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ABSTRACT

Four water samples from different sources in Cross River Nigeria (rain water, Kwa river, Odukpani and
Akpabuyo streams) were treated with M. oleifera seed suspension to x-ray its potency in water treatment.
Physicochemical markers evaluated were total hardness, turbidity, total dissolved solids (TDS), water
conductivity, magnesium and calcium concentrations and pH.  The different water samples were subjected to
50mg/l, 100mg/l and 200mg/l of M. oleifera seed suspension in four replicates while 0mg/l served as the
control. Results obtained showed that there were significant effects (P<0.05) of M. oleifera treatment on all
the parameters studied, which was concentration-dependent. It also indicated that different water sources have
different turbidity and hardness levels. The concentrations of magnesium and calcium had direct effect on water
hardness, which was evidenced in the decrease in water hardness as the magnesium level decreased, though
calcium level increased. Our results explicitly suggest that M. oleifera seed suspension applied at suitable
concentration will be efficacious for the treatment of contaminated water, especially in the rural and suburbs
of developing countries such as Nigeria, where resources to buy chemical agents for water treatment may be
lacking.
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Introduction

The removal of organics and inorganics from contaminated water is crucial in animal and human health.
There are so many water treatment plants that produce sachet water, especially in the urban and sub-urbans
of developing countries, Nigeria inclusive; that make use of chemicals of all sorts in the treatment of water
deemed to be sold to the public. The economic drawbacks notwithstanding, chemical water treatment agents
such as metal salts, synthetic polymers and chlorine formulations are however, considered to have adverse
impact on human health and the environment (Bove, 2002; Muyibi, 2003). 

There have been reports that there are many natural occurring alternatives to conventionally used chemical
agents inherent in plants. Jahn and Hamid (1989) opined that these natural alternatives are considered safe and
of a particular importance is Moringa oleifera. M. oleifera belongs to the family Moringaceae, having only
one genus, Moringa. It is a fast-growing and drought-resistant tree, native to northern India but now widely
distributed in the tropics and sub-tropics (Folkand, 1996; Fuglie, 1999; Ozumba, 2006).

Regrettably, however, Ozumba (2006) reported that M. oleifera is least appreciated and used in Nigeria
compared to other developing countries in Africa, Asia and South America. M. oleifera is one of the
miraculous plants with multi-faceted functions, which includes therapeutic, nutrition, water purification, etc.
There are several physicochemical indices that are pointers to good safe water, which includes; turbidity, water
hardness, total dissolved solids (TDS), water conductivity, alkalinity, concentrations of metal elements and pH.
This research is geared towards assaying indices of water quality such as total water hardness, turbidity, total
dissolved solids (TDS), water conductivity, pH, Magnesium and Calcium concentration, which will serve as
yardsticks for assaying the efficacy of M. oleifera as a water purifier. 
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Materials and Methods

Sample Collection: 

Water samples from four (4) sources: rain water, kwa river, Odukpani and Akpabuyo streams all in Cross
Rivers State were collected with 10 litres sterile gallon each. To avoid local contamination, each of the
immersed gallons was closed tightly before they were brought out from the streams/river. The rain water
sample was collected during the first rain in 2009. Seeds of Moringa oleifera were obtained within the campus
of University of Calabar, Calabar, Nigeria.

Preparation of M. oleifera Seed Suspension: 

Mature seeds were removed from the pods and shelled. They were crushed and sieved. The powder was
mixed with a small amount of distilled water to form paste. Four different concentrations were formulated;
50mg/l, 100mg/l, 200mg/l while 0mg/l served as the control. The residue was filtered out using a fine muslin
cloth of 8µm diameter to get a milky suspension for each concentration.

Water Treatment: 

The four different water samples were measured into four different beakers each containing 1 litre, making
a total of 16 samples in 4 replications. The different concentrations were added to the respective beakers
containing the water samples. The contents were vigorously stirred for 10 minutes, covered and allowed to
stand for 2 hours before filtering the supernatant out into new sterilized bottles for analyses in Cross River
State water Board (CRSWB), Nigeria.

Water Analyses:
Estimation of total hardness: 1ml of each treated water samples was pipetted into a reaction cell and 1ml

of H-K reagent was added using a syringe. Each was allowed to stand for 3 days after which H-2K reagent
was added. The cell was closed immediately, inserted into the curvette of the spectrophotometer (Spectroquent
WTW) and read off.

Determination of Water Turbidity: 

The sample bottles containing the treated water from the different sources were filled and inserted into
the turbidity meter (BICASA Model) holder, while pressing the read button. The values were read and
recorded.

Determination of Water Conductivity: 

This was done using conductivity meter (HANNA H1). Conductivity probe was immersed into the different
treated water samples and values read off on the meter.

Estimation of Total Dissolved Solids (TDS): 

TDS was computed by multiplying the conductivity value by a factor of 0.6 (TDS = conductivity x 0.6).

Determination of Magnesium Concentration: 

1ml of each treated water samples was added into a reaction cell. Using a syringe, 1ml of Mg-K reagent
was added to the water in the cell. This was allowed to stand for 3 minutes after which a 3 drops of Mg-2K
reagent was added, mixed and the concentration measured in the spectrophotometer (Model Spectro quent
WTW).

Estimation of Calcium Concentration: 

Calcium concentration was determined by subtracting Magnesium concentration from total water hardness.
pH determination: This done using pH meter (Meter Tole, Model 220). The meter was immersed into the

different treated water samples and readings recorded. 
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Statistical Analysis: 

Data collected were subjected to analysis of variance (ANOVA) while significant means separated using
LSD according to Obi (2002).

Results:

Total hardness: Total hardness of the different water sources was significantly affected (P < 0.05) by M.
oleifera seed suspension. There was no significant effect (P < 0.05) of treating water sample from Akamkpa
with 50 and 100mg/l on total hardness while at 200mg/l of M. oleifera seed treatment water samples from rain
water and Akamkpa did not differ significantly as well as between water samples from Odukpani and Kwa
river (Table 1).

Turbidity: 

Table 1 showed that water sample from Kwa river had the highest turbidity level. However, there was
significant difference (P < 0.05) in the turbidity level but reduction was concentration-dependent. 

Total Dissolved Solids (TDS): 

There was significant effect (P < 0.05) of M. oleifera seed suspension on the total dissolved solids in the
four water samples. The trend followed by the result was somewhat water source-dependent. For instance, rain
water and Akpabuyo water samples showed increase in the TDS, while samples from odukpani and kwa river
showed TDS reduction on treating with M. oleifera seeds. Comparing the different water samples, Odukpani
water had the highest TDS of 83.59mg/l for control, which was reduced to 48.0mg/l after treating with 200mg/l
of M. oleifera seed. Rain water sample had the least TDS in the control, which instead of reducing, increased
to 19.2 in treating with 200mg/L of M oleifera seeds (fig. 1).

Water Conductivity:

The effect of M. oleifera seed power on water conductivity is the reverse on its effect on TDS of treated
water samples. Water conductivity increased with concentration in the rain water and Akpabuyo water samples
while there was decrease with concentration in Odukpani and kwa River samples (Fig.2). The result showed
that there was significant effect of (P<0.05) of M. oleifera seed concentration on the conductivity of treated
water. 

Concentration of Magnesium and Calcium:

The results obtained on the effect of M. oleifera on the concentration of magnesium and calcium revealed
that there was significant effect (P<0.05), which was concentration-dependent. The results showed that M.
oleifera seeds reduced the amount of magnesium while increasing calcium level in the treated water. The effect
was however sample-dependent. Before analyses, Rain water had the highest magnesium while Kwa River had
the least calcium level. After analyses however, it reduced to 3.91mg/l while Kwa River increased to 55.0mg/l.
It thus implies that while magnesium level was reducing with concentration, Calcium was increasing with
concentration (Table 1).

pH:

The pH of the water samples was affected significantly by the concentration of M. oleifera seed powder.
On increasing concentration of M. oleifera the pH also increased significantly (P<0.05). However, there was
significant effect recorded in the different water samples studied.  

Discussion:

Chemical water treatment agents such as metal salts, synthetic polymers and chlorine formulations are
deemed unfavourable on human health (Bove, 2002), its economic drawbacks notwithstanding. The resulting
effect being that low water quality is supplied especially, during the rainy season when rivers are highly turbid
(Muyibi, 2003). Edward (2008) confirmed that water  containing too  much contamination  either by certain
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Fig. 1: Effect of Moringa oleifera seed suspension on the total dissolved solids of four water samples.

Fig. 2: Effect of Moringa oleifera seed suspension on water conductivity of four water samples.

Table 1: Effect of M. oleifera seed suspension on the physicochemical properties of four water samples.
Physicochemical Water Concentration of M. oleifera seed suspension
Properties samples -------------------------------------------------------------------------------------------------------------

Control 50mg/l 100mg/l 200mg/l
Total Dissolved Solids RW 12.74a±0.02 13.2b±0.11 19.6f±0.23 24.17g±0.10
(TDS) (mg/l) AK 14.57c±0.03 14.8c±0.10 14.83c±0.10 25.8h±0.10

ODU 83.59n±0.01 72.0m±0.30 60.57l±0.10 48.0i±0.03
KR 53.39j±0.01 54.37k±0.10 15.53e±0.09 14.9dc±0.06

Water conductivity RW 21.7a±0.22 22.4a±0.26 25.0b± 0.58 31.0d±0.58
AK 24.2b ±0.03 24.6b±0.09 40.7e ±0.67 41.3f±0.88
ODU 166.4k ±0.09 119.0j±0.58 102.2i±0.46 81.7g± 0.90
KR 90.1h ±0.09 89.7h ±0.23 26.2c ±0.06 25.0b±0.58

Magnesium concentration RW 55.0j ±0.58 39.0i± 0.58 29.0h ±0.58 3.91bc± 0.7
(mg/l) AK 12.6g± 0.33 11.0f± 0.58 10.33e±0.88 0.78a±0.01

ODU 11.67f± 0.88 10.33e±0.33 7.0d ±0.58 0.08a±0.01
KR 12.63g± 0.27 11.57f±0.29 3.1b± 0.21 2.73b±0.07

Calcium concentration (mg/l) RW 28.4d± 0.30 34.9g ±0.10 61.0k± 0.50 94.8m± 0.10
AK 20.3b± 0.20 27.6c± 0.20 37.6h± 0.30 60.6k± 0.30
ODU 20.2b± 0.10 29.5e± 0.30 56.9j± 0.30 97.1n± 0.10
KR 15.6a ±0.30 30.6f± 0.30 50.7i± 0.40 88.1l± 0.10

pH RW 6.05e± 0.01 6.22f ±0.01 6.46h ±0.01 6.88m±0.01
AK 5.58a ±0.01 5.59a ±0.02 5.81c± 0.03 6.61j±0.01
ODU 6.24f ±0.01 6.28g± 0.01 6.70k ±0.01 6.74l±0.01
KR 5.69b± 0.02 5.93d± 0.01 6.5i± 0.03 6.86m±0.01

Turbidity RW 1.03l±0.003 0.7h±0.006 0.53f±0.02 0.33d±0.006
AK 0.75i±0.006 0.35d±0.006 0.27c±0.006 0.06a±0.003
ODU 0.91k±0.006 0.64g±0.006 0.42e±0.01 0.12b±0.006
KR 3.67n±0.02 1.21m±0.006 0.88j±0.01 0.7h±0.01

Total hardness RW 89.0e±0.58 52.33c±0.88 41.0b±0.58 35.33b±1.45
AK 62.33c±0.88 57.0c±0.58 49.67c±0.88 39.0b±0.58
ODU 71.33d±0.88 61.67c±0.88 41.33b±0.88 33.33a±0.67
KR 71.67d±0.88 44.0b±0.58 35.0b±0.58 21.0a±0.58

*Means followed by the same case letter on the each parameter indicate no significantly difference (P < 0.05). (RW = Rain water; AK
= Water from Akamkpa; ODU = Water from Odukpani; KR = Kwa river).

microorganisms or by chemical compounds is rendered unsafe for its intended use. Water hardness, though a
function of dissolved substances, is mostly concerned with magnesium and calcium ions in the water (Mg2+

and Ca2+). It does mean that reduction of water hardness should be proportional to the reduction in the levels
of Mg2+ and Ca2+.  
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Our result revealed that as the total hardness in the different water samples were reducing, magnesium ion
level also reduced while calcium ion level increased, which seems abnormal. However, this incongruity may
have affected the hardness reducing potential of M. oleifera seed.  It is suspected that the increase in calcium
ion level may have been probably introduced from seeds of M. oleifera that have been reported to contain high
calcium level. 

The effect of M. oleifera seed suspension on water turbidity indicated that the suspension has a clarifying
potential, which might be attributed to the inherent bioactive component of the seeds. The mechanism is such
that water soluble proteins carrying positive charge released from the M. oleifera seeds attach and bind
themselves with the impurities in the water samples having predominately negative charge. According to WHO
(2006), the turbidity level of a standard water quality was reported to be less 1 (< 1), which agrees with our
result, especially, for the samples treated with 200mg/l of M. oleifera. 

Results obtained for the total dissolved solids in the different water samples showed that the effect was
concentration and water source- specific.  Excess amount of TDS in water samples indicates poor water quality.
It thus implies that any good water treatment agent should be able to reduce this parameter. Interestingly, M.
oleifera was efficacious in reducing the TDS in Odukpani and Kwa River while seemingly increasing the TDS
in Akpabuyo and rain water samples (Table 1). This discrepancy could be attributed to the differences in
dissolved solids in the water samples studied, which M. oleifera seed was not able to significantly reduce. It
means that TDS in rain water and Akpabuyo samples might have increased due to this reason. 

Our preliminary investigation attributed turbidity reduction to the binding power of the proteins inherent
in the seeds. It is probable to link TDS reduction in the water samples to this same mechanism since TDS
measures the amount of dissolved salts and solids. It is however obvious that M. oleifera seeds contain other
bioactive compounds other than the proteins mentioned, which might have contributed to this reduction.

There is a relationship between Water conductivity and TDS as it is the measure of ionic activity in water
samples, is a function of the TDS in the samples. This was evidenced in the results obtained (Fig. 1 & 2). As
the TDS in rain water and Akpabuyo samples increased with concentration, water conductivity also increased
in these samples (Table 1). The reverse was case in water samples from Odukpani and Kwa River. Magnesium
concentration was reduced while increasing the calcium concentration after M. oleifera seed treatment. It seems
absurd; however, since the treatment also reduced the total water hardness as it is mainly the function of the
magnesium and calcium ion level. M. oleifera seed contain very large content of calcium which, might have
contributed to the increase in the water samples.

It is being reported that high basic or acidic water is not suitable for dinking as the body pH must be
maintained at 7.4. Our result indicated that the pH increased with M. oleifera concentration. The control
samples of the different water samples tilted towards acidity. This is because water exposed to the atmosphere
becomes slightly acidic due to dissolved CO2 from air. Additionally, large amounts of organics serve as food
for microorganisms, which allow for proliferation thus increasing CO2 as a result of respiration. As the water
turbidity reduced, organics settled, reducing CO2 production by microbes, pH tilts to basic. 

Conclusion:

Undoubtedly, our results explicitly suggest that M. oleifera seeds are a good water treatment agent, which
interestingly should replace synthetic chemicals being natural, abundant and without toxic effect.
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