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ABSTRACT 

This study was carried out to assess public health 

risk of physicochemical parameters and heavy 

metals in Eniong River, Niger Delta, Nigeria and 

associated public health risk. The river suffers 

tremendous anthropogenic activities within and 

around its environs such as transportation, 

commercial fishing, sand mining, farming, 

lumbering, oil exploration among others. The river 

water is predominantly used for drinking and other 

domestic purposes by riverine Communities. Water 

samples were collected from five sampling locations 

along the river and analysed for physicochemical 

parameters such as temperature, hydrogen ion 

concentration (pH), electrical conductivity (EC), 

dissolved oxygen (DO), biochemical oxygen 

demand (BOD), chemical oxygen demand (BOD), 

turbidity, total dissolved solids (TDS), suspended 

solid (SS) etc. under standard laboratory conditions 

using standard methods. Heavy metals determined 

were arsenic (As), lead (Pb), chromium (Cr), 

cadmium (Cd) copper (Cu) and iron (Fe) using 

atomic absorption spectrophotometer (ASS). 

Comparison of the measured values with standard 

values of the physicochemical parameters and heavy 

metals revealed that they were all within permissible 

limits, although some values were approaching 

maximum limits given by regulatory agencies. Mean 

highest temperaturewas 28.8oC; Dissolved Oxygen 

(DO) was 5.91mg/L; pH (6.76); Biochemical 

Oxygen Demand (BOD 1.21); Turbidity (3.93); 

Salinity (0.52). Highest mean levels of heavy metals 

analysed were Arsenic (0.01mg/L); Iron 

(0.3mg/L)Lead (0.01mg/L) Chromium (0.01mg/L); 

Cadmium (0.003mg/L); Copper 

(2.0mg/L).Generally, comparison of the measured 

values of the physicochemical parameters and heavy 

metals determined revealed that all the levels were 

below maximum permissible limits although levels 

of some of the parameters were approaching 

maximum permissible limits.The results revealed no 

significant health risks of the parameters in river 

water to consumers. Elevated levels of some of the 

parameters revealedthe need for routine monitoring 

in the study area to prevent escalation and enhance 

sustainability of river water for use by the present 

and future generations. 

 

Keywords: Physicochemical parameters, Heavy 

metals, Risk assessment, Eniong River, Standard 

Methods, WHO permissible limits. 

 

I. INTRODUCTION 
Water is the second basic necessity of life 

after air. Water bodies are continually polluted 

through diverse human activities. Researches have 

shown that pollution of water, land and air 

environment have positive correlation to one 

another. This is because there is no clear-cut 

boundaries of pollution of one environment from 

another as there are interactions among them. Air 

pollution usually leads to land and water pollution 

during which some toxic gases such as Sulphur (iv) 

oxide and nitrogen (ii) dissolved in rain water 

resulting in acid rain with sulphuric and nitric acid. 

This acidic rain water on reaching the earth tends to 

raise acidic level of the soil and water through 

runoff. The acid rain can also infiltrate deep down 

into the soil and affect aquifer with a potential of 

rendering the water unfit for human consumption. 

Physicochemical parameters of a water body are 

determinant factors for the purpose in which the 

water could be used.Water quality is governed 

principally, among other parameters, by the level of 
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physicochemical parameters and heavy metalsin 

addition to other parameters, hence the need for 

routine monitoring of these parameters in water 

bodies for both short and long term evaluation of its 

quality to ensure safety of public health. Properties 

such as physical, chemical and biological 

characteristics of water also contribute significantly 

to water quality. Researchers have revealed 

numerous methods that have been developed to 

access factors responsible for deterioration of water 

quality, and among these, physicochemical and 

heavy metals analyses have been extensively 

employed. The consideration of physical 

characteristics of aquatic environment involves 

assessing stream bank erosion, turbidity, 

sedimentation, siltation, flow patterns, water 

temperature, riparian cover and plant debris, among 

others, on survival and reproduction of aquatic 

species. In chemical characteristics, parameters 

usually considered include the following: dissolved 

oxygen, biochemical oxygen demand, pH, 

alkalinity, hardness, nutrients, metals, and inorganic 

compounds. Physicochemical analyses are usually 

done using standard methods to assess pollutants 

causing water quality deterioration.  

 

II. MATERIALS AND METHODS 
 

3.1 Study Area  

 The study area is Eniong River of Niger 

Delta region, Nigeria.It is bounded in both latitude 

and longitude as shown in figure 1. It shares 

boundaries with Benue to the north, Enugu and Abia 

States to the west, to the east by Cameroun Republic 

and to the south by Akwa-Ibom and the Atlantic 

Ocean(Okon et al., 2017). The choice of the 

sampling stations was based on the possible 

anthropogenic inputs from activities of 

transportation, farming practices, sand mining, 

wood logging, log driving, fishing and domestic 

discharges into the river and the use in which the 

river water is put and a potential to influence 

negatively water quality. 

 

 
Figure 1: Map of study area 

 

Water Samples Collection 

Water samples were collected fortwelve months 

covering both wet and dry seasons. Water samples 

from each location were randomly collected using 

IL white polythene bottles with caps and amber 

bottles for analyses of physicochemical parameters 

and heavy metals and properly preserved in an ice 

box prior to analysisto maintain the integrity of the 

samples. 

 

Determination of the Levels of Physicochemical 

Parameters 

Physicochemical properties of water samples such 

as pH, electrical conductivity (µs/cm), temperature 

(oC) and dissolved oxygen (DO, mg/L) were 

measured in-situ. The determination of pH was 

measured using portable pH meter, (Model: 

HANNA H18314); EC/TDS were measured by a 



 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 7 July. 2026, pp: 141-147      www.ijaem.net    ISSN: 2395-5252 

                                      

 

 

 

DOI: 10.35629/5252-0807141147       | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal     Page 143 

digital portable meter (Model: HANNA H198301); 

temperature was measured with mercury in glass 

thermometer and DO was measured using digital 

meter (Model: HANNA H198121). 

 

Determination of Biochemical Oxygen Demand 

(BOD5) 

In the BOD5 determination, the water samples were 

kept in an incubator at 20OC in the dark for five 

days. After incubating for five days, the DO test was 

repeated and BOD5 calculated by taking the 

difference between the initial and final 

concentrations of oxygen present after incubation 

(Ido et al. 2023; Akpan, 2025). This is shown in 

Equation 3.1 

BOD5 (mg/L) = DO (initial) – DO (final) 

  Equation 3.1 

 

Determination of Total Dissolved Solids (TDS) 

Total dissolved solid was determined by first taking 

the weight of an empty crucible.  The water sample 

(50 mL) was put into the weighed crucible and 

heated on a hot plate until the sample evaporated 

(Akpan et al. 2024). The residue and the crucible 

were dried, cooled and reweighed (Udombeh et al. 

2025; Obgaji et al. 2025). 

TDS was determined using the formula shown in 

Equation 3.2 

TDS  = W2   - W1  3.2

     

W2 = Weight of crucible and residue 

W1 = Weight of empty crucible 

 

Determination of Total Suspended Solid (TSS) 

This was carried out by first taking the weight of the 

filter paper (W1). The water sample (50mL) was 

measured into a clean beaker. The sample was 

filtered through the filter paper. After filtration 

process was completed, the filter paper and the 

residue were dried and reweighed (W2). TSS was 

calculated using Equation 3.3 

T S S = W2 – W1                                                  Equation 3.3 

 

Table 4.1 Physicochemical Parameters of Water samples across sampling locations in Eniong River 

Locati

on 

Seaso

ns 

Temp. 

(0C) 

TDS  

(mgL-1) 

Turbidi

ty 

(NTU) 

EC  

(uscm-1) 

Salinity 

(mgL-) 

DO 

(mgL-) 
pH 

Alkalini

ty (mgL-

) 

TSS 

(mgL-) 

BOD 

(mgL-) 

1 WET 
Range 

27.3±0.
85 

27.2-

29.9 

30.8±3.
83 

30.5-

40.0 

3.93±5.
46 

0.53-

7.12 

31.0±6.
89 

17.0-

35.0 

0.22±0.
03 

0.2-1.1 

4.68±0.
8 

4.3-6.7 

6.16±0.
88 

5.2-6.5 

31.9±0.0
8 

20.1-

47.3 

0.02 
±0.04 

0.001-

0.042 

1.09±0.
79 

0.4-.2 

DRY 

Range 

28.2±0.

79 

26.1-
28.9 

52.9 

±6.21 

25.2-
80.0 

2.01±1.

28 

1.39-
2.52 

25.4±6.

11 

15.0-
31.0 

0.39±0.

13 

0.2-1.2 

4.38±0.

41 

4.1-5.4 

6.71±0.

11 5.3-

8.5 

29.8±2.0

9 

18.2-
45.2 

0.005±0.0

2 

0.001-
0.012 

0.63±0.

34 

 0.3-1.7 

2 WET 

Range 

28.0±1.

15 
26.7-

28.9 

39.4 

±1.91 
30.0-

46.9 

2.83±9.

56 
1.02-

5.02 

37.3±1.

42 
21.0-

42.0 

0.32±0.

12 
0.8-1.4 

4.73±0.

03 
4.7-6.8 

6.39±0.

99 
5.9-6.4 

43.6±1.7

1 
16.7-

53.6 

0.014±0.0

1 
0.001-

0.021 

1.15±0.

57 
0.2-2.5 

DRY 
Range 

28.9±0.
78 

27.1-

29.2 

50.0 
±8.64 

32.2-

51.5 

2.74±0.
64 

0.59-

3.27 

26.6±5.
70 

16.0-

31.0 

0.47±0.
12 

0.3-1.1 

4.39±0.
7 

4.1-5.2 

6.51±0.
15 

6.3-8.5 

30.9±1.2
1 

14.3-

53.0 

0.011±0.0
2 

0.003-

0.052 

0.64±0.
28 

0.4-1.4 

3 WET 

Range 

28.4±0.

92 

26.3-
29.7 

33.0 

±1.70 

30.0-
60.0 

2.83±3.

11 

0.9-2.45 

29.1±6.

28 

26.0-
64.0 

0.52±0.

01 

0.2-1.2 

5.39±1.

00 

4.6-6.3 

4.75±1.

04 

5.2-8.3 

39.5±9.1

3 

17.9-
54.0 

0.003±0.0

01 

0.001-
0.005 

1.09±0.

33 

0.2-1.9 

DRY 

Range 

28.8±1.

46 
27.6-

29.6 

47.1 

±6.39 
31.3-

50.0 

1.98±0.

50 
1.99-

3.43 

19.6±6.

69 
21.0-

34.0 

0.52±0.

03 
0.2-0.4 

5.91±0.

58 
4.1-5.9 

6.56±0.

62 
6.3-6.6 

28.9±1.2

7 
15.1-

55.1 

0.002 

±0.001 
0.002-

0.035 

0.97±0.

54 
0.3-1.1 

4 WET 
Range 

28.5±1.
25 

27.3-

30.5 

37.9 
±1.81 

30.0-

50.0 

4.61±2.
14 

2.71-7.6 

29.7±2.
07 

24.0-

37.0 

0.49±5.
15 

0.2-1.4 

5.25±0.
43 

4.0-5.7 

6.18±0.
75 

5.2-8.2 

41.8± 
0.97 

21.3-

50.1 

0.02±0.00
2 

0.002-

0.057 

1.19±0.
73 

0.2-2.2 

DRY 

Range 

28.0±1.

18 
26.5-

29.5 

55.7 

±9.26 
27.7-

63.0 

4.59±1.

74 
3.01-

6.62 

19.0±3.

74 
16.0-

25.0 

0.49±0.

16 
0.2-0.6 

5.10±0.

69 
4.1-5.8 

6.76±1.

41 
4.3-8.1 

32.0±1.1

2 
20.1-

49.2 

0.003 

±0.02 
0.004-

0.007 

1.21±0.

52 
0.3-1.6 

WHO 
(2011) 

 <350C 600 - <1000 -  <5 6.5 – 
8.5 

120 <10 10 
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NSDW

Q 
(2008) 

 Ambien

t 

1000 5NTU 500 -  14 6.5 – 

8.5 

- - - 

SON 

(2007) 

- 220C -

320C 

500 - 1000  3-5  - - - 

Above values are mean ±SD of triplicate analysis. 

 

Statistical Analysis: 

The data generated were subjected to statistical 

analysis using statistical package for social sciences 

(SPSS). Statistical parameters such as mean 

concentration and standard deviations were also 

computed. Relationship between analysed 

parameters, mean concentrations in water samples 

were analysed using Pearson’ correlation 

coefficient. 

Quality Assurance 

The implementation of laboratory quality assurance 

and quality laboratory methods, including the use of 

standard operating procedures guaranteed the 

quality of the analytical data. All chemicals and 

reagents used were of analytical grade. 

 

III. Results and Discussion 
The mean levels of the ten (10) 

physicochemical parameters of water samples that 

were examined in both seasons were as presented in 

Table 4.1.   

In general, the temperature of the water 

samples across all the sampling locations ranged 

from 26.10oC - 30.50.oC with the mean highest 

levels of 28.9±0.78oC during dry season while the 

mean lowest level of 27.3±0.85oC was obtained 

during wet season. The range was consistent with 

levels recorded by Ido et al., 2023; Akpan et al., 

2024 and Rosemary et al. 2025. Generally, the 

levels of temperature recorded in water samples 

across all sampling locations were below maximum 

permissible limit of 35oC for drinking water given 

by WHO and SON.  

The mean pH level of the water samples 

recordedin both seasons varied from 4.75 to 6.76.  

The lowest pH level of 4.75±1.04 was recorded 

during wet season while highest level of 6.76±1.4 

was obtained in dry season. The results revealed 

inconsistency of pH value of 4.75 in one location in 

wet season with minimum lower limit of pH 6.5 

given by regulatory bodies.  

The mean electrical conductivity (EC) 

values of water samplesacross sampling varied 

between 19.0 and 37.3 scm-1 with the highest value 

of 37.3 ±1.42 recorded in wet season and lowest 

value of 19.00±3.74scm-1recorded in dry 

season.These values were consistent with levels 

recorded by Isueken et al. 2025; Asemota et al. 2025 

andOgbaji et al. 2025. Comparatively, EC values 

recorded in all water samples from all the locations 

were below maximum permissible limit of 500 

scm-1 as given by WHO. 

The mean BOD values recorded in all 

water samples ranged from 0.63±0.34 mgL-1 to 

1.21±0.52 mgL-1 as highest and lowest values 

respectively. These values are consistent with values 

recorded by Udombeh et al. 2024; Usiabulu  et 

al.2026 and were below maximum permissible limit 

of 10mgL-1guideline by WHO for human 

consumption. 

The mean salinity values of water samples 

collected from all stations varied between  

0.22±0.003– 0.59±0.12 mgL-1, the mean highest 

value of  0.59±0.12 mgL-1 was obtained during dry 

season while mean lowest value of 0.22±0.003 mgL-

1 was recorded in wet season. 

The mean total suspended solids (TSS) and 

total dissolved solids (TDS) concentrations varied 

from 0.005±0.04 to 0.02±0.02 mgL-1 for TSS and 

between 30.8 ±6.21 - 55.7±1.81 mgL-1 for TDS 

across all the sampling locations. The highest TSS 

and TDS values of 0.02±0.002 mgL-1 and 

(55.7±1.81 mgL-1 respectively were recorded in dry 

season.These values were not consistent with levels 

recorded Ido et al. 2024; Ekpe et al. 2026; Ekesiobi 

et al. 2026.Mean levels recorded in all locations 

were below maximum limits specified for human 

consumption. 

The mean alkalinity levels obtained in 

water samples varied from 28.9±1.27 mgL-1 to 

43.6±1.71 mgL-1.  Highest alkalinity value of 

43.6±1.71 mgL-1was obtained in wet season while 

the lowest alkalinity value of 28.9±1.27 mgL-1 was 

obtained during dry season. These values were 

consistent with levels recorded by Akpan et al. 

2025; Ohaturuonye et al. 2025 and Udombeh et al. 

2025. Levels recorded from all the water samples 

were below maximum permissible limit of 10mg/L 

given by regulatory bodies. 

The mean turbidity obtained from all the 

samples ranged from 2.01±1.28 to 4.61±2.14 NTU 

with highest of 4.61±2.14 NTU recorded in wet 

season and lowest value of 2.01±1.28 NTU recorded 

during dry season. These values were in line with 

levels recorded by Umueni et al. 2026 and Etukudo 

et al. 2026. Generally levels obtained in all samples 

were below maximum permissible limit of 5NTU 

guideline by WHO. 
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The mean level of dissolved oxygen (DO) 

of water samples collected from all the sampling 

locations varied from 4.38±0.41 to 5.91±0.58 mgL-1. 

Values recorded in all samples across all sampling 

locations were consistent with values recorded 

Okpoji et al. 2025; Asemota et al. 2025 and Ogbaji 

et al.2025. Comparatively, all the levels recorded 

were below maximum permissible limits of >5; 14 

and 3 -5 guidelines given by WHO, NSDWQ and 

ISO respectively. 

 

Table 2 Correlation Matric of Physicochemical Parameters 
 

Temperature TDS Turbidity EC Salinity DO pH Alka. TSS BOD5 

Temperature 1.000          

TDS .040 1.000         

Turbidity .022 -.054 1.000        

EC -.214 .043 .076 1.000       

Salinity -.027 .289 -.137 -.087 1.000      

DO -.186 -.125 .118 .072 -.092 1.000     

Ph -.102 .029 .163 -.016 .132 .176 1.000    

Alkalinity -.030 .089 -.122 .434 -.089 .118 .142 1.000   

TSS -.110 -.152 -.027 -.137 .232 -.149 -.081 -.376 1.000  

BOD5 .259 -.038 -.029 .012 -.090 .280 .329 .212 -.214 1.000 

**. Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (1-tailed) 

 

The correlation matrix of the physicochemical 

parameters were as displayed in Table 2. The overall 

correlation among the ten (10) physicochemical 

parameters in both seasons showed that there were 

55 pair-wise associations in the water column of the 

study area. The relationship analyses revealed ten 

(10) were unity (1.00), twenty-one (21) were 

negative and nineteen (19) were positive 

associations. From the table,there were no positive 

or negative significant associations,  

 

Table 3: Levels (mg/L) of heavy metals in surface water of Eniong River for wet and dry seasons 

 Heavy 

Metals 

  

Cd 

 

Cr 

 

As 

 

Cu 

 

Fe 

 

Pb 

 

 
Wet 0.02±0.01 0.01±0.01 0.01±0.01 0.02±0.01 0.01±0.01  0.00±0.00  

Dry 0.03±0.01 0.01±0.01 0.02±0.01 0.04±0.01 0.02±0.01  0.00±0.00  

 
Wet 0.02±0.01 0.01±0.01 0.02±0.01 0.03±0.01 0.02±0.01  0.00±0.00  

Dry 0.04±0.01  0.01 ±0.01 0.03±0.01 0.07±0.01 0.03±0.01  0.00±0.00  

 
Wet 0.0±0.00  0.03 0.01 0.01±0.00 0.05±0.01 0.0 ±0.00  0.00±0.00  

Dry 0.06±0.01 0.05±0.01 0.01±0.01 0.06±0.01 0.02±0.01  0.01±0.00  

 
Wet 0.03±0.01 0.04±0.01 0.02±0.01 0.08±0.01 0.03±0.01  0.00±0.01  
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Dry 0.05 ±0.00 0.04±0.00 0.01±0.01 0.10±0.00 0.01±0.01  0.01±0.00  

 
Wet 0.04±0.01 0.03±0.01 0.02±0.01 0.08±0.01 0.03±0.01  0.01±0.01  

Dry 0.06±0.00 0.02±0.00 0.01±0.00 0.10 ±0.01 0.02±0.01  0.01±0.00  

         

WHO(mg/L)0.0030.1                   0.01        2.0 0.3            0.01 

 

Table 3 shows a comparison ofmean levels of heavy 

metals recorded in water samples from the study 

area with maximum permissible guidelines given by 

WHO. The results showed that levels of all the 

heavy metals analysed were below maximum 

permissible limits, although levels in some metals 

were approaching maximum limits. The results 

indicated that the river water does not suffer 

fromsignificant heavy metals pollution.  

 

IV. Conclusion 
Statistical analysis of the results of the 

physicochemical parameters and heavy metals in the 

water samples from the study area revealed that 

highest levels of the parameters obtained were all 

below maximum permissible levels as given by 

WHO. The results further revealed that some levels 

of the parameters were approaching maximum 

limits and the need to prevent escalation. Generally, 

since the levels of all the parameters determined 

were within permissible given by regulatory bodies, 

it therefore means that the river water is of no 

significant public health risk.  Based on elevated 

levels of some of the parameters, routine monitoring 

of the parameters through researches in the study 

area is strongly advocated to prevent escalation and 

ensure sustainability of the river water for use by the 

present and future generations. 
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