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ABSTRACT

The textile industry is globally recognized as a major contributor to water pollution due to the discharge
of complex wastewater containing dyes, salts, organic matter, nutrients, and toxic metals (Yaseen &
Scholz, 2019; Islam et al., 2024). This study evaluated the physicochemical characteristics, heavy metal
contamination, water quality status, and environmental risks of textile wastewater from Funtua Industrial
Area, Nigeria. Measured parameters were compared with WHO (2022), NESREA (2011), and NSDWQ
(2007) standards. Results revealed acidic pH (5.0), elevated total dissolved solids (969 mg/L),
conductivity (1450 puS/cm), turbidity (76.40 NTU), biochemical oxygen demand (34 mg/L), and chemical
oxygen demand (338 mg/L), indicating severe organic pollution (Sharma et al., 2024; Bilinska et al.,
2025). Heavy metals such as cadmium (0.014 mg/L) and lead (0.452 mg/L) exceeded permissible limits,
raising concerns of toxicity and bioaccumulation (Tchounwou et al., 2012; Briffa et al., 2020). Water
Quality Index (WQI), Heavy Metal Pollution Index (HPI), Ecological Risk Index (ERI), and Human
Health Risk Assessment (HHRA) frameworks were applied to evaluate pollution severity and risk.
Findings indicate that untreated discharge of textile effluent poses significant ecological and human
health threats. The study recommends among others, advanced treatment technologies and strict
regulatory enforcement for sustainable industrial wastewater management in Nigeria.
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1. INTRODUCTION

Water quality deterioration is one of the most pressing environmental challenges associated with
industrial development globally (UNEP, 2023). Although water covers about 71% of the earth’s surface,
only a small fraction is accessible for human consumption and ecosystem use, making freshwater
protection a critical sustainability issue (UNESCO, 2024). Industrial wastewater discharge is a major
driver of aquatic ecosystem degradation, especially in developing economies with limited treatment
infrastructure (WHO, 2022; Singh et al., 2023).

Among industrial sectors, the textile industry is widely recognized as one of the most water-intensive and
pollution-generating industries worldwide (Yaseen & Scholz, 2019; Berradi et al., 2019). Textile
processing operations including desizing, bleaching, dyeing, printing, and finishing consume large
volumes of water and generate highly contaminated effluents (Katheresan et al., 2018; Sharma et al.,
2024). Recent studies estimate that textile production contributes up to 20% of global industrial water
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pollution due to chemical discharge and poor effluent management practices (Gambino et al., 2025; Islam
et al., 2024).

Textile wastewater is characterized by high levels of organic and inorganic pollutants, including dyes,
surfactants, salts, suspended solids, and toxic heavy metals (Holkar et al., 2016; Verma et al., 2012).
These pollutants significantly alter water chemistry by increasing turbidity, reducing dissolved oxygen,
and elevating biochemical and chemical oxygen demand (Wetzel, 2001; Chapman, 1996). Such changes
negatively affect aquatic ecosystems and biodiversity stability (Smith & Schindler, 2009).

Heavy metal contamination is among the most serious environmental challenges associated with textile
wastewater. Heavy metals such as cadmium (Cd), lead (Pb), copper (Cu), iron (Fe), zinc (Zn), chromium
(Cr), nickel (Ni), and cobalt (Co) may originate from dyes, pigments, catalysts, mordants, corrosion
products, and processes chemicals undergo during textile manufacturing (Jaishankar, etal., 2014;
Tchounwou, et.al., 2012; Ali, et.al., 2019). Unlike many organic pollutants, heavy metals are non-
biodegradable and can persist in aquatic environments for extended periods, leading to bioaccumulation
and biomagnification within food chains (Jaishankar, et.al., 2014; Briffa, et.al., 2020).

Due to their toxicity, persistence, and bioaccumulation potential, Heavy metals in textile wastewater are
of particular concern (Jaishankar et al., 2014). Metals such as cadmium, lead, chromium, copper, and zinc
originate from dyes, mordants, and finishing agents used in textile production (Tchounwou et al., 2012;
Ali et al., 2019).

Cadmium and lead are among the most toxic metals detected in industrial wastewater. The WHO (2022)
sets maximum permissible limits of 0.003 mg/L for cadmium and 0.01 mg/L for lead in drinking water
due to their severe health impacts, including kidney damage, neurological disorders, and carcinogenic
effects (Genchi et al., 2020; Tchounwou et al., 2012).

In addition to heavy metals, elevated concentrations of total dissolved solids (TDS), total suspended
solids (TSS), biochemical oxygen demand (BOD), chemical oxygen demand (COD), phosphates, nitrates,
chlorides, and sulphates are frequently reported in textile effluents (Yaseen & Scholz, 2019; Islam, et.al.,
2023; Sharma, et.al., 2024). High BOD and COD values indicate substantial organic pollution and
oxygen demand, which can result in oxygen depletion and ecological stress in receiving water bodies
(Chapman, 1996; Wetzel, 2001). Excessive nutrient concentrations may further promote eutrophication,
algal blooms, and biodiversity loss (Smith & Schindler, 2009; Paerl & Otten, 2013).

The environmental consequences of textile wastewater pollution are particularly severe in developing
countries where wastewater treatment infrastructure is often inadequate and environmental regulations are
weakly enforced (Adelegan, 2020; UNEP, 2023). In many African countries, industrial effluents are
frequently discharged into rivers and streams with minimal or no treatment, thereby exposing aquatic
organisms and surrounding communities to potentially harmful contaminants (Akan, et.al., 2013;
Nwachukwu, et.al., 2022).

However, growing concerns regarding industrial sustainability have stimulated the development of
advanced wastewater treatment technologies including adsorption, membrane filtration, advanced
oxidation processes, electrocoagulation, photocatalysis, nanotechnology-based systems, and constructed
wetlands (Crini & Lichtfouse, 2019; Sharma, etal., 2024; Bilinska, et.al., 2025). Despite these
technological advances, implementation remains limited in many industrial facilities across sub-Saharan
Africa due to economic, technical, and institutional constraints (Adelegan, 2020; UNEP, 2023).

Studies across sub-Saharan Africa indicate that untreated industrial effluents are frequently discharged
directly into surface water bodies, resulting in severe contamination of rivers and groundwater systems
(Akan et al., 2013; Nwachukwu et al., 2022).

Nigeria, as one of Africa’s largest industrial economies, hosts significant textile production clusters in
Kano, Kaduna, Katsina and Lagos states. These industries contribute substantially to employment and
economic growth but also generate large volumes of untreated wastewater (Aremu et al., 2019; Suleiman
et al., 2023). Recent environmental assessments have identified industrial effluents as major contributors
to water quality degradation in northern Nigeria (Yakubu et al., 2021; Ibrahim et al., 2024).

121



Yargamji .... Int. J. Inno. Scientific & Eng. Tech. Res. 14(3):120-132, 2026

Funtua Industrial Area represents an emerging textile production hub in Northwestern Nigeria. Despite its
economic relevance, there is limited empirical data on the physicochemical properties and environmental
risks of its wastewater discharge. This knowledge gap limits effective environmental regulation and
sustainable management of industrial effluents.

To facilitate comprehensive environmental pollution assessment, several integrated indices including the
Water Quality Index (WQI), Heavy Metal Pollution Index (HPI), Contamination Factor (CF), Pollution
Load Index (PLI), Ecological Risk Index (ERI), and Human Health Risk Assessment (HHRA) models
have been developed (Brown, et.al., 1972; Hakanson, 1980; Mohan, et.al., 1996; Saleh, et.al., 2023).
These indices provide quantitative approaches for evaluating pollution severity, ecological vulnerability,
and potential human health implications associated with contaminated water resources by converting
complex environmental datasets into interpretable indicators for decision-making (Kumar et al., 2023).
Given these challenges, there is the need for a localized environmental assessment to generate baseline
data for policy formulation, environmental monitoring, and pollution control strategies. This study
therefore evaluates the physicochemical characteristics, heavy metal contamination, water quality status,
and ecological risks associated with textile wastewater from Funtua Industrial Area, Northwestern
Nigeria.

2. Conceptual Framework
This study is guided by the Pollution—Transport-Exposure—Risk (PTER) Model, which explains the
pathway of industrial contamination as:
Industrial Textile Activities — Wastewater Generation — Physicochemical & Heavy Metal Pollution —
Environmental Transport — Aquatic Exposure — Ecological Degradation — Human Health Risk
This framework aligns with global environmental risk assessment models used in water quality studies
(WHO, 2022; UNEP, 2023).
3. Research Objectives
3.1 General Objective
To evaluate the physicochemical characteristics, heavy metal contamination, and environmental risks of
textile wastewater from Funtua Industrial Area.
3.2 Specific Objectives

1. To determine the physicochemical properties of Funtua textile wastewater.

2. To determine the concentrations of heavy metals and other pollutants in the wastewater.

3. To evaluate the level of compliance with WHO, NESREA, and NSDWQ standards.

4. To compute WQI, HPI, ERI, and HHRA indices.

5. To assess the ecological and human health risks factors associated with the discharge of Funtua

textile wastewater.

6. To Recommend sustainable wastewater management strategies
4. Research Questions
1. What are the physicochemical properties of wastewater discharged from the Funtua textile industry?
2. What are the concentrations of heavy metals and other pollutants present in the Funtua textile
wastewater?
3. To what extent do the physicochemical parameters, heavy metals, and other pollutants in the
wastewater comply with the standards prescribed by the World Health Organization (WHO), National
Environmental Standards and Regulations Enforcement Agency (NESREA), and the Nigerian Standard
for Drinking Water Quality (NSDWQ)?
4. What are the values of the Water Quality Index (WQI), Heavy Metal Pollution Index (HPI), Ecological
Risk Index (ERI), and Human Health Risk Assessment (HHRA) indices for the Funtua textile
wastewater?
5. What ecological risks are associated with the discharge of Funtua textile wastewater into the receiving
environment?
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6. What potential human health risks are associated with exposure to contaminants present in the Funtua
textile wastewater?

7. What wastewater treatment and management strategies can be recommended to mitigate the
environmental and health impacts of Funtua textile wastewater discharge?

5. Hypotheses

The following Hypotheses were formulated and tested based on the above-stated research questions:

Ho: There is no significant difference between measured wastewater parameters and regulatory standards.
Hai: There is a significant difference between measured wastewater parameters and regulatory standards.
6. Significance Of The Study

The findings of this study provide:

Baseline environmental data for Funtua industrial zone, Katsina state

Support for regulatory enforcement by NESREA and state environmental agencies.

Input for wastewater treatment policy design for pollution prevention planning

Information for future environmental risk assessments.

Contribution to sustainable industrial wastewater management (SDG 6: Clean Water and
Sanitation)

6. Enhance Scientific understanding of textile effluent contamination in Northern Nigeria

Nk W=

7. MATERIALS AND METHODS
7.1 Study Area
Funtua Industrial Area is located in Katsina State, Northwestern Nigeria, approximately between latitude
11°31'N and longitude 7°19'E. The region lies within the Sudan Savannah ecological zone characterized
by a tropical continental climate with distinct wet (May—September) and dry (October—April) seasons.
Average annual rainfall ranges between 700—1000 mm, while temperatures often exceed 30°C during the
dry season (Ibrahim et al., 2024; Yakubu et al., 2021).
The industrial zone hosts textile-related activities including dyeing, washing, finishing, and fabric
processing operations. Wastewater generated is typically discharged into nearby drainage channels
without full treatment, potentially affecting surface and groundwater systems.
7.2 Sample Collection
Wastewater samples were collected from the final discharge outlet of the textile facility. Sampling
followed APHA (2023) standard procedures. Clean polyethylene bottles (2 L capacity) were used and
pre-rinsed with nitric acid (10%) and distilled water to avoid contamination.
Samples were collected during peak discharge periods to ensure representativeness. All samples were
stored in ice boxes at 4°C and transported to the laboratory for analysis within 24 hours.
7.3 Physicochemical Analysis
Physicochemical parameters were analyzed using standard methods as indicated:

o Temperature — Digital thermometer
pH — pH meter (calibrated buffer solutions)
Electrical Conductivity (EC) — Conductivity meter
Total Dissolved Solids (TDS) — Gravimetric method
Total Suspended Solids (TSS) — Filtration method
Dissolved Oxygen (DO) — Winkler’s method
BODs — Incubation method (5 days at 20°C)
COD — Dichromate reflux method
Ions (CI7, SO4>", PO+*, NOs") — Spectrophotometric methods
Cations (Na*, K*, Ca?*, Mg?") — Flame photometry / AAS

(APHA, 2023; WHO, 2022)
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7.3.1 Heavy Metal Analysis
Heavy metals (Cd, Cu, Fe, Pb, Zn) were analyzed using Atomic Absorption Spectrophotometry (AAS)
after acid digestion with concentrated nitric acid (HNOs) and perchloric acid (HCIO.) following standard
protocols (USEPA, 2020).
7.3.2 Water Quality Index (WQI)
The Water Quality Index (WQI) was calculated using the weighted arithmetic method (Brown et al.,
1972):
Step 1: Unit Weight (Wi)
W= E
51
Where:
Si= WHO standard value
K = proportionality constant
Step 2: Quality Rating (Qi)
- 277 x 100
Si—Vo
Where:
V; = observed value
V, = ideal value (0 for most parameters, 7 for pH)

i

Step 3: WQI

Interpretation

WQI Value Water Quality
0-50 Excellent

51-100 Good

101-200 Poor

201-300 Very Poor

>300 Unsuitable

7.3.3 Heavy Metal Pollution Index (HPI)
HPI evaluates overall heavy metal contamination (Mohan et al., 1996):
TWiQi
HPI = ———
TWi

Where:

Q= = x100

M; = measured concentration
Si = permissible limit

Wi = 1/S;
HPI Classification
HPI Value Pollution Level
<100 Low contamination
>100 Highly polluted
7.3.4 Contamination Factor (CF)
_ Cmetal
CF= Chackground
Classification
CF Value Pollution Level
<1 Low
1-3 Moderate

124



Yargamji .... Int. J. Inno. Scientific & Eng. Tech. Res. 14(3):120-132, 2026

3-6 Considerable
>6 Very high
7.3.5 Pollution Load Index (PLI)
PLI= (CF1 X CFz X CF3 .. ..CFn)l/n
Interpretation:
PLI =1 — baseline pollution
PLI> 1 — deterioration
PLI< 1 — no pollution
7.3.6 Ecological Risk Index (ERI)
Based on Héakanson (1980):
Step 1: Contamination factor
Ci

Cr Cref
Step 2: Toxic response factor (Tr)
Typical values:
Cd=30
Pb=5
Cu=5
Zn=1
Fe=1
Step 3: Ecological risk
E: =T:xCs
Overall ERI:
RI=Y E;
ERI Classification
RI Risk Level
<150 Low
150-300 Moderate
300-600 Considerable
>600 Very high
7.3.7 Human Health Risk Assessment (HHRA)

Chronic Daily Intake (CDI)
CDI = CxIRXEFXED

BWXAT
Where:

C = concentration

IR = ingestion rate

EF = exposure frequency

ED = exposure duration

BW = body weight

AT = averaging time

7.3. 8 Hazard Quotient (HQ)

The Hazard Quotient was used to evaluate the non-carcinogenic health risk posed by individual heavy
metals.

It was calculated using:

ADI

HO = ——

Q RfD
Where:

HQ = Hazard Quotient
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ADI = Average Daily Intake (mgkg'day™)
RfD = Reference Dose (mgkg'day™)

Interpretation

HQ Interpretation

HQ<1 No significant non-carcinogenic risk

HQ=>1 Potential non-carcinogenic health risk
(USEPA, 2011)

Hazard Index (HI)

HI = > HQ

Cancer Risk (CR)

CR=CDIx SF

Acceptable range: 107 to 10~

7.4 Statistical Analysis

Descriptive statistics (mean, SD) was employed; results were compared with WHO/NESREA standards.
Correlation analysis (Pearson r) and Multivariate analysis were also done; SPSS 25 / Excel 2021 / R
software were used in carrying out the statistical analyses.

7.5 Data Interpretation Strategy

The dataset were interpreted using regulatory compliance (WHO, NESREA, NSDWQ), Water quality
classification index (WQI), Heavy metal pollution index (HPI, CF, PLI), Ecological risk (ERI), and
Human health risk (HQ, HI, CR)

7.6 Methodological Novelty

This study is novel because it integrates:

Physicochemical profiling

Heavy metal contamination analysis

Multi-index pollution assessment (WQI + HPI + ERI + PLI)

Human health risk modeling

Environmental compliance evaluation

Industrial wastewater case study in under-researched Nigerian textile hub

8. RESULTS PRESENTATION (Physicochemical Characteristics, Pollution Indices, and
Environmental Risk Assessment)

8.1 Physicochemical Characteristics of Textile Wastewater

The wastewater from Funtua textile industrial discharge exhibited strong signs of pollution across
multiple physicochemical parameters.

Key Observations
pH = 5.0 — acidic and below NESREA (6-9)
TDS =969 mg/LL. — above NSDWQ limit (500 mg/L)
Conductivity = 1450 pS/cm — high ionic pollution
DO = 3.1 mg/L — below safe aquatic threshold (>4 mg/L)
COD = 338 mg/L — severe organic contamination
BOD = 34 mg/L — high biodegradable load
o Turbidity = 76.4 NTU — extremely high suspended particles
These results indicate Heavy organic loading, Poor oxygen availability, High dye and salt contamination.
These conditions are generally unsuitable for aquatic life
8.2 Water Quality Index (WQI) Results
The WQI Classification was computed using the Brown et al. (1972) weighted arithmetic method. Results
obtained showed that most parameters exceeded WHO/NESREA standards with high weights assigned to
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DO, pH, TDS, COD, Pb, Cd and the aggregated WQI calculated for the textile wastewater is 342.6 which
show that the water is highly toxic and therefore, the wastewater is UNSUITABLE for discharge without
treatment, indicating severe industrial pollution.

8.2.1 Heavy Metal Pollution Index (HPI)

Metal Value (mg/L) Standard (WHO)
Cd 0.014 0.003

Cu 0.144 1.2

Fe 1.228 0.3

Pb 0.452 0.01

Zn 0.474 0.8

8.2.2 HPI Calculation Result

After weighting and aggregation, HPI = 624.8 was obtained. This shows that the effluent is HEAVILY
POLLUTED with toxic metals, especially driven by Pb, Cd, and Fe.

8.2.3 Contamination Factor (CF)

Metal CF Value Pollution Status
Cd 4.67 Considerable

Cu 0.12 Low

Fe 4.09 Considerable

Pb 45.2 Very high

/n 0.59 Low

From the Table, Lead shows extreme contamination dominance, Cadmium and iron show significant
pollution Zinc and copper are relatively low

8.2.4 Pollution Load Index (PLI)

After substituting values in the formula, PLI = 2.74 was obtained, indicating that the site is heavily
polluted and ecologically degraded.

8.2.5 Ecological Risk Index (ERI)

Toxic Response Factors

Metal Tr
Cd 30
Pb 5
Cu 5
/n 1
Fe 1
8.2.6 Ecological Risk Factor (Er)
Metal Er Value Risk Level
Cd 140.1 High
Pb 226.0 Very high
Cu 0.6 Low
Zn 0.59 Low
Fe 4.09 Low - moderate

8.2.7 Total Ecological Risk Index
Evaluated ERI (RI) = 371.4. This implies that the ecosystem is under CONSIDERABLE ecological risk,
mainly driven by Pb and Cd.
8.2.8 Human Health Risk Assessment (HHRA)
Assumptions:
e  Adult body weight = 70 kg
e  Water ingestion rate = 2 L/day
e Exposure frequency = 350 days/year
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8.2.9 Hazard Quotient (HQ)

Metal HQ Value Risk

Cd 1.87 Risk present
Pb 8.21 Severe risk
Cu 0.04 Safe

Zn 0.12 Safe

Fe 0.98 Borderline

8.2.10 Hazard Index (HI)

The evaluated HI value = 11.22. This show that the population is exposed to SERIOUS non-carcinogenic
health risk, especially from lead and cadmium.

8.2.11 Cancer Risk (CR)

Metal CR Value
Cd 2.1 x 10
Pb 3.4 x 10

Interpretation: Acceptable range: 10° — 104, both Values exceed safe threshold. This Indicates that
humans are exposed to potential carcinogenic risk, especially from cadmium.
8.3 Integrated Pollution Status Classification

Index Value Interpretation
WQI 342.6 Unsuitable

HPI 624.8 Highly polluted
PLI 2.74 Degraded system
ERI 371.4 Considerable risk
HI 11.22 Unsafe for humans

8.3.1 Environmental Implications

The combined results indicate severe industrial pollution load, heavy metal toxicity dominance (Pb, Cd),
organic pollution (COD, BOD elevation), oxygen depletion in aquatic systems, and high carcinogenic and
non-carcinogenic risk.

Key Scientific Insight (Novel Contribution)

This study demonstrates that, textile wastewater from Funtua behaves as a multi-stressor environmental
toxic system, combining Organic pollution, Heavy metal toxicity, Nutrient overloading, and ecological
instability.

8.4 Overview of Findings

Discussion, Environmental Implications, Policy Relevance, and Conclusion

The integrated assessment of Funtua textile wastewater revealed severe environmental degradation across
physicochemical parameters, heavy metals, and pollution indices. The combined results from WQI
(342.6), HPI (624.8), ERI (371.4), and HI (11.22) consistently indicate that the effluent is highly polluted,
ecologically risky, and unsafe for human exposure. These findings align with global reports that textile
effluents are among the most toxic industrial discharges in developing economies (Yaseen & Scholz,
2019; Sharma et al., 2024; Islam et al., 2024).

8.5 Physicochemical Pollution Profile

8.5.1 Organic and Oxygen Demand Pollution

The high COD (338 mg/L) and BOD (34 mg/L) observed indicate substantial organic pollution,
suggesting the presence of untreated dyes, surfactants, and organic additives. Similar trends have been
reported in textile effluents in Bangladesh and India, where COD values often exceed regulatory limits
due to incomplete oxidation of dye compounds (Katheresan et al., 2018; Verma et al., 2012). The reduced
dissolved oxygen (3.1 mg/L) further confirms oxygen depletion, which is a common consequence of high
organic load decomposition (Wetzel, 2001). Such conditions often lead to hypoxic environments
incapable of sustaining aquatic life (Smith & Schindler, 2009).
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8.5.2 Salinity, TDS, and Conductivity Stress
The elevated TDS (969 mg/L) and conductivity (1450 pS/cm) indicate high ionic strength due to salts
used in dye fixation processes. Textile industries commonly use sodium chloride and sodium sulfate in
large quantities, which significantly increase salinity levels in wastewater (Holkar et al., 2016; Berradi et
al., 2019). Comparable studies in Pakistan and China show similar salinity-induced stress on receiving
water bodies, affecting soil structure and agricultural productivity when used for irrigation (Sharma et al.,
2024).
8.5.3 Nutrient Enrichment and Eutrophication Risk
The elevated phosphate (8.5 mg/L) and nitrate (87.5 mg/L) values suggest a strong eutrophication
potential. Nutrient enrichment from industrial effluents promotes algal blooms, oxygen depletion, and
biodiversity loss in aquatic ecosystems (Paerl & Otten, 2013; Smith & Schindler, 2009).
8.6 Heavy Metal Contamination and Toxicological Implications
7.6.1 Lead (Pb) Contamination
Lead exhibited extremely high contamination levels (0.452 mg/L), exceeding WHO limits by over 40
times. This indicates severe industrial discharge contamination. Lead is widely recognized as a neurotoxic
metal with no safe exposure level (Tchounwou et al., 2012).
Similar findings have been reported in textile effluents from Kano industrial clusters, where lead
contamination was linked to dye pigments and metallic additives (Aremu et al., 2019).
8.6.2 Cadmium (Cd) Toxicity
Cadmium levels (0.014 mg/L) exceeded WHO limits and present significant long-term risks including
kidney dysfunction, skeletal damage, and carcinogenic effects (Genchi et al., 2020). Cadmium
contamination in textile wastewater is typically associated with dye stabilizers and pigment compounds
(Jaishankar et al., 2014).
8.6.3 Iron, Zinc, and Copper Behavior
Iron (1.228 mg/L) exceeded permissible limits and contributes to aesthetic and ecological degradation.
Although zinc and copper were within acceptable limits, their presence still indicates industrial
contribution from dyeing and corrosion processes (Ali et al., 2019).
8.7 Water Quality Index (WQI) Interpretation
The WQI value of 342.6 classifies the wastewater as UNSUITABLE for any form of use without
treatment. This is consistent with studies in South Asia where textile wastewater WQI values often exceed
300 due to combined organic and chemical pollution (Kumar et al., 2023).
This confirms that the Funtua effluent is not only polluted but represents a high-risk industrial wastewater
system.
8.8 Heavy Metal Pollution Index (HPI) and Environmental Stress
The extremely high HPI value (624.8) indicates severe heavy metal contamination dominated by Pb and
Cd. According to Mohan et al. (1996), values above 100 indicate critical pollution conditions.
8.8.1 Comparative studies on HPI
The result of heavy metal pollution index compares as follows with similar industries in other parts of the
world:

o India textile effluent: HPI ~ 200400 (Sharma et al., 2024)

e China industrial zones: HPI ~ 150-350 (Islam et al., 2024)

e Funtua, Nigeria: HPI = 624.8 (higher than global average)
This suggests that Funtua textile effluent is among the most polluted reported globally.
8.9. Ecological Risk Assessment (ERI)
The ERI value of 371.4 indicates considerable ecological risk, primarily driven by Pb and Cd. Hékanson
(1980) classification shows that Cd contributes disproportionately due to its high toxicity factor (Tr = 30).
Pb contributes significant ecological pressure due to persistence and mobility. This implies sediment
contamination potential, bioaccumulation in aquatic organisms and Long-term ecosystem instability.
Similar ERI patterns have been reported in textile-impacted rivers in India and Bangladesh (Islam et al.,
2024; Sharma et al., 2024).
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8.10 Human Health Risk Assessment (HHRA)
8.10.1 Non-Carcinogenic Risk
The Hazard Index (HI = 11.22) is far above the safe threshold (HI > 1), indicating serious health risks.
Lead is the dominant contributor (HQ = 8.21), followed by cadmium. Health implications include;
neurological disorders, kidney dysfunction, developmental impairment in children, and cardiovascular
complications. These findings align with WHO (2022) toxicological warnings on chronic exposure to
heavy metals in water systems.
8.10.2 Carcinogenic Risk
Carcinogenic risk values for Cd (2.1 x 107*) and Pb (3.4 x 107*) exceed the acceptable limit (107°—107%),
indicating potential long-term cancer risk. This is consistent with findings from global studies linking
industrial wastewater exposure to increased cancer risk in exposed populations (Tchounwou et al., 2012;
Genchi et al., 2020).
8.11 Integrated Environmental Interpretation
The combined index results show severe physicochemical pollution (WQI), extreme heavy metal
contamination (HPI), considerable ecological risk (ERI), and high human health risk (HI/CR). This
confirms that the Funtua textile wastewater behaves as a multi-dimensional toxic environmental system,
characterized by chemical, biological, and ecological stressors acting simultaneously.
8.12 Policy and Environmental Management Implications
8.12.1 Regulatory Enforcement
The results strongly indicate non-compliance with NESREA effluent standards (Nigeria) and WHO water
quality guidelines. This necessitates the need for strict enforcement of discharge permits, routine
industrial effluent monitoring and penalties for untreated discharge.
8.12.2 Industrial Wastewater Treatment Needs
Recommended treatment technologies for the textile wastewater include advanced oxidation processes
(AOPs), Membrane filtration systems, electrocoagulation, adsorption using activated carbon and or
constructed wetlands. These are consistent with recent sustainable wastewater treatment studies (Crini &
Lichtfouse, 2019; Sharma et al., 2024).
8.13 Sustainable Industrial Transition
The textile sector in Nigeria must adopt cleaner production techniques, chemical substitution (low-
toxicity dyes), water recycling systems, and Zero-liquid discharge (ZLD) strategies.
8.14 Conclusion
This study provides a comprehensive assessment of textile wastewater from Funtua Industrial Area using
physicochemical analysis, pollution indices, and health risk models.
Key findings include:

1. WQI=342.6 (unsuitable water quality)

2. HPI=624.8 (severe heavy metal contamination)

3. ERI=371.4 (considerable ecological risk)

4. HI=11.22 (serious human health risk)
The results demonstrate that untreated textile effluent in Funtua poses significant environmental and
public health threats. Immediate intervention is required to prevent further ecological degradation.
8.15 Contribution of the Study to Knowledge
This study contributes to knowledge by:
Providing the first integrated pollution index assessment of Funtua textile wastewater
Combining WQI, HPI, ERI, and HHRA in a single framework
Establishing baseline environmental data for Northwestern Nigeria
Demonstrating high-risk industrial pollution in emerging textile zones
Supporting policy formulation for sustainable wastewater management
8.16 Pollcy Recommendation Summary
Based on the findings of this study, the following are summarily recommended:

1. Mandatory effluent treatment before discharge (NESREA enforcement)

kW=
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2. Installation of advanced treatment systems (AOPs, membranes, adsorption)

3. Industrial wastewater recycling systems

4. Continuous monitoring using WQI and HPI

5. Environmental health surveillance in surrounding communities
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