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ABSTRACT 

 
Suspended materials in irrigation water are 

very important for the economic life of pressured ir-
rigation systems. This study analyzed the effective-
ness of pumice and sand-gravel media in removing 
suspended solids from irrigation water. Sand-gravel 
and pumice media passed through 0.05-2 mm and 2-
4 mm sieve openings were used. Raw water with a 
sediment concentration of 250 mg/L was passed 
through the media filters under the operating pres-
sure of 100 kPa. For each hour of process time, the 
discharge velocities measured and the sediment con-
tents determined via the gravimetric method. Total 
cumulative flow volumes for sand-gravel and pum-
ice media were 12897 L and 14035 L respectively, 
after the 30 h operating period. The discharge veloc-
ities were changed between 47.71 m3/m2/h and 3.22 
m3/m2/h for sand- gravel medium, and 49.46 m3/m2/h 
and 3.44 m3/m2/h for pumice medium. Based on the 
analyses, we found that the sediment contents and 
discharge velocities decreased as the total amount of 
treated water increased in both sand-gravel and pum-
ice media filters. Layers created of small size were 
more effective than the other layers at removing the 
solid particles. Based on the amount of the sediment 
measured of the treated water, it can be said that the 
sand-gravel medium was more effective than the 
pumice medium.  
 
 
KEYWORDS:  
Pumice, sand-gravel, irrigation water, media filter, sus-
pended solids 
 
 
INTRODUCTION  

 
When water is contaminated or it needs treat-

ment, it can become a technically and economically 
sustainable source with the help of natural or artifi-
cial environments. To eliminate unwanted ingredi-
ents in water, media with very different properties 
can be used as filter material. The treatment of water 
in this way has been the subject of many investiga-
tions [1]. Organic materials can be used for this pur-
pose [2, 3, 4], as well as inorganic materials [5, 6].  

Pumice is a natural material that solidified 
frothy lava. It is formed when the rock is violently 
ejected from the volcano at the high pressure and su-
perheat conditions. Then the rapid depressurization 
and cooling together caused pumice to form a 
sponge-like structure. The pumice which has uncon-
nected, large, and small pores, is a lightweight and 
inert material. The surface area is wide because of 
the deep and shallow cavities on the surface (Figure 
1-a.). It is reported that pumice is being produced in 
about 50 countries around the world, with Italy hav-
ing the largest share. This country is followed by 
Greece, Chile, Spain, and Turkey [7].  

Sand-gravel material, unlike pumice, has a 
smooth surface (Figure 1-b). Sand-gravel filters are 
the most well-known media used in water treatment 
especially physical treatment [8]. They are com-
monly used to remove suspended matter from irriga-
tion water. The use of natural materials such as pum-
ice and zeolite in water treatment technology is be-
coming increasingly widespread [5, 9].  

Pumice, which can be found cheap and plenti-
ful in most countries, is the subject of new research 
in water treatment. It was investigated the use of 
pumice stone as a biofilter material and found posi-
tive results [10]. Another research showed that pum-
ice can be used as a cheap adsorbent in textile 
wastewater by acidic modification [11]. 

However, some researches show that filters 
composed of pumice medium also can be used and 
get favorable results for this purpose [5, 6, 11, 12, 
13]. Because of its large surface area, the pumice is 
used as a biofilm material especially in wastewater 
treatment. The adsorption properties are well due to 
the cavities on the surface. Scientific researches on 
the use of pumice show that pumice could be an ap-
propriate adsorbent in the removal of dye, heavy 
metals, and unwanted ions from wastewater [1, 11, 
14].  

The relationship between non-spontaneous (hu-
man-induced) production and the conservation of re-
sources often emerges as a contrast [15]. Wastewater 
use and excessive use of water for crop production 
are dramatic examples in agriculture. One way to 
prevent this practice, which causes soil salinity, tox-
icity, and the leaching of plant nutrients from the 
soil, is to prefer high-efficiency pressurized irriga-
tion methods. Only in this way can plant production 
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be carried out with the least damage to the environ-
ment. Especially the mixing of some elements or 
ions, washed from the soil with water resources, 
have unfavorable results in terms of crop production 
and biodiversity [16, 17, 18]. 

The problems faced by producers who have 
limited water resources and engaged in intensive and 
effective agriculture are often related to irrigation 
water quality and soil fertility [17, 19]. The eco-
nomic life span of pressure irrigation systems used 
in agricultural irrigation depends on irrigation water. 
The physical clogging in the micro irrigation system 
is due to the organic and inorganic substances pre-
sent in irrigation water quality [8, 20, 21] The use of 
irrigation water which has more than 100 mg/L sus-
pended solids content increases the problem of clog-
ging. The low operating pressure in micro irrigation 
systems with too small water outlet openings in-
creases the clogging problem [5, 22].  

In this study, the pumice and sand gravel mate-
rials were used as the filter media. The objective of 
this study was to compare pumice and sand-gravel 
filter performance.  
 
 

MATERIAL AND METHODS 
 
For the filtration, pumice obtained from the 

Pasinler-Erzurum region in Turkey and natural river 
sand were used as the media materials. The filtration 
experiments were carried out in the drainage labora-
tory of Atatürk University Agricultural Faculty Ag-
ricultural Structures and Irrigation Department.  

The filters were formed three layers and two 
different grain-sized as 0.5-2 mm and 2-4 mm (Fig-
ure 2).  

The length and the diameter of the filter column 
were 850 mm and 200 mm respectively. The thick-
ness of layers was arranged the same form both of 
the pumice and the sand-gravel filters. The central 
(second) layer of the filters was created from 0.5-2 
mm diameter material and 50% of the total length of 
the filter column. Also, the inlet (first) and the outlet 
(third) layers of the filters were constituted from 2-4 
mm grain-sized material and 25% of the total length 
of the filter column. For the filtration process, the  

 
 

 
(a) 

 
(b) 

FIGURE 1 
Microscope image of pumice and sand-gravel materials and their surface structure 
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FIGURE 2 

The experimental design of the filtration system 
 
soil was sieved with 75 µm aperture and used as a 
suspended solid material. This material was mixed 
with the city water main, and raw water was pre-
pared. The temperature of the water and the electri-
cal conductivity (EC) of the water were 10 ± 1°C and 
0.24 ± 0.01 dS/m respectively. 

In this study, operating pressure was selected as 
100 kPa based on the inlet flow for each filter type 
[23]. Because the particles accumulate in the filter 
media, the increase of the operating pressure is obvi-
ous. To reduce the pressure, the inlet flow volume 
entering the filter was decreased, and the backflow 
volume into the suspended solid tank was increased 
by using valves. So, the operating pressure of the 
system was kept stable through the process. It was 
ensured that the discharge volume of the filter is 
equal to the flow volume into the suspended solid 
tank. Therefore, the water level in the suspended 
solid tank remained stable. The hydraulic mixer was 
also used in the tank using water backflow. The solid 
concentration for the water entering the filter system 
was applied to be 250 ppm. During the process, 0.50 
mg of soil was added continually into the tank in re-
sponse to the passing of two liters from the water 

meter. Water with suspended solid was applied to the 
top of the filter column by using a pump. The flap 
was used to prevent backflow from the suspended 
solid tank.  

The filtration process was carried out for 5 
hours per day with two parts of 2 and 3 hours. There 
was not any intermixture between adjacent layers 
during the experiment. Every valve was closed just 
before the system was stopped.  Before the starting 
process, the suspended solid tank was mixed and 
then valves were opened. Processing was continued 
for a total of 30 hours and three replications.  

The discharge velocities and outlet solid con-
centrations were measured for each hour of filtered 
water. Also, the filter performances were determined 
for each filter media. The outlet concentrations of 
suspended solids were determined by gravimetric 
analysis. After the filtration process was completed, 
a liter volume of each layer in bed material was 
washed and the accumulation of solid amounts was 
found by gravimetric analysis.  

The removal efficiency was calculated with 
Equation 1 [24]:  

𝐸𝐸𝐸𝐸 = �1 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

� × 100           (1) 
Where: 
Er = Removal efficiency, % 
Soutflow = Outlet concentration of suspended sol-

ids, mg/L 
Sinflow = Inlet concentration of suspended solids, 

mg/L 
 
 
RESULT AND DISCUSSION  

 
The equations obtained as a result of statistical 

analysis are given in Table 1 collectively as well as 
in the graph.  

The flow and the cumulative flow volumes dur-
ing the filtration process for each filter type are 
shown in Figure 3 and Figure 4 respectively. For 
each filter type, the flow volumes were decreasing, 
while the cumulative flow volumes were increasing 
with time. According to the recorded data, it was said 
that the total discharge volume of the pumice media 
filter is higher than the sand-gravel at the same ex-
perimental conditions. This is explained by the 
higher porosity and the macropores ratio of the pum-
ice media [5,12].  

The discharge velocities for each filter type are 
shown in Figure 5. The figure shows that the dis-
charge velocity is decreasing with time for the pum-
ice and sand-gravel filters. It is said that the dis-
charge velocity of pumice media filters is higher than 
the sand-gravel because of pumice’s highly porous 
and rough nature. The flow velocity gets lower as the 
pore size smaller. Therefore, the filter bed resistance 
increases with decreasing in pore size of filter mate-
rial [5, 12, 13]. 
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TABLE 1 
The relationship between the test period and flow volume per hour, cumulative volume, discharge veloc-

ity, and solid concentrations in discharge water, and some of the process statistics 
Parameters Media type 

Sand-gravel Pumice 
Flow volume 
per hour (L) 

Equations y = 3.0579x2 - 136.35x + 1579.5 
R² = 0.9544 

y = 3.2511x2 - 145.37x + 1696.5 
R² = 0.9404 

Maximum 1498 1553 
Minimum 101 108 
Average 429.90 467.83 

Cumulative 
volume (L) 

Equations y = 3595.8ln(x) + 828.01 
R² = 0.9925 

y = 3926.6ln(x) + 820.07 
R² = 0.9943 

Total 12897 14035 

Discharge ve-
locity 

(m3/h/m2) 

Equations y = 0.0974x2 - 4.3423x + 50.304 
R² = 0.9544 

y = 0.1035x2 - 4.6297x + 54.028 
R² = 0.9404 

Maximum 47.71 49.46 
Minimum 3.22 3.44 
Average 13.69 14.90 

Solid concen-
trations in out-

flow (mg/L) 

Equations y = 0.1903x2 - 8.7238x + 132.68 
R² = 0.9633 

y = 0.2157x2 - 9.1051x + 134.02 
R² = 0.898 

Maximum 125 137 
Minimum 34 40 
Average 57.43 60.87 

Sediment accu-
mulation (for 
per liter of  a 

layer) 

Inlet 
layer 

g 81.43 53.79 
% 32.60 20.89 

Central 
layer 

g 130.05 182.07 
% 52.06 70.71 

Outlet 
layer 

g 38.32 21.63 
% 15.34 8.40 

 

 
FIGURE 3 

The discharge volumes for sand-gravel and pumice media filters 
 
Figure 6 shows that the solid concentrations in 

discharge water for all types of filter media. The 
solid concentrations of discharged water decreased 
with an increase in the filtration test period. It can 
conclude that the solid concentrations in discharged 
water of pumice media filters are higher than that of 
sand-gravel during the filtration process period. It 

was reported higher flow velocities that reduced the 
filtering ability. The pressure-flow conditions could 
increase the discharged sediment concentrations be-
cause the pumice is a material with abundant 
macropores [5, 13, 25]. When the pumice media is 
subjected to pressure, particles retained on surface 

y = 3.0579x2 - 136.35x + 1579.5
R² = 0.9544

y = 3.2511x2 - 145.37x + 1696.5
R² = 0.9404
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cavities go out at higher concentrations than the 
sand-gravel.  

The average removal efficiencies of the filter 
types were calculated at 76.6% for sand-gravel and 
70.1% for pumice. The sand-gravel media filter had 
a higher average removal efficiency compared to a 
pumice media filter. This can be explained by the 
regular porosity of sand-gravel medium and different 
pore size distribution of the two materials [5]. The 
percentage of sediment accumulated in each layer is 
given in Figure 7.  

According to the figure, the highest accumula-
tion value is found in the central (second) layer for 

all types of filters. These values were measured as 
52.06% and 70.71% for sand-gravel and pumice me-
dia respectively. The reason for this is that the central 
layer has a finer grain size and higher porosity [5, 26, 
27]. The researches show that high porosity has a 
positive effect on sediment retention. The central 
layer is followed by the first and third layers. Addi-
tionally, accumulation in layer with finer grain-sized 
for pumice has generally higher than for sand-gravel 
media. 

 

 

 
FIGURE 4 

The cumulative flow volumes for sand-gravel and pumice media filters 
 

 
FIGURE 5 

The discharge velocities for sand-gravel and pumice media filters 
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FIGURE 6 

The solid concentrations in discharge water for sand-gravel and pumice media filters 
 

 
FIGURE 7 

Sediment accumulation in the filter layers for sand-gravel and pumice media filters 
 

CONCLUSIONS 
 
At the same experimental conditions, the high-

est total discharge volume, the lowest average dis-
charge velocities, the highest solid concentration of 
filtered water, and the highest accumulation percent-
age of solids at the layers were observed in pumice 
media filters. The pumice media filters, due to their 
higher solid deposition capacity, can be used as a 
pre-filtering unit before the sand–gravel filters. The 
use of sand–gravel, and pumice together may in-
crease the water quality delivery and durability of the 
pressured irrigation system. Both pumice and sand–
gravel media filters are suitable for lower pressure 
micro-irrigation types such as surface and subsurface 
drip irrigation systems and low-pressure dripper 

stakes, etc. on the small field applications and green-
houses. 
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