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Abstract 
 
A great problem in many developing countries is to get clean drinking water at a low price. 
Many surface drinking water sources in these countries have problems with high turbidity 
which is normally solved by adding a chemical coagulant such as Aluminium sulphate, which 
is imported at a high cost.  Another solution is to use a natural coagulant which grows in the 
region such as the seed of Moringa Oleifera. This tree which grows in the tropical and 
subtropical region and is native to India and Pakistan has for generations been used to purify 
water by indigenous people in India and Sudan. This study focuses on sand filtration of turbid 
water using M. Oleifera as a coagulant.  
 
With M. Oleifera as a coagulant it was possible to get a fairly good result, about 5 NTU for 
the low initial turbidity. For the high turbidity the result was generally not very good and the 
effluent turbidity was around 30 NTU. It was in the sand filter that the largest part of the 
purification took place. The average purification in the sedimentation tank correlated well to 
what was seen in the zero tests. 
Some tests were done with M. Oleifera extracted with salt which seemed to amplify the 
flocculation. With this method it was possible to get values well below 5 NTU which is the 
WHO threshold value.    
Tests made with M. Oleifera mixed with Al-solution showed that it was possible to still get a 
good result when lowering the Al-concentration with 70% from its optimal concentration.  
 
The tests showed that the filter made a big difference for the turbidity of the purified water. 
Especially for the pure M. Oleifera solution the flocs were small and light and didn’t settle 
very efficiently with an average of only 30 % purification in the settling tank and about 70 % 
in the sand filter. 
The height of the filter was varied during the tests and the result was not unequivocal. No 
difference could be seen in the tests with pure M. Oleifera, but with the tests with M. Oleifera 
extracted with salt a clear improvement could be observed.  
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Sammanfattning 
 
Ett stort problem i många utvecklingsländer är att få rent dricksvatten till en tillräckligt låg 
kostnad. Många ytvattenkällor för dricksvatten har i dessa länder problem med hög turbiditet 
vilket man normalt renar genom att tillsätta kemiska flockningsmedel som aluminiumsulfat. 
Att importera dessa kemikalier medför en hög kostnad för samhällena. En annan lösning är att 
använda ett naturligt flockningsmedel som finns naturligt inom landet, som tex. fröna från 
Moringa Oleifera. Detta träd som växer i tropiska och subtropiska områdena och kommer från 
Indien och Pakistan har i generationer används för att rena vatten i Indien och Sudan.  
 
Denna undersökning fokuserar på sandfiltrering av grumligt vatten vid användande av M. 
Oleifera som fällningskemikalie. 
 
Det möjligt att få ett ganska bra resultat på runt 5 NTU vid låg råvatten turbiditet med M. 
Oleifera som fällningskemikalie var. Vid hög turbiditet blev resultaten vanligtvis inte speciellt 
goda och utgående turbiditeten var runt 30 NTU. Den största reningen av vattnet skedde i 
sandfiltret. Medel reningen efter sedimenteringen stämde väl överens med det man kunde se i 
nolltesterna. 
 
Några försök gjordes där man extraherade M. Oleifera med salt, detta verkade förbättra 
flockbildningen avsevärt. Med denna metoden var det möjligt att få värden väl under 5 NTU 
som är WHO:s gränsvärde. 
Försök som gjordes med M. Oleifera blandat med Al – lösning visade att det var möjligt att få 
goda värden även vid en sänkning av Al-koncentrationen med ca 70 % av den optimala. 
 
Försöken visade att filtret gjorde en stor skillnad för turbiditeten av det renade vattnet. 
Speciellt vid användning av ren M. Oleifera var flockarna små och lätta och sedimenterade 
inte speciellt bra, i medeltal skedde endast 30% av reningen i sedimentationstankarna och ca 
70% i sandfiltret. Filterdjupet varierades också under försöken men resultatet var ej entydigt. 
Ingen skillnad kunde ses vid försöken med ren M. Oleifera, men där M. Oleifera var 
extraherat med salt kunde en klar förbättring ses vid ökning av filterdjupet.  
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1. Introduction 
 
A great problem in many developing countries is to get clean drinking water at a low price. 
Many surface drinking water sources in these countries have problems with high turbidity 
which is normally solved by adding a chemical coagulant such as Aluminium sulphate, which 
is imported at a high cost.  Another solution is to use a natural coagulant which grows in the 
region such as the seed of Moringa Oleifera. This tree which grows in the tropical and 
subtropical region and is native to India and Pakistan has for generations been used to purify 
water by indigenous people in India and Sudan. This study focuses on sand filtration of turbid 
water using M. Oleifera as a coagulant.  
 

1.1 Water problems in developing countries 
Even in urban areas in developing countries where treatment facilities exist, the quality of the 
treated water is often compromised by improper use of treatment techniques or as a result of 
contamination during storage or distribution. These problems are mainly due to lack of 
suitable technology, limited skilled workforce and insufficient funds. 
 
Earlier the high turbidity levels in water were normally only caused by high runoff during the 
wet season. But due to the population growth, land is scarcer and crops are being cultivated in 
areas closer to the banks of rivers. Which provide water to the cities. Because of this land use, 
the soil in the areas loosens and is more prone to removal by runoff, thus creating turbidity 
problem all year round.  This leads to higher treatment costs. 
  
River silt is churned into suspension and runoff from fields and other surfaces carry solid 
material, bacteria and other micro-organisms into the river. It is of paramount importance to 
remove as much of this suspended matter as possible prior to consumption (Sutherland 1994).  
 
This can generally only be achieved by the addition of coagulants to the raw water within a 
controlled treatment sequence. In many developing countries proprietary chemical coagulants, 
such as alum and synthetic polyelectrolyte are either not available or available to a 
considerable cost because of the necessity to import such chemicals. Malawi for example 
spends more than £ 25 000 (1998) each year on alum alone. In Nigeria some municipalities 
are spending around 50% of their annual recurring cost respectively on water supply (Muyaibi 
1995). 
 
An alternative is to use natural coagulants, generally of plant origin, to accomplish 
coagulation. Such natural coagulants have been used for centuries in traditional water 
treatment practises. Seeds from the M. Oleifera have proven to be effective in small scale and 
using it in a large-scale water treatment plant would provide a renewable coagulant ( Jahn 
1986). This would reduce the expenditure and dependency on foreign supplies as well as 
increase the possibility to grow M. Oleifera tree on a commercial basis. 
 

1.2 General information about the Moringa Oleifera plant  
The Morigacea is a single genus family with 14 known species. Of these Moringa Oleifera is 
the most widely known and utilised species. A native of the sub-Himalayan regions of North 
West India, Moringa Oleifera is now indigenous to many countries in Africa, Arabia, 
Southeast Asia, the Pacific and Caribbean islands and South America. The tree is commonly 
known among other vernacular names as the horse radish tree, arising from the taste of the 
condiment prepared from the roots, or drumstick tree, arising from the shape of the pods. 
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The tree ranges in height from 5 to12 m with an open umbrella shaped crown, straight trunk 
(10-30 cm thick) with corky, whitish bark. The tree produces a tuberous taproot that helps 
explain its observed tolerance to drought conditions. The evergreen or deciduous foliage 
(depending on climate) has leaflets 1-2 cm in diameter, the flowers are pleasantly fragranced, 
white or cream coloured, about 2.5 cm in diameter and are borne profusely  in auxiliary 
drooping panicles 10-25 cm long. The fruits (pods) are initially light green, slim and tender 
eventually becoming dark green and firm 30-120 cm long and 2 cm wide depending on the 
variety. The pods contain about 20 seeds which fully matured are round or triangular shaped, 
the kernel surrounded by lightly wooded shell with three papery wings.  
 
Initially being used mainly in semiarid regions (annual rainfall 250-1500mm) the tree has also 
been found in hot humid and wet conditions with annual rainfall in excess of 3000mm. It has 
mainly been used in lowland up to 600 m but natural stands have been discovered at altitudes 
of 1200m in Mexico and 2000m in Zimbabwe.M Oleifera prefers well-drained sandy or 
loamy soils although heavier clay soils will be tolerated but water logging should be avoided. 
The tree is reported to be tolerant to light frosts and can be established in slightly alkaline 
soils up to pH 9 (www.le.ac.uk/engineering/staff/sutherland/moringa/general/general.htm. 
2000-10-02). 
 
The tree grows very fast. It can grow up to 4.5m in 9 months and already after 6-8 months the 
plant starts bearing pods and it is possible to harvest the pods twice a year already the second 
year.  
 
The different parts of the tree have been used in many different ways, as a source for food or 
for medical use. In Malaysia the seeds are eaten as peanuts but can also be used as green peas, 
the root can be used as a substitute for horseradish although it is not to be used in excess 
because the root bark contains some toxic and antibiotic substances. The leaves can be eaten 
green in salad or used as spinach and they contain a lot of vitamin A and some vitamin B and 
C. The oil which is sweet and odourless and never becomes rancid can be used in machinery 
and is edible. Leaves and young branches are given to the livestock and the plants are used as 
a living fence. Different parts of the tree are used in folk remedies for different types of 
tumours. Root juice is applied externally as a counterirritant, bark leaves and roots are acrid 
and pungent and taken to promote digestion, the bark is sometimes used for diarrhoea. And 
these are just some ways to use the different parts of the tree M. Oleifera.  
 
The M Oleifera seed have also been found to function as a primary coagulant for treating 
water. In Sudan the powdered seed have traditionally been used for domestic water treatment. 
The women would place powdered seeds in a small cloth bag which then would be swirled 
around in the turbid water, and after the water have been stirred slowly for five minutes it was 
left for about one hour. Water-soluble proteins released from the powdered seeds attach 
themselves to, and bind between the suspended particles forming larger agglomerated solids 
(Price 1993). 
 

2. Objectives and method  
 
This research has been done to clarify the efficiency of sand filtration as a part of the water 
treatment process when using M. Oleifera as a coagulation chemical, and also how to 
optimise the process. To get an idea on how to start the tests literature studies where made. 
Then jar tests was performed to find the optimal dosage of M. Oleifera and aluminium for the 
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produced synthetic water. They were also made to get an idea of the type and speed of the 
mixers. Later a pilot plant was constructed together with the technical staff in a big laboratory 
space.  Then the pilot tests were started using the jar tests result thus minimising the number 
of tests. 
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3. Jar test 
 
Initially a jar test was performed to find the optimal dosage of M. Oleifera and aluminium for 
the produced synthetic water. It was also made to get an idea of the type and speed of the 
mixers. 

 3.1 Material 

  3.1.1 Equipment 
 
Turbidity was measured with a turbidity meter (HACH 2100N). Temperature was determined 
using a normal thermometer. pH was determined using an electronic pH meter.  
The mixer used to mix the M. Oleifera seed powder with the water was an ordinary kitchen 
mixer. The same mixer was used to make the M Oleifera seed into a powder. Although 
sometimes the M. Oleifera was ground to powder using a mortar to see if there were any 
difference with cutting (mixer)or crushing the seeds. 
 

  3.1.2 Water test 
 
Synthetic turbid water for the jar tests was prepared by adding kaolin to tap water. Normally 
10 g of kaolin was added into 15 l of tap water together with 3 g NaHCO3 and 10 ml 5 % 
acetic acid. The suspension was then stirred for about 10 minutes to achieve a uniform 
dispersion of kaolin particles. Then it was allowed to remain for at least 24 hours for complete 
hydration of the kaolin. Synthetic turbid water with the needed turbidity was then prepared by 
dilution of the suspension using tap water just before the coagulation test. Before each new 
round of tests turbidity, temperature and pH was measured. 
Some tests where also made with synthetic turbid water without adding any NaHCO3 and 
acetic acid (e.g. without extra ions) to evaluate if the later larger scale tests where to be done 
with or without the added chemicals. 
 

  3.1.3 M Oleifera seed suspension 
 
The seeds cover was shelled and the kernel was ground to a fine powder by using a mortar 
and pestle or the blender, just before the extraction. To obtain a 1% solution of M. Oleifera 3g 
of the powder was weighed and put in 250 ml distilled water. This solution was mixed for 3 
min in the blender at the highest mixing speed to extract the active ingredients. The 
suspension was then filtered through a bio prep nylon cloth and the filtrate made up to 300 ml. 
This stock solution was the prepared everyday when needed since deterioration occurs after 3 
days of storage at room temperature (Jahn 1986).  
 
 
 

  3.1.4 Al-solution 
The aluminium sulphate solution was prepared as a 1% solution with 2 g Al-sulphate 
(Al2(SO4 )318H2O)dissolved in 200 ml of water.  
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  3.1.5 M Oleifera and Al-solution 
 
The M Oleifera and aluminium solutions were prepared separately and later either mixed 
before added to the water sample or entered separately with Al first and Oleifera a couple of 
seconds later. 
 

3.2 Experimental methods 
 
 

  3.2.1 M Oleifera seed suspension 
 
The synthetic turbid water was diluted to the desired turbidity and pH and temperature of the 
water was measured. 1-litre beakers filled with 750-ml synthetic turbid water was then placed 
under the jar test apparatus. The paddle was lowered into the beaker and when the coagulation 
chemical was added the apparatus was switched on at the desired stirring speed 100 rpm. 
After 1-4 minutes the paddle speed was reduced to the speed needed for the flocculation. 
Different speeds for the flocculation mixing was tested. 20 minutes later the paddles were 
stopped and taken out of the beakers and the water was left to settle for between 30 minutes 
and 2 hours. Then a sample was taken from 2 cm below the surface in each beaker with an 
alternated syringe to be able to measure the turbidity without disturbing the test. The water in 
the beaker was then mixed and pH was measured in each beaker. 
  

    3.2.1.1 Calibration of dosage 
 
The dosage of M Oleifera was varied to find the optimal dosage for each turbidity. For the 
turbidity 50 and 300 NTU the concentration of the M Oleifera was varied between 25 mg/l 
and 250 mg/l with steps of 50 mg/l from 50 mg/l. During these tests the stirring speed and 
time was kept constant at 100 rpm for 4 min for the rapid mixing and 40 rpm for 20 min for 
the slow mixing. The same thing was made for the turbidity of 900 NTU but the 
concentrations of M Oleifera tried were only 50, 100 and 200 mg/l.  
 

    3.2.1.2 Mixing speed & time 
During some experiments the stirring speed for the slow mixing and duration for the rapid 
mixing were changed to be able to find the most effective setting. The duration 1, 2 and 4 
minutes was tried for the rapid mixing and the stirring speed for the slow mixing was changed 
between 20 and 40 rpm. 
 

     3.2.1.3 Settling 
Also the optimal time for the settling was investigated. Some of the samples were left to 
continue to settle after the first turbidity test has been taken. New tests where made on some 
of the beakers after 45 minutes and others were tested after 2 hours  
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3.2.2 M. Oleifera and Al-solution 
Some tests where made with M. Oleifera and aluminium together as a coagulation chemical. 
During these tests the stirring speed and stirring time was kept constant at 100 rpm for 4 min 
for the rapid mixing and 40 rpm for 20 min for the slow mixing. The residual turbidity in each 
beaker was measured after 30 and 45 minutes also the pH was measured in each beaker after 
45 minutes. 
 
The tests where made with two different water turbidity, one low (50 NTU) and one moderate 
to high (300 NTU). To find the optimal dosage of the Al and M Oleifera solution different 
combinations of M Oleifera and Al was tested. For Aluminium 20, 40, 60% of optimal dosage 
for that specific turbidity was mixed with 20, 30 and 40 mg/l M. Oleifera for turbidity 50 
NTU respective, 20, 35 and 50mg/l for turbidity 300 NTU so that all the possibilities where 
covered. All these tests were made with Al - M Oleifera solution which where mixed before it 
was added to the water. One test where also made when 20 mg/l Al and 40 mg/l M Oleifera 
were added separately to the water with a turbidity of 50 NTU.  
 

3.2.3 Al-solution 
 
Some tests were made with Al as the coagulation chemical to determine the optimal dosages 
for water with a turbidity of 50 NTU and 300 NTU, and to have some kind of comparison 
material to the tests with pure M Oleifera and with a mixed Al/M. Oleifera solution. During 
most of these tests the stirring speed and stirring time was kept constant at 100 rpm for 4 min 
for the rapid mixing and 40 rpm for 20 min for the slow mixing. The residual turbidity in each 
beaker was measured after 30 and 45 minutes. Also pH was measured in each beaker after 45 
minutes. 
For the turbidity of 50 NTU Al concentrations of 25, 50 and 85 mg/l were tested and for the 
turbidity of 300 NTU Al concentrations of 50, 85, 100 and 150mg/l were tested. Some tests 
where also made with different rapid mixing times, the ones tried were 5 seconds, 2 and 4 
minutes. 
 

 3.3 Results  

  3.3.1 M. Oleifera seed suspension 
 
According to the figure 1 the optimal dosage of M. Oleifera seed suspension for flocculation 
of simulated river water with low turbidity is between 50 and 100 mg/l. Even 25 mg/l work 
effectively if the conditions are optimal. But the turbidity is still relatively high around 8 NTU 
even at optimal conditions. If the dosage is too high there is a risk that the turbidity rises 
above the original turbidity.  
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Figure 1 Optimal dosage for M. Oleifera at low turbidity (50 NTU) 
 
 
For the high turbidity water the optimal dosage also lies between 50 and 100 mg M. Oleifera/l 
(figure 2). Under optimal conditions it is possible to get a fairly good purification with an 
effluent turbidity just below 5 NTU.  
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Figure 2 Optimal dosage for M. Oleifera at high turbidity (300 NTU) 
 
 
The M. Oleifera seed is pH neutral, and do not change the pH in the water. 
   
Obviously the purification increases with prolonged settling time but the figure 3 shows that 
already after 45 minutes the water is relatively clean. 45 minutes is a reasonable long time to 
use for the continuation of this project. The 50 NTU water show a drastic increase in 
purification between 30 and 45 minutes. So it is probably better to use a settling time a little 
longer than 45 minutes. 
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Figure 3 Settling time M. Oleifera. 
  
 
With a slow mix velocity of 40 rpm the effectiveness of the purification is more stable and 
more independent of the result of the rapid mix, the result is generally better with 40 rpm than 
with 20 rpm for both low and high turbidity (figure 4 and 5).  
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Figure 4. Slowmix velocity for M. Oleifera at low turbidity (50 NTU) 
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Figure 5. Slowmix velocity for M. Oleifera at high turbidity (300 NTU) 
 
 
As can be seen in the figure 6 and 7 it is obvious that the best tried rapid mixing time is 4 
minutes for both high and low turbidity.  
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Figure 6 Optimal rapid mixing time for low turbidity (50 NTU) 
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Figure 7 Optimal rapid mixing time for high turbidity (300 NTU) 
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  3.3.2 M. Oleifera and Al-solution 
When the M. Oleifera solution is combined with the aluminium it is possible to use less 
aluminium and still reach similar flocculation results.  The use of aluminium can be reduced 
by 60 % with sustained purification efficiency if it is combined with M. Oleifera. The optimal 
dosage of Al-solution is somewhere between 20 and 40 mg /l for both low and high turbidity  
as can be seen in figure 8 and 9). 
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Figure 8 Optimal Al-solution dosage at low turbidity (50 NTU) 
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Figure 9 Optimal Al-solutions dosage at high turbidity (300 NTU) 
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The optimal dosage for M. Oleifera is for low turbidity between 30 and 40 mg/l, see figure 10. 
For high turbidity the M. Oleifera dosage seem to depend on the aluminium dosage, high Al 
dosage is best with high M. Oleifera dosage and low Al dosage is best with low M. Oleifera 
dosage see figure 9 and 11.   
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Figure 10 Optimal M. Oleifera dosage at low turbidity (50 NTU) 
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Figure 11 Optimal M. Oleifera dosage at high turbidity (300 NTU) 
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  3.3.3 Al-solution 
The optimal dosage for the Al - solution according to the jar tests was for the low turbidity 
water 50 mg Al/l and for the high turbidity water 100 mg Al/l (Figure 12). It is possible to get 
a residual turbidity down to 0.6 NTU.  
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Figure 12 Optimal dosage of aluminium 
 
 
Too much Al-solution lowers the pH of the water and deteriorates the flocculation. As Figure 
13 illustrates if the pH is below 5.5 there is a significant deterioration of the flocculation.  
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Figure 13 Effect of pH on flocculation with aluminium 
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The mixing time doesn't significantly effect the flocculation with aluminium as shown in figure 
14. 
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Figure 14 Effect of mixing time on Aluminium  
 
 

3.4 Discussion 
  
The jar tests show that it is possible to get a good purification with only the settling, but not 
good enough using only M. Oleifera solution. To get down below the guideline turbidity level 
of WHO (5 NTU) for drinking water something more is needed.  When the M. Oleifera is 
mixed with Al it is possible to get a better purification almost as good as with only Al-
solution. Mixing M. Oleifera with Al-solution makes it possible to decrease the dosage of Al-
solution by up to 60 % without reduced efficiency.     
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4. Pilot test 
 
These pilot tests has been done to clarify the efficiency of sand filtration as a part of the water 
treatment process when using M. Oleifera as a coagulation chemical, and also how to 
optimise the process. To find the best chemical composition different tests were  made with 
M. Oleifera, mixed with Al-solution, extracted with salt or both, some reference tests were 
made with pure Al-solution.    

 4.1 Material 

  4.1.1 Experimental setup 
 

Figure 15. Schematic drawing of the Pilot plant 
 
 
The experimental plant was designed to be similar to a large-scale purification plant figure 15. 
 

A big metal tank (figure 16) was used for 
storing the synthetic river water, and it 
could contain up to 600 L water. During 
the start of the tests it was filled with 450 
L synthetic turbid water. From this tank 
(Tank A) the water was pumped to a 
smaller container where the level of the 
surface was kept constant to get a constant 
flow through the system. From the 
container the water flowed from an 
opening in the lower edge through a hose 
and a flow meter before it trickled in to the 
rapid mixing tank (Tank B). The overflow 
from the container was led through a hose 
back into the tank A. This back flow made 
the water circulate and kept the kaolin 
particles suspended.  
 
 
 

Tank A Tank B Tank D Tank C 

Filter 

Mixer 1 Mixer 2

Figure 16 Tank A, storage tank. 
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Tank B as seen in figure 17 was made of a plastic can which was 18 x 12 cm (outer 
measures), the water depth was normally 8 cm which gives a volume of around 1.6 L. The 

coagulation chemical was dripping into this tank. A 
paddle was mixing the water and chemical with a 
high stirring speed (~ 100 rpm). The paddles where 
changed during the tests. The first was made of 9 
metal rods and the second was a plate of aluminium 
(9.5 cm x 20 cm (7 cm in water)) with holes in.  
 
The water was then led through a hose to tank C 
where the water was flocculated. Here the paddle 
moved slow (∼ 40 rpm) with the intention to build 
bigger flocs. The tank measured 28 x 23 cm and the 
depth was changed during the tests from 10 cm to 
19 cm (5/2 –01) which resulted in an increase of 
the retention time from 20 to 40 minutes.  
 
The paddles where changed during the tests from a 
normal paddle of aluminium (13.5 cm x 8 cm) to a 
paddle with four cut out slots. 
 

 
To tank D, the sedimentation tank, the water was 
led through a thick hose so the flocs should be as 
undisturbed as possible, to avoid turbulence. The 
sedimentation tank (figure 18) measured 14 x 76 
cm and the depth was about 12 cm (ca 12.8 dm3) 
which gave a retention time of 40 min. One test 
was made with the tank expanded to 22 x 76 cm 
to see if an increase of the sedimentation time 
had any effect on the residual turbidity. From 
tank D a long thin hose led the water down into 
the filter where it slowly trickled through the 
sand.  
 
The filter was filled with sand of the grain size  
0.6-1.18 mm and the depth was changed during 
the tests from 105 cm to 125 cm. On the top of 
the filter there was an outlet where the water ran 
out when the filter was cleaned by a backwash. 
This outlet also worked as a pressure equaliser to 
the water in the filter.  
 
After the filter the water ran through a flow 
meter to be able to control the outflow from the 
filter. Then the water ran out from the system 
into the water ditch. 

Figure 17 Tank B and C with mixers 

Figure 18 The pilot plant 
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 4.1.1.1 Water sample 
Synthetic turbid water for the pilot tests was prepared by filling tank A with tap water to a 
height of 40-45 cm (450-500 L) and then adding kaolin into tap water. About 150 g of kaolin 
was added into the tap water for a high (250-700 NTU) wanted turbidity and 40 g for a low 
(∼50 NTU) turbidity. Later around 90 g NaHCO3 and 10 ml 5% acetic acid was also added to 
tank A. The added amounts varied depending on how much residual chemicals it were 
estimated that   tank A still contained. Since the tank was very difficult to empty totally, it 
always contained some “old” synthetic turbid water. The suspension was then left to be 
moved by the water pump (see trial settings 4.1.1) for at least 1 hour to achieve a uniform 
dispersion of kaolin particles. Most of the tests were made on water with the high turbidity, 
about 300 NTU. 
 

  4.1.2 Chemicals 

4.1.2.1 M. Oleifera solution 
The seeds cover was shelled and the kernel was ground to a fine powder by using a mortar 
and pestle, this was made just before the extraction. To obtain the solution of M. Oleifera the 
required amount of powder was weighed and put in the mixer with 350 or 700 ml water 
depending on the size of the blender (after 2001-03-06 the big blender was used with 700 ml). 
This solution was then mixed for 2.5 min in the blender on the highest mixing speed to extract 
the active ingredients. The suspension was then filtered through a bio prep nylon cloth and the 
filtrate made up to 1 l. This stock solution was prepared immediately when needed since 
deterioration occurs after 3 days of storage at room temperature (Jahn 1986).  
 

4.1.2.2 M. Oleifera extraction with salt 
The seeds cover was shelled and the kernel was ground and prepared as seen above. To obtain 
the solution of M. Oleifera the required amount of powder was weighed and put in 250 or 500 
ml water depending on the concentration of M. Oleifera. To this was added NaCl so that the 
concentration became 1 M. This solution was then mixed for 10 min with the magnetic mixer 
(RCT Bastc Kika labortechnik) on speed 5 to extract the active ingredients. The suspension 
was then filtered through a bio prep nylon cloth and the filtrate made up to 1 l. This stock 
solution was prepared when needed since deterioration occurs after 3 days of storage at room 
temperature (Jahn 1986). 
 

4.1.2.3 Al-solution 
Aluminium sulphate powder was measured according to the wanted concentration and then 
added directly in the beaker where it was mixed together with 3 L water. The solution was 
then stirred until no particles were visible.  
 

4.1.2.4 Al and M. Oleifera solution 
First the M Oleifera solution was prepared as seen above with or without salt and then the 
correct amount of Al-solution were added. This mixture was then stirred until no particles 
were visible. 
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  4.1.3 Measuring instruments 
The turbidity was measured with a turbidity meter (HACH 2100N). Temperature was 
determined using a normal mercury thermometer. The pH was determined using an electronic 
pH meter.  
 

4.2 Experimental methods 
 
The chemical container was filled with 3 L of the desired chemical solution. The solution was 
then pumped with a peristaltic pump from the chemical container to tank B. The added 
amount of chemical was measured by looking at the numbers of drops entering tank B. It was 
measured that 20 drops per minute corresponded to the desired flow. If the concentration of 
the chemical in the water had to be changed it was the concentration of the chemical that was 
changed and not the flow of the chemical.  
 

4.2.1 The trials 
After each test the water and the major part of the sludge and sediment was emptied from tank 
B, C and D. Tank C and D was emptied with a hose and gravitational suction. The sand in the 
column was cleaned by a water flow from the bottom of the column until the effluent water 
was clear (ocular measurement). 
 
Before starting each test tank D and the column were filled with tap water via the overflow 
hose until the water covered the outlet of tank D. 
The synthetic river water was then tested in the outflow from tank A to see if it had the 
desired turbidity. If this was the case tank B and C was filled and in the mean time the mixers 
and the chemical pump was turned on. About 110 ml of the prepared chemical solution was 
then mixed into the synthetic river water during the time the tanks were filling. This was done 
to give the water in the tanks an initial dosage of the flocculation chemical, which shortened 
the time until the system was stabilised 
 
When the water started to flow out from tank D and the filter ware filled, sampling was 
started at the system. Every 30 minutes samples were taken from three different places in the 
pilot plant to see how the turbidity changed in the system. First one sample was taken from 
the outflow out of tank A to see how and if the initial turbidity changed. Then one sample was 
taken in the water column above the sand and one sample after the filter. This was done to 
measure the effectiveness of the filter. 30 ml water from each sample point was put in test 
tubes, and the turbidity was tested in the turbidity meter (HACH 2100N). 
 
Some samples were also taken from Tank C and D, normally twice from each batch. Two 240 
ml beakers were filled with 200 ml water, one from each tank and then the beakers was left to 
settle for 30 minutes before the samples were taken and tested in the turbidity meter. 
 
During each batch the stirring speed for the paddles and the temperature on the synthetic raw 
water was measured.  The height of the sand in the filter was checked before each experiment 
started. Sometimes the exact outflow from the filter was measured.  
In the end of each experiment (batch) water was taken from the three sample points and pH 
was measured in this water. 
 
The size of the flocs were also controlled ocularly and noted. 
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During the tests the stirring speed for mixer 1 was normally kept about 100 rpm and for mixer 
2 about 40 rpm but sometimes they were varied to see what kind of influence stirring speed 
had on the flocculation. 
 

  4.2.2 The Filter 
The filter was filled with 0.6-1.18 mm sand (see tab 2). 
In the filter the height of the sand was varied between 
105 and 125 cm.  

4.2.3 Al-solution 
The tests were made with Al as coagulation chemical 
to determine the optimal Al dosages for water with a 
turbidity of 300 NTU. It was also made to have some 
type of reference material to the tests with pure M 
Oleifera and the Al-M Oleifera solution.  
For the high turbidity water Al concentrations of 50, 
85, 100 and 150mg/l where tested. During the 
beginning of these tests the stirring speeds were varied 
a little to find the optimal speed. For mixer 1 the speed 
was varied between 100 and 110 rpm and for mixer 2 
the speed was varied between 30 and 40. For the low 
turbidity only 50 mg/l was tested which was the 
optimal dosage from the jar tests. 

Table 1 Sand size 
Filter sand 
    
sand size= 0,85 
90 % off 
sand 

  0.6-
1.18mm 

   
D10= 0,85 
D60= 0,6 
siftsize   
2 0,0 
1,18 9,2 
0,85 49,4 
0,6 36,3 
0,425 4,9 
0,212 0,2 
0,15 0,0 
0,063 0,0 

 

  4.2.4 M Oleifera seed suspension 
Different concentrations the M Oleifera suspension were tried during the tests. For the lower 
turbidity the concentrations of M Oleifera tried were 50 100 and 150 mg/l and for the higher 
turbidity 100, 150 and 200 mg/l were tried. At the beginning of these tests the stirring speeds 
were varied to find the optimal stirring speed. For mixer 1 the speed was varied between 95 
and 110 rpm and for mixer 2 the speed was varied between 32 and 40rpm.  
 

  4.2.5 M Oleifera seed suspension with salt 
Some tests were made where the M Oleifera was extracted with salt. Three different 
concentrations of M Oleifera were tested 50, 100 and 150 mg/l at the high turbidity.  
 

  4.2.6 M Oleifera and Al-solution 
Some tests were made with M Oleifera and aluminium together as coagulation chemical. To 
find the optimal dosage of the Al and M Oleifera solution different combinations of M 
Oleifera and Al were tested. Aluminium concentrations of 30, 50, 60 and 100 mg/l were 
mixed with concentrations 40, 50 and 60 mg/l of M Oleifera. All these tests were made with 
an Al-M Oleifera solution which was mixed before it was added to the water. 
Two tests were made where the M Oleifera was extracted with salt as explained above, and 
then mixed with the Al-solution.  
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All these tests were made with high turbidity water. 
 

 4.3 Results  

4.3.1 Zero tests 
Two tests were made without adding flocculation chemicals, one with low turbidity and one 
with high turbidity, to get a reference result. For both, the result was a purification of about 50 
%, to 28 NTU for the low turbidity and to 290 NTU for the high turbidity. But the place for 
the purification differed. For low turbidity water the sand filter was most effective, but for 
high turbidity water the settling tank was more effective.  

4.3.2 M. Oleifera seed suspension 
For the low turbidity water the optimal dosage was around 100 mg/l and it was possible to get 
a fairly good result, about 5 NTU.  The purification in the sedimentation tank was close to 
zero, most of the purification was done in the filter. 
For the high turbidity water 150 mg/l was the most effective M. Oleifera dosage and also the 
dosage least sensitive to changes.  The result was generally not very good and the effluent 
turbidity varied about 30 NTU. The purification in the sedimentation tank was better than for 
the low turbidity water but still it was in the sand filter that the largest part of the purification 
took place. The average purification in the sedimentation tank correlated well to what was 
seen in the zero tests (see table 2). 
 
Table 2 Average values from pilot tests. 

 
The flocs were small to very small during all the experiments which may be an explanation 
for the low purification in the settling tank.     
 
The filter bed height was changed from 105 to 125 cm but it was not possible to find any 
improvement of the purification. 

   Average values*             

  
M. Oleifera  
(High turb) 

M. Oleifera 
(low turb) 

M.Oleifera+ 
salt (hi turb)

M.Oleifera/ 
Al. (hi turb) 

M.Oleifera 
+ salt / Al.  
(hi turb) 

Al.-
solution 
(low turb) 

Al.-
solution 
(high 
turb) 

Zero test  
(low turb) 

Zero test 
(high 
turb) 

Initial turbidity (NTU) 300 50 300 400 400 50 350 50 500
Dosage mg/l 136 117 120 50/60 50/50 50 125 0 0
Purification total (%) 81 78 96 98 ~100 96 ~100 45 51
Purification by sand filter (%) 74 77 92 94 99 91 98 35 26
Purification by sed. tank (%) 30 10 45 68 77 52 77 17 35
Water temp 16 15 17 16 17 15 16 12 13
pH raw water 7,6 7,4 7,8 7,5 7,6 7,0 7,7 6,6 7,6
pH effluent 7,0 6,8 7,0 6,6 6,8 6,4 6,5 6,7 7,5
pH settling - 6,7 - - - 4,7 3,2 6,6 -
pH Tank C 6,9 6,8 7,0 6,5 6,7 4,8 6,4 6,6 7,7
Rapid mixing (rpm) 102 110 100 100 100 103 105 100 100
Slow mixing (rpm) 38 36 38 38 39 37 37 30 38
Sand height 107 105 109 108 105 105 105 105 105
Avg turb. after sed. (NTU) 265 51 174 142 70 28 155 47 365

Avg turb. after filter (NTU) 54 6 12 5 0,5 2 0,4 28 290
* The average values are modified, if the turbidity is more than double the average this value is not used in the final average value.  
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  4.3.3 M. Oleifera seed suspension with salt 
The use of salt to extract the active parts of the M. Oleifera seed seems to amplify the 
flocculation. The flocs observed were normally bigger than those of only M. Oleifera seed 
suspension, which may also explain that the sedimentation tank reduced the turbidity to about 
174 NTU, were as the "M. Oleifera seed suspension" only reduced the turbidity of the 
corresponding raw water to 265 NTU.  
The optimal dosage was about 150 mg/l, and it was possible to get very good values down to 
3 NTU (0.8 NTU with 125cm filter)(see table 3 ). 
With a concentration of 150 mg/l the turbidity started to rise again after 2- 3 hours (see figure 
19). The effluent from the sedimentation tank had a constant turbidity so the change must 
have taken place in the filter. 
  
An increased height of the filter from 105 cm to 125 cm seemed to increase the purification of 
the water.     
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Figure 19 Effluent filtrate turbidity for M. Oleifera and salt (NTU)  
 

 4.3.4 M. Oleifera and Al-solution 
All the different combinations tried gave good results. The average residual turbidity was 
about 5 NTU. The optimal dosage was difficult to distinguish but the best result was achieved 
with 60 mg M.Oleifera/l and 100 mg Al-solution/l (1.6 NTU). At a concentration of 100 mg 
Al-solution/l which was the optimal dosage of pure Al-solution, the Al worked better without 
M. Oleifera. But the tests also showed that it was possible to get good results with a lowered 
concentration of Al. Even when the Al concentration decreased to 30 % it was possible to get 
a good result (4 NTU) if Al was combined with M. Oleifera (60mg/l). The size of the flocs 
was clearly larger with M. Oleifera and Al together than with M. Oleifera as a single 
flocculant. With an increased filter bed hight (125 cm) it was possible to get an even better 
result, down to 0.6 NTU in the effluent water. 
 
Some tests were made where the M. Oleifera was extracted with salt. This mixture gave 
surprisingly good results. The combination of 50 mg M.Oleifera/l and 40 mg Al-solution/l 
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gave a very good result, 0.5 NTU. The size of the flocs was larger using M. Oleifera extracted 
with salt. They were of the same size as the Al-flocs or even bigger. This may explain the 
good purification at the sedimentation tank. 
  

  4.3.5 Al-solution 
The results of the Al-solution were mainly used as a reference to the rest of the tests. For high 
turbidity water the concentrations of 100 mg/l and 150 mg/l both generated good results, 
below 1 NTU in the effluent water. Flocs were clearly visible but of medium size.    
For the low turbidity water the tests showed that the results were similar to those of the jar 
tests. Turbidity in the effluent water reached below 1 NTU as for the jar tests. 
  

  4.3.6 The filter  
The tests showed that the filter made a big difference for the turbidity of the purified water. 
Especially for pure M. Oleifera solution the flocs were small and light and didn’t settle very 
efficiently with an average purification of only 30 % in the settling tank and about 70 % in the 
sand filter. The Al-solution also needed a filter in the pilot plant to reach an acceptable final 
turbidity.  
The size of the flocs was also important for the filter performance.  
The pure M. Oleifera solution with its very small flocs showed a low purification in the filter 
compared to the purification for the pure Al-solution (see table 3). Also the M. Oleifera and salt 
solution, which gave bigger flocs, showed good purification in the filter (see table 1). The 
height of the filter was varied during the tests and the result was not unequivocal. No difference 
could be seen in the tests with pure M. Oleifera, but with the tests with M. Oleifera extracted 
with salt a clear improvement could be observed. When mixing M. Oleifera with Al-solution a 
clear improvement was seen in the purification when the height of the sand filter was increased 
from 105 to 125 cm. 
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Table 3 Best values from the pilot tests 

Best values 

    
High 
turbidity         

Low 
turbidity   

  Al.-solution M.Olieifera 
M. Oleifera 
+ salt 

M. Oleifera 
/Al 

M. Oleifera 
+salt /Al Zero  Al.-solution M.Olieifera 

Day 2-12 2-22 4-5 4-10 4-3 3-27 1-18 2-7
Dosage mg/l 100 150 150 50/60 50/40 0 50 100
Purification total(%) 100 91 99 100 100 51,3 97 92,8
Purification by sand filter (%) 98 81 98 99 99 25,9 95 90,6
Purification by settling tank 
(%) 83 53 70 72 75 34,5 50 23,1
Water temp  C 16 18 17 18 15 13 13 16
pH rawwater 7,5 7,8 7,8 - 7,6 7,6 7 7,5
pH effluent 6,3 7,1 6,9 - 6,7 7,5 6,4 7
pH settling 6,3 - - - - - 6,3 6,9
pH Tank C 6,3 6,5 6,9 - 6,7 7,7   6,9
Rapid mixing (rpm) 110 98 100 100 100 100 111 110
Slow mixing (rpm) 35 38 38 38 38 38 36 36
Sand heights (cm) 105 105 125 125 105 105 105 105

Avg turb. after filter (NTU 0,2 21 2,6 0,6 0,5 290 2 4
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4.4 Discussion 
 
 
As shown above sand filtration was an important part of the treatment process when using M. 
Oleifera as a coagulation chemical, especially when M. Oleifera was not mixed with some 
other flocculation chemical the filter was vital. Although the M. Oleifera, extracted with salt, 
created larger flocs the settling tank only had an efficiency of 50 % purification. To get an 
acceptable final result a filter was needed.  Even if the settings were optimal, as for the jar 
tests, a filter was needed to get drinking water with an acceptable turbidity, especially for the 
water with an initial low turbidity. 
 
Optimal conditions for the process were also difficult to specify but initial mixing speed 
should be above 100 rpm. The final speed of the flocculation paddle had an optimum between 
38 and 40 rpm (see figure 4 and 5).  
Clearly these settings depended on the form of the paddles and the mixing tanks, but the 
change of paddles in the setting did not show any clear motives to change the speed. 
The height of the filter bed did turn out to be important, at least for M. Oleifera extracted with 
salt and for M. Oleifera mixed with Al-solution. The pure M. Oleifera did not show any 
dependency on height. To be sure about the dependency on height more tests need to be done. 
       
At the end of the test period some trials where made using salt when extracting the active 
ingredient from the M. Oleifera seed, which was found to make a clear improvement of the 
purification both with pure M. Oleifera and in combination with Al. This finding may 
drastically increase the interest to use M. Oleifera seed as a flocculation chemical in countries 
where this tree grows naturally.     
The tests also show that the combination of Al and M. Oleifera gives a much better and more 
consistent purification. That makes it possible to decrease the dosage of aluminium by at least 
60 %, maybe even more, using salt when preparing the M. Oleifera solution. 
This could mean that a lot of water treatment plants in developing countries can save a lot of 
money as chemicals are a large part of the costs for water treatment plants. As aluminium 
sulphate is normally imported to these countries, while M. Oleifera can be grown and 
prepared locally, the use of more M. Oleifera creates more jobs in the local community and 
may strengthen the local economy.   
 
 

5. Conclusions 
 
1. A sand filter was necessary to get good water for all the different flocculation chemicals 

used. 
 
2. Extraction with salt increased the efficiency of the M. Oleifera.  
 
3. A combination of Al-solution and M. Oleifera made it possible to reduce the 

concentration of Al-solution and still get a good purification.  
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6. Future research 
 
- Duration of crushed M. Oleifera. 
- Determining the active parts of the M. Oleifera seed and what happens when it is 

extracted with salt 
- Pressure loss during filtration for different coagulant mixtures. 
- Possible use of other natural coagulants or natural disinfectants in purification of water.  
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Appendix 1 
Test data                 
                 
Low turbidity (50 NTU) was between 40 and 80 NTU            
High turbidity (300 NTU) was between 250 and 700 NTU            
  Low turbidity        
      Al-solution   M.Oleifera   0        
Day 1-18 1-19 1-25 1-26 2-1 2-2 2-5 2-7 1-22        
Dosage mg/l 50 50 50 50 50 100 150 100 0        
Purification total system 
% 97 93 97 96 51,2 85,7 55,7 92,8 45        
Purification sandfilter % 95 84 94 92 55,8 84,7 55,6 90,6 35        
Purification sed. tank % 50 56 52 51 -11,0 6,3 -0,7 23,1 17        
Water temp 13 16 16   16 16 12 16 12        
pH rawwater 7 6,7 7,6 6,7 7,1 7,1 7,5 7,5 6,6        
pH effluent 6,4 6,2 6,7 6,2 6,9 6,6 6,7 7 6,7        
pH settling 6,3 5,8   6,5 6,8 6,5 6,7 6,9 6,6        
pH Tank C   5,8 6,7 6,6 6,8 6,6 6,8 6,9 6,6        
Mixer 1 (rpm) 111 100 100 100 110 110 110 110 100        
Mixer 2 (rpm) 36 30 40 40 40 36 36 36 30        
Sand height (cm) 105 105 105 105 105 105 105 105 105        
Turbidity in effluent (NTU) 2 4 1 1 25 6 8 4 28        
Turbidity after sediment. 27 21 21 26 55 51 47 54 47        

                

Incre
asing 
tank
C          

                 
  High turbidity  
  Al-solution M.Oleifera  
Day 2-12 3-8 3-12 2-19 2-21 2-26 2-14 2-8 2-22 3-7 2-15 2-28 4-6 3-14 3-1  
Dosage mg/l 100 50 150 100 100 100 100 100 150 150 150 150 150 150 200  
Purification total system 
% 100 95 100 94 62 71 57 26 91 94 88 90 88 88 67  
Purification sandfilter % 98 93 99 85 51 82 31 12 81 86 88 88 81 75 70  
Purification sed. tank % 83 18 70 57 27 -149 41 -4 53 52 -52 15 33 53 -15  
Water temp 16 15 16 16 16 15 17 8 18 10 17 13 17 18 14  
pH rawwater 7,5 7,3 7,8 7,1 7,7 7,5 7,6 7,3 7,8 7,5 7,4 7,6   7,8    
pH effluent 6,3 6,9 6,7 6,9 7 7 7,2 6,8 7,1 6,5 7 6,7   7,3    
pH settling 6,3             6,7                
pH Tank C 6,3 6,8 6,5 6,8 7,1 7 6,9 0 6,5 7,3 6,5 6,7   7,4    
Mixer 1 (rpm) 110 100 100 110 95 100 110 110 98 100 110 100 100 100 100  
Mixer 2 (rpm) 35 38 38 40 32 45 35 35 38 40 35 40 38 38 40  
Sand height (cm) 105 105 105 105 105 105 105 105 105 105 105 105 125 105 105  
Turbidity in effluent (NTU) 0,2 12 0,6 14 78 92 101 338 21 23 25 31 39 60 107  

          
padel 
change         

Half 
flow       

sed 
tank 
1h    
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  High turbidity 

.  M.Oleifera +sal M.Oleifera /Al 
M.Oleifera 

+salt /al Zero
Day 3-28 3-29 3-30 4-4 4-5 3-6 3-15 3-16 3-19 3-20 3-21 3-22 4-10 4-2 4-3 3-27
Dosage mg/l 50 100 150 150 150 50/50 60/50 40/50 60/30 40/100 40/50 60/100 50/60 50/60 50/40 0
Purification total system 
% 91 94 97 97 99 98 98 97 98 96 99 99 100 100 100 51,3
Purification sandfilter % 89 90 94 92 98 92 95 92 94 89 92 97 99 98 99 25,9
Purification sed. tank % 14 35 47 57 70 70 72 59 58 70 82 62 72 78 75 34,5
Water temp 15 16 17 18 17 17 18 10 15 18 17 15 18 19 15 13
pH rawwater 7,8 7,8 7,7 7,8 7,8 7,5 7,5 7,4 7,5 7,7 7,8 7,3   7,6 7,6 7,6
pH effluent 7,3 7 6,7 7 6,9 6,3 6,5 6,9 6,7 6,8 6,9 6,3   6,8 6,7 7,5
pH settling                                 
pH Tank C 7,2 7,1 6,6 7,2 6,9 6,5 6,4 6,3 6,6 6,7 6,7 6,3   6,7 6,7 7,7
Mixer 1 (rpm) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Mixer 2 (rpm) 38 38 40 38 38 40 36 38 38 38 38 38 38 40 38 38
Sand height 105 105 105 105 125 105 105 105 105 105 105 105 125 105 105 105
Turbidity in effluent (NTU) 22 16 12 9 2,6 7 4 11 4 8 5 1,4 0,6 0,4 0,5 290

      
turb incr 
in eff  

turb 
incr 
in eff 

turb 
incr in 
eff                       
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