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Abstract: Excess heavy metal concentrations caused by severe anthropogenic activities are among
the major threats of aquatic pollution in developing countries like Ethiopia. So far, there is limited
information regarding concentrations of selected toxic heavy metals in the freshwater bodies of
northern Ethiopian highlands. Therefore, this study aimed to assess the current status and spatial
distributions of heavy metals in water and sediment samples of the Megech River located in the
North Gondar zone of the Amhara region from November 2018 to January 2019. Six different
sampling sites (M1–M6) were identified based on the anthropogenic influence. A total of 30 water and
30 sediment samples were collected along the course of the river. Results revealed that concentrations
of Cu (0.11 to 0.17 mg L−1), Zn (0.11 to 0.16 mg L−1) and Cr (0.03–0.05 mg L−1) in the water were
within international guidelines for domestic use. In the sediment, maximum concentrations of
heavy metals detected at site M2 were within the recommended sediment quality guideline for
aquatic systems. Generally, higher concentrations of heavy metals were observed at sites with
higher anthropogenic activity (M2). Therefore, continuous monitoring and seasonal studies with
representative samples including benthic organisms and macrophytes are needed to quantify the
impact on downstream sections.

Keywords: anthropogenic; aquatic system; concentration; digestion; heavy metals; pollution

1. Introduction

Contamination of aquatic systems with excess concentrations of heavy metals has
received greater attention and has become a major ecological and public health issue across
the globe [1–5]. The adverse effects of low-level exposure together with their nondegradable
nature heighten the toxicity of heavy metals in aquatic environments, especially over
long periods. The consequence is disturbances of the natural ecological balance and the
devastation of flora and fauna [6,7]. As essential macronutrients, ingestion of certain
trace metals such as Cu, Mn, Zn, Fe and Ni at a safe level are important for the normal
physiological functioning of plant and animal life. However, their deficit or excess could
cause several disorders [8,9]. In contrast, other heavy metals including Hg, Pb, Cd and Cr
are detrimental to plant and animal health even when present in minute amounts [1,10–12].

Numerous sources of heavy metal pollution in aquatic systems include weathering
of rocks, volcanic eruptions, point and nonpoint sources of pollutants such as leaching
from urban and agricultural runoff, improper sewage and industrial effluent removal, and
production and use of compounds containing metals are among the main causes [5,10–12].
Anthropogenic sources are believed to deliver enormous quantities of heavy metals into
aquatic systems [4,8,13].
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Open water systems such as rivers and lakes are more vulnerable to heavy metal
contamination caused by anthropogenic activities [14]. In addition to water monitoring,
monitoring of heavy metal pollution in aquatic sediment can easily provide detailed insight
into the long-term state of pollution in the aquatic system and its influence within the
catchment [1,4,5]. Factors including low solubility of metals in water, organic matter and
mineral content of the sediment, as well as adsorption and association of metals with
the sediment highly influence the availability of heavy metals in the water, making the
sediment either a sink or a source [1,4]. For example, heavy metals that bind to clay and
sand particles are more highly available than heavy metals bound to sulfides and iron.
The availability of heavy metals in aquatic systems is also highly influenced by physico-
chemical parameters such as pH and redox potential either through reshuffling of metals
bound to carbonates or mobilizing from sediment to water or vice versa [15].

Ecological risk indices such as geo-accumulation index (Igeo), contamination factor
(CF), pollution load index (PLI) and others are essential to distinguish the natural and
anthropogenic sources of heavy metals and to determine the extent of the ecological risk
by providing a robust and reliable result [16]. The ecological and health-related impacts
of heavy metal pollution are alarming in developing countries including Ethiopia where
aquatic ecosystems receive about 80% of untreated wastewater due to the absence or
inefficiency of treatment plants [5,10,17]. Although Ethiopia is endowed with a huge
amount of water bodies (12 river basins with a mean annual flow of 122 billion metric
cubes and more than 36 lakes), making the country water tower of East Africa, currently
the country is suffering from environmental and water pollution due to high organic matter
input and excess heavy metal concentrations [18–21].

Numerous factors can affect heavy metal concentrations in Ethiopian water bodies.
These include various anthropogenic activities such as land use, urbanization [22,23],
human settlement and industrial activities with poor waste management practices [4,5],
which are associated with rapid population growth [21,24–26]. These factors combined
with environmental and hydrological variations [22,27] can threaten water quality as well
as biodiversity due to their profound effect on excess heavy metal concentrations.

Numerous research findings are available on the assessment of heavy metals from
water and sediments of Ethiopian rift valley lakes and their tributaries [1,4,5,17]. However,
there is no detailed and systematic study on the quantification of heavy metals from
surface water and sediments of the Megech River along its course. Although water quality
monitoring using a conventional approach to qualitative analysis is essential in early
detections of physico-chemical pollutant sources, not a full set of sophisticated equipment
was available for this study [27]. Therefore, the purpose of this study was to determine
the current status and longitudinal spatial variability in concentrations of heavy metals
from surface water and sediment of the Megech River and to provide clear and firsthand
information for researchers, policy makers and government officers in legislation and
implementations of water quality monitoring programs.

2. Materials and Methods
2.1. Description of the Study Area

Megech River is one of the major tributaries of Lake Tana, located in the Northern
highlands of Ethiopia between 12◦43′40” N–37◦23′53” E and 12◦14′ N−37◦18′ E at an
altitude range of 1848 to 2942 m above sea level (m.a.s.l.) (Figure 1). The river is about 80 to
90 km in length and the catchment covers about 513 km2 [22,28]. Annual rainfall of the area
ranged between 896 mm to 1592 mm with monthly maximum and minimum temperature
range of 21 to 27 ◦C and 10 to 13 ◦C, respectively. The area exhibits ‘tropical highland
monsoon’ climatic condition with a single rainy season between June and September [23].
During the rainy season, the Megech River attains an average width of 10–15 m and
average depth of 1.5–2.5 m while flowing through Dembya plain until it drains into Lake
Tana [26,29,30]. Anthropogenic activities in and around the basin include intensive farming,
pastoral activities, urban settlement (with poor and limited habits of wastewater collection
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and treatment), dam construction (which disrupts continuum of water flow) and water
abstraction [23].
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Figure 1. Map of Megech River showing the six sampling sites (M1–M6).

2.2. Sampling Site Selection

Water and surface sediment samples were collected from six different sampling sites
along the course of the river (Figure 1). Sampling sites were identified based on their
closeness to human interference (anthropogenic activity) and pollution potentials of the
area. The first sampling site M1 was located upstream from Gondar city close to Angereb
and can be seen as our reference site because it has the lowest anthropogenic influence. The
second sampling site M2 was next to Gondar city after the city wastewater entered the river,
and the third sampling site M3 was at Tseda town downstream from the irrigation dam
construction works. The fourth and fifth sampling site M4 and M5 were at Sufankera and
Robit area, respectively, where there is intensive agriculture of Dembya wereda. The last
sampling site M6 was at Achera; littoral region of Lake Tana, dominated by the invasive
weed, water hyacinth [30].

2.3. Sample Collection

A total of 30 water samples were collected 5 times every 10 days from 15 November
2018 to 7 January 2019. During sampling, replicate water samples were collected across
the width of the river, 10–20 cm deep from the surface, 30 cm from left and right bank,
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at a distance of 50 cm interval on each sampling site. Replicate water samples were
homogenized in a single container to have one composite sample per site. Composite
water samples were filtered through 0.47 µm glass microfiber filter (GFF) using a 300 mL
vacuum hand filter and collected in pre-cleaned (using 10% H2SO4, rinsed with HNO3 and
distilled water) plastic bottles. The filtered water samples were kept in a cool box until
transportation to Blue Nile research laboratory at Bahir Dar University for analysis. For
sediment heavy metal analysis, a total of 30 fine sediment samples of approximately 500 g
each were collected from six sampling sites with the use of a stainless-steel trowel. Five
replicates were taken from the same sampling site at a distance of 1 m. Large impurities
including plastics, big stones, plant materials, and others were separated [1]. All the
collected sediment samples were immediately wrapped with plastic bags and stored in a
cool box until reaching the laboratory.

2.3.1. Environmental Variables

Physico-chemical parameters of water such as temperature (Temp), pH, dissolved
oxygen (DO), electrical conductivity (EC) and turbidity (Tur) were measured in situ using
multi-meter probe (HQ40d, model 10115, Hach, Vienna, Austria) in triplicate prior to
collecting water and sediment samples.

2.3.2. Sample Digestion and Analysis

For the digestion of water and sediment samples, optimization of the analytical stan-
dards [31] and literature materials [11,32] were used. During the optimization process, the
volume of chemical mixture ratio, the clearness of the solution and time were all considered.

2.4. Heavy Metals from Water

Heavy metals from filtered water samples were analyzed following aqueous sample
digestion procedures where 100 mL of well mixed sample was transferred to a 250 mL
conical flask. The contents were digested by adding 3.0 mL HNO3 (70%) for 1 h at 120 ◦C;
the content was then cooled for 5 min and additional 3 mL HNO3 was added. Digestion
continued for 40 min at 180 ◦C. After 5 min of further cooling, 10 mL 1:1 HCl was added
and digested for 20 min at 240 ◦C. After digestion was completed, the remaining digestate
(approx 20 mL) was cooled. The end volume of the digestate was adjusted to 50 mL
and filtered using 0.45 µm Whatman GFF prior to analysis [31,32]. Concentrations were
analyzed using Graphite Furnace Atomic Absorption Spectrophotometer (GFAAS, model
NOVA300) at Amhara design soil chemistry and water quality laboratory.

2.5. Heavy Metals from Sediment

Digestion of sediment samples was carried out by digesting 1 g of dried and sieved
sediment in a 100 mL Erlenmeyer flask using 6.0 mL of HNO3 and 2 mL HClO4. The
resulting mixture was heated for 105 min at 180 ◦C in a fuming hood. Contents were cooled
for 5 min and 3 mL of H2O2 was added and heated for 10 min at 240 ◦C. The digestate
produced was dissolved in 10 mL of 30% HNO3 and filtered through Whatman filter paper
(pore size 0.45 µm GFF). Finally, heavy metals were analyzed after the end volume of the
remaining digestate was adjusted to 50 mL [31,32]. The analysis was conducted using
GFAAS (model NOVA300).

2.6. Sediment Pollution Indices

The extent of heavy metal pollution in the sediment samples of Megech River was
calculated quantitatively using the geo-accumulation index, contamination factor and
pollution load index [33–36].

Geo-accumulation index was calculated using the following formula [33].

Igeo = log 2
(

Cn
1.5 ∗ Bn

)
.
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where Igeo is geo-accumulation index; Cn is concentration of the element n in the sediment;
Bn is geo-chemical background value which is obtained from reference sites and 1.5 is a
constant used to include possible variations due to lithogenic effect. The geo-accumulation
index consists of 7 grades; Igeo value of <0, practically unpolluted; >0–1, unpolluted to
moderately polluted; >1–2, moderately polluted; >2–3, moderately to strongly polluted;
>3–4 strongly polluted; >4–5 strongly polluted and >5 extremely polluted [33,34].

Contamination factor (CF) was determined using the ratio of concentrations of specific
heavy metals in the sediment of the environment by the background value of that metal.

CF =
[Cm]

[Cb]

where Cm is concentration of the heavy metal and Cb is the background concentration. The
contamination levels may be classified based on their intensities on a scale ranging from
1 to 6 (0 = none, 1 = none to medium, 2 = moderate, 3 = moderately to strong, 4 = strongly
polluted, 5 = strong to very strong, 6 = very strong [35].

Pollution load index (PLI) for the entire sediment sampling sites of Megech River was
determined using the following formula [36].

PLI = n
√
(CF1 + CF2 + · · ·+ CFn)

where CF is contamination factor of each heavy metal and n is number of metals
PLI < 1 (Non-polluted); 1≤ PLI < 2 (Slight polluted); 2≤ PLI < 3 (Moderately polluted);

PLI < 3 (Highly polluted).

2.7. Method Performance and Validation
Instrumental Working Conditions

To assure and control quality of data, instrumental working conditions were ad-
justed to the maximum sensitivity as described by the manufacturer (Table 1). Calibration
curves were plotted using standard solutions (all chemicals are purchased from Sigma-
Aldrich, Vienna, Austria). Blanks were prepared in each digestion procedure by adding
the acids used into the sample to see the level of heavy metals in the acid. Method detec-
tion limits (MDL) were determined by treating optimized selected mixture chemicals of
(HNO3/H2O2/HClO4) with distilled water (instead of sample), and similar methods were
applied as the sample digestion [31]. Finally, method validation of the digestion procedure
was determined through spiking experiment, and the percent of recovery was calculated
after digesting both spiked and nonspiked samples following the same procedure.

Recovery(%) =
(Spiked sample Conc.− Unspiked sample conc.)

Known conc.
× 100

Table 1. Instrumental working conditions of the GFAAS.

Element Wave Length
Temperature (◦C) Ramp
Drying and Payrolysis Slit Width

% of Recovery
MDL

Water Sediment

Fe 248.3 1500/12 s 0.7 94.47 98.1 0.02

Mn 279.5 1600/10 s 0.7 97.14 104.2 0.018

Cu 324.8 900/8 s 0.7 95.85 103.4 0.024

Zn 213.8 1000/5 s 0.7 105.17 93.76 0.024

Cr 357.9 1100/12 s 0.7 92.70 106.2 0.018

Cd 228.8 700/22 s 0.7 97.19 101.4 0.018
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2.8. Data Analysis

Data recorded from both field and laboratory analysis was summarized using de-
scriptive statistics. After the data was checked for normality using Shapiro–Wilk test, both
parametric and nonparametric ANOVA was computed to compare the spatial variation in
the concentrations of heavy metals. Principal component analysis (PCA) was performed to
identify the most important variables to describe the spatial variation between variables
measured at each site. Statistical analysis was done using SPSS (IBM. Version 21.0).

3. Results and Discussion
3.1. Optimization

During optimization, to complete the digestion of water samples, HNO3 (70%) and
HCl (30%) in the ratio of 6:10 with a digestion time of 2.2 h at an average temp of 180 ◦C
were optimal. HNO3 (70%), HClO4 (70%) and H2O2 (30%) in the ratio of 6:2:3 with a
digestion time of 2.0 h at an average temp of 210 ◦C were found optimal for digestion
of sediment samples. These optimal conditions were selected based on the amount of
reagent volume used, minimum digestion time, simplicity and lowest temperature applied
to obtain a clear digestate analyte [37].

Method Performance and Validation

In general, recovery for each heavy metal under investigation from spiking experiment
ranged from 92.7 to 106.2% where a slightly higher MDL than the instrument was observed.
Recovery of the spiking experiment and MDL were used to confirm the validity, precision,
linearity and accuracy of the methods applied for heavy metal analysis from water and
sediment samples [5]. Instrumental calibration was done using five series of working
standards where all the working standards plotted for each metal showed strong coefficient
of R2 = 0.999.

3.2. Physico-Chemical Parameters of Megech River

The overall assessment of physico-chemical water quality parameters (Table 2) showed
significant spatial variations (p < 0.05). Change in physico-chemical parameters of water
such as temp, DO, pH and EC had the potential to influence biogeochemical processes
such as sorption, precipitation and solubility of metals in the water column [1,24,38]. The
mean surface water temperature ranged from 16.9 to 24.9 ◦C with an increasing trend from
M1 to M6 and was within the normal environmental temperature range of 21–27 ◦C in
the area [29]. Similarly, the observed maximum surface water temperature in this study
also falls within the range (25–35 ◦C) for natural inland water bodies in the tropics [39].
Significant spatial variations observed along the course of the river could be ascribed
to canopy cover of vegetation, amount of sunlight, sampling time of the day, substrate
composition and heat exchange with the inflow and atmosphere [40].

Table 2. Physico-chemical water quality parameters of Megech River at different sampling sites
(Mean ± SD; n = 5; Temp = temperature, DO = dissolved oxygen, EC = electrical conductivity,
Tur = turbidity).

Site Temp (◦C) pH DO (mg L−1) EC (µS/cm) Tur (NTU)

M1 16.9 ± 0.36 * 8.4 ± 0.01 9.9 ± 0.12 * 421.8 ± 2.28 * 89.2 ± 4.33 *
M2 19.4 ± 0.72 8.4 ± 0.01 7.8 ± 0.41 658.4 ± 8.65 * 223.2 ± 8.98
M3 22.6 ± 0.18 8.7 ± 0.02 8.3 ± 0.04 431.6 ± 1.95 419.9 ± 3.77 *
M4 23.1 ± 0.15 * 8.6 ± 0.02 7.9 ± 0.16 438.6 ± 1.14 416.0 ± 14.4
M5 21.9 ± 0.42 8.5 ± 0.01 7.7 ± 0.07 462.4 ± 0.55 * 575.0 ± 10.22 *
M6 24.9 ± 0.29 * 8.3 ± 0.07 7.5 ± 0.47 * 148.7 ± 0.35 * 52.7 ± 4.90 *

* p < 0.05.

The observed pH values measured in the water samples were slightly alkaline, ranged
from 8.3 to 8.7, and still fell within the acceptable limits of the following different guide-
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lines for drinking (6.5–9.2), livestock watering and irrigation (6.5–9.0) of inland water
bodies [41–44]. The slightly alkaline nature of Ethiopian inland water bodies had been
reported by Kassa [45], Mengesha et al. [46] and Wondimu [24], who disclosed a pH
of 8.92, 8.2 and 8.4 in littoral area of Lake Tana, Angereb reservoir and Megech River
mouth, respectively. The slightly alkaline pH could be attributed to the highest carbon-
ate and bicarbonate depositions in the region [41,42]. DO in the present study ranged
between 7.5 and 9.9 mg L−1 and was higher than the WHO minimum acceptable limits for
aquatic life and domestic use [43,47,48]. The highest DO value measured at site M1 might
indicate relatively low anthropogenic influence and higher atmospheric diffusion. How-
ever, the slight decline in the downstream could be associated with the possible entry of
oxygen-demanding wastewater from surface runoff and agricultural fields, which promote
microbial decomposition [1,41,49].

The Kruskal–Wallis nonparametric ANOVA showed a significant spatial difference (p < 0.05)
in EC along the river stretch. The maximum EC measured at site M2 (658.4 µS cm−1)
is an indicator for high concentrations of metallic ions or dissolved solids derived from
domestic and industrial effluent of Gondar and Azezo towns that enhance ionization of
most chemical compounds [1,39,45]. It could possibly be associated with excavation and
sand-mining activities, which allow soil particle to dissolve. Conversely, the minimum
EC across Megech River was measured at M6, and it could be attributed to filtration
and absorption of metal ions by water hyacinth and other aquatic macrophytes [50,51].
Maximum EC observed at site M2 was still within the WHO (2011) acceptable limit of
2500 µS cm−1 for natural inland waters. Turbidity, which is the measure of water clarity,
ranged from 52.7 (M6) to 575.0 (M5) NTU along the course of Megech River. The observed
higher turbidity at M5 can be attributed to surface runoff and poor farming practice which
provoke surface soil erosion [24,45]. Similarly, direct untreated effluent discharge into the
river and huge sand-mining activities together with surface runoff due to precipitation
seriously influence turbidity of aquatic systems [39].

3.3. Dissolved Heavy Metals Concentrations in Megech River Water

The mean concentration of all dissolved heavy metals analyzed from water samples of
the Megech River are presented in Table 3. There is no significant upstream–downstream
trend in terms of heavy metal content in water samples of the Megech River, resulting in
varying concentrations among sampling sites. The mean concentrations of heavy metals
from water samples decreased in the order of Fe > Mn > Cu ≈ Zn > Pb >Cr > Cd. Among
the seven heavy metals of concern, Fe and Mn, which may have originated from both
natural and anthropogenic sources, were prevalent in all water samples ranging from
2.5 to 7.6 mg L−1 and 0.86 to 4.3 mg L−1, respectively, and were above the maximum
permissible limit of standards for drinking water (Table 4). In Ethiopian context particularly
in Megech River catchment, urbanization, unbalanced environmental protection together
with rapid population growth resulted in limited availability of clean and sanitated potable
water where the majority of the population depends on using untreated river water for
domestic consumption [25]. Therefore, higher concentration of Fe and Mn in drinking
water can bring bad taste and result in different health-related problems such as fatigue,
joint pain, tremor, gait disorders, psychological problems and heart diseases [39,51]. Apart
from the anthropogenic sources, higher Fe and Mn concentrations could be attributed to the
soil geology of the area. Domestic wastewater contaminated with potassium permanganate
used as a common household disinfectant might also increase Mn concentration [13].

Concentrations of most common metals in the Earth’s crust especially,
Cu (0.11 to 0.17 mg L−1) and Zn (0.11 to 0.16 mg L−1) in the water, did not show sig-
nificant spatial difference (p > 0.05) and remained below the maximum permissible limits of
standards for drinking, irrigation and animal watering [41–43]. This is in contrast with pre-
viously stated severe anthropogenic activities along the course of the river and is probably
associated with low solubility of metals together with the mineral nature of the sediment
which leads to adsorption [52] and the absorption of metals by aquatic macrophytes and
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other riparian vegetation [4,53,54]. In natural waters, Cu and Zn appear during the dissolu-
tion of minerals due to redox condition. Cu and Zn are among the essential trace metals
and have an important role in the proper functioning of body physiology. However, when
consumed in excess, they cause gastrointestinal and cardiac toxicity [52].

Table 3. Concentrations of heavy metals from water (mg L−1) and sediments (mg kg−1) of Megech
River and littoral area of Lake Tana (Mean ± SD; n = 5 for water and sediment; Fe = iron;
Mn = manganese; Cu = copper; Zn = zinc; Cr = chromium; Cd = cadmium; Pb = lead).

Site Fe Mn Cu Zn Cr Cd Pb

Water
M1 4.4 ± 0.10 1.8 ± 0.02 0.15 ± 0.01 0.16 ± 0.03 0.03 ± 0.01 ND 0.04 ± 0.01
M2 7.6 ± 0.05 4.3 ± 0.02 0.11 ± 0.02 0.15 ± 0.03 0.05 ± 0.01 0.04 ± 0.01 0.04 ± 0.01
M3 4.1 ± 0.02 3.4 ± 0.01 0.13 ± 0.03 0.13 ± 0.01 0.04 ± 0.01 0.04 ± 0.01 0.04 ± 0.01
M4 2.5 ± 0.03 3.7 ± 0.01 0.17 ± 0.01 0.13 ± 0.02 ND ND 0.03 ± 0.01
M5 4.4 ± 0.03 2.3 ± 0.01 0.12 ± 0.02 0.11 ± 0.0 0.05 ± 0.02 0.03 ± 0.01 ND
M6 4.5 ± 0.06 0.86 ± 0.02 0.13 ± 0.03 0.11 ± 0.02 ND ND 0.06 ± 0.02

Sediment
M1 390.8 ± 5.03 160.0 ± 2.58 10.24 ± 1.27 4.58 ± 0.55 1.78 ± 0.25 0.78 ± 0.24 1.22 ± 0.26
M2 520.6 ± 3.92 241.8 ± 2.86 12.68 ± 1.09 6.06 ± 0.52 2.56 ± 0.41 1.24 ± 0.11 1.82 ± 0.23 *
M3 330.1 ± 4.44 98.6 ± 2.95 8.02 ± 1.29 3.74 ± 0.49 1.34 ± 0.23 0.68 ± 0.15 1.02 ± 0.19 *
M4 466.6 ± 6.07 198.6 ± 3.52 11.50 ± 1.25 5.38 ± 0.56 2.22 ± 0.26 1.12 ± 0.15 1.66 ± 0.22
M5 458.2 ± 4.78 192.8 ± 3.22 11.38 ± 1.10 5.42 ± 0.56 2.06 ± 0.30 1.06 ± 0.15 1.48 ± 0.29
M6 390.1 ± 5.94 162.0 ± 3.07 9.76 ± 1.49 4.36 ± 0.77 1.82 ± 0.26 0.90 ± 0.16 1.38 ± 0.24

* p < 0.05; ND = Not detected.

Table 4. Range (Mean) of concentrations (mg L−1) of heavy metals in water samples of Megech River
and international standard values (SA—South African standards, ECE-European commission for en-
vironment, WHO-world health organization, USEPA-United States environmental protection agency).

Drinking Water Irrigation Livestock

Metal Current Study WHO USEPA ECE SA. SA. SA.
Cu 0.11–1.17 (0.14) 2 1.3 2 1.0 0.2 5

Zn 0.11–0.16 (0.13) 3 5 5 3 1.0 20

Cr 0.03–0.05 (0.03) 0.05 0.1 0.05 0.05 NA 1.0

Cd 0.03–0.04 (0.02) 0.003 0.005 0.005 0.005 0.01 0.01

Pb 0.03–0.06 (0.04) 0.01 0.015 0.01 0.01 0.2 0.1

Fe 2.5–7.6 (4.58) 0.3 0.3 0.2 NA NA NA

Mn 0.86–4.3 (2.73) 0.4 0.05 0.05 0.05 0.05 0.05

DWAF, 1996; ECE, 1998; USEPA, 2011; WHO, 2011. N.A. = Not available; Value below all standards;

Value above all standards.

The result of the present study disclosed that the presence of Cr and Cd at site M5
and M6, and of Pb at site M5, were not detected in the water sample (Table 4). These
undetected amounts observed in the downstream section could be attributed to dilution
effect by the high volume of water that masks the local concentration [14,54] and because
of the meager solubility of metals due to the formation of complex compounds that bind
with organic matter [1]. Although the downstream section receives a continuous input
of domestic and industrial wastewater effluents, relatively lower concentrations of heavy
metals possibly might be due to absorption by water hyacinth and other riparian aquatic
macrophytes which have a tremendous role in wastewater purification [54]. On the other
hand, there was no appreciable amount of Cd and Pb detected at any of the sampling
sites, but concentrations remained above threshold concentrations for drinking water
when detected (Table 4). Chronic exposure of humans to any concentrations of Cr, Cd
and Pb leads to several health-related disorders. Higher concentrations of Cd and Pb in
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aquatic systems could be found adsorbed onto organic substances including humic and
detritus materials. Therefore, organic rich untreated domestic and industrial wastewaters
coming from the highly populated Megech river catchment could be main sources [52]. In
addition, the observed high concentrations of Cd and Pb could be associated with leachates,
discarded batteries from garages, car washings and sewages [11].

Generally, concentrations of heavy metals found in the present study are lower than
reported values from other Ethiopian inland water bodies [1,4,5,36]. However, concentra-
tions of Fe, Mn, Cd and Pb exceeded permissible limits of different standards [41–43] for
domestic use. Hence, unless immediate management intervention and monitoring takes
place, those metals that surpassed the guideline values could possibly cause health related
problems in the vicinity. Because in the downstream section the water from Megech River
is used for household consumption, animal watering and irrigation purposes, alarming
toxicities associated with low IQ, kidney disorders, high cancer prevalence and teratogenic
impacts might occur soon [8,13,52].

3.4. Heavy Metals Concentrations in the Surface Sediment of Megech River

Distributions of heavy metals in the sediment of Megech River were significantly
higher (p < 0.01) than the heavy metals concentration in the surface water samples of the
same site (Table 3). Concentrations ranged from 330.1 to 520.6 mg kg−1 for Fe, 98.6 to
241.8 mg kg−1 for Mn, 8.02 to 12.68 mg kg−1 for Cu, 3.74 to 6.06 mg kg−1 for Zn, 1.34
to 2.56 mg kg−1 for Cr, 0.68 to 1.24 mg kg−1 for Cd and 1.02 to 1.82 mg kg−1 for Pb. All
the heavy metals analyzed from sediment samples followed the same decreasing order
of abundance Fe > Mn > Cu > Zn > Cr > Pb > Cd from upstream to downstream in all
sampling sites (Figures 2 and 3).

The highest concentrations of all heavy metals, especially Fe and Mn (Figure 3),
analyzed from sediment samples were measured at site M2. This could be ascribed to
geological presence and intensive anthropogenic activity including excavation, metal work
effluents, garages and open burning of municipal solid waste [4,55,56]. Additionally, other
factors including grain size and organic matter content of the sediment also highly affect
heavy metals concentrations [1,57]. For example, higher organic matter content and fine-
grained sediment resulted in higher adsorption of heavy metals than organic poor and
coarse-grained sediments. The statistically significant spatial differences (p < 0.05, Kruskal–
Wallis test) in heavy metal concentrations between site M2 and M3 could be attributed
to factors including hydrological conditions of the river, chemical characteristics of the
element and distance of the metal source and to the site [55].

Concentrations of other toxic heavy metals such as Cu, Zn, Cr, Cd and Pb in the
sediment of Megech River were generally higher than the water and did not show consistent
upstream–downstream trend. This might be due to variation in availability of point
and nonpoint sources of pollutants which is dependent on the association of sediment
compounds and metals [1]. In aquatics systems, sediments act as a ready sink or source
for heavy metals which can easily disclose the historical pollution trend of the system and
the catchment [1,4,15]. In general, lower concentrations of heavy metals were noted in the
present study compared to earlier reports from different inland water bodies of Ethiopia
such as Lake Awassa, Awash and Akaki rivers [1,4,5]. These heavy metals might form
complexes with other organic compounds, making them stable, or heavy metals might
have been transported into the downstream section [55].

The mean geo-accumulation index for the extent of heavy metal contamination in
the sediment samples suggests that Megech River is unpolluted (Igeo < 0) with Cu, Zn and
Cr, whereas Mn and Pb are in the range of unpolluted to moderately polluted (0 < Igeo < 1).
The index suggests that the river is moderately polluted with Fe and Cd (1 < Igeo < 2).
Apart from being abundant in the earth’s crust, geo-accumulations of Fe and Mn in the
sediment of Megech River are influenced by anthropogenic activities. Dumping of sewage
sludge and domestic wastes were the major anthropogenic activities along the course of
the river [36]. Contaminations of the sediment sample in Megech River was detected



Sustainability 2022, 14, 2791 10 of 16

at none to medium (0–1) level for Cu, Zn and Cr; at moderate level (2) for Mn and Pb;
and at moderate to strong contamination (3) for Fe and Cd. The Cf may be sequenced as
Cd > Fe > Pb > Mn > Cu > Cr according to the lithologic background values. Contam-
inations of Cu, Zn, Fe and Mn ascribed with anthropogenic activities such as fertilizers
and pesticides [16]. The overall PLI values from the sediment indicated slight heavy metal
pollution (1 ≤ PLI < 2) at each sampling site along the course of the river with the highest
value observed at M2.
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Figure 2. Mean ± Standard deviations of trace metals in the sediment samples (mg kg−1; n = 5)
collected at the six sampling sites of Megech River (Cu—copper, Zn—zink, Cr—chromium, Pb—lead
and Cd—cadmium).
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Figure 3. Mean ± Standard deviations of trace metals in the sediment samples (mg kg−1; n = 5)
collected at the six sampling sites of Megech River (Fe—iron, Mn—manganese).

In order to describe the current pollution status of the systems and their effects on
organisms, concentrations of heavy metals from the Megech River were compared with
sediment quality guidelines (SQG, mg kg−1) for freshwater systems and other previous
reports from different Ethiopian inland water bodies (Table 5). The result indicated that
heavy metal levels were lower than the threshold effect concentrations (TEC) and the
probable effect concentrations (PEC) [1,4,14]. However, concentrations of heavy metals can
easily become higher than the source through gradual accumulation or magnification [58].
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In developing countries like Ethiopia where untreated industrial effluents are major sources
of pollution to inland waters, continuous and strict measures should be implemented
before the situation worsens and affects biota of the catchment.

Table 5. Mean concentrations of heavy metals from sediment samples of Megech River with SQG
and other literature values from Ethiopian water bodies (mg/kg) ND = Not detected.

Reference Cu Zn Cr Cd Pb

SQG
TEC 32 120 43 0.99 36

PEC 150 460 110 5 130

Present study

Min 8.02 3.74 1.34 0.68 1.02

Max 12.68 6.06 2.56 1.24 1.82

Mean 10.60 4.92 1.96 0.96 1.43

Other studies
(2015–2018)

L.Akaki [1] 59.06 228.53 70.96 ND 238.17

G. Akaki [5] 4.2 21.8 24.5 2.6 137.7

Aba Yohannes [5] 45 10 25 2.6 136.8

Elalla [11] 40.03 387.5 47.2 16.25 1.58

Awash [4] 79.43 382.73 120.58 2.60 13.53

Tendaho [30] 10.35 21.89 2.52 1.03 5.78

L. Awassa [53] 8.69 93.80 8.27 0.21 15.7

3.5. Correlation Matrix

Pearson’s correlation coefficients were calculated to determine the inter-relationships
among heavy metals in the water and sediment samples together with their possible source,
pathway and distribution along the course of the river [3,5]. The correlation matrix of the
heavy metals is presented in Table 6. In the water samples, a significant positive correlation
was observed between Fe vs. Cr (r = 0.55), Fe vs. Cd (r = 0.52), Cd vs. Cr (r = 0.66); significant
negative correlation was found in Fe vs. Cu (r =−0.62) and Fe vs. Mn (r =−0.60). Similarly,
heavy metals from sediment samples indicated strong positive correlation between Fe vs.
Mn (r = 0.94), Fe vs. Zn (r = 0.95), Cr vs. Mn (r = 0.95), Zn vs. Cu (r = 0.93), Pb vs. Cd (r = 0.92) at
significance level of 0.01. This significantly positive correlation indicated that the elements
have the same source of origin which could possibly be from municipal wastes, industrial
effluents, agricultural inputs and geological sources [3,10–12].

Table 6. Correlation matrix of trace metals from water and sediment samples (n = 5).

Fe Mn Cu Zn Cr Cd Pb

Sediment
Fe 1
Mn 0.94 ** 1
Cu 0.91 ** 0.96 ** 1
Zn 0.95 ** 0.94 ** 0.93 ** 1
Cr 0.89 ** 0.95 ** 0.87 ** 0.92 ** 1
Cd 0.92 ** 0.89 ** 0.866 ** 0.92 ** 0.87 ** 1
Pb 0.89 ** 0.91 ** 0.866 ** 0.869 ** 0.87 ** 0.92 * 1

Water
Fe 1
Mn −0.60 ** 1
Cu −0.62 ** 0.28 1
Zn 0.44 * −0.35 −0.03 1
Cr 0.55 ** −0.13 −0.35 0.12 1
Cd 0.51 ** 0.12 −0.37 0.14 0.66 ** 1
Pb 0.08 −0.44 * 0.11 0.05 −0.48 ** −0.32 1

** p = 0.01; * p = 0.05.
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3.6. Principal Component Analysis

To reduce the number of observable variables and to infer the most probable source
of heavy metal contamination which could either be anthropogenic or natural [13,54], a
principal component analysis (PCA) was computed by combining all the physico-chemical
parameters and heavy metals concentrations from both water and sediment samples. The
output of PCA indicated that four principal components explained 85.45% of the total
variance extracted at eigen values > 1. Total variation by each component includes PC1 =
38.85%, PC2 = 23.87%, PC3 = 12.69% and PC4 = 10.04%. Score plot of the combined PC
indicated spatial heterogeneity of water and sediment samples (Figure 4), which could be
highly influenced by several point and nonpoint sources such as geochemical composition
of the drainage basin, land use and land cover of the surrounding and anthropogenic
activities in the vicinity [59–61].

Figure 4. Score plot of PCA for all parameters measured from water samples of Megech River.

In the present study, loading values |>0.5| are considered as most important to the
variation. PCA depicted spatial variability of sites owing to higher values of Mn-s (Mn in
the sediment), Fe-s (Fe in the sediment) and Zn-s (Zn in the sediment) which had higher
loading factors on the first axis. The second component PC2 was mainly explained by some
environmental variables from the water (Mn-w, Tur and pH). Eigenvalues, proportions of
variance, and loadings for the PC are given in Table 7.

Table 7. Contribution (loadings) of variables to the Principal component (only selected variables
are shown).

Variable PC1 PC2

Eigenvalue 7.38 3.73
Variance 38.85 23.87

Cumulative variance 38.85 62.72
pH −0.21 0.82
DO 0.11 −0.79
EC 0.61 0.31
Tur 0.08 0.97
Fe-s 0.95 0.06
Mn-s 0.96 −0.07
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Table 7. Cont.

Variable PC1 PC2

Pb-s 0.89 0.02
Pb-w −0.27 −0.67
Mn-w −0.23 0.91
Cr-s 0.92 −0.04
Fe-w 0.56 −0.38

Bold = parameters with high loadings.

4. Conclusions and Recommendations

External point and nonpoint sources of pollutants, together with anthropogenic ac-
tivities in the watershed, severely impact the natural conditions of the river. Therefore,
industrial and municipal effluents from Gondar and Azezo towns are assumed to be signifi-
cant causes of pollution. Concentrations of many heavy metals assessed from surface water
and sediment samples are below the maximum permissible limits for natural waters as well
as below SQG. However, concentrations of Cd and Pb in the water are above the standard
for drinking water. Hence, future ecological and health problems are expected. Generally,
heavy metal concentrations recorded in the present study are lower than values reported
from other Ethiopian water bodies. To mitigate the pollution problem, community-based
awareness creation on the values of water bodies, integrated watershed management and
continuous monitoring activities are essential to reduce the risk of pollution and its impact
on organisms.
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