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ABSTRACT
Moringa Oleifera (MO) seeds are known to have antibacterial and coagulant properties,
which makes them an appropriate agent for purifying water in developing communities. The
major drawback to using the seeds is that the water must be consumed within 24 hours because
Biological Oxygen Demand (BOD) is left behind after treatment. In an attempt to use the seed’s
properties without remnant BOD after treatment, the active proteins in MO seeds were adsorbed
onto sand and the excess MO seed material was rinsed away. The functionalized sand (f-sand)
was used to treat water, and it did not remove colony forming units (CFUs) more than 57%, and
it added BOD, according to the BODTrak used.
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Chapter 1
Introduction

Knowing that the water could be dangerous to his health, an American priest, did not
allow tap water near his mouth during his trip to India. However, he did experience a short bout
of diarrhea at the beginning of the trip. On his first day there, the priest had been the main
celebrant for Mass but was a con-celebrant for most of his stay. Figuring the illness was from
the different food, the priest regained his health and continued to only use bottle water.
However, he served as the main celebrant during Mass for the final few days of his trip as he had
been on the first day, and the priest became very ill with diahrrea and could not figure out why.
During his final Mass in India, he performed the ritual where he purifies the vessels of
the sacrament. As he poured the water from the house into the chalice, he realized at that
moment that the 20mL or so of water he used to purify the vessels during Mass was making him
ill. The main celebrant is in charge of purifying the vessels,

Figure 6: (From Catholic Sun1) A Priest Purifying Sacred Vessels (Not the mentioned priest)
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which is how he avoided getting very sick earlier in the trip. But it was such a small amount of
water that made the priest so ill; imagine that as your only source of water!
Worldwide, about 1.8 million people die from diarrheal diseases every year.2 That is 3.4
deaths from diarrheal diseases every minute. These diseases are due to consuming contaminated
water and are completely preventable. Giving people an affordable and simple method for
cleaning their water would save the lives of over a million people each year. Also, eliminating
diarrhea would reduce malnutrition because repeated bouts of diarrhea decrease the amount of
nutrients absorbed by the body. Decreasing diarrhea would also increase productivity in the
people because they would feel well and be able to work actively3.

The Role of the Thesis

Purifying water has been a pressing issue for decades, and the World Health Organization
declared 2005 to 2015 the “Water for Life” decade2. Now in the middle of the “decade”, the
problem of contaminated drinking water continues to persist in the majority of the developing
world. Many efforts have been initiated with different systems and methods for purifying water
in the developing world, but none have proved effective, consistent, and affordable.
The role of this thesis is to make a small advancement on the way to a sustainable and
inexpensive method for purifying water in developing countries. The method explored in this
thesis, using MO functionalized sand (f-sand), is still budding and sheer stress and
microbiological questions remain to be answered, but this thesis deals specifically with the
effectiveness of the functionalized sand in removing colony forming units (CFUs) and Biological
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Oxygen Demand (BOD) from contaminated water. This thesis also explores the effect of age on
the f-sand’s ability to remove CFUs and BOD.
The Responsibility of the Thesis

The responsibility of this thesis is to discuss other point-of-use water treatment methods,
Moringa Oleifera as a plant, and previous uses of Moringa. The thesis will give an account of
the results of the BOD and CFU experiments, discuss the outcomes and implications, and
suggest further research on this topic.

Point-Of-Use Water Treatment Methods

Solar Disinfection is a method of decontaminating water on the household scale, just as
the use of Moringa oleifera seeds is, but it is not effective on the bacteria that exist in the field,
only those that were grown in the lab4. The method also necessitates a clear day, so on cloudy
days, the household will not have clean water because the water should not be consumed over 24
hours after disinfection.
Biological slow sand filters have been used for about one and a half centuries, originally
recorded by James Simpson5, and they are effective. Slow sand filters can remove E. coli by 3 or
4 orders of magnitude and total bacteria by 4 to 5 orders of magnitude. However, slow sand
filters clog easily and often. They are usually built for villages rather than households because
they require constant maintenance and operation training. Most methods of water purification
are mainly for larger scale operations, and the majority of households rely on a small group of
people within a village or area for their water. Using Moringa oleifera seed for water
purification is affordable, simple, and effective.
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Moringa Oleifera

Figure 2: Moringa Oleifera Seeds

The Moringa tree has many benefits and can grow in tropical and subtropical regions6.
The leaves, ounce for ounce, “contain more Vitamin A than carrots, more calcium than milk,
more iron than spinach, more Vitamin C than oranges, and more potassium than bananas.” The
protein quality of Moringa leaves rivals that of milk and eggs, and they may even prevent
cancer7. The seeds have been studied extensively. In 1995, Ndabigengesere found that shelled
Moringa seeds contain 55% carbon, 8.5% hydrogen, 6% nitrogen, and 31% of oxygen and trace
elements8, and Abdulkarim found that “the seeds contained 7.9% moisture, 30.8% crude oil,
38.3% crude proteins, 16.5% carbohydrate (by difference), 4.5% crude fiber and 6.5% ash.”9
The proteins in Moringa seeds use adsorption and neutralizing charge as their main
methods for coagulation8, and they are also able to adsorb arsenic. Shelled Moringa seeds can
sorb up to 85.6% of As(V) and 60.2% of As(III)10. However, the most dramatic effect of treating
contaminated water with Moringa seeds is antibacterial.
Previously, Moringa oleifera seeds have been used by crushing the seed and solubalizing
the proteins in water. Suarez et. al identified the active peptides with flocculation, coagulation,
and antibacterial properties, and the article also proves that Moringa seeds decrease bacteria
viability by 4 orders of magnitude11. Ghebremichael found that the purified protein in Moringa
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seeds reduces at least two strands of Escherichia coli, B thuringiensis, and P. aeruginosa12.
Although, Ali found that the water extract from the seeds to be ineffective on P. aeruginosa and
only partially effective on Staph. Aureus, E. coli, and B. sterother. The oil extracts were
completely ineffective in reducing the concentration of any organism13.

Treating Water With Moringa Oleifera Seeds

Jabeeb found that Moringa proteins were effective on bacillus subtilis, fusariam solani,
and staphlocuccus aureus, though they were ineffective against Rhizopus solani, Pasturella
multocida, Aspergillus niger, Metarhisium aniscoplae and Escherichia coli. Jabeeb also noted
that adding sodium, potassium, calcium, and magnesium ions decreased the proteins activity on
staphlocuccus aureus6.
The proteins from Moringa oleifera seeds are also known to reduce turbidity. Muyibi
observed that 50mg/L of seed is effective for treating waters with low to moderate turbidity (50150NTU) and 100mg/L was the optimum dosage for highly turbid waters (250-550NTU)14.
Miller noted that treating turbid water with Moringa is effective between pH 4 and 9 and will
leave a residual turbidity of approximately 5NTU regardless of initial concentration. Miller also
described using Moringa as a coagulant as “less expensive, inherently benign, renewable, locally
available, and readily implementable.”15
The sludge created by a water purification process can sometimes be harmful, as in the
case of using alum as a coagulant, but the sludge created from using Moringa is biodegradable,
non-hazardous, and non-toxic. It can even be used as a fertilizer16. When the cytoxicity of
Moringa seeds was measured using green algae, Moringa showed no cytotoxic effects13.
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In 1988, Ndabigengesere found that treating water with Moringa does not change the pH,
alkalinity, or conductivity of the water. Alum requires additional chemical treatment after the
flocculation process to increase the pH and alkalinity and lower conductivity17. Also, the sludge
produced in the process is hazardous and must be handled as such. Although alum is relatively
inexpensive, the necessity for additional treatment and proper handling makes it ill-suited for use
in the developing world.
Jahn described the process of using Moringa seeds by first shelling the seeds and then
crushing them. The crushed seed is added to clean water to create a 2% suspension that will be
used to treat contaminated water. The volume of the suspension used to treat the water varied
according to the recent conditions of the raw water. After the suspension is added in “spoon
units”, the solution is mixed at a rate of 130rpm for 2 minutes for coagulation and then 17 to
18rpm for 18 minutes of flocculation. Using this method, 98 to 100% removal of fecal coliforms
was achieved if the turbidity was less than 10NTU. If the turbidity was around 100NTU, a
maximum of 36% removal could be achieved18.

Chapter 2
Materials and Methods
MO Seed Solution Method

The method of using only crushed Moringa oleifera (MO) seed was tested to verify the
claim of its effective in the literature18 and that the usage of a Moringa seed suspension leaves
BOD in the treated water. First, 1.0g of shelled MO seed was crushed in a coffee grinder and
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added to 50mL of distilled water. The solution was stirred for 45 minutes, settled for 15 minutes
and then decanted through cheese cloth.

Figure 3: Cheese cloth and beaker after MO solution was decanted

Because of the variability of the dosages in the literature, 10mL of the suspension was chosen as
the dosage and added to 500mL of secondary effluent from the Penn State Wastewater Treatment
Plant, mixed vigorously for 2 minutes with a stir bar and then mixed at about 16-20rpm by hand
for 20 minutes.

Figure 4: Penn State Wastewater Treatment Plant Clarifier where samples are drawn
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Figure 5: Sampling Secondary Effluent from the Clarifier

This was repeated for a second batch of secondary effluent using the same batch of MO
suspension.
A 70mL sample was taken after 10 and 20 minutes of the slow stirring and measured for
BOD. The sample was seeded with 5 mL of primary effluent from the Penn State Wastewater
Treatment Plant and diluted with 280 mL of distilled water.

Figure 6: (Left) Primary Settling Tank at the Penn State Wastewater Treatment Plant (Right) Sampling
Primary Effluent

A stir bar and a Hach BOD Nutrient Buffer Pillow was added to the diluted sample, and a Hach
Seal Cup with Stopcock Grease on the bottom and the contents of a Lithium Hydroxide Powder
Pillow inside was placed on top of the amber bottle.
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Figure 7: Materials from Hach (Top) Stopcock Grease, (Left to Right) Seal Cup, BOD Nutrient Buffer Pillow,
Lithium Hydroxide Powder Pillow

The BOD of the sample was measured using a Hach BODTrak Instrument, 115/230Vac19 and
run for 5.25 days while incubated at 20.0°C.
A 20mL sample of the treated water was also taken every 10 minutes and was measured
for CFU/100mL using the USEPA Membrane Filtration Method (10029)20 for the “Coliform –
Total and E. coli” test.

First, the sample was poured through a 0.45µm membrane.

Figure 8: Setup for Pouring 20mL sample Through 0.45µm Membrane
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Figure 9: (Left) Unused gridded 0.45µm Membrane (Right) Hach m-ColiBlue24 PourRite™ Ampules

The membrane was then incubated in a petri dish with a pad and the contents of a Hach
m-ColiBlue24 PourRite™ Ampule for 24 hours at 35.0°C.

Figure 10: CFU Sample Petri Dishes in Incubator

After the 24 hours, the petri dish is removed from incubation, and the number of Colony
Forming Units (CFU)/100mL was calculated. The average number of dots over 5 squares is
calculated, multiplied by 100 and the area the water went through (12.5units diameter), and
divided by the volume (20mL). For example:
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Each of the experiments was normalized according to a control, which was the untreated
secondary effluent for each trial.

F-sand Method

In order to create f-sand, Moringa oleifera seeds were shelled and then crushed in a
coffee grinder. Then, 5.0g of seed powder was put in 200mL of distilled water and stirred on a
stir plate for 45 minutes. The solution was settled for 15 minutes and then decanted through a
cheese cloth to remove the larger particles.

Figure 11: 200mL of MO seed solution settling

50.0g of rinsed sand (0.1-0.3mm) was added to the decanted solution and stirred vigorously for
60 minutes.
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Figure 12: F-sand stirred vigorously in 500mL of secondary effluent

Afterward, the water was decanted and the f-sand was rinsed 3 times with a 3:1 distilled water to
sand volume ratio.

(a)

(e)

(b)

(c)

(d)

(f)

(g)

(h)

Figure 13: Process for producing potable water with Moringa seeds. The seeds are crushed (a) and mixed in
water (b-c) and larger particles are allowed to sediment out (d). The supernatant is then added to sand (f).
The water-soluble active cationic proteins found in the seeds adsorb electrostatically to sand, creating f-sand.
The f-sand is rinsed to remove excess BOD (g). When turbid water is added to rinsed f-sand (h), the particles
and/or bacteria in the water adsorb to the f-sand and are removed from the water. We have also shown that
the bacteria on the surface of the f-sand are dead. (Drawn by Kristin Adolfsen)
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In the first trial, the f-sand was produced from non-shelled seeds, and in the first 2 trials
of f-sand, the f-sand was stored for a month in distilled water before use. For the final two trials
using f-sand, the f-sand was rinsed 5 times to make certain that the remnant particles that were
not attached to the sand were removed. The unusable proteins would contribute to BOD, so
rinsing them away was necessary to the method.
On the first 3 trials using the f-sand, samples were taken every 10 minutes, but for the
second and third trials, samples were taken every 20 minutes because the BODTrak Instrument
only measures 6 channels at a time.

Figure 14: Hach BODTrak Instrument in the incubator

The second and third trials were run on the same day, so each could have 2 channels
because the seed and control each occupied a channel and are necessary to the experiment.
Because the BOD values output from Channel 5 on the BODTrak used were consistently much
higher than the other data points for the same conditions, Channel 5 was determined to be faulty.
As a result, none of the values from Channel 5 are reported, which limits the number of data
points per trial.
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Chapter 3
Results and Discussion
MO Seed Solution Results

From each experiment, values for the CFU/100mL and the BOD were obtained for each
sample. Moringa Oleifera seeds by themselves are supposed to be effective at removing bacteria
but leave BOD behind. (Jabeen) This was found to be true, but the 10mL of 2% solution of
shelled MO seeds only removed 19-27% of the colony forming units (CFUs). The MO seed
treatment did add BOD, as expected.
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Figure 15: CFU Removal by Crushed MO Seed

As seen in Figure 15, the shelled, crushed MO seed did remove CFUs, but not enough to
make the water safe to drink. Below are images of the CFU petri dishes of the two trials of using
only MO seed after incubation.
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Control

20min

40min

Figure 16: R1 Petri Dishes After Incubation Show Little Decrease in CFUs

Control

20min

40min

Figure 17: R2 Petri Dishes After Incubation Show Slight Decrease in CFUs

As Figures X and X demonstrate, the MO seeds themselves only slightly reduced the CFUs in
the water. The dose of the 2% MO seed solution could be increased. During the period of slow
mixing, flocs formed and settled, so the lack of CFU removal was probably caused from an
insufficient number of proteins than ineffective proteins.
Even though the MO seed solution was settled and decanted through cheese cloth, it still
added BOD to the water.
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Figure 18: BOD of MO Seed Solution Trials

The BOD increase is obvious and consistent for both trials of MO seed solution; a 1/50 ratio of
MO seed solution to contaminated water gives about a 77mg/L increase in BOD. Even if the
MO seed solution was effective at removing the CFUs in the water, the treated water would be
unsuitable to drink about 24 hours after treatment because of the remnant BOD. For further
research, a higher dose of the 2% solution is suggested as well as a CFU vs. time test to
determine how long the treated water takes to recontaminate from the remnant BOD.

Old F-sand Results

For the first two trials using f-sand, the f-sand was kept at room temperature in distilled
water in a capped bottle. The seeds used to make the first batch of f-sand were not shelled, but
the seeds used to make the second batch were shelled before they were crushed.
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Figure 19: CFU Removal By Month-Old F-sand

From the images below, the decrease and then increase in CFU is obvious, but even if shell
particles were in the f-sand despite rinsing, the shell pieces should not have increased the CFUs.
If the pieces of shell did have CFUs on them, they would have more likely increased the CFUs at
the beginning of treatment, not in the middle.

Figure 20: Control for Old Non-Shelled F-sand Trial (7359 CFU/100mL)

10min

20min

30min

40min

Figure 21: Petri Dishes for Old Non-Shelled F-sand After Incubation Showing Initial Decrease and Then
Increase in CFUs (Mold growing on 40min)
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In the case of the old shelled f-sand, it appears to be more effective than the MO seed solution,
removing about 63% of the CFUs, as opposed to about 19-27%.

Figure 22: Control for Old Shelled F-sand Trial (6991 CFU/100mL)

10min

20min

30min

40min

Figure 23: Petri Dishes for Old Shelled F-sand Trial Showing Overall Slight Decrease in CFUs

The control was counted on squares not containing mold so that the order of magnitude would
not change for the control to compare the other samples. There is an obvious decrease, though
the water is still not safe to drink.
The BOD increased during the entire treatment time. This could indicate that the monthold f-sand was releasing the MO seed proteins.

BOD (mg/L)
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Figure 24: BOD for Month-Old F-sand Trials

The MO seed proteins seemed to desorb from the sand. The desorbtion could have
happened during storage just naturally, or the bond between the sand and protein weakened so
that the sheer stress of the vigorous stirring caused the proteins to desorb treatment.

Fresh F-sand Results

In general, F-sand created and used for treatment the same day appeared to be slightly
effective at removing CFUs and remove BOD initially.

CFU Removal Using Fresh F-sand
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Figure 25: CFU Removal By Fresh F-sand

40

50

20
The first trial CFUs increase initially and then level off, still above the control. This does
not make sense logically, but may be partly attributed to a low CFU count for the control.

Figure 26: Control For Trial 1 Fresh F-sand (4170 CFU/100mL)

10min

20min

30min

40min

Figure 7: Petri Dishes for Trial 1 Fresh F-sand Showing Increase in CFUs

Even if the control was taken as the control from the previous trial, the f-sand still does not
appear to remove a significant amount of CFUs, and it still increases at 20 minutes.
The final 2 trials make more sense in terms of reducing CFUs and are consistent with one
another.

Control

20min

Figure 8: Petri Dishes for Trial 2 Fresh F-sand After Incubation Showing Decrease in CFUs

40min
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Control

20min

40min

Figure 9: Petri Dishes for Trial 3 Fresh F-sand After Incubation Showing Decrease in CFUs

The water after 40 minutes of treatment with f-sand is still not suitable to drink, but the
reduction of CFUs is indicative that the method is effective. However, as the time of vigorous
stirring increases, the proteins seem to desorb from the f-sand because the BOD increases.
120.0
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Figure 10: BOD of Fresh F-sand Trials

The f-sand was created in an attempt to remove the CFUs from water and not leave BOD
so that the treated water could be safely drank over 24 hours after treatment. However, the fsand appears to increase BOD just as the MO seed solution did.
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Chapter 4
Conclusion
In conclusion, the f-sand does not remove CFUs effectively, and although the f-sand does
not add as much BOD as the MO seed solution, the f-sand does not solve the problem of remnant
BOD in the water. Comparing the volume of MO seed solution used directly to that used to
create f-sand, the MO seed solution used directly is more effective at removing CFUs than fsand. The aged f-sand behaves similarly to that used on the same day. It removes CFUs, though
not enough to make the water drinkable and it increases the BOD about the same as the freshly
made f-sand. Judging by the results from the experiments performed for this thesis, MO seed
solution is more effective and should be used in preference to f-sand.

Future Research

The increase in BOD was most likely caused by the MO proteins desorbing from the
sand. For future research, different types of mixing methods should be tried, and the sheer stress
necessary to desorb the protein should be analyzed. Also, a larger dose of MO seed solution
should be tested to ensure increasing the dose would increase the removal of CFUs from
contaminated water. The types and state of the bacteria affected by MO seed proteins should be
analyzed, and the time necessary for each of the steps should be reduced for real-world
implementation.
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