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Abstract
Awash River, one of the major rivers in Ethiopia which originate from the central highland area, crosses different extended 
agricultural farms as well as various industries which receives large effluents from different sources. Nineteen physicochemi-
cal parameters, as well as heavy metals (Fe, Zn, Cu, Pb, Cr, Cd and Ni), were quantified using atomic absorption spectroscopy 
in eight different sampling stations of Awash River. There was a significant spatial variation (p < 0.05) in average NO3-N, 
NH4-N, TN, BOD and COD values in Awash River. There is a strong and positive correlation between (pH and EC, r = 0.805), 
(WT and BOD, r = 0.774), (NO3-N and NO2-N, r = 0.901), (NO3-N and TN, r = 0.906), (NO3-N and TP, 0.830), (NH4-N 
and TN, r = 0.876), (NH4-N and COD, r = 0.848), (TN and TP, r = 0.819), (TN and COD, r = 0.941) during dry season and 
also between (WT and BOD, r = 0.704), (turbidity and NO3-N, r = 0.749), (turbidity and NO2-N, r = 0.722), (NO3-N and 
NO2-N, r = 0.921), (TP and COD, r = 0.789) during wet season. The results showed that the mean concentrations of metals 
ranked (high to low) Fe > Cr > Cu > Zn > Pb > Cd > Ni during dry season, whereas the concentration of heavy metals during 
wet season was in the following order of decreasing magnitude Fe > Cu > Zn > Pb > Cr > Cd > Ni. Buffer zones should be 
protected in order to control soil and agricultural nutrients from entering to Awash River. Moreover, industries at the upper 
stream area should be properly and adequately treat the wastewater before discharging to the Modjo as well as Awash River.
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Introduction

Currently, surface water pollution has received much atten-
tion globally. Both natural process and anthropogenic activi-
ties, like hydrological features, climate change, precipitation, 
agricultural activities, and wastewater discharge from indus-
tries, are the main reason for worsening of surface water 
quality (Ravichandran 2003; Gantidis et al. 2007; Arain et al. 
2008).

Surface water mainly rivers has different purposes in 
various sectors like agriculture, industry, transportation, 
and domestic water supply. Nonetheless, rivers have also 

been used for cleaning and dumping purposes. This practices 
more prominent in developing countries, mostly in Africa. 
Wastewater from industries, domestic sewage, and agricul-
tural farms is discharged into rivers which leads to deterio-
rate surface water quality (Ravindra et al. 2003). Rivers are 
among the main vulnerable aquatic environment to pollution 
because of far flow to take municipal, industrial wastes and 
agrochemicals through runoff (Singh et al. 2005).

Surface water quality in various areas is largely affected 
by both natural process (precipitation and weathering pro-
cess) and anthropogenic activities like domestic sewage, 
industrial pollution, and agricultural activities (Varol et al. 
2011). Domestic sewage and industrial wastewater discharge 
is a point source of pollution, whereas agricultural pollution 
is a nonpoint source of pollution through surface runoff and 
varies with season depending on the climatic condition of 
the specific region (Singh et al. 2004). The concentration of 
contaminant in river water changes with season as a result 
of variation in precipitation (Vega et al. 1998).

Nutrients in surface water have been mainly related with 
land use activities (Howarth 1988). Anthropogenic activities 
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of point and nonpoint source of pollution are the major 
causes for nutrient enrichment of surface water.

Municipal sewage and industrial wastewater are the point 
source of nutrient pollution in aquatic environment, whereas 
inorganic fertilizers in agricultural fields and animal manure 
are nonpoint source of pollution which are responsible for 
nutrient enrichment in aquatic environment (Capone and 
Kiene 1988).

Surface water pollution by heavy metals is the main 
concern due to the toxicity and persistent nature as well as 
bioaccumulation effect in the environment (Sin et al. 2001; 
Cook et al. 1990). Heavy metals drain into a river from vari-
ous sources, either natural or anthropogenic (Adaikpoh et al. 
2005; Akoto et al. 2008). Usually in nonpolluted environ-
ments, the level of heavy metals in rivers is insignificant 
and mostly originates from rock and soil weathering (Reza 
and Singh 2010). The main anthropogenic sources of heavy 
metal in rivers are raw wastewater from industries, mining 
activities, sewage, and agrochemicals from agricultural 
fields (Macklin et al. 2006; Martin 2000; Nouri et al. 2008; 
Reza and Singh 2010).

Awash River, one of the major rivers in Ethiopia which 
originate from the central highland area crosses differ-
ent extended agricultural farms as well as various indus-
tries which receives large effluents from different sources 
(Tesfamariam 1989). In the country, all of the prevailing 
industries and main town with in the upper watershed have 
no proper treatment plants resulting in polluting the river 
(MWEE 2010).

Furthermore, the Modjo River, which is susceptible for 
pollution due to discharging of wastewater from tannery 
industries, is the main tributary of Awash River. In addi-
tion, discharging of wastewater from different industries to 
the Awash River as well as industrial development is of the 
major problem of the country (Girma 2001).

Previously, there has not been any work on spatial and 
seasonal variation in physicochemical parameters and heavy 
metal in Awash River. The aim of this study was therefore to 
evaluate the level of different physicochemical parameters 
and heavy metals in terms of space and season in Awash 
River.

Materials and methods

Study area

The Awash River is the most important river in Ethiopia and 
serves as home to 10.5 million inhabitants. The river rises on 
the high plateau near Ginchi town west of Addis Ababa in 
Ethiopia and flows along the rift valley into the Afar triangle 
and terminates in salty Lake Abbe on the border with Dji-
bouti. The total length of the main course is some 1200 km.

Water sampling

Sampling strategy was designed to cover a wide range of 
physiochemical parameters and heavy metals at sampling 
sites in Awash River. Water sampling was carried out on 
seasonal basis, namely during dry season (March–May, 
2015) and rainy season (June–August, 2015). A total of 48 
water samples were collected from eight sampling stations 
(24 samples during rainy season and 24 during dry season). 
Sampling, preservation, and transportation of the water sam-
ples to the laboratory were as per standard method (APHA 
1998) (Fig. 1).

Analysis of water samples

The samples were analyzed for 19 parameters, namely 
water temperature (WT), pH, electrical conductivity 
(EC), turbidity, nitrate nitrogen (NO3-N), nitrite nitrogen 
(NO2-N), ammonia nitrogen (NH4-N), total nitrogen (TN), 
total phosphorus (TP), dissolved oxygen (DO), biological 
oxygen demand (BOD), chemical oxygen demand (COD), 
iron (Fe), zinc (Zn), copper (Cu), lead (Pb), chromium (Cr), 
Cadmium (Cd), and nickel (Ni). pH was measured on the 
sampling sites by pH meter model 370. WT and EC were 
also determined in the field using conductivity meter model 
CON 2700. All other parameters were determined in the 
laboratory following standard protocols (APHA 1995). TN 
(persulfate digestion method), NO3-N (cadmium reduction 
method), NO2-N (diazotization method), NH3-N (Nessler 
method), TP (persulfate digestion followed by ascorbic acid 
method), COD (dichromate reactor digestion method) were 
analyzed by HACH DR/2400, whereas Fe, Zn, Cu, Pb, Cr, 
Cd, and Ni were analyzed using graphite atomic absorption 
spectrometer. Each analysis was performed in triplicate, and 
the mean value was taken. The analytical data quality was 
guaranteed through the implementation of laboratory quality 
assurance and quality control methods, including the use of 
standard operating procedures, calibration with standards, 
analysis of reagent blanks, recovery of known additions, and 
analysis of replicates.

Statistical analysis

Statistical analysis was performed by SPSS version 16.0 to 
calculate average mean, standard deviation, and Pearson’s 
correlation (r) value to show the degree of physicochemical 
and metal association in river water. The ANOVA test (level 
of significance α = 0.05) was employed to understand the 
spatial and seasonal variation in the physico-chemical and 
heavy metal concentrations.
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Result and discussion

Seasonal and spatial variation in physicochemical 
parameters

The concentration of physicochemical parameters in dry 
and wet season of Awash River is shown in Tables 1 and 2. 
During the study period, water temperature in Awash River 
showed some seasonal variation and ranged from 19.1 to 
23.6 °C. As expected, water temperature was the highest 
during dry seasons and the lowest during wet seasons. The 
highest average water temperature values were recorded at 
site 7 during both dry season (23.01 °C) and wet season 
(21.9 °C). The reason might be there has been drinking water 
treatment plant at sampling station 7 so that the wastewater 
which drains from the treatment plant makes the river water 
temperature rise. There is no significant variation in water 
temperature among the sampling sites (p > 0.05), while there 
was a significant difference in seasonal mean concentration 
of water temperature (p < 0.05). 

The mean water temperature value (22.2 °C) in the pre-
sent study was higher than the average value (16.7 °C) in 
Tinishu Akaki River, Ethiopia, reported by Samuel et al. 
(2007), but it was substantially lower than the mean water 
temperature value (25.65 °C) in Upper Awash River, Ethio-
pia (Fasil et al. 2013).

Mean pH values at all sampling stations were slightly 
acidic to alkaline. The pH ranged from 6.08 to 8.47. Site 6 
showed higher pH value (8.45) during the dry season. The 
lowest pH value (6.08) was found at site 7 in dry season. The 
lowest pH might be the sludge from drinking treatment plant 
mainly aluminum sulfate which lowers the pH of the river 
water. The deposition of sediment at Koka reservoir (site 6) 
is responsible for pH elevation. There is a significant vari-
ation in mean pH value among the sampling sites in Awash 
River (p < 0.05), while there was no seasonal significant dif-
ference in mean pH value in Awash River.

The average pH value (7.23) in the present study is lower 
than the mean value (8.44) reported from Guder River, 
Ethiopia (Bizualem 2017), and in Upper Awash River, 

Fig. 1   Map of the study area with water sampling sites
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Ethiopia (8.33) (Fasil et al. 2013), but higher than the mean 
pH (6.54) value of Buriganga River, Bangladesh (Ahmmad 
et al. 2016), Iguedo River, Edo State, Nigeria (5.65) (Ude-
buana et al. 2014).

The turbidity values in Awash River varied from 29.27 to 
159.51 NTU (Tables 1 and 2). The highest mean turbidity 
values (139.61 NTU) were found at site 2 during wet sea-
son because of surface runoff from nearest agricultural land, 
and the lowest average value (36.4 NTU) of turbidity was 
recorded at sampling site 6 during dry season. Higher values 

were recorded during the raining season as compared to the 
dry season. This could be attributed to run off water from 
the agricultural farm which carries suspended materials into 
the river. The soil around Koka area is bare and hence highly 
susceptible to erosion during rainy seasons. Sampling sites 
2, 3, and 4 had higher turbidity levels than the rest of the 
sampling sites.

There is a significant spatial and seasonal variation 
(p < 0.05) in average turbidity value among sampling sites 
(Table 3). The mean turbidity value in Awash River during 

Table 1   Physicochemical water quality parameters at different locations of the Awash River during dry season

Values in brackets are standard deviation

Parameters Sampling Station

S1 S2 S3 S4 S5 S6 S7 S8

WT (°C)
 Mean 21.57 (1.07) 22.48 (0.9) 22.8 (0.83) 22.06 (1.04) 21.81 (1.17) 21.32 (1.06) 23.01 (0.78) 22.5 (1.03)
 Range 20.40–22.50 21.45–23.1 21.86–23.43 20.96–23.03 20.52–22.80 20.19–22.28 22.13–23.60 21.40–23.40

pH
 Mean 7.85 (0.21) 6.69 (0.39) 6.26 (0.11) 6.66 (0.22) 7.85 (0.08) 8.17 (0.24) 6.21 (0.17) 8.06 (0.13)
 Range 7.63–8.04 6.28–7.07 6.17–6.38 6.41–6.82 7.76–7.93 7.99–8.45 6.08–6.41 7.92–8.17

EC (μS/cm)
 Mean 331.83 (38.96) 673.12 (47.4) 612.97 (26.18) 529.11 (31.74) 615.43 (96.54) 316.55 (28.25) 732.58 (10.93) 482.52 (29.83)
 Range 294.27–372.06 626.68–721.43 589.47–641.19 498.21–561.63 504.72–682.14 286.17–342.02 720.94–742.62 449.07–506.38

Turbidity (NTU)
 Mean 40.07 (5.54) 72.67 (10.65) 64.12 (8.13) 56.43 (5.47) 49.19 (4.69) 36.4 (9.57) 54.48 (4.58) 43.27 (4.88)
 Range 34.49–45.57 63.28–84.25 55.82–72.06 50.62–61.49 45.09–54.3 29.27–47.28 50.11–59.25 38.51–48.27

NO3-N (mg l−1)
 Mean 0.8 (0.25) 13.33 (0.96) 27.87 (0.86) 12.5 (0.66) 14.71 (1.14) 2.31 (0.3) 1.86 (0.11) 1.36 (0.13)
 Range 0.51–0.98 12.30–14.20 27.10–28.80 11.80–13.10 13.47–15.71 1.98–2.58 1.74–1.96 1.23–1.49

NO2-N (mg l−1)
 Mean 0.24 (0.08) 0.61 (0.02) 0.90 (0.02) 0.26 (0.03) 0.52 (0.06) 0.21 (0.04) 0.29 (0.06) 0.31 (0.04)
 Range 0.15–0.31 0.59–0.63 0.87–0.92 0.23–0.28 0.46–0.58 0.18–0.25 0.24–0.35 0.27–0.36

NH4-N (mg l−1)
 Mean 0.14 (0.04) 1.01 (0.05) 1.21 (0.04) 1.41 (0.05) 1.33 (0.05) 0.85 (0.09) 0.12 (0.01) 0.19 (0.05)
 Range 0.11–0.19 0.95–1.06 1.18–1.26 1.36–1.47 1.29–1.38 0.75–0.92 0.11–0.13 0.14–0.24

TN (mg l−1)
 Mean 2.28 (0.35) 39.63 (2.1) 83.43 (1.02) 79.40 (0.9) 50.23 (2.15) 8.22 (1.64) 2.90 (0.51) 3.57 (1.24)
 Range 2.01–2.68 37.60–41.80 82.52–84.53 78.52–80.32 48.62–52.68 6.57–9.86 2.36–3.37 2.27–4.75

TP (mg l−1)
 Mean 0.08 (0.06) 0.17 (0.04) 0.27 (0.04) 0.19 (0.15) 0.09 (0.04) 0.12 (0.07) 0.04 (0.03) 0.11 (0.02)
 Range 0.02–0.15 0.13–0.21 0.25–0.31 0.02–0.29 0.04–0.13 0.05–0.19 0.02–0.07 0.08–0.13

DO (mg l−1)
 Mean 7.47 (0.89) 5.15 (1.27) 4.51 (1.37) 3.62 (0.91) 6.83 (0.51) 7.03 (0.93) 6.29 (1.24) 7.58 (1.25)
 Range 6.48–8.21 4.36–6.62 3.32–6.01 3.02–4.67 6.32–7.34 6.09–7.94 5.17–7.62 6.23–8.71

BOD (mg l−1)
 Mean 16.22 (2.42) 41.35 (3.34) 59.23 (0.94) 80.32 (3.64) 38.52 (0.88) 27.13 (4.81) 17.53 (3.25) 19.62 (1.82)
 Range 13.69–18.51 37.62–44.07 58.26–60.14 76.29–83.37 37.58–39.33 22.31–31.93 13.85–20.01 17.74–21.37

COD (mg l−1)
 Mean 27.33 (4.45) 72.63 (10.41) 147.98 (2.77) 112.3 (1.32) 53.24 (1.72) 40.5 (3.39) 125.0 (1.11) 35.55 (1.09)
 Range 22.85–31.76 61.37–81.89 144.95–150.38 110.86–113.45 51.40–54.82 36.73–43.29 123.77–125.94 34.61–36.75
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rainy season (121.06 NTU) was substantially higher than 
the value of turbidity (57 NTU) in Walgamo River, Ethiopia 
(Dessalew et al. 2017), in Gudbahi River, Eastern Tigray, 
Ethiopia (9.6 NTU) (Mehari 2013). 

The NO3-N concentration varied from 0.28 to 
28.8 mg l−1. The highest mean concentration (27.87 mg l−1) 
of NO3-N was found at site 3 during dry season because of 
intensive agricultural activities near to this site and animal 
manure waste near the river. The lowest average concentra-
tion (0.48 mg l−1) of NO3-N was found at sampling site 1 

during wet season. A significant variation in nitrate in the 
spatial trend was observed (p < 0.05). Nitrate is the most 
oxidized form of nitrogen found in aquatic environment, 
and during rainy season, considerable amount of nitrate 
washed from the agricultural farm and reached to water body 
through runoff.

The mean concentration of NO3-N (9.34 mg l−1) in Awash 
River was higher than the average value (3.74 mg l−1) from 
Jajrood River, Iran (Razmkhah et al. 2010), from Vishwami-
tri River, India (0.06 mg l−1) (Magadum et al. 2017), from 

Table 2   Physicochemical water quality parameters at different locations of the Awash River during wet season

Values in brackets are standard deviation

Parameters Sampling Station

S1 S2 S3 S4 S5 S6 S7 S8

WT (°C)
 Mean 21.23 (1.17) 21 (0.72) 21.6 (1.06) 20.8 (1.18) 20.6 (1.08) 20.7 (1.44) 21.9 (0.66) 21.4 (0.6)
 Range 19.9–22.1 20.2–21.6 20.40–22.40 19.50–21.80 19.40–21.50 19.10–21.90 21.30–22.60 20.80–22.00

pH
 Mean 8.13 (0.20) 6.55 (0.18) 6.71 (0.1) 6.64 (0.06) 7.55 (0.33) 7.73 (0.26) 6.27 (0.19) 8.0 (0.2)
 Range 7.92–8.31 6.39–6.74 6.61–6.81 6.60–6.71 7.30–7.92 7.51–8.02 6.14–6.48 7.79–8.19

EC (μS/cm)
 Mean 285.5 (22.37) 589.6 (19.78) 521.73 (25.15) 476.47 (12.69) 279.97 (18.45) 294.53 (20.19) 648.27 (13.25) 577.6 (17.71)
 Range 265.4–309.6 572.8–611.4 496.8–547.10 462.6–487.5 261.7–298.6 279.6–317.5 634.8–661.3 563–597.3

Turbidity (NTU)
 Mean 122.8 (12.31) 139.61 (21.02) 138.26 (16.56) 137.37 (20.04) 124.64 (14.91) 95.08 (6.85) 105.83 (16.07) 104.89 (14.97)
 Range 110.67–135.28 117.62–159.51 121.28–154.36 115.38–154.60 110.80–140.42 89.17–102.59 94.72–124.26 92.07–121.35

NO3-N (mg l−1)
 Mean 0.48 (0.2) 8.9 (1.61) 13.78 (1.77) 6.35 (1.21) 4.73 (0.56) 2.73 (0.43) 1.18 (0.22) 0.74 (0.12)
 Range 0.28–0.68 7.14–10.3 12.17–15.68 5.11–7.53 4.10–5.17 2.25–3.07 0.98–1.42 0.63–0.86

NO2-N (mg l−1)
 Mean 0.11 (0.03) 0.35 (0.07) 0.43 (0.06) 0.19 (0.02) 0.31 (0.03) 0.14 (0.05) 0.15 (0.04) 0.07 (0.01)
 Range 0.08–0.15 0.28–0.42 0.37–0.49 0.17–0.2 0.29–0.34 0.09–0.18 0.11–0.2 0.06–0.07

NH4-N (mg l−1)
 Mean 0.05 (0.03) 0.16 (0.02) 0.18 (0.06) 0.11 (0.03) 0.13 (0.02) 0.14 (0.05) 0.29 (0.06) 0.09 (0.02)
 Range 0.03–0.08 0.15–0.19 0.13–0.24 0.09–0.14 0.11–0.16 0.23–0.26 0.24–0.35 0.07–0.08

TN (mg l−1)
 Mean 1.22 (0.42) 11.66 (2.65) 17.06 (1.52) 13.43 (0.66) 9.1 (1.49) 17.75 (1.9) 2.61 (0.54) 11.0 (2.98)
 Range 0.82–1.65 9.17–14.45 15.32–18.16 12.86–14.15 7.39–10.15 16.14–19.85 2.01–3.07 8.25–14.16

TP (mg l−1)
 Mean 0.05 (0.03) 0.08 (0.05) 0.15 (0.08) 0.18 (0.11) 0.17 (0.08) 0.09 (0.06) 0.07 (0.05) 0.08 (0.04)
 Range 0.03–0.08 0.04–0.13 0.06–0.23 0.07–0.28 0.09–0.25 0.04–0.15 0.03–0.12 0.05–0.13

DO (mg l−1)
 Mean 10.82 (2.46) 4.60 (1.46) 4.25 (1.02) 5.12 (1.22) 6.24 (2.55) 6.41 (1.19) 7.27 (1.98) 8.62 (1.71)
 Range 8.69–13.51 3.24–6.15 3.27–5.31 4.07–6.45 4.48–9.16 5.39–7.72 5.81–9.53 7.13–10.49

BOD (mg l−1)
 Mean 11.13 (1.92) 14.43 (2.89) 34.09 (1.2) 38.32 (1.5) 17.49 (0.81) 12.81 (1.79) 16.63 (1.65) 13.24 (1.97)
 Range 9.14–12.98 11.33–17.04 32.84–35.23 36.62–39.47 16.92–18.41 11.47–14.85 15.19–18.44 11.16–15.08

COD (mg l−1)
 Mean 19.08 (2.79) 48.9 (8.39) 94.1 (7.94) 67.12 (3.79) 29.81 (2.66) 23.38 (4.84) 110.02 (1.71) 21.0 (2.12)
 Range 16.13–21.68 41.97–58.23 88.4–103.2 62.85–70.09 27.14–32.47 18.49–28.16 108.93–112 19.43–23.42
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Sinos River, Brazil (0.3 mg l−1) (Steffens et al. 2015), but 
substantially lower than the average NO3-N concentration 
(26.93 mg l−1) from Chambal River, Rajasthan, India (Gupta 
et  al. 2011), from Mahanadi River, India (36.2 mg  l−1) 
(Rout et al. 2016), from Ogun River, Nigeria (35.18 mg l−1) 
(Onozeyi 2013).

The NO2-N concentration varied from 0.06 to 
0.92 mg l−1. The highest mean value (0.90 mg l−1) of NO2-N 
was reported at sampling site 3 during dry season, while the 
lowest mean concentration (0.07 mg l−1) was observed at 
sampling site 8 during wet season.

The mean value (0.42 mg l−1) of NO2-N concentration 
in the present study was higher than the average value 
(0.06 mg l−1) in Tigris River, Turkey (Varol et al. 2011), and 
also Elala River, Tigray, Ethiopia (0.11 mg l−1) (Ftsum et al. 
2015), while it is considerably lower than the average value 
(1.07 mg l−1) in Awash River, Ethiopia (Amare et al. 2017).

The measured NH4-N values vary between 0.11 and 
1.47 mg l−1 in dry season and between 0.03 and 0.35 mg l−1 
in wet season. Site 4 showed higher average values 
(1.41 mg l−1) during dry season while the lowest NH4

+ mean 
value (0.05 mg l−1) was found at site 1 in wet season. There 
is a significant spatial and seasonal variation (p < 0.05) in 
mean NH4-N values in Awash River (Table 3). NH4-N is 
a water-soluble gas that exists at low levels (0.1 mg l−1) in 
natural waters. NH4

+ comes from the nitrogen-containing 
organic material and gas exchange between the water and the 
atmosphere (Chapman and Kimstach 1996). It also derives 
from the biodegradation of waste and from domestic, agri-
cultural, and industrial wastes.

The mean value (0.78 mg l−1) of NH4-N in Awash River 
was higher than the average value (0.07 mg l−1) from Upper 

Awash River, Ethiopia (Fasil et al. 2013), Tigris River, Iraq 
(0.11 mg l−1) (Kadhem 2013).

The TN ranged from 0.82 to 84.53 mg l−1 (Tables 1 and 
2). The highest mean values (83.43 mg l−1) of TN have been 
noted at sampling site 3 in dry season, and the lowest aver-
age concentration (1.22 mg l−1) was found at site 1 during 
wet season. There is a significant variation in mean TN val-
ues among sampling stations (p < 0.05); however, there was 
no seasonal significant difference in average TN concentra-
tion in Awash River.

The mean concentration (33.71 mg l−1) of TN in the pre-
sent study was very similar to the average TN (35.21 mg l−1) 
in Walleme River, Ethiopia (Minuta and Jini 2017), but sig-
nificantly higher than the mean TN value (2.06 mg l−1) in 
Tigris River, Turkey (varol et al. 2011), from Xin’anjing 
River, China (1.55 mg l−1) (Li et al. 2014).

The concentration of TP varied from 0.02 to 0.31 mg l−1 
in dry season and between 0.03 and 0.28 mg l−1 in wet sea-
son. Site 3 showed higher mean values (0.27 mg l−1) during 
dry season while the lowest average TP value (0.04 mg l−1) 
was found at site 7 in dry season. There was no a significant 
spatial and seasonal variation (p > 0.05) in average TP values 
in Awash River (Table 3).

The DO values varied from 3.02 to 13.51 mg l−1. The DO 
was higher in wet season than in dry season at almost all 
sites. The low DO values in dry months were possibly due to 
considerable activities of microorganisms, which consumed 
appreciable amount of oxygen as a result of metabolizing 
activities and decay of organic matter. The highest mean 
values (10.82 51 mg l−1) of DO were observed at site 1 dur-
ing wet season. The lowest concentration (3.62 mg l−1) of 
DO was found at site 4 during dry season, which receives 
agricultural runoff and animal manure wastes near the river. 

Table 3   ANOVA relation of physicochemical parameters at different sampling location and different season

NS not statistically significant, SS statistically significant
*p < 0.05

Parameters Dry season Wet season ANOVA

Mean (mg l−1) Range SD Mean (mg l−1) Range SD Spatial Seasonal

WT 22.2 21.32–23.01 0.6 21.15 20.6–21.9 0.46 NS SS*
pH 7.23 6.21–8.17 0.84 7.2 6.27–8.13 0.73 SS* NS
EC 536.76 316.55–732.58 152.33 459.21 279.97–648.27 151.37 SS* NS*
Turbidity 52.08 36.4–72.67 12.36 121.06 95.08–139.61 17.28 SS* SS*
NO3-N 9.34 0.8–27.87 9.56 4.86 0.48–13.78 4.66 SS* NS
NO2-N 0.42 0.21–0.9 0.24 0.22 0.07–0.43 0.13 SS* NS
NH4-N 0.78 0.12–1.41 0.55 0.14 0.05–0.29 0.07 SS* SS*
TN 33.71 2.28–83.43 34.56 10.48 1.2–17.75 6.05 SS* NS
TP 0.13 0.04–0.27 0.07 0.11 0.06–0.18 0.05 NS NS
DO 6.25 4.51–7.58 1.18 6.48 3.62–10.82 2.41 SS* NS
BOD 37.49 16.22–80.32 22.68 19.77 11.13–38.32 10.41 SS* NS
COD 76.82 27.33–147.98 45.81 51.68 19.08–110.02 35.32 SS* NS
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Dissolved oxygen is probably the most important parameter 
in natural surface water systems for determining the health 
of aquatic ecosystems (Yang et al. 2007).

The average value (6.48 mg l−1) of DO in Awash River 
was very similar to the mean DO value (6.62 mg l−1) from 
Blue Nile River, Ethiopia (Abrehet et al. 2015), but con-
siderably higher than the mean DO value (1 mg l−1) from 
Modjo River, Ethiopia (Abrha et al. 2015), from Mahanadi 
River, India (4.58 mg l−1) (Rout et al. 2016), from Ngong 
River, Kenya (4.35 mg l−1) (Mobegi et al. 2016).

The concentration of BOD varied from 13.69 to 
83.37  mg  l−1 in dry season and between 9.14 and 
39.47 mg l−1 in wet season. Site 4 showed higher average 
values (80.32 mg l−1) of BOD during dry season while 
the lowest average BOD value (11.13 mg l−1) was found 
at site 1 in wet season (Tables 1 and 2). There was a sig-
nificant spatial variation (p < 0.05) in average BOD values 
in Awash River, whereas there was no significant seasonal 
variation (p > 0.05) in mean BOD values among the sam-
pling sites (Table 3).

Based on the result of the present study, average BOD 
value (37.49 mg  l−1) was significantly higher than the 
mean value of BOD (24.23  mg  l−1) from Nyabugogo 
catchment, Rwanda (Nhapi et al. 2011), Gudbahri River, 
Eastern Tigray, Ethiopia (3.88 mg l−1) (Mehari 2013), 
Rapti River, India (34.33 mg l−1) (Chaurasia and Tiwari 
2011), but lower than the mean value (38.10 mg l−1) of 
BOD from Nile River, Egypt (Elewa 2010).

COD in Awash River var ied from 16.13 to 
150.38  mg  l−1. The highest average COD values 
(147.98 mg l−1) were found at site 3 during dry season 
because of different agrochemicals’ discharge to the river 
through runoff. The lowest mean value (19.08 mg l−1) of 
COD was recorded at sampling site 1 during wet season. 
The average COD values were indicated a significant 
spatial variation (p < 0.05) among the sampling sites, but 

there was no seasonal variation in mean COD values in 
Awash River (Table 3). High values of COD indicate water 
pollution, which is associated with wastewater discharged 
from industry or agricultural practices (Bellos and Sawidis 
2005).

The mean value (76.82 mg l−1) of COD in Awash River 
was substantially lower than the average concentration 
(651 mg l−1) of COD from Modjo River, Ethiopia (Abrha 
et al. 2015), from Buniganga River, Bangladesh (Ahmmad 
et al. 2016).

The covariance matrix of the 12 analyzed variables was 
calculated from normalized data; consequently, it coincided 
with the correlation matrix (Tables 4 and 5). Because the 
eight sampling stations were combined to determine the cor-
relation matrix, the correlation coefficients should be inter-
preted; however, they are affected simultaneously by spatial 
and seasonal variation.

There is a strong and positive correlation between (pH 
and EC, r = 0.805), (WT and BOD, r = 0.774), (NO3-N and 
NO2-N, r = 0.901), (NO3-N and TN, r = 0.906), (NO3-N and 
TP, 0.830), (NH4-N and TN, r = 0.876), (NH4-N and COD, 
r = 0.848), (TN and TP, r = 0.819), (TN and COD, r = 0.941). 
A significant negative correlation exists between (WT and 
turbidity, r = −0.812), (WT and DO r = −0.927), (TN and 
BOD, r = −0.854) during dry season (Table 4).

Strong and positive correlations exist between (WT and 
BOD, r = 0.704), (turbidity and NO3-N, r = 0.749), (turbid-
ity and NO2-N, r = 0.722), (NO3-N and NO2-N, r = 0.921), 
(NO3-N and BOD, 0.832), (TP and COD, r = 0.789). A 
significant negative correlation exists between (WT and 
NH4-N, r = −0.769) during wet season. The positive cor-
relation probably indicated that these pollutants came from 
the same sources that are from agricultural runoff and animal 
manure.

Table 4   Correlation matrix of the physicochemical parameters during dry season

Bold values indicate the correlation is significant at the 0.05 level

pH WT EC Turbidity NO3-N NO2-N NH4-N TN TP BOD COD DO

pH 1
WT − 0.7517 1
EC 0.805307 − 0.75172 1
Turbidity 0.649723 − 0.81201 0.783435 1
NO3-N 0.311429 − 0.52466 0.453181 0.687205 1
NO2-N 0.472314 − 0.4814 0.525567 0.7097 0.900706 1
NH4-N − 0.1578 − 0.21762 0.205599 0.44498 0.76949 0.488327 1
TN 0.178033 − 0.51307 0.358213 0.615293 0.906192 0.645128 0.875985 1
TP 0.205074 − 0.42186 0.108145 0.569795 0.829653 0.698926 0.664038 0.818915 1
BOD − 0.35475 0.773919 − 0.4493 − 0.75 − 0.69888 − 0.44552 − 0.68268 − 0.85397 − 0.7486 1
COD 0.085421 − 0.48257 0.233119 0.536053 0.728213 0.391149 0.848397 0.941056 0.779804 0.91321 1
DO 0.694409 − 0.92761 0.666149 0.665023 0.63082 0.518756 0.342735 0.630267 0.52033 − 0.7819 0.581778 1
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Seasonal and spatial variation in heavy metals

Concentrations of heavy metals in water from each sampling 
site are given in Tables 6 and 7. The highest mean concen-
tration of Fe during dry season was at site 5 at, 2.73 mg l−1, 
with values ranging from 1.85 to 3.87 mg l−1 while the 
lowest mean concentration of it was measured at site 1 at 
1.11 mg l−1, with values ranging from 0.49 to 1.64 mg l−1. 
There is a fluctuation in the spatial variations during wet 
season with minimum average concentration of 1.82 mg l−1 
at site 1 with the highest mean concentration of 4.12 mg l−1 
occurring at station 5. There were no significant differences 
(p < 0.05) in Fe concentrations among the sampling sites. 
Nevertheless, the seasonal trends in the distribution of Fe 
showed significant changes (p < 0.05) (Table 8).

The average concentrations of Fe (1.11–4.12 mg l−1) in 
the present study were significantly higher than the level of 
Fe in Sosiani River reported in Kenya (0.011–2.897 ppm) 
(Amadi 2013), but substantially lower than the mean Fe con-
centrations (12.6–15.51 mg l−1) in Mara River, Tanzania 
(Kihampa and Wenaty 2013).

The highest mean concentration of Zinc during dry sea-
son was measured at site 5 at, 1.56 mg l−1, with values rang-
ing from 0.47 to 2.95 mg l−1 while the lowest mean concen-
tration of Zinc was measured at site 1 at 0.74 mg l−1, with 
values ranging from 0.35 to 1.46 mg l−1. There is a varia-
tion in Zinc concentration during wet season with the lowest 
mean value of 0.46 mg l−1 at site 8 with maximum average 
concentration of 0.91 mg l−1 at sampling station 5 (Table 7). 
There was a significant seasonal variation (p < 0.05) in Zn 
concentrations. On the other hand, there was no significant 
difference in zinc concentration among the sampling station 
(Table 8).

The present study showed that the average Zn level 
(0.46–1.56 mg l−1) measured in Awash River was higher 
than the River Nile from Egypt (0.12–0.69 ppm) (Osman 
and Kloas 2010), but lower than the Zn concentrations 
(0.96–2.14 mg  l−1) from Kampani River, Plateau State, 
Nigeria (Lawal et al. 2014). Zinc is an indispensible trace 
element not only for human, but also for all organisms. It is a 
component of proteins as well as greater number of enzymes 
(Plum et al. 2010). High concentration of zinc leads phyto-
toxicity, reproduction problem, and brain disorder (USEPA 
1999).

The average concentration of Cu during dry season 
ranged from 0.82 to 1.69 mg l−1: The highest concentration 
of Cu during dry season was recorded at site 4 while the 
lowest average concentration of Cu was measured at site 
8. The mean concentration of Cu during wet season ranged 
from 0.44 to 1.01 mg l−1: The highest concentration of Cu 
during dry season was recorded at site 4 while the lowest 
average concentration of Cu was measured at site 8. The sea-
sonal trend of Cu showed significant variations (p < 0.05). Ta
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However, the overall spatial variations showed no significant 
changes (Table 8).

The present study revealed that the mean Cu level 
(0.44–1.69 mg l−1) in Awash River was higher than the level 
reported in Dzindi River (0.03–0.05 mg l−1), from Limpopo 
Province, South Africa (Edokpayi et al. 2016), but lower 
than the mean Cu concentrations (2.99–4.90 mg l−1) in dam 
water from Nairobi, Kenya (Ndeda and Manohar 2014).

The average concentrations of Pb were slightly vari-
able between sampling points. The value of Pb ranged 
0.41–1.36  mg  l−1 during dry season. The highest 

concentration of Pb during dry season was detected at site 
5 while the lowest mean concentration of Pb was recorded 
at site 8. The mean concentration of Pb during wet season 
ranged from 0.31 to 0.83 mg l−1: The highest concentration 
of Pb during wet season was recorded at site 5, whereas the 
lowest average concentration of Pb was measured at site 8. 
The seasonal and the spatial mean concentration levels of Pb 
were not significantly different (p > 0.05) (Table 8).

The mean concentration of Pb (0.31–1.36 mg l−1) in river 
water of the present study was found higher than the values 
(0.05–0.67 ppm) reported by Mutembei et al. (2014) in Naka 

Table 6   Mean concentration of 
heavy metals during dry season

Sites Values Metal Concentrations (mg l−1)

Fe Zn Cu Pb Cr Cd Ni

Site-1 Mean 1.11 ± 0.58 0.74 ± 0.62 0.92 ± 0.62 0.56 ± 0.17 0.36 ± 0.12 0.07 ± 0.02 0.05 ± 0.01
Range 0.49–1.64 0.35–1.46 0.29–1.52 0.38–0.71 0.26–0.49 0.05–0.09 0.03–0.06

Site-2 Mean 2.17 ± 0.8 1.12 ± 0.78 1.22 ± 0.83 0.70 ± 0.21 0.52 ± 0.2 0.09 ± 0.36 0.08 ± 0.01
Range 1.42–3.01 0.42–1.96 0.41–2.07 0.52–0.93 0.32–0.71 0.06–0.13 0.06–0.09

Site-3 Mean 2.34 ± 0.92 1.42 ± 1.21 0.88 ± 0.47 0.84 ± 0.43 0.56 ± 0.09 0.13 ± 0.05 0.11 ± 0.04
Range 1.63–3.38 0.37–2.74 0.35–1.27 0.58–1.34 0.46–0.63 0.09–0.18 0.07–0.15

Site-4 Mean 2.6 ± 1.0 1.22 ± 1.10 1.69 ± 0.96 0.77 ± 0.61 0.99 ± 0.31 0.18 ± 0.07 0.14 ± 0.06
Range 1.7–3.68 0.23–2.41 0.73–2.65 0.33–1.46 0.65–1.25 0.11–0.25 0.08–0.19

Site-5 Mean 2.73 ± 1.03 1.56 ± 1.27 1.63 ± 1.19 1.36 ± 1.20 1.16 ± 0.35 0.22 ± 0.07 0.12 ± 0.03
Range 1.85–3.87 0.47–2.95 0.49–2.86 0.58–0.75 0.77–1.43 0.16–0.3 0.09–0.14

Site-6 Mean 2.64 ± 0.98 1.31 ± 1.23 1.42 ± 0.92 1.00 ± 0.71 1.02 ± 0.42 0.24 ± 0.05 0.2 ± 0.05
Range 1.8–3.71 0.21–2.64 0.52–2.36 0.55–1.81 0.55–1.35 0.18–0.29 0.16–0.25

Site-7 Mean 2.41 ± 1.02 0.95 ± 0.59 1.07 ± 0.77 0.92 ± 0.47 0.83 ± 0.46 0.09 ± 0.04 0.06 ± 0.01
Range 1.57–3.54 0.42–1.59 0.46–1.93 0.47–0.68 0.38–1.30 0.05–0.13 0.05–0.07

Site-8 Mean 1.34 ± 0.66 0.77 ± 0.65 0.82 ± 0.52 0.41 ± 0.12 0.56 ± 0.26 0.05 ± 0.02 0.03 ± 0.02
Range 0.73–2.04 0.27–1.5 0.43–1.41 0.29–0.53 0.29–0.82 0.04–0.07 0.02–0.05

Table 7   Mean concentration of 
heavy metals during wet season

Sites Values Metal Concentrations (mg l−1)

Fe Zn Cu Pb Cr Cd Ni

Site-1 Mean 1.82 ± 1.02 0.48 ± 0.37 0.68 ± 0.46 0.43 ± 0.2 0.30 ± 0.12 0.04 ± 0.01 0.03 ± 0.02
Range 1.03–2.97 0.24–0.91 0.18–1.10 0.21–0.59 0.18–0.42 0.03–0.05 0.01–0.05

Site-2 Mean 3.33 ± 1.38 0.64 ± 0.37 0.82 ± 0.68 0.51 ± 0.21 0.42 ± 0.16 0.05 ± 0.02 0.04 ± 0.03
Range 2.11–4.82 0.31–1.04 0.25–1.58 0.30–0.72 0.27–0.59 0.04–0.07 0.02–0.07

Site-3 Mean 3.49 ± 2.04 0.72 ± 0.59 0.47 ± 0.49 0.61 ± 0.29 0.47 ± 0.14 0.06 ± 0.02 0.05 ± 0.03
Range 1.64–5.67 0.28–1.39 0.11–1.03 0.44–0.95 0.35–0.62 0.04–0.08 0.01–0.08

Site-4 Mean 4.02 ± 2.29 0.62 ± 0.56 1.01 ± 0.90 0.72 ± 0.4 0.78 ± 0.18 0.08 ± 0.03 0.07 ± 0.03
Range 2.18–6.59 0.27–1.27 0.32–2.02 0.47–1.18 0.58–0.92 0.05–0.11 0.03–0.09

Site-5 Mean 4.12 ± 2.40 0.91 ± 0.74 0.88 ± 0.86 0.83 ± 0.46 0.93 ± 0.27 0.11 ± 0.06 0.04 ± 0.03
Range 2.21–6.81 0.31 – 1.74 0.27–1.86 0.5–1.35 0.63–1.15 0.07–0.18 0.02 – 0.11

Site-6 Mean 3.95 ± 2.37 0.73 ± 0.69 0.75 ± 0.75 0.54 ± 0.19 0.98 ± 0.43 0.09 ± 0.04 0.09 ± 0.04
Range 2.07–6.62 0.25–1.53 0.27–1.50 0.43–0.76 0.48–1.28 0.06–0.14 0.05–0.13

Site-7 Mean 3.43 ± 1.7 0.57 ± 0.5 0.6 ± 0.44 0.81 ± 0.42 0.68 ± 0.3 0.04 ± 0.01 0.04 ± 0.01
Range 1.99–5.31 0.24–1.15 0.22–1.09 0.53–1.29 0.36–0.95 0.03–0.06 0.03–0.05

Site-8 Mean 2.75 ± 0.89 0.46 ± 0.31 0.44 ± 0.35 0.31 ± 0.11 0.47 ± 0.23 0.03 ± 0.02 0.02 ± 0.01
Range 1.86–3.64 0.26–0.81 0.13–0.82 0.2–0.42 0.21–0.64 0.01–0.05 0.01–0.03
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River, Kenya. Lead is a nonessential and toxic metal which 
is usually associated with various diseases like memory 
lapses, anemia, anorexia, constipation. High concentrations 
of lead are known to cause death or permanent damage to 
the central nervous system, the brain, and kidneys when 
absorbed in humans (Jennings et al. 1996).

The mean concentration of Cr ranged 0.36–1.16 mg l−1 
during dry season. The highest concentration of Cr during 
dry season was measured at site 5, and the lowest average 
concentration of Cr was recorded at sampling site 1. The 
mean concentration of Cr during wet season ranged from 
0.30 to 0.98 mg l−1. The highest concentration of Cr during 
wet season was measured at site 6, and the lowest average 
concentration of Cr was recorded at sampling site 1.

The mean concentration of Cr (0.30–1.16 mg l−1) in river 
water recorded during the present study was substantially 
lower than the average Cr concentration (1.49–3.16 mg l−1) 
in Niger River, Nigeria (Olatunji and Osibanjo 2012).

The highest mean concentration of cadmium during dry 
season was measured at site 6 at, 0.24 mg l−1, with val-
ues ranging from 0.18 to 0.29 mg  l−1, while the lowest 
mean concentration of cadmium was measured at site 8 at 
0.05 mg l−1, with values ranging from 0.04 to 0.07 mg l−1. 
There is a variation in cadmium concentration during wet 
season with the lowest value of 0.03 mg l−1 at site 8 with 
maximum concentration of 0.11 mg l−1 at sampling station 
5 (Table 7).

The mean concentration of Cd (0.03–0.24 mg l−1) in the 
present study was substantially higher than the level reported 
in Sosiani River (0.003–0.05 ppm) from Kenya (Amadi 
2013) and Thohoyandou, South Africa (1.6–3.3 µg  l−1) 
(Okonkwo and Mothiba 2005), but lower than the average 
Cd concentrations (3.76–5.12 mg l−1) in dam water from 
Nairobi, Kenya (Ndeda and Manohar 2014).

The highest mean concentration of Nickel during dry 
season was measured at site 6 at, 0.2 mg  l−1, with val-
ues ranging from 0.16 to 0.25 mg l−1, whereas the lowest 
average concentration of Nickel was measured at site 8 at 
0.03 mg l−1, with values ranging from 0.02 to 0.05 mg l−1. 

There is a difference in average nickel concentration during 
wet season with the lowest value 0.02 mg l−1 at site 8 with 
maximum mean value of 0.09 mg l−1 at sampling station 6.

The average concentrations of Ni (0.02–0.2 mg l−1) in 
Awash River were significantly lower than the level of Ni 
(1.2–2.11 mg l−1) in dam water from Nairobi, Kenya (Ndeda 
and Manohar 2014).

The results showed that the mean concentrations of met-
als ranked (high to low): Fe > Cr > Cu > Zn > Pb > Cd > Ni 
during dry season, whereas the concentration of heavy met-
als during wet season was in the following order of decreas-
ing magnitude Fe > Cu > Zn > Pb > Cr > Cd > Ni (Fig. 2). 
The concentration of heavy metals during dry season was 
higher than the wet season except for Fe in which the highest 
concentration was found during wet season. The highest con-
centration of Fe during wet season attributed to high runoff 
during rainy season eroded the soil particles containing iron. 
Whereas the highest concentration of most of the metals 
during dry season is due to more gentle flow of the river 
during the dry season and water volume had reduced during 
the dry season making the dissolved metals to be at higher 
concentration levels in the liquid phase.

Table 8   ANOVA relation 
of heavy metals at different 
sampling location and different 
season

NS not statistical significant, SS statistical significant
*p < 0.05

Elements Dry season Wet season ANOVA

Mean (mg l−1) Range SD Mean (mg l−1) Range SD Spatial Seasonal

Fe 2.17 1.11–2.73 0.61 3.36 1.82–4.12 0.77 NS SS*
Zn 0.64 0.46–0.91 0.15 1.14 0.74–1.56 0.3 NS SS*
Cu 0.7 0.44–1.01 0.20 1.20 0.82–1.69 0.34 NS SS*
Pb 0.59 0.31–0.83 0.18 0.81 0.41–1.36 0.29 NS NS
Cr 0.75 0.36–1.16 0.29 0.63 0.3–0.98 0.25 SS* NS
Cd 0.06 0.03–0.11 0.03 0.13 0.05–0.24 0.07 SS* SS*
Ni 0.05 0.02–0.09 0.02 0.10 0.03–0.2 0.07 SS* SS*
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Fig. 2   Heavy metal concentration during dry and wet season
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Matrices of correlation coefficient between the metal lev-
els in the water are presented in Tables 9 and 10 for the dry 
and wet seasons, respectively. Strong and positive correla-
tions exist between (Fe/Zn, r = 0.804), (Fe/Pb, r = 0.803), 
(Fe/Cr, r = 0.824), (Fe/Cd, r = 0.775), (Fe/Ni, r = 0.825), 
(Zn/Cr, r = 0.705), (Zn/Cd, r = 0.90), (Zn/Ni, r = 0.741), (Pb/
Cr, r = 0.712), (Cr/Cd, r = 0.849), (Cr/Ni, r = 0.812), (Cd/
Ni, r = 0.882) during dry season (Table 9). Moreover, in wet 
season there is also strong correlation among most of the 
heavy metals.

The results showed significant direct correlation 
between most of the metals at p < 0.05. This may be due to 
the existence of some of these metals in similar oxidation 
state reacting in the same manner to the aqueous environ-
ment or that the metals with high correlation coefficient 
exist together in a mineral and are leached into the aquatic 
system (Asaolu 1998; Aiyesanmi 2006). Furthermore, the 
strong association between most of the metals indicated 
that their common sources might be surface runoff of agro-
chemicals from agricultural fields and also wastewater dis-
charge from the upstream industries.

Conclusion

There is a significant spatial and seasonal variation in most 
of the physicochemical parameters in Awash River. The 
concentration of heavy metals during dry season is higher 
than the wet season except for Fe in which the highest 
concentration was found during wet season. Matrices of 
correlation coefficient indicated significant direct correla-
tion between most of the metals at (p < 0.05) for the dry 
and wet season. Intensive application of inorganic fertiliz-
ers like urea, DAP, and pesticides at Koka and Wonji farm 
site needs to be controlled by concerned bodies since these 
agrochemicals are the source of heavy metal pollution and 
eutrophication in Awash River. Buffer zones should be 
protected in order to control soil and agricultural nutrients 
from entering to Awash River. Moreover, industries at the 
upper stream area should be properly and adequately treat 
the wastewater before discharging to the Modjo as well as 
Awash River and environmental protection agency need 
to regularly monitor and test the wastewater based on the 
standard guidelines.

Acknowledgements  The authors acknowledge the financial and mate-
rial support made by Addis Ababa University, Center for Environmen-
tal Science and Wollega University.

Table 9   Correlation coefficient 
(r) matrix of heavy metals in 
Awash River during dry season

a Correlation is significant at the 0.05 level (two-tailed)
b Correlation is significant at the 0.01 level (two-tailed)

Fe Zn Cu Pb Cr Cd Ni

Fe 1
Zn 0.804a 1
Cu 0.509 0.434 1
Pb 0.8032a 0.639 0.472 1
Cr 0.824a 0.705 0.567 0.712a 1
Cd 0.775a 0.900b 0.688 0.586 0.849b 1
Ni 0.825a 0.741a 0.600 0.518 0.812a 0.881b 1

Table 10   Correlation coefficient 
(r) matrix of heavy metals in 
Awash River during wet season

a Correlation is significant at the 0.05 level (two-tailed)
b Correlation is significant at the 0.01 level (two-tailed)

Fe Zn Cu Pb Cr Cd Ni

Fe 1
Zn 0.832a 1
Cu 0.759a 0.624 1
Pb 0.732a 0.820a 0.651 1
Cr 0.842b 0.652 0.791a 0.776a 1
Cd 0.806a 0.825a 0.809a 0.785a 0.899b 1
Ni 0.752a 0.751a 0.691 0.588 0.780a 0.934b 1
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