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Abstract

have contributed more in reducing the pollution level.

Ethiopia did not supply clean water for half of the total population up to the end of 2011.This study had tried
to assess sources and determinants of organic water pollutant (BOD) emissions in Ethiopia by considering 22
years data from 1990-2011. The study employed both descriptive and inferential analysis in which autoregressive
distributed lag model was used to analyze the data. As of descriptive analysis industrial wastes are the main actor in
polluting the water, in which textile and food industries are the first and second pollutants respectively. The pollution
level from the second source shows increment in recent times. The regression result revealed that gross capital
formation, expansion of the manufacturing sector, inflation and huge dependent population are variables that would
aggravate the water pollution level of the country where as agriculture value addition and foreign direct investment
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Introduction
Background of the study

Ethiopia is a country having great geographic diversity. The
topography varies and ranges from high peaks of 4,550m above sea
level to a low depression of 110m below sea level. The predominant
climate type is tropical monsoon, with temperate climate on the
plateau and hot in low land areas. Usually highlands receive more and
relatively stable rain fall than the lowlands. Ethiopia has great potential
of both surface and ground water resources and result into giving a
name to the country as the water tower of east Africa [1]. The main
source of water in the country is rainfall that results into having many
trans-boundary rivers, which have different water volume in different
seasons. This is factually true when one considers part of the country,
particularly western, south western parts and the high land areas [2].

Up to this time, Ethiopia does not fully provide access to clean
water for the society in both the rural and urban areas. The country does
not reach to the optimum level of providing the access to clean water
especially in the rural areas. Urban areas have relatively better access as
compared to the rural part of the country. Expanding the accessibility
of quality water is one of the targets of the Millennium Development
Goal (MDG) in which Ethiopia is trying to fulfill. This resulted in
prioritizing accessibility to improved water supply. Prior research
has revealed that access to clean water, sanitation and hygiene are the
significant elements for poverty alleviation target of the development
plan (Water Aid, 2009). By the year 2015, the national water supply and
sanitation program under its MDG planned to increase water supply
coverage and sanitation by 64% and 54% respectively. It has been said
that the chances of achieving the MDG of halving the proportion of
people without access to safe water by 2015 will be seriously questioned
unless levels of sustainability can be greatly improved [3,4].

Unsafe industrial waste disposal causes surface water contamination
in many developing countries. This is particularly true for the peri-
urban shanty towns and the rural hinterland villages downstream of
cities that are reliant on rivers passing through an industrialized area.
Discharge of untreated industrial waste is a major problem for many
communities dwelling near rivers basins through causing different

health problems. Presently most industries do not treat their wastes
if it contains no recyclable products which could be reprocessed or
sold to generate additional revenue. As treatment would be more
costly, industries are not interested to participate in safe waste disposal
activities since there is no binding rule of how to dispose their wastes
without affecting the nearby exposed society. For instance, chemical
effluents from coffee and sugar factories in Kenya have been poured
into waterways with little control since their establishment [5]. Poor
storage of industrial and other waste products also result in ground
and surface water pollution. Major causes include the poor design of
storage facilities, leakage from damaged stores and the seepage from
treatment ponds. At Modinagar, Uttar Pradesh, an industrial complex
for textile, steel, sugar, varnishes, paints and chemical factories
discharges untreated waste into a 32 kilometer drain [6].

Large percentage of waste products discharged directly into
water sources without treatment especially in developing countries
where sewage treatment is currently low. Only a few countries have
primary treatment facilities to remove about 40-50% of the organic
load (BOD) and very few use any secondary treatment process to
remove more than 80% of the BOD [7]. Many urban centers and large
towns have no treatment facilities at all or ones that are antiquated
or poorly maintained. In Central and South America, CEPIS (1989)
estimated that 50% of the urban population does not have access to
sewerage systems. Negligent discharge of raw sewage into water bodies
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is a common practice in developing countries; it is still practiced in
a number of European countries which have power of polluting large
rivers and the sea [8].

Statement of the problem

Potential pollution sources that pose threats to drinking water
are open field defecations, animal wastes, plant residues, economic
activities (agricultural, industrial and other businesses) and even
wastes from residential areas as well as transportation systems. Natural
and artificial/manmade factors are responsible for the pollution
of water in any of the countries in the world. Human waste is often
disposed of in nearby surface water bodies in which people use water
for convenience. In many countries, it has been common practice in
rural and peri-urban communities to use the fields or public places [9].
This contributes to the contamination of water sources [10]. The effect
of open defecation is that faecal material would be washed into water
sources during rainstorms, or transferred to the water source by wind,
people or animals. Animals grazing in water catchment areas are also a
cause of faecal and parasitic larvae being carried into the water source.

Many of the communities in Ethiopia use unprotected water
sources especially the rural communities who use unprotected springs
and hand-dug wells. Other groundwater sources for some communities
include shallow-drilled and boreholes, ponds, lakes, streams and rivers.
Roof water-harvesting techniques are used to capture rainwater, which
is easily exposed for contamination from human activities and naturally
occurring events. The biological contamination usually originates
from human and animal wastes. The potential contamination also
includes physical and chemical hazards. The physical impurities affect
the palatability of the drinking water due to bad smell, odour and
unsightliness of the water [11].

In most of the towns of the country there are big rivers that pass
through or on outskirts of the towns and serve as the main source of
water for home consumption as well as for any other activities though
they are serving as dumping areas of industrial residues. The effluents
from some industries are discharged into these rivers. People who live
near the area use the water for domestic consumption as well as for any
other activities like irrigation of garden areas. There are also some other
source of polluting the water resource of Ethiopia, in which there are
factors that aggravate releasing of waste materials into water bodies.
Some pollutants released dangerous chemical products and others
deserted different waste materials.

Though there are different research works done before this, they
did not clearly identify the main factors behind the source of pollution.
Industries are not interested to participate in safe waste disposal
activities since there is no binding rule of how to dispose their wastes
without affecting the nearby exposed society. This implies that the main
sources of water pollution are not clearly identified and the remedial
solutions to lessen the effects of such sources on the community are
not forwarded in the case of Ethiopia to the level of our knowledge.
Unfortunately, there is no information on the quality of the effluent
discharged into this river and also on the quality of the water in the
river for human use. Such information would have played its role for
responsible bodies in their effort of taking actions to protect water
pollution. Thus, this study is intended to assess the main sources of
water pollution and determining factors of it.

Objectives of the study

The general objective of the study was to identify the main

determinants of organic water pollution in Ethiopia. Given this, the
research had tried to address the following specific objectives: To assess
the trend of organic water pollution in Ethiopia, identify the main
sources of organic water pollution of the country and examine the
main determinants of the water pollution level.

Methodology

Type and method of data collection

This study was conducted using data from secondary sources. Time
series data covering the period from 1990-2011 collected by the World
Bank for the purpose of generating world development indicators was
adopted by the study. The data were aggregated at national level to
figure out Ethiopian water pollution status and identify factors create
conducive environment.

Method of data analysis

Selection of analytical methods for a given study is entirely
dependent on the pre-defined objectives and the type of data collected
for it. Since the available data for the study are time series type, the
selected analytical method should take into account one of the
multivariate analytical techniques appropriate for addressing the pre-
defined objectives. Accordingly, the study employed autoregressive
distributed lag model.

Suppose that we have two stationary variables Y and X, the
distributed lag model would be formulated in the following form:-

Y, =0+0Y,_ 1+ X, + X, +¢&

The above equation is an example of an autoregressive model and
it is also known as dynamic model since it portrays the time path of the
dependent variable in relation to its past value(s) [12]. Autoregressive
and distributed-lag models are used extensively in econometric
analysis: if we assume that the error term g isa white noise process,
independent of X, X s and Y oY e the above relation is sometimes
referred to as an autoregressive distributed lag model. To estimate it
consistently, one can simply use ordinary least squares (OLS). The
interesting element in the above model is that it describes the dynamic
effects of a change in X, upon current and future values of Y. Taking

partial derivatives, one can derive the immediate response as:-
0y,
67t =@ . Sometimes this is referred to as the impact multiplier.
t
An increase in X with one unit has an immediate impact on Y by ¢,
units [13]. The effect after one period would be:-
Y _ 0Y,
—=—L+ ¢ =04y +
ox, ox, h=0h+ 4
and after two periods the effect can be formulated as:
aYt+2 — %Ytﬂ
oX; X,
the effect of change in each of the explanatory variables, which are
generated by having successive lags. Since the explanatory variables
of this study are more than two, this would result into adopting
multivariate regression model of the above type.

=00y +d)+d and so on. These all show

Exogenous variables and their expected signs

Previous year water pollution: This variable shows the long
run effect of the current time water pollution level. It may act as an
indicator for the government or any of the concerned party to take
corrective action to curve long run effect of the problem. Thus, in this
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condition there would be an inverse relationship between the current
time disposition of BOD and the previous year water pollution level.

Gross capital formation: This variable serves as a proxy for the
overall economic performance of the country. It would strengthen
the power of the nation to reduce the pollution level that means if the
economy performs better, then there would be proportionate level of
budgeting for avoiding water pollutants. Having this, the variable may
affect the dependent one positively. It may aggravate the pollution level
further if the economy is on the way of improvement through having
huge reliance on industry.

Industrial growth: It is the main source of pollutants and result in
aggravation of water pollution. This implies that, it would have a direct
effect on the pollution level. The research approximated this variable
with the growth rate of the manufacturing sector of the country.

Agricultural value added: It implies the growth in agriculture
sector of the economy. Enlargement and expansion of this sector will
directly result into reduction in the water pollution level via diverting
the economic dependency from industry based to agrarian type.

Inflation

It is well known that inflation is one of the most significant
problems in the world now days. It would make people to relay on their
short term preference and ignorant of future investments that have
short term costs and long run benefits like health and environmental
protection investments. Thus, it would highly affect the long run
perception of people of that economic system. This implies that the
society would be bothering about the short run phenomenon. Hence,
investment for the protection of water pollution will be lower if there
is higher inflation. This implies that inflation would contribute positive
role for water pollution.

Foreign Direct Investment (FDI)

One source of investment for strengthening the domestic economic
system, which would result into enlarging the power of the nation to
reduce the discharge of water pollutants. This implies that increment
of the FDI level of the country would mean reduction in the emission
of pollutants.

Population dependency

Increment in the dependent population of the country means
having huge unproductive labour, which would result into direct
increment in the water pollution level due to unproductive labour
to control the pollutants. Given this, the long run effect of it would
be in the reverse direction that means there would be huge labour
participation to protect the water pollution level.

Year Clay & glass Chemical Food
2000 7.65 7.82 30.71
2001 7.84 7.99 30.03
2002 8.39 9.58 30.22
2003 7.73 9.39 30.93
2004 8.67 9.00 30.50
2005 8.29 10.67 29.67
2006 8.52 10.61 30.74
2007 8.25 10.85 34.73
Average 8.17 9.49 30.94

Source: World Bank world development indicators, 2013

Results and Discussion
Improved water access in ethiopia

Table 1 in appendix shows that the country got a remarkable
achievement in expanding access to clean water for both the rural and
urban population, and reached a total coverage of 34 and 97 percent
respectively in 2010. The growth rate of accessing clean water is higher
for the rural society of the country. Though there is drastic increment
in expanding the access, but the country still is lagging behind of
achieving the MDG, i.e; accessing half of its total population with
potable water by the end of 2015 (Figure 1).

Sources of water pollution

There are different source of water pollution in which some of the
pollutant may expose human beings and other lives to series problem.
Katko [14] had argued that industries discharge their residuals directly
into waterways, which implies that industrialization has positive
relationship with increment of organic water pollution. In India, rapid
growth of industrial capacity has resulted in tremendous increases
in the pollution of stream and river water by industrial waste [15].
Ground and surface waters can be contaminated by several sources. In
urban areas, careless disposal of industrial effluents and other wastes
contribute greatly to have poor quality water. Most of the rivers in the
urban areas of the developing world are the end points of effluents
discharged from the industries [16].

Industrial activities are significant and growing threats of poor
water quality. Industry and energy production use nearly 20% of
total global water, and this water is typically returned to its source in
a degraded condition. While industrial production can affect water
quality, in turn it can also be negatively impacted by poor water quality.
Poor water quality may force an industrial facility to relocate, find a
new source of water, or halt production, or it may decrease the quality
of the product (SIWI, 2005).

Worldwide, it is estimated that industrial sector is responsible
for dumping 300-400 million tons of heavy metals, solvents, toxic
sludge, and other waste into water sources each year (UNEP, 2010).
While significant progress has been made in many developed nations
to reduce direct discharges of pollutants into water bodies, more than
70 percent of industrial wastes in developing countries are dumped
untreated into waters. Industrial pollutants often alter broad water
quality characteristics, such as temperature, acidity, salinity, or
turbidity of receiving waters, leading to altered ecosystems and higher
incidence of water-borne diseases. Impacts can be heightened by the
synergistic combination of contaminants affecting species communities
and degradation of other environmental services. Industries based on

Metal Paper & pulp Textile Wood Other
1.23 6.20 36.30 1.18 8.91
1.18 5.90 37.47 1.10 8.49
1.48 6.26 33.42 1.34 9.33
1.45 6.32 32.98 1.65 9.57
1.61 6.59 32.62 1.53 9.48
1.61 6.88 28.60 1.43 12.84
1.79 6.80 28.80 1.48 11.26
1.42 6.05 27.90 1.49 9.30
1.47 6.38 32.26 1.40 9.90

Table 1:Percentage of total BOD emissions of water pollution sourced from different industries.
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Figure 1: Percentage of population accessing improved water.

organic raw materials are the largest contributors of organic pollution,
while oil, steel and mining industries represent the major risk for heavy
metal release.

Ethiopia has huge dependency on industries that use agricultural
raw materials as an input and hence food processing and textile
industries take the lion’s share in releasing water pollutants. The extent
of releasing pollutants by textile industries has reduced though food
processing industries exhibited increment. Similar with that of food
processing industries, chemical, and clay and glass industries showed
increasing trend, in which the latter one showed a drastic increase
(Table 1).

The figure also witnessed the above circumstance, in which there
is an increasing trend in the pollution level from food industries where
as the case of textiles’ exhibited reduction. Chemical industries also
have high contribution in discharging organic water pollutants. As
compared to other industries, wood industries have lowest impact of
polluting water bodies in Ethiopia. This may be due to either being
small in their capacity or they have not as such huge residuals released
towards industries (Figure 2).

If one considers the trend of the overall water pollution level of
Ethiopia, it shows an upward movement through time. The following
graph reveals that there is an upward movement in the water pollution
level of the country especially in recent years. The trend shows that
there is drastic increment since 2005 compared with previous periods.
There was a smooth like movement before 2000 in the overall water
pollution of the country (Figure 3).

Model result

Stationarity test: It is inherent of having a very high R? in
regression of a time series variable on another time series variable(s)
though there is no actual relationship between them. Sometimes there
may not be a relationship between variables, yet a regression of one on
the other variable often shows a significant relationship. This situation
exemplifies the problem of spurious, or nonsense, regression. This
problem mainly happens if time series data are not stationary (Gujarati
2004). In having time series analysis, one of the basic things is to check
the compatibility of the data for adoption of models, which implies that
the data should be stationary or there should not be unit root problem
in the data used by the research. This study had tried to have a test for
all of the variables considered in the analysis including the dependent
variable.

Table 3 of the appendix shows that, all variables included in the
model are stationary at their first difference, which results into fulfilling
the pre-condition for adopting the model and to have analysis. Though

inflation is weakly stationary at its level on 10% level of significance, the
research considered the first difference level to have consistency with
the dependent variable.

Test of multi-colinearity: Multi-collinearity is a condition where
independent variables are strongly correlated with each other. When
multi-collinearity exists, there may be very high standard error and
insignificant t-ratios for most of independent variables despite a high
R-square, unexpected changes in coefficient magnitudes or signs, or
making parameter estimates very sensitive to a small change in the
data. Multi-collinearity occurs when two or more predictors in the
model are correlated and provide redundant information about the
response variable.

Since all of the variables are significant through having high t-value,
one can say that multi-collinearity is not a problem of this research.
Given this, the mean value of VIF is less than 10, which indicates
that the overall multi-collinearity is not as such problematic. When
one considers the individual collinearity of each of the explanatory
variables, manufacturing performance has the lowest independency,
which has 79.5% of relationship with other explanatory variables. The
next variable is that of agricultural value addition, which has 72.8%
dependency on other variables. Having this, foreign direct investment
is a variable that has the best independency, which is 77.4% of its effect,
is independent of other explanatory variables (Table 2).

Regression resultand interpretation: We employed autoregressive
distributed lag model of regressing organic water pollution (BOD)
emissions (kg per day) against other socio-economic variables
identified as exogenous variables. The regression result showed that the
model is strong enough as of the F-value which is less than 0.005. The
effect of some of the variables is as to the expectation of the researcher
where five of them have negative and the rest have positive relationship
with the dependent variable. The regression had considered two lags
(the first and second level) of the dependent variable as an explanatory
one, in which two of them are significant in affecting the dependent
variable negatively. This indicates that there may be awareness by the
society and the government body about the negative consequence of
the pollution and there may be having remedial action to solve the
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Figure 2: Trend of water pollution from different industries.
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Figure 3: Organic water pollutant (BOD) emissions.
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Source: Own test result, 2013

Level of Stationarity

Table 2:Stationarity test result.

No Variables Coefficient Robust Std. Err
1 OrgaPo_1 -0.52082 0.07339
2 OrgaPo_2 -0.91139 0.09783
3 DGCP 4.92e-07 4.02e-08
4 DAgriValue -101.433 50.4338
5 DFdi -3.50e-06 5.32e-07
6 DManu_1 3.99e-06 5.17e-07
7 DPopden 301.6058 79.6547
8 DPopden_1 -606.5302 64.6617
9 Dinflation 107.0328 12.2037
10 Dinflation_1 102.182 10.6984
11 Cons. 646.554 234.3538

Source; Own regression result, 2013

At level 1¢t difference
0.994 0.0006
0.998 0.0000
0.459 0.0013
0.716 0.0001
0.386 0.0000
0.998 0.0000
0.569 0.0001
0.066 0.0000
t-value P>|t| 95% Conf. Interval
-7.10 0.000 -0.69004-0.351591
-9.32 0.000 -1.13699-0.685786
12.26 0.000 4.00e-075.85e-07
-2.01 0.079 -217.733614.86766
-6.58 0.000 -4.73e-06-2.27e-06
7.72 0.000 2.80e-065.19e-06
3.79 0.005 117.9217485.2899
-9.38 0.000 -755.6404-457.4201
8.77 0.000 78.89099135.1746
9.55 0.000 77.51149126.8524
2.76 0.025 106.13321186.975

Table 3: Model result (dependent variable organic water pollutant (BOD) emissions (kg perday)).

problem. One can say that the long run effect of water pollution on
the current level is that of negative due to information availability and
awareness (Table 3).

Gross capital formation has positive coefficient, which implies that
each and every increment in this variable has positive effect of increasing
the water pollution. This relationship may be due to having growing
economic system that highly relay on industry and manufacturing
sector. This circumstance is witnessed when one considers expansion of
the manufacturing sector. Gross capital formation of nations is highly
related with the industry and production system of the country, which
implies that each and every production has a positive contribution for
the increasing water pollution level. This indicates that each additional
capital formation has released additional water pollutants. Having all
these, one can say that economic enlargement having an industry based
activities would result into exaggeration of the water pollution. This
implies that our industries are not taking into account their long run
effect of polluting the water and environmental resources during their
initial stage of establishment (Table 3).

Inflation and current time population dependency have positive
contribution in affecting water pollution which implies that if there
is successive inflation within the economy then, there would be
ignorance of short run economic problems like water pollution.
Furthermore, people would tend to incline to short term plans and
undermine long-term investments that will have long-run effects on
water pollution. They will not consider long run aspects of their life
which mean there would no long run investment. Effect of inflation is
consistent both in the short and long run, which mean the effect of it is
always positive in both periods(the base and lagged one). The long run
effect of population dependency in affecting water pollution is negative
that may be related to the labor power, which is one crucial input for
reducing the pollutants (Table 3).

Expansion and huge dependency on agricultural production
system would result into reduction in the water pollution (BOD)
emission of the country. This is an accepted truth where agriculture has
not residuals that pollute the water but it would rather reduce the effect
of other economic sectors on polluting the water (Table 3).

Foreign direct investment towards the economy has positive
effect for reducing water pollution. This circumstance may be due to
the investment direction and preference of foreigners towards non-
pollutant investment activities like agriculture and service sectors.
Given this, the domestic government may order the foreign investors
to have pollution control mechanism while they have their investment.

Conclusion and Recommendations

It is undeniable fact that Ethiopia is a country of having drastic
economic improvement and at the same time the water pollution (BOD)
emission rate of the country is also in an increasing circumstance. This
pollution is mainly generated from different sources but the lion’s
share comes from food industries. This implies that expansion of the
manufacturing sector would aggravate the pollution level of the country
unless there are remedial actions. This circumstance is exemplified by
the regression result. Thus, the concerned party should advice and
dictate industries to take into account the residual production and
to develop a system which can prevent releasing of it to water bodies
which has a very series long run effect.

Agricultural oriented economy has positive contribution to reduce
the organic water pollution level and result into having low water
pollution. This indicates that other economic sectors of the economy
should consider the positive aspects of agriculture as an experience in
order to reduce the water pollution level. Given this, there should be
allocation of lands near to that of catchment area of water bodies to
agricultural activities.
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Given the other societal problems of population growth, successive
increment in the population of the country would result into generating
huge dependents or consumers without having economic contribution.
This condition would result into diversion of resource and budgets
from controlling water pollutants to home consumption. This is exactly
witnessed to the theory of scholars, which said that population growth
is a liability than being an asset.

The research result also revealed that the current time foreign
direct investments of the country have healthy interaction with water
pollution level of the country, which implies that there should be
identification of foreign direct investments that inflow from abroad.
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