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Abstract - The Niger Delta is endowed with both surface and underground water from shallow aquifer. Unfortunately,
the suitability of both sources water for aquaculture has been problematicdue high iron levels and acidic pH.The
untreated water (i.e. control) had iron content of 8.22-8.62 mg/L with pH of 4.15-4.45. Results shows that pH had
significant inverse relationship (P<0.01)with iron, hardness and BOD but direct relationship with dissolved oxygen. The
water samples were subjected to treatment using the leaves, bract and trunk of Musa paradisiaca for 4 weeks. Results
after treatment show decreased iron level to 2.12 mg/L,1.05 mg/L, and 0.11 mg/L for the leaf-, bract- and trunk-treated
water respectively with corresponding increase in pH to 6.48, 6.85 and 7.88(p < 0.05) respectively. All the treatments
resulted in the improvement of the water quality, especially with respect to pH and iron. The trunk-treated water had the
best quality, which fell within the WHO guideline for drinking water.
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I. INTRODUCTION
Water is avital and inevitable resource required by all earthly organisms. Over 70% of the Niger delta land mass
is filled with water [1], yet water shortage persists in the Niger Delta and most developing countries [1 — 3]. For
instance, statistics aboundsglobally that, about 1.0-1.2 billion people have no access to potable water [2 — 6] and
in Africa, over 300 million people lack access to quality water [2, 6 —7]. Estimates suggest that in the next
decade, over ten African countries could experience water shortage [2, 7 — 8].

The Niger Delta region is blessed with reservoirs of both surface and ground water[2].The surface water serve as
a major source of water for rural settlements along coastal areas, while the groundwater are exploited by private
boreholes owners mostly in urban areas [3]. The portability or suitability of groundwater water for both
domestic and aquaculture purpose has become a major challenge in the Niger Delta due to acidic pH and high
iron content [1 — 3, 5, 9], as well as microbial contamination [10].

Groundwater has been recommended as the best-fit water for aquaculture purpose due to natural infiltration and
purification [1], and lesser microbial contamination [11 — 12]. Groundwater of the Niger Delta contains high
level of iron, and has been reported to be toxic to aquatic life especially fish [1, 2]. High iron level affects
wateruse. For instance, Ohimain and Angaye [1] reported that the presence of iron in water impairssome
vitalphysicochemical parametersrequired tosustain aquatic life.Over the past decade, several multifaceted
measures aimed at remedying high iron levels in the Niger Delta have been tested including filtration,
coagulation and aeration and sedimentation. But adaptation of some of these technologies has been slow due to
high cost of fabricating and maintaining contemporary treatment plants [1].

In the Niger delta, plantain has becomeanimportant staple food, it is farmed for both commercial and subsistence
purposes. Adeolu and Enesi [13] reported that plantain fruitremains the sole interest of the farmer, as other
organs of the plant are usually regardedas wastes. Thebye products ofplantain harvest (i.e. the leaves, bracts and
trunk) largely constitutes environmental nuisance, if not properly managed.On the other hand these bye products
are now been used for agricultural application as manure forsoil replenishment.

Poormanagement practicelargely attributed to inadequate technical know-how, has significantly threatened the
aquaculture sector in Nigeria [1, 2, 10, 14]. Ohimain and Angaye [1] reported that fish kill prevails in most
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developing countriesdue to lack of technical know-how, which makes farmers administer wrong and ineffective
treatment. Fish kill are largely linked to infectious or non-infectious disease, and in rare cases due to mechanical
trauma and excessive usage of exogenous hormone [10]. Notwithstanding, in the Niger Delta, fish kill has been
attributed to the high levels of iron, with a corresponding acidic pH [1]. Studieshave showed that untreated
groundwater is toxic to fresh water fish [15], in both concrete tank and earthen pond as a result of high iron
levels and acidity [1].

Fertilization is the application of certain synthetic and natural formulation in order to stimulate the growth of
aquatic flora and fauna. Nutrients produced during fertilization, results in the availability of phytoplankton
which are primary producers in the food chain [16]. In the Niger Delta, the indigenous application of plantain
trunk, bract and leaves as pond fertilizer has become a common practice, though the science behind this practice
has not been reported. Ohimain et al [2] using single and double trickling filter and [17] using activated carbon
from bamboo significantly remediated high iron level and acidic pH of Niger Delta water. But adaptation of
some of these technologies has been slow due to high cost of fabricating and maintaining contemporary
treatment plants [1], hence the need for this study, which is a low cost method for water treatment.

I1. MATERIALS AND METHOD
A. Samples Collection and Analysis

Fifty liters of untreated groundwater was collected (13" of June 2014) from a borehole (depth 60+5Ft) in
Yenagoa metropolis, Bayelsa state, Nigeria. The water was quickly preserved in air-tight gallon, in order to
prevent aeration which could result to the precipitation ofiron 111 (red or brown). Meanwhile, another 4 litres of
the same water was collected for in-situ physicochemical analysis. Furthermore, the water samplewas preserved
and transported forex-situlaboratory analysis for parameters such as biochemical oxygen demand (BOD), total
nitrite and as well as the total iron (preserved in glass bottle rinsed with Nitric acid). The pH and dissolved
oxygen (DO), were measured using portable field kits (Hach’s CO 150 and JK-OXY-006 meters respectively),
while Winkler’s method was used for biological oxygen demand (BODs). The total iron was analysed using
Perkin Elmer 5100PC AA Spectrometer AAS (Atomic Absorption Spectrophotometer), while nitrate was
analysed using Colorimetric method.

B. Plant collection and Phytochemical Screening
Freshleaves, bracts and stem of plantain (M. paradisiaca), was collected from a nearby farm. The various organs
of the plant (i.e. leaves, bract and stem), were sorted out and rinsed with distilled water. Prior to phytochemical
analysis, the plant tissues were shade-dried and oven-dried at 70°C for 30minutes. The samples were pulverized
filtered through a 0.1mm mesh size and stored in polythene container for phytochemical analysis [13].

Analysis for phytochemical constituents was carried outusing standard procedures [18].Tannins and phytates
were analyzed using the method reported by Adeolu and Enesi [13], while alkaloids, glycosides, flavonoids,
saponins and phenols were determined using AOAC [18] method. The abundance of phytochemical in the
different tissues of the plants were scored qualitativelyusing method described by Onyenekwe et al [19]; Salehi-
surmanghi et al [20].

C. Experimental Design
Ten grams of triplicate samples of fresh leaves, bract and stem of M. paradisiaca were distinctly macerated in 4
Litres of the collected water sample. The results were monitored for the selected parameters and total iron)
weekly for a period of one month.

D. Statistical analysis
All results wereanalyzed in triplicates. The results generated were subjected to statistical analysis using the IBM
SPSS, Version 20, while Duncan statistic was used to establish the significance of the observed differences at
P=0.05.

I11. RESULTS AND DISCUSSION
Results of the phytochemical analysis of the plant (M. paradisiaca) showed varying phytochemical constituents
in tissues of the leaves, bracts and trunk. Alkaloid, Flavonoids and Saponin were conspicuously present in the
leaf compared to the bract and trunk. The bract and trunk contained more of Tannin and Glycosides compared to
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the leaf; while phenols and phytates were moderately present. Adeolu and Enesi [13] similarly reported the
presence of these phytochemicals in plantain wastes.

Results of the laboratory analysis show that the raw ground water is acidic and high in total iron (Table 2). The
pH was 4.15; total iron 8.62mg/L and low DO of 3.11mg/L. Low pH and high iron content of ground water in
the Niger Delta have been reported by several authors. Reference [3] reported a pH of 4.39-5.17 and total iron
content of 5.32-9.96mg/L from ground water from Bayelsa State. Other authors have also reported acidic pH
levels in the ground water of the Niger Delta; 3.84-7.72mean 6.17 [21], 6.40-7.23 mean 6.54 [9], 5.21-7.00
mean 6.02 [7], 6.40-7.23 mean 6.54 [22], 5.20-7.20 [12] and 3.84-7.72 [23]. The pH of the ground water in this
study (4.15) and others listed above was by far lower than the WHO permissible limits for drinking water,
which is in the range of 6.5-8.5.

Table 1: Phytochemical analysis of the leaves, bract and trunk of plantain

S/IN  Phytochemicals Plantain Leaf Plantain Bract Plantain Trunk
1. Alkaloids ++ + +
2. Flavonoids ++ + +
3. Tannins + ++ ++
4. Phenols + + +
5 Saponins ++ + +
6. Phytates + + +
7. Glycosides + ++ 14

++: Present in abundance; +: Present; -: Absent

In this study, pH showed significant inverse relationship with iron (P<0.01), hardness and BOD but direct
relationship with dissolved oxygen (Table 3). Other authors have similarly recorded high iron levels beyond
WHO limits of 0.3mg/L in the Niger Delta; 5.32-9.96mg/L [2], 2.08-12.3 [21], 0.4-10.0mg/L [24], 0.05-5.27
[22], 0.4-1.4mg/L [12],0.57-1.41mg/L [7], 0.05-0.48 [9], 0.05-6.87mg/L [25] and 0-6.2mg/L [26]. A recent
study revealed that acidic and high iron containing ground water used for aquaculture was toxic to African
catfish, Clarias gariepinus [15].

After 4 weeks of treatment, results show that plantain tissues were able to significantly (P<0.05), reduce iron
concentrations and acidity to varying levels. Plantain trunk treated water had the highest pH of 7.88 (within
neutrality), followed by the bract (pH = 6.85) and leaf with pH of 6.48 (P<0.05)—as against the raw water pH of
4.15. Iron concentration exhibited an inverse pattern being highest in the raw water (8.62 mg/L), followed by the
plantain leaf treated water (2.12 mg/L), bract (1.05 mg/L) and least (0.11 mg/L) in the trunk-treated water,
which was below the WHO limits of 0.3mg/L.

Table 2: Changes in water physicochemical parameters following biological treatment

Description Temperature pH DO BOD Nitrate Hardness Total iron
- °C mg/Il mg/l mg/l mg/l mg/|
=k
S8
33

Control 1 27.14+0.05a 4.15+0.03a 3.11+0.01a 1.09+0.01h 2.13+0.01 gh 433.10+0.01j 8.62+0.01k

2 27.14+0.05a 4.45%+0.03b 3.11+0.01a 1.09+0.01h 2.13+0.01 gh 433.10+0.01j 8.62+0.01k
3 27.14+0.05a 4.45%0.03b 3.11+0.01a 1.09+0.01h 2.13+0.01 gh 433.10+0.01j 8.62+0.01k
4 27.14+0.05a 4.45%+0.03b 3.11+0.01a 1.09+0.01h 2.13+0.01 gh 433.10+0.01j 8.62+0.01k
Plantain 1 27.46+0.21b  5.02+0.01c 3.45+0.02b 0.97+0.01g 2.87+0.01j 392.74+1.66i  8.22+0.00j
leaf 2 27.55+0.13b  5.73+0.02d 3.81+0.01c 0.82+0.01f 2.66+0.00i 366.27+0.01h  8.01+0.00i
3 29.40+0.04g  6.12+0.06f 4.14+0.02e 0.60£0.05e 2.19+0.02h  310.22+4.65e  5.11+0.00g
4 27.87+0.04c  6.48+0.08g 4.52+0.22f 0.50+0.09cd  1.14+0.06cd  213.984+2.25c  2.12+0.06¢
Plantain 1 28.44+0.02e  5.64+0.01d  3.93+0.01cd 0.95+0.01g  2.08+0.01gh  351.13+0.01g 6.72+0.00h
bract 2 28.23£0.02d 5.97+0.0l1e  4.08+0.02de 0.79£0.01f 2.02+0.02g  309.14+0.02e  6.58+0.00h
3 27.46x0.02b  6.42+0.04g 4.86+£0.02g  0.40+0.00bc 1.24+0.06d 251.94+3.63d 3.08+0.01d
4  28.0740.03cd  6.85+0.04h 5.81+0.10i  0.41+0.05hc 0.95+0.03b  143.21+3.01b  1.05+0.03b
Plantain 1 27.95+0.02c  5.97+0.0l1e  4.09+0.01de 0.61+0.02¢ 1.73+0.00f  320.02+0.02f  4.91+0.00f
trunk 2 28.87+0.02f 6.07+0.01e = 4.97+0.01g  0.54+0.01de 1.54+0.01e  311.78+8.32e  3.38+0.27e
f f
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3  28.04£0.02cd  6.75+0.11h 5.07+0.01h 0.34+0.01b  1.03+0.00bc  211.51+1.86c  0.91+0.00b
4 28.93+0.02f  7.88+0.06i 5.95+0.03i 0.19+0.04a 0.53+0.12a 93.62+2.76a  0.11+0.00a

WHO NA 28 6.5-9.2 N/M N/M N/M 100-500 0.3
Limits

Mean + standard error (n=3), mean with the same alphabets are not significantly different according to the
Duncan Multiple Range Test. Note N/M means not mentioned.

Table 3: Correlation coefficients (r) between physicochemical parameters

Temperature pH DO BOD Nitrate Hardness Iron
Temperature 1
pH 0.679" 1
DO 0.609™ 0.937™ 1
BOD -0.591™ -0.945™ -0.928™ 1
Nitrate -0.355" -0.767" -0.838™ 0.820™ 1
Hardness -0.562" -0.959™ -0.957" 0.932" 0.865™" 1
Iron -0.561"" -0.920™ -0.950™ 0.956"" 0.911™ 0.956"" 1

**_Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).
N =48, n=3

Apart from iron and pH other parameters improved significantly (P<0.05) as a result of the treatment. Dissolved
oxygen increased while BOD, nitrate and hardness decreased (P<0.01) during the 4 week treatment, though to a
ranging degree depending on the plantain tissue used for treatment. In addition, large and slimy flocs of
degraded (i.e. dark slimy floc as oppose to the normal red or brown iron mass), iron were found at the base of
the treated water (after 4 weeks); which could suggest M. parasidiaca as coagulating agent. Notwithstanding,all
the parameters tested showed a significant (P<0.05) relationship among one another. We therefore suspect the
mechanism of treatment is biosorption of the iron which resulted in the increase of pH and dissolved oxygen
with a corresponding decrease in BOD, hardness and nitrate. Further research is therefore necessary to validate
these claims.

IV. CONCLUSION

Water is an essential and inevitableresource to all life on earth (especially aquatic life). Globally, ground water is
the recommended water for aquaculture. Unfortunately, groundwater sample in this study (from the Niger Delta)
showed high level of iron and acidic pH. As a result of the biotreatment with the leaf, bract and trunk of M.
paradisiaca the untreated water showed significant reduction in iron (P<0.05), with an increasing pH (P<0.01)to
meet the WHO limits/standards for safe water.Based on our finding, the tissues of M. paradisiaca can be
considered putative plant for the biotreatment of high iron containing acidic water. However, further research is
necessary to confirm the mode of treatment using plantain tissues fertilization.

REFERENCES
[1] E.1. Ohimain, and T.C.N. Angaye, “Iron levels, other selected physicochemical and microbiological Properties of
earthen and concrete catfish ponds in central Niger Delta”, International Journal of Biological and Biomedical Sciences,
vol 3, no 5, pp. 041-043, 2014.

[2] E.1. Ohimain, T.C.N. Angaye, and M. Okpeku, “The challenge of non-infectious diseases in catfish farming”. The
Journal of Veterinary Science, vol 115, pp. 344-349, 2014.

[3] E.l. Ohimain, T.C.N. Angaye, and K. Okiongbo K, “Removal of Iron, Coliforms and Acidity from Ground Water
Obtained from Shallow Aquifer Using Trickling Filter Method”. Journal of Environmental Science and Engineering,
vol A 2, pp. 549-555, 2014.

[4] M.B. Nkamare, A.N. Ofili, and A.J. Adeleke, “Physicochemical and microbial assessment of borehole water in
Okutukutu, Bayelsa state Nigeria”. Advances in Applied Science Research, vol 3, no. 5, pp. 2549-2552, 2012.

[5] [5] B. Ordinoha, “A Survey of the community water supply of some rural riverine communities in the Niger Delta
Region Nigeria: Health implication and literature search for suitable interventions”. Nigerian Medical Journal, vol 52,
no. 1, pp. 13-18.

[6] O. Mldoko, “Seasonal variation in iron in rural groundwater of Benue State, middle Belt Nigeria”. Pakistan Journal of
Nutrition, vol. 9, no. 9, pp. 892-895, 2010.

124



T3

ISSN: 2319-5967
ISO 9001:2008 Certified

International Journal of Engineering Science and Innovative Technology (IJESIT)
Volume 3, Issue 5, September 2014
[71 G.T. Amangabara, and E. Ejenma, “Groundwater quality assessment of Yenagoa and Environs Bayelsa state, Nigeria
between 2010 and 2011”. Resources and Environment, vol 2, no. 2, pp. 20-29, 2012.

[8] F. Ekong, A. Jacob, and S. Ebong, “Water resource management in the Niger Delta Region of Nigeria: The role of
physical planning”. International Review of Social Sciences and Humanity, vol. 3, no. 1, pp. 51-56, 2012.

[91 AN. Amadi, P.I. Olasehinde, J. Yisa, E.A. Okosun, H.O. Nwakwoala, “Geostatistical assessment of groundwater
quality from coastal aquifer of Eastern Niger Delta, Nigeria”. Geoscience, vol 2, no. 1, pp. 51-59, 2012.

[10] E.1. Ohimain, I.R. Inyang, T.C.N. Angaye, and R.T.S. Ofongo, “Prevalence of Catfish Diseases in Bayelsa State: A
Case Study of Kolokuma/ Opokuma Local Government Area (KOLGA), Estonia”. The Journal of Veterinary Science,
vol 114, pp. 259-266, 2013.

[11] Southern Regional Aquaculture Center (SRAC), “Water Quantity and Quality Requirements for Channel Catfish
Hatcheries”. Through Grant No. 89-38500-4516 from the United States Department of Agriculture, SRAC, 461, 1991.

[12] O.E. Agbalagba, O.0. Agbalagha, C.P. Ononugo, A.A. Alao, “Investigation into the physicochemical properties and
hydro chemical process of groundwater from commercial boreholes in Yenagoa Bayelsa State, Nigeria”. African
Journal of Environmental Science and Technology, vol 5, no. 7, pp. 473-481, 2011.

[13] A.T. Adeolu, and D.O. Enesi, “Assessment of proximate, mineral, vitamin and phytochemical compositions of plantain
(Musa paradisiaca) bract — an agricultural waste”. International Research Journal of Plant Science, Vol 4, no. 7, pp.
192-197, 2013.

[14] E.1. Ohimain, L.R. Inyang, and T.C.N. Angaye, “The Challenge of Microbial and Parasitic Infections in Catfish
Farming”. The Journal of Veterinary Science, vol 114, pp. 301-309, 2013.

[15] E.1. Ohimain, T.C.N. Angaye, and L.R. Inyang, “Toxicological Assessment of Groundwater Containing High Levels of
Iron against Fresh Water Fish (Clarias gariepinus)”. American Journal of Environmental Protection,vol3, no 2, pp. 59-
63, 2014.

[16] B.M. Brunson, N. Stone, J. Hargreaves, “Fertilization of Fish Ponds”. Southern Regional Aquaculture Center, SRAC
Publication No. 471, 1999.

[17] A.A Ujile, and O.F Joel, “Adsorption process of Iron (III) from borehole water on activated carbon from Nigerian
Bamboo”. International Journal of Engineering Science and Technology, vol 5, no. 6, pp. 1321-1331, 2013.

[18] Association of Official Analytical Chemists (AOAC), “Official methods of analysis”. 16th edition. Arlington, V. A.
USA. 1995.

[19] P.C. Onyenekwe, O.E. Okereke, and S.O. Owolewa, “Phytochemical Screening and Effect of Musa paradisiaca Stem
Extrude on Rat, Hematological Parameters”. Current Research Journal of Biological Sciences, vol 5, no. 1, pp. 26-29,
2013.

[20] M.H. Salehi-surmanghi, Y. Aynehchi, G.H. Amin and Z. Mahmoodi, “Survey of Iranian Plant for Saponins, Alkaloids,
Flavonoids and Tannins”. Daru, vol 2, pp. 281-291, 1992.

[21] K.S. Okiongbo, and E.l. Ohimain,“Groundwater quality and its suitability for drinking and agricultural use in
Wilberforce Island, Southern Nigeria”. Global Journal of Pure and Applied Sciences, vol 12, in press, 2014.

[22] H.O. Nwankwoala, “Hydro chemical and suitability evaluation of groundwater in Bonny Island, Eastern Niger Delta”.
African Journal of Basic and Applied Sciences, vol 3, no. 6, pp. 271-277, 2011.

[23] H.O. Nwankwola, G.J. Udom, “Hydro geochemical evaluation of groundwater in parts of eastern Niger Delta, Nigeria”.
Journal of Academic and Applied Studies, vol 1, no. 2, pp. 33-58, 2014.

[24] S.A. Ngah, and H.O. Nwankwoala, “Iron occurrence and distribution in groundwater sources in different
geomorphologic zones of eastern Niger Delta”. Archives of Applied Science Research, vol 5, no. 2, pp. 266-272, 2013.

[25] A.N. Amadi, H.O. Nwakwoala, P.I. Olasehinde, N.O. Okoye, I.A. Okunlola,“Alkali Y.B, Investigation of aquifer
quality in Bonny Island, Eastern Niger delta, Nigeria using geophysical and geochemical techniques”. Journal of
Emerging Trends in Engineering and Applied Sciences, vol3, pp. 183-187, 2012.

[26] A. Edet, A. Ukpong, T. Nganje, “Baseline concentration and sources of trace elements in groundwater of cross River
State, Nigeria”. International Journal of Environmental Monitoring and Analysis, vol 2, no. 1, pp. 1-13, 2014.

125



ISSN: 2319-5967

1SO 9001:2008 Certified
International Journal of Engineering Science and Innovative Technology (IJESIT)
Volume 3, Issue 5, September 2014
AUTHOR BIOGRAPHY

Elijah 1. Ohimain is an Associate Professor of Bioenergy, Agricultural and Environmental Microbiology and formerly the Head of
Department of Biological Sciences, Niger Delta University, Wilberforce Island. Dr. Ohimain has a Ph.D. degree in Environmental
Microbiology from the University of Benin, Nigeria and Post graduate diploma in Sustainable Development from Staffordshire University,
UK. His research is focused on geomicrobiology, agricultural microbiology, environmental science and bioenergy. Dr Ohimain has authored
over 140 publications

Angaye Tariwari C.N was born in Kaduna State, Nigeria, on June 3, 1983. He hails from Olodani Community of Okoloba in
Kolokuma/Opokuma L.G.A (a native of the Izon dialect), in Bayelsa State Nigeria. He holds a B.Sc degree in Biological Science
(Microbiology Option), in 2009; He is currently about to defend his M.Sc Thesis in Environmental Biology (2014), from Niger Delta
University, Department of Biological Sciences. Currently, he works as an Environmentalist in a reputable Environmental Consultancy and
Research Firm (Rohi Biotechnologies Limited, Port Harcourt, Nigeria). His research interests include; Ecotoxicology and Environmental
Safety, Control of Tropical Vector-Borne diseases, Agriculture and General Environmental Remediation. Mr. Angaye has published several
articles on international Journal (As Author and Co-Author), in Conjunction with his Mentor Dr. E.I Ohimain who is the Lead Author of this
article as well as an Associate Professor of the Niger Delta University.

Oduah Asuodini Anthony hails from Ogonokom in Abua / Odual Local Government area of Rivers state. An Assistant Lecturer in the
Department of Integrated Sciences, School of Science Education, Federal college of Education (Technical ) Omoku, Rivers State. He holds
B.Sc in Biological Science (Microbiology Option) from the Niger Delta University with M.Sc in Environment Biology ( in view) from the
same university. He is an Assistant Lecturer

126



