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Abstract 

The present study was undertaken to evaluate physicochemical properties of water in Selected 

Water Sources Within Alvan Ikoku Federal University of Education, Owerri, Imo State. Water 

samples were collected from the locations and analyzed for physicochemical parameters using 

the American Public Health Association (APHA) standard method while heavy metal analysis 

was carried out using (Pb, Cr, As, and Cd) using Atomic Absorption Spectrophotometer and 

compared with WHO permissible limits. Descriptive statistics, t-test and ANOVA were used for 

the data analysis. Results obtained showed that mean physicochemical parameters from sample 

locations samples fluctuated as follows: pH (7.54± 0.34 - 7.73±0.39); Conductivity (15.12±1.16 - 

42.01±3.13); TDS (17.6b±1.36 - 19.20±1.63); DO (3.02±0.25 - 4.22±0.53); Turbidity (31±3.27 - 

49.8±4.86); BOD (23.08±1.67 - 24.7±1.76); Salinity (0.6±0.03 - 1.4±0.1); and Nitrate 

(0.523±0.03 - 0.640±0.06). The results revealed traces of heavy metals across the sampling 

station. There was significant difference in the contents of heavy metals investigated. The highest 

traces of heavy metals were recorded in Safari club shell camp (2.88 mg/kg) while the least was 

observed from Alvan Nursery (0.41 mg/kg) respectively. All the heavy metal determined were 

below the maximum permissible limit set by WHO. The study recommends that there should be 

continuous monitoring of the pollution levels of the water sources to provide adequate 

information necessary for its effective management.  

Keywords: Physicochemical, Heavy Metal, Water Sources, Alvan Ikoku Federal University of 

Education, Owerri, Imo State 

Introduction  
Water is a universal solvent essential to man for various 

activities such as drinking, cooking, industrial activities, 

agricultural processes and human recreation [1]. The quality 

of water is a reflection of the source environment and human 

activities, including its use and management measures. The 

safety of drinking water is important for health, and it is 

affected by various contaminants from chemical and 

microbiological sources [2].  

Surface water bodies such as lakes, streams and rivers are the 

earth’s most vital renewable and widely distributed natural 

resources of providing man’s comfort, means of livelihood, 

circulation of the earth’s moisture [3]. 

Environmental pollution by toxic heavy metals does not only 

elicit concern in the metropolitan cities but also in remote and 

rural communities where anthropogenic activities are taking 

place [4]. Contamination of the environment usually result 

from industrial activities, such as mining, electroplating, gas 

exhaust, energy and fuel production, fertilizer and pesticides 

application, and generation of municipal waste [5]. 

Macrophytes are an essential source of nutrients. 

Contamination of the food crops may result in serious health 

hazards [6]. Studies on plants' bio-accumulation of heavy 

metals, whether it is for remediation study or to study the 

effects of accumulation. These studies have shown that leafy 

plants such as lettuce are classified as hyperaccumulators due 

to their strong affinity to accumulate high levels of metals [7] 
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Green leafy vegetables can accumulate relatively heavy 

metals in high concentrations without showing toxicity [5]. 

Higher concentrations of Cr and Cu can be observed in 

vegetables such as cabbage, spinach, etc compared to their 

concentrations in non-leafy vegetables such as tomato and 

brinjal [8] Heavy metal accumulation is reported to be highest 

in the leaf followed by root or stem [9]. 

Studies have shown that aquatic ecosystems is crucial for 

sustaining biodiversity, have positioned the lotus (Nelumbo 

nucifera) at the forefront of cultural and scientific realms 

[1]. Nelumbo nucifera stands out not solely for its historical 

and aesthetic significance but also for the breadth of research 

elucidating its complex nature [10]. Historically, the lotus has 

been a prominent feature in ancient civilizations, with its seed 

pod depicted in Egyptian iconography and Vedic texts, 

highlighting its ceremonial and utilitarian roles [11]. Beyond 

its ornamental value, Nelumbo nucifera plays a critical 

ecological role, contributing significantly to the health of 

aquatic habitats [12]. The plant has become a focal point in 

aquatic flora studies, showcasing the broad ecological 

advantages of comprehensive research [13]. 

However, no study has been conducted on using the plant to 

treat fresh contaminated surface water that causes by the run-

off fertilizer of an agriculture sector. Despite the extensive 

research on Nelumbo nucifera, a noticeable gap persists in the 

integration of findings across diverse scientific disciplines. 

Materials and methods  
Sample collection and preservation 

Samples of Water lotus (Nelumbo nucifera) collected from 

different locations within Alvan Ikoku Federal University of 

Education Owerri and labelled midstream, upstream and 

downstream respectively. 

Determination of physicochemical 

parameters 
The water quality parameters such as pH, Total Dissolved 

Substance (TDS), Electrical Conductivity (EC), Nitrate 

(NO3), Salinity, and Biological Oxygen Demand (BOD) were 

determined from water samples collected from the three study 

locations as follows:  

pH  
This was carried out in situ. A digital pH meter and electrodes 

was applied to monitor and record the value displayed on the 

screen. A digital pH meter was allowed to stabilize for 15 

minutes set for water temperature. The electrode was rinsed 

with a jet of distilled water and calibrated the meter with 

buffers 4 and 7. The electrode was dipped into water samples, 

and figures displayed to stabilize with displayed values on the 

screen.  

Electrical conductivity 
The electrical conductivity also was stabilized for 15 minutes, 

and KCI solution was applied and the electrode was rinsed 

with a jet of distilled water. The electrode was dipped into the 

water sample and allowed to stabilize, and the figure 

displayed in μS/cm.  

Total dissolved solids 
 250ml conical flask was weighed after thorough drying in an 

oven, then 50ml of  water sample was filtered into the 

weighed flask. Evaporation was allowed completely by 

heating on an electro/thermal heater, then the conical flask 

was cooled at room temperature in a desiccator, reweighed, 

and the weight gained was recorded and calculated 

accordingly.  

Nitrate 
A portion of sample diluted to 10ml in a boiling tube was 

placed in a cool water bath, 2ml NaCl reagent, and 10ml 

H2SO4 reagent were mixed and allowed to cool. Then 0.5ml 

Brucine Sulphuric acid was added, Stirred, mixed, and kept in 

a water bath at 950C for 20 minutes, immersed in a cool water 

bath, a yellow color developes, and was measured at 

410nm(s).  

Salinity  
The glassware was washed and rinsed with enough distilled 

water, 8.243gm of dried NaCl was dissolved in 500mls of 

distilled water. 50ml of the solution was diluted to 1000mls of 

distilled water to give 0.05mg Cl-. 0.396gm silver nitrate 

solution in 1-liter distilled water equivalent to 0.50mg CL- 

and was standardized with 0.02N sodium chloride solution, 

8gm of potassium chromate in 100ml of distilled water was 

measured into 250ml conical flask. About 5 to 8 drops of 

potassium chromate indicator were applied and titrated 

against the Silver Nitrate standard solution to a brick-red 

endpoint. 

Biochemical Oxygen Demand (BOD) 
 Phosphorus buffer solution dissolved 8.5gKH2 PO4. 21.75g 

K2H PO4.33.4g NaHPO4.7H2O and 1.7g NH4CL in 500ml of 

distilled water and diluted to 1000ml. Magnesium Sulphate 

dissolved 22.5g MgSO4.7H2O, Calcium Chloride solution 

dissolved 27.0g anhydrous CaCl2, and Ferric Chloride 

solution dissolved 0.25g FeCl3.6H2O in distilled water and 

diluted to 1000ml. The preparation of Phosphorus, 

Magnesium sulfate, and Calcium Chloride of a mole buffer 

solution with 100ml of water. Then 250ml reagent amber 

bottle with the water sample was filled and poured into a 

500ml measuring cylinder for the detection of BOD.  

Dissolved Oxygen  
This was determined in situ using a dissolve oxygen meter. 

The initial and final Dissolve Oxygen were read, calculated 

and the average was taken.  

Turbidity  
The secchi disk was lowered inside the water. This continued 

until the disk was no longer visible. This disk was pulled back 

until it became visible again. The average spot between the 

appearance and disappearance of disk was noted on the cord.  

The disk was retrieved and the length of the cord was 

measured to the spot, that is average of the two readings. 
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Heavy Metals Determination in Water 

Samples. 
Analysis of selected heavy metals (Pb, Cd, Cr and As) and in 

water and water lotus (Nelumbo nucifera) were carried out 

according to the method of [10] using the Atomic Absorption 

Spectrophotometer (AAS) UNICAM 919 model. All metal 

concentrations were estimated using calibration curves for 

each metal and the concentrations were expressed in mg/L 

Results  

Physicochemical Properties of water 

samples   
The physicochemical properties of water collected from 

Nworie midstream, Nwori Downstream, Nworie upstream, 

NAS Biology building, Safari club shell camp, Alvan Nursery 

is presented in Table 1. The physicochemical parameters 

determined in the samples were pH, Conductivity (µS/cm), 

Total Dissolved Solid(S/m), Dissolved Oxygen (mg/l), 

Turbidity (NTU), Biochemical Oxygen Demand (mg/l), 

Salinity (ppt), and Nitrate (mg/l). Their levels were compared 

with World Health Organization (WHO, 2016) permissible 

limits for these parameters in effluent discharged into fresh 

water bodies. Results obtained showed that the mean values of 

pH across the sampled areas ranged between 6.60±0.26 to 

7.73±0.39 with corresponding lowest and highest values 

obtained from NAS Biology building water (6.60±0.26) and 

Nworie upstream water (7.73±0.39) respectively. This pH 

level did not differ significantly (p>0.05) across the months of 

sampling. The mean pH range across the sampled areas were 

observed to be within WHO permissible limit of 6.5 – 

8.5.Average values of Conductivity(µS/cm) were 15.12±1.16-

57.2±5.42; Total Dissolved Solid (S/m)8.3±0.96 42.15±2.21; 

Dissolved Oxygen (mg/l) 3.02±0.25-4.68±0.67; Turbidity 

(NTU) 31±3.27-66.9a±5.13; Biochemical Oxygen Demand 

(mg/l) 18.66±1.24-24.7±1.76; Salinity (ppt) 0.6±0.03-1.8±0.2; 

Nitrate (mg/l) 0.5230.03-0.640±0.06.There were no 

significant differences (p>0.05) in the measured Parameters 

across the sampled areas. The values for each parameter were 

observed to be within the WHO tolerable limits for 

aquaculture but where not necessarily optimum. 

Table 1:  Physicochemical parameters of water samples from the study locations 

Mean along the row having different superscript of 

alphabets differ significantly at P < 0.05 using Duncan 

Multiple Range Test (DMRT)  

Concentrations of Heavy Metals in water Across the sampling 

stations is shown in figure 1. The results revealed traces of 

heavy metals across the sampling station. The highest traces 

of heavy metals were recorded in Safari club shell camp (2.88 

mg/kg) while the least was observed from Alvan Nursery 

(0.41 mg/kg) respectively.  
 

Figure 1: Concentrations of Heavy Metals in water Across 

the sampling stations 

Parameter  Nworie 

midstream 

Nwori 

Downstream 

Nworie 

upstream 

NAS Biology 

building 

Safari club 

shell camp 

Alvan 

Nursery 

WHO 

pH 7.54± 0.34 7.66±0.29 7.73±0.39 6.60±0.26 7.52±0.32 7.64±0.30 6.5 – 8.5 

Conductivity 

(µS/cm) 

15.12d±1.16 26.48c±2.03 42.01b±3.13 54.5a±5.34 48.4b±3.37 57.2a±5.42  NA 

Total Dissolved 

Solid(S/m) 

17.6bc±1.36 42.15a±2.21 19.20b±1.63 39.8a±2.04 8.3d±0.96 15.67c±1.07 1000 

Dissolved 

Oxygen (mg/l) 

3.02b±0.25 3.41b±0.41 4.22a±0.53 4.67a±0.65 4.21a±0.52 4.68a±0.67 5 

Turbidity (NTU) 33.6d±3.27 48.9b±4.36 31d±3.27 56.47a±4.89 49.8c±4.86 66.9a±5.13 NA 

Biochemical 

Oxygen 

Demand(mg/l) 

23.08b±1.67 18.66b±1.24 24.1a±1.70 17.3c±1.16 24.7a±1.76 19.2c±1.32 50 

Salinity (ppt) 1.0a±0.24 1.7a±0.26 1.4a±0.1 1.8a±0.2 0.6b±0.03 0.9b±0.07 0.5 – 30 

Nitrate (mg/l) 0.588±0.02 0.590±0.04 0.640±0.06 0.634a±0.08 0.523±0.03 0.572±0.04 1 
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Figure 2: Bioaccumulation of various heavy metals in 

roots and shoots of water lotus (Nelumbo nucifera 

Discussion  
pH indicates the intensity of the acidic or basic character of a 

solution and is controlled by the dissolved chemical 

compounds and biochemical processes in the solution. It is an 

important indicator of water quality and pollution level in the 

aquatic environment. It is closely linked with biological 

productivity. In the present study, the pH value shows slightly 

alkaline (pH 6.60±0.26 to 7.73±0.39). The alkaline nature of 

these waters may be relatable with biological activity in both 

Farmed and Feral waters. pH range obtained in this study is in 

line with previous work of [4] According to [6] pond water 

released into the environment at this pH is not likely to pose 

any harm to the environment. These values are within the 

permissible limit of 6.5 – 8.5 by WHO for drinking and 

irrigation purposes, respectively. The statistical analysis at 

95% confidence level also showed no significance differences 

among the studied sites with respect to pH levels from both 

farmed and feral aquatic environments. This is in line with the 

works of [9]. 

Electrical conductivity reflects the ability of water to conduct 

electricity. This electrical conductivity is due to the 

substances dissolved in the water which breaks down into 

positively and negatively charged ions. The conductivity of 

the two aquatic environments varied significantly (p<0.05). It 

was generally lower in farmed water than in feral water. Feral 

waters have access to many agricultural run-offs, i.e dissolved 

chemicals summarizing the very reason for higher electrical 

conductivity observed in this study.Similar trend had been 

observed by [11]. In related to this study, [1] observed high 

and low values of conductivity in Farmed and Feral waters 

respectively.  

Total Dissolved Solids of water is the amount of dissolved 

inorganic salts and organic matter present in water. Water 

containing more than 500 mg/L of TDS is not considered as a 

potential source of pollution. Water with high TDS is 

undesirable or harmful for human and aquatic life. It may 

taste bitter, salty, or metallic and may have unpleasant odors. 

High TDS water is also less thirst quenching and interferes 

with the taste of foods [12].  The elevated levels of TDS 

recorded in the water might be due to agricultural runoff, 

discharge of wastes from the town, and other human activities 

like washing of different vehicle at and around the study 

areas. According to [15] most aquatic ecosystems involving 

mixed fish fauna can tolerate TDS levels of 1000 mg/l. This 

corroborates the report of [11]. 

Dissolved oxygen play a role of regulator of metabolic 

activities of organisms and thus governs metabolism of the 

biological community as a whole and used as an indicator of 

tropic status of the water. Low DO level in water leads to the 

death of aquatic organisms. The lower the concentration the 

higher the stress. If DO value of the water falls below 4mg/l, 

the survival chances of organisms will reduce [11]. 

The turbidity of the samples in all the study locations was 

higher in feral water than the farmed water. Highly turbid 

waters require some treatment before release into 

environment. The high turbidity of some of the samples may 

be due to poor housekeeping. Ponds that are always washed 

and kept clean will be less turbid. Turbidity may also be as a 

result of over population. 

Biological Oxygen Demand (BOD) is a major 

physicochemical parameter measured for the evaluation of 

organic contamination pollution in water. BOD in this study 

ranges from 18.66±1.24 to 24.7±1.76mg/L. The BOD values 

of the two environments, were within the recommended 

values of  50 mg/L by the WHO.  

Higher salinities were recorded in Feral water than Farmed 

water and were within the WHO benchmark. Salinities 

observed in this study were slightly brackish and fell within 

the range of values reported by [18] Nitrate content differed 

slightly from both aquatic environments.  

Lead, Chromium, Arsenic, and Cadmium are major pollutants 

because of their toxicity, their persistence and their tendency 

to bioaccumulate in the food chain. They represent a risk for 

aquatic ecosystems and humans [20].  For this reason, these 

metals are among the metals, which are the mostly assessed in 

fish farming.  

Results obtained in this study reveal the presence of the 

assayed heavy metals in the sampling stations. Nevertheless, 

concentrations of these heavy metals were observed to be 

higher Safari shell camp water samples. This also indicates 

that the waters of the safari shell camp environments are 

contaminated with heavy metals at varying concentrations. 

This contamination could be attributed to the regular use of 

fertilizers for agricultural purposes around the study areas. 

This corroborates the opinion of previous researchers [22]. 

Contamination with traces of arsenic is of concern because 

arsenic can cause a number of human health effects. Several 

epidemiological studies have reported a strong association 

between arsenic exposure and increased risks of both 

carcinogenic and systemic health effects.  Arsenic exposure 

affects virtually all organ systems including the 

cardiovascular, dermatologic, nervous, hepatobiliary, renal, 

gastro-intestinal, and respiratory systems [23].  Research has 

also pointed to significantly higher standardized mortality 

rates for cancers of the bladder, kidney, skin, and liver in 

many areas of arsenic pollution.  
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Conclusion  
The present study revealed traces of heavy metals from the 

sampling stations and is not suitable for domestic use. This 

could be attributed to anthropogenic activities prevailing in 

the study areas. This study provides crucial insights into the 

water quality of these locations within AIFUE, Owerri which 

is essential for ensuring the safety of water for human 

consumption and other activities. Corrective measures, such 

as ecofriendly remediation is recommended. 
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