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Introduction

Rivers and streams are of strategic importance worldwide, 
providing water for domestic, industrial and agricultural 
purposes while organising the landscape and ecological setting of 
a drainage basin [1]. The quality and quantity of surface water in a 
river basin are influenced both by natural factors such as rainfall, 
temperature and rock weathering, and by anthropogenic changes 
that alter natural flow or hydrochemistry [2]. Water quality 
attributes are primary determinants of fish survival, reproduction, 
growth performance and overall biological production [3,4], 
affecting aquatic biotic integrity both directly through mortality 
and indirectly through shifts in competitive ability among species 
[5,6].

Most rivers and their tributaries in developing regions serve 
simultaneously as sources of drinking water and as receptacles 
for domestic, agricultural and industrial waste, a dual role that 
places considerable pressure on water quality as population 
growth, urbanisation and changing land use intensify [7]. The 
nature and concentration of chemical constituents in freshwater 
systems change in response to physical, chemical, hydrological 
and biological processes [8,9], themselves shaped by climate, 
geography and geology [10]. Similar assessments of physico-
chemical status have been reported for several freshwater systems 
in Akwa Ibom State and southeastern Nigeria [8,11,12].

Nwaniba River, located in Uruan Local Government Area of 
Akwa Ibom State, Southeastern Nigeria, is an important source 
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Abstract

Twelve physico-chemical parameters of Nwaniba River, a tropical freshwater system in Uruan Local Government Area, Akwa Ibom State, 
Southeastern Nigeria, were investigated monthly from June to December 2025 at three sampling stations (upstream, midstream and downstream) 
using standard analytical methods (APHA, 2005). Mean (±SE) values recorded were: air temperature 24.08±0.24°C, water temperature 
26.56±0.28°C, pH 6.92±0.14, dissolved oxygen (DO) 5.54±0.43mg∙L⁻¹, biochemical oxygen demand (BOD) 4.59±0.21mg∙L⁻¹, electrical conductivity 
6.12±0.49µS∙cm⁻¹, nitrate 0.33±0.06mg∙L⁻¹, ammonia 3.92±0.21mg∙L⁻¹, phosphate 0.11±0.01mg∙L⁻¹, sulphate 0.74±0.17mg∙L⁻¹, total alkalinity 
79.43±5.02mg∙L⁻¹ and total dissolved solids (TDS) 3.05±0.39mg∙L⁻¹. All parameters except nitrate showed no significant seasonal variation 
(P>0.05). Pearson correlation identified a strong positive association between conductivity and TDS(r = 0.795, P<0.01) and between water 
temperature and pH(r = 0.678, P<0.01). Principal component analysis resolved three components jointly explaining 58.65% of total variance, 
with Component 1(24.57%) dominated by nitrate, pH and BOD. All recorded values fell within limits considered acceptable for unpolluted 
tropical freshwater, indicating that Nwaniba River remained within a generally good water quality status over the study period. These findings 
provide baseline water quality data to support the sustainable management of this previously under-studied river. 

Keywords: Akwa Ibom State; Nwaniba River; Physico-Chemical Parameters; Seasonal Variation; Water Quality

Abbreviations:DO: Dissolved Oxygen; BOD: Biochemical Oxygen Demand; ANOVA: Analysis Of Variance; TDS: Total Dissolved Solids; SE: Mean; 
PCA: Principal Component Analysis
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of water for its riparian community and supports domestic use, 
dry-season farming and subsistence fishing. Despite this socio-
economic importance, published baseline data on its water quality 
remain limited. This study addresses that gap by characterising 
the temporal and spatial variation in twelve physico-chemical 
parameters of Nwaniba River over a seven-month period (June-
December 2025), examining inter-parameter relationships 
through correlation and principal component analysis, and 
evaluating the river’s water quality status against established 
freshwater quality benchmarks.

Literature Review

Physico-chemical characterisation of tropical African rivers 
has repeatedly shown that temperature, dissolved oxygen, 
pH and nutrient concentrations are among the most sensitive 
indicators of seasonal hydrological change and local land-use 
pressure [11,13,14]. In Nigerian systems, BOD values below 
about 5mg∙L⁻¹ are generally taken to indicate clean to fairly clean 
water [15], while elevated nitrate and phosphate are frequently 
linked to agricultural fertiliser run-off [6,16,17]. Spatial gradients 
from upstream to downstream often reflect the concentration of 
domestic effluent near settlements and the recovery of dissolved 
oxygen where current velocity increases [8]. Principal component 
analysis and correlation analysis are widely used to summarise 

multi-parameter water-quality datasets [1,2]. Site-specific 
baselines remain essential because seasonality and parameter 
patterns cannot be reliably extrapolated from one water body to 
another within the same climatic zone [18-22].

Materials and Methods

Study Area

Nwaniba River (Figure 1) is located in Uruan Local Government 
Area of Akwa Ibom State, Southeastern Nigeria, approximately 50 
km from Uyo, the state capital. It is bounded by Uyo to the north, 
Nsit Atai to the south, Okobo to the east and Itu to the west. The 
river lies between 4°51′0″N and 8°01′0″E, has a predominantly 
sandy and muddy bed, moderately fast current from upstream 
to downstream, and patches of aquatic macrophyte cover. It 
experiences a tropical humid climate with distinct wet and dry 
seasons. Three sampling stations were established: Station 1 
(upstream, 04°50′29.3″N, 8°03′19.9″E), located where domestic 
effluent and surface run-off enter the river directly; Station 2 
(midstream, 04°50′01.8″N, 008°02′57.8″E), characterised by 
sand dredging activity and dense macrophyte cover; and Station 
3 (downstream, 04°49′49.3″N, 008°02′56.1″E), characterised 
by swift current. The river had a mean depth of 1.1 m and mean 
width of 8.3 m.

Figure 1: Map showing the study area of Nwaniba River, Akwa Ibom State, Nigeria.
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Sample Collection and Analysis

Water sampling was conducted monthly at the three stations 
from June to December 2025, between 08:00 and 10:00 h, 
following standard methods [10,23]. Surface water was collected 
at mid-channel at each station using pre-washed plastic bottles; 
samples for biochemical oxygen demand (BOD) were collected in 
brown glass-stoppered bottles filled without trapping air. Non-
conservative parameters-temperature, pH, dissolved oxygen (DO) 
and electrical conductivity-were measured in situ in triplicate. 
Remaining samples were transported to the laboratory for 
determination of BOD (5-day incubation at 20°C), total alkalinity 
(titrimetric method), total dissolved solids (gravimetric method), 
nitrate (Brucine method), phosphate (vanadomolybdate method), 
sulphate (turbidimetric gelatin-BaCl₂ method) and ammonia 
(Nessler’s colorimetric method).

Statistical analysis

Monthly and seasonal (wet: June-August; dry: September-
December) means, standard errors, ranges and coefficients of 
variation were computed for all twelve parameters. Seasonal 

differences were tested by one-way analysis of variance (ANOVA) 
at the 5% probability level. Pearson product-moment correlation 
was used to examine pairwise relationships among parameters, 
and principal component analysis (PCA) was applied to identify 
the dominant sources of variance in the physico-chemical dataset.

Results and Discussion

Monthly Variation in Water Quality Parameters

Monthly variation in the twelve physico-chemical parameters 
is presented in (Table 1) and (Figures 2 and 3). Air temperature 
was highest in August (25.30°C) and lowest in December 
(22.30°C). Water temperature peaked in October (27.90°C) and 
was lowest in June (24.60°C). pH rose steadily from 5.80 in June 
to 7.60 in December. Dissolved oxygen was highest in September 
(7.90mg∙L⁻¹) and lowest in June (3.30mg∙L⁻¹), while BOD rose 
from 3.60mg∙L⁻¹ in June to 5.60mg∙L⁻¹ in December. Nitrate rose 
progressively from 0.10mg∙L⁻¹ in June to 0.80mg∙L⁻¹ in December, 
the only parameter to show a statistically significant difference 
between months (P<0.05). Alkalinity recorded the highest 
absolute mean value (79.43±5.02mg∙L⁻¹).

Table 1: Monthly variation in water quality parameters of Nwaniba River, Southeastern Nigeria (June-December 2025).

Parameter Jun Jul Aug Sep Oct Nov Dec Mean±SE

Air temp. (°C) 24.6 23.6 25.3 24.2 23.7 24.9 22.3 24.08±0.24

Water temp. (°C) 24.6 25.3 27.7 26.9 27.9 26.8 26.7 26.56±0.28

pH 5.8 6.6 7.1 7.2 7.3 6.7 7.6 6.92±0.14

DO (mg∙L⁻¹) 3.3 5.4 4.6 7.9 7 6.9 3.7 5.54±0.43

BOD (mg∙L⁻¹) 3.6 3.8 4.2 5.2 5.1 4.7 5.6 4.59±0.21

Conductivity (µS∙cm⁻¹) 6.7 6.7 5.7 5.3 5.5 4.7 8.3 6.12±0.49

Nitrate (mg∙L⁻¹)* 0.1 0.2 0.26 0.38 0.26 0.4 0.8 0.33±0.06

Ammonia (mg∙L⁻¹) 3.3 4.4 3.6 4.5 4.5 4.5 2.6 3.92±0.21

Phosphate (mg∙L⁻¹) 0.19 0.14 0.08 0.08 0.09 0.1 0.11 0.11±0.01

Sulphate (mg∙L⁻¹) 0.17 0.01 1.69 1.01 0.85 1.36 0.07 0.74±0.17

Alkalinity (mg∙L⁻¹) 76 105.33 62.66 65.33 98 70 78.66 79.43±5.02

TDS (mg∙L⁻¹) 2.33 4.33 3.03 2.37 2.86 2.5 3.66 3.05±0.39

*Significant seasonal difference, P<0.05.

Spatial Variation Among Sampling Stations

(Table 2) and (Figure 4) present the spatial variation 
among the three sampling stations. Dissolved oxygen increased 
progressively downstream (Station 1: 4.79±0.40mg∙L⁻¹; Station 
3: 6.19±0.77mg∙L⁻¹), consistent with greater turbulence at the 
downstream station. Conductivity, alkalinity and TDS were 
highest at Station 1, consistent with domestic effluent and surface 
run-off entering at the upstream station. Nitrate was highest at 
Station 1 (0.39±0.17mg∙L⁻¹).

Seasonal Variation

One-way ANOVA comparing wet-season (June-August) and 
dry-season (September-December) means found no statistically 
significant seasonal difference (P>0.05) for eleven of the twelve 
parameters. Nitrate was the sole exception (P<0.05), with a 
higher dry-season mean (0.57mg∙L⁻¹) than wet-season mean 
(0.23mg∙L⁻¹), consistent with increased dry-season agricultural 
fertiliser run-off into the river.
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Table 2: Spatial variation in physico-chemical parameters among sampling stations in Nwaniba River, Southeastern Nigeria (June-December 
2025).

Parameter Station 1 Station 2 Station 3

Air temp. (°C) 24.04±0.55 24.01±0.41 24.19±0.32

Water temp. (°C) 26.77±0.62 26.57±0.47 26.34±0.40

pH 6.76±0.32 7.08±0.16 6.90±0.22

DO (mg∙L⁻¹) 4.79±0.40 5.66±0.96 6.19±0.77

BOD (mg∙L⁻¹) 4.40±0.40 4.50±0.41 4.87±0.32

Conductivity (µS∙cm⁻¹) 7.46±0.98 5.16±0.10 5.76±0.96

Nitrate (mg∙L⁻¹) 0.39±0.17 0.28±0.03 0.32±0.06

Ammonia (mg∙L⁻¹) 4.22±0.35 4.04±0.47 3.49±0.19

Phosphate (mg∙L⁻¹) 0.10±0.01 0.11±0.02 0.13±0.04

Sulphate (mg∙L⁻¹) 0.95±0.40 0.63±0.24 0.64±0.24

Alkalinity (mg∙L⁻¹) 87.43±3.29 79.71±8.76 71.14±11.95

TDS (mg∙L⁻¹) 3.72±0.97 2.45±0.24 2.97±0.61

Figure 2: Monthly variation in temperature, pH, dissolved oxygen, BOD and conductivity in Nwaniba River (June-December 2025).

Correlation Among Physico-Chemical Parameters

Pearson correlation identified several significant relationships. 
Water temperature was positively correlated with BOD(r = 0.448, 
P<0.05), pH(r = 0.678, P<0.01) and sulphate (r = 0.556, P<0.01), 

and negatively correlated with phosphate (r = −0.605, P<0.01). 
pH was positively correlated with BOD(r = 0.575, P<0.01) and 
nitrate (r = 0.590, P<0.01). The strongest correlation was between 
conductivity and TDS (r = 0.795, P<0.01).
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Figure 3: Monthly variation in nitrate, phosphate, ammonia, sulphate, alkalinity and TDS in Nwaniba River (June–December 2025).

Figure 4: Spatial variation in conductivity, alkalinity, TDS and dissolved oxygen across sampling stations in Nwaniba River.
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Principal Component Analysis

PCA resolved three components that cumulatively explained 
58.65% of total variance. Component 1 (24.57%) was most 
strongly associated with nitrate (0.83), pH(0.80) and BOD(0.83), 
and negatively with air temperature (−0.69). Component 
2(17.87%) was associated with sulphate (0.73) and water 
temperature (0.73), and negatively with phosphate (−0.89). 
Component 3(16.21%) was most strongly associated with TDS 
(0.94).

The general absence of significant seasonal variation across 
most parameters contrasts with reports of more pronounced 
seasonality from several other tropical freshwater systems in 
Nigeria [11,13,14] and may reflect the buffering effect of the 
equatorial climate on water chemistry [18]. The significant dry-
season elevation of nitrate is consistent with agricultural fertiliser 
application during dry-season farming [6,16,17,21,22]. BOD 
values below 5mg∙L⁻¹ are generally considered indicative of clean 
to fairly clean water [15]; the overall BOD mean recorded here 
(4.59±0.21mg∙L⁻¹) sits close to this threshold. Taken together, 
the data indicate that Nwaniba River, while subject to measurable 
anthropogenic influence particularly at the upstream station, 
remains within a generally acceptable water quality status for a 
community-utilised tropical river [24-27].

Conclusion

This study provides a documented physico-chemical 
characterisation of Nwaniba River, Akwa Ibom State, Nigeria, for 
June-December 2025. Eleven of twelve measured parameters 
showed no significant seasonal variation, while nitrate increased 
significantly in the dry season, most plausibly reflecting 
agricultural run-off associated with dry-season farming. Spatial 
patterns indicated elevated conductivity, alkalinity and TDS at 
the upstream station, consistent with localised domestic effluent 
input, while dissolved oxygen increased downstream with greater 
current velocity. Overall, water quality parameters remained 
within limits considered acceptable for unpolluted tropical 
freshwater. These findings establish a quantitative baseline 
against which future change can be assessed, and support 
continued monitoring and management measures to limit further 
nutrient input from surrounding agricultural land use.
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