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This study is a continuation of the efforts to establish crushed 

palm kernel shells alongside other locally available materials as a 

filter media to replace the use of imported sand as the filter 

medium for filtration. A constant head pilot filter (40 × 20 × 220 

cm) was constructed with perforated pipe underdrains and pots 

for the monitoring of both turbidity and headloss values with 

depth and time. A 20 cm gravel bed was overlaid with a 55 cm bed 

of crushed shells made up of sizes 0.45 – 0.71 mm (65% by 

volume) and 0.71 – 0.85 mm (35% by volume). Two runs were 

carried out, each run having 5 sub runs, 1A to 1B and 2A to 2B. 

The filter was rested after each sub run and backwashed after Run 

1B. A solution of Chlorine was added during the period of rest that 

followed runs 2C and 2D to verify if biological activities went on 

during the period of rest. It was found that the filter produced 

clean and odour free effluent of acceptable turbidity (0.5 NTU 

average), could operate  up to 6 gpm/ft2 but was limited to 2.8 

gpm/ft2 and developed headloss slowly. At the 40 h of filtration, 

the headloss was 43 cm of water which indicates that the length of 

filter run could exceed the 72 h upper limit in conventional rapid 

sand filters. Backwashing with 1.2% of filtered water at 15.8 

gpm/ft2 for 4.5 minutes produced a clean filter. The addition of 

Chlorine destroyed the gain of headloss that resting brought but 

created additional headloss which went down as filtration 

occurred. 
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INTRODUCTION 
 
Water is very important for the life of humans, animals 
and plants. Pure water rarely exists in nature and man 
has gone a long way in purifying the water he uses 
(Allayla et al., 2017; Hammer, 1977). The purification of 
water by passing it through layers of granular material is 
being used in treatment plants as a part of the purification 
process. A typical water treatment plant consists of a 
reservoir, an aeration unit, a coagulation unit, a 
sedimentation unit, filtration unit, a disinfection unit and 
then a storage unit. The units that precede filtration 
prepare the raw water for filtration; after filtration the 
water is disinfected to rid the water of all kinds of 
pathogen (Edward, 2017; McTighe, 2015). 

Two types of filters are in use for municipal water 
supply. These are gravity sand filters and pressure filters. 
The basic difference between the two is that gravity filters 
are open to the atmosphere and operate under gravity 
while pressure filters   are   closed   and   operate   under  

 
 

pressure (Fair et al., 1971; Babbit et al., 2010 and Hazen, 
2016). 

Atewologun, (2016) stated that palm kernel shells is 
made up of cellulose and that it is between the mesocarp 
and endocarp of the palm fruit. Ogedengbe and Olawale, 
(2005) also reveal that the shells, when soaked, do not 
absorb any appreciable quantity of water, nor swell. The 
nuts did however absorb water when soaked. The shells 
are very hard and require a substantial effort to crush to 
the acceptable size range for filtering. 

The phenomenon of fluidization can best be visualized 
by passing a fluid upwards through a bed of solid 
particles, wherein it encounters a resistance to flow and a 
resultant pressure drop. Analysing a filter being 
backwashed will indicate that at minimum fluidization the 
individual particles have no motion and, frequently the 
fluid motion is streamline, hence cleaning of the media 
will be negligible; at the other extreme, over-expansion of  
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the bed will also reduce the cleaning action due to large 
separation between particles. Johnson and Cleasby, 
(2016) showed through a purely experimental study that 
optimum backwashing conditions exists at the expansion 
of the filter media to 16 – 18%.  

This study focuses on the filtration unit, the filters. 
Water treatment plants in most third world countries 
import the major components of the filtration unit, 
including tonnes of sand, from advanced countries. The 
general goal of this study therefore, is to determine the 
efficiency and properties of palm kernel shells and to 
observe its performance as a filter media 
 
 
MATERIALS AND METHODS 
 
Determination of filter parameters 
 
To design an effective filter, Johnson and Cleasby (2016) 
stated that certain properties of the filter medium have to 
be known. Some of these properties are the behaviour of 
the medium during backwashing, the sort of flow taking 
place in the filter, the amount of pores in the bed, etc. 
These properties are however affected by density, 
porosity, average grain size and sphericity of the grains. 
These were therefore determined before the design of 
the filter.     
 
 
Filter design  
 
The filter was designed to be 40 × 20 × 220 cm made of 
galvanized iron sheets, it also has an under-drainage 
system made of three laterals, perforated and covered 
with wire mesh to prevent particles from entering. Four 
taps were provided for the easy collection of the filtrate at 
various levels for turbidity monitoring. Six pots were also 
provided for the monitoring of the head development and 
two wash gutters for the discharge of the wash water 
giving room for the anticipated expansion of the bed. 
Float valves were provided to maintain a constant level of 
water above the bed while gate valves were used to 
direct either the influent or effluent. The overhead tank 
was raised to a height of 15 ft above the filter laterals 
because of the possibility of using a higher backwashing 
rate.  
 
 
Experimental materials 
 
Water from the Opa Dam Water Works, Ile-Ife was used, 
crushed and treated palm kernel shells were used as the 
filter medium. A Hack BL 2500 Turbidimeter was used to 
monitor turbidity and the headloss development was 
monitored on a Manometer which was connected to the 
various pots by rubber tubing. The filter effluent is 
collected in the effluent collecting tank with a capacity of  
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about 100 gallons, from where the water was pumped 
with the aid of a 1.5 hp hydraulic pump into the elevated 
tank. 
 
 
Pre-treatment of shells 
 
All dirt was separated from the palm kernel shells and the 
shells were then burned in a covered container using an 
electric stove. The shells were stirred periodically to 
ensure that the burning was uniform. The burning 
continued until the whitish fumes ceased. The burnt 
shells were immediately poured into water then they were 
washed with detergent. The shells were then dried and 
crushed with a mechanical grinder and mortar to the 
required size. The 0.45 mm – 0.71 mm and 0.71 mm – 
0.85 mm size ranges were then sieved out and stored.                                               
 
 
Experimental procedure 
 
The system was set up and tested for water tightness 
(Figure 1). The gravels were dropped into the filter box 
according to their sizes with the biggest ones at the 
bottom and the smallest at the top of the layer. The 
prepared shells were then poured in layers according to 
their sizes. The filter was backwashed with clean tap 
water to fluidization to charge the filter was ready for the 
experimental runs. For the runs, the influent control valve 
was opened to allow the influent then the effluent valve 
was opened and set to the desired predetermined 
filtration rate, 2 gpm/ft

2
. The influent valve was then 

adjusted to maintain a fixed constant head of water 
above the medium with a little overflow. The flow rate and 
turbidity were monitored at every hour while the head 
was monitored at every half hour. At the end of a day’s 
run, the effluent valve was shut and then the influent left 
the filter under the full head of water. The procedure was 
then repeated for the remaining runs. 
 
 
RESULTS AND DISCUSSION 
 
A total number of 10 experimental runs were carried out, 
5 before the washing of the filter and 5 after. Table 1 
shows the general layout of the runs.  
 
 
Turbidity, solid remaining and headloss 
 
At Run 1A, the filter did not produce very clean water 
during the first few hours and there was no steady pattern 
of solid removal. The headloss however developed 
steadily and by the 12th hour, the turbidity of the effluent 
was 0.8 NTU and the filtration pattern was starting to be 
established. The solid remaining ratio being greater than 
unity indicates that there was addition of solids instead of  
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Figure 1. Schematic layout of experimental setup. 

 
 

Table 1. Layout of experimental runs. 
 

Run Duration (Hours) Average Flow Rate (lit/min-m
2
) Vol. Filtered (Litres) Condition of Filter 

1A 6.00 97.50 2,808.0 Resting 
1B 8.00 93.75 3,600.0 Resting 
1C 10.00 97.00 4,656.0 Resting 
1D 9.00 97.50 4,212.0 Resting 
1E 7.00 112.50 3,780.0 Backwashed 

1 Total 40.00  19,056.0  

2A 8.00 112.50 4,320.0 Resting 
2B 8.00 112.50 4,320.0 Resting 
2C 7.00 112.50 3,780.0 Resting in chlorine solution 
2D 5.00 112.50 2,700.0 Resting in chlorine solution 
2E 6.00 112.50 3,240.0  
2 Total 34.00  18,360.0  

 
 
 
removal. By the 13th hour, the effluent turbidity had 
gotten to around 0.6 NTU, the average turbidity of the 
Opa Dam Treatment Plant, and even less. Physical 
examination of the effluent also showed that it was 
virtually odour and taste free. By Run 1D the filter was 
producing satisfactory results. The headloss development 
was generally low and by the 40th hour of filtration the 
headloss was 43 cm of water. The filtration rate remained 
constant after the effluent valve had been set at the 
beginning of each run. The filter was then operated at an 
average of 2.4 gpm/ft

2
 the possible explanation for the 

constant flow rate is that the headloss valve before 
backwashing and the rate of headloss development were 
not high enough to reduce the filtration rate. That is, the 
deposited matter had not blocked a sufficient percentage 
of the flow path through the media. The filter was 
backwashed after Run 1E with a backwash rate of 15.7 
gpm/ft

2
, as measured from the wash gutter discharge, for 

4.5 min and it produce a clean filter as was noticed during 

the second run. Thus, the total volume of water use for 
backwashing was 230 litres, about 1.2% of the volume of 
water filtered. The condition of the filter at the beginning 
of Run 2A shows that the backwashing was effective. 
From the 23rd hour, the turbidity at the 15 cm depth was 
high. This is an indication that the deposited matter had 
penetrated to that depth thereby increasing the turbidity 
of the sample collected at that level. The rate of filtration 
was increased to 2.8 gpm/ft

2
, limited by the influent flow 

rate, but it remained constant as in Run 1. The headloss 
was acceptably low after backwashing but the increase 
with filtration was slow and steady. There was however a 
deviation after the filter was rested in chlorine. After 
resting the filter there was a sharp difference between the 
valves of the headloss just before and after the rest. The 
chlorine had an effect on the headloss pattern. It 
eliminated the savings and created additional headloss 
which decreased as the filtration continued and the 
established headloss pattern continued.  
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The bulk of the removal took place within the first 35 cm 
depth of bed while at the 55 cm level (just above the 
gravels) the water was already a lot treated therefore the 
values of the parameters were very low.  
 
 
Conclusion 
 
The results of this research show that the filter was quite 
efficient in solid removal especially after the stabilization 
of the filtration process. At the given head of water above 
bed, the filter could deliver as much as 6 gpm/sq. ft. but 
was restricted to 2.8 gpm/sq. ft. because the influent rate 
could not get up to that level. Backwashing at a rate of 
15.7 gpm/sq. ft. for 4.5 min produced a filter that was 
acceptably clean. The water used for backwashing is only 
about 1.2% of the water filtered. The addition of chlorine 
solution destroyed the headloss savings but created 
additional headloss suggesting that the headloss savings 
were caused by biological organisms with the chlorine 
killed enhancing the formation of a blanket of dirt that was 
pushed into the pores with time when filtration started. 
There is still need for more work on its continuous 
filtration behaviour, using it in dual filters and comparing it 
side by side with sand filters. More work should be done 
on the backwashing characteristics of the material, 
headloss savings phenomenon, physical and chemical 
characterization, methods of pre-treatment and crushing 
for large quantities. 
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