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Abstract: The purpose of this work is to document the alkalis metal level of banana peels ash with a view of 

using it as a source of alkali for metals removal from metals polluted water.  This was carried out by ashing the 

peels and dissolving it in distilled de – ionized water. The analysis on the solution was done using Atomic 

Absorption Spectroscopy (AAS) (Buck 205). The level of essential metals appear in this order: K > Fe > Ca > 

Mg > Mn > Zn > Na. Potash content obtained was 26.4% of 100g banana peels ash used which gave 

percentage purity of 69% and a purity of 80% on re-crystallization. The toxic element (lead) in the ash was 

within the limit of World Health Organization (WHO, 2011). The ash was characterized using X – Ray 

Diffraction (XRD) which gave a sharp peak at 2 theta = 28.5
O  

and Brunauer Emett Teller (BET) which gave the 

surface area and pore size as 63.27m
2
g

-1
 and 21.07 A

o
 respectively. The efficacy of the alkalis  were tested in 

five borehole water invested with metals  at Abakaliki between Nov. 2017 – Jan. 2018 and May – July, 2018. 

Results showed that the following metals Al, Ca, Cr, Cu, Mg, Mn, Pb, Na, and Zn except K were reduced in all 

the water samples for both periods. 
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I. Introduction 
Banana (Musa sapietum) plant is one of family called Musaceae. It is cultivated throughout the tropics 

[1] and for the purpose of its fruits [2]. It is assumed to be an ornamental plant and the fruit is covered by its 

peel which is thrown away as waste after the inner fleshy portion is eaten or used in industries that make use of 

it. 

Banana fruits prevent anaemia, reduce blood pressure, reduces the problem of constipation and can 

cure heart burns stress, strokes, ulcers, etc [3]. Charcoals made of banana peels when coupled with other 

materials can produce liniment for reducing the pains or acuteness of arthritis [4]. [5] stated that agricultural 

waste materials like banana peels, banana leaves, maize cob, palm bunch, etc contain a good percentage of 

potash. This material when ashed and dissolved in water gives hydroxides of K and Na [6]; [7]. 

Food and Agriculture Organization (FAO, 1988) documented 5,879,000 metric tonnes of banana peels 

in African countries as cited by [8]. These wastes could be efficiently put in to use for other valuable industrial, 

agricultural or domestic purposes, thereby reducing environmental pollution especially in countries such as 

Nigeria where most agro-base wastes are mostly subjected to open-air burning and open air piths. 

Although water is necessary for life, it could also be a channel of transmission of diseases and death 

[9]; [10]. Water is contaminated when it contains a chemical or biological poison or infectious agent that is 

harmful to living system [11]. Water sources with fecal or metal contaminations can transmit water borne 

diseases such as cholera, typhoid, diarrhea, etc [12].  

Numerous studies on water bodies have shown presence of metals in both surface and ground water 

sources in Ebonyi State due to its geological strata [13]; [14]. Investigations have shown that both essential and 

non essential metals at excessive amounts are toxic since they do not degrade, but tend to accumulate in human 

[15]. Water bodies contaminated with metals are the route of ill-health in human and animals. Although, it is 

difficult to classify metals into essential and toxic groups, it is a well known fact that an essential metal becomes 

toxic at sufficiently high intakes [16]. For instance, excess lead causes serious damage to the brain, kidneys, 

nervous system and red blood cells [17]. Although zinc is essential to both human and animals’ health at low 

intake it causes poorly developed sex organs and retarded growth in young men, while at excessively high level, 

zinc causes stomach anemia, damage the pancreas [18]. This study investigated the effectiveness of the alkali 

from banana peels ash in removing metals from five boreholes used as sources of drinking water at Abakaliki, 

Ebonyi State, Nigeria between Nov. 2017 to  Jan. 2018 and May – July, 2018. Although the study may have 

been out ease way, none has been reported in Ebonyi state, Nigeria.  



Alkali Extracts from Banana Peels Ash Used in Removing Metals from Metals Polluted Water from .. 

DOI: 10.9790/5736-1211016368                                 www.iosrjournals.org                                              64 |Page 

II. Materials And Method 
All the reagents used were of analytical grade (Merck products, Germany).  These were used without further 

purification. However, dilutions were made where necessary.  

Preparation of Ash from Banana (Musa sapientum) Peel Wastes:  

Unripe banana bunch bought at Eke market, Ezzamgbo was washed with distilled water and peeled. The peels 

were sun dried for four days and oven dried for 2 hrs at 200 ± 5
o
C. Weighed 500.0 g of the peels were ashed 

using zinc sheet, sieved and then allowed to cool for 3hrs and weighed according to the methods of [19] [20]. 

The calculation was as follows: 

% of Ash Content = X/500 x 100/1  

% Loss of weight = 500-X/500 x 100/1 

Test of the Bascity of the Ash Content:  

Ash of 2.0g was dissolved in 100 mL beaker with de-ionized water, when tested with universal pH paper gave a 

blue dark purple colour, pink with phenolphthalein indicator and yellow with methyl orange indicator showing 

bascity. 

 

Extraction of potash from the ash 

Weighed 5.00 g of the ash sample were added to 75 cc plastic bottle and 100 cm
3
 of de-ionized water 

added, and clamped with retort stand for 18hrs. Using syringe, 5 holes were made on the plastic bottle, after the 

cover of the bottle was removed, while the extract was collected with 100 cm
3 

glass beaker. After 24 hrs, 80.00 

cm
3 

of the extract was collected and reduced to 20.00 cm
3
 by heating on water bath at 80

o
C, then transfer to 

weighed crucible, evaporated to dryness in an oven and cooled to a constant weight and weighed. 

Calculation:  

80 cm
3
 of extract solution weigh X 

100 cm
3
 of extract solution will weigh X/80 x 100/1 = Y 

% yield of potash x/y x 100/1 = Z %. 

 

Purity of the ash 

The method of [21] was used in determining the purity of the ash. Crude potash of 0.2 g was dissolved with de-

ionized water in 50 cm
3 

volumetric flask and made to the mark.  The solution (10 mL) was pipetted into 100 cm
3
 

conical flask and diluted to 25.0 cm
3
 with distilled water, then 2 drops of methyl orange added and titrated 

against 0.1M HCl. Three replicates were obtained and in duplicate analysis. The reaction above is shown in 

equation 1. 

            K2CO3 + 2HCl → 2KCl + CO2 + H2O                                   (1)  

 

Determination of Hydroxide and Trioxocarbonate (IV) contents of the ash 

Double indicator acid-base titration was used according to the methods of [22]. Ten (10) cm
3
 of the mixture was 

pipette into 100cm
3
 conical flask and 2 drops of phenolphthalein was added and then titrated against 0.1M HCl 

to colourless end point and reading taken. Then 2 drop of methyl orange was added to mixture and titrated from 

yellow to pink. The phenolphthalein indicator neutralized all the hydroxides and converts the carbonates to 

bicarbonates, while methyl orange indicator converts bicarbonates to carbon (IV) oxide and water.  

Equation of reactions: Phenolphthalein Indicator; 

KOH + HCl → KCl + H2O             (2) 

K2CO3 + HCl  → KCl + KHCO3         (3) 

Methyl orange Indicator;  

KHCO3 + HCl →   KCl + H2O + CO2          (4) 

Calculation:  

0.1 M HCl required to neutralize  

KOH = V- Vi 

M HCl required to neutralize  

K2CO3 = 2Vi 

Molar concentration of KOH 0.1M (V-Vi)/10 = X 

Gram concentration Of KOH = molar mass x X = Y 

Molar concentration of K2CO3 = 0.1M (2Vi)/20 = a 

Gram concentration of K2CO3 = molar mass x a = b 

3.9.4 Analysis of the Elements present in the ash 

The elemental analysis of the ash sample was carried out using the method of [23] where 0.5 g of the ash sample 

was weighed into 100 cm
3
 beaker and 50 mL of 1: 1 HNO3 added. The beaker was placed on a water bath and 

boiled to reduce the sample to 10 mL and more 20 mL of 1:1 HNO3 added to the solution and the volume finally 

reduced to 15 mL, then filtered with Whatman No. 41 filter paper. The filter paper and beaker were washed with 
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0.1 M HNO3, while the filtrate was transfer to 50 cm
3
 volumetric flask and made to mark with de-ionized water 

and analyzed using Buck 205 AAS (Buck Scientific, Norwalk).                 

 

Characterization of the banana peels ash 

The ash was characterized using X – Ray Diffraction (XRD) patterns were measured on a Bruker® D8 Discover 

diffractom- eter using Cu-Karadiation (l ¼ 1.5405 Å) source connected to a Lynx Eye detector and Brunauer 

Emmett Teller (BET) measured with micrometric ASAP2020 system with nitrogen being the adsorbate gas. 

 

III. Results And Discussion 
Table 1: Metal Concentration and percentage of ash from banana peels 

Element Concentrations (mgkg-1) Percentage 

Ca 103.43 + 0.011 13.09 + 1.1 

Mg 52.04 + 0.017 7.08+ 1.7 

K 451.00 + 0.010 59.34+ 1.0 

Fe 56.09 + 0.009 7.43+ 0.9 

Na 53.30 + 0.012 7.06+ 1.2 

Mn 16.00 + 0.002 2.12+ 0.2 

Cu 2.44 + 0.005 0.32+ 0.5 

Zn 20.40 + 0.000 2.70+ 0.0 

Pb 0.005 + 0.002   0.007+ 0.2 

Ni 0.05 + 0.000 0.007 + 0.0 

Al 0.02 + 0.010 0.003+ 1.0 

Cr 0.04 + 0,110 0.005+ 11 

 

Table 1 shows the metal composition in mgKg
-1

 and the percentage of ash from unripe banana peels. 

According to the table, the metals in the banana peel ash were in the order k > Ca > Fe >  

Na > Mg > Zn > Mn > Cu > Pb > Ni > Cr > Al and differs from the report of [24]. However, [4] [5] [6] 

indicted that metals present in unripe banana peels may differ because of the nature of the soil and diversities in 

agricultural practices in different places.  

While metals such as Mg and Fe are important for growth and in building up the red blood cells, Ca is 

important in bone and teeth formation, Zn and Mn promote the activities of many enzymes in the body [9]. The 

high ratio of potassium to sodium in the peels is a welcome development since high level of potassium to 

sodium decreases high blood pressure and muscle cramp [15]. The toxic elements such as lead, being below 

WHO guideline limit showed that banana peels are safe to be used in reducing heavy metals from heavy metals 

contaminant water. 

 

 
Fig.1: Metal concentrations of banana peel ash in percentages 

 

Figure 1 presented the metal contents of banana peels in Table 1 in pie chart form in which potash (K) has about 

60% of the metal contents. 
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Characterization of banana peels ash 

 

 
Fig. 2: XRD Diffraction plot of volume against 2 theta degrees 

 

 
Fig. 3: BET plot of adsorption / desorption of the gas molecule 

 

The X – Ray diffraction pattern for banana peels ash is shown in figure 1. The XRD diffractometer 

revealed that the ash was heterogeneous, partly amorphous and partly crystallite. The main peak at 28.5
o
 at (2 

theta) demonstrated crystallite response to XRD spectra which is consistent potassium oxide crystal cubic face, 

while the broad nature of the peak illustrated the amorphous character which correspond with the report Nwanji 

et al., (2017). The XRD showed a broad peak in the 2 theta equal to 50 to 100 which indicates the amorphous 

nature of the ash.  

Figure 2 shows BET plot of volume of gas adsorbed (vads./cm3g-1), in this case nitrogen gas was 

plotted  against pressure P/mmHg at constant temperature. It is characterized by heats of adsorption being less 

than the adsorbate heat of liquefaction. The figure showed a slight linear curve from 0 - 0.8 mmHg which was 

characterized by the heat of adsorption being less than adsorbate heat of liquidifaction. However, adsorption 

increased as the interaction with the adsorbed layer became greater than interaction with the adsorbent surface 

(0.8 – 1.0 mmHg). This agrees with the report of [24]. The second curve showed the desorption after 
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equilibrium was reached. The result revealed that the surface area was 63.67m2g-1 while the pore size was 

21.07nm, an indication that high surface area and pore size contributed to the excellent performance of banana 

peels ash as an adsorbent. 

 

Table 2: Mean Metal Concentrations of Abakaliki Borehole Water Samples before and after treatments from 

Nov. 2017 to Jan. 2018. 

 
BT means before treatment, AT means after treatment, ND means not detected. 

 

 

Table 3: Mean Metal concentrations of Abakaliki Borehole Water Samples before and after treatments from 

May,.2018 to July, 2018 

 
BT means before treatment, AT means after treatment, ND means not detected. 

 

Tables 2, and 3 showed the mean metal concentrations of borehole water samples in Abakaliki from 

November, 2018 to January, 2019 (dry season) and May to July, 2019 (rainy season) compared with WHO’s 

standard. From the tables, we observed that aluminum was high in presco (0.3mgL
-1

), Isieke (0.4mgL
-1

) and 

prisons (0.4mgL
-1

) boreholes from November, 2017 to January, 2019. Only prisons borehole with 0.4mgL
-1

 was 

high between May to July, 2019 and those drinking any of the boreholes without treatment may be at risk of 

Alzheimer’s disease (Lee, 2009). The tables also revealed that Presco has levels of cadmium (0.4 and 0.36 mgL
-

1
), chromium (0.08 and 0.05 mgL

-1
) and lead (0.14 and 0.13mgL

-1
) which exceeded the WHO’s recommended 

values of 0.05, 0.05 and 0.01 mgL
-1

 both in the November, 2018 to January, 2019 and May to July, 2019 for the 

respective elements in the  water samples before treatment. The presence of these trace metals in excess 

indicates danger and drinking such boreholes without treatment may suffer liver and kidney damages, asthma 

and permanent disability [7]; [8]. However, in the treated (BT) water samples both essential metals like copper, 

sodium and zinc as well as the non essential metals  such as lead, cadmium, etc were reduced to the WHO’s 

recommended limits, showing the efficacy of banana peels ash in removing heavy metals from water. The same 

was applicable to Cas, Isheke, Kpirikpiri and Prisons water samples as shown by the tables 2 and 3. Potassium 

was not reduced in all the treated water samples which could be due to ion effect as a result of high content of 

the ash coupled with the high surface area and pore size. It may also be as a result of many functional groups – 

CO2
-
, OH

-
, -NH2, etc present in banana peels ash which may bind the metals and remove them either through ion 

exchange or complex formation [11]; [12]; [13] 
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IV. Conclusion 
The results of the analysis showed that banana peels ash is alkaline in nature and has the potentials to 

remove metals from metals contaminated water. Depending on the concentrations, all the metals were either 

removed or reduced in all the treated samples except potassium. 
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