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The problem of environmental pollution is not simple and easy to ighore because it affects the survival
and normal functioning of an ecosystem by changing theoverall healthyinteraction betweenits components
and after once it occurs, will be difficult to control. Fortunately, in the town of Debre Berhan (Tebasie), it
is a common phenomenon due to the discharge of untreated liquid and solid wastes from industrial and
municipal activities. Thus, this study was conducted to determine the status of Beressa River and to
reveal the effects of industrial and municipal discharges on the water quality of the river for irrigation
and other domestic uses. After selecting six different sampling sites depending on the suspected and
identified sources of pollution, the river water was analyzed for different parameters like temperature,
pH, electrical conductivity (EC), oxygen demand [biological oxygen demands (BOD) and chemical
oxygen demand (COD)], total suspended solids (TSS), total dissolved solids (TDS), PO,*, SO,*, HCO;,
NH,", NOg, CI' B, basic cations (Na, K, Ca and Mg), heavy metals (Cr, Pd, Cd, Ni, Hg and As) and micro
nutrients (Fe, Mn, Cu and Zn). The water had no problem related to temperature, pH and EC. However,
the COD, BOD, PO,*, TSS, TDS, Pb and Hg contents at different site were above their respected
maximum permissible limit but the rest detections were below the concerned allowable value while
requiring an extra attention for restoring the quality with the control or avoidance of further
deteriorations.
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INTRODUCTION

Environmental pollution is any change which affects the
integrity of an ecosystem (Ekuri and Eze, 1999). Most of
the time, the changes are caused by the action of human
being like industrialization (Han et al., 2002), urbanization,
construction and transportation (Jande, 2005) and poor

agricultural and land use management practices (Novotny
and Olem, 1994). According to Katyal and Satake (2006),
the changes affect human being directly or indirectly
through determining the supply of water, agricultural and
other biological inputs, physical objects/ possession and
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opportunity to appreciate nature/ recreation.

Most of the time, water bodies are susceptible for
pollution due to rapid population growth and improper
waste disposal and management practices. For example,
the Gombak River in Kuala Lumpur, Malaysia is under
influence due to population status of the area (Zubaidah
et al., 2011). Untreated domestic and industrial wastes
have an effect on the water quality of the Nhue River in
Hanoi, Vietnam (Kikuchi et al., 2009), the Cuvum and Adyar
Rivers in Chennai, India (Gowri and Ramachandran,
2001), the Ibese and Ikopoba Rivers in Nigeria (Awomeso
et al., 2009) and the Modjo, Kebena, Akaki, Chacha,
Megecha, Wabe, Ghibe, Dabena and Sor Rivers in
Ethiopia (Baye, 2006). And according to Negash et al.
(2011), the quality of the Beressa river water for irrigation
and other domestic uses is under problem because of
improper waste disposal and management.

In the town of Debre Berhan (Tebasie), environmental
pollution is a common phenomenon due to the absence
of waste disposal access, lack of awareness and some
control measures. However, the problem of environmental
pollution is not simple and ignored for the reasons that it
alters the survival and well-functioning of a given
ecosystem and once it happens, it is difficult to control.
Therefore, this study was conducted in order to
determine the status of Beressa River and to reveal the
effects of industrial and municipal discharges on the
quality of the Beressa River water.

MATERIALS AND METHODS
Description of the study area

The study was conducted at Tebasie sub-town of Debre Berhan
town which is located at 09° 35' 45" to 09° 36' 45" north latitude and
from 39° 29' 40" to 39" 31' 30" east longitude and found at 125 km
north east of Addis Ababa with an elevation ranging between 2800
and 2845 meters above sea level. The twenty seven (27) years
(1985-2011) data obtained from the Ethiopian National Meteorological
Agency indicates that, the area receives a mean annual rainfall of
927.10 mm and characterized by an unimodal rainfall pattern with a
maximum (293.02 mm) and minimum (4.72 mm) peaks in August
and December, respectively. The mean monthly maximum and
minimum temperature ranged from 18.3 to 21.8 “C and from 2.4 to
8.9 °C, respectively.

Site selection, sample collection and preparation

In this study, six sites (Site 1- found around Eyerusalem Vegetable
Farm, Site 2- found around the Debre Berhan Blanket Factory
(DBBF) and the Ask Flower Farm Private Limited Company
(AFFPLC), Site 3- at the Debre Berhan University’s (DBU) waste
disposal area, Site 4- found at different household waste disposal
area, Site 5- found around the Terra Vegetable Farm and Site 6-
found around the Debre Berhan Tanning and Leather Finishing
Factory (DBTLFF)) were taken as water sampling area based on
the suspected and observed sources of pollution.

Since the aim of this study was concerned with the detection of
the water quality for irrigation and domestic uses, the water
samples were collected once from each site in the morning (9 to 11

am) by the end of February 2013 (the maximum expected utilization
and pollution time) using a plastic jar by considering its depth
(about 50 cm), relative movement speed (being steady and
moving), turbidity (dilution) status and distance from the land (about
2 m for the easy of irrigation accessibility and domestic uses).
There were up to ten sub samples at each experimental site that
were put and stirred in a 20 L plastic bucket to make a representative
composite sample for each sites and were poured into a two litter
plastic bottle. Generally, before laboratory analysis the samples
were kept in refrigerator until the collection of all samples have
been conducted within two successive days.

Laboratory analysis

The temperature and pH of the water samples were determined by
using a hand-held thermometer and pH meter directly from the
samples being prepared. With a conductivity meter, the electrical
conductivity and total dissolved solids (TDS) were measured. The
bicarbonate content was estimated by the acidimetric/ HCI titration
method (USSLS, 1954). The boron content was determined using
Azometiene H method (Kluczka et al., 2007) and the chloride was
determined by Silver nitrate method (Mohr’s argentometric method)
using potassium chromate as the indicator. The water samples
were analysed for soluble cations at which the Na and K contents
were determined by flame photometer while the Ca and Mg were
determined by atomic absorption spectrophotometer (AAS). The
biochemical oxygen demand (BOD) was measured according to the
standard methods (APHA, 2005) and chemical oxygen demand
(COD), ammonia, nitrate, phosphate and total suspended solids
(TSS) contents were measured by using spectrophotometer (Hach,
1997). Moreover, the water samples were analyzed for their heavy
metals (Cd, Cr, Pd, Ni, As and Hg) and micronutrients (Fe, Cu, Zn
and Mn) content by using AAS according to standard methods
(APHA, 2005).

RESULTS AND DISCUSSION

The temperature of the Beressa River water at site 2 was
highest among the other sites (Table 1). However, all
were below the maximum permissible limit of 40°C
(EEPA, 2003) which affect the growth and survival of
normal aquatic biota and were found to meet the WHO
permissible range (12 to 25°C) for healthy functioning of
aquatic ecosystem. This means, all the recorded water
temperature values are not likely to affect the quality of
the water for sustaining life. The raised temperature at
site 1 might be due to the machinery cooling activity of
the DBBF. Temperature has an effect on important water
properties like specific conductivity and solubility of
dissolved solutes and gases (oxygen and carbon dioxide)
and generally, warmer water holds less available/ free
oxygen which results in respiration problem on aquatic
organisms (Malina, 1996).

The pH values of the Beressa River water ranged
between 7.24 and 7.42 (Table 1) which was in the
permissible range of 6 to 9 (EEPA, 2003) for normal
activity of the aquatic biota. Generally, high pH value
could cause toxicity of some pollutants in the water body.
For example, if the pH of water goes beyond 8.5,
ammonia becomes more toxic and can adversely harm



Table 1. The mean temperature and chemical compositions of the River water at

different sites.
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Parameter Sitel Site2 Site3 Site4 Site5 Site6
Temperature (°C) 1950 2450 21.00 1950 18.00 21.50
pH 7.38 7.31 7.42 7.33 7.24 7.32
EC (uS cm™) 181.19 197.59 198.71 198.33 196.84 193.28
COD (mg L’l) 20.18 75.23 164.00 153.67 52.26 86.00
BODs at 20°C (mgL?)  6.95 22.06 107.00 98.11 13.07 28.00
TSS (mg L'l) 46.50 40.50 46.50 45.50 57.50 39.50
TDS (mg L™ 170.43 17152 170.47 194.18 198.46 167.11
Phosphate (mg L'l) 9.20 10.01 15.71 8.06 10.31  20.04
Sulphate (mg L™) 1023 1378 19.91 1519 1813 21.11
Bicarbonate (mg L'l) 116.23 12755 132.27 128.68 127.89 125.46
Ammonia (mg L™) 0.02 1.03 1.12 0.53 0.54 0.96
Nitrate (mg L™ 004 019 043 034 043 048
Chloride (mg L'l) 9.78 12.66 16.22 15.26 18.15 13.51
Boron (mg L™) 0.01 0.04 0.02 0.03 0.01 0.04
Sodium (mg L™ 9.45 10.89 10.12 1255 9.68 14.56
Potassium (mg L™) 4.17 3.78 4.36 4.83 4.67 4.87
Calcium (mg L'l) 37.17 33.53 42.14 35.05 46.46 45.81
Magnesium (mg L™) 5.70 5.90 6.32 4.90 4.41 7.50
Iron (mg L™) ND 0.026 0.010 0.004 ND 0.002
Manganese (mg L"l) ND ND 0.001 0.001 ND ND
Copper (mg L™ 0.001 0.013 ND 0.006  0.003 ND
Zinc (mg L) 0.001  0.006 ND 0.002 0.014 ND
Cadmium (mg L™) ND 0.026 0.022 0.013 ND 0.011
Chromium (mg L™) 0.004 0.021 0.013 0.016 0.018 0.025
Lead (mg L™ 0.002 0.005 0.007 0.009 0.003 0.006
Nickel (mg L™) ND 0.001 0.015 0.021 0.021 ND
Arsenic (mg L'l) 0.001 0.005 0.011 0.011 0.024 0.023
Mercury (mg L'l) ND 0.001 0.001 0.001 0.001 ND

ND = Not detected.
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the normal aquatic biota (Kallgvist and Svensson, 2002).
Most of the living aquatic organisms are sensitive to pH
which reduces or changes their abundance as it goes
outside the tolerable limit (Novotny and Olem, 1994) and
according to Kimmel (1983), it can have a direct effect on
the physiology of organisms which results in detrimental
biological community dominated by few tolerant taxa.

The electrical conductivity (EC) values of the Beressa
River water ranged from 181.19 uS cm™ at site 1 to
198.71 uS cm™ at site 3 (Table 1) which was about five
times below the maximum permissible limit of 1000 pS
cm™ (EEPA, 2003) beyond which the activity and growth
of living organisms in the water body is limited due to
osmotic effect. This implies that the River had no problem
of salinity which affects its use basically for crop
production.

The maximum and minimum biological oxygen demands
(BOD) were found in the water of sites 3 and 4, respect-
tively (Table 1) and were above the maximum permis-

sible limit of 50 mg L™ (EEPA, 2003) at which the
decomposition of organic pollutants in the water bodies is
affected due to the shortage of dissolved oxygen (DO).
Apparently, the sources of BOD in the water were
biodegradable organic substances contained in the
discharged effluents of the DBU, DBTLFF, DBBF and
households. The water at site 1 was the lowest in its
chemical oxygen demand (COD) content while site 3 had
the highest value and followed by site 4 (Table 1) which
were above the maximum permissible limit of 150 mg Lt
(EEPA, 2003) which implies that more DO is required to
decompose the organic pollutants in the water. According
to Negash et al. (2011), the amount of COD in the
Beressa River water was above the permissible limit of
EEPA because of the effluents of DBU, DBTLFF, DBBF
and municipal waste water discharged without treatment.

Generally, the highest and lowest contents of total
suspended solids (TSS) were found in the water of sites
5 and 6, respectively (Table 1). However, all the sites had
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a TSS values above the maximum permissible limit of 30
mg Lt (EEPA, 2003) beyond which the normal activity of
agquatic organism is affected due to the reduced amount
of light penetrating into the water and both the point and
non-point sources might be a reason for the high TSS
content in the Beressa River water. In the water of sites 5
and 6, the highest and lowest total dissolved solids (TDS)
contents were found, respectively (Table) and all were
about a fold higher than the maximum permissible limit
value of 80 mg L™ (EEPA, 2003) at which the
concentration of heavy metals is increased to undesirable
level. According to Negash et al. (2011), influx of
untreated effluent/waste from different institutions,
factories, municipal and poor land use practice in the
watershed was blamed as causes for the raised TDS
content.

The amounts phosphate in the water of sites 1 and 4
was relatively lower than the others which were above
the maximum permissible limit of 10 mg Lt (EEPA, 2003)
at which the growth of aquatic plants is enhanced and
cause shortage of DO. Negash et al. (2011) have also
indicated that phosphate was among the pollutants in the
Beressa River water due to untreated municipal effluents,
domestic sewages, discharges of the DBU, tannery and
poorly managed agricultural lands. Generally, waste
water and domestic phosphate based detergents, human
and animal wastes, decomposing plants and runoff from
fertilized croplands are the main sources of phosphate
which can allow the growth of aquatic plants and change
the types and abundance of organisms in a stream
(Morrison et al., 2001). The content of sulphate in the
river water was minimum at site 1 and maximum at site 6
with an increasing manner (Table 1). However, all the
detected amounts were below the maximum permissible
limit of 200 mg L™ (EEPA, 2003) beyond which the water
becomes unsafe for drinking due to the interference in
enzymatic activity. According to Negash et al. (2011), the
river was free from the risk of sulphate pollution. The
lowest and highest bicarbonate contents were 116.23
and 132.27 mg L™ in the water of sites 1 and 3, respectively
(Table 1) and were found to be below the maximum
permissible limit of 200 mg L™t (EEPA, 2003) beyond
which precipitation of Ca and Mg in the soil solution
occurs up on irrigation. Thus, the Beressa River water
could not be an immediate source of bicarbonate
pollution on the soils.

The maximum and minimum amounts of ammonia
were recorded from the water at sites 3 and 1, respect-
tively (Table 1) but all were below the maximum permis-
sible limit of 30 mg L™ (EEPA, 2003) beyond which the
growth and survival of most aquatic organisms is
affected. In this situation, the possible sources might be
the discharge of human and animal wastes, industrial and
domestic waste waters and decayed organic matter.
Moreover, the other sources of ammonia in surface water
are runoff from fertilized lands, leaching from septic
tanks, sewage and erosion of natural deposits (Kafia et

al.,, 2009). Sites 3 and 5 had similar content of nitrate
(Table 1) with the lowest and highest amounts at sites 1
and 6, respectively. However, all were below the maximum
permissible limit of 50 mg Lt (EEPA, 2003) at which the
growth of aquatic plants is stimulated and cause water
quality reduction. In water bodies, nitrate could occur as a
result of the deamination of ammonium nitrogen from
nitrogenous materials and/or raw wastes that can be
oxidized to nitrate by the action of microbiological agents
(Morrison et al., 2001).

The maximum and minimum amounts of Na were
recorded in the water of sites 1 and 5, respectively (Table
1). However, all the contents were below the maximum
permissible limit of 200 mg Lt (EEPA, 2003) at which the
quality of water for irrigation and domestic uses is
affected due to salinity, sodicity and specific ion toxicity
problems. The lowest and highest concentrations of K
were recorded in the water of sites 2 and 6, respectively
(Table 1) and all the contents were below the maximum
permissible limit of 5 mg L* (EEPA, 2003) beyond which
the growth and metabolism of aquatic organisms is
affected. The amounts of Ca and Mg ranged from 33.17
to 46.46 mg L™ in the water of sites 2 and 3 and from
4.41 to 7.5 mg L™ in the water of sites 5 and 6, respect-
tively (Table 1). However, both Ca and Mg were below
the maximum permissible limit of 100 mg L™ (EEPA,
2003) which causes reduction of water quality for
domestic uses due to hardness (reduced ion exchange).
Generally, the amount basic cations in the water of site 6
was higher which could be due to the use of salts (NaCl
and KCI) and other preservatives containing Na and K for
soaking and curing purpose (Cassano et al., 2001) and
the use of Ca and Mg containing limes for conditioning of
raw hides and skins (Ramasami and Prasad, 1991).

The lowest and highest contents of CI” were recorded in
the water of sites 1 and 6 (Table 1) but all were below the
maximum permissible limit of 250 mg L™t (EEPA, 2003)
beyond which the growth and activity of organisms is
affected. The observed amounts could come from the
sewages containing chloride. The contents of boron
ranged from 0.01 mg L™ at sites 1 and 5 to 0.04 mg L™ at
sites 2 and 6 (Table 1). But, the contents in all sites were
below the maximum permissible limit of 2 mg L™t (EEPA,
2003) beyond which some deleterious effects are occur
on certain agricultural crops and aquatic organisms.
Since it is used in cleaning compounds and alloys, the
observed concentration especially at sites 2 and 6 might
come from the effluents from the DBBF and DBTLFF.

Copper was not detected in the water of sites 3 and 6
but it was highest in the water of site 2 (Table 1) and in all
cases the concentration was below the maximum
permissible limit of 2 mg L* (EEPA, 2003) beyond which
the growth and activity of living biota is affected.
According to Shanmugam et al. (2006), the abrupt
increase in Cu concentration in water bodies is due to
surface runoff and pipeline discharges which could be
considered as sources for the case of the Beressa River.



Iron was not detected in the water of sites 1 and 5 while
its maximum presence was found in the water of site 2
(Table 1) but in all cases it was below the maximum
permissible limit of 1 mg L* (EEPA, 2003) beyond which
the growth and activity of living biota is affected.
Manganese was detected only in the water of sites 3 and
4 (Table 1) and it was below the maximum permissible
limit of 5 mg L™ (EEPA, 2003) beyond which the growth
and activity of living biota is affected. The contents of zinc
in the Beressa River were below the maximum
permissible limit of 5 mg L™ (EEPA, 2003) beyond which
the growth and activity of living biota is affected.
Generally, it was not detected in the water of sites 3 and
6 but was the highest in the water at site 5 (Table 1).

Cadmium was not detected in the water of sites 1 and 6
but was the highest in the water of site 2 (Table 1) and
the Cr concentrations were minimum and maximum in
the water of sites 1 and 6, respectively (Table 1).
However, the concentrations of Cd and Cr in the water of
all sites were below the maximum permissible limit of
0.05 mg L* (EEPA, 2003). All the contents of Pb in the
water were above the maximum permissible limit of 0.001
mg L™ (EEPA, 2003). But, the lowest and highest values
were recorded in the water of sites 1 and 4, respectively
(Table 1). Nickel was not detected in the water of sites 1
and 6 (Table 1) and it was below the maximum permissible
limit of 0.02 mg L™ (EEPA, 2003) in the remaining sites.
The amount of As in the water of all sites was below the
standard limit value of 0.01 mg L™t (EEPA, 2003). The
water at sites 6 and 1 had the maximum and minimum
amounts of As, respectively. Mercury was not detected in
the water of sites 1 and 6 and except the water of these
sites, all had a similar value of 0.001 mg Lt (Table 1) that
was equal to the standard limit value of 0.001 mg Lt
(EEPA, 2003). Similar study by Negash et al. (2011) had
shown the concentration of heavy metals like Cd, Cr, Pb,
Ni, As and Hg in the water of the Beressa River were
above the standard limit value due to untreated industrial
and municipal wastes, fuels and gasoline from motor
vehicles, fertilizer (Pb, Cd, As), pesticides (Pb, As, Hg),
sewage sludge (Cd, Pb, Se), irrigation (Cd, Pb, Se) and
manure (As, Se).

Conclusion

The highest and the lowest temperatures of the Beressa
River water were recorded at sites 2 and 5, respectively,
and the pH values ranged between 7.24 and 7.42. The
EC was minimum at site 1 and was maximum at site 3
and the COD content at site 1 was the least and at site 6
was the highest while the BOD content at site 1 was the
lowest and at site 3 was the highest. Generally, the
maximum and minimum TSS and TDS were recorded at
site 5 and 6, respectively. Sites 4 and 6 were the lowest
and highest in their phosphate contents. In the river
water, sulphate, bicarbonate, ammonia and nitrate
ranged between 10.23 and 21.11, 116.23 and 132.27,
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0.02 and 1.12 and 0.04 and 0.48 mg L™ respectively,
and at sites 1 and 5 the minimum and maximum amount
of chloride and minimum amount of boron were analyzed.
Moreover, the concentrations of Na, K and Mg were
higher at site 6 while Ca was highest at site 5. There was
no detection of Fe at sites 1 and 5, Mn at sites 1, 2, 5 and
6, Cu and Zn at sites 3 and 6, Cd at sites 1 and 5 and Ni
and Hg at sites 1 and 6. However, Cr was lowest and
highest at site 1 and 6, respectively while Pb was minimum
and maximum at sites 1 and 4, respectively.

Eventually, the Beressa River water had no problem
related to temperature, pH and EC and generally the
water of all sites were below the maximum permissible
limit in their HCO3', SO,%, NH,", NO3', Na, K, Ca, Mg, Cl-,
B, Cu, Fe, Mn, Zn and heavy metals (Cd, Cr, Ni and As)
contents. However, extra attention is required because
they were on the way to deteriorate the water quality in
the near future. The amounts of COD and BOD in the
water of sites 3 and 4, PO43' in the water of sites except 1
and 4, TSS, TDS and Pb in the water of all sites were
above their respective maximum permissible limits and
Hg in the water of sites except 1 and 6 was equal to its
maximum permissible limit. That means all of these
excessive characters need an immediate remediation
measure.
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