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Presentation Notes
My bg - come from material physics group in uppsala, sweden. My work mainly fundamental research on soft matter materials. Am also involved in a project about a material used for natural water purification. 
Im going to Tell you about a study on seeds from trees that can be used to purify water, and the routes we took to spread the knowledge from our scientific findings.
Ive done this work in collaboration with<...
Ill start off by (setting the scene and) describing the project. Ill then tell you about some of our results and finish by telling how we have communicated these.





Introduction
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Moringa tree,

Perennial rivers in Africa seed )

Moringa tree

Use

Leaves Nutrition, Medicine
Flowers Medicine
Pods Nutrition, Medicine
Bark Medicine
Roots Medicine
Gum Medicine
Seeds Water purification,

Medicine, Cooking oil,
Cosmetics, Lubricant

o Study of water purification using natural product from Moringa tree

 Used on village-scale in rural Africa

 Aim: optimise use of this natural product
 QOutlook: scaling up from village scale to large scale water plant
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On slide setting the scene: 
Give reason why we study this – some perennial rivers in Africa. Many places far away from any river or sea water. The water that exist is often dirty and needs purification before use. The project im involved in use seeds from Moringa trees to purify water. See seedpods on picture. Moringa trees grows and flourish even in dry climate. Apart from use in water purification, Moringatree has many benefits: nutritional, medicin oil 
Its been know for long time that Seeds from moringa tree can be used to clean water, and are used on village scale. 
Aim of study to optimise use of this material
Also to investigate large scale use in water purification plants.
This work is a Collaboration with Botswana/Namibia – where research has been undertaken already for some time. Mainly analytical in nature. This study complementary.




Water purification
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Major Steps in Purification
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water source and requirements

Water purification plant,
Windhoek, Namibia
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The first step in most conventional water purification processes is the flocculation of dirt particles
Many dirt particles are charge stabilised
And so the Flocculation is done by adding metal salts such as Al, change ionic strength, screens charge and cause flocculation.
These flocs can be filtered off
And then something will be done to kill bacteria and often pH will be adjusted
Before water is stored for later use.

Picture Water purification plant in Windhoek Namibia
In this plant FeCl3 is used for flocculation, and the dirt floats and is simply scraped off the surface. Wether the dirt floats or sink depends on the water pollutant - if there are mostly e.g. algae, which tend to be low density, they float. But mineral particles would tend to cause a sediment, sink.  It so happened that the picture at Windhoek was taken when there was a lot of organic materials.

But there is a search for cheaper and less harmful flocculents - Seek alternatives that are cheap and less harmful such as natural products
in order to avoid expensive and harmful chemicals such as metal salts




Moringa seeds and water purification
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Protein extracted from seeds of Moringa

tree (Miracle tree)
7-13 kDa, Cationic at neutral pH
Sequence known

Hydrodynamic radius ~ 1.5 nm

» 92 to 99% reduction in turbidity
« Efficiency as good as Al®* salts

e Binds minerals and bacteria

How does it work?

Gassenschmidt et al. Biochimica et Bop ysics Acta 243, (095) 47
-H. M. Kwaambwa, A. R. Rennie (202) Biopolymers 97, 209-28.
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One example is the use of seeds from Moringa tree - Attractive as a natural product and the trees will grow even in very dry climate, so its a sustainable product for water purification.
Its the Protein in M seeds that is the active ingredient – very good flocculent
The protein is small and the sequence of one is known
There has been and is still ongoing a lot of research on the Moringa protein, mainly of analytical nature
It has for example been shown that the protein can reduce turbidity with up to 99%

Moringa seeds are used in natural water purification on small scale Picture: This is how they use the seeds in villages:
Seeds are dried and crushed and added to dirty water. Dirt will sediment and can be removed. 

So its know that it works, but it was not known how the protein works! The present work was done to understand this mechanism in order to optimise the use of the protein.


Results from Moringa study
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In this project many different techniques are used to study the protein, some work is done in Botswana and Namibia and some in Uppsala (sweden). 
We have also used a technique called neutron scattering. This technique gives information on molecular length scales, and is commonly used for studies on various materials. It gives information that is complementary to ‘analytical techniques’. Picture: Neutron scattering facility in France, Institut Laue Langevin. Need large facilities to study small things! We used NS to look at protein ads to solid/liquid interfaces and model dirt particles in water, and also probed the structure of the formed flocs.

I’ll Show you some of our data but will not go into detail
Measure protein adsorbing to interfaces of model mineral dirt. From models that fit our data we get information of material structure at interface. 
Found protein binds to different surfaces, and as we increase protein concentration we get more protein adsorbed at the interface.
from model to data we get a depth profile that tells us that closest to the interface have dense protein layer, followed by layer of decaying density towards bulk solution. This tells us the protein binds to itself as well as the surface



Results from Moringa study
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So the picture we have is Closest to the silica surface, the M protein is packed very densely. Then, with increasing distance from the silica surface, the concentration of adsorbed protein decreases.

From the model fits to data get amount of adsorbed material at the interface
As we increase the amount of material in solution we get more material adsorbed at the interface, until we reach a plateau
The plateau in the adsorption isotherm is reached at about 0.03 % wt. 
Plateau good – amount prot added adjusted w dirtiness of water

(0.03% is 0.3 mg mL−1) 
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Protein adsorption to model dirt particles
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Results from Moringa study
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protein particles

Dense
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dissolved salt in the
water
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also looked at protein adsorbing to particles – with hydrophobic and hydrophilic regions, and saw that the protein adsorbes, and we get more protein at the surface of the particles as we increase the protein concentration until the plateau is reached.
With knowledge of  coverage of surfaces we can optimise amount of flocculent to be used in water purification process. We can also minimise amount of dissolved organic carbon in treated water after the flocculated impurities are removed. This is In contrast to using ionic salts as flocculents which leaves dissolved salt in the water

We also studied nature of the formed flocs and found them to be very dense, close to theoretical maximum.
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So the mechanism for water pur with M prot is that the Prot will bind strongly to a range of different types of dirtpart - and it will also bind to itself, form large dense aggregates that can filter off
In contrast: conventional ionic flocculants always add same amount of metal salt, indep dirtyness, to reach a specific ionic strength
Metal salts also toxic
Scaling advantages mean you can adjust added amount of protein depending on how dirty the water is
And the protein is also removed together with the impurities in the filtration step
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Seeds from Moringa tree can purify |
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Water trestment procedure using Moringa dlafera
seeds - cortinued
Water from varying sources will need different amounts of
impurities

Popular Sciel
S. Nelson ani

because the i present will not be the
same. 50-150 mg of ground Maringa seeds treats one liter
of water, depending on how dear the water is. Experi-
menting with a jar will help in working out the comect
amount of seeds and stirring times so as to find out what
A generad nile of thumb according to
Lowell Fuglie is that powder from one Moringa kemd to
two liters if water is a good amount when water is dlightly
turbid, and to one liter when water is very turbid.
Both the seeds and the seed powder can be stored but the
jpeste (solution mede in stage 4) reacbbbeﬁﬁfu’pl.ﬂ-
fying the water. It should beft
isto be purified.

'Moringa: ScCit e
Miracle Tree’
17, 21-26 (20

ytimew Naker

Sharing our knowledge

Our research

\|I

Allow the Moaringa seeds pods to dry nahuraly on the
tree before harvesting.

Remove the seed wings and husks (brown seed coat),
leening a whitish kemel. Discard any seed kemels that
have dark spots or any other signs of damage.

Crush or pound the seed kemds to a fine powder with a
stone or mortar.

Mix the powder (e.g. 29 or 2 small spoons) to one cup of
dean water, pour into a bottle and shake for 5 minutes.
Filter the mixture through a dlean dloth into a bucket of
dirty water that is to be treatecl

Stir the water quickly for 2 minutes and slowly for 10-15
minutes (do not use metal implements). During this
slow mixing, the fine particles and bacteria begin to
dump together and sink and settle to the bottom of the
bucket.

Cover the bucket and leenve it undisturbed for an hour or
until the water becomes dear and the impurities have
sunk to the botiom.

The clean water may be siphoned, or poured off the top
of the container or filtered through a dean doth. The
process. removes 90-99% of the bacteria and impurities
that cause turbidity.

For drinking water though, the water needs to be puri-
fied further by boiling, using a simple sand filter or plac-
ing in the direct sun in a dear botlle for 2 hours
(solarizing).

MO leaflet to optimise
/small scale use

Mainga ddfaa
*theMiradetrest

) enable
\search

Moringa mtzndtha'r

benefits
Tree part Uses or benefits.
Leaves Nutritional, medicinal, biomass, plant growth hormone,
forage
Flowers Nutritional, medicinal, honey
Pods Nutritional, medicinal
Bark Medicinal, rope making, gum for turning hides l O pS
Raoots Medicinal
Gum Medicinal
‘Wood Paper, animal feed, medicinal, alcahol production
Seeds Water treatment, food, casmelics, cooking oil, lubricant

Thank you to the Swedish International Development @
Agency (SIDA) through the Swedish Research
Links Programme for funding the Workshop on Col-
loid Science to Improve Water Purification and Con-
taminated Soil Remediation with Natural Products

/
% Sida L

Vetenskapsradet
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We publishing our results from Moringa study in scientific journals�As a scientist we want to both - claiming and conveying our ideas/findings! Our results in this study were important both for water applications but they were also fundamental physical science results. 
  
Publishing in scientific journals is a ‘track record’ for researchers, and the publications are used in grant applications for funding further scientific activities. Further studies in this project  – may lead to large scale use and also evaluation of other natural flocculents


BUT Scientific journals  are not often read by general public/politicians (decision makers)/ industry (except for ‘applied’ journals), often scientific journals  written in a ‘language for specialists’

Need complementary spreading of our results 

In this study we have had press releases on the university web. And also some popular science, eg  ‘science for school’

Sometimes media can be interested – especially in this project, there was quite a lot of press coverage locally as new technology with modern science was described in countries with acute water problems (e.g. Namibia, Botswana).  Workshops had coverage on both TV and newspapers.  This attracts bright students to study and work in these areas.

The connection with industry also needs to be there. Industry do research of their own, but can also communicate to us academics what their needs are. Academics can learn from people running utilities what challenges they have that require solutions.  

We are trying to help people optimise/learn how to use Moringa on small scale - e.g. leaflet with practical advise on how to grow your own tree to how to purify water using its seeds.�
A close communication between academics/ politicians/industry is beneficial for all involved, as well as keeping general public informed.


Sork shops, outcome
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S Potential Moringa value chain map Comparative ongoing
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Opening address: Chief Executive Officer of
Botswana Water Utilities Corporation

Offer: funding research at 5% of water
treatment chemicals budget.

Moringa oleifera

How do we improve impact?

Cullaid Selrnes va i e W)
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Ill mention a couple of outcomes from the two work shops we arranged. The Workshops and other activities have been run as part of our project (that is ongoing) and they were intended to provide exchange of ideas not just for academic researchers, but also telling other people what they can learn and how it is useful.

The work shop in Windhoek was one step, Dec 2012: The minister of agriculture, water and forestry gave the opening address. The work shop was followed up by a report and presentation to Ministry.  During the workshopthere were discussions eg on how to develop more complete economic plans. – like this flow chart shows: there can be small scale producers, and even individual families can both use Moringa for own water purification, but also gain economically from selling seedcake and oil etc. The government has interest in use of MO on large scale: can press oil ´that can be sold and used for other purposes eg in cooking or beauty products. - The private sector will benefit as processors of seeds for oil and seedcake, traders and transporters will be involved, and generate income from participating in this new value chain

At the work shop in Botswana Uni the opening address was done by the chief executive of Botswana Water Utility. He made an offer to scientists, he wants to fund work on using Moringa in large scale water purification plants in Botswana by 5% of their water treatment chemicals budget!!
�
There are comparative studies of being done seeds from different moringa trees, oleifera, stenopetala and ovalifola. There are 14 different moringa trees in africa. There is also work on finding similar properties in other natural products native in areas outside African countries (comparative studies KTH Sthlm lic and Dublin Msc theses).? Or maybe MO should be grown extensively in African countries and be exported? The exchange of ideas is important in many directions: also for rich countries, even with plenty of water, such as those in Europe may benefit from thinking about new ways to remediate and purify water.

Heres a picture of jar test that can be done in lab by light scattering to test turbIdity – or in village by eye – work is ongoing to optimise and reduce residual organic materials in water treated with moringa.

Id like to finish off by a question to you in the audience, how do we improve impact of our work?
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