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Abstract
To evaluate specific heavy metal contamination and physicochemical 
parameters in water and sediment samples, across sectional laboratory 
investigation was carried out. A flame atomic absorption spectrophotometer 
was used to analyze the heavy metals that were selected from samples 
taken from three purposively chosen sites. Furthermore, measurements 
were made of physicochemical parameters such as pH, total dissolved 
solids, temperature and electric conductivity. In water samples, the overall 
mean levels of heavy metals were: copper 0.96±0.004 mgL-1, cadmium 
(Cd) 0.02±0.003 mgL-1, lead (Pb) 0.007±0.001 mgL-1, and manganese 
0.99±0.001 mgL-1. In sediment samples, the mean concentrations were 
higher: Cu 2.0±0.004 mgkg-1, Cd 0.8±0.001 mgkg-1, Pb 1.7±0.003 mgkg-1,  
and Mn 1.22±0.004 mgkg-1. These results indicate that the seasonal 
concentrations of Cu, Cd, Pb, and Mn in water (mg/L) and sediment (mg/kg)  
samples across three sites, compared to the WHO permissible limits. In water, 
Cu, Cd, and Pb levels remained within safe limits, while Mn concentrations 
were significantly above the WHO threshold, with an overall mean of 0.99 
mg/L. In sediments, Cu and Pb were also within permissible limits, but Cd and 
Mn exceeded WHO standards, indicating contamination. Seasonal variations 
showed generally higher concentrations in the wet season, especially for 
Mn and Pb, likely due to runoff and leaching. The results indicate that Mn 
and Cd are the primary contaminants of concern, emphasizing the need for 
regular monitoring and mitigation strategies to protect environmental and 
human health.
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Introduction
Water is one of the most essential natural resources.1,2 
Despite the fact that water covers roughly 71%  
of the Earth’s surface, seawater make up 97% of it 
and is generally unsuitable for human use.3 Only 3% 
of the world's population depends on fresh water, as 
seen by the worldwide water distribution, because 
seawater is rarely suitable for human use.4 The only 
0.06% of the freshwater that is available is readily 
accessible; the remainder is made up of groundwater, 
rivers, and the frozen polar ice cap or glaciers. In 
the global ecology, lakes and rivers are important 
because they provide drinking water, industrial water, 
shipping water, fish farming water, and irrigation 
water.3 Currently, with the increasing demand for 
water for domestic, industrial, and agricultural 
purposes brought on by population growth, water  
is becoming a scarce resource globally.5 It is 
projected that between 1.4 and 2.1 billion people 
worldwide are under insufficient water resources. 
This state is explained by either a per capita water  
availability of less than 1000 m3 or a long-term 
average annual runoff of greater than 0.4.6 The 
freshwater ecosystems are becoming more and 
more degraded. Human activities add to the 
natural stresses that organisms encounter in their 
surroundings.7 Thus, improving our knowledge of 
freshwater ecology is essential for both its biological 
relevance and efficient freshwater resource 
management, both of which are critical to human 
welfare. Clean water is essential for minimizing 
disease and enhancing a good quality of life. All living  
things on Earth need water to survive, both, water 
life and humans depend on it.8

However, the sanitation of lake and river water 
has polluted as a result of human population 
development and careless water resource use.9 
The health management of water resources are 
further jeopardized by the increased pollution 
burden caused by toxic wastewater and runoff from 
municipal, industrial & agricultural sources.10 Thus, 
knowledge of surface water quality is essential for 
several uses, such as agriculture, industry, and 
drinking.11 Aquatic creatures are seriously threatened 
by pollution in aquatic habitats.12 This contamination 
comes from a variety of sources, especially 
farming operations that release pesticides into 
freshwater bodies.13 The transportation of sewage,  
fertilizers, and pesticides by agricultural runoff 

contributes considerably to the introduction of 
heavy metals in to the aquatic environments and 
sediments.14 Numerous aquatic organisms may be 
impacted by heavy metal pollution, which can also 
negatively impact ecological equilibrium.15 Due to their 
inability to biodegrade and their ability to accumulate 
in the tissues of a wide range of organisms, heavy  
metal contamination has become a significant issue in 
aquatic environments.16,17 The primary health issues  
are the elevated levels of lead, cadmium, copper, 
mercury, arsenic, and selenium in water bodies, which 
are vital for the agriculture of the local population.18  
Cadmium primarily affects the kidney, contributing to 
chronic kidney disease and reduced renal function.19 
Similar to Parkinson’s disease, manganese 
overexposure can damage the brain, leading to 
neurological disorders, particularly in occupational 
settings. While in adults, lead contributes to kidney  
damage and hypertension, harmful to children, 
impairing cognitive development and lowering IQ. 
The copper element, though essential in small 
amounts, can cause gastrointestinal distress  
and, in chronic cases, liver and kidney toxicity,  
especially in genetic disorders. Throughout 
Southeast Asia, particularly in Bangladesh, India, 
and the Bengal region, eating rice and drinking 
water contaminated with heavy metals like arsenic 
has been connected to a range of health issues. 
These issues include cancers of the skin, kidney, 
bladder, and lungs.19 As seen in China, eating foods 
tainted with selenium has been connected to health 
problems such as osteoporosis, brittle nails, and 
hair loss.20 Moreover, elevated nickel and copper 
levels in food and water have been connected to 
liver and renal failures.21 The effective organization 
of water possessions requires an understanding  
of the individual contaminants present in a region, as  
well as the point source of contamination.

Metal pollution is increasing in several Ethiopian 
Rift Valley Lakes, primarily as a consequence of 
increased industrial activity and more intensive 
farming methods.22 Heavy metals are among the 
pollutants that can build up and be biomagnified 
through the food chain under specific environmental 
conditions, possibly reaching dangerous levels 
and harming the environment.23 Therefore, these 
heavy metals were selected for this study because 
of their toxicity, health hazards, and environmental 
persistence. While cadmium and lead are non-
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essential and extremely poisonous, copper and 
manganese are essential trace elements that 
become hazardous in high concentrations.24 These  
metals commonly originated from industrial, 
agricultural, and urban sources, and they can 
accumulate in water and sediments, posing serious 
pressure to water environment and human health 
condition. Their inclusion helps to assess pollution 
levels and ecological risk.25,26 This study offers a 
comprehensive assessment of pollution in Haramaya 
Lake by simultaneously analyzing heavy metals and 
physicochemical parameters in both water and 
sediment. Unlike previous research that focused on 
a single medium, this approach provides a holistic 
understanding of contamination. The findings fill a  
critical research gap, establish baseline data, and 
highlight potential ecological and health risks, 
contributing valuable insights for environmental 
monitoring and sustainable management.

Materials and Methods
Study Area 
The Haramaya area of the east Hararghe Zone in the 
Oromia region in eastern Ethiopia is home to Lake 
Haramaya. The lake lies approximately 505 kilometers 
east of Addis Ababa, 14 kilometers northwest of 
Harar, and 38 kilometers west of Dire Dawa. Geogra- 
phically, it lies between latitudes 9°23'18" & 9°26'48"  
North and longitudes 41°58'30" and 42°05'30" East.  
Climatically, the region is characterized by a two 
modes of rainfall distribution, receiving an average 
yearly precipitation of approximately 751 mm. 
The Woreda boasts 2,424 improved groundwater 
wells, 24,827 traditional wells, and 2,948 ponds. 
These water sources support approximately 21,400 
farm households in achieving food self-sufficiency 
and improving their livelihoods.21 The practices 
underscore the community's reliance on both crop 
cultivation and livestock rearing, supported by 
strategic irrigation efforts to optimize agricultural 
output. The Lake Haramaya watershed is a highly 
cultivated region with minimal arable land left for 
fallow and private grazing.27 The area's topography 
is predominantly undulating and rolling, covering 
approximately 71% of the watershed, while hilly and 
steep lands in the east and northeast account for  
only 8%. The remaining 17% consists of flat land 
situated in the middle and near the catchment.  
The altitude within the watershed varies significantly, 

ranging from 1,480 to 2,343 meters. Due to cultivation  
on sloping lands, soil erosion has become a critical 
environmental issue.28

The slope characteristics indicate that undulating 
and rolling terrain dominates, covering 74% of the 
catchment, with hilly and steep areas making up 
8%, and flat land contributing to 17%. Additionally, 
convex and concave landforms are nearly equal, 
each comprising 47% of the total area, while land  
with a uniform slope represents only 6%. Adminis- 
tratively, Lake Haramaya is situated at the junction 
of five kebeles: Amuma, Kura Jalala, Finkile, Tinike, 
and Tuji Gabisa farmers' associations.28 The lake 
itself covers approximately 47 hectares, while 
1,790 hectares have been identified as priority 
development areas for irrigation. Of this, around 
880 hectares are currently irrigated using traditional 
flood and furrow methods, while an additional 580 
hectares benefit from shallow groundwater and 
well irrigation schemes. Despite the total of 4,636 
households with access to irrigation, only 2,720 
households are directly benefiting from the 1,460 
hectares of irrigable land. This highlights the need 
for improved irrigation infrastructure and equitable 
access to water resources to support the region's 
agricultural productivity and sustainability.29

Equipment and Chemicals
Ceramic pestle and mortar (catalog no. 7722-500, 
500 ml) were used to grind and homogenize dried 
sediment samples. Solid or powder chemicals 
were weighed using a digital analytical balance 
(model BLS ew2001) and dried in a dry heat oven. 
A flame atomic absorption spectrophotometer 
(FAAS) (AAnalyst 400 model) was used to analyze 
the samples after they had been digested, cooled, 
filtered, and diluted with double-distilled water.30 
Borosilicate volumetric flasks were used for dilutions 
and standard preparations. Sample digestion was 
performed using hot plates under a hood, and 
digested samples were stored in a refrigerator 
until further use. Metal standards were prepared 
from nitrate salts of copper, cadmium, lead, and 
manganese, and digestion employed 68% HNO3, 
30% H2O2, and 37% HCl. All materials and reagents 
were used from Haramaya general laboratory and 
chemistry laboratory in the chemistry department of 
Haramaya University, Ethiopia.
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Sample Collection and Analysis
The selection of sampling sites in a lake is guided 
by several key criteria to ensure comprehensive 
and representative data collection. In this study, 
three sampling sites were strategically chosen 
based on geographical distribution, anthropogenic 
influence, and ecological significance. Site one was 
selected near agricultural runoff zones, where the 
likelihood of nutrient and pesticide contamination 
is high due to farming activities. The second site 
was selected based on an urban area influenced 
by domestic wastewater discharge, representing 
potential pollution hotspots. A third site was located 
in the open water, away from the shore, to reflect the 
general and mixed conditions of the lake.

The necessary protocols were followed to ensure 
accuracy and prevent contamination during the 
collection of water and sediment samples for heavy 
metal analysis. Proper collection, preservation, and 
storage are crucial to obtaining reliable data for heavy 
metal contamination assessment.31 The calibration 
curve was created to determine the concentrations 
of copper, lead cadmium, and manganese in the 
experimental samples. To ascertain the levels of 
selected heavy metals in the experimental samples, 
a calibration curve was created. To produce four 
working standards for each metal ion of interest, 
a series of standard solutions were created using 
the stock solutions and diluted with distilled water.

Table 1: Comparing freshwater and sediment heavy metal levels to international standards.32-35

Heavy	 Sample	 Concen	 WHO limit	 FAO limit	 USEPA limit	 Significant
metals	 types	 -tration in 	 (mg/L or	 (mgL-1 or	 (mgL-1 or	 and risk
		  uncontami	 mg/kg)	 mgkg-1)	 mg/kg-1)
		  -nated water

Lead	 Water	 0.01	 0.01	 0.05	 0.015	 Exceeds WHO 
(Pb)						      and USEPA 
						      neurotoxic, affects 
						      kidney and blood 
						      stream
	 Sediment		  35.0	 50 mg/	 35 mg/kg	 Exceeds limit: 
			   mg/kg	 kg (soil)	 (threshold 	 harmful to benthic
					     effect)	 organisms
Cadmium	 Water	 0.03	 0.03	 0.01	 0.005	 Slightly exceeds
(Cd)						      WHO: causes 
						      kidney/liver damage
	 Sediment		  0.6	 1 mg/kg	 0.99 mg/kg	 Exceeds all: high 
						      bioaccumulation 
						      risk 
Copper	 Water	 1.9	 2.0	 0.02-0.5	 1.3	 Exceeds all: 
(Cu)						      gastrointestinal 
						      and liver effects
	 Sediment		  35.7	 35 mg/kg	 31.6 mg/kg	 High levels: toxic 
						      to aquatic life
Manganese	 Water	 0.1	 0.1	 0.2	 0.05	 Above limits: 
(Mn)					     (aesthetic)	 neurotoxic effects 
						      (children)
	 Sediment		  1.1	 -	 -	 Elevated: possible 
						      oxidative stress 
						      in fauna
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Using a (FAAS), four metals in all were examined. 
The instrument's absorption mode was used to 
analyze all four metals (Cu, Cd, Pb, and Mn). The 
measured absorbance data and concentrations 
were used to create the calibration curve for each 
set of standard metal ion solutions. The unknown 
concentration of the samples was determined by 
using the formula from the standard curve.36

Physico-Chemical Analysis
The pH is measured using a pH meter, such as the 
HI5221 Benchtop pH Meter manufactured by Hanna 
Instruments, which accurately detects the hydrogen 
ion concentration in a solution and displays the pH 
value digitally, a thermometer is used to monitor the 
lake water’s temperature. A pH meter is calibrated 

using standard buffer solutions, typically starting 
with pH 7.00, then measuring each sample one by 
one. To avoid contamination of the samples, distilled 
water was used to rinse the electrode in between 
each buffer. Once the meter reading stabilizes in 
each buffer, it is adjusted or confirmed to match the 
known pH value. For greater accuracy, a third buffer 
can be used. Calibrations were done regularly to 
ensure accurate and reliable pH measurements. 
Electrical conductivity was determined with a 
JENWAY 4310 conductivity meter equipped with an 
electrode/ATC probe by applying a voltage between 
the electrodes submerged in 50 mL of the sample; 
the conductivity in µS/cm was then calculated based 
on the voltage drop due to water resistance.

Table 2: The world standard limit of the parameters in drinking water.37-39

Parameter	 Parameters measured in	 Permissible Limit
	 uncontaminated water

Temperature	 26°C	 25-30 °C (desirable); not specified maximum
pH	 6.9	 6.5-8.5
Electrical conductivity (EC)	 0.76 mS/cm or	 500-1500 µS/cm (no fixed WHO limit, varies
	 760 µS/cm	 by region)
Total dissolved solids (TDS)	 700 mg/L	 Desirable: 500 mg/L; Maximum: 2000 mg/L

The filtered water samples were evaporated for two 
hours at 105 °C in a 50 ml beaker that had been 
previously weighed in order to determine the total 
dissolved solids (TDS).  After cooling the beaker for 
one hour, its final weight was recorded to calculate 
the TDS. Turbidity was first removed using Whatman 
filter paper, qualitative 150 mm grade-1, to ensure 
accurate TDS measurements.40

	
(TDS=(B-A)×1000×1000)/V

Where,
TDS = Total dissolved solids (mg/L)
A = Initial weight of the evaporating beaker (g) 
B = Final weight of the evaporating beaker (g) 
V = volume of the sample (ml)

Indicators of Pollution Assessment
The levels of heavy metal in the samples were 
evaluated using a variety of quantitative criteria. 
Among these indices are

Contamination Factor (CF)
Using the contamination factor, the level of heavy 
metal contamination in the sample was evaluated. 
The expression of CF

CF=Cn/Bn 	 ...(1)

Where,
CF= contamination factor
Cn = amount of heavy metals in samples 
Bn = environmental value of heavy metals in their 
natural state

Depends on the contamination factor, the heavy 
metals are classified as41

CF<1 is low
1≤CF<3 is moderate
3≤CF<6 is considerably high
CF≥6 is very high
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Geo-Accumulation Index Igeo) Analysis

Igeo = log2 HMs/(1.5 ×HMc) 	 ...(2)

Where,
HMc = reference the amounts of heavy metal, and 
HMs = heavy metals concentrations in the sample. 

1.5 = constant
Igeo = ≤ 0: no pollution
Igeo = 0-1: moderate pollution
Igeo = 1-2: strong pollution
Igeo = 2-3: high pollution
Igeo = 3-4: very high pollution 
Igeo = 4-5: severe pollution
Igeo = ≤ 5: extreme pollution are the classifications 
utilized for the heavy metals.42,43

Pollution Load Index (PLI) Assessment
The degree of contamination in water and sediment 
samples taken from various sampling locations of the 
lake was evaluated using the pollution load index. 
The expression for PLI is

PLI =√(n&CF1*CF2*CF3*……….CFn) 	 ...(3)

Where,
PLI is the index of pollution load
	 CF is the contamination factor
	 n is the  figure of elements
According to the report of the risk assessment for 
human health and environmental contamination 
states that, pollution is indicated by a PLI > 1, whilst 
no pollution is indicated by a PLI < 1.44

Ecological Risk Index (ERI)
The ecological or environmental risk index (ERI) for 
each metal is obtained by multiplying its toxicological 
response factor (Tr) with the contamination factor 
(CFn).

ERI = CFn x Tr 	 ...(4)

ERI’s classifications for heavy metals were45

ERI>240 is significant environmental elevated risk
ERI 120-240 is high ecological risk
ERI 60-120 is considerably ecological risk
ERI 30-60 is reasonable ecological risk
ERI<30 is low ecological risk

Statistical Data Analysis 	
Leven’s test for equal variances (p<0.05) and the 
statistical package for social sciences (SPSS) 
software version 20 were used to assess the data for 
normality and homogeneity of variance. To compare 
concentration levels across the sites and sampling 
seasons (α = 0.05), ANOVA or analysis of variance 
was performed on the selected research sites using 
data that satisfied the normal assumptions. For data 
that did not satisfy the homogeneity of variance 
and normality criteria, non-parametric tests were 
employed.46

Results 
Physico-Chemical Parameters of Samples
Table 3 provides the mean values and standard 
deviations (±) for four essential physico-chemical 
analysis of the temperature (Temp), pH, electrical 
conductivity (EC), and total dissolved solids (TDS) 
measured at three different sampling sites during 
both the dry and wet seasons, with values compared 
against WHO guide line boundaries for safe fresh 
water.37,38 Water samples during the dry season from 
sites one, two, and three had mean temperatures 
of 24±0.003 oC, 24±0.006 oC, and 24±0.004 oC, 
respectively. Likewise, during the rainy season, the 
average temperature of water samples collected 
from sites one, two, and three was 27±0.003 oC, 
27±0.003 oC, and 27±0.005 oC, respectively. During 
the dry season, all sampling sites recorded a uniform 
temperature of 24 oC, with extremely low variability, 
ranging from ±0.003 to ±0.006, indicating that the 
thermal regime across the study area was stable and 
unaffected by site-specific environmental variations. 

Water samples taken during dry seasons from 
sites one, two, and three had mean pH values of 
7.14±0.004, 7.12±0.005, and 7.15±0.003 (Table 3). 
The same sites had mean pH values of 7.13±0.003, 
7.11±0.003, and 7.13±0.003 throughout the rainy 
season, respectively. It was found that the water 
samples from both the wet and dry seasons had 
rather than alkaline pH values. Table 3 displays a 
small (p<0.05) shift in the pH values of the water 
samples taken throughout both seasons. 

During the dry season, the range of pH values was  
between 7.12 and 7.15, while during the wet season,  
they were between 7.11 and 7.13 (Table 3), suggesting  
that the water remained near neutral and chemically 
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balanced. One of the most significant indicators 
of water quality and contamination levels in the 
selected areas under study is the pH value of aquatic 
systems, and the most crucial markers of pollution 
levels and the quality of water in the regions being 
studied. Uncontaminated water usually has a pH that 
is either slightly alkaline or almost neutral.47 Thus,  

when used for different purposes in the area, the 
lake water in this study does not provide any health 
risks to aquatic creatures or humans (Table 3).  
However, every pH value stayed within the range 
specified by the WHO recommendations, optimal for  
most aquatic organisms, irrigation, and watering cattle. 

Table 3: The standard deviation of the means ± for the physicochemical properties 
of water samples taken throughout both seasons.

Seasons	 Sites	 Temp	 pH	 EC	 TDS

Dry	 site one	 24±0.003	 7.14±0.004	 1.55±0.003	 569±0.003
	 site two	 24±0.006	 7.12±0.005	 1.3±0.006	 541±0.006
	 site three	 24±0.004	 7.15±0.003	 1.44±0.005	 559±0.003
	 MVDS	 24±0.004	 7.14±0.004	 1.43±0.005	 556±0.004
Wet	 site one	 27±0.003	 7.13±0.003	 1.4±0.003	 570±0.006
	 site two	 27±0.003	 7.11±0.003	 1.28±0.003	 543±0.002
	 site three	 27±0.005	 7.13±0.003	 1.36±0.003	 562±0.003
	 MVWS	 25±0.004	 7.13±0.003	 1.35±0.003	 558±0.004
OMVDWS	 25.5±0.004	 7.13±0.003	 1.4±0.004	 557±0.004
Maximum Permissible Limit	 25-30 °C ***	 6.5–8.5***	 500-1500 	 1000***
				    µS/cm ***

TDS = total dissolved solids (mg/L), Temp = temperature (°C), MVDS = mean value of dry season, 
MVWS = mean value of wet season, EC = electrical conductivity (ms/cm), OMVDWS = overall 
mean value of dry and wet seasons, ***Source: WHO (2024) guideline value for drinking water.

The water’s capacity to conduct electricity as results 
of dissolved ions is measured by its electrical 
conductivity (EC), which varied between 1.3 and 
1.55 mS/cm at site two and one, respectively. In each 
season, the three sampling locations had different 
mean EC values. Similarly, the findings showed that 
the electrical conductivity (EC) values for the majority 
of the lake's sampling locations varied significantly 
(p < 0.05).

All results were failing within the acceptable range 
as per WHO, except site one, which was slightly 
exceeded. This can result from natural processes 
such as the dissolution of minerals in rocks and soil,  
human activities like agricultural runoff, industrial 
discharge, and wastewater input. Total dissolved 
solids (TDS) values, presenting overall concentration 
of organic and inorganic substances in the range of 
water from 541 to 569 mgL-1, well below the standard 
line of 1000 mgL-1. These results indicate moderate 
mineral content, safe for human consumption. The 

mean values for the dry season were recorded at 
24±0.004 °C, pH 7.14±0.004, EC 1.43±0.005 mS/
cm, and TDS 556±0.004 mg/L, further confirming 
the general consistency of water quality during the 
dry period. A comparable study found that TDS 
levels in the Huluka River in Ambo ranged from 
351 mgL-1 during the dried out period to 551 mgL-1  
during the wet period. On the other hand, TDS 
levels were higher than the WHO norm.34 This was 
probably brought about by agricultural operations 
like riverbank cutting, riverbed cultivation, fertilizer 
and pesticide use, and riverbank erosion.

Environmental Risk Evaluation
The different contamination assessment indices that 
were developed utilizing the heavy metal content 
of the sample and the estimated CF and ER for 
adults and children are shown in Table 4. Cadmium, 
manganese, copper, and lead had respective CF 
values of 13.8, 3.10, 0.78, and 1.12. Manganese and 
cadmium showed very high contamination factors, 
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but copper and lead showed low contamination 
factors (CF<1) and moderate contamination factors 
(CF<3).

In heavy metal samples' pollution factor increased 
in the following sequence during both wet and dry 
seasons: Cu<Pb<Mn<Cd. While Cu indicates that the 
metals are not a source of pollution to the samples, 
PLI values for Cd, Mn, and Pb are greater than 1, 
indicating a sample that is contaminated with heavy 

metals. Igeo is used to assess the amount of metals 
in contaminated samples.48 In this investigation, the 
Igeo values for Cd, Mn, Cu, and Pb were 0.94, 0.37, 
-0.26, and -0.11 for the wet season, respectively.  
For dry seasons, the Igeo values for Cd, Mn, Pb,  
and Cu were 0.98, 0.37, -0.11, and -0.26, respectively. 
While metals like Cu and Pb were categorized as "no 
contamination," cadmium and manganese showed 
"considerable contamination" in sample, while Igeo 
values increased as Cu<Pb<Mn<Cd.

Table 4: Indicators of pollution assessment in Dry and wet seasons

Seasons	 Heavy metals	 CF	 Igeo	 PLI	 ERI	 EF

Wet	 Cu	 0.78	 -0.26	 0.78	 4	 0.25
	 Cd	 13.8	 0.94	 14.11	 241	 3.68
	 Pb	 1.12	 -0.11	 1.07	 5.6	 0.32
	 Mn	 3.10	 0.37	 2.55	 3.42	 1
Dry	 Cu	 0.82	 -0.26	 0.80	 4.1	 0.24
	 Cd	 14.2	 0.98	 14.12	 244	 3.67
	 Pb	 1.14	 -0.11	 1.09	 5.7	 0.33
	 Mn	 3.50	 0.37	 2.72	 3.50	 1

The degree of human effect on an area's heavy metal 
pollution is of concern to the EF. Metals with EF is 
less than one in this study, like Cu and Pb, have 
nothing enhancement, yet, enrichment factor less 
or equal to 1 and greater or equal to 3 were present 
in manganese and cadmium respectively, meaning 
they have less and moderate enrichment during the 
wet and dry seasons. It has been suggested that 
anthropogenic activities have an impact on EF>1, 
whereas weathering and other natural events are 
responsible for EF≤1.49 The analyzed sample's 
EF often increased as Cu<Pb<Mn<Cd. According 
to the ER in this study, the dry season values for 
Mn 3.50, Cu 4.1, and Pb 5.7. Most of the analyzed 
metals in the sample had negligible environmental 
hazard, except for cadmium, which had a very high 
ecological risk (ERI>244).

Level of Copper in Water and Sediment Samples
The copper quantity in both samples showed 
seasonal and spatial variations across the study 
sites. Copper (Cu) mean values in water samples 
from location one: 1.54 mgL-1; two: 0.5 mgL-1; and 
three: 0.6 mgL-1 during the dry season (Table 5).  
The concentrations of copper during the wet season 
were 1.9 milligram per liter site one, 0.64 mailgram 

per liter site two, and 0.62 mgL-1 site three. The values  
were found to range from 0.5-1.54 mgL-1 in dry 
weather and 0.62-1.9 mgL-1 in the rainy season. 
The average copper (Cu) concentrations found in 
most test locations in both dry and rainy seasons 
are below the WHO's maximum permitted levels 
for drinking water, but some sites, particularly in the 
wet season, approached this threshold, indicating 
potential concern for aquatic life and human use. 
This rise may be caused by direct or indirect input 
of these toxic metals from several sources, such as 
road runoff, agricultural discharge, watershed runoff, 
and rural water discharge points. Similar studies 
were done in Itapaji Ekiti, SW Nigeria, which is below 
the WHO drinking water detection level.50

 
During the dry season, the average copper (Cu) 
readings for sites one, two, and three were 2.19, 1.8, 
and 1.9, respectively, in the sediment sample. There 
was 1.95 at site three, 1.9 at two, and 2.3 at site 
one during the rainy season (Table 6). The average 
concentrations of Cu in sediment varied between 
1.8 and 2.19 and 1.9 and 2.3 during dry and wet 
seasons, respectively. Site two exhibited the lowest 
concentration of Cu in the sediment in both seasons, 
while site one had the highest amount, similar to the 
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water samples. The mean value of Cu in the wet 
season was higher than in the dry season for most 
test sites, which is interesting. The average copper 
concentrations varied between 1.8 and 2.3 mg/kg, 
as indicated in Table 5. Furthermore, the findings 
showed that the average variations in Cu contents 
in sediment samples from the majority of research 
locations were analytically considerable (p<0.05).
 
Cadmium level in Water and Sediment
Cadmium (Cd) concentration in both water and 
sediment samples revealed notable differences 
in terms of distribution, seasonal variation, and 
comparison with the WHO permissible limits. During 
dry season, the average cadmium quantity in water 
samples as of site one, two, and three were 0.02, 
0.02, and 0.03 mgL-1, respectively. Table 5, the Cd 
values for the same sites were 0.01, 0.031, and 0.02 
mg/L, for the period of the rainy season. Cd values  
were found to range from 0.02 to 0.03 mg/L during 

the dry season and from 0.01 to 0.031 mg/L 
during the wet season (Table 5). The overall mean 
concentration of Cd in water was 0.02±0.003 mg/L, 
indicating slight marginal exceedance at certain 
sites but generally staying within acceptable limits 
or remaining close to the maximum international 
standard of 0.03 mgL-1. The analysis of the experiment  
revealed that during the rainy time, the amount of 
cadmium was somewhat greater than during the 
dry season. Moreover, average value of cadmium 
in water samples varied depending on the sampling 
location and time of year. The proximity of these 
values to the guideline level highlights a potential 
risk, especially considering cadmium’s high toxicity 
even at low concentrations. Therefore, the statistical 
analysis of the study shows that the mean Cd 
concentrations in the lake water at several sampling 
sites varied significantly (P<0.05) across sites and 
between the two seasons.

Table 5: Results and analysis of copper, cadmium, lead, and manganese levels in Mean ± SD in 
water samples in different seasons

Seasons	 selected	 detected heavy metals (mg/L)
	 sites
		  copper (Cu)	 cadmium (Cd)	 lead (Pb)	 manganese (Mn)

Dry	 site one	 1.54±0.005	 0.02±0.003	 0.010±0.001	 1.5±0.001
	 site two	 0.5±0.003	 0.02±0.003	 0.007±0.001	 0.7±0.001
	 site three	 0.6±0.004	 0.03±0.002	 0.008±0.002	 0.71±0.003
	 MVDS	 0.88±0.004	 0.02±0.002	 0.008±0.001	 0.96±0.001
Wet	 site one	 1.9±0.004	 0.01±0.004	 0.010±0.001	 1.6±0.002
	 site two	 0.64±0.005	 0.031±0.003	 0.008±0.002	 0.7±0.001
	 site three	 0.62±0.003	 0.02±0.004	 0.002±0.003	 0.8±0.001
	 MVWS	 1.05±0.004	 0.02±0.003	 0.007±0.002	 1.03±0.001
OMVDWS		  0.96±0.004	 0.02±0.003	 0.007±0.001	 0.99±0.001
MPL WHO		  2.0***	 0.03 ***	 0.01***	 0.1***

SD = standard deviation of the mean, MPL=maximum permissible limit, MVDS = mean value of dry 
season, MVWS =mean value of rainy season, OMVDWS = overall mean value of dry and wet seasons, 
***Source: WHO (2024).

The mean values of cadmium (Cd) concentrations in 
sediment samples were 0.83 mgkg-1 site one, 0.76 
mgkg-1 on site two, and 0.8 mgkg-1 on site three 
during the dry season. Table 6 indicates that during 
the rainy season, the concentration on sites one, 
two, and three were 0.84, 0.76, and 0.83 mgkg-1, 
respectively. Depending on the location, the amount 

of Cd in the samples of sediment range starting 
0.76-0.83 during the dry season and from 0.76-0.84 
during the rainy season. The average cadmium 
levels at each sampling site ranged between 0.76 
and 0.84, as shown in Table 6. The concentrations 
of cadmium (Cd) at every sampling location were 
more concentrated than the recommended limitation 
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by WHO guidelines in sediment, which is in contrast 
with the findings for water samples. Table 4 shows 
that the average of cadmium content in the samples 
of the water was 0.02±0.003, which is below the 
WHO permissible limits, whereas in sediment 
samples were 0.8±0.008 (Table 6). According to 
these findings, although Cd levels exceeded WHO 
guidelines, there was a considerable variation in 
concentrations between sample types; in particular, 
during both seasons, sediment samples had greater 
amounts of Cd than water samples. This suggests 
cadmium’s strong affinity for particulate matter, 
making it more likely to bind to sediments and 
persist in the aquatic environment over time. At the 
Northwestern Arabian Gulf Coast, as well as Lake 
Naivasha, Kenya sites, cadmium concentrations 
were found to exceed the sediment limits set by 
the WHO. However, these levels were significantly 
lower.51,52

The elevated levels of cadmium in sediment 
samples indicate that cadmium may have come 
from runoff that contained waste, vegetables, and 
irrigation water, largely because of human interest, 
such as the uncontrolled distribution of herbicides, 
small industries, chemical or soil fertilizers, and 
manures in the catchment area of the irrigation 

source. Therefore, elevated cadmium levels in 
sediment may be a risk factor for cadmium-related 
health problems. Furthermore, there may be risks 
associated with using this sediment for irrigation 
and other purposes because cadmium is becoming 
more widely acknowledged as a health risk in 
wastewater-irrigated agriculture, especially because 
of its associations with kidney and bone damage as 
well as its possible carcinogenic effects.53,54

Level of Lead (PB) in Water and Sediment Samples
Table 5 describes the lead (Pb) concentration level 
in the samples of the water taken in both seasons. 
The mean concentration level of Pb readings was 
0.010 for site one, 0.007 for site two, and 0.008 for 
site three in dry period. In wet term, these values 
increased to 0.010 at site one, 0.008 at site two, 
and 0.002 at site three. In water samples, lead levels 
remained relatively low, ranging from 0.002±0.003 to 
0.010±0.001 mgL-1. The overall mean concentration 
was 0.007±0.001 mgL-1, which is slightly lower the 
WHO standard limit of 0.01 mgL-1. However, water 
samples from site one during both dry and wet 
seasons reached the maximum allowable limit, 
indicating site-specific concern where human and 
environmental exposure could pose health risks.

Table 6: Analysis of heavy metal levels in Mean ± SD in sediment samples 

Seasons	 selected	 detected heavy metals (mg/L)
	 sites
		  copper (Cu)	 cadmium (Cd)	 lead (Pb)	 manganese (Mn)

Dry	 site one	 2.19±0.006	 0.83±0.001	 1.7±0.002	 1.66±0.004
	 site two	 1.8±0.004	 0.76±0.003	 1.2±0.001	 0.8±0.005
	 site three	 1.9±0.003	 0.8±0.001	 1.8±0.001	 0.95±0.005
	 MVDS	 1.96±0.004	 0.8±0.001	 1.6±0.001	 1.14±0.005
Wet	 site one	 2.3±0.003	 0.84±0.003	 2.2±0.008	 1.94±0.005
	 site two	 1.9±0.003	 0.76±0.003	 1.2±0.001	 0.86±0.003
	 site three	 1.95±0.005	 0.83±0.001	 1.9±0.006	 1±0.004
	 MVWS	 2.0±0.004	 0.81±0.002	 1.8±0.005	 1.3±0.004
OMVDWS		  2.00±0.004	 0.8±0.001	 1.7±0.003	 1.22±0.004
MPL WHO		  35.7***	 0.6***	 35.0 ***	 1.1***

SD = standard deviation of the mean, MVDS = mean value of dry season, MPL = maximum permissible 
limit of the World Health Organization, MVWS = mean value of wet season, OMVDWS = overall mean 
value of dry and wet seasons.
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Although most water samples fell within safe limits, 
the repeated exceedance at certain sites signals 
the need for localized investigation and control 
of lead sources such as plumbing corrosion, fuel 
combustion, or agricultural runoff. The Pb contents 
in the examined water samples were equal to or 
less concentrated than the WHO-acceptable limits, 
which is comparable to the levels listed in Table 6.

Lead (Pb) levels in sediment samples from this study 
were 1.7 at site one, 1.2 at site two, and 1.8 at site 
three during the dry season. The levels increased 
to 2.2 at site one, remained at 1.2 at site two, and 
reached 1.9 at site three during the wet season (see 
Table 6). Site one had the highest Pb level, and site 
two had the lowest during the dry season. The mean 
concentration of lead in sediment samples in the 
dry season was less than in the wet one, ranging 
from 1.2 to 1.8 and from 1.2 to 2.2, respectively. 
Pb concentrations at all sediment monitoring 
sites typically fell between 1.2 and 2.2 mg/kg. 
Overall mean values of the lead in sediment and 
water samples were 1.7±0.003 and 0.007±0.001, 
respectively, based on the investigations shown 
in Tables 5 and 6. Therefore, sediment samples 
had Pb levels that were significantly (p<0.05) 
below the recommended limits. This indicates 
that while a lead does accumulate in sediments, 
the levels are not yet at a critical threshold. The 
slightly higher concentrations observed during the 
wet season, especially at site one, and may be 
attributed to surface runoff transporting lead from 
surrounding land areas into the aquatic system. 
Similar reports of the Pb levels in Dianchi basin, 
China, and Thailand, which were within and below 
the WHO's maximum detection standards.55,56 The 
presence of lead in both water and sediment, albeit 
within permissible limits, suggests ongoing low-
level contamination likely from diffuse or non-point 
sources. Lead concentrations in aquatic systems, 
which they attributed to precipitation, street runoff, 
industrial discharges, lead-containing pesticides, 
and municipal wastewater.57

Level of Manganese in Water and Sediment 
Samples
The analysis of the manganese (Mn) in both water 
and sediment samples reveals a significant level of 
contamination, particularly in water, with seasonal 
and spatial variations. The average values of Mn in 

this study were 1.5 at site one, 0.7 at site two, and 
0.71 at site three during the dry season in the water 
sample. The measurements recorded were 1.6 at 
site one, 0.7 at site two, and 0.8 at site three during 
the wet season (refer to Table 5). The average Mn 
concentrations started from 0.7-1.5 in the period 
of the dry & from 0.7-1.6 throughout the rainy 
period. Site two had the lowest Mn concentrations 
in both seasons, while site one had the highest. 
The findings showed that in the wet period, Mn 
amount were greater than in dry time. The overall 
mean value for manganese in the water sample 
was 0.99±0.001 mgL-1, which is nearly ten times 
higher than the fresh water limit. This persistent 
exceedance across all sites and seasons indicates 
widespread contamination, possibly resulting from 
natural leaching of manganese-rich geological 
formations, erosion, or anthropogenic activities 
such as agricultural runoff, industrial effluents, 
or untreated wastewater discharge. According to 
this study, Lake Haramaya’s Mn levels may be 
harmful for human consumption because they are 
marginally higher than usual. The health effects 
of increasing exposure become substantial when 
water concentrations are above the WHO drinking 
water guidelines. Manganese is one of the important 
heavy metals that the human body needs for certain 
processes, but excessive exposure can cause 
heavy metal poisoning symptoms. Particularly when 
consumed over a long period, elevated manganese 
concentrations can be extremely harmful to one's 
health and contribute to several chronic illnesses.58,59 
Similar research found that Mn concentrations in 
Delta Lake, Egypt, and Bangladesh, started from 0.5 
to 1.45, beyond the maximum limit recommended 
for drinking water.60,61

The mean values of manganese (Mn) at site one, 
site two, and site three were 1.66±0.04, 0.8±0.005, 
and 0.95±0.005, respectively, throughout the dry 
season in sediment samples. Site two had the lowest 
concentration during this season, whereas site 
one had the highest. As shown in Table 6, the Mn 
concentrations at site one, site two, and site three 
during the wet season were 1.94±0.005, 0.86±0.003, 
and 1±0.004, respectively. Once more, site two had 
the lowest concentration, whereas site one had 
the highest. Overall, in the wet period, the average 
Mn level in sediment samples range started 0.86-
1.94, while in dry period; from 0.8-1.66. Therefore, 
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in sediment samples, manganese concentrations 
were also elevated but generally closer to the WHO 
sediment guideline of 1.1 mg/kg. The average 
values started from 0.8±0.005-1.94±0.005 mgkg-1,  
with the highest levels found at site one during 
the wet season. The overall mean manganese 
concentration in sediment was 1.22±0.004 mg/kg, 
indicating a slight exceedance of the permissible 
limit. The higher manganese levels in the wet 
season suggest increased input from surface runoff 
and erosion processes during rainfall, contributing 
to the accumulation in bottom sediments. A similar 
level of Mn concentration was found at Eawag, 
the Swiss Federal Institute of Aquatic Science and 
Technology, China, in freshwater sediment.62,63  
As indicated in Tables 5 and 6, the average Mn 
concentrations in sediment and water samples  
were 0.8 to 1.94 and 0.7 to 1.6, respectively, across 
all sampling sites. Based on the analysis, manganese 
concentration both in water and sediment samples 
consistently exceeds WHO limits, particularly during 
the wet season, indicating a significant source of 
contamination. This suggests a potential risk to 
human health, especially where water is used for 
consumption or agricultural process, and highlights 
the require for immediate management techniques 
and regular monitoring.

Discussion
The mean values with standard deviations for 
key physico-chemical analysis, temperature, pH, 
electrical conductivity (EC), and total dissolved 
solids (TDS) of water samples collected from three 
sites during both dry and wet seasons. The range of 
temperature started from 24-27°C, with the overall 
mean being 25.5±0.004°C, which is slightly below 
the dry season, but still acceptable within the WHO 
permissible range of 25-30°C. The pH values were 
stable across all sites and seasons, ranging narrowly 
between 7.11 and 7.15, indicating neutral to slightly 
basic water that falls well in standard range of 
6.5 to 8.5. The electrical conductivity (EC) results 
presented reflect the concentration of dissolved ions 
in water at different sites and seasons, which were 
varied slightly, from 1.28 to 1.55 mS/cm, equivalent 
to 1280-1550 µS/cm. These values are all within the 
WHO/ESEPA permissible range of 500-1500 µS/cm, 
except site one in the dry season slightly exceeds 
the upper limit, indicating elevated ion concentration, 
possibly due to evaporation, and reduced water 
volume. TDS concentration ranged between 541 and 

570 mg/L, with an overall mean of 557 ± 0.004 mg/L, 
also comfortably below the 1000 mg/L limit set by 
WHO.37,38 Overall, the findings show that there is little 
seasonal change in the water’s physico-chemical 
characteristics, which are within safe and acceptable 
bounds for drinking and household usage.

The heavy metals analysis showed the amount of 
copper, cadmium, lead, and manganese in water 
and sediment samples taken from three various 
locations during both dry & wet seasons. Copper 
concentrations ranged from 0.5 mg/L at site two 
in the dry period to 1.9 mgL-1 at site one in the wet 
season. The seasonal mean values were 0.88 mgL-1  
in the dry time and 1.05 mgL-1 in the wet period, 
with an overall mean of 0.96 mgL-1, all of which are 
under WHO maximum permissible boundary. In the 
sediment sample, copper levels ranges started from 
1.8-2.3 mgkg-1 & were well below the permissible 
limits. The concentrations of cadmium were fairly 
consistent in the water sample, with an overall mean 
of 0.02 mgL-1, which is within the WHO limit of 0.03 
mg/L. In contrast, the cadmium concentrations in the 
sediment sample were relatively consistent across 
seasons, ranging between 0.76 and 0.84 mgkg-1, 
with an overall mean of 0.8 mgkg-1, which exceeds 
the WHO limit of 0.6 mg/kg, indicating potential 
contamination. The increase in cadmium levels in 
sediment samples of Haramaya Lake is primarily 
linked to human activities in the surrounding areas. 
Agricultural runoff is the major source, as phosphate 
fertilizers widely used in nearby farms often contain 
cadmium as an impurity. During rainfall, surface 
runoff carries these cadmium-laden particles into the 
lake, where they eventually settle in the sediment. 
It tends to bind strongly with fine particles such as 
clay and organic matter present in the sediment, 
making it persistent and less likely to be removed 
through natural processes.64-66 Furthermore, 
untreated domestic sewage and wastewater from 
nearby towns may contain cadmium from household 
products such as batteries, plastics, and detergents. 
These wastes enter the lake through open drainage 
systems and contribute to the heavy metal load 
in the sediments. The lead concentrations found 
between 0.002 & 0.010 mgL-1, & 1.2 & 2.2 mgL-1, 
respectively, in water and sediment samples. The 
overall mean of lead concentration was 0.007 mgL-1  
in the water sample and 1.7 mg/kg in sediment, 
remaining safely below the WHO guideline. The concen- 
trations of manganese increased in the wet period 
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compared to dry period, and the overall mean of 
1.22 mg/kg slightly surpassed the WHO limit of 1.1 
mg/kg. The increase in manganese concentration 
in both the water and sediment of Haramaya Lake  
can be attributed to a combination of natural 
geochemical processes and human activities in the 
surrounding area. Naturally, manganese is released 
into the water from the weathering of rocks and soil 
erosion in the watershed.67,68 Human activities have 
further intensified manganese accumulation.69,70 
Agricultural runoff contains fertilizers and pesticides, 
along with wastewater discharge from nearby 
settlements, may introduce additional manganese 
in the lake system and bind easily to fine sediment 
particles like clay and organic matter, making it prone 
to accumulate in sediments over time. Similar results 
were found, indicating that cadmium sediment levels 
in the mouth of the Sher Karuturi, Flamingo, and 
Malewa Rivers were higher than the WHO criteria for 
Kenyan sediment quality.65,71 Higher levels of some  
heavy metals suggest that it acts as the last storage 
location in aquatic environments.72,73 This implies 
that the use of polluted silt for agricultural irrigation 
through drainage systems may be because of the 
buildup of elevated cadmium and manganese levels 
at most test sites, endangering aquatic and terrestrial 
creatures such as fish, plants, and people.

To mitigate the environmental and economic risks 
associated with heavy metal contamination in Lake 
Haramaya, a series of policy and management 
interventions is recommended. First, it is crucial to 
strengthen regulatory monitoring by establishing 
a regular and systematic assessment of heavy 
metal concentrations in both water and sediments, 
coordinated by national or regional environmental 
agencies. This will enable early detection of pollution 
trends and timely interventions. Secondly, controlling 
both point and non-point pollution sources is 
essential. This involves enforcing strict regulations 
on agricultural runoff, domestic sewage discharge, 
and industrial waste disposal in areas surrounding 
the lake. Additionally, raising community awareness 
through educational programs targeting local farmers 
and residents can foster responsible environmental 
behavior and encourage proper waste management 
practices. Developing accessible and cost-effective 
water treatment solutions is also important to ensure 
safe water for drinking and agricultural use among 
nearby communities. Promoting sustainable land 

use practices like eco-friendly farming techniques 
and the establishment of vegetative buffer zones 
can significantly reduce pollutant inflow in to the 
lake. Finally, the findings of this study should be 
integrated into local and regional development plans 
to ensure that future economic growth aligns with 
environmental conservation goals. These measures, 
if effectively implemented, will contribute to the 
sustainable management and restoration of Lake 
Haramaya’s ecological integrity. 
 
Conclusion
The quantities of the chosen heavy metals, such as 
Cu, Cd, Pb, and Mn in sediment and water samples 
from Lake Haramaya, Ethiopia, were examined 
in this study. The amounts of particular heavy 
metals in all selected samples varied by sampling 
site and season, as did the physicochemical 
characteristics of water. The majority of the findings 
from the analysis of the physicochemical properties 
of Haramaya Lake's water and sediment fell within 
or below the WHO's recommended values required 
for aquatic creatures' survival, metabolism, and 
physiology, except for electrical conductivity, which is 
slightly exceeded in site one during the dry season. 
The major findings reveal that the assessment of 
copper, cadmium, lead, and manganese levels in 
both water and sediment samples shows varying 
degrees of contamination and potential risks. Copper 
concentrations in both water and sediment were 
consistently within WHO permissible limits, indicating 
no immediate environmental or health concern from 
copper at the studied sites. Cadmium, while within 
safe limits in water, exceeded the WHO guideline 
in sediment, suggesting long-term accumulation 
and potential ecological risks, particularly to benthic 
organisms. Lead concentrations remained below 
the WHO permissible limits both in sediment and 
water samples. In contrast, manganese levels  
were significantly above WHO permissible limits 
in both water and sediment, indicating persistent 
contamination and potential health threats, 
particularly if the water is used for drinking or irrigation. 
The study also found spatial and seasonal variations 
in metal levels, with higher concentrations typically 
observed during the dry season. Despite these  
critical insights, the study had several limitations. 
Sampling was limited to four sites and two seasons, 
which may not capture the full spatial and temporal 
variability of the lake system. In addition, only a 
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selected number of metals were analyzed, excluding 
others such as mercury, arsenic, or chromium that 
may also be of concern.

To address the environmental and public health 
concerns arising from contamination in freshwater 
and sediment systems, local authorities should 
consider implementing regular biomonitoring 
programs using bioindicator species such as 
fish and benthic invertebrates. These organisms 
can help detect the bioaccumulation of harmful 
substances and serve as early warning systems 
for ecological deterioration. In addition, stricter 
regulations on industrial and municipal wastewater 
discharge should be enforced, particularly targeting 
pollutants like copper, manganese, lead, and 
cadmium. Regular monitoring and compliance 
checks can ensure adherence to safe discharge 
limits. Authorities should also promote community 
awareness about the sources and impacts of water 
pollution, encouraging active participation from local 
stakeholders in decision-making processes. Lastly, 
it is essential to develop localized sediment quality 
guidelines aligned with international standards like 
WHO and USEPA to support effective sediment 
management and protect aquatic ecosystems. 
Together, these measures can significantly enhance 
environmental governance and safeguard both 
ecosystem and human health.
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