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Awash river has been impaired by various types of pollution owing to waste released from different
socio-economic activities in its basin. This research was aimed at evaluating its quality status with
respect to drinking and irrigation water uses. Based on accessibility and land use severity, 17 sample
sites were chosen along the river and sampling was done twice in each of the dry and wet seasons.
Thereafter, both onsite and offsite water quality analyses were undertaken following standard
procedures. Canadian Council of Ministers of Environment Water Quality Index (CCME WQI) was
applied to compute the water quality indices. Accordingly, the drinking and irrigation water quality
indices of the upper basin were found to be 34.79 and 46.39 respectively, which were in the poor and
marginal categories of the Canadian water quality ranking. Meanwhile, the respective indices for the
middle/lower basin, which were 32.25 and 62.78, lie in the poor and fair ranges of the ranking. Although
the difference in the dataset used for the two cases and natural purification in the course of the river
might contribute to the difference in WQI, it is generally conceivable that the water quality of the river is
below the good rank. Establishment of wastewater treatment plants and storm water quality
management at hotspot areas are recommended to improve the quality.

Key words: Awash river basin, Canadian Council of Ministers of Environment Water Quality Index (CCME
WQI), drinking and irrigation water uses, Ethiopia, water pollution.

INTRODUCTION

Water quality problems are caused by natural and
anthropogenic factors. The most important of the natural
influences are geological, hydrological and climatic since
these affect both the quantity and the quality of water
available (Bartram and Ballance, 1996; Pejman et al.,
2009; Bu et al., 2010). Their impact is magnified

especially when water scarcity is observed and maximum
use is expected to be made of the limited resource, which
is exemplified by a frequently high salinity problem in arid
and coastal areas (Bartram and Ballance, 1996), like that
of Awash River Basin. The impact of human activities on
water quality is versatile in the degree to which it disrupts
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the ecosystem and restricts its use. These activities have
usually affected water quality through either point sources
such as wastewater treatment facilities or non-point
sources such as runoff from urban areas and farm lands
(Bartram and Ballance, 1996).

The impact of water pollution is seen on human-being
who have been directly or indirectly consuming the
contaminated water like Awash River. Irrigation water
quality depends mainly on permeability (Hussain et al.,
2010; Bauder et al., 2011). Permeability affects infiltration
rate of water into the soil and is determined by the
relative concentrations of salinity (Electrical conductivity
(EC)) and sodicity. Sodicity is a measure of the relative
amount of Na to Ca and Mg which gives an indication of
the level at which the exchangeable Na percentage of the
soil will stabilize after prolonged irrigation (Holmes,
1996). Alkalinity, on the other hand, is a measure of
water’s capacity of neutralizing acid and is expressed by
Residual Sodium Carbonate (RSC). Alkaline water
causes iron deficiency by increasing the pH of soil to
unacceptable level. Drinking water quality determinants
are broadly classified into physical (such as taste, odor
and color), microbial (viruses, protozoa, helminths, total
coliform (TC) bacteria, Escherichia coli (ECo)) and
chemical (BOD, COD, F, NOg, Fe, Cu, Ca, PO,”, Cr,
and others) (Sorlini et al.,, 2013; WHO, 2011; Amenu,
2014).

Most people living in the rural parts of Ethiopia rely on
water from unprotected sources such as rivers which are
unsafe to drink and Awash river is no exception. As a
result, more than half a million people die each year from
water-related diseases, mostly infants and children
(Halcrow, 2008). Natural water constituents such as
fluorides and inputs of socio-economic activities such as
pesticides, herbicides, heavy metals and pollution from
industrial effluents and domestic wastes are also threats
to the water resources (Halcrow, 2009).

Although water quality problem is apparent to most
Ethiopian Rivers, Awash leads in the extent of
impairment due to its service as a sink for the basin-wide
urban, industrial and rural wastes (Belay, 2009;
Alemayehu, 2001). In assessing the pollution level of the
river, it is concluded that attention needs to be paid in
irrigating with the river for fear of public health effect. This
is confirmed by examining the bacteriological
contaminant level of leafy vegetables grown around
Adama town with Awash River along with identifying
heavy pollution loads on the vegetables (Benti et al.,
2014).

Additionally, heavy helminths, bacteriological pollution
load, toxicity level and the slight to moderate salinity
effects of the Little Akaki River, which is a tributary of
Awash river, made it unfit for any intended use (Taddese
et al., 2004). According to this study, nitrate level of the
river water is above 10 mg/L and mean concentration of
heavy metals including Mn, Cr, Ni, Pb, As and Zn are

reported to be more in soils and vegetables irrigated by
Awash River than their allowable limits. The incidences of
dental and skeletal fluorosis from the high concentration
of fluoride are found to exist in its valleys (Reimann et al.,
2003).

Evaluation and communication of quality status of the
River to water quality professionals and the policy makers
is needed to safeguard the public health and the
environment. Having such a study, which is non-existent
for Awash River, ultimately contributes towards
guantification and understanding of the status of the
River water and ultimately enables decision makers to
have ample information so as to suggest if the water is
suitable for intended uses. This study aims at evaluating
the overall status of Awash River water quality in the
upper and downstream sub-basins based on Water
Quality Index (WQI) calculated for selected parameters
relative to the irrigation and drinking water uses.

There are various ways of determining WQI although
most indices measure the same attributes of deviation
from the objectives (Wills and Irvine, 1996). Some of
them being used worldwide are: National Sanitation
Foundation (NSF) WQI (Kaurish and Younos, 2007),
Canadian Council of Ministers of the Environment
(CCME) WQI (Worako, 2015), Overall Water Quality
Index (OWQI) and Oregon WQI (Tyagi et al.,, 2013;
CCME, 2001b; Poonam et al., 2015). Though NSF WQI
(Wills and Irvine, 1996; Tyagi et al., 2013; Poonam et al.,
2015), CCME WQI and OWQI (Singh et al., 2015) are
indices frequently used for water quality assessment,
CCME WAQI is the most efficient and flexible with respect
to the type and number of water quality variables to be
tested, the period of application, and the type of water
body. OWQI is efficient but parameters should be
carefully selected depending on the source and time. The
main drawback of NSF WQI is the eclipsing effect, due to
which one or more parameters that have values above
permissible limit are masked if the rest of the parameters
are within the limits (Poonam et al., 2015). Oregon WQI
aids in the assessment only of water quality for general
recreational uses and is designed only for Oregon
streams (Cude, 2001; Tyagi et al., 2013).

MATERIALS AND METHODS

Description of the study area

Awash River Basin, with a total catchment area of 113,304 km?, is
located between latitudes 7°53'N and 12°N and longitudes 37°57'E
and 43°25°'E in Ethiopia (Figure 1). The Awash River originates from
the high plateau Ginchi of 3000 m.a.s.l, 80 km west of Addis Ababa
and terminates, after travelling about 1200 km, at Lake Abe of 250
m.a.s.l., at the border of Ethiopia and Djibouti (Tessema, 2011,
Berhe et al., 2013; Degefu et al., 2013). With extreme ranges of
topography, vegetation, rainfall, temperature and soils, the basin
extends from semi-desert lowlands to cold high mountain zones.
Land use in the catchment is mainly agricultural and shrub
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Figure 1. Location map of the study area.

lands used for rain-fed crops, irrigation and grazing. Various crops
are cultivated ranging from cereals, vegetables, flowers, cotton to
perennial fruit trees and sugarcane (Tessema, 2011; Gedion,
2009). Although the relative surface water resource of the basin is
about 4.65 billion m®, it is the most developed and utilized since
77.4% of the irrigable land in the basin has been cultivated. About
60% of the large-scale irrigated agriculture and more than 65% of
the national industries are located in the basin. The rainfall pattern
is bimodal with the first being the short season of March to May
while the second and the main one is from July to September
(Tessema, 2011). Annual average temperature ranges from 16.7 to
29°C and the annual mean relative humidity in the basin varies from
60.2 to 49.7%. While the mean annual wind speed is 0.9 m/s, the
mean annual rainfall varies from about 1600 mm at Ankober to 160
mm at Asayita (Berhe et al., 2013).

Data collection, quality control and validation

The sampling process has been designed adequately to decide the
exact number, sites and time at which the samples were taken. This
was done to attain representativeness of the samples. Multi-
parameter (HANNA HI 991300) onsite water quality testing meter,
GPS, digital camera, plastic sample containers, plaster, long rope,

sample fetching plastic vessel, and ice box were some of the
materials taken to the field. Sampling was done in four phases,
twice in each of the dry (February 2016 and January 2017) and wet
seasons (May 2015 and June 2016). In all the phases, grab
samples of water have been taken from 13 sites: three of them in
the lower and ten in the middle basin. These were chosen based on
accessibility and types of land use (agricultural, urban and
industrial) found in the catchment. Samples were taken in triplicate
from midpoint (vertically and laterally) of the river by using plastic
vessel tied with long rope. Thereafter, samples were collected in
polyethylene plastic bottles rinsed with distilled water both for onsite
testing and laboratory analyses as shown in Figure 2. All samples
for offsite analyses were kept at 4°C in a refrigerator until further
use.

When samples were collected, transported, and preserved from
the field, quality control (QC) procedures were followed to produce
quality data with respect to precision and accuracy. Therefore, field
QC samples such as equipment blank and trip blanks were
collected to test the presence or absence of errors occurring in the
field according to Zhang (2007) procedures. The QC samples that
were used for assuring quality during laboratory analysis were
duplicates (to know the analytical precision) and blanks (to identify
any potential contamination).

EC and total dissolved solids (TDS) were analyzed on site using
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Figure 2. Water sample taking from (a) Awash at Adaitu, (b) from Lake Beseka and (c) Onsite Water Quality testing for pH, EC, TDS and T°

from Awash at Ziway Road.

the HANNA meter (Figure 2) since they would otherwise have
changed during storage and transport while the offsite analyses of
water quality parameters of interest were conducted using standard
methods for examination of water and wastewater (APHA, 1998).
Since the River is being used mainly for irrigation and domestic
uses in the basin, parameters such as Turbidity (Turb.),
Temperature (Temp.), TDS, Total Solids (TS), Total Hardness (TH),
Total Nitrogen (TN), ECo, TC, Alkalinity (Alk.), NHs, EC, DO, BOD,
COD, Na*, Ca?*, Mg?, F, CI', NOz, NOg, COs%, HCO3, and PO,*
were considered for analysis. The parameters analyzed and methods
used for their analyses in this study are illustrated in Table 1.

Water quality analysis for the upper basin (UB) was done by
Vitens Evides International Granting Organization of Netherlands
together with Oromia Regional Water Office of Ethiopia in seven
rounds at about 2.5 months’ interval between 26/06/2014 and
30/11/2015. They considered ten sample sites of which only four
sites of interest and only those parameters having full data in all the
sites were selected. Since a lot of samples were taken from each
site, a number of parameters were considered and the choice of
sampling sites was strategic enough; this dataset was preferably
used for computation of WQI in the sub-basin. There were missing
and censored values in the UB water quality dataset marked as ‘X,
2, ‘empty’, ‘nil’, ‘<R’ and ‘TNTC’ and were validated by ignoring
from calculation of the mean and appropriate substitution. Dixon
test, which is based on the ratio of the distance between the
potential outlier value and its nearest value to the range of the
whole data set (Rangeti et al., 2015), was used to detect the
outliers observed in the dataset. Accordingly, out of the selected 28
variables, only turbidity showed outlier at the 17" site.

Since only concentrations of Ca?* and Mg®* were given for the
UB, TH indicated in Table 2 was computed as the concentrations of
Ca®" and Mg** expressed as equivalent of CaCOj; (Lenntech, 2014)
by using equation (1):

[TH] = 2.5 # [Ca?*]+ 4.1+ [Mg*] )

Soil sodicity, which is expressed by a ratio called Sodium
Adsorption Ratio (SAR) and depicted in Table 3, could be
calculated from the major cations by using equation (2) (Lesch and

Suarez, 2009; Seid and Genanew, 2013; Hussain et al., 2010).

[Na*]
J[Ca“] + [Mg2*]
2

SAR (meq/L) =

o)

which represents a suitable sodium hazard index for typical
irrigation water. However, the guideline of SAR for irrigation,
according to Ayers and Westcot (1985), is dependent on the
concentration of salinity, which is severely restricted if EC and TDS
exceed 3 dS/m and 2000 mg/L respectively since it affects crop
water availability. The other chemical index of irrigation water
quality importance such as RSC was also calculated from the
measured water quality parameters by using equation (3) (Dinka,
2016). The cations and anions, which were expressed in mgi/L,
were all changed into mili-equivalents per liter (meg/L).

RSC = (COZ™ + HCOJ) — (Ca?t + Mg?t) ©)

According to Dinka (2016), RSC >7.5 is unfit, 5.0 to 7.5 is poor, 2.5
to 5.0 is marginal, 0 to 2.5 is fit, and < 0 is very good for irrigation.

Water quality indices (WQI)

WQI practically describes the problem of pollution in a water body
and is used to represent measurements of bulk of water quality
data in a single number, combines various measurements of
different units in a single metric, and facilitates communication of
results (CCME, 2001b). It is a very reliable and efficient way for
evaluating water quality relative to its desirable state. It also
modifies policies thereby developing tools to decide suitability of
water sources for their intended use and makes suggestions for a
more efficient water resources and River basin management by
formulating pollution control strategies (Gibrilla et al., 2011; Barcel6-
Quintal et al., 2013; Tyagi et al., 2013; Sargaonkar and Deshpande,
2003; CCME, 200la). Awash River water quality status was
evaluated using CCME WQI due to its efficiency and flexibility.
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Par. Analyses methods used Par. Analyses methods used Par. Analyses methods used
Turb. Palintest TN Persulfate digestion cr Titration & Argentometric
pH Cyberscan PC 300 pH/EC/TDS/Temp. Na Flame photometer Ca Titration
Temp. Cyberscan PC 300 pH/EC/TDS/Temp. K" Tetraphenylborate Mg Periodate oxidation
TDS Gravimetric & Cyberscan PC 300 pH/EC/TDS/Temp.  NOs3’ Cadmium Reduction TH Titration for MLB and Calculated for UB (eqn.1)
TS Gravimetric NO, Diazotization COs” Titration
EC Calorimetric & Cyberscan PC 300 pH/EC/TDS/Temp. S0,  Sulfaver 4 HCOs;  Titration
DO Titration Fe FerroVer M PO,* Ascorbic acid
BOD Modified Winkler-Azide dilution Mn Periodate Oxidation Alk. Titration
COD Reactor Digestion F SPADNS ECo Membrane Filter
Pb LeadTrak™ Fast Column Extraction NH3 Nessler & Aluminon TC Membrane Filter
Zn Zincon Cu Porphyrin SAR,
Cr Alkaline hypobromite Oxidation Cly DPD RSC calculated for MLB (eqns. 2 & 3)
Table 2. Mean values of water quality parameters in the four sites of UB*
Par. S14 S15 S16 S17 Gl G2 Par. S14 S15 S16 S17 Gl G2
Turb. 149 185 556 2675 4 2 S04 251 23.7 24.86 21.3 250 20
pH 7.25 7.46 7.12 7.41 6.5-8.5 8.5 Fe 1.25 1.15 2.55 2.37 0.3 5
Temp. 22.8 23.3 22.9 204 15-30 NS Mn 0.41 0.75 0.24 0.17 0.1 0.2
TDS 169 163 219 167.9 1000 2000 F 0.71 0.8 0.59 0.41 1.5 1
EC 338 323 437 335.6 1500 3000 NH3 1.8 1.56 2.26 4.62 15 5
DO 4.21 4.92 3.13 3.67 >5 NS Cu 7.2 8.8 15.2 6 1 0.2
BOD 8.23 7.59 14.7 14.98 <5 <10 Cl, 0.11 0.1 0.12 0.5 5 10
COD 36.4 54.8 112 35.2 <30 <60 Cr 20.3 18.6 14.3 25 250 355
Pb 35 1.25 4 3.33 0.01 5 Ca 98.9 104 163 153 200 400
Zn 0.05 0.05 0.03 0.07 4 2 Mg 78.6 59.1 69.4 50.9 150 61
Cr 0.02 0.02 0.03 0.03 0.05 0.1 TH 569 502 691.8 590 500 NS
TN 2.36 3.44 11.64 6.2 55 5 Alk. 143 138 180 184 400 750
K 6.68 5.57 8.17 4.02 20 2 ECo 61.6 86.6 TNTC 180 0 <10
NO3 115 7.5 19.48 3.39 50 30
NO2 0.07 0.04 1.07 0.06 3 NS C 102 % TNTC TNTC 0 <50

The sites: S14= Awash river after Lake Koka, S15= Awash river at Koka Dam, S16= Awash river before Lake Koka, S17= Awash river at Awash Melka Kuntire, G1= WHO and US EPA

Drinking Water

Quality Guidelines (DWQG), G2= FAO

Irrigation  Water Quality Guidelines (IWQG),

TNTC= Too Numerous To Count,

and NS= No Standard.

! All parameters, except Turbidity, EC, Temperature, pH, ECo and TC, were expressed in mg/L. Turbidity, EC and Temperature were measured respectively by NTU, uS/cm, and °C; ECo and TC
both in counts/100ml; while pH is unit less.
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Table 3. Mean values of water quality parameters in the two dry and two wet months of the middle and lower basins (MLB) of the Awash river

Par S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 Gl G2
TDS 327.7 5054 569.4 580.7 559.2 610.6 804.7 9339 2275 240.7 520.0 1445 229.0 1000 2000
TS 7229 1855 1793 2577 6233 1689 859.8 1457 3621 8124 704.0 1514 456.0 NS NS
NHs 0.9 1.7 1.4 13 2.5 1.7 3.7 1.4 13 1.0 0.9 0.7 1.0 15 5.0
TH 663.0 959.0 737.0 713.0 610.5 435.0 100.0 520.5 437.0 1071 664.0 6350 686.5 500.0 NS
Na 104.4 1539 210.6 182.3 180.4 251.2 290.3 423.2 1279 556 188.0 5575 446 200.0 220.8
Ca 31.6 323 314 294 276 280 271 272 8.6 341 304 207 305 200.0 400.0
Mg 7.3 9.3 10.5 8.6 7.3 6.3 6.8 8.7 3.2 6.7 3.4 9.2 7.0 1500 610
F 0.7 1.3 2.2 2.3 2.7 2.3 2.7 2.6 2.2 13 2.4 53 1.6 15 1.0
Cr 579 1078 924 1028 108.1 153.6 2111 1713 2110 550 80.3 181.1 473 250.0 355.0
NO2 0.0 0.0 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.0 0.1 3.0 NS
NO3z 0.2 0.8 0.7 1.0 11 2.0 3.2 13 2.8 0.5 2.9 13 4.3 50.0 30.0
Alk. 655.0 6925 0916.5 903.0 1217 827.0 506.0 8275 1292 647.0 805.0 1188 572.0 500.0 750
EC 593.7 9444 1040 1097 980.8 1115 1370 1437 3823 435.8 9150 2201 405.5 1500 3000
COs” 10.6 100 309 37.0 102.7 106.3 1019 859 493.0 ND ND 288.0 6.8 250.0 180
HCO; 2522 370.1 434.6 4012 3754 4575 436.8 4703 9820 310.2 896.7 1111 334.6 580.0 5185
PO,* 2.3 225 9.7 8.3 0.8 4.5 0.4 6.7 3.4 7.6 4.5 0.8 5.6 0.0 2.0
SAR 4.4 6.3 8.3 7.5 7.9 117 129 176 983 2.3 8.6 25.7 1.9 NS 15.0
RSC 2.3 402 573 564 7.6 9.12 8.65 8.5 31.8 ND ND 26 3.6 NS 7.5

Where the sites, S1= Dupti, S2= Adaitu, S3= Meteka, S4= Office area, S5= Weir site, S6= Awash water supply, S7= Awash fall, S8= After Beseka,
S9= Lake Beseka intake, S10= Before Beseka, S11= Mix of Sodere & Awash, S12= Sodere spring, and S13= Wonji, G1= WHO and US EPA DWQG,

G2=FAO IWQG, ND= No Data.

Conceptual framework of CCME WQI

CCME WQI is based on a combination of three factors: scope,
frequency and amplitude (Tyagi et al., 2013; CCME, 2001a, b) and
is given by:

R
R*+ R +FR°
CCME WQI = 100 — ¥

1.732 @)

Where, F1 (Scope) = Number of variables whose objectives are not
met.

= [No. of failed variables/Total no. of variables] x 100 %)

F» (Frequency) = Number of times by which the objectives are not
met.

= [No. of failed tests/Total no of tests] x 100 (6)

Fs (Amplitude) = Amount by which the objectives are not met. This
can be determined by three steps as follows:

(a) Excursion, e = [Failed test value i /Objective] - 1 7)
(b) Normalized Sum of Excursions (nse):

n
(nse) = Z excursions,/No of tests

=1 (8

(c) Fs=nse / (0.01 x nse + 0.01) (9)

is an asymptotic function that scales the normalized sum of
excursions from objectives (nse) to yield a range between 0 and
100.

Based on results of index calculation, which was based on
exceedances of objectives for key water quality variables, water
quality of a water body was ranked as either excellent (95 to 100),
good (80 to 94), fair (60 to 79), marginal (45 to 59) or poor (0 to 44)
(Tyagi et al., 2013; CCME, 2001a, b; Andrea et al., 2005). Before
calculating the index, the water body, variables, and appropriate
objectives were defined. Although the time period chosen depends
on the amount of data available, here dataset of two years has
been used since data from different years can be combined when
monitoring of certain years is incomplete (CCME, 2001a, b).
Furthermore, WQIs were calculated separately as the dataset used
to determine WQI of the UB is quite different from that of the MLB.

RESULTS AND DISCUSSION

Looking at the average (Av) of the overall sites of each
parameter, those which failed to meet the WHO DWQG
(S), according to WHO (2011, 2017), were turbidity, DO,
BOD, COD, Pb, Fe, Mn, NH3, Cu, TH, ECo and TC in the
UB as could be depicted by Figure 3a and b. In the MLB,
parameters that do not satisfy the DWQG are TH, Na, F,
alkalinity, and PO,. Those that are not in harmony with
the FAO irrigation water quality guideline, according to
Ayers and Westcot (1985), were TN, K*, SO4, Mn, NHj,
Cu, Mg, TH, ECo and TC in the UB and Na, Mg, F,
alkalinity, HCO3, PO,, and SAR in the MLB.
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Figure 3. Parameters in the four sites of the UB exceeding the DWQG (S).

Determination of WQI and status of Awash River in
the upper basin

Temperature, DO, NO, and TH were excluded from
evaluating the irrigation WQI as their guideline values
were not available. The calculation of WQI in the UB was
done assuming values of TNTC of fecal and total
coliforms to be 270 each while nil in the MLB was
assumed to be zero. In the calculation of amplitude (F3),

the objectives of ECo and TC were assumed to be 1 to
prevent an infinity excursion though the actual standard
of 0. Here the only parameters in Table 2 considered in
the index calculation were those for which the WHO, FAO
or US EPA guidelines were specified. The three factors
F1, F2, and F3 determining the CCME WQI and the
resulting indices were computed for drinking and
agricultural uses. The factors in this sub-basin got the
respective values of 39.29, 42.31 and 97.08 for drinking
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Table 4. WQIs for domestic and irrigation water uses and status of Awash River.

Status
Water Use Zone Calculated WQI .
Q (With Reference to CCME WQI)
Domestic uUB 34.79 Poor
MLB 32.25 Poor
Irrigation uUB 46.39 Marginal
9 MLB 62.78 Fair

and 36, 27.72 and 80.97 for irrigation uses. The drinking
and irrigation WQIs for the basin, which were computed
using Equation 4, were found respectively to be 34.79
and 46.39 as could be seen in Table 4.

WQI and status of Awash River in the MLB

Since guideline values for TS and SAR were not
available, these parameters were excluded from the
calculation of drinking WQI. For the same reason, TS, TH
and NO, were ignored in calculating irrigation WQI (Table
3). The total number of tests was reduced by two as there
were two no data values of COgZ' for the tenth and
eleventh sites. Taking average values of water quality
parameters for the two seasons (dry and wet) in the sub-
basins, the three factors F1, F2, and F3 determining the
CCME WQI were computed for the respective water
uses, drinking and irrigation. Accordingly, their respective
values were found to be 60, 33.16 and 95.25 for drinking
and 57.14, 24.44 and 17.14 for irrigation uses. As a result
the drinking and irrigation WQIs for the basin were
computed using Equation 4 and were found respectively
to be 32.25 and 62.78 (Table 4).

The drinking and irrigation WQIs of the UB were
respectively in the poor and marginal categories of the
Canadian water quality classification. The indices of
drinking and irrigation in the MLB were respectively in the
poor and fair categories of the Canadian water quality
ranking. Although the difference in the used water quality
dataset of the two cases might contribute for the
difference in the indices to some extent, it was generally
conceivable that the water quality of the River was below
the good rank of the council. The water quality status for
irrigation use in the MLB seems to have significantly been
improved to fair from the marginal status of the UB. This
might be attributed to the natural purification process in
the course of the River and the release of relatively
smaller amount and less polluted effluent in the MLB.
Though it may be difficult to compare due to the fact, for
instance, that the bacteriological parameters like ECo
and TC having significant impact were not considered in
the MLB, it can be clearly seen from Figures 3 and 4 that

the upper basin’s waste is being stabilized at Lake Koka
(S15) after attaining peak values at the 16" site (just
before Lake Koka). Alemayehu et al. (2006) also found
out that the domestic water quality status seems to have
been deteriorated more in the MLB than that in the UB.
This might be the impact of the hydro-geochemical nature
of the downstream sub-basin, which includes part of the
Ethiopian rift valley (Dinka, 2017).

On the other hand, the value of SAR for sites S8, S9
and S12, which were respectively After Beseka, Lake
Beseka and Sodere spring, exceeded the FAO guideline
and hence these water bodies are not fit for irrigation
unless some intervention is exercised at these hotspots.
Similarly, RSC for sites S5, S6, S7, S8, S9, and S12 was
greater than 7.5 and hence these sites were found to be
unfit for irrigation while only S1 and S2 were shown to lie
respectively in the fit and marginal ranges (Table 3). This
finding is supported by the conclusions of Dinka (2017)
and Alemayehu et al. (2006), stating that Lake Beseka’s
and other rift valley lakes’ salinity, sodicity and alkalinity
are too high to affect the River.

Means of the commonly analyzed 11 variables (TDS,
EC, NO3, NO,, NH3, F, CI, Ca, Mg, TH and alkalinity)
were compared between the UB and MLB and between
sites in each sub-basin as shown by Figures 4 and 5a
and b. The comparison showed that TDS, EC, F, CI', and
alkalinity were observed to be greater in the MLB than
that in the UB. However, NO3', NO,', NH3, Ca, Mg and TH
showed higher values in the UB than in the downstream.
This low concentration is in agreement with that studied
by Dinka et al. (2015) which may be due to the fact that
the upper basin is relatively more dominated by agro-
chemicals and hardness. The former is consistent with
the fact that the water from Sodere hot spring and Lake
Beseka is of exceptionally high TDS and EC values and
with previous studies such as that conducted by Reimann
et al. (2003) and Halcrow (1989) indicating high fluoride
concentration in Awash valley.

Comparison among sites within the UB showed that
S16 (Awash River just before Koka Dam) had higher
values of almost all parameters than S17 (Melka Kuntire)
(Figures 3, 4 and Table 2); that is, as one goes from
uplands to downstream, except turbidity, BOD, TC and
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NHj, all have shown increasing trends. This can be
attributed to effluents discharged from tanneries, oil mill
factories, slaughterhouses and poultry farms around Mojo
town (discharging their raw effluent directly into the Mojo
River-tributary to Awash), similar wastes of Addis Ababa
city (through Great and Little Akaki Rivers, which in turn
converge to Abasamuel-tributary to Awash) and that of
the nearby rural areas concentrated by floriculture and
other industrial establishments (Degefu et al., 2013).
However, some others such as COD, Fe, ECo, and TC
were seen to decrease in the way from the 16" to the 14"
site. Comparison among sites within the MLB also
indicates some variation with exceptional picks especially
of EC, TDS, and alkalinity at S9 and S12 (Lake Beseka
and Sodere hot spring respectively) (Figures 4 and 5).

The graphical representations of the spatial variation of
the determining parameters indicate clearly why the
domestic water quality decreases as one goes from
upper to downstream sub-basins and why the opposite is
true for irrigation water quality.

Abundance of nutrients in the UB is expected from the
ground based on the fact that agricultural activities using
intensive nutrients are pronounced more in the UB than
in the downstream basins. Hardness, as expected, is
higher in the UB since ground water is being utilized and
released into the River and discharges of greywater, full
of Ca and Mg, from urban centers can potentially raise
hardness.

CONCLUSION AND RECOMMENDATIONS

The study evaluated the physico-chemical (throughout
the Awash River) and bacteriological (only in its UB)
water quality for drinking and irrigation water uses. The
water quality analysis results examined from different
sites of the River showed that most of the parameters of
concern do not comply with the drinking water quality
guidelines and hence unsuitable for drinking. It also
showed that most parameters need great care to be used
even for irrigation. Both the cumulative drinking and
irrigation WQIs of the UB and the drinking WQI of the
downstream sub-basins lie in the poor range. This calls
for protection of the River (especially in the upper and
middle basins where intensive socio-economic activities
are being observed) since contamination of this River
with physical-chemical and biological determinants are
attributed to wastewater discharge from urban, industrial,
agricultural activities, lakes and hot springs in its
catchment. Because one ultimate goal of water resources
management in a basin is to implement programs that
conserve water quality, it would be imperative to have a
long-term monitoring program at selected sites. These
programs together with establishment of municipal
wastewater and storm-water treatment plants for
identified dischargers in the basin would be among the

potential solutions to increase the indices, which show
improvement of the River water quality.
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