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Abstract-The impact of aluminium extrusion plant on Mbaa River was investigated by analyzing the physical and chemical
contents of the river using the Atomic Absorption Spectrophotometer (AAS) and digital meters. The main objective of the
study was to provide useful information for the management of the Aluminium waste stream that is being discharged into the
Mbaa River, thereby ensuring sustainable management of the River. The result shows that the pH of the river varies from 6.40
to 6.48. Al concentration varies from 0.09 to 0.28mg/l while total iron concentration range from 0.02 to 0.06mg/l. The river
shows traces of Fluoride. The Pollution Index (PI) was 0.713. Except for the Al, the concentrations of other measured
parameters conformed to the World Health Organization (WHO) 2006 safe standards for drinking water. The impacts of the
aluminum waste-stream on the river and its watershed include: damage of economic trees like coconut and raffia palms as
well as decline in the cultivation of certain varieties of vegetables near the river. Therefore, treatment of the aluminum wastestream before disposal and a regular monitoring of the physical and bio-chemical characteristics of the Mbaa River is the best
approach to maintain its resource status and usefulness. For further studies, the effect of Aluminum waste stream on nearby
groundwater resources should be investigated since the present studies has provided useful information for sustenance of the
surface water around the study area.
Key Words: Aluminium Extrusion, Effluent, Atomic Absorption Spectrophometer (AAS), Pollution Index and Mbaa
River.

I.

INTRODUCTION

Industrialization is vital to a nation’s socio-economic development as well as its political stature in the world. It
provides employment opportunities for the populace in both developed and developing countries. Industries vary
according to process technology, sizes, nature of products, characteristics and complexity of wastes discharged [1].
Ideally siting of industries should strike a balance between socio-economic and environmental considerations. In
developing country like Nigeria, siting of industries is determined by various criteria of which some are environmentally
unacceptable, thereby posing serious threat to the recipient environment. Aluminium extrusion is a hot metal forming
operation and the basic process consist of forcing a pre heated chamber through a die opening and constant use of water
for its chilling or cooling process. This process releases high qualities of dross and ingot.
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The study area is characterized by shallow water table (18.3m) above sea level and constitutes of highly porous and
permeable sediments overlying the aquifer. The chemistry of the soil and surface water resources can be modified by
human activities such as farming, fishing, urbanization and especially manufacturing. The establishment of Aluminum
extrusion industry at Inyishi Ikeduru is a means of rural industrialization with the aim of developing rural settings. In
most cases, industries are located at inappropriate places that can cause havoc to the environment. The siting of
Aluminium industry on the bank of river Mbaa in Inyishi Ikeduru though a welcome development socio-economically
can constitute a threat to the immediate environment. It can introduce aluminium, fluoride and hydrogen ions into the
stream and if the concentrations of these parameters become significant or exceed set standard they will make the water
unfit for human and animal consumption. The industrial processes including wastes disposal activities are now becoming
source of worries in the area because of the introduction of aluminium, fluoride and hydrogen ions. It is feared that the
industrial plant located near the river is modifying the chemistry of the river and the soil resources of the area. This is
worrisome because the communities downstream depend much on the river for their drinking and domestic water needs.
The aluminium waste stream discharged untreated into Mbaa River cannot be spared from pollution of these effluents.
Previous studies around the study area revealed a high level of physicochemical properties and elevated concentrations
of heavy metals in most surface waters [2, 3, 4]. Hence, the main objective of the study was to provide useful
information and data for the management of the aluminium waste stream that is being discharged into the Mbaa River,
thereby ensuring sustainable management of the River.
A.

Location and Geology of the Area
The study area is located within latitude 50301 and 5037.51 North and longitude 70081 and 70111 East (Figure 1). The

study area lies within the Benin Formation (Figure 2) which consists of some isolated gravels conglomerate, very coarse
sandstone [5]. It is overlain by Alluvium deposits and underlain by Ogwashi Asaba formation which consists of lignite,
sandstones, clays and shale.

Figure 1.Location map of the Study Area

2

MAYFEB Journal of Environmental Science - ISSN 2371-7092
Vol 1 (2020) - Pages 1-11

Figure 2.Geologic map of the Study Area

II.

METHODOLOGY

Surface water samples were obtained at five strategic locations along the stretch of the Mbaa River taking cognizance
of the flow direction of the river (North to South). The flow direction corresponds to the adopted sampling procedure
(SW1 to SW5). The first water sample was collected at the discharge point, then a kilometer each for the remaining four
water samples downstream with the use of the upstream five kilometers away from the discharge point as a control point.
Samples were obtained with the aid of a sterilized 1.5 liters plastic containers using the grab method. The containers
were corked under water immediately the samples were obtained so as to prevent the oxidation of the constituents.
The samples were analyzed for pH, electrical conductivity (EC), total hardness (TH), total dissolved solids (TDS),
nitrate (NO3−, sulfate (SO4−2), and phosphate (PO4−3). Besides, the concentrations of aluminum (Al), copper (Cu),
chromium (Cr), iron (Fe), lead (Pb), and zinc (Zn) were also determined. The conductivity, pH, TH, and TDS were
analyzed as soon as the samples were brought to the laboratory with pH determined with Hanna pH meter Hi 98107.
Similarly, conductivity and total dissolved solids were analyzed with EC/TDS tester. The total hardness was determined
by EDTA titration. The samples were preserved in the refrigerator for further analysis. Nitrate was measured within 48 h
by cadmium reduction method with Hanna Hi 83200 multi-parameter bench photometer at 525 nm, while sulfate was
determined by turbidimetric method using HI83200 multi-parameter bench photometer at 466 nm. Besides, phosphate
was determined using Hanna H1 83200 multi-parameter bench photometer at 525 nm by amino acid method [6; 4].
Samples meant for other analyses were acidified with 2 drops of 2 M HNO3. This was to ensure sample stability as well
as to maintain the oxidation state of the metals and prevent adherence to the wall of the sample bottles. The metal
contents (Al, Cr, Zn, Cu, Fe, and Pb) in the samples were determined with an atomic absorption spectrophotometer
(AAS), Agilent 240FS AA model (USA). Concentrations of the heavy metals were quantified using suitable calibration
curves made in the same acid medium as the standard solution of the metals [7; 4].
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The concentrations of the major constituent cations and anions in milligram/liter (mg/l) were converted to
milliequivalent/liter (meq/l) using the equation 1 developed by Todd [8]
Mean Conc. In Milliequivalent/liter (meq/l) ........................................(Eqn. 1 )
The equivalent mass was derived by:
The Total Hardness as (CaCO3) of the Mbaa River water was determined using the equation (2) according to Todd [8].
Total hardness as CaCO3 mg/l = 2.5 [Ca2+] + 4.1 [Mg2+]..........….. (Eqn. 2)
The parameters collectively used to determine the pollution index (PI) of the Mbaa River water samples were pH, Total
Alkalinity, Total Hardness, Total dissolved solids (TDS), sulphate and chloride. The PI was calculated using the
equation 4 developed by Horton [9].

………….. (Eqn.3)
Where
Ci = concentration of chemical parameters
Lj = World Health Organization (2006) permissible limit.
III.

RESULTS AND DISCUSSIONS

The results of the physical and chemical constituent concentrations of the Mbaa River are shown in Table 1 while the
Concentrations of the major cations, anions and Pollution Index are shown in Tables 2 and 3 respectively.
TABLE I. Physical and Chemical Constituent Concentrations of Mbaa River
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TABLE II. Concentrations of the Major Cations and Anions of Mbaa River

TABLE III. Pollution Index (PI) of Mbaa River

The computation of the pollution index of Mbaa River is summarized in Table 3.
PI= 0.713
A. Physical Parameters of the Mbaa River Water
pH
The concentrations of the pH of the Mbaa River varies from 6.40 to 6.48 and this did not exceed the World Health
Organization (WHO) 2006 safe standard for drinking water (Table 1). The pH increased slightly as one moves away
(downstream) from the discharge point of the aluminum waste-stream. At pH of 6.40 (as is the case with the study area),
freshwater shrimp cannot survive [10]. If the pH of water is too high or too low, the aquatic organisms living within it
will die. pH can also affect the solubility and toxicity of chemicals and heavy metals in the water. The majority of
aquatic creatures prefer a pH range of 6.5-9.0, though some can live in water with pH levels outside of this range. As pH
moves away from this range (up or down) it can stress animal systems and reduce hatching and survival rates. As acidity
of surface water increases, submerged aquatic plants decreases and deprives water fowls and planktons from their source
of food resulting in their death [10; 11].
Total Dissolved Solids (TDS)
This is made up of inorganic salts, as well as a small amount of organic matter. Common inorganic salts that can be
found in water include calcium, magnesium, potassium and sodium, which are all cations, and carbonates, nitrates,
bicarbonates, chlorides and sulfates, which are all anions. The Total Dissolved Solids (TDS) varies from 11.80 to
14.80mg/l. Both conformed to WHO [12] standard for safe drinking water. Water samples with TDS range of 0 to 1,000
are classified as fresh [13, 11]; the Mbaa River water is therefore classified as fresh based on the TDS values as shown in
this table 4 below:
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TABLE IV. Water quality classification based on TDS content (After [8])

Electrical Conductivity
It is the ability of water to pass electric current. In water it is affected by the presence of inorganic dissolved solids
such as chloride, nitrate, sulphate and phosphate (anions) or sodium, calcium, magnesium, iron and aluminum (cations).
The electrical conductivity of Mbaa River ranges from 7.08 to 8.70μS/cm (micro Siemens per centimeter). Fresh water
streams conductivity ranges from 100- 2000. Mbaa River conform world health organization [12] standard for safe
drinking water.
Total Alkalinity
It varies from 5.98 to 8.01mg/l. When alkalinity is too low, the ability of water to resist pH changes decreases. Water
with low alkalinity can also be corrosive and can irritate the eyes. Water with high alkalinity has a soda-like taste, can
dry out skin and can cause scaling on fixtures and throughout water distribution systems. This suggests that slight liming
of fish ponds which depends on Mbaa River may be necessary.
Disssolved Oxygen (DO)
The concentrations of dissolved oxygen (DO) of Mbaa River vary from 6.50 to 7.00mg/l based on W.H.O standard.
The DO range indicates that the river is well oxygenated, a condition that is favourable for the survival of aquatic life
such as fish [10]. However, the slight pollution of the river as a result of organic materials from the aluminum wastestream and anthropogenic sources can result in heavy pollution of river ecosystem if not monitored.
Total Hardness
The total hardness as CaCO3 of the Mbaa River water is low and conformed to WHO [12] safe standard for drinking
water. The concentrations of total hardness ranged from 4.37 to 5.16 mg/l (Table 4.1).The low hardness values is due to
low concentrations of Calcium (Ca2+)and Magnesium(Mg2+) ion (1.82 and 0.03)respectively in Mbaa River. Water
containing calcium carbonate at concentrations below 60mg/l is generally considered to be soft; 60-120mg/l moderately
hard; 120-180mg/l hard; and more than 180mg/l very hard [14]. Calcium and magnesium content for each sample in this
study were within the WHO recommended range , indications that the water is desirable for drinking without any
adverse effect on consumers. Calcium helps in blood clotting, in muscles contraction and in certain enzymes in
metabolic processes. It has as a coordinator among inorganic elements; when potassium, magnesium or sodium is in
excess in the body, calcium is capable of assuming a corrective role. Magnesium is the second element contributing to
both carbonate and non-carbonate hardness in water usually at a high concentration much lower than that of the calcium
component.
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Aluminium
The input of Aluminum constituents into the Mbaa River is mainly from the Aluminum plants in the area because it
is the main source of Aluminium pollutant in the area and this has also been confirmed by previous works. The
concentrations of Aluminum varies from 0.09 to 0.28mg/l and this is not in conformity with WHO [12] standard for safe
drinking water. High Aluminum intake is associated with vitamin deficiency, nerve damage or neurodegenerative
disorders and cancer. Intake of large amounts of aluminum can lead to a wide range of toxic effects, including microcytic
anaemia, osteomalacia, glucose intolerance of uraemia and cardiac arrest. Aluminum plays a role in the aetiology of two
severe neurodegenerative diseases, amyotrophic lateral sclerosis (ALS) and Parkinson’s dementia (PD). Aluminum is
also responsible for nerve fibre degeneration, leading to a decreased number of microchannels in the damaged neurones,
dendrites and the cells implicated in memory processes. Dissolved Aluminum is toxic to plants as it affects roots and
prevents nutrient intake. In acidic water (pH: 5.0 - 5.5), Aluminum is toxic to fish at 0.01mg/l. [10]. On the other hand,
detrimental Aluminum effect on plants manifests itself as crop decrease which is caused by changes in the morphology
of root system, inhibition of its elongative growth, root callosity, reduced number of rootlets, and dying away of growth
cone.
Moreover, Aluminum phytotoxicitysis expressed as disturbances in the absorption of mineral substances (changes in
plasma membrane structure and function), inhibition of cell divisions and elongation, and disturbances of important
processes determining normal growth of the root system. Prevention of nutrient intake by Aluminum caused the coconut,
raffia palms, pumpkin, water leaf, garden egg and green not to survive anymore near the discharge point of the aluminum
waste-stream. It was also observed that fishing activity in the river has declined since the Aluminum plants became
operational. The use of the water for domestic purposes such as drinking was also observed to have declined.
Fluoride
It may also enter a river as a result of industrial discharges. In Mbaa River there is a trace of fluoride although
negligible in number. Fluoride causes genetic damage through chromosomal aberrations at cytotoxic concentrations only
(≥10 mg/litre), the mechanism for which is suggested to be an indirect effect on the synthesis of proteins involved in
DNA synthesis [15]. Skeletal fluorosis: fluoride accumulates progressively in the bone over many years. Early symptoms
include stiffness and pain in the joints. Crippling skeletal fluorosis is associated with osteosclerosis, calcification of
tendons and ligaments, and bone deformities. The concentrations of fluoride in the Mbaa River is thus in conformity
with WHO standard for safe drinking water at the moment. However, Fluoride maximum limit of 1.5mg/l might be
exceeded in the near future if appropriate preventive pollution mitigation measures are not put in place.

B. Heavy Metals
The concentrations of heavy metals lead (Pb2+) Zinc (Zn2+), Copper (Cu2+) and Chromium (Cr6+) were in conformity
to WHO standard for safe drinking water. Except for Lead that has concentration value ranges from 0.01 to 0.03 mg/l
and Zinc concentration value from 0.03 to 0.30 mg/l, other heavy metals mentioned above were not detected. Lead has
effect on humans thereby causing Neurological damage, Lowers IQ and attention, Hand-eye co-ordination impaired,
Encephalopathy, Bone deterioration, Hypertension and Kidney disease.
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Total iron
The value ranges from 0.02 to 0.06mg/l which does not exceed the World Health Organization Standard for safe
drinking water. Aluminum ore (Bauxite) usually contains silicon dioxide, titanium and iron oxides as impurities; since
iron oxide is part of impurities associated with aluminum ore from where the raw aluminum is extruded, the significant
values of total iron is also attributed to the aluminum waste-stream The average lethal dose of iron is 200–250 mg/kg of
body weight, but death has occurred following the ingestion of doses as low as 40 mg/kg of body weight. Its adverse
effect has shown haemorrhagic necrosis and sloughing of areas of mucosa in the stomach with extension into the
submucosa. Although iron is essential to the building of the human hemoglobin, an excessive concentration stains
laundry. Iron facilitates the oxidation of carbohydrates, proteins and fats. It therefore contributes significantly to the
prevention of anaemia.

C. Major Cations and Anions of Mbaa River
The concentrations of the major constituent cations and anions (Table 2) meet the WHO [7] standard for safe
drinking water. The concentrations of Calcium varies from 1.70 to 2.00mg/l while Magnesium ranged from 0.02 to
0.04mg/l. Sodium concentrations varies from 5.40 to 7.20mg/l while potassium varies from 1.40 to 3.50mg/l. The
concentrations of bicarbonate vary from 11.50 to 17.10mg/l while Sulphate concentrations ranged from 2.32 to 2.70mg/l.
The concentrations of Chlorine ranged from 4.00 to 5.03mg/l. The results indicate that the concentrations of the
constituent major cations and anions of the Mbaa River water is generally low (Tables 2).This is the type of most tropical
African surface water resources [16]. The water characteristics of the river follow the trend Na+> K+> Ca2+> Mg2+ for
cations and HCO3- >Cl-> SO42- for the anions. This trend is a typical example of most surface water resources of
Southeastern Nigeria and this may be due to the modification of the water chemistry of the Mbaa River by the waste
stream.

D. Pollution Index of Mbaa River
The computation of the pollution index of Mbaa River is summarized in Table 3 above. It shows that the maximum
value Cij / Lij were obtained for pH (0.989) while the mean value was 0.200.

This implies that the water quality in

terms of pH is not good enough since the (Cij / Lij) value of 0.989 is close to the critical value of 1. Pollution Index
value 0.978 shows that the water is degraded. However, it is yet to reach the critical value of 1 as described by Horton
[9].

E. Geochemical Plots
This is a graphical representation of the chemistry of the Mbaa River (surface water) samples. Tables 1 and 2 were
used to draw the geochemical plots (piper diagram, stiff diagram, durov, schoeller diagram,) shown below.
The piper diagram shows that the water is potable based on the major cations and anions. It also shows that the major
cationis sodium and potassium (Na+ k) and the major anion is bicarbonate and carbonate (HCO3- + CO3). There is also a
close relationship along the sampling points (Figure 3). While the Durov diagram confirmed close chemical relationship
of the constituent. It shows that the major cation is sodium and potassium (Na+K) and the major anion is bicarbonate and
carbonate (HCO3- + CO3) (Figure 4). Based on the pH values it is not portable water because pH affects the solubility
and toxicity of chemicals and heavy metals in water (for instance low pH value increases the solubility of Aluminum).
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Although Total Dissolved Solid (TDS) values does not exceed the World Health Organization permissible limit. Also,
the Schoeller diagram confirms a close chemical relationship of the constituents along the sampling points. The water
source is the same and major cations are Sodium and Potassium (Na + K) and major anions are Bicarbonate and
Carbonate (HCO3 + CO3) (Figure 5).
Finally, the stiff diagram of the five locations shows that they all have the same shape with little variations. It
confirms the same close chemical relationship along the sampling points. It also shows that the water source is the same.
The major cations are Na + K and the major anions are HCO3- + CO3 (Figure 6).

Figure 3: Piper diagram Mbaa River in %Epm

Figure 4: Durov diagram of Mbaa River.

Figure 5: Schoeller Plot of Mbaa River
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Figure 6: Mean Concentrations of Cations and Anions in meq/l in Location 1-5

IV.

CONCLUSION AND RECOMMENDATIONS

The physical and chemical constituents of Mbaa River within the vicinity indicated some environmental problems
(low pH, high Aluminum contents, total ion and Fluoride) which were as a result of the waste-stream from the two
aluminum plants in the area. There has been a great damage to some economic trees such as coconut and raffia palms as
well as destruction of certain species of vegetables such as garden eggs, waterleaf, green and fluted pumpkin in the area
as an adverse effect of the aluminum waste stream. Piper, Stiff, Durov and Schoeller diagrams as well as Pollution Index
(PI) values of the river water shows a close relationship in the chemistry of the river along its stretch. Although the
Pollution Index (PI) of the Mbaa river water is yet to reach the critical value of 1, it is already tending towards it.
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Generally, the Mbaa River can be described as acidic, soft, and fresh but it has high levels of Aluminum with
significant total Iron and Fluoride. The total Iron can be treated using Aeration Method while the Fluoride and
Aluminum can be treated using Ion exchange. Hence, the waste from Aluminum Plants should be treated before disposed
into Mbaa River and there should be regular monitoring of the chemistry of Mbaa River within the watershed in order to
maintain its resource status and usefulness. For further studies, the effect of Aluminum waste stream on nearby
groundwater resources should be investigated since the present studies has provided useful information for sustenance of
the surface water around the study area.
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