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Abstract 

Addis Ababa City’s river ecosystem is under extreme pressure as a result of inappropriate practices of dumping 
domestic and industrial wastes; thus, threatening its ability to maintain basic ecological, social and economic func-
tions. Little Akaki River which drains through Addis Ababa City receives inorganic and organic pollutants from 
various anthropogenic sources. Most of inorganic pollutants such as toxic heavy metals released into the river are 
eventually adsorbed and settle in the sediment. The objective of this study was to evaluate the enrichment levels, 
pollution load and ecological risks of selected heavy metals (Zn, Cr, Cd and Pb) using various indices. The mean 
concentrations of heavy metals in Little Akaki River sediment were: Zn (78.96 ± 0.021–235.2 ± 0.001 mg/kg); Cr 
(2.19 ± 0.014–440.8 ± 0.003 mg/kg); Cd (2.09 ± 0.001–4.16 ± 0.0001 mg/kg) and Pb (30.92 ± 0.018–596.4 ± 0.066 mg/
kg). Enrichment factor values indicated that sediments were moderate to significantly enriched with Zn and Cr; 
moderate to very highly enriched with Pb, and very highly enriched in all sampled sites with Cd. Geo-accumulation 
index and contamination factor values indicated that the sediments were moderate to very highly contaminated with 
toxic Cd and Pb. The decreasing order of pollution load index (PLI) in downstream was: (S9) > (S4) > (S8) > (S3) > (S6) > 
(S10) > (S5) > (S2) > (S7) > (S1). PLI and hierarchical cluster analysis revealed that the highest pollution load occurred in 
the lower course of the river (S9) which may be due to metals inputs from anthropogenic sources. The ecological risk 
(RI = 350.62) suggested that the contaminated Little Akaki River sediment can pose considerable ecological risks of 
pollution. The concentrations of Zn, Cr, Cd and Pb in Little Akaki River sediment surpassed eco-toxicological guideline 
limits of USEPA (threshold effect concentration) and CCME (Interim Sediment Quality Guidelines). Thus, the contami-
nated sediments can pose adverse biological effects on sediment dwelling organisms.
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Background
Heavy metals released from industries, municipal waste 
treatment plant sites, domestic and garages into sur-
rounding surface water bodies impair the quality of water 
and sediment. In surface water, trace metals are carried 
away by water in suspended form and eventually depos-
ited in sediment through the process of precipitation, 

co-precipitation, adsorption and chelation (Rabee et  al. 
2011; Singovszka and Balintova 2016). However, the 
metal retention capacity of sediment is subjected to many 
environmental factors such as natural and anthropogenic 
disturbances of the river water and sediment, change in 
water pH and redox potential (Akan et  al. 2010; Edok-
payi et al. 2016). When a change in environmental factors 
occur, sediment-bound metals are released into overlay-
ing water through the process of dissolution of metals, 
decomposition of organic matters and desorption (Zhu 
et al. 2017), and causing the secondary source pollution 
to river water (Luo et al. 2010; Ren et al. 2015).
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Sediment pollution with heavy metals has become an 
important local, national and global problem that affects 
water quality, aquatic life and results in far-reaching envi-
ronmental and public health problems. This is mainly 
attributed to the properties of heavy metals which 
include: persistence in the environment, bioaccumula-
tion, and bio-magnification along the food chain. Some 
of the trace metals like Cd and Pb are non-essential ele-
ments to plants and animals which can cause various 
health repercussions. Therefore, assessing and determin-
ing the levels of sediment contamination with toxic trace 
metals, ecological risks and eco-toxicological adverse 
effects of heavy metals are necessary for environmental 
monitoring and design of mitigation measures.

Little Akaki River (LAR) drains through Addis Ababa 
City and peri-urban areas where several industries have 
been established, a large number of city populations 
have been residing, and where small scale farmers use 
agrochemicals for vegetable cultivation along the river 
banks. It receives poorly treated and untreated industrial, 
domestic and agricultural wastes (Melaku 2005) that 
carry heavy metals to the river sediment.

Previous studies on Little Akaki River sediments were 
limited to the assessment of the concentrations and dis-
tribution of some selected heavy metals (Gizaw 2018; 
Melaku 2005; Nigussie et al. 2013; Tolla 2006), and their 
distribution and ecological risk in the sediments of Akaki 
catchment areas (Berhanu et  al. 2018). There is, how-
ever, information gap on the levels of Little Akaki River 
sediment contamination and the source of trace metal 
elements. Moreover, no conclusive data exist on the 
potential ecological risks and eco-toxicological implica-
tions of toxic metals accumulation in sediments.

Therefore, the objectives of the study were: (i) to deter-
mine the level of selected heavy metals (Zn, Cr, Cd and 
Pb) in Little Akaki River sediment; (ii) to evaluate sedi-
ment contamination using various quality indices, and 
(iii) to assess the potential ecological and eco-toxicolog-
ical risk of sediment pollution and its implications for 
aquatic life and river ecosystem.

Materials and methods
Description of the study area
The study was conducted on Little Akaki River sedi-
ment which is found in Akaki Catchment, Central Ethi-
opia. The river starts from Geferssa Reservoir which is 
located at foot of Entoto Mountain and drains through 
Addis Ababa City, the capital city of Ethiopia, and finally 
joins Aba-Samuel Reservoir (Fig.  1). The City is located 
at 9° 2′ N and 38° 42′ E. Little Akaki River flows through 
varied altitudes that range from 2464 m above sea level 
(m.a.s.l.) at around Geferssa Reservoir in the north to 
2048 m.a.s.l. at the merge to Aba-Samuel Reservoir in the 

south. The river drains a total catchment area of about 
540  km2 (Nigussie et al. 2013). In the upper catchment, 
the river flows through a deep gorge, on a rocky bed with 
turbulences whereas in the lower catchment, it flows in 
a gentle slope landscape that is surrounded by irrigated 
vegetable farms and grazing lands. There are 2 types of 
soil predominantly found around Little Akaki River: ver-
tisol which is commonly found on top of gentle slope 
lands and fluvisol at bottom of slope lands and on adja-
cent to the Akaki River banks (Itanna et al. 2003).

Little Akaki River is one of the major rivers crossing 
through the city and largely used for socio-economic 
development activities. Urban and peri-urban farmers 
downstream are using this river water laden with pol-
lutants for the cultivation of vegetables around the river 
banks and supply the City with fresh vegetables. More-
over, peri-urban communities and farmers are largely 
dependant on the river water for cattle drinking, wash-
ing, recreational and even for domestic uses as well as 
sand mining during the dry season. Fishing is also under-
taken in the lower parts of the river course and the Aba-
Samuel Reservoir.

Sampling sites and sample collection
Ten sampling sites were selected along Little Akaki River 
based on its accessibility and proximity to point sources 
(industrial and municipal waste discharge points) and 
non-point sources (irrigated farms), permanently iden-
tifiable physical features. Accordingly, the selected 
sampling sites and their locations include: upstream at 
Geferssa Reservoir (S1-control sample); Soramba, just 
after the merge of Burayu and Wingate stream (S2); Kolfe 
bridge (S3); below Kera bridge in proximity to Addis 

Fig.1 Map of the study area
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Ababa City abattoir (S4); below Mekenissa bridge where 
clusters of small scale vegetable farming are found (S5); 
below Gofa bridge (S6); Bihire-Tsige vegetable farm 
area (S7); in proximity to Akaki Kalti industrial area 
(S8); below Gelan Guda Kebele bridge at the middle of 
irrigated farmland (S9); and Aba Samuel Reservoir at 
the merge of Little Akaki River and the reservoir (S10) 
(Fig.  1). The exact geographical location and altitude of 
each sampling site were recorded using GPS (GARMIN, 
GPSMAP62st).

Composite sediment samples were collected from these 
selected sites in April 2018 between 9:00–11:00 AM, dur-
ing the dry season when river flow was minimal follow-
ing the procedures described in USEPA (2001). At each 
sampling site, three grab sediment samples of nearly the 
same amount were randomly collected using a clean plas-
tic scoop (grasp sampling technique) from the depth of 
0–10 cm, starting from most downstream samples along 
the straight section of the river with the least distur-
bance. The grab samples were thoroughly mixed to form 
homogenized composite sediment samples. At each site, 
the physical status of the sediment was noted based on 
OhioEPA (2001). The sediment samples of 1500–2000 gm 
per site were placed in dense polyethylene bags, sealed, 
labeled and immediately transported to the Center for 
Environmental Science laboratory, Addis Ababa Univer-
sity and the sediment samples were kept in the refrigera-
tor at 4 °C until they were further processed.

Determination of pH and particle size composition
Following the procedures described in Mohiuddin et al. 
(2010), the sediment and water were mixed at a ratio 
of 1:2.5, thoroughly stirred for 30  min. and the suspen-
sion was allowed to stay overnight. The sediment sam-
ple pH was measured using pH Meter (model: PHS-3CB 
ACC-Deg-0.01). The particle size compositions of the 
sediments were determined following the procedures 
described in Özkan (2012). The sediment particle size 
distribution was grouped into four texture classes based 
on the sieve result as clay < 0.002  mm; silt = 0.002–
0.063  mm; sand = 0.063–2  mm; and gravel > 2  mm (Hu 
et  al. 2013). Each sieve result was carefully collected 
and weighted using an electronic balance (Model: 
JD210-4 CE). The percent of grain size (%) was com-
puted using the formula described in Uwah et al. (2013), 
which is expressed as % grain size = (Sieve weight/
total weight) × 100. The sediment composition/texture/ 
classes were determined based on the ternary diagram of 
flok’s classification.

Pretreatment and digestion of sediment samples for heavy 
metal analysis
Unwanted materials such as leaves, debris, shells and 
coarse gravels were carefully removed and the sediment 
samples were air-dried at ambient room temperature 
until a constant weight was obtained. The dried sedi-
ment samples were powdered using mortar and pestle 
and sieved using 45 µm sieve. Following the procedures 
described in Sekabira et  al. (2010), 1.25  g of the sub-
sample of sediment was taken from each sample and 
digested with 20 mL aqua regia (3:1 HCl /  HNO3) and 
then, with 5  mL  H2O2 in an open beaker using heat 
plate until the digest reaches near dryness. The beaker 
was rinsed with 10  mL of de-ionized water and the 
samples were further digested with 5  mL HCl to near 
dryness. Finally, the digest was cooled and the beaker 
was rinsed with 50 mL de-ionized water and was trans-
ferred into a small flask. The concentration of heavy 
metals (Cd, Cr, Pb and Zn) in the sediment samples was 
determined using inductively coupled plasma optical 
emission spectrometry (ICP-OES Arcos Spectropho-
tometer, made in Germany).

ICP‑OES operating conditions and calibration 
of the instrument
All the measuring conditions were configured as fol-
lows: plasma power (1400  W), average plasma flow 
rate (6.41  L/min.), pumping speed (30  rpm), nebulizer 
flow (0.73 L/min.), nebulizer pressure (1.96 bar), Argon 
pressure (6.75 bar), and torch positions and measuring 
time adjusted. The calibration and standardization of 
the spectra method were performed according to the 
standard protocols set for the instrument. But, stand-
ardization is undertaken daily: it is a quick procedure 
for correcting measuring intensities so that the correct 
concentrations of the element is obtained using the cal-
ibration curve. Calibration curves were prepared using 
0.06, 0.11, 0.17, 0.56, 1.12, 1.68, 2.24 and 2.80 mg/L of 
Zn; 0.03, 0.06, 0.08, 0.28, 0.56, 0.84,1.12, and 1.40 mg/L 
of Cr, Cd and Pb. Quantifications of the elements were 
recorded at 213.856, 231.604, 267.716 and 220.353 nm, 
which correspond to the most sensitive emission wave-
lengths of Zn, Cd, Cr and Pb, respectively. The sample 
was nebulized and the concentration was calculated 
on the linear graph of the standard concentration and 
the corresponding intensities. The calibration curve 
showed linearity,  R2 of 0.999964 for Cd, 0.999874 for 
Cr, 0.999757 for Pb and 0.999439 for Zn. Thus, there is 
a good correlation between concentration and emission 
intensities of the analyzed elements.
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Assessment of levels of sediment contamination
The levels of Little Akaki River sediment contamina-
tion with heavy metals were assessed using indices such 
as enrichment factor (EF), geo-accumulation  (Igeo), 
contamination factor (CF), pollution load index (PLI), 
potential ecological risks index (PERI) and risk index 
(RI).

Enrichment factor (EF)
The EF is often used to assess natural and anthropogenic 
sources of trace metals and the status of sediment con-
taminations (Zhao et al. 2017). EF was determined using 
the formula described in Issa and Qanba (2016) which is 
expressed as:

where “Cx” stands for concentration of metal in sediment 
sample, and “Fe” concentration of iron in a given sedi-
ment sample. The element “Fe” was taken as a normal-
izing element, because, its abundance in the earth’s crust 
has not been much influenced by anthropogenic activi-
ties (Al Obaidy et al. 2014). For geochemical background 
value, the world average shale values for elements were 
adopted from Turekian and Wedepohl (1961). Accord-
ing to Issa and Qanba(2016), the resulting EF value can 
be categorized into five classes. These are (i) class 1: defi-
ciency to minimal level of enrichment (EF < 2); (ii) class 
2: moderate enrichment (2 ≤ EF < 5); (iii) class 3: sig-
nificant enrichment (5 ≤ EF < 20); (iv) class 4: very high 
enrichment (20 ≤ EF < 40); and (v) class 5: extremely high 
enrichment (EF ≥ 40).

Geo‑accumulation index  (Igeo).
This index was used to evaluate the magnitude of sedi-
ment contamination as described in Rubio et al. (2000). 
Geo-accumulation index was calculated (Banu et al.2013) 
as follows:

where “Cn” represents the concentration of heavy metal 
in sample sediment, “Bn” stands for the world average 
shale value of metal element “n”, while factor 1.5 was 
applied for correction of background matrix attributed to 
lithogenic variations (Ke et al. 2017).

According to Muller (1981), the computed  Igeo 
value can be categorized in to seven classes showing 
level of pollution as follows: class 0: unpolluted  (Igeo 
value ≤ 0); class 1: unpolluted to moderately polluted 
 (Igeo value = 0–1); class 2: moderately polluted  (Igeo 
value = 1–2); class 3: moderately to strongly polluted  (Igeo 
value = 2–3); class 4: strongly polluted  (Igeo value = 3–4); 

(1)Enrichment factor =
(Cx/Fe)samples

(

Cx
Fe

)

backgroundvalue

(2)Igeo = log2[Cn/ 1.5Bn]

class 5: strongly to extremely polluted  (Igeo value = 4–5); 
class 6: extremely polluted  (Igeo value > 6).

Contamination factor (CF)
Contamination factor is commonly used to demonstrate 
the level of contamination of sediment by particular toxic 
metal at a given sample size (Manoj and Padhy 2014). It is 
defined as:

where “Cm sample” stands for metal concentration in 
sample sediment; “Cm background” is the geochemical 
background value of the metal.

According to Hakanson (1980), the CF can be catego-
rized as follows: (i) class 1: low level of sediment contami-
nation (CF value < 1); (ii) calss 2: moderate contamination 
(1 ≤ CF value < 3); (iii) class 3: considerable contamina-
tion ( 3 ≤ CF value < 6); (iv) class 4: very high contamina-
tion (CF value > 6).

Pollution load index (PLI)
Pollution load index is an important index to compare the 
pollution status of different sampling sites downstream 
( Rabee et  al. 2011). The pollution load index of Little 
Akaki River was determined using the formula described 
in Rabee et al. (2011) and Tomilson et al. (1980) which is 
expressed as:

where “CF1,  CF2, CFn”, stands for the contamination fac-
tor of each element, “n” = the number of metals under 
study. According to Tomilson et  al. (1980) sediment is 
considered to be polluted,if PLI value > 1; otherwise, not 
polluted for PLI value < 1.

Potential ecological risk index (PERI) and risk index (RI)
PERI and RI were used to assess an overall potential eco-
logical risk of heavy metals in sediment, pollution status 
and eco-toxicological aspect (Hakanson 1980; Ke et  al. 
2017). To compute PERI and RI, toxicity response factor 
(TRF) value for Pb = 5; Cd = 30; Cr = 2, and Zn = 1 were 
adopted from Banu et al. (2013); Li (2014).

where “Ci” stands for the concentration of metal in sam-
ple sediment, “Co” represents background concentration, 

(3)CF =
Cmsample

Cmbackground

(4)PLI = (CF1xCF2xCF3x xCFn)
1/n

(5)
PERI of themetal element

(

Ei
r

)

= Ti
rx (Ci/Co)

(6)Risk Index (RI) =
∑

i=1

(

E
i

r

)
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“Ti
r” toxicity response factor of single element, “Ei

r” 
potential ecological risk of each metal element under the 
study.

According to Hakanson (1980), the PERI value indi-
cating the severity of the ecological risk of sediment 
pollution can be grouped into five classes. Class 1: low 
pollution risk (PERI value < 40); class 2: moderate risk 
(PERI value between 40–80); class 3: considerable risk 
(PERI value between 80–160); class 4: high risk (PERI 
value between 160–320); and class 5: very high risk of 
pollution (PERI value > 320). Similarly, the computed 
value of RI is categorized into four classes as follows: 
class 1: low risk (RI value < 150); class 2: moderate risk 
(RI value between 150–300); class 3: considerable risk 
(RI value between 300- 600), and class 4: high risk (RI 
value > 600).

Assessment of eco‑toxicological effects
To evaluate toxicological adverse effects of contaminated 
sediments on aquatic life and ecosystem, the concentra-
tion of heavy metals in the sediments were assessed in 
relation to threshold effect concentration (TEC) and 
probable effect level (PEL) concentration of USEPA 
(2002), and interim sediment quality guidelines (ISQG) 
and PEC of Canadian Council of Ministers of the Envi-
ronment (CCME) (2001).

Quality control and quality assurance
To ensure the quality of heavy metals analysis, the sedi-
ment samples were analyzed in triplicate. Blank analyses 
were carried out to check interference from the labora-
tory reagents. Blank and spiked samples were prepared 
to ascertain laboratory performance. The recovery 
rates of the four metals were: 96.25–105.59% for Zn; 
89.38–112.86% for Cr; 97.93–116.43% for Cd, and 99.74–
108.75% for Pb. All of the chemical reagents used for the 
test were of analytical grade (supplied by Loba Chemie-
Laboratory Reagents and Fine Chemicals, Laboratory 
use only) and laboratory-grade Argon gas of 99.996% 
was applied. All the glassware used for the test was thor-
oughly washed, soaked in 10%  HNO3 and rinsing with 
de-ionized water.

Statistical analysis
Descriptive statistical analysis was used to determine 
the concentrations of metals, EF, Igeo, CF, PLI and PERI, 
and the results were presented in tables and graphs using 
Microsoft Excel 2010. Pearson correlation and multivari-
ate (hierarchical cluster analysis (HCA) were applied to 
evaluate sources of metal elements and to group sam-
ple sites that were exhibiting similar pollution pro-
files in downstream. Hierarchical cluster analysis is an 
important statistical tool widely employed to classify 

sample sites located in downstream based on the simi-
larity between data set ( Rizvi et al. 2016); hence, group-
ing sites which have similar data objects into the same 
cluster, whereas dissimilar data set in other clusters. The 
cluster analysis was undertaken using R- software (Ver-
sion 3.3.2). Pearson correlation was determined using 
SPSS software,Version 20.

Results and discussion
PH and particle composition of Little Akaki River sediment
The accumulation of heavy metals in sediment can be 
influenced by sediment pH and particle size composition 
(OhioEPA, 2001). The pH of Little Akaki River sediment 
samples ranged from 6.04 to 8.19 with a mean value of 
7.56 ± 0.70. The lowest pH value (6.04) occurred at the 
sample site (S1) which showed slightly acidic sediment 
which may be due to the decomposition of organic mat-
ters such as grass and plant derived debris and form 
humic-acid (Chatterjee et  al. 2007). The highest value 
of pH (pH = 8.19) was recorded for the sample site (S8) 
indicating slight alkalinity (Fig. 2). This may be attributed 
mainly to the deposition of salt and alkaline materials 
in sediment that is released from point sources such as 
painting, textile, tanneries and alcohol factories (WWAP 
2017) operating in proximity to the river.

The textural compositions of Little Akaki River sedi-
ment were grouped into three categories: clay, sand-
clay-loam and sandy-loam (Table 1; and Fig. 3). The clay 
texture dominated sediment with a certain portion of 
sand and silt was recorded at sample sites: (S1), which 
are located in the upper and (S9) and (S10) in the lower 
parts of the river course. Flat landscape and relatively 
slow river flow conditions in the most upper and lower 
courses of the river might have facilitated the deposition 
of clay particles from the surrounding farmlands.

Sandy-clay-loam textured sediment composition 
detected at sample site (S3); while sandy-loam texture 
sediment composition occurred at sample sites: (S4), 
(S5), (S6) and (S7). These sites were located in the middle 
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course of the river which is typically characterized by 
the rocky river bed, turbulent and fast-moving river 
water with high materials transporting capacity. Thus, 
sand dominated sediment texture exhibits the effects of 
hydrology (Zhao et  al. 2017) and the geological condi-
tion of the sample sites. In these regards, Chatterjee et al. 
(2007) and Rubio et al. (2000) have described that varying 
mixture of sand, silt and clay fractions in the sediment 
is a result of eroding and materials transport capacity of 
river water.

Concentration of heavy metals in Little Akaki River 
sediment
The concentrations of trace metals in Little Akaki 
River sediment samples are presented in Table  2. The 
ranges for concentrations of trace metals elements 
in the sediment samples were: Zn = 78.96–235.2  mg/
kg; Cr = 2.19–440.8  mg/kg; Cd = 2.09–4.16  mg/kg; 
and Pb = 30.92–596.40  mg/kg. The mean concentra-
tion of trace elements varied across different sampling 
sites, reflecting sources and amount of metal inputs. 
The lowest mean concentrations of Zn, Cr, Cd and 

Pb which were recorded at sampling sites S7, S1, S5 
and S3 were 78.96 ± 0.021  mg/L; 2.19 ± 0.014  mg/L, 
2.09 ± 0.001 mg/L, and 30.92 ± 0.018 mg/L, respectively, 
indicating low anthropogenic inputs of those trace met-
als. The highest mean concentration of Zn was recorded 
at the sampling site (S9) which may be attributed to the 
use of agrochemicals, influx wastewater released from 
Kaliti industrial site and municipal waste treatment 
plant. Whereas the highest concentration of Cr occurred 
at (S3) might be due to the discharge of wastewater into 
the river from the nearby Addis Ababa and Dire Tanning 
industries. The highest concentration of Cd recorded at 
(S1) in the sediment may originate from agrochemicals 
(Modaihsh et al, 2004) like fertilizers which the farmers 
used for crop production. A high concentration of Pb 
was detected at the sample site (S4). This site is located in 
“Kera” below Addis Ababa City Abattoir and where irri-
gated vegetable cultivation is practiced. In proximity to 
this sample site, there are many garages, vehicle battery 
repair shops, and fuel filling station which discharge their 
wastes directly into the river without treatment (Itanna 
2002). Vehicle garage wastes that may contain scrubbed 
solders, pigment, paints and cable covers (Melaku 2005) 
as well as unauthorized dumping of old batteries into 
the surrounding environment cloud be possible sources 
for accumulation of Pb in the sediment. In this respect, 
Akan et al. (2010) reported that vehicle batteries, solder, 
pigments, rust inhibitors, vehicle emission are important 
sources of lead.

To evaluate the levels of trace metal accumulation in 
Little Akaki River sediment, a comparison was made with 
that of sediment quality guidelines and world river sedi-
ment average value (Table  2). A comparison made with 
that of sediment quality guidelines provided by USEPA 
SQGs (Giesy and Hoke 1990), the concentration values 
of Zn in eight sampled sites, Cr and Pb in three sampled 

Table 1 Little Akaki River sediment texture class and physical status of the sediment

*Physical status of sediment described based on field observation notes as indicated in OhioEPA (2001). ND No Data (Data not available)

Sample sites Textural class of sediment Physical status of sediment*

S1 Clay Plastic and cohesive; sediment contains un-decomposed leaves and plant debris

S2 ND

S3 Sandy-clay-loam Sandy; muck (black, consist of completely mineralized organic materials)

S4 Sandy-loam Sandy; muck (black, consist of completely mineralized organic materials); has the odor

S5 Sandy-loam Sandy; muck (black, consist of completely mineralized organic materials),

S6 Sandy-loam Sandy; peat (partially decomposed plant materials) sometimes soil warm visible

S7 Sandy-loam Sandy; debris (dead and unconsolidated organic materials, and partially decayed coarse plant 
materials) visible

S8 ND

S9 Clay Muck (black, extremely fine, completely decomposed organic materials); cohesive; has the odor

S10 Clay Muck (black, extremely fine, completely decomposed organic materials); cohesive; has the odor
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sites, fall in the category of moderately polluted. In all 
sampled sites, the concentrations of Cd were below the 
USEPA SQGs category of heavy pollution (< 6). The con-
centration of the heavy metal that exceeded the SQG 
standard has a potential risk for aquatic organisms (Xia 
et al. 2018).

A comparison made with that of the world river sedi-
ment average value indicated in Martin and Meybeck 
(1979) (See Table  2) revealed that concentrations of 
Cr in three sampled sites (S3, S8, and S10) and Pb at 

two sampled sites (S4 and S6) exceeded the world river 
sediment average value. This implies that the sediments 
at these sites were highly enriched which may be due 
to varying amounts of local inputs, sources and other 
environmental factors influencing metal concentra-
tion (Qian et al. 2015). The concentrations of Cd in the 
sediment at all sampling sites surpass the world river 
sediment average value exhibiting an elevated concen-
tration of Cd in Little Akaki River sediment.

Table 2 Mean concentrations and standard deviations of trace metals in LAR sediment

a USEPA SQGs (Giesy and Hoke 1990); bWorld river sediment average value adopted from (Martin and Meybeck 1979)

Sample site code Mean and standard deviation of heavy metals concentrations in sediment (mg/kg)

Zn Cr Cd Pb

S1 82.24 ± 0.013 2.19 ± 0.014 4.160 ± 0.0001 37.44 ± 0.012

S2 150 ± 0.001 30.72 ± 0.001 4.12 ± 0.001 41.48 ± 0.008

S3 167.2 ± 0.001 440.80 ± 0.003 3.04 ± 0.001 30.92 ± 0.018

S4 159.6 ± 0.001 56.6 ± 0.001 2.92 ± 0.001 596.4 ± 0.066

S5 170.49 ± 0.003 52.17 ± 0.002 2.09 ± 0.001 61.15 ± 0.041

S6 92.84 ± 0.024 48.84 ± 0.009 2.60 ± 0.001 372.4 ± 0.011

S7 78.96 ± 0.021 36.6 ± 0.008 2.44 ± 0.001 31.12 ± 0.014

S8 228 ± 0.001 174.8 ± 0.0001 4.04 ± 0.001 46.28 ± 0.009

S9 235.2 ± 0.001 5.92 ± 0.004 3.0 ± 0.001 43.32 ± 0.011

S10 118.64 ± 0.009 246.4 ± 0.001 2.96 ± 0.001 36.24 ± 0.011

Min 78.96 2.19 2.09 30.92

Max 235.2 440.8 4.16 596.4

Range 78.96–235.2 2.19–440.8 2.09–4.16 30.92–596.40

Overall Mean 148.28 109.51 3.14 129.68

USEPA  SQGsa

 Non -polluted
 < 90  < 25 –  < 40

 Moderately polluted 90–200 25–50 – 40–60

 Heavily polluted  > 200  > 50  > 6  > 60

World river sediment average  valueb 303 126 1.4 230.75

Table 3 Average concentration of heavy metals (mg/kg) in Little Akaki River sediment and other rivers

Country Concentrations of heavy metals in Sediment References

Zn Cr Cd Pb

LAR sediment, Ethiopia 148.28 109.51 3.14 129.68 Present study

Awash River sediment, Ethiopia 382.73 120.58 2.60 13.53 Bekele et al. (2018)

Pearl River sediment, China 143.10 78.37 0.46 49.66 Zhao et al. (2017)

Wen-Rui Tang River sediment, China 1362 193 17.7 115 Xia et al. (2018)

Tigris River sediment, Iraq 502.30 101.2 0.8 79.80 Saha and Hossain ( 2010)

Euphrates River sediment, Iraq 48 58.4 1.87 22.56 Salah et al. (2012)

Tigris River Sediment, Baghdad 128.73 164.94 7.38 71.52 Al Obaidy et al. (2014)

Subarnarekha River sediment, India 50.13 – 1.30 16.14 Manoj and Padhy ( 2014)

Mangonbangon River sediment, Philippines 213.71 89.45 – – Decena et al. (2018)

Burigangan River Sediment, Bangladesh 502.26 101.2 0.82 79.4 Saha and Hossian (2011)
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To understand the level of pollution, a comparison was 
also made with other studies in the country and other 
developing countries and presented in Table 3. The over-
all mean concentration for Zn in sediment was almost 
comparable to that of the concentration reported for 
Pearl River in China (Zhao et  al.2017) and Tigris River 
in Iraq (Al Obaidy et al.2014). The concentration of Cr in 
Little Akaki River sediment samples is also comparable 
to that of Burigangan (Bangladesh) and Tigris River sedi-
ments (Saha and Hossian 2011). However, the concentra-
tions of Cd in Little Akaki River sediment samples were 
slightly higher than that of Awash River sediments in 
Ethiopia (Bekele et al. 2018), but by far less than Wen-Rui 
Tang River sediment in China (Xia et al. 2018). The con-
centration of Pb in Little Akaki River sediment samples 
were also higher than the reported concentration values 
for Awash River and Wen-Rui Tang rivers, indicating 
that concentrations of Pb in sediment were influenced by 
anthropogenic sources. In general, the comparison made 
indicated that the concentrations of Cd and Pb in Little 
Akaki River sediments were relatively higher and require 
serious attention.

Enrichment factor (EF)
Enrichment factor is widely applied to quantify the 
abundance of metals in sediments, the levels of enrich-
ment and to distinguish sources of metals, whether they 
are derived from an anthropogenic or natural source (Al 
Obaidy et al. 2014; Kong et al. 2018; Zhao et al. 2017).

The enrichment factor for LAR sediment is presented 
in Table  4. The EF for Zn ranged (1.16–7.09); for Cr 
(0.03–6.84), for Cd (7.13–28.77) and Pb (1.82–30.14). 
According to Issa and Qanba (2016) enrichment clas-
sification, Zn and Cr showed moderate (2 ≤ E F < 5) to 
significantly enrichment (5 ≤ EF < 20) at four sampled 

sites (S3, S8, S10 and S9) and three sampled sites (S8, 
S3 and S10), respectively.

The sediment of Little Akaki River was moderately 
enriched with Pb at five sampling sites (S1, S5, S7, S8, 
and S10); significantly enriched at (S9) and very high 
(20 ≤ EF < 40) enrichment recorded at two sampling 
sites (S4) and (S6). In all sampled sites, Cd showed 
significant to very high enrichment indicating an ele-
vated concentration of Cd in the sediment. The high-
est enrichment value for Zn, Cd and Cr were detected 
in the lower course of Little Akaki River; Zn and Cd 
at the site (S9), and Cr at (S10). Elevated enrichment 
of Cd and Zn might be due to anthropogenic sources 
of inputs from agrochemicals, industrial wastewa-
ters, municipal waste treatment plants, garages, and 
domestic wastes accumulated in and nearby river 
banks. Whereas Cr was generated from tanning indus-
tries situated in Akaki kaliti industrial areas. Painting, 
metal manufacturing and urban surface run-off from 
upstream may also contribute to the enrichment of Cr 
(Bekele et  al. 2018). Agrochemicals such as phosphate 
fertilizer are a source of trace metals such as Cr, Cd, 
Pb and Ni (Modaihsh et al. 2004). The highest enrich-
ment of these trace metals at the lower course of the 
river may also be attributed to clay dominated sediment 
texture. Clay and silt particles have an affinity towards 
heavy metals due to their high specific surface area 
(Rubio et al. 2000; Saha and Hossain 2011).

The highest EF of Pb that detected at the sampling 
site (S4) might be due to anthropogenic inputs from 
garages, vehicle battery maintenance shops and dump-
ing of old batteries (Akele et  al. 2016; Bentum et  al. 
2011; Melaku 2005).

Based on mean EF values, the decreasing order of trace 
metals enrichment in LAR sediment was: Cd (15.44) > Pb 

Table 4 Enrichment factor and geo-accumulation index of Little Akaki River sediment

Sample Site code Enrichment Factor (EF) Geo‑accumulation  (Igeo)

Zn Cr Cd Pb Zn Cr Cd Pb

S1 1.17 0.03 18.84 3.93 − 0.8 − 5.94 3.21 0.93

S2 1.42 0.31 12.36 1.88 0.07 − 2.14 3.2 0.46

S3 2.05 5.70 11.84 1.82 0.23 1.71 2.75 0.04

S4 1.68 0.63 9.76 30.14 0.16 − 1.26 2.69 4.31

S5 1.83 0.80 7.13 3.15 0.26 − 1.37 2.21 1.03

S6 1.40 0.78 12.49 27.05 − 0.62 − 1.47 2.53 3.63

S7 1.16 0.57 11.39 2.20 − 0.86 − 1.88 2.44 0.06

S8 3.03 2.45 17.08 2.96 0.68 0.37 3.17 0.62

S9 7.09 0.19 28.77 6.27 0.72 − 4.51 2.74 0.53

S10 3.12 6.84 24.74 4.58 − 0.35 0.87 2.72 0.28

Mean 2.40 1.83 15.44 8.40 − 0.05 − 1.56 2.77 1.19
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(8.40) > Zn (2.40), Zn > Cr (1.83). Thus, anthropogenic 
enrichment of toxic elements especially Cd and Pb may 
pose an adverse effect on the aquatic environment and 
public health.

Geo‑accumulation Index  (Igeo)
Table  4 shows the mean  Igeo values for Zn (−  0.05), Cr 
(− 1.56), Cd (2.77), and Pb (1.19). According to Muller’s 
(1981) scale, the computed mean  Igeo values for Zn and 
Cr were found to be in class 0  (Igeo value ≤ 0) indicating 
that LAR sediments were not contaminated with these 
two metals. However, the  Igeo value for Pb was found to 
be in class 4  (Igeo value = 3.63) at the sampling site (S6) 
exhibiting that Little Akaki River sediments were strongly 
contaminated. More serious contamination of sediment 
with Pb that fall in class 5 recorded at sample site (S4) 
 (Igeo = 4.31) indicating strong to extreme contamination. 
Similarly, the  Igeo values for Cd were found to be in class 
3  (Igeo value = 2–3) at sampling sites (S3, S4, S5, S6, S7, 
S9 and S10) indicating that the sampled sediments were 
moderate to strongly contaminated. Whereas three sam-
pled sites (S1, S2 and S8) were in class 4  (Igeo value = 3–4) 
exhibiting strong contamination of sediments in these 
sites. Previously, Berhanu et al. (2018) reported that the 
sediments of LAR catchment were moderate to strongly 
contaminated with Cd. The decreasing order of geo-accu-
mulation were: Cd (2.77) > Pb (1.19) > Cr (−  1.56) > Zn 
(-0.05). Hence, both EF and  Igeo results indicated that 
the concentration of Cd in the sediment was elevated in 
comparison to other trace metals due to anthropogenic 
influence.

Contamination factor (CF)
The level of sediment contamination by trace elements 
is often expressed in terms of a contamination factor. 
The contamination factor for Zn ranged (0.83–2.48); 
Cr (0.024–4.9); Cd (6.97–13.87), and Pb (1.55–29.82). 
According to Hakanson (1980) classification of the levels 
of contamination factor, the computed CF values for Zn 
at seven sampling sites (S2, S3, S4, S5, S8, S9 and S10); Cr 
at two sampling sites ( S8 and S10) and Pb at seven sam-
pling sites(S1, S2, S3, S7, S8, S9 and S10) were found to be 
in class 2 exhibiting moderate contamination (1 ≤ CF < 3) 
of sediments with these trace metals. A considerable 
contamination (3 ≤ CF < 6) with Cr was detected at the 
sampling point (S3). This sampling site is located in prox-
imity to tanning industries which release untreated or 
poorly treated tannery wastewaters usually loaded with 
Cr (Mortazavi and Hatami 2018; Alemu et al. 2016; Xia 
et al. 2018) into the river. Similarly, a considerable sedi-
ment contamination (3 ≤ CF < 6) with Pb detected at 
sampling site (S5) and very high contamination (CF > 6) 
at sampling sites (S4) and (S6) (Fig.  4) mainly due to 

anthropogenic inputs of Pb from vehicle battery mainte-
nance shops, garages and fuel filling stations.

In all sampled sites, the CF values for Cd (CF > 6) found 
to be in (class 4) exhibiting a very high (CF > 6) level of 
sediment contamination. Cd can be generated from 
multiple sources of inputs in downstream; these include 
electroplating, batteries, paints and pigments facto-
ries, garages, vehicles washing, domestic and municipal 
wastes (Mortazavi and Hatami 2018), agricultural use of 
phosphorus, zinc and iron fertilizers (Manoj and Padhy 
2014).

In terms of mean CF of trace elements, the decreasing 
order of CF was: Cd (10.56) > Pb (6.37) > Zn (1.44) > Cr 
(1.19). These results indicated that Cd and Pb were the 
main elements that largely contributed to contaminations 
of LAR sediment. Hence, contamination of sediment 
with Cd and Pb which are highly toxic can be harmful to 
aquatic organisms.

Pollution load index (PLI)
The PLI of Little Akaki River sediment was ranged 
between 0.95–4.46 with an average value of 2.79. Accord-
ing to Tomilson et al. (1980) interpretation of the PLI val-
ues except at sample site (S1) which is the control sample 
site (PLI value < 1 exhibiting no pollution); in all other 
sampled sites, the sediments were contaminated (PLI > 1) 
with heavy metals.
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The decreasing order of PLI in downstream was: (S9) 
> (S4) > (S8) > (S3) > (S6) > (S10) > (S5) > (S2) > (S7) > (S1) 
(Fig.  5). This result demonstrated that the lower part of 
LAR, particularly the sample site (S9) was received the 
highest pollution load of heavy metals as compared to 
other sites located in the mid and upper courses of the 
river. Thus, the highest PLI implied high metal inputs 
mainly from the municipal wastewater treatment plant, 
Kaliti industrial site and agro-chemicals from surround-
ing irrigated vegetable farms. Besides, physical land scope 
(gentle flat land), hydrological flow (gently river flows 
conditions) and clay dominated particle size might have 
facilitated the adsorption and deposition of suspended 
metals. Consequently, the highest PLI value reflects that 
the quality of sediments at this sample site was highly 
deteriorated due to high anthropogenic metal inputs (Al 
Obaidy et al. 2014; Likuku et al. 2013; Manoj and Padhy 
2014; Sekabira et al. 2010).

Hierarchical Cluster Analysis (HCA)
The cluster analysis was undertaken after standardiza-
tion of the measured concentrations of heavy metals in 
the sediments using mean transformation as suggested 
in Rencher (2002). The hierarchical cluster analysis 
was undertaken following squared Euclidean distance 
as measures of similarity to group ten sample sites into 
three clusters (Fig. 6). Each cluster is described in terms 
of location, sources, concentrations of heavy metals and 
pollution load (Sojka et al. 2019; Zhao et al. 2012).

Cluster 1
Consists of sample sites (S10), (S6), (S1) and (S7). Sample 
sites (S1) and (S7) closely resembled each other as they 
were mainly subjected to non-point sources of metals 
inputs from agrochemicals as they were surrounded by 
crop and irrigated vegetable farms; hence they had low 
PLI (S1 = 0.95; S7 = 1.44). Similarly, sampling sites (S10) 
and (S6) also closely resembled each other even though 
sampling site (S10) is located in the lower end of LAR, 
while sampling site S6 is located in the mid-course of the 
river These two sampling sites received metal load from 
varied sources of inputs, but, they had similar PLI, S6 
(3.04) and S10 (2.80); hence, they were clustered.

Cluster 2
Encompasses two sample sites: (S8) and (S9) which dis-
play similar features. Both sampling sites are located in 
the lower course of the river. The sampling site (S8) is 
located close to Kaliti industrial site where many indus-
tries are operating, whereas the sampling site (S9) is 
located some distance below the sample site (S8) and 
received influx wastes from kaliti industrial site, Addis 
Ababa city municipal wastewater treatment plant, quarry 
wastes and agrochemicals. As a result, the sampling site 
(S8) had high concentrations of Zn, Cr and Cd while (S9) 
had high Zn and Cd concentrations. Thus, sampling sites 
(S8) and (S9) closely resembled due to their location and 
exposure to high pollution load from industries which 
can be demonstrated by high PLI of (3.47) and (4.46), 
respectively.

Cluster 3
Consists of sample sites (S3), (S5), (S2) and (S4). These 
sampling sites are found in the upper and upper-mid 
courses of the river. Sample site (S2) closely resembles 
(S4) as had comparable  Igeo and CF values for Zn and Cr. 
Similarly, the sampling site (S3) closely resembles sample 
site (S5) as they had comparable geo-accumulation index 
for Zn and Cd. The CF for Zn at the sampling site (S3) 
and S5 were also comparable; hence, closely clustered. In 
general, cluster analysis sites with similar contamination 
levels and sample sites found in proximity to the indus-
trial site were exhibiting high PLI.

Correlation
Pearson correlation analyzed at confidence limits (CL) 
of 95% was run to identify the association and sources of 
trace metals and the result was presented in Table 5.

A strong positive correlation recorded between ele-
ment pairs: Zn—Cd (r = 0.478) indicated that they may 
be originated from common sources such as indus-
tries. But low correlation observed between Zn—Cr 
(r = 0.260), Zn—Pb (r = 0.017), and Cr–Cd (r = 0.053). Fig. 6 Hierarchical cluster analysis of Little Akaki River sediment
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The absence of strong association among trace elements 
suggested that metals didn’t have common sources as 
their inputs are controlled by a combination of different 
factors such as geo-chemicals and their mixed associa-
tions (Ren et  al. 2015). Negative associations between 
Pb and Cr (r = −  0.194); Pb and Cd (r = −  0.133) sug-
gested that these elements deposited in sediments were 
not associated with each other, and they were derived 
from diverse and different sources (Chatterjee et  al. 
2007). Berhanu et  al. (2018) has also reported a nega-
tive correlation between Cr–Cd, and Pb–Cd for the 
sediment of the Akaki River catchment. The concentra-
tions of Zn, Cr and Cd were negatively correlated with 
sediment pH, indicating that the pH may be the main 
factor affecting their distribution in LAR sediments (Ke 
et al. 2017).

Ecological risk assessment
The potential ecological risk index (PERI) and Risk 
index (RI) values of Little Akaki River sediment are 
presented in Table  6. According to Hakanson’s (1980) 
classification, the PERI values for Zn, Cr and Pb were 
categorized in class 1 exhibiting low ecological risk 
 (Ei

r < 40). However, in sample sites (S4) and (S6) the 
PERI values for Pb was found to be in class 3 indicating 
considerable ecological risk  (Ei

r = 80–160) of pollution 
to river water The ecological risk of Cd at seven sam-
pling sites (S3, S4, S5, S6, S7, S9, and S10) found to be 
in class 4 indicating high ecological risk  (Ei

r = 160–320) 
while at three sampling sites (S1, S2 and S8) exhib-
ited very high risk  (Ei

r > 320). High risk of Cd is partly 
explained by higher geo-accumulation and high EF, and 
partly due to its higher toxicity response factor as com-
pared to other elements under study (Ghaleno et  al. 
2015).

The cumulative risk of four trace metals (RI) ranged 
227.24–444.04 with an average value of 350.62. RI val-
ues for all sampling sites were found to be in class 2 
(RI = 150–300) and class3 (RI value = 300–600) exhibit-
ing moderate to considerable risk to the river ecosystem.

A comparison made with other study reports in the 
country and elsewhere showed that the mean RI value 
(350.62) for Little Akaki River sediment is comparable 
to that of the Awash River Basin sediments in Ethiopia 
with a mean RI value (355.54) (Bekele et al. 2018). Simi-
larly, Ke etal. (2017) have reported comparable average RI 
value (358.35) for Liaohe River sediment in China.

Eco‑toxicological effects assessment
Threshold effect concentration (TEC), probable effect 
concentration (PEC) and interim sediment quality guide-
lines (ISQGs) were used to assess the toxicological effects 
of sediment pollution on aquatic life. According to Bur-
ton (2002), there are less adverse biological effects when 
the concentrations of metals in sediment are found below 
the TEC value; adverse biological effects can occasionally 
occur when the concentrations equal or exceed the TEC, 
but lower than the PEC value. However, adverse biologi-
cal effects frequently occur if the concentrations of trace 
metals equal or exceed the PEC value (Ke et al. 2017).

As shown in Table  7, the concentrations for Zn, Cr, 
Cd and Pb in sediment surpassed the USEPA (TEC) and 
CCME (ISQGs) guidelines limit values indicating that 
the sediments may occasionally pose adverse biological 
effects on sediment dwelling organisms. Especially, the 
concentrations of Cr and Pb which exceeded PEC limits 
of (CCME), and the concentration of Pb that slightly sur-
passed the CB-PEC guideline limit of USEPA, implying 
that adverse effects to aquatic life frequently happen.

Table 5 Pearson correlation of heavy metals in Little Akaki 
River sediments

: Sig (2-tailed) presented in bracket; (CL = 95%)

pH 1

Zn − 0.005 
(0.988)

1

Cr − 0.013 
(0.972)

0.260 (0.468) 1

Cd − 0.491 
(0.150)

0.478 (0.162) 0.053 (0.885) 1

Pb 0.387 (0.269) 0.017 (0.963) − 0.194 
(0.592)

− 0.133 
(0.715)

1

Table 6 PERI and  RI of  heavy metals in  Little Akaki River 
sediment

Sample site code The potential ecological 
risk factor of single metal 
 (Ei

r)

RI of heavy metals

Zn Cr Cd Pb

S1 0.87 0.05 416 14.36 431.28

S2 1.58 0.68 412 10.45 424.71

S3 1.76 9.80 304 7.73 323.29

S4 1.68 1.26 292 149.10 444.04

S5 1.79 1.16 209 15.29 227.24

S6 0.98 1.09 260 93.10 355.17

S7 0.83 0.81 244 7.78 253.42

S8 2.40 3.88 404 11.57 421.85

S9 2.48 0.13 300 10.83 313.44

S10 1.25 5.48 296 9.06 311.79

Average 1.56 2.43 313.70 32.93 350.62
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The concentrations of Cr at sampling sites (S3, S8 and 
S10) and Pb at (S4 and S6) exceeded CB- PEC and CCME 
( PEC) limit values. Similarly, Cd at sampling sites (S1, 
S2, and S8) surpassed PEC values of CCME. Thus, Cr, Pb 
and Cd may frequently pose adverse biological impacts in 
these identified sample sites.

Conclusions
The study results indicated that Little Akaki River sedi-
ments were highly enriched with Cd and Pb (except for 
two sites) in all sampled sites The enrichment of Zn and 
Cr were detected in a few sample sites. The Geo-accumu-
lation index further confirmed that the quality of sedi-
ment was severely affected by the widespread and higher 
accumulation of Cd and Pb.

Pollution load index and hierarchical cluster analysis 
revealed that lower parts of the river course received the 
higher metal load compared to mid and upper courses 
due to higher metals inputs from Kalti industrial site 
and agrochemicals applied on irrigated vegetable farms. 
Pearson correlation analysis showed that Zn and Cd 
originated from common sources such as industries and 
agrochemicals.

PERI and RI values indicated that Cd and Pb were 
potent elements widely spread downstream and can pose 
a high risk of sediment contamination. Moreover, the 
eco-toxicological assessment results indicated that the 
concentrations of Zn, Cr, Cd and Pb in the sediments 
were exceeded USEPA (TEC) and CCME (ISQGs) guide-
line limits and may occasionally pose adverse effects on 
sediment dwelling aquatic life. The findings from this 
study clearly showed that using contaminated little Akaki 
river for irrigation, fishing, cattle drinking and domestic 
uses can have adverse public health implications. There-
fore, to mitigate the river pollution with heavy metals, 
wastewaters from domestic and industrial sources should 
not be released into the river system without treatment 
and meeting national discharge standards. Local specific 
eco-smart green technologies such as phytoremedia-
tion could also be applied to purify contaminated sites to 

address the current problems and ensure sustainable use 
of resources.
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Table 7 Concentrations of metals in Little Akaki River sediment (mg/kg) and SQGs values

a Consensus based threshold effect concentration (CB-TEC) (USEPA 2002); bConsensus based –probable effect concentration (CB-PEL) of (USEPA 2002); cInterim 
Sediment Quality Guidelines (ISQGs) of (CCME 2001); dProbable effects concentration (PEC) of (CCME 2001)

Metal Overall mean concentration of elements 
in LAR sediment (mg/kg)

USEPA (2002) CCME (2001)

CB‑TECa (mg/kg) CB‑PECb (mg/
kg)

ISQGsc (mg/kg) PECd (mg/kg)

Zn 148.28 121 459 123 315

Cr 109.51 43.4 111 37.3 90

Pb 129.68 35.8 128 35.0 91.3

Cd 3.14 0.99 4.98 0.6 3.5
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