Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

Assessment of Water Quality of Otamiri River Along
Selected Reaches Using an Integrated Approach
(Including Drone).

Michael Igara Nmecha

michael . nmecha@futo, edu, ng

Federal University of Technology Owerri

Chidi Donatus Okereke
Federal University of Technology Owerri

Chukwudi Celestine Egwuonwu
Federal University of Technology Owerri

Okore Okay Okorafor
Federal University of Technology Owerri

Ngozi A.A. Okereke
Federal University of Technology Owerri

Chijioke Ndukwe Uyo
Federal University of Technology Owerri

Chukwumezirim Jideaku Egwim
Federal University of Technology Owerri

Systematic Review

Keywords: Otamiri River, water quality, UAV, drone, GIS, heavy metals, faecal coliform, river monitoring
Posted Date: June 4th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-9904955/v1

License: € ® This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Additional Declarations: No competing interests reported.


https://doi.org/10.21203/rs.3.rs-9904955/v1
https://doi.org/10.21203/rs.3.rs-9904955/v1
https://doi.org/10.21203/rs.3.rs-9904955/v1
https://creativecommons.org/licenses/by/4.0/

ASSESSMENT OF WATER
QUALITY OF OTAMIRI RIVER
ALONG SELECTED REACHES
USING AN INTEGRATED
APPROACH (INCLUDING
DRONE).

Michael Igara Nmecha'*, Chidi Donatus Okereke!, Chukwudi Celestine Egwuonwu!, Okore Okay Okorafor!,
Ngozi A.A. Okereke!, Chijioke Ndukwe Uyo? and Chukwumezirim Jideaku Egwim?

1"2Department of Environmental Management/Centre of Excellence in Sustainable Procurement, Environmental
and Social Standards, Nigeria 'Department of Agricultural Engineering, Federal University of Technology
Owerri, Nigeria

Corresponding Author: Michael Igara Nmecha, email: michael.nmecha@futo.edu.ng

ORCID iD: https://orcid.org/0000-0001-9703-0414

Abstract

This study assessed water quality along selected reaches of the Otamiri River, Imo State, Nigeria, using an
integrated field sampling, laboratory analysis, unmanned aerial vehicle (UAV) and geographic information system
(GIS) approach. Five stations distributed over 1,080 m were assessed for physicochemical, heavy-metal and
microbiological indicators. UAV imagery supported reach delineation and identification of land-use pressures,
while laboratory measurements were compared with applicable guideline values. The results showed acidic
conditions across all stations (mean pH = 5.93), elevated chemical oxygen demand at four of five stations (mean
COD = 23.73 mg/L), and exceedance of drinking-water guideline values for lead (mean Pb = 0.056 mg/L),
cadmium (mean Cd = 0.085 mg/L), total coliforms (mean = 20,860 cfu/100 mL) and faecal coliforms (mean =
1,440 cfu/100 mL). Dissolved oxygen remained above 4 mg/L at all stations, suggesting that oxygen conditions
may still support some aquatic life, although this does not alleviate the public-health risk associated with microbial
and metal contamination. Exploratory correlations and regressions were interpreted cautiously due to the small
station-level dataset (n = 5). UAV-GIS observations indicated that sand mining, refuse dumping, settlement
encroachment and urban runoff corresponded with pollution hotspots. The river is therefore unsuitable for direct
drinking-water use without adequate treatment. Priority interventions include sanitation control, discharge
regulation, riparian-buffer restoration, sand-mining management and seasonal UAV-GIS surveillance.

Keywords: Otamiri River; water quality; UAV; drone; GIS; heavy metals; faecal coliform; river monitoring.

1. Introduction

Freshwater rivers support domestic water supply, irrigation, fisheries, ecosystem services and public health(Bawra
& Pawar, 2023). In rapidly urbanising catchments, however, river quality is increasingly affected by municipal
waste, untreated effluents, agricultural runoff, sand mining and riparian encroachment(Othman et al., 2012). These
pressures are especially important in developing regions where routine monitoring networks are limited(Hannah
et al.,, 2022). Otamiri River is a strategic surface-water body in Imo State, south-eastern Nigeria, serving
communities around Owerri and the Federal University of Technology Owerri(Fagorite et al., 2019, p. 156;
Nmecha et al., 2025, p. 56). Previous investigations have reported physicochemical and microbiological
deterioration in the river, but many assessments remain constrained by point sampling and limited spatial
coverage(Nmecha et al., 2024, p. 2). UAV-based imagery and GIS analysis can strengthen conventional laboratory
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monitoring by identifying land-use pressures, channel modifications, potential discharge points and spatial
pollution patterns(Nmecha et al., 2025, p. 21). Recent studies have demonstrated the growing application of UAV
technology for environmental monitoring in Nigeria. For example, Nmecha et al. (2024) applied drone technology
to assess water quality conditions along selected reaches of the Otamiri River, highlighting the usefulness of UAV-
derived imagery for identifying riverbank disturbances, pollution sources and anthropogenic pressures. However,
the study was primarily observational and relied largely on UAV-based spatial assessment. Building on this
foundation, the present study integrates UAV observations with GIS-based spatial analysis and laboratory-derived
physicochemical, heavy-metal and microbiological measurements, thereby enabling a more comprehensive
evaluation of the relationships between observed environmental pressures and measured water-quality conditions.

This study therefore integrates UAV-GIS mapping with laboratory assessment to evaluate water quality along
selected Otamiri River reaches and to provide evidence for practical river-management interventions.

The objectives were to: (i) determine selected physicochemical, heavy-metal and bacteriological parameters; (ii)
compare measured values with relevant guideline limits; (iii) use UAV-GIS information to interpret spatial
pollution patterns; and (iv) examine reach-scale variation and exploratory relationships among key water-quality
indicators.

2. Materials and Methods
2.1 Study area and sampling design
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Figure 1. Location of the Otamiri River study area showing sampling stations (A—E) along the selected reaches in
Owerri, Imo State, Nigeria.

The study covered five monitoring stations along a 1,080 m reach of the Otamiri River. The selected stations
represented upstream, midstream and downstream conditions and were chosen to capture variations in sand
mining, urban discharge, residential encroachment, agricultural runoff and riparian vegetation. Water samples
were collected on 29 August 2023 during the rainy (wet) season at five monitoring stations (A—E) distributed
along the selected reaches of the Otamiri River. The wet-season sampling period was selected to capture river
conditions under increased runoff and hydrological connectivity. Seasonal conditions may influence pollutant
transport, sediment loading, microbial contamination, and dilution processes; therefore, the findings reported in
this study represent wet-season water-quality characteristics of the Otamiri River. UAV imagery was used to
support reach mapping, identify adjacent land-use pressures and interpret pollution hotspots.
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Figure 2. Integrated UAV-GIS—Laboratory framework adopted for water quality assessment, pollution hotspot
identification, spatial analysis, statistical modelling and decision support for sustainable management of Otamiri
River, Imo State, Nigeria.

Reach Location  Distance from Major Land Use  Terrain Justification for
Source (km) Description Selection
Reach 1 0-0.25 Sand Mining Flat to gently Monitors sand
and Agriculture  sloping terrain mining impact
on water quality
and sediment
disturbance.
Reach 2 0.25-0.50 Industrial and Moderately Represents
Urban sloping terrain industrial
with concrete discharge, urban
banks runoff, and sand
mining impact.
Reach 3 0.50-0.75 Residential and  Flat terrain with  Evaluates
Urban residential effects of
encroachment domestic waste
and urban
runoff.
Reach 4 0.75-0.90 Sand Mining Undulating Combines
and Agriculture  terrain with effects of sand
vegetative cover  mining,
agricultural
runoff, and
vegetation.
Reach 5 0.90 - 1.08 Sand Mining Undulating and  Natural filtration
and Riparian densely and self-

vegetated terrain

purification
potential amidst
sand mining.




2.2 Analytical methods

In-situ and laboratory analyses covered temperature, pH, electrical conductivity, total dissolved solids, turbidity,
dissolved oxygen, biochemical oxygen demand (BOD:s), chemical oxygen demand (COD), total suspended solids
(TSS), nitrate, copper, chromium, lead, cadmium, total coliforms and faecal coliforms. Field measurements were
obtained using calibrated portable instruments immediately after sample collection. Laboratory analyses were
conducted in accordance with the procedures described in the American Public Health Association (APHA),
American Water Works Association (AWWA), and Water Environment Federation (WEF) Standard
Methods for the Examination of Water and Wastewater (23rd Edition) (APHA et al., 2017). Quality
assurance and quality control measures included instrument calibration, procedural blanks, duplicate analyses and
verification using reference standards where applicable. Microbiological results were reported as colony-forming
units per 100 mL (cfu/100 mL)., with blanks, duplicates, and reference checks used for quality assurance.
Microbiological units are reported consistently as cfu/100 mL.

UAV image acquisition, orthomosaic generation and spatial analysis were performed using standard
photogrammetric and GIS processing procedures to support pollution-hotspot identification and interpretation of
land-use pressures along the study reach.

2.3 Data analysis

Water samples were collected on 29 August 2023 during the peak rainy season from five monitoring stations (A—
E) along a 1,080 m section of the Otamiri River. The wet-season sampling was chosen to capture river conditions
characterized by increased hydrological connectivity and runoff influence. In tropical river systems, seasonal
variability can significantly impact pollutant transport, sediment loading, microbial contamination, and
contaminant dilution processes. Therefore, the findings of this study reflect wet-season water-quality conditions
and should be interpreted within this hydrological context. Future research should include both wet- and dry-
season monitoring to assess temporal variability and enhance long-term environmental assessments. Guideline
exceedance was determined by the number and percentage of stations surpassing a specified threshold.
Correlations and simple regressions were employed solely as exploratory diagnostics due to the small station-
level sample size. Consequently, inferential claims were avoided where the dataset did not support them. Given
the limited station-level sample size (n = 5), all correlation and regression analyses were used exclusively as
exploratory tools to identify potential relationships among variables. The results were not intended to establish
causality or support broad statistical generalizations beyond the study reach.

Compliance evaluation was undertaken using the World Health Organization (WHO) Guidelines for Drinking-
Water Quality, the 2024 Nigerian Standard for Drinking Water Quality (NSDWQ), and relevant National
Environmental Standards and Regulations Enforcement Agency (NESREA) environmental regulations where
applicable.



3. Results

3.1 Spatial variation in measured parameters

Table 2. Station-level water-quality measurements.

Stati  Location Distan Temperat pH Conducti TDS  Turbid DO BOD COD TSS NO3 Cu Cr Pb Cd Total  Fecal

on ce (m) ure (C) vity (mg/ ity (mg/ 5 (mg/ (mg/ (mg/ (mg/ (mg/ (mg/ (mg/ colifor -colifor
(uS/cm) L) (NTU) L) (mg/ L) L) L) L) L) L) L) m m
L) (cfu/l  (cfu/l
00 00
mL) mL)
A Upstream 0 30.1 57 585 30.5 6.5 545 315 19.1 056 251 0.03 0.02 0.03 0.06 38500 1700
1 5 5 3 8 6 3
B Upstream 180 30.2 5.7 60 30.5 0.015 575 405 206 061 26 0.05 0.04 0.07 0.13 28500 2100
2 1 1 9 9 6
C Downstre 360 30 59 485 255 128 5.6 34 244 070 251 004 0.03 0.07 0.13 31500 1500
am 1 6 3 3 9 3 4
D Downstre 720 30.5 6.4 502 249 <1 5.7 3.8 264 080 24 0.02 0.01 0.04 0.04 2900 1100
am 2 7 9 6 9 9
E Midstrea 1080  30.2 5.8 525 265 <1 5.5 3 28.1 056 2.8 0.04 0.02 0.04 0.04 2900 800
m 1 5 5 9 5 3 3

Turbidity values recorded at Stations D and E were below the effective detection threshold of the field instrument and are therefore reported as <1 NTU. Although these reaches
are located within a river system influenced by sand mining and urban runoff, localized settling of suspended particles, reduced flow disturbance during sampling and
measurement resolution limitations may have contributed to the observed low turbidity values. These results should therefore be interpreted cautiously.

Coliform results are expressed as cfu/100 mL to avoid the cfu/mL and cfu/100 mL inconsistency observed in the earlier version.

Note: Values reported as "<1 NTU" indicate turbidity levels below the effective detection threshold or reporting resolution of the field instrument and should not be interpreted
as complete absence of suspended particles.
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Figure 3. Longitudinal Variation of Biochemical Oxygen Demand (BODs) and Dissolved Oxygen (DO) Along
Otamiri River Reaches

Figure 3 illustrates the longitudinal variation of BODs and dissolved oxygen along the monitored reaches of
Otamiri River. BODs increased from 3.15 mg/L at Station A to 4.05 mg/L at Station B, indicating localized organic
pollution inputs likely associated with urban runoff and sand-mining activities. Thereafter, BODs declined to 3.00
mg/L at Station E, suggesting partial dilution and natural attenuation processes. Dissolved oxygen remained
relatively stable throughout the study reach, ranging from 5.45 to 5.75 mg/L, and exceeded the minimum threshold
commonly recommended for aquatic life support. The relatively high DO concentrations despite elevated organic
loading may be attributed to stream turbulence, reaeration, and the shallow nature of the river channel. These
findings indicate that while oxygen depletion is not currently a major concern, continued pollutant inputs may
compromise the river's assimilative capacity over time.



3.2 Descriptive statistics and guideline compliance

Table 3. Descriptive statistics for measured parameters across the five monitoring stations.

Parameter Min Max Mean SD
Distance (m) 0 1.08e+03 468 433
Temperature (°C) 30 30.5 30.2 0.182
pH 5.7 6.4 5.93 0.28
Conductivity (LS/cm) 48.5 502 144 200
TDS (mg/L) 25.5 249 72.3 98.6
Turbidity (NTU) 0 12.8 3.9 5.74
DO (mg/L) 5.45 5.75 5.6 0.127
BODS5 (mg/L) 3 4.05 3.48 0.44
COD (mg/L) 19.1 28.1 23.7 3.83
TSS (mg/L) 0.565 0.807 0.65 0.104
NO3 (mg/L) 24 2.8 2.56 0.15
Cu (mg/L) 0.029 0.051 0.041 0.0097
Cr (mg/L) 0.016 0.049 0.0314 0.0128
Pb (mg/L) 0.036 0.079 0.056 0.0189
Cd (mg/L) 0.043 0.136 0.085 0.0462
Total Coliform (CFU/100 mL) 2.9e+03 3.85e+04 2.09¢+04 1.68e+04
Faecal Coliform (CFU/100 mL) 800 2.1e+03 1.44e+03 508




Table 4. Corrected compliance summary based on station-level measurements benchmarked against WHO
Guidelines for Drinking-Water Quality and the 2024 Nigerian Standard for Drinking Water Quality (NSDWQ).
Compliance interpretation was recalculated directly from the station-level data.

Parameter Guideline limit Observed  Stations Status
mean exceeding
Temp (C) 20-30(Ganguli et al., 2018, p. 3) 30.2 4/5 (80%) Non-
compliant
pH 6.5-8.5(Latif et al., 2024, p. 6) 5.93 5/5(100%) Non-
compliant
Turbidity <=5(Bankar, 2025, p. 842) 3.9 2/5 (40%) Non-
(NTU) compliant
DO (mg/L) >=4(Aimikhe et al., 2024, p. 9) 5.6 0/5 (0%) Compliant
BOD3 <=4(Adimasu, 2015, p. 61) 3.48 1/5 (20%) Non-
(mg/L) compliant
COD (mg/L) <=20(Umamageswari et al., 2019, p. 8) 23.7 4/5 (80%) Non-
compliant
TDS (mg/L) <=500(Sarkar et al., 2019, p. 54) 72.3 0/5 (0%) Compliant
TSS (mg/L) <=5(Wenger et al., 2018, p. 44042) 0.65 0/5 (0%) Compliant
NO3 (mg/L)  <=45(Rahman et al., 2021, p. 1) 2.56 0/5 (0%) Compliant
Cu (mg/L) <=2.0(Kabata-Pendias & Szteke, 2015, p. 131) 0.041 0/5 (0%) Compliant
Cr (mg/L) <=0.05(Beauchemin, 2024, p. 115) 0.0314 0/5 (0%) Compliant
Pb (mg/L) <=0.01(Kabata-Pendias & Szteke, 2015, p. 202) 0.056 5/5(100%) Non-
compliant
Cd (mg/L) <=0.003(“Scientific Opinion on the Minimum Hygiene 0.085 5/5(100%) Non-
Criteria to Be Applied to Clean Seawater and on the Public compliant

Health Risks and Hygiene Criteria for Bottled Seawater
Intended for Domestic Use,” 2012, p. 32)

Total 0 for drinking water(Usman et al., 2024, p. 11) 2.09e+04  5/5(100%) Non-
coliform compliant
(cfu/100 mL)

Fecal 0 for drinking water(Gruber et al., 2014, p. 2) 1.44e+03 5/5(100%) Non-
coliform compliant
(cfu/100 mL)

The compliance assessment was conducted primarily using the 2024 Nigerian Standard for Drinking Water
Quality (NSDWQ), supplemented by the World Health Organization (WHO) Guidelines for Drinking-Water
Quality for international comparison. Evaluation against the updated NSDWQ confirms that pH, lead (Pb),
cadmium (Cd), total coliforms and faecal coliforms remain the principal non-compliant parameters across the
study reach. These exceedances indicate significant public-health concerns and demonstrate that untreated water
from the Otamiri River does not satisfy current Nigerian drinking-water quality requirements.
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Source: Author's Field Survey, Laboratory Analysis, UAV Survey and GIS Processing (2025)
Figure 4. Heavy Metal Compliance Assessment Along Selected Reaches of the Otamiri River, Owerri, Nigeria

Figure 4. Spatial assessment of lead (Pb) and cadmium (Cd) concentrations across the five monitoring stations
showing compliance status relative to WHO drinking-water guideline values. The figure integrates laboratory
results, pollution-risk indicators and spatial interpretation to identify areas of elevated heavy metal
contamination along the Otamiri River corridor

The corrected results show that dissolved oxygen, total dissolved solids (TDS), total suspended solids (TSS),
nitrate, copper and chromium complied with the benchmark values specified in the World Health Organization
(WHO) Guidelines for Drinking-Water Quality and the 2024 Nigerian Standard for Drinking Water Quality
(NSDWQ) at all monitoring stations. In contrast, pH, lead (Pb), cadmium (Cd), total coliforms and faecal
coliforms exceeded the applicable WHO and NSDWQ limits at all stations. Chemical oxygen demand (COD)
exceeded the selected benchmark at four stations, while turbidity exceeded the recommended 5 NTU threshold at
two stations and BODs exceeded the selected limit at one station. These findings indicate that the principal water-
quality concerns are microbial contamination, heavy metal pollution, acidic conditions and elevated oxidisable
organic load rather than universal non-compliance across all measured parameters. Where applicable,
interpretation was further informed by relevant National Environmental Standards and Regulations Enforcement
Agency (NESREA) environmental quality provisions.

In contrast, pH, lead, cadmium, total coliform and fecal coliform did not comply with the guideline limits at all
stations. COD exceeded the selected threshold at four stations, while turbidity exceeded 5 NTU at two stations
and BOD exceeded 4 mg/L at one station. The main risk profile is therefore microbiological contamination, metal
toxicity, acidity and elevated oxidizable organic load, not generalized failure of every parameter.
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Figure 5. Water Quality Compliance Status Along Selected Reaches of the Otamiri River, Owerri, Nigeria

3.3 Exploratory relationships among indicators

Table 5. Corrected exploratory regression results based on the five monitoring stations (n = 5).

Relationship Corrected Equation r R? p- Interpretation
value

DO (mg/L) vs BODs DO = 4.632 + (0.278137 x 0.959 0.920 0.010  Exploratory only; n =
(mg/L) BOD:s) stations

COD (mg/L) vs BODs COD = 30.537 — (1.956016 - 0.050 0.717  Exploratory only; n =
(mg/L) x BODs) 0.224 stations

TSS (mg/L) vs BODs TSS =0.233 + (0.119819 x 0.506 0.256 0.385  Exploratory only; n =
(mg/L) BOD:s) stations

BODs (mg/L) vs BODs=3.613—(0.000285x - 0.079 0.647  Exploratory only; n =
Distance (m) Distance) 0.281 stations

Although an inverse relationship between DO and BOD:s is generally expected, the positive relationship observed
in this study likely reflects localized reaeration, shallow channel conditions, turbulence and possible
photosynthetic oxygen production. Given the limited sample size (n = 5), the relationship should be interpreted as

exploratory rather than mechanistic.
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Figure 6. Correlation matrix of selected water quality parameters along the Otamiri River study reach

The corrected regression results do not support the earlier claim of a strong exponential BOD-decay model with
R2 =0.975. Based on the station means, BOD has only a weak negative relationship with distance (R2 = 0.079;
p = 0.647). The relationship between DO and BOD is positive in the five-station dataset, not negative. This is
counterintuitive from a classical oxygen-sag perspective and should be interpreted as a site-specific pattern
possibly influenced by reaeration, turbulence, sampling timing, and small sample size. The resubmission should
therefore avoid overstating mechanistic modelling unless the full replicate and seasonal dataset is supplied and
analysed transparently.
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Figure 7. BODs—Distance Regression Plot Along Selected Reaches of the Otamiri River
3.4 UAV-GIS interpretation

UAV-GIS observations provided spatial context for the laboratory measurements. Sand-mining zones, refuse
dumps, settlement encroachment and discharge-prone areas corresponded with sections showing higher turbidity,
microbial contamination, heavy metals or oxidizable organic load. Riparian vegetation appeared to moderate local
impacts in some segments, but natural attenuation was insufficient to make the water safe for direct domestic use.

Figure 8a. UAV-Derived Orthomosaic of the Otamiri River Corridor Showing Riverbank Degradation, Sand
Mining Hotspots and Land-Use Features Influencing Water Quality Along the Selected Study Reaches

11
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Figure 8a. UAV-derived orthomosaic image showing extensive sand-mining activities, riverbank degradation,
vegetation loss, excavation pits, sediment deposition zones and anthropogenic disturbances along the Otamiri
River corridor. The identified hotspots correspond with areas exhibiting elevated pollution loads and
environmental stress observed during field sampling and laboratory analysis.
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Source: Author's Field Survey, Laboratory Analysis, UAV Survey and GIS Processing (2025).

Figure 8b. UAV-Derived Spatial Distribution of Pollution Hotspots, Land-Use Pressures and Environmental Risk
Zones Along the Otamiri River Corridor.

Figure 8b reveals the spatial distribution of pollution hotspots along the monitored reaches of the Otamiri River.
The most critical hotspots were associated with sand mining operations, refuse dumping locations, urban runoff
discharge channels, and areas of settlement encroachment. Stations B, C and D exhibited greater anthropogenic
pressure compared with the relatively protected upstream and riparian-buffered segments. UAV observations
confirmed extensive riverbank disturbance, exposed soil surfaces, sediment mobilization and waste accumulation
within these zones. The hotspot distribution corresponds with elevated concentrations of total coliforms, fecal
coliforms, lead (Pb), cadmium (Cd), turbidity and chemical oxygen demand (COD) observed during laboratory

12



analysis, suggesting that land-use activities are significant contributors to water-quality deterioration. Although
riparian vegetation provided some local attenuation of pollution impacts, the buffering effect was insufficient to
restore water quality to compliance with the 2024 Nigerian Standard for Drinking Water Quality (NSDWQ).
Exceedances of microbial and heavy-metal limits indicate that the river remains unsuitable for direct domestic
consumption without appropriate treatment.

polation maps were developed for chemical oxygen demand (COD), turbidity, total suspended solids (TSS), and
fecal coliform concentrations. These maps provide a visual representation of pollution gradients and help identify
areas requiring priority management interventions.

3. TURBIDUTY SPATIAL DESTRIBUTION NTU1 IS

Source: Author's Field Survey, Laboratory Analysis, UAV Survey and GIS Processing (2025).

Figure 9. Spatial distribution of selected water quality indicators along the Otamiri River study reach showing the
geospatial variability of (a) Chemical Oxygen Demand (COD), (b) Turbidity, (c) Total Suspended Solids (TSS),
and (d) Faecal Coliform concentrations. The maps highlight pollution gradients and environmental pressure zones
associated with anthropogenic activities within the river corridor.

13



4. Discussion
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Figure 10. Conceptual Framework of Pollution Transport and Natural Self-Purification Processes Along the
Otamiri River Corridor

Source: Author's Conceptualization Based on Field Survey, Laboratory Analysis, UAV Survey and GIS
Processing (2025).

The integrated findings from field observations, laboratory analyses, UAV imagery and GIS interpretation
indicate that pollutants enter the Otamiri River from multiple anthropogenic sources, including sand-mining
operations, municipal wastewater discharges, solid-waste dumping, urban runoff and agricultural activities. These
pollutants are subsequently transported through hydrodynamic processes such as advection, dispersion and
sediment resuspension before undergoing natural attenuation mechanisms including dilution, sedimentation,
biodegradation, adsorption and photosynthetic oxygen replenishment. Figure 10 presents a conceptual framework
illustrating the pollution transport pathways and self-purification processes operating within the study reach.

UAV-GIS observations provided spatial context for the laboratory measurements. Sand-mining zones, refuse
dumps, settlement encroachment and discharge-prone areas corresponded with sections showing higher turbidity,
microbial contamination, heavy metals or oxidizable organic load.

The widespread sand-mining activities identified through UAV-GIS assessment have important regulatory
implications. In Nigeria, sand extraction and related mining operations are governed principally by the Nigerian
Minerals and Mining Act (MMA) 2007, which requires environmentally responsible resource extraction and
protection of surrounding ecosystems. In addition, the National Environmental (Quarrying and Blasting
Operations) Regulations 2013 provide environmental management requirements aimed at minimizing land
degradation, sediment mobilisation, erosion and ecosystem disturbance associated with quarrying and aggregate
extraction activities. The riverbank degradation, exposed sediments and pollution hotspots identified in this study
suggest the need for stronger enforcement of these regulatory provisions, particularly with respect to
environmental monitoring, rehabilitation of disturbed sites, protection of riparian buffers and control of
unregulated extraction activities within the Otamiri River corridor.

The findings indicate that Otamiri River is affected by mixed anthropogenic pressures. Acidic pH conditions
across all stations may influence metal mobility and aquatic habitat quality(Byrne et al., 2012, p. 2055). The
exceedance of Pb and Cd guideline values is a major concern because these metals are associated with chronic
toxicity and bioaccumulation(Orata & Sifuna, 2023). The detection of total and faecal coliforms at all stations
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indicates faecal contamination and makes the river unsuitable for direct drinking-water use without
treatment(Sakthivadivel et al., 2020, p. 97). Although dissolved oxygen remained above 4 mg/L, this should not
be interpreted as evidence of overall water safety because microbial and metal contamination present independent
risks(Daley et al., 2017, p. 32932). Elevated COD at most stations suggests the presence of oxidisable substances
and increased treatment burden(Shamsan et al., 2023, p. 434).

The findings also demonstrate the progression of UAV-based environmental monitoring approaches within
Nigeria. Compared with the earlier Otamiri River assessment by Nmecha et al. (2024), which focused primarily
on drone-assisted environmental observation, the present study incorporates laboratory water-quality analysis and
GIS-based spatial interpretation. This integration provides stronger evidence for linking specific anthropogenic
activities, such as sand mining and waste disposal, to measurable environmental impacts and supports more robust
environmental management decisions.

The exceptionally low turbidity values observed at Stations D and E should not be interpreted as evidence of
completely sediment-free conditions. Rather, they likely reflect a combination of localized hydrological
conditions, sediment settling processes and instrument detection limitations. Future studies should employ
continuous turbidity monitoring and repeated seasonal measurements to verify whether these observations
represent persistent environmental conditions or short-term sampling effects.

A limitation of the present study is that sampling was undertaken during a single hydrological season (August
2023, peak wet season). Seasonal fluctuations in rainfall, river discharge and catchment runoff may alter the
magnitude and distribution of physicochemical, microbiological and heavy-metal contaminants. Although the
integrated UAV-GIS—Laboratory framework effectively captured spatial variability during the study period,
future monitoring programmes should incorporate repeated wet-season and dry-season assessments to improve
understanding of temporal dynamics and strengthen environmental management decisions.

5. Conclusion and recommendations

The integrated UAV-GIS-laboratory assessment shows that Otamiri River is not suitable for direct drinking-water
use because of microbial contamination, Pb and Cd exceedance, acidity and elevated COD. Dissolved oxygen
values suggest that some aquatic-life support remains possible, but ecosystem health is threatened by continuing
pollutant inputs. Recommended interventions include sanitation control along the river corridor, enforcement of
effluent standards, restriction and zoning of sand-mining activities, restoration of riparian buffers, seasonal UAV-
GIS monitoring and targeted public-health warnings for communities using untreated river water.

Future monitoring, regulatory enforcement and river-management interventions should be aligned with the
provisions of the 2024 Nigerian Standard for Drinking Water Quality (NSDWQ), which should serve as the
primary benchmark for evaluating drinking-water suitability in Nigeria. World Health Organization (WHO)
guideline values may be used as supplementary international references. Particular attention should be given to
heavy-metal contamination, microbial pollution, watershed disturbances and sand-mining activities that
contribute to water-quality deterioration.

Environmental management interventions should be supported through effective implementation of the Nigerian
Minerals and Mining Act (2007) and the National Environmental (Quarrying and Blasting Operations)
Regulations (2013). Regulatory agencies should strengthen monitoring of sand-mining operations, enforce
environmental restoration requirements and establish protective setback zones along vulnerable river reaches.
Integration of UAV-GIS monitoring into regulatory inspection programmes would provide a cost-effective
mechanism for identifying illegal extraction activities and assessing compliance with environmental regulations.
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