Lagos for 

instance, it was reported that after a torrential rainfall that was 

accompanied by windstorm, the flood that followed left at least two 

people dead and swept away homes and properties. A similar storm in 

Owerri accompanying the first rains of the season sometime in March, 
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tore most buildings in the metropolis to shreds. Vehicles were damaged   

by  the   ensuring   flood.   In   Kano   states,   three   Local government 

councils were said to have been flooded after heavy rainfalls early 

August leaving over 20 persons dead and many buildings  collapsed,   

and  at  about the  same time  in  the  Okuni community of Cross Rivers 

State, an estimated 10,000 residents were reported rendered homeless 

while about 200 buildings were swept away. Of these disasters, which 

occurred at Okuni was said to be the worst in recent years. Taking place 

300km North of Calabar three days after intermittent rain fall, the flood 

rose to over four feet high at some points  along the highway,  cutting  off    

transportation  links between the Northern and southern parts of the 

state as well as the northern part of the country. 

 

Inspite of the fact that the flood instance has been around for a long time 

the meteoric rise in its dimension in recent years is just a vindication of 

the fact that global warming is real and is already taking its toll. "An 

environmental expert, Dr Leonard Nurse, manager of the coastal 

conservation project in Barbados says that the current estimates based 

on most reliable models, suggest sea level is rising at the rate of 5mm a 

year. According to him this is two to five times the rate experienced in 

the last 100 years. He said that the rise is expected to continue beyond 

the 2100 even if green house gases are established. 

 

In effect what Dr Nurse is saying here is that with an increased sea level, 

water tables have equally risen and because there is also increased heat 

wave as the result of the depletion of the ozone layer, the rate of 

evaporation/condensation of water molecules have also increased. 

This and other environmental change explain why at this time of the year 

(rainy  season),  the  rains  are  heavier leading to  recurrent incidences 
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of flooding even in land-lock area like Kano.   Places like Calabar, Lagos 

and Owerri which are nearer the coastal plain are more  susceptible  to  

serious  flood  effects.  "  Small  islands with extension coastal plains 

and limited upland areas would be highly vulnerable to social and 

economic  disruptions as major cities ports and tourist facilities, 

industries, fresh water sources, fertile agricultural lands are destroyed by 

windstorms or washed away in floods,"   Dr Nurse    says " Given the 

limitation of climate models, it is highly probable that an increase in the 

frequency and intensity of these phenomenon could occur in a warmer 

world" he continued.    One study, Nurse claims predict tropical storms 

would heave a potential destructive force at least twice what they have 

today. If this prediction is true, then the assertion by the cross River 

State Commissioner for works Mr. Pius Okpa that the flood disaster in 

Okuni was the worst of its kind in recent times might have been rightly 

put. Mr. Okpa has also assured after the incident, of the state 

government readiness to assist the  people where  necessary.     

Contrarily,  another environmental expert, Dr Robert Walson of the 

World Bank Environment Department think more official assurances 

without immediate action for long term solution of the recurrent disasters 

is far from being enough. Dr Watson pleaded with authorities concerned 

that climate changes must be taken into consideration in our " everyday 

decision"    saying he " government should not wait for cause and effects 

to be establishment before taking action. It is economically feasible to 

reduce C02 by introducing appropriate policy measures looking at supply of 

and demand for energy sources, nuclear power, etc. and ensuring more 

efficient land management" because most of the flooding incidence that 

occur in our cities stem from inefficient land management factor. Much has 

been said and written about the unfortunate makers of drainages and 

efforts on erosion control. 
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I 

The flooding crisis, as is being experienced may just be the beginning 

of even more disastrous occurrence in times to come. Going by 

available statistics reveal by environmental experts the adverse effect 

of global warming especially as it concerns the flooding menace, will 

remain with us far into 100years from now. It is therefore the 

responsibility of the agencies concerned of government to reconsider 

their present environmental policies on how to effectively control 

future flood disasters including other environmental hazards. Perhaps 

a lot more live and property in addition to a safer environment will be 

preserved. 
 
FACTS ON OZONE LAYER 

Ozone is vital to the protection of life on earth because it absorbs 

shortwave ultra-violet rays from the sun. The ozone layer is the main shield 

for living cells, particularly their genetic materials. 

 

It is also an essential component of climate, because absorption of ultra-

violet solar radiation heats the stratosphere at 10-40km attitude and 

contribute to the greenhouse effect in the troposphere so any natural and 

or man made change in the ozone layer will express on both climate and 

life on the surface of the earth. 

 

The bulk of the ozone layer is in the strastrophere, where 90% of all 

ozone is situated. If all the ozone molecules were together in a vertical 

column at the pressure and temperature   obtaining at ground level, the 

layer obtained would only be about 3mm thick. So the ozone concentrate 

in the atmosphere is relatively weak rarely going beyond molecules per 
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cubic cm. The maximum ozone concentration is about 25km up above 

the equator coming down gradually to 16km over the poles. This 

distribution is the result of the Hadley cell, which has a rising branch 

compressing the ozone layer at the equator whilst its falling branches 

carry the ozone- rich air towards the higher altitudes and lower altitude. 

The principal natural sources of stratospheric ozone is the photo - 

degradation of molecular oxygen by short-wave ultra -violet rays 

(200mm). This process produces atomic oxygen which combines to form 

ozone. The ozone is then photo - dissociated in turn or recombines with 

atomic oxygen. This cycle, introduced by Chapman   in   1930,   explains   

the   presence   of   ozone   in   the stratrosphere, but current theories 

suggest that other minor things (hydroxyl nitrogen  and chlorine radicals 

which control the ozone through catalytic cycles, are equally important. 

The first two of these are produced naturally by oxidation of water 

vapour and nitrous oxides (N2O), a gas which comes from the deification 

of soil 

 

Chlorine atoms are produced by natural breakdown of methlchlorine, 

although the main source at present is decomposition by photo 

dissociation of CFCS- molecules which the chemical industry produces 

for use, as propellant in aerosols, etc. recently as propellant in aerosols. 

The chemistry of the stratosphere is in fact far more complex that in 

the simplified description above. Many things are involved and the 

main ones act as reservoirs for the radicals which act as an ozone 

nitric acid (HN03), for example, nitrogen pentoxide (N405) hydrochloric 

acid (HCL) and the radical CLON02. There are 50 or so constituents in 

total, linked by 100 or so reasons, which need to be taken into 

account in a description of the chemistry of the stratosphere. Modeling 
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is the only way of producing a numeric solution of this complex system 

and predicting the concentration of the minor components and-long 

term development of the ozone layer. 

 

It was in the early 1970s that the first questions arose to damage the 

ozone layer from aircraft making frequent flights through the 

stratosphere since jets produce nitrogen oxides which destroys ozone 

in catalytic chemical cycles. Accusations were made against the 

supersonic Concorde project and the first theoretical calculation 

predicted that 100 planes per day flying the Europe America route 

would destroy 20% of the ozone layer - gloomy forecasts which 

mercifully never came to pass. The fleet of concords remain very 

small and in 1977, studies of atmospheric chemistry concluded that 

major reactions never taken into account in the original calculations 

could in fact lead to the production of small amount of ozone at 

Concorde flight attitudes (around 16km). 

 
In 1985 however, analysis of the ozone measurements compiled since 

1958 showed that the total quantity of ozone was in decline and more 

markedly so at high latitudes than at the equator. The decrease was 

soon blamed on the chlorine released from decomposing CFCs. Back 

in 1974, scientists had predicted that CFCs scattered in the 
atmosphere would bring about a gradual and more or less even 

decrease in the ozone layer, a global trend which has since been 

accompanied by a rapid and apparently localized reduction of ovre 

Antarctica - the famous hole. Where has it come from? How will It 

develop in the coming years and what will happen in Antarctica? And in 

the middle latitude? This articles said to have taken stock of knowledge 
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to date, emphasizes the limit thereof and describes the scientific 

community's strategy for coping with all these. 

The ozone layer shrank by about 1% between 1978 and 1991. This 

figure was obtained from data collected by the network of Dobson ultra-

violet spectrometers in the northern hemisphere. It is confirmed by 

recordings from the total ozone Mapping spectrometer (Toms) on the 

Nimbus  7  satellite.  In the southern hemisphere,  the decline observed 

by Toms is more marked and has a large seasonal variation with the 

appearance of a hole in the ozone layer ovre Antarctica in the southern 

spring. In this region, the long polar night sees the creation of a vortex in 

which the air masses are very cold and remain relatively isolated from 

the middle latitudes. In early September, with the first sunshine, the 

ozone decrease rapidly and the decrease is as much as 50-60% inside 

the votex by the end of October. The phenomenon has occurred virtually 

every year since 1980 with very clear minimum ozone formation figures 

(100-150 Dobson units). So the phenomenon modulates apparently 

because of the quasi- two yearly oscillation in the lower stratosphere. 
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CLASSIFICATION OF POLLUTION AND POLLUTANT 
 

It is well known that no substance or form of energy is automatically a 

pollutant as this depends upon its effect which in turn depends on where 

in the environment it has been liberated.  This has resulted in a variety or 

classification schemes which individually reflect the interest and priorities 

of their designers. 

 

 Pollutants 

Material 
substance Energy 

Heat e.g. waste heat 
in the cooling water 
from a power station 

Sound e.g. 
noise Organic 

chemical 
Inorganic 
chemical 

Solids e.g. 
plastic 

Liquids e.g. 
oil 

Gases e.g. 
hydocar 
bons mol 
wt 

Solid e.g 
flurides 

Liquid e.g. 
mercury 

Gases e.g 
sulphur 
dioxide 

Figure 2.1 
 
A Medium – Based Approach 
 
Here pollution is categorized according to the medium dispersal. 
                                                                                                                                                                        

Air 
pollution 

Water 
pollution 

Land 
pollution 

Surface 
water 
pollution 

Undergrou
nd water 
pollution 

Marine 
water 
pollution 

A formal and simplistic approach 
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POLLUTION MEDIA 

Air, water and land are the major media through which pollution can 

manifest. It can be easily transmitted through these media. 

 
Air Pollution 

Atmospheric pollution starts with the production of pollutants, often as 

undesirable or incidental consequences of various industrial 

processes. An airborne cycle for the pollutants begins with the 

emission of pollutants, emission is followed by transfer through the 

atmosphere, and the cycle is completed by the contact of pollutants 

with people, livestock, vegetation, or any other object. This contact 

may result in the elimination of the pollutants from the atmosphere or 

it may be followed by the repetition of a similar cycle. 

The final stage of atmospheric pollution is its possible damage to 

health and property. Although, the physiological effects of air 

contamination are not very well known, it has been determined that 

each year atmospheric pollution is responsible for the death of a large 

number of people. 
 
Water Pollution (Agriculture) 

Water is one of the medium through which pollution can manifest. It is 

used for washing and in many chemical processes. According to FAO 

(1990a), in its strategy on water for sustainable Agricultural 

Development and the united Nations conference on environment and 

development (UNCED) in Agenda 21 chapters, 10, 14 and 18 

(UNCED, 1992) have high lighted the challenge of securing food 

supply in the 21s1 century. 
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Sustainable    agriculture    is    one    of    the    greatest    challenges. 

Sustainability implies that agriculture only secure a sustained food 

supply but that its environment socio-economic and human health 

impact are recognized and accounted for within National Development 

Plans. FAO's Definition of sustainable Agricultural Development states 

that sustainable development is the management and conservation of 

the natural resources based on the orientation of technological and 

institutional change in such a manner as to ensure the attainment and 

continued satisfaction of human needs for the present and future 

generations. Such sustainable development (in agriculture, forestry and 

fisheries sectors) conserve land, water, plant and animal genetic 

resources is environmentally non degrading, technically appropriate, 

economically viable and socially acceptable.    It is well known that 

agriculture is the single largest user of fresh water resources using a 

global average of 70% of all surface water supplies. Except for water lost 

through evapotranspiration, agricultural water is recycled back to surface 

water and or ground water. However, agriculture is both cause and 

victim of water pollution. 

 

i.  It is a cause through its discharge of pollutants and sediments to 

 surface and or ground water, through net loss of soil by poor 

 agricultural practices, and through salinization and water logging of 

 irrigated land. 

 

ii.  It is a victim through use of waste water and polluted surface and 

 ground water which contaminate crops and transmit disease to 

 consumers and farm workers. 

 Agriculture exists within a symbiosis of land and water, and as 

 FAO (1990a) makes quite clear, ... "appropriate steps must be 
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 taken to ensure that agricultural activities do not adversely affect 

 water quality so that subsequent uses of water for different purposes 

 are not impaired". 

 
Rain Water 

Rainfall even when it is in its wholly natural state is quite impure water in 

the scientific sense. Its physical characteristics in the liquid phase are that it 

will normally be naturally clear, colorless, and odorless with temperature 

varying from ambient to colder depending on the nature and height of its 

precipitation. Rainfall naturally contains materials dissolved from the 

atmosphere. 

 

First, it contains the atmospheric gases mainly nitrogen, oxygen and 

carbon dioxide dissolved from the atmosphere. 

 

Secondly, it contains matter dissolved from impurities in the air derived 

from the earth's surface- such as sea spray, volcanic emissions, wind 

borne dusts, hydrogen sulfide and methane from anaerobic decomposition, 

and volatile organic component derived from land and aquatic plants. 

 

Thirdly, it contain traces of ozone and other gases derived from chemical 

reaction triggered by solar and cosmic radiation, of naturally occurring 

materials in the atmosphere. 

 

While it is essential to understand this natural chemistry of rainfall, it is the 

chemical consequences of the man - made pollution of the atmosphere 

which cause the greatest concern. Thus, apart from the effects of 

atmospheric pollution, the natural quality of rainfall is  and other ions such 

as Ca2+ which may have originated as calcium carbonate CaCO3. 
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In the ground NH4
+ can release H+ during the process of being oxidized to 

No3+ by bacteria. The H+ can then be leached out into streams. 

 
MARINE POLLUTION AND THE NIGER - DELTA CRISIS 

The  social  and  political  crisis which  have  engulf oil  producing 

communities of the Niger Delta can rightly be linked to environmental 

problems. According to Lindsay sarret on marine pollution and the Niger -

Delta Crisis,  (Vanguard Friday, June 25,   1999,  page 25), environmental 

problems have become so overwhelming in the Niger-Delta that the 

Federal governments agencies, state governments and major oil 

companies operating in the area appear to be reluctant to face upto the 

task of dealing with them. The quality of life in the Niger-Delta   has been 

stressed and virtually destroyed, especially in the marine communities by 

the unhealthy and virulent increase in pollution caused by the oil industry. 

Many traditional customs and habits have been rendered impractical 

because of the high level of oil waste in the water upon which these 

traditions and customs depend. Marine pollution is only one of the areas of 

environmental damage which the people of this vital area must contend 

with on a regular basis but it can be argued that its is the most important 

and dangerous factor in creating a rationale for the social dissent which has 

begun to emerge as an intransigent theme in the political upheavals which 

have dogged the region. Such lost practices occasioned by environmental 

problems  in  the  Niger-Delta  as  listed  by Mr. Zee  Debekeme (a 

journalist, political activist and promoter of Niger-Delta unity) include  

occupation as fishing, farming, children's games, the ceremonies of 

order age groups and domestic customs such as riverside bathing 

especially of women. 

 
In the Niger-Delta  communities today marine pollution  has even 

rendered some areas totally free of edible fish and there  are places 
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where plant and animal life have been irrevocably destroyed. The advent 

of the oil industry has led to other development which have  brought  

further elements  of environmental  distress  to  the forefront of the 

Niger-Delta. The indiscriminate and barely controlled increase in marine 

transportation in and around the fragile waterways is responsible for 

some of the most insidious and relentless pollution in the region. Apart 

from waste from traffic and passengers there is uncontrolled fossil fuel 

emission which when concentrated in the water-ways tends to build a 

deposit that virtually poisons the environment.  This  however,  the least 

of the  problems.   Industrial pollution is a major hazard in the Niger-

Delta, and the greatest but not the only, villain in the oil exploration 

industries.   The downstream industries which are spin off from these 

core industries are also major polluters of the marine environment. The 

refineries, petrochemical, manufacturers and fertilizer factories which 

have been built in the area are equally at fault. It is hard to ascertain 

whether there is adequate monitoring of the problem on the part of those 

industries which are responsible for creating it. The oil companies have 

an obligation to monitor the level of spillage and waste which their 

operations can reasonably be blame for but many people in the 

community claim that no such monitoring takes place. The distrust and 

uncertainty has contributed   in   no   small   measure   to   the   

instability   that   now characterizes relationships between the Niger-

Delta communities on the one hand, and the oil industry and government 

on the other.  The waterways were the geographical element which guided 

and defined the way of life of the people of the area in the past. They can 

also be described as the very best of the region. Trade in the region cannot 

be effectively managed without access to the water ways. Indeed in the 

Niger-Delta   the   clamour   for   roads   in   some   communities   is 

counteracted   by  the  demand  for  improved   maintenance  of the 
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channels and creeks. In addition to this the preponderance of marine 

ecology as the basic core of the Niger-Delta's mode of existence has 

historical as well as contemporary implications for the development of the 

area. For example, whereas in mainland regions of Nigeria there can be 

long-term infrastructural improvements which need minimal maintenance 

for their survival most such developments which are carried  out  in  the  

delta  need  to  be constantly  maintained  and monitored.   The  dangers  

of environmental  degradation  are  much greater in the fluid and ever- 

changing environment of the Niger-Delta where tide changes and flood 

surges are commonplace events. It is precisely   because  of this  too  that  

the  pollution  of the  marine environment demands constant monitoring 

and study. The danger of spreading harmful effects of toxic effluence 

throughout the region are enhanced by the fluid nature of marine ecology 

and the effects can be not only far reaching but also virtually irreversible. 

The Niger-Delta crisis is therefore not merely political or social in its 

genesis but also ecological.  The importance of the delta to Nigeria's 

economy is matched by its importance to the overall ecological health of 

the national environment. If this is ignored or mismanaged the future of 

Nigeria's ecological health will hang in the balance for a long time to come. 

Many of the younger and better educated people of the delta region   have   

begun   to   understand   this   aspect   of   the   overall degradation of life 

in the region. They have been making efforts to define methods of 

managing and controlling the effects of marine pollution on a long- term 

basis as an integral part of the protests against   practices   which   have   

degraded   the   environment   and destabilized social experience in the 

area. So far it appears that much of those effort have been confined to 

study rather than to concrete action on their part largely because a 

sense of apathy on the part of the oil industry and the government. The 

visible signs of marine pollution and other elements of environmental 
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degradation caused by the oil and other industries in the Niger-Delta are 

gradually becoming the symbols of the constant agitation for a better 

deal for the people of the region.  In some communities which are 

nearest to major oil installations these visible signs are so distressing 

that there can be at all that the lack of will to manage this tragedy shown 

by the industry and the authorities is considered as an act of provocation 

by the people. This help to encourage them to react in some cases 

violently against the presence of the industries and the authorities in 

their communities. Marine pollution touches in the every day lives of the 

people of the Niger-Delta in so many ways that some of them feel that 

they are not just being betrayed but are also being actively challenged to 

assert their right to a better quality of live. A fisher man who finds his 

traditional fishing grounds being relentlessly destroyed cannot feel 

otherwise. Young men and women who find that these idyllic channels 

are creeks where they once played as children are now pools of stinking 

chemicals can be forgiven for arguing that the installations which have 

brought such disaster into their homeland should be expelled from the 

area. The challenge before the federal government as well as before the 

oil industry is therefore to develop policies and strategies to manage and 

control environmental degradation on a constant basis in the Niger-

Delta. If such management and control is to become the convention in 

the region, a legal framework which will provide guidelines for both 

practice and penalty must exist. Many of the young who are protesting 

the violation of their communities and the exploitation of their resources 

without adequate compensation would be prepared to reduce, if not 

entirely halt, their agitation if such policies and strategies were put in 

place. In discussion on this subject many of them lament that there are 

actually laws and guidelines in place   which   are   meant   to   avoid   

the   damage   to   the   marine environment, but that these are never 
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seriously adhered to. They want processes of constant monitoring and 

active environmental care to be installed by both the government and the 

oil companies as a priority. The cost of such installations  they say can 

never be more than the lost in human life which failure to develop these 

systems has brought. For  this   reason,   any   delay   in   developing   

the   awareness   and responsibility which will illustrate a commitment 

especially on the plant of the oil companies to protecting and restoring 

the environment in the Niger-Delta will exacerbate the social and political 

agitation which has become endemic in the region in recent years. 
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CHAPTER THREE 

METHODOLOGY 

Research Design 

The research design adopted for the study was a case study research 

design. This was done through direct interviews, observations, collection 

and analysis of data. 
 
Area of the Study 

The main study was carried out at the Nigerian Bottling Company (NBC 

Pic) Owerri Plant, Qwerri, Imo State. 
 
Description of Instrument Used 

The instrument used to assess the compliance status of the plant and 

subsequent identification of pollution vectors were those of the Federal 

Ministry of Environment (FMENV) regulations S.I 8 and S.I 9, and the 

Imo State Environmental Protection Agency's (ISEPA) regulations. 
 

Validation of Instrument 
The content of validation of the instrument used is contained in the 
Federal Ministry of Environment's regulation S.\ 8 and S.I 9 and the Imo 

State Environmental Protection Agency's (ISEPA) regulations. 

 

FMENV Regulations S.1.8 and S. 1.9 

i.  Section 1 (1) of regulations S 1.8 of 1991 which states that every 

 industry shall install anti pollution equipment for detoxification of 

 the effluent and chemical discharges emanating from the 

 industry11 
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ii.  Section 3(1) of the regulation S.1.8 state that "An industry which 

 discharges effluent shall treat the effluent to a uniform level as 

 specified in schedules 3 to these regulations to ensure assimilation 

 by the receiving water into which the effluent is discharged'' 

 

iii.  Sections 13 of Regulations S.1.9 states, " An industry or facility 

 including those to be established after the commencement of 

 these regulations shall adopt, in-plant waste reductions and 

 pollution prevention strategies". 

 

iv.  Section 15 (1) of regulations 1.9 states d No effluent with 

 constituents beyond permissible limit shall be discharged into 

 public drains, rivers, lakes, sea or any organization designated by 

 the Agency" 

 

v.  Section17 of Regulation S.1 9 States "An industry which is likely 

 to release gases, particulates. liquids or solid untreated discharges 

 shall install into its system appropriate abatement equipment in 

 such manner as may be determined by the Agency". 

 

Sampling Procedure and Methodology for Water and Waste Water 

Composite samples of liquid effluent were collected at intervals from the 

discharge point, production hall, “upstream and downstream” of the 

plants effluent discharge point into Nworie River. 

 
Methodology of Effluent Analysis 

The composite sample collected by Envile Environmental Consult Ltd, 

and QAM of the NBC, the Owerri plant were analyzed physico - 
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chemically and microbiologically in the laboratory using the standard 

methods outlined in the table below: 

TABLE 3.1 Methods for the Analysis of Water and Waste Water 

Effluents 

  PARAMETERS METHODOLOGY 
A Physico-Chemical Analysis   
I pH Potentio metric method 
IL Total dissolved & suspended solids (IDS TS8) Gravimetric method 
Iii Handness Alkalinity Acidity,  dissolved  oxygen  

(DO) Biological oxygen demand (BOD) & 
Chemical oxygen demand (COD) 

Titrimetirc method 

IV Sulphate Turbid metric method 
nr^ Chloride ^rgento metric method 
Vi Oil /Grease Extraction/ gravimetric 
Vii Deterqent Methylene - blue 
viii. Phosphate  sulphide,   chlorine   Nitrogen  /NH   

&   No cyanide and phenol 
Color! metric method 

IX. Metals Atomic Absorption  
spectrophotometer 

B Micro - Biological Analysis   
  Total coliforms Lactose fermentation 
    Technique 
  Total plate count Pour plant method 

 

The above methods are described in detail in the hand book 
'STANDARD METHODS FOR THE EXAMINATION OF WATER 

AND WASTE WATER1' 20™ edition, 1998 (prepared and published 
by American Public Health Association water works Association 

(APHA) American water works Association (AWWA) and water 
environment federation (WEF). 
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METHODOLOGY FOR AIR QUALITY ASSESSMENT  
 
i.        Dust (particulates) levels 
Air samples were collected at designated locations using the d 

GILLAN BDXII Abatement multi- flow Air sampler" made by 
sensidyne - USA with adjustable flow rate. Air is drawn into a 

cassette, which already had a pre- weighed filter. After a period of 
time (half to one hour or more) the pre- weighted filter was removed 
and reweighed. The particulate level was then calculated by 
dividing the difference in weight by the flow rate and duration of 

sampling. 
 
ii        Pollution indicated Gases (SQ2, NO?, CO, C02 & CH4) 
Air samples were collected from the identified sampling Eocations 
using the "Casella MX12 Automatic Gas Sampler" the indicator 

gases are detected with the aid of the same equipment which is 
able to detect automatically (with the aid of sensors)(the range of 

noxious gases present in the air which is then read off on the digital 
screen, 
 
iii.      Metallic Elements 

The level filter is digested in nitric / perchloric acid excess acid, is 
boiled off and the dry materials is re-dissolved in nitric acid and 
heated gently with 10cm3 of water. The solution is allowed to cool 
and then made up to a known volume. The sample is then analyzed 

by the use of" Atomic Absorption spectro- photometer1 perkin elmer 
5000" to determine the metallic element of interest. 
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iv.      Noise Level Measurement 
The measurement for the noise was carried out using a "Radio 

shack sound level meter", calibrated in decibel (DB) within 50-120 
DB range and with accuracy of + 2 DB at 144 DB sound level. The 

assessment was carried in the bottling hall, generator house, 
canteen/kitchen area and ambient. 

  
PARAMETERS OF AIR AND WATER QUALITY (NATHANSON, 
1997) 
The parameters that measures the quality of water may be grouped 

into three namely: physical, chemical and biological. 
 

a)     Physical 
The physical parameter are turbidity, temperature, colour, taste and 
odour. 
 

i)     Turbidity:  This is due to small particles suspended in water.  

The scattering and absorption of light from these particles gives 
water a mulky or turbid look.  Turbidity is measured in 
Nephelometric turbidity units (NTU).  The typical ranges are as 
follows: for NTU less than 5 the water appears clear to the average 

person: for NTU between 5, and 25, water in  a lake would appear 
clear to most people, for muddy water, NTU exceeds 200. Modern 

water treatment plants produce water NTU less than 1. 
 

ii)     Temperature: fish and other aquatic organism require certain 
conditions of temperature in order to live and reproduce.  The 

optimum temperature depends on the species of fish or organism. 
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iii)     Colour, taste and Odour:  These are characteristics that are 
important for aesthetic reasons.  Although they do not  cause direct 

physical harm, most people would object strongly to water that 
offends their sense of sight, taste and smell. 
6 

b)     Chemical 
-     The chemical parameters are dissolved oxygen (DO) 

-     Biochemical oxygen demand (BOD) 
-     Chemical oxygen demand (COD) 

-     Total suspended solids (TSS) 
-     Total Dissolved solids (TDS) 
-     Hardness 
-     The metals Aluminum (AL), iron (Fe), and Solelium (Se), the 

eight trace elements, Arsenic (AS), cadmimum (CD), Copper (CU), 
Chromium (Cr), lead (Pb), Mercury (Hg), Nickel (Ni), and Zonc (Zn).  

Trace elements are elements that are generally present only in 
small quantity in natural system.  Asbestos or any dust system 
containing fibres of the correct size, namely O.I um diametre and 2-

20 um long.  The other parameters are fluorides, chlorides, 
sulphate, Nitrogen, phosphous, acidity, alkalinity, and PH toxic and 

radioactive substances. 
  

c)     Biological  

The micro organism of interest are a group of bacteria called 
coliforms. 
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CHAPTER FOUR 

ENVIRONMENTAL EVALUATION OF THE NIGERIA BOTTLING 

COMPANY (OWERRI PLANT) 
 

OVERVIEW OF THE FACILITY 

Company Profile 
Nigerian Bottling Company (NBC) Plc is a major carbonated non 
alcoholic drinks bottling company in Nigeria.  The NBC Plc has 

sixteen (16 operational plants across the country). 
 

The NBC Plc Owerri plant on which this evaluation was carried out 

was established in 1982 and is sited on plot 326 industrial layout off 
Onitsha – Owerri Road Imo State.  The plant produce coca-cola 

brands of such drinks as coke, fanta, series, sprite, krest, etc.  The 
staff strength of the plant is 352 out of which 140 are directly 
involved in production activities.  Others are managers, secretaries, 

caterers, security guards, administrative officer and technicians.  It 
operates two (2) daily shifts of 10 hours each for 22 days per 

months.  In accordance with the Federal Ministry of Environment’s 
book “Guidelines and standard for Environmental Pollution Control 
in Nigeria”, the Nigerian Bottling Company Plc is classified under 
food and beverage industry. 
  

Company Layout 
NBC Plc Owerri Plant occupies a land area of 100 square metres.  

It is bounded on the North by Anchor Industries Limited, on the 
South, East and West by open uncultivated land.  The plant is 
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accessed through two (2) major roads which lead into the industrial 
estate. 

 
One of the two (2) entry /exit gates to the plant is the main gate which is 

used exclusively for heavy trucks and light vehicles while the other gate 

is mainly for pedestrian purpose. The Owerri Plant with a well concreted 

floor is fenced round with relatively high walls .jt is aesthetically 

beautified with small lawns by the main gate and administrative block 

and ornamental shrubs along the walkways. 

The plant is about 80% built up and the nearest residential building is 

about 5km away. The six (6) main buildings on the premises house the 

following sections: 

-    Production hall Warehouse 

-    Administrative office 

-    Regional office Security post Workshop/canteen/ clinic/store 

The schematic layout of the plant is shown in figure 4.1. 
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Figure 4.1 Layout of NBC Owerri Plant 
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Organizational Structure 
 

The daily affairs of the plant are coordinated by the plant manager, 
who is assisted by six (6) top level mangers. The managers are: 

 
     Quality Assurance Manager (Qam) 

     The Plant Engineer 
     The Personnel Manager 
     The Plant Accountant 
     Technical Manager and 

*     Plant Sales Manager (PSM) 
 

The organizational structure of the NBC Owerri plant is represented 
on Figure 4.2. 

 

The quality Assurance Manager, who is charged with environmental 
matters, also oversees the quality control of products. The plant 

manager reports to the Regional Manager East as well as the 
managing Director in Lagos. Laboratory Analyst assist the Quality 

Assurance Manager who reports to the Director of Quality (DOQ) at 
the Headquarters in Lagos. The effort of NBC pic as a whole on 

environmental matters is complemented by a firm of government 
accredited environmental consultant. The firm works with the 
corporate DOQ and the QAM of each plant. 
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cv

 
Production Process of NBC, Owerri Plant 
The main process at NBC Owerri involves seven (7) main stages 

viz: 
 

i)     Water treatment 
ii)     Bottle washing 

iii)     Mixing of raw materials 
iv) Production of Co2 

v) Packaging 
vi) Quality control checks 

 Managing 
Director 

 Regional 
Manager (East) 

 Plant Manager 
(PM) 

 Director Quality 
(DOQ) 

 Scientific Regulatory 
Affairs Manager (SRAM) 

 Envile Environment  
Consultants 

 Plant  
Manager  Bottling  

Manager  Plant 
Engineer  Warehouse 

Manager 
 Workshop 

Manager 
 Personnel 

Manager 

 Process 
system 
manager 

 Quality 
Assurance 
Manager 

 Sales Supervisor  Accountant 
Officers  Microbiologist  Shift QAM 

Figure 4.2 The Organizational Structure of NBC Owerri Plant. 
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Fig. 4.4 show the process flow charts for the different stages of 
production at NBC Owerri Plant 
 
Water Treatment 
 
The source of raw water used for production is the two boreholes in the 
plant. 
 

The raw water from the borehole is transferred into the Raw Water 

Reservoir from where it goes into the Reaction Tanks. Chemicals are 

continuously dosed into the reaction tanks through the flash mixer. The 

clear water from the reaction tanks is now transferred to the buffer tank 

where it undergoes filtration with the aid of three sand filters. The filtered 

water it stored in the intermediate tanks. Part of the water in the 

intermediate tanks is used for washing of bottles and the other part is 

purified further by passing it through a carbon purifier after which it is still 

further purified in the polishing filters. The treated water is sent to the 

flow mix to be used for mixing with sugar and concentrate for the 

production of the drinks. 

 

Bottle Washing 
Before the bottles are filled with the beverage they must undergo bottle 

washing process that ensures cleanliness and commercial sterility. 

Bottles are sorted out before they are loaded into the washer (bottle 

washing equipment). Bottles that should be removed included damaged 

bottles, clogged bottles; bottles with smear paint and unwashable 

bottles. 

 
Syrup Manufacturing 

Syrup manufacturing is a part of the production process and it is 

divided into two stages simple syrup and final syrup processes. 
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The Simple Syrup is prepared by weighing a known amount of sugar 

(sucrose) and dissolving it in a known volume of treated water after 

which it is filtered and transferred into a final syrup tank. The final 

syrup is prepared by adding concentrates to the filtered simple syrup 

and mixing it homogenously to give the desired end- product, the final 

syrup which is then sent to the flow- mix for bottling purpose, 
 

Mixing And Blending (Proportioning) 

Mixing and blending of the water and syrup takes place at the flow-

mix. After the proportioning, the beverage is cooled and carbonated 

with carbon dioxide (CO2) in the carbon-cooler. It is then sent to the 

filler for bottling. The production of the CO2) used for carbonation is in-

house as described below. 

 
Bottling 

i. De-Palletising 

Empty bottles in cases (crates) are de- palletized, i.e. taken out of the 

pallets, and placed on the roller/ conveyor, which carries them to 

where the bottles are uncased i.e, removed from the cases and 

placed on the conveyor chains by the uncase/ hand-set. 

 

ii. Pre - Inspection 
Co2 Production 
In this process air and hydrocarbon fuel (oil,kerosene, propane and 

natural gas) are fed into a burner to produce flue gas consisting of 

moisture- saturated carbon dioxide and nitrogen. The flue gas is 

collected in the flue gas cooler from where it is led to the C02 absorber 

where the carbon dioxide is absorbed in a solution of 
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monoethanolamine (MEA). The nitrogen gas (NO2) vents to the 

atmosphere.  The saturated MEA carbon dioxide solution is returned  

to the striper where the heat of the combustion from the boiler is used 

to drive off the carbon dioxide in gaseous form at low pressure to a 

specially designed purification train to obtain the highest quality CO2 

for the food and beverage industry.  It consists of a CO2 

permanganate scrubber, a CO2 water wash scrubber and activated 

carbon purifier/deiodiser. 

 

After purification, the carbon dioxide is compressed to 250 Ib/sq.in. 

(17.6kg/sq.cm) with an oil free C02 compressor and dried in a 

desiceant – type dryer to a dew point of – 4oF) at working pressure.  

This removes the water vapour from the C02 gas and eliminates 

freeze-up of the C02 liquifying condenser. 

 

In the liquefying condenser, the CO2 gas is liquefied at 250 b/sq in 

(17.6kg/sq.cm) and 100F (-12.90C) by a self – contained packaged 

refrigeration system, and is stored in an insulated liquid storage tank.  

Liquid CO2 stores efficiently and is readily available for its multiple 

uses. 

 

The production of CO2 has since been suspended in that plant.  CO2 

is obtained from the Port Harcourt plant for storage and use. 

 

Packaging 
This process is in four (4) stages Viz: inspection of empties date 

coding, filling/crimpling and full inspection. 
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i.  Empties Inspection: After the bottles have been washed they 

are again inspected to remove any bottles with stains, foreign bottles 

or chip-necks. At this point only clean sanitized and perfect bottles are 

allowed to go to the filler to be filled with the beverage already 

prepared. 

 

ii.  Date Coding: Just before the bottles get into the filler, each 

bottle is labeled (coding). This enable anyone to know where and 

when each bottle was produced. 

 

iii.  Filling and Crimping : Once the bottles get into the filler, they 

are filled with the beverage and crowned, with corks. 

 

iv.  Full Inspection: After the bottles are filled with the beverage and 

crowned they are inspected once again to ensure that only properly 

filled bottles that are free from foreign particles are allowed to pass to 

the casing table where they are palletized i.e where the cases are 

placed on pallets- 

The bottles that are not properly filled or that are over-filled or un-

crowned are also removed at this final inspection point. 

 

v.  Casing: Here the filled and crowned bottles are packed into the 

24 bottle plastic cases. Once the cases have been palletized they are 

then carried away by the forklift to the warehouse where they are 

stored. 
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Quality  Control Checks 
Bottles with drinks are randomly removed for quality control checks 

in the laboratory before the batch is sent out for sale. 

 

Figure 4.3 Process Flow Diagram for water treatment at NBC Owerri Plant 
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Figure 4.4 Process flow Diagram for Soft Drinks Production at NBC 
Owerri Plant 
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REPORT OF FACILITY INSPECTION 
 
Evaluation of Existing Environmental Management System 
(EMS) 
 

EMS is part of the general high – level management protocol of an 
industry or company comprising the organizational structure, 

distribution of responsibility, personnel attitudes, procedures, 
sequences and instruments for defining and  operating the 
industry’s environmental policy.  It is a detailed information about 

the industry or company and what is expected of the company for 
full compliance with statutory regulations for sustainability.. 
 

In evaluating the existing environmental management system of 

NBC Owerri Plant, the following ISO 14001 requirements were 
considered. 

 
-     Environmental policy 

-     Environmental committee/unit 
-     EMS implementation organogram 
-     Environmental Training and Awareness Programme 
- Internal Environmental Monitoring 

-     House keeping records 
-     EMS review procedure 

 
Environmental Policy 

Nigerian Bottling Company Pic, as a whole has a draft 
environmental policy which is applicable to all NBC Plants in the 

country. 
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Environmental Committee/Unit 
The QAM is the coordinator of the environmental unit of the plant. 

The environmental committee is made up of members from Quality 
Control section and other sections of the plant. The Laboratory is 

well stocked with equipment for daily control checks of the products 
and for the weekly wastewater physico-chemical and 

microbiological analysis.  
 
EMS implementation Qrganogram 
The Plant has a well articulated EMS in place. The plant manager, 

who heads the Plant, is assisted by six (6) unit heads (managers) 
who report directly to him. The managers are conscious and aware 

of the environmental status of the Plant. The Director of Quality 
through the Managing Director at the Headquarters decides on 
major environmental issues about the Plant. The key players of the 

plants EMS therefore are the Managing Director, the Director of 
Quality, the Scientific Regulatory Affairs Manager, the Plant 

Manager, the QAM and the accredited firm of Environmental 
Consultants, The team works towards ensuring a good 

environmental management practice in the plant. The main area 
which still need more attention is the provision of an effluent 

treatment plant (ETP) for treating alf the effluent generated to 
FMENV set limit. 
The organogram of the EMS implementing team at NBC Owerri 
plant is shown in fig 4-5. 
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Environmental Training Awareness Programme 
The in-house training programme which is periodically organized for 

the QAM covers environment and quality control The environmental 
in house training programme was last organized in 1994, but the 

management of NBC Pic is in the process of approving a safety 
Health and Environment programme for its entire staff for year 
2005. 
 

Posters and notices on Safety and Environmental awareness were 
displayed on conspicuous places within the plant. 
internal Environmental Monitoring 
The plant is inspected daily by the Quality Assurance Manager 

(QAM) and occasionally by the Plant Manger The inspection of the 
facility  before the commencement of each shift operations and 

 
Managing Director  

Director Quality  Scientific Regulatory 
Affairs Manager  

Envile Environmental 
Consultant  Plant Manager  

Quality Assurance 
Manager  

Technologists  Microbiologist  

Figure 4.5 EMS Implementation Organogram at NBC Owerri Plant. 
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during production is carried out by the QAM, microbiologist and the 
laboratory  staff.  Daily inspection records were not made available 

at the plant. 
 
The effort of the QAM towards good environmental management of the 

plant is complemented by an accredited firm of environmental 

consultants which inspects the plant quarterly and monitors effluent 

discharged on monthly basis. The reports are prepared and sent to the 

plant and also regulatory agencies as and when due. 
 
House Keeping Records 

The NBC Owerri Plant was aesthetically and sanitarily in order. The 

production hall and other sections were kept clean and tidy. The 

arrangement of raw materials finished products and chemicals were 

found to be proper. The records on these were kept in files and 

computers for easy retrieval. The gangways were without obstructions. 

Vehicles and people move easily in the plant. 

 
Evaluation of the Existing Safety Healthcare Management 

There is a draft safety and health policy at the plant. It addressed every 

aspect of safety, healthcare and welfare of employees under the 

following sections: 

(a)     General Safety Rules and Regulations  

(b)     Fire protection Regulations 

(c)     Operational Safety Rules and Regulations 

(d)     Contingency Response plans in times of accident/emergency with 

 the following objectives: 
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-     To   enhance   commitment   to   personal   health,   safety   and 

 environmental   cleanliness among all categories of workers 

-      To ensure no record of casualty amongst staff/or customers 

-      To build a maintenance culture through scheduled inspection and 

 maintenance 

-     To ensure safety awareness amongst workers through training 

 programs and posters in works environment 

-     To promote adequate use of personal protection equipment to 

 enhance safety and health of workers at work. The measures 

 geared towards achieving these policy objectives include: 

-      General safety meetings 

-      Management Safety meetings 

-      Safety/Health committee meetings 

      Which hold at regular intervals to review their safety strategies and 

 to discuss safety matters that arise. 

 Other facilities existing at the plant as at the time of this audit 

 includes: 

- Twenty (20) fire extinguishers which were of the CO2 type, the 

 chemical water type, the D.C.P type, the foam type and the BCP 

 (with appropriate colour codes) located in strategic points in the 

 plant. The distribution and types of the fire extinguishers are 

 summarized in Table 3.1  

-  A 24- hour service ambulance 

-     An on site well equipped clinic, which is run by a nursing sister and a 

 nursing assistant 

-     Eight (8) fire fighters who undergo training quarterly with the 

 manufacturers Association of Nigeria (MAN). The security staffs 

 are also trained for fire - fighting and emergency response 

 programme. 
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- The emergency assembling point (3 in number) were clearly 

 identified on the premises. 

-     Protective wears such as overalls, safety boots, hand gloves, eye 

 goggles and earmuffs are provided for workers. 

 

 

Table 4.1: Types of fire extinguishers and their distributions 

    TYPES OF FIRE EXTINGUISHER 
LOCATION NUMBER 

OF FIRE 
POINT 

CO2 CHEMICAL 
WATER 

DRY 
CHEMICAL 
POWDER 
(D.C.P) 

FOAM 
TYPE 

B.C.FT
YPE 

Boiler 2 1 - 1 - - 
Generator 2 1 - 1 - - 
Compressor room 2 - 1 1 - - 
Maintenance workshop 2 1 1 - - - 
Co2 plant 1 1 - - - - 
Water treatment 1 - - 1 - - 
Syrup room 1 - - 1 - - 
Production floor 3 1 1 1 - - 
Canteen 1 - - 1 - - 
Admin. Block 1 1 - - - - 
Security office 1 - 1 - - - 
Pump room 2 1 1 - - - 
Regional office 1 1   - - 
Total 20 8 5 7 - - 

 

Fire alarms and fire hydrants were not available at the plant.  The 

absence of fire alarm is a major oversight. 
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Waste Disposal Facilities 
 
a.       Solid Waste 

Metal and plastic waste bins are used for collecting wastes from office 

and production areas. Gullets are sorted according to the colours and 

dumped in a concrete bay . Metal scraps are also collected into a 

specific point. The solid waste is evacuated by the local waste 

management board to the government approved dumpsite along Owerri 

- Aba and Owerri - PH Roads. 
Details of solid waste management at the plant are discussed in table 5.1. 

 

b.       Liquid Waste 

The plant has concreted drains for storm water and wastewater, which 

discharge into public drain. The effluent drains have oil skimmers, which 

separate spilled oil from wastewater before discharge into the stream 

around the plant. 

 

c.      For Gaseous Waste Disposal 

Generators have built -in fume exhaust while fan extractors are provided 

in the laboratory, kitchen, workshop and the warehouse to reduce heat in 

each area. 

 

Waste Minimization Initiatives 

Recovery, recycling and reuse of materials are practiced at the plant 

as  waste   minimization   initiatives.   The  waste   reduction   initiative 

includes: 

 

-   Raw materials such as sugar,  water,  concentrates,  etc are optimally 

 used. 
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- The volume of wastewater discharge is reduced through the 

 shutting   down   of the  CO2   plant.   The   bottle  washers  are 

 temperature controlled to reduce bottle breakage. 

- Spend oil/spilled oil is recovered for sale/reuse. There is a sump 

 for its storage. 

- All broken bottles (cullet) are recycled. 

- Damaged and bad wooden pallets are repaired for reuse. 

- Metal scraps are also recovered reuse and sale.  

The rest of the waste that cannot be reused, sold or recycled is carted 

away  by the  Local Waste  Management  Board to the approved 

dumpsite. 
 

Economic  and Environmental  Evaluation   of Existing   Waste 
Reduction Strategy. 
The evaluation of the economic and environmental importance of the 

solid waste generated at NBC, Owerri is summarized in table 4.2 
 

TABLE 4.2    Summary of Economic and Environmental Evaluation of Existing 

Waste Reduction Option of NBC Owerri Plant. 
TYPE OF WASTE EXISTING 

REDUCTION 
ECONOMIC 
IMPORTANCE 

ENVIRONMENTAL 
IMPORTANCE 

REMARKS 

Raw material and 
finished product 

* use of good quality 
raw material. * quality 
Assurance * Machinery 
maintenance 

* saves cost of 
production 

* minimize waste and 
disposal problem 

Good option 

* Hrokeri bodies 
(Cullet) * Worn out 
crates 

Recycled Good option Abates space, 
problem risk to cuts 
is minimized 

Environment 
friendly option 

Pallets metal scraps 
kegs drums 

* Sorted repaired, 
reused or solid out 

* Cost effective 
* Generates * 
income 

* controls space 
problem * Reduces 
safety and 
Environmental risks 

Good option 

Spent /spilled oil * recovered and reused 
for firing boilers * 
Containerized and sold 
out 

* cost effective * 
Generates 
revenue 

Prevents disposal / 
discharge into the 
environment 
prevents destruction 
of aesthetics 

Environment 
friendly option 
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Treatment Facilities Available Before Final Discharge 
The waste water generated by the plant is from vessel washing, 

floor washing, bottle washing and kitchen/canteen section.  The 
spilled oil inside the wastewater is removed by the oil skimmers 

before discharge through a drain into the nearby Nworie River. 
 

The caustic soda is given regeneration treatment to be reused 
several times for the strength to be exhausted.  The caustic soda is 
then discharged with the wastewater.  The volume of wastewater 
discharged by the plant is about 16,76,000 litres per month. 

 
Emergency/Contingency Response and Control Measures 
The emergency/contingency response measures put in place at 
NBC Owerri plant include: 
 

-      A good network of twenty (20) fire extinguishers to deal with 
 emergency situations. 

-      Eight (8) fire fighters who are retained regularly 
-      Clearly marked out emergency assembling points 

-      Adequate stocked, equipped and well managed clinic on site 
-      Provisions of protective/safety gadgets for regular workers but 

 causal workers are   not well protected. 
- An ambulance on 24 – hour standby 
-      Retainer hospital 
-      Regular fire drill exercise for workers 

- The machinery/equipments such as boilers, generators, 
 compressors, etc, are automatically operated and fitted with 
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 automatic switch-off safety devices.  Accidents are prevented 
 as the machines switch – off automatically whenever  any fault 

 is detected. 
 

Evaluation of general house keeping records 
The plant was aesthetically and sanitarily satisfactory. The 

ornamental plant/shrubs were pruned and the existing lawns were 
well kept.  The general premises were in a clean state.  The 
production area is washed and cleaned before and after each 
production session. 

 
The raw materials, finished products and chemicals were neatly 

arranged in stores and all gangways were without obstructions.  
Human and vehicular movement was quite easy within the plant.  
The kitchen and canteen, staff convenience and cloakrooms were 

kept clean and tidy. 
 

Summary of Baseline Findings 
 

a)    NBC Owerri Plant established in 1982 is one of the sixteen 
 (16) functioning NBC Plc Plants. 

b)     The volume of wastewater generated by the plant on a  
 monthly basis is 16.676,000 litres. 

c) The spilled/waste oil in the wastewater is trapped by oil  
 skimmers in the drain before discharge into Nworie River. 
d)     The protective wears provided for the workers include safety  
 boots, overalls, hand gloves, earmuffs and eye goggles.  The 
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 regular  staff were adequately protected while the casual were 
 not. 

e)     The cullets generated are recyclable and kegs, nylons, drums, 
 metal scraps, pallets are reused.  Pallets which cannot be 

 repaired or reused are sold out for domestic purpose (cooking) 
f)     Waste which are not recyclable, reuseable or resalable are 

 evacuated by the local waste management  authority to the 
 government approved dumpsite along Owerri- Aba Road. 
g)     The QAM is the head of the environmental committee which 
 consists of the  microbiologist, laboratory scientists and the 

 unit heads of each department. 
h)     The plant has draft environmental management plan/manual 

 (EMP/EMM) in line with ISO 14001 requirement. 
k)     Fire alarms and fire hydrants were not placed at the plant 
i)     The emergency assembly points were clearly marked out 

m)     Spent oil generated by the Plant is containerized for sale and 
 or reused 

n)     NBC Owerri plant has safety posters, bills and captions, which 
 were pasted in strategic points.  Non was available on 

 environmental issues. 
 

Life Cycle Analysis 
 

The life cycle analysis of NBC Owerri plant is carried out by using 

the “gate-to gate” approach which focuses on the input materials 
and output materials, i.e. the raw materials and finished products 
only. 
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Identification on Input Materials 
The input materials at NBC Owerri can be divided into consumables 

such as CO2, sugar, water and concentrate and non-consumables 
like corks, bottles, labels etc.  These materials used for production 

include: 
 

 Sugar 

 Concentrate 

 Carbon dioxide  (CO2) 

 Water 

 Bottle 

 Crown corks 
 

Identification of Output Materials 
The output materials are: 
a. Useful outputs 

 Bottle drinks (beverage) 
b. Waste output 

 Waste output 
 Waste beverage (non-level drinks, consumption and spills) 
 Crown corks 
 Broken bottles (cullet) 

 Wastewater 
 Spilled sugar (during mixing) 
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Material Balance 
Materials balance sows the quantities of the products derived from 

the production processes.  It will also show the efficiency of material 
utilization in the production. 

 
Summary of material balance is shown on table 4.3. 

 

INPUT 
MATERIAL 

QUANTITY IN 
KG PER 
MONTH 

OUTPUT MATERIAL QUANTITY IN KG PER 
MONTH 

    Useful (A) 8.965.355 
Sugar 365,000 Bottle soft drinks   
Carbon 
dioxide CO2 

23,400 Waste output (B) 
 

200 

Concentrates4,320 Crown corks  21,003 
Crown corks 25,970 Broken bottles (cullet) 134,658 
Bottles 5,446,215 Spilled and unleveled 

drinks 
134,658 

Water 4.041.565 Sugar 200 
Total 9,906,470 Total 941,115 
Grand total 9,906,470 Grand total (A+B) 9,906,470 

 
The efficiency of raw materials utilization in production process is 

calculated from material balance sheet as follows: 

 
E = Useful output  x 100 

      Input 
      8,965,355        x  100 

      9,906,470 
 =  90.5% 
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The efficiency of 90.5% of this year audit as against the 90.0% 

efficiency obtained in the previous year is marginal improvement in 

the area of material utilization. The efficiency could still be improved 

through an optimal use of raw materials thereby reducing waste. 

Recycling of cooling water from compressors and also employing the 

waste minimization /reduction strategies recommended in Table 4.2 

will improve efficiency. The daily stage-by-stage material balance of 

NBC Owerri for one-day operation is shown in figure 4.6. 

 

 

 Treated water Borehole water 

 Simple syrup 

 Final syrup 

 Proportioner unit 

 Filling and cooking 

 Packaging 

Sugar/water 

Beverage base 

Sugar dropping while 
transferring sugar into the 
vessels 
(estimation)/day vessel 
washing and rinsing 

(estimation)/day vessel 
washing and rinsing 

Breakages (washed drinks) 

Breakages (washed drinks) 

Figure 4.6: stage – by stage material balance of (NBC Owerri Plant). 
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Energy Consumption 
The national grid (NEPA) and three (3) standby generators are the 

sources of power supply to NBC Owerri plant.  The plant utilizes 
about 264,000 KWH and 154,000 KWH from NEPA and generators 

respectively.  The two (2) boilers with capacities of 100 tons/hour 
each generate steam for the plant.  The plant consumes about 

35,000 litres of AGO and LPFO (automotive gas oil and low pour 
fuel oil monthly for firing  boilers).  The electricity consumed is used 
for operation of production equipment, electrical appliances such as 
computers refrigerator, fan, air conditioners, conveyor belts etc, and 

for lighting  
 
Water Consumption 
About 26,213,440 litres of water is obtained monthly from the 
borehole sunk within the plant. The volume of water retained in the 

products amounts to about 9,537400 litres while about 16,676,000 
litres is discharged, as wastewater The volume of wastewater 

discharged could be reduced through efficient water usage where 
water does not waste unnecessarily, recycling of wastewater from 

the compressors coiling system and installation of an effluent 
treatment plant. The treated wastewater could be use for floor 

washing and watering of lawns and shrubs. 
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CHAPTER FIVE 

PRESENTATION AND ANALYSIS OF DATA 

IDENTIFICATION,  QUANTIFICATION  AND  CHARACTERIZATION   OF 

WASTE AT THE NBC, OWERRI PLANT. 

 

Solid Waste Inventory 
 
The three (3) major areas where wastes were generated at NBC 

Owerri are: Production process, office/premises and kitchen/ canteen. 

 

a.       The Process Waste  

The wastes from production processes include cullets (broken 

bottles), empty plastic, kegs and drums, metal scraps, damaged 

crates, corks straw, and pieces of stick. The process waste forms 

about 87% of the total waste. 

 

b.      Office and Premises Waste 

About 4% of the total waste generated at the plant is from the office 

and premises. This includes paper, milk tins, cellophane materials, 

sweepings and garden refuse. 

 

c.      Kitchen Waste 

The waste generated from the kitchen are food remnants, cans, food 

wraps, nylon which is about 6% of the total waste. 
 
Solid Waste Management Strategy 
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The observations during the period showed that the plant manages 

solid waste properly. The plant does not generate any form of 

hazardous waste. There is recycling of the cullets generated. Faulty 

wooden pallets are repaired for reuse. The kegs drums and metal 

scraps are reused or sold out. The wastes which cannot be reused, 

recycled or repaired are catered away by the local waste management 

authority to the approved dumpsite along Owerri/Aba Road.  The 

summary of solid waste inventory and management is shown in 
table 5.1. 

 
Table 5:1: Solid Waste Inventory and management at NBC Owerri 

Plant. 

TYPE OF 
WASTE 

SOURCE % WASTE 
GENERATOR 

DISPOSAL METHOD 

Cullet Washer bottle filling 
packaging and loading 

68% Recycled 

Broken pallets Loading bay 10 Repaired and reused 
Scraps, kegs 
drums, corks 

Maintenance workshop 
and bottling hall 

10 Reused or sold out 

Pieces of 
paper 

Offices and premises 4 Disposed at dumpsite 

Food 
remnants, 
wraps, tins & 
nylons 

Kitchen 6 Disposed at dumpsite 
by local waste 
management authority 

Crown corks 
and straw 

Bottle hall 2 Disposed at dumpsite 

Total   100   
 
Waste Water (Effluent) Generation and Management 

Waste water is generated from different sections of the plant such as 

bottling hall, the packaging utilities, kitchen/canteen and cloakrooms. 
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About 758,000 litres of effluent are discharged daily from the plant 

through one discharge point. The wastewater from staff conveniences 

and canteen is channeled into septic tanks and soak - away pits 

respectively. 
Sampling Procedures and Methodology for (Water and Wastewater) 

Composite samples of liquid effluent were collected at intervals from 

the discharge point, production hall, upstream and downstream of the 

plant's effluent discharge point into Nworie River. 
 

Methodology of Effluent Analysis 

The composite samples collected were analyzed physico- chemically 

and microbiologically in the laboratory using the standard methods 

outlined in Table 5.2. 

 

TABLE 5.2 Methods for the Analysis of Water and Wastewater 
Effluents 
 
PARAMETERS METHODOLOGY 
A. PHYSICO-CHEMICAL ANALYSIS  
PH Potentiometric method 
Total Dissolved & suspended solids of TDS & TSS) Gravmetric method 
Hardness alkalinity, Dissolved Oxygen (DO), Biologica 
Oxygen Demand (BOD) & Chemical Oxygen Demand 
(COD) 

Titrimetric method 

Sulphate Turbidmetric method 
Chloride Argentometric method 
Oil/ grease Extraction/ gravimetry 
Detergent Methylene - blue 
Metals Atomic Absorption 

spectrophotometry 

B-MICRO BIOLOGICAL ANALYSIS  
Total col/forms Lactose fermentation technique 
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Total plate count Pour plate method 

 
The above method are described in detail in the handbook "standard 
methods for the examination of water and waste water" 20th 

edition 1998 prepared and published by American Public Health 

Association (APHA) American Water Works Association (AWWA) and 

water environment federation (WED) 
 
Results of the Analysis of Liquid Effluent Samples From NBC, 
Owerri Plant 

The results of the analysis are shown in table 5.3 - 5.7. The 

problematic parameters are shown in figure 5.1 and 5.2. 
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Table 5.3 analysis report in respect of: 
Name of company 
Sample source/plant 
Date of sampling 
Date of analy 
Volume of effluent discharge per day: 

Qualitative and quantities analysis of waste water 
Nigerian Bottling company Plc. Owerri Plant 
Cooling Kitchen Effluent 
14th May 2005 
19th May 2005 
758,000 litres 

S/
N 

PARAMETERS FMENV 
LIMIT 

RESULTS 
OF 

ANALYSIS 

POLLUTION LOAD IN 
EXCESS OF FMENV 

LIMIT (KG) 

REMARKS 

 (A) (PHISYCAL TEST:     
1 Appearance (in situ) Clear & 

colourles
s 

Slightly 
brownish 
and turbid 

  

2 Colour Hazen Units 25 <5  Unsatisfactory  
3 PH at 250C (in situ) 6-9 8.0  Satisfactory 
4 Temperature 0C (in situ) 35-40 -  Satisfactory 
5 Conductivity us/cm NS 187  Satisfactory 
6 Odour (insitu) Odourles

s 
Unpleasant  Unsatisfactory  

7 Total suspended solid mg/1 15 38 23 Unsatisfactory  
8 Total dissolved solid mg/1 2000 305  Satisfactory 
9 Total Hardness CaCo3 mg/1 NS 10.6  - 
 (B) CHEMICAL TESTS:     
1 Alkalinity (CaCO1 mg/1) NS 120  - 
2 Acidity CaCO2mg/1) NS -  - 
3 Arsenic (mg/1) 0.1 <0.0001  Satisfactory 
4 Zinc (mg/1) <1 <0.2  Satisfactory 
5 Aluminum <0.25 <0.02  Satisfactory 
6 Iron (mg/1) 20 0.4  Satisfactory 
7 Calcium (as Ca mg/1) 200 4.8  Satisfactory 
8 Magnesium (as mg mg/1) 200 2.4  Satisfactory 
9 Lead (mg/1) <1 <0.001  Satisfactory 
10 Copper (mg/1) <1 <0.002  Satisfactory 
11 Nickel (mg/1) <1 <0.005  - 
12 Manganese (mg/1) - -  Satisfactory 
13 Chronium (Tri/Hexavalent mg/1) <1 <0.001  Satisfactory 
14 Cadmum (mg/1) <1 <0.0001  Satisfactory 
15 Nitrate (NO3) (mg/1) 20 0.04  Satisfactory 
16 Chloride (mg/1) 600 28.4  Satisfactory 
17 Sulphate (as SO1 )(mg/1) 500 4.5  Satisfactory 
18 Phosphate (as PO1) mg/1) 5 1.2  Satisfactory 
19 Cymde (as C.N.mg/1) - <0.001  Satisfactory 
 (C) ORGANICS    Satisfactory 
1 Biochemical Oxygen demand at 200C mg/1 15 30 15 Unsatisfactory  
2 Chemical oxygen demand (mg/1) 80 85 5 Unsatisfactory  
3 Dissolved oxygen demand (mg/1) (in situ) Not <2 2.8  Satisfactory 
4 Phenolic compounds (as phenol) mg/1 0.2 0.002  Satisfactory 
5 Oil and Grease mg/1 10 0.001  Satisfactory 
 (D) BIOLOGICAL     
1 Total plate count CF/uml NS 0  - 
2 Total coliforms CFU/ml 400 100  Satisfactory 
3 E Coli NS 0  - 

Note: ND- Not  Detected; NS – Not stated 
Remarks :  the effluent quality was not satisfactory in terms of TSS, BOD5 and COD.  
The effluent should be treated as earlier recommended. 
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Table 5.4 analysis report in respect of: 
Name of company 
Sample source/plant 
Date of sampling 
Date of analy 
Volume of effluent discharge per day: 

Qualitative and quantities analysis of waste water 
Nigerian Bottling company Plc. Owerri Plant 
Cooling Kitchen Effluent 
20th May 2005 
20th May 2005 
758,000 litres 

S/N PARAMETERS FMENV 
LIMIT 

RESULT
S OF 

ANALYS
IS 

POLLUTIO
N LOAD IN 
EXCESS OF 

FMENV 
LIMIT (KG) 

REMARKS 

 (A) (PHISYCAL TEST:     
1 Appearance (in situ) Clear & 

colourles
s 

Slightly 
brownish  

  

2 Colour Hazen Units 25 <5  Unsatisfactory  
3 PH at 250C (in situ) 6-9 8.1  Satisfactory 
4 Temperature 0C (in situ) 35-40 -  Satisfactory 
5 Conductivity us/cm NS 178  Satisfactory 
6 Odour (insitu) Odourles

s 
Unpleasa
nt 

 Unsatisfactory  

7 Total suspended solid mg/1 15 35 20 Unsatisfactory  
8 Total dissolved solid mg/1 2000 275  Satisfactory 
9 Total Hardness CaCo3 mg/1 NS 10.8  - 
 (B) CHEMICAL TESTS:     
1 Alkalinity (CaCO1 mg/1) NS 156  - 
2 Acidity CaCO2mg/1) NS -  - 
3 Arsenic (mg/1) 0.1 <0.0001  Satisfactory 
4 Zinc (mg/1) <1 <0.2  Satisfactory 
5 Aluminum <0.25 -  Satisfactory 
6 Iron (mg/1) 20 0.6  Satisfactory 
7 Calcium (as Ca mg/1) 200 2.8  Satisfactory 
8 Magnesium (as mg mg/1) 200 2.4  Satisfactory 
9 Lead (mg/1) <1 <0.001  Satisfactory 
10 Copper (mg/1) <1 <0.002  Satisfactory 
11 Nickel (mg/1) <1 -  - 
12 Manganese (mg/1) - 0.05  Satisfactory 
13 Chronium (Tri/Hexavalent mg/1) <1 <0.001  Satisfactory 
14 Cadmum (mg/1) <1 <0.0001  Satisfactory 
15 Nitrate (NO3) (mg/1) 20 3.0  Satisfactory 
16 Chloride (mg/1) 600 8.6  Satisfactory 
17 Sulphate (as SO1 )(mg/1) 500 20  Satisfactory 
18 Phosphate (as PO1) mg/1) 5 1.4  Satisfactory 
19 Cymde (as C.N.mg/1) - -  Satisfactory 
 (C) ORGANICS    Satisfactory 
1 Biochemical Oxygen demand at 200C mg/1 15 13  satisfactory  
2 Chemical oxygen demand (mg/1) 80 75  satisfactory  
3 Dissolved oxygen demand (mg/1) (in situ) Not <2 3.8  Satisfactory 
4 Phenolic compounds (as phenol) mg/1 0.2 0.002  Satisfactory 
5 Oil and Grease mg/1 10 0.001  Satisfactory 
 (D) BIOLOGICAL     
1 Total plate count CF/uml NS 50  - 
2 Total coliforms CFU/ml 400 80  Satisfactory 
3 E Coli NS 0  - 

Note: ND- Not  Detected; NS – Not stated 
Remarks :  the effluent quality was not satisfactory in terms of TSS,.  The effluent 
should be treated as earlier recommended. 


