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Abstract

Water is the basis for sustainable aquaculture and understanding its physical and chemical
qualities is critical to sustainable and profitable aquaculture. Hence, the physico-chemical
and heavy metal contents of Anwai river was assessed for its water quality suitability using
the water pollution index and standard water quality criteria for fisheries [1] as yardstick
for sustainable aquaculture. Fourteen (14) water quality parameters were monitored for a
duration of twelve (12) months from July 2023 to June 2024, and analyzed according to
standard methods. Concentration values were compared with the International Standard
Water Quality Criteria for fisheries. Results showed that mean water temperature (27.81◦c),
electrical conductivity (55.60 µS/cm), calcium (16.73 mg/L), chloride (11.04 mg/L) values
were suitable for sustainable aquaculture. While mean water pH (6.24), turbidity (23.93
NTU), total suspended solids (18.43 mg/L), dissolved oxygen (2.23 mg/L), biochemical
oxygen demand (4.80 mg/L), nitrate (16.58 mg/L), ammonium (1.15 mg/L), iron (0.07
mg/L), zinc (0.28 mg/L) and copper (0.06 mg/L) concentrations were unacceptable for the
culture and survival of fish. The unacceptable levels of several physico-chemical parameters
and their attendant effects on the development of fishes in conjunction with water pollution
index (9.931) which was >1 recorded in the study makes the water source unsuitable for
sustainable aquaculture.

1. Introduction

Aquaculture depends on water, which is also a key constraint on the production of commercial fish. A given water source’s appropriateness
for sustainable aquaculture operations depends on both its quantity and quality. Therefore, aquaculture cannot exist without a sufficient
supply of high-quality water.

Aquaculture has been recognized as a significant contributor to food security on a global scale, especially in terms of providing affordable
sources of animal protein for human consumption. Aquaculture is now the primary source of aquatic food and protein supply and helps
ensure global food security in the face of diminishing capture fishery resources and increasing demand for fish and fishery products [2, 3].
Fish production from inland water resources, such as rivers, lakes, and streams, has been increasingly threatened by aquatic pollution [4];
additionally, the shortage of fish and fish products from capture fisheries as a result of rising demand has created the necessary market niche
for aquaculture production [5–7]. The problems with water quality are numerous and intricate, and they require immediate international
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attention [8]. A reliable, sufficient, and high-quality water supply is essential for fish aquaculture. In addition to quality feed, water is
one of the most important components of fish production for a sustainable aquaculture operation. Since fish are entirely reliant on water,
knowledge of the physical and chemical characteristics of the water as well as the amount of source water are essential when selecting a site
for an aquaculture complex. According to [7], fish can only grow in a restricted range of concentration values for the physico-chemical
characteristics of freshwater. According to studies, a healthy, balanced, and prosperous freshwater fishery depends on a unique set of water
chemistry requirements and ideal water quality [9, 10]. Fish feed efficiency, growth rates, optimal survival, growth, and reproduction are all
directly impacted by water quality [11]. Lack of background information on the source of water utilized has been related to a number of
unfavorable environmental and chemical variables associated with specific fish farms. Therefore, a crucial first step in determining if source
water is suitable for sustainable aquaculture is to screen it for physico-chemical characteristics. Nigerian interior freshwater basins have
seen a rise in the construction of clay fish ponds along their banks in recent years. Because these bodies of water, like rivers, streams, and
reservoirs, provide an easily accessible and reasonably priced source of water for aquaculture. Although natural surface freshwater sources
have been found to be good sources of zooplanktons for fish in aquaculture [12], the need to determine their current suitability for continuous
use in aquaculture has arisen due to the increasing decline in their water quality caused by anthropogenic activities [13, 14] .

According to [15], the majority of water pollutants are brought on by human activity, while they can also happen naturally as a result of
stream banks eroding. Such contaminants have the potential to have a catastrophic and massive effect on aquatic life. Hence, checking the
quality and safety of water becomes highly crucial for sustainable aquaculture operation.

Aquatic life and public health both greatly depend on the evaluation of water quality [16]. Water quality has been assessed using a
variety of water assessment indices.

Hossain and Patra [17] created the Water Pollution Index (WPI), an integrated instrument for assessing the quality of water. It helps
classify the quality by converting water parameters into a single value index. Additionally, it makes it possible to detect slight variations in
the level of any measured parameters. WPI is not subject to weights or other restrictions. Due to the elimination of weights, which are highly
subjective, it lessens the biases that are present in the usage of weightage in WQI. WPI takes into account all of the information and factors
that affect the quality of the water [17]. It is also simple to implement because the technique just incorporates standards or acceptable bounds
for the different components taken into account in the analysis. Consequently, it was chosen for use in this study.

The water quality and biodiversity of the Anwai River have suffered as a result of the accumulation of effluents over time that contain a
variety of contaminants. Currently, there are a number of earthen fish ponds around the Anwai River that use the river as a water source for
commercial aquaculture. Thus, this study’s objective is to evaluate the Anwai River’s water quality suitability using the water pollution index
and standard fisheries water quality criterion [1] as a benchmark for sustainable aquaculture.

2. Materials and Methods

Area of Study

Anwai River is a fresh aquatic ecosystem within southern Nigeria Located between latitude 6◦ 15’N and 6◦ 20’N and Longitude 6◦ 23’E and
6◦ 6’E [18]. The research location is in Anwai, a community in Oshimili South Local Government Area, Delta State. The area is situated in
a humid equatorial climate zone, with an average yearly temperature of 31◦c and more than 3500 millimeters of rainfall, as reported by
[19–21]. The Anwai River empties into the River Niger after passing through Ugbolu Village and Otulu in Aniocha South Local Government
Area. The Anwai River serves as a major source of water for the community dwellers for drinking, domestic, agricultural and fisheries
purposes.

Figure 1: Aquaculture operation along the bank of Anwai River. Source: Field Work (2024)

Sampling and Water Analysis

Water samples were collected from 7am – 8am with sample bottles in triplicates for a duration of twelve (12) months (July 2023 to June 2024)
from sampling stations along the stretch of the river using the stratified random sampling approach along the downstream gradient [22, 23].
Water analysis were carried out according to outlined procedures in the Standard Methods for the Examination of Water and Wastewater [24].
The water samples were analysed for fourteen (14) selected physico-chemical parameters- water temperature, pH, Electrical Conductivity
(EC), Turbidity, Total Suspended Solids (TSS), Dissolved Oxygen (DO), Biochemical Oxygen Demand (BOD5), Calcium, Nitrate, Chloride,
Ammonium, Iron, Zinc and Copper.
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Data Analysis

Statistical analyses were computed using Microsoft Excel and the Statistical Package for Social Sciences (SPSS 16.0). The data are presented
as means ± standard deviation (SD) of the triplicate samples for each physico-chemical parameter analysed.

Assessment of Water Contamination (Water Pollution Index [WPI])

WPI is computed using the function:

Figure 2

Figure 3

Where PL refers to Pollution Load, Sd is standard or the highest permissible limit for the various variables considered, Ic is observed
concentration of the ith parameter, WPI is Water Pollution Index and n is number of parameters.

Table 1: Classification of Water Pollution Index (WPI).

Value Indication
< 0.5 Excellent Water
0.5 – 0.75 Good Water
0.75 - 1 Moderately Polluted Water
>1 Highly Polluted Water
Source: Hossain and Patra, [17].

Table 2: Summary of the Physico-chemical Parameters of Anwai River and Acceptable Limits for Fisheries from July, 2023 – June, 2024.

Parameter Test Result Mean ± SD Standard Water Quality Remarks
(Min - Max) Criteria for Fisheries

(NESRA, 2011)
Water temperature ◦C 26.00 - 29.21 27.81 ± 0.97 15 - 30 ◦C Acceptable
pH 5.60 - 7.20 6.24 ± 0.54 6.5 - 8.5 Unacceptable
EC(µS/cm) 21.42 - 100.32 55.60 ± 25.03 400 µS/cm Acceptable
Turbidity (NTU) 12.16 - 48.25 23.93 ±10.53 < 20 NTU Unacceptable
TSS (mg/l) 15.14 - 20.15 18.43 ± 1.49 0.25 mg/L Unacceptable
DO (mg/l) 0.84 - 5.04 2.23 ± 1.42 ≥6.0 mg/L Unacceptable
BOD5 (mg/l) 3.32 - 6.40 4.80 ± 1.05 ≤3.0 mg/L Unacceptable
Calcium (mg/l) 14.18 - 19.30 16.73 ± 1.81 180 mg/L Acceptable
Nitrate (mg/l) 10.85 - 26.40 16.58 ± 4.60 ≤9.1 mg/L Unacceptable
Chloride (mg/l) 12.21 - 26.04 11.04 ± 4.50 300 mg/L Acceptable
Ammonium (mg/l) 0.54.- 2.64 1.15 ± 0.72 ≤0.05 mg/L Unacceptable
Iron (mg/l) 0.04 - 0.10 0.07 ± 0.02 0.05 mg/L Unacceptable
Zinc (mg/l) 0.10 - 0.46 0.28 ± 0.12 0.01 mg/L Unacceptable
Copper 0.02 - 0.09 0.06 ± 0.02 0.001 - 0.01 mg/L Unacceptable

3. Result

The results of the physico-chemical parameters, heavy-metal analysis and water pollution index of Anwai river in this investigation are
given in table 2 and 3 respectively. The range of values for water temperature (26.00 - 29.21◦C), electrical conductivity (21.42 - 100.32
µS/cm), dissolved oxygen (0.84 - 5.04 mg/L), calcium (14.18 - 19.30 mg/L) and chloride (12.21 - 26.04 mg/L) were within the [1] limits for
water quality criteria for fisheries. Mean values for water pH (6.24), turbidity (23.93 NTU), total suspended solids (18.43 mg/L), BOD5
(4.80 mg/L), nitrate (16.58 mg/L) and ammonium (1.15 mg/L) exceeded their respective permissible limits. The range of concentration
values for iron (0.04 - 0.10 mg/L), zinc (0.10 - 0.46 mg/L) and copper (0.02 - 0.09 mg/L) exceeded their respective permissible limits for
surface freshwater aquaculture. The calculated water pollution index (WPI) has a value of (9.931) which is greater than 1 according to the
classification of water pollution index (WPI) in table 1.
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Table 3: Calculation of Water Pollution Index (WPI) of Anwai River from July, 2023 - June, 2024.

Parameter Ic Sd Ic-Sd (Ic-Sd )/Sd PL=1+(Ic - Sd )/Sd) WPI
Water temperature ◦C 27.81 30 -2.19 -0.073 0.927 9.931
pH 6.24 8.5 -2.26 -0.2659 0.7341
EC(mS/cm) 55.60 400 -344.4 -0.861 0.139
Turbidity (NTU) 23.93 20 3.93 0.1965 1.1965
TSS (mg/l) 18.43 0.25 18.18 72.72 73.72
DO (mg/l) 2.23 6.0 -3.77 -0.6283 0.3717
BOD5 (mg/l) 4.80 3.0 1.8 0.6 1.6
Calcium (mg/l) 16.73 180 -163.27 -0.9071 0.0929
Nitrate (mg/l) 16.58 9.1 7.48 0.8220 1.822
Chloride (mg/l) 11.04 300 -288.96 -0.9632 0.0368
Ammonium (mg/l) 1.15 0.05 1.1 22 23
Iron (mg/l) 0.07 0.05 0.02 0.4 1.4
Zinc (mg/l) 0.28 0.01 0.27 27 28
Copper 0.06 0.01 0.05 5 6

139.04

4. Discussion

Water is the basis for aquaculture operation and understanding its physical and chemical qualities is critical to sustainable and profitable
aquaculture. Water is always a limiting factor in commercial aquaculture operation, as many of the negative chemical and environmental
factors associated with most operations have their origins in the source of water selected [25]. This section will focus on the physico-chemical
parameters whose concentrations in the water were found to be unaccepted to the water criteria standards for fisheries [1], and their attendant
effects on fishes.

Water pH is important in the regulation of chemical reactions in the aquatic environment [26]. Fish have an average blood pH of 7.4, a
little deviation from this value, generally between 6.5 to 8.5 is more optimum and conducive to fish life in water. Fishes can become stressed
in water with a pH ranging from 4.0 to 6.5 and 9.0 to 11.0 and death is almost certain at a pH of less than 4.0 or greater than 11.0 [27].
Bhatnagar et al. [28] also reported that <4 or >10.5 is lethal to fish/shellfish culture.

The most serious chronic effect of increased acidity in surface waters appears to be interference with the fish’ reproductive cycle, damage
to developing juvenile fish and death of adult fishes [29, 30]. The mean pH value (6.24) recorded for Anwai river is an indication of the
slightly acidic condition of the river Table 2, which requires treatment for its suitability for sustainable aquaculture operation. The acidic
nature of some Nigerian surface freshwater bodies had been reported by various researchers [14, 31, 32] .

The measure of the transparency of water, indicating the amount of light absorbed or scattered is termed as turbidity and is the resultant
effect of several factors such as suspended clay particles, dispersion of plankton organisms, particulate organic matters and also the pigments
caused by the decomposition of organic matter. High turbidity and total suspended solids levels in surface freshwater bodies such as Anwai
river (12.16 – 48.25 NTU and 15.14 - 20.15 mg/L) can inhibit photosynthesis resulting in decreased dissolved oxygen output [33]; affect the
ability of fish gills to absorb dissolved oxygen from the water and lowers their resistance to diseases and parasites [7, 34].

Dissolved oxygen (DO) is a very basic requirement for aquaculture and the first limiting factor to occur in pond aquaculture. Biochemical
oxygen demand (BOD) is a key indicator of the level of organic pollution and water quality; it is the measure of oxygen consumption rate
resulting from metabolic activities. It is also an indicator of the stress level the fish population is subjected to, as increase in BOD levels
results in a decline in DO levels. Oxygen depletion in water leads to poor feeding of fish, starvation, reduced growth and more fish mortality,
either directly or indirectly [35]. The unaccepted mean DO value (2.23 mg/L) and elevated mean BOD5 value (4.80 mg/L) recorded in
Anwai river may be attributed to excessive concentration of organic matter, plankton blooms which is an indication of high organic pollution
of the water body.

Natural surface freshwater ecosystems contain relatively small amounts of nitrates and ammonia. Although the toxicity of nitrates to
fish is very low, increased nitrate levels in water results in eutrophication, and the excessive growth of algae and plants, which depletes
dissolved oxygen and have a secondary effect on fish. Also, ammonium which is the ionized form of ammonia (NH4+) have been shown to
significantly contribute to “acute ammonia intoxication” and nervous disruption symptoms such as loss of equilibrium, hyperexcitability,
convulsions and coma in fishes at lower pH and dissolved oxygen levels [36]. The elevated water content of nitrate and ammonium with mean
values (16.58 mg/L and 1.15 mg/L) in Anwai river predisposes fishes to physiological stress and disruption when utilized for aquaculture.

Iron is an essential nutrient for aquatic organisms, playing a critical role in processes like respiration and metabolism. However, when
iron levels exceed recommended threshold, it could become toxic to aquatic organisms leading to stunted growth and mortality.

The toxicity of iron to fishes is dependent on the physicochemical properties of the water such as water temperature, pH and dissolved
oxygen. As low water temperature and pH results in the proliferation of iron-depositing bacteria on the gills which damage the respiratory
epithelium and may thus suffocate the fish [37]. The recorded elevated iron mean concentration (0.07 mg/L) of the Anwai river implies that
the reliance of the river as source water for aquaculture predisposes fishes to iron toxicity and physiological stress.

The principal mode of action for acute zinc toxicity to freshwater fish is inhibition of calcium uptake, and destroying of gill tissues,
thereby inducing stress and death of fish [38, 39]. High concentrations of zinc in the Anwai river implies that the water in its untreated form
is unsuitable for use in freshwater aquaculture as fishes will be exposed to zinc poisoning. Copper is highly toxic to fish resulting in copper
intoxication. Although copper compounds are utilized in aquaculture as algicides and in the prevention and therapy of some fish diseases
[37], the maximum admissible copper concentration in water for the protection of fish is in the range of 0.001 to 0.01 mg/L. However, the
recorded copper range of (0.02 - 0.09 mg/L) recorded in this study may be detrimental to fish health.

Water pollution index (WPI) as developed by [17] is an integrated approach since it transforms parameters to a single-value index to
categorize water quality, allowing even little changes in the level of any input parameter to be recognized. WPI does not utilize theoretical
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ideal values or weights/assigned values, which might lead to biases in some traditional indices. WPI provides a conceptual view of the
quality of water based on any input parameters and can be adopted for several designated purposes by using the recommended standards
of the parameters considered. The calculated water pollution index (WPI) for this investigation in Table 3 was (9.931) which is >1 in the
classification of water pollution index (WPI) in Table 1 an indication that the Anwai river is highly Polluted and unsuitable for sustainable
aquaculture operation.

5. Conclusion

Sustainable aquaculture operation is dependent on water quality and quantity. The field observations on the water quality revealed that
although the Anwai river meet the criteria of an “ideal” source of availability of large volumes of water for freshwater aquaculture; the
study found that the unacceptable levels of several physico-chemical parameters - pH, turbidity, total suspended solids, dissolved oxygen,
biochemical oxygen demand, nitrate, ammonium, iron zinc and copper in the water based on the values obtained which were not in conformity
with recommended values for fresh water fish farming and their attendant effects on the development of fishes in conjunction with the water
pollution index >1 recorded in the study makes the water source unsuitable for sustainable aquaculture.
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[37] Z. Svobodová, R. Lloyd, J. Máchová, and B. Vykusová. Water quality and fish health. EIFAC Technical Paper, (54), 1993. Rome, FAO.
1993. 59 p.

[38] R. Bhateria and D. Jain. Water quality assessment of lake water: a review. Sustainable Water Resource Management, 2:161–173, 2006.

[39] A. Giardina, S. E. Larson, B. Wisner, J. Wheeler, and M. Chao. Long-term and acute effects of zinc contamination of a stream on fish
mortality and physiology. Environmental Toxicology and Chemistry, 28(2):287–295, 2009.

https://innspub.net/jbes/spatial-and-seasonal-variations-in-rainfall-and-temperature-across-nigeria/
https://innspub.net/jbes/spatial-and-seasonal-variations-in-rainfall-and-temperature-across-nigeria/
http://pubs.er.usgs.gov/publication/ofr93105

	Introduction
	Materials and Methods
	Result
	Discussion
	Conclusion

