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Abstract: The main objective of this study to assess the properties of Sand sheet in Al- Sharqat City, Iraq, to determine their suitability to be 
used as water filters. Five stations (1, 2, 3, 4 and 5) were selected according to the variation in the lithological properties, gradation and 
accessibility to the materials source. Laboratory tests included grain size analysis, water content, specific gravity and chemical analysis. Tests 
results showed that the moisture content, specific gravity, gypsum content, total dissolved salt, organic matter content, and pH ​​ranged from 
0.90 to 5.48%, 2.63 to 2.66, 2.16 to 14.68%, 4.21 to 20.21, 3.81 to 9.41%, and 7.77 to 8.01, respectively. The test results vary due to a variety of 
factors such as sampling depth, secondary gypsum content, and so on. The results showed, according to Indian standard 1993 and Iraqi 
typical standard (1555 in 2000), the sand sheets in the study area are not appropriate as water filters.
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Water is required in all human activities, whether for 

agriculture, trade, industry, electricity generation or daily use 

(Allawai and Ahmed 2019) but water quality is decreasing 

due to the rapid growth of population, industries as well as 

other infrastructures. These human activities have a 

significant effect on the water quality (Kumar and Vipin 2021). 

Drinking water must be free of chemical and biological 

contaminants and toxic material (Montana et al 2013). Many 

of the water sources used by humans contain some vectors 

of disease that may cause long-term problems. The main 

problem in most parts of the world is the supply of drinking 

water to the population as a result of the increase in human 

population. As the gap between drinking water supply and 

requirements expand and reach dangerous levels in most 

parts of the world, it can be a threat to human existence with 

the reports that the coming wars will be because of water 

(WHO 2017). Therefore, the scarcity of fresh water can 

cause serious problem around the world, especially in areas 

of dry climates with less than 100 mm of rain.  Due to the 

increase in demand supply needs to meet specific standards. 

Several purification techniques have been adopted to meet 

the standards (Ambashta and Sillanpaa 2010). One of the 

approved methods of water purification is the use of sand 

filters. Infiltration can be achieved through a sublime barrier 

that prevents the passage of solid material and allows only 

liquids to pass without the occurrence of any chemical 

interaction during the separation process (Jiang et al 2021). 

The main aim of the filtration process is to remove impurities, 

solids materials, viruses, bacteria and germs from the water. 

Normally, a layer of sand, coal, or another granular 

substance is utilized in public water supply filters (Diwakar et 

al 2020). Sand proved its adequacy as compared to other 

materials as a filtering material (Droste and Gehr 2018). Most 

of the researchers confirmed that the infiltration thickness 

should be (60- 100 cm, and the effective size range of 0.5-

0.7) mm, and uniformity coefficient ranged from 1.2 to 1.7 mm 

(Viessman and Hammer 1985). Gravel is used as a 

supporting layer to prevent sand from getting through during 

the infiltration process. It should be solid and globular in 

shape and it should not contain thin and long pieces, and it 

should not contain mud and glutinous materials. In present 

study focus is on the studying properties of the sand sheet 

and their suitability to be used as water filters to make water 

safe for drinking.  

MATERIAL AND METHODS

Study area:  The area is  located in Al- Sharqat City, 

Salahuldin Governorate, north of Iraq, between longitudes 

(43 15' 12"- 43 11' 48"), and latitudes (35 29' 05" - 35 33' 21") o o o o

(Fig. 1).

Infiltration and sand filters: The process of infiltration 

includes the following steps (Khalil 2007):

1. The adhesion of some suspended materials on the sand 

grains surface and depositing some of them in sand 

cavities with the help of water meandrous paths which 

increase the centrifugal force.



2. Deposition of some solid materials in sand gaps. 

3. Sand cavities function as a filter used to prevent 

suspended material, especially big size.

4. A gelatinous layer of small suspended materials is formed 

on the sand surface and might have been formed of small 

living entities that help in preventing suspended material 

from getting through.

5. The difference in electrical charges between suspended 

materials and sand grains helps to adhesion these 

materials to sand grains.

The filters were classified according to filtering speed 

into two types, rapid sand filters and slow sand filters (Cescon 

and Jiang 2020). 

The first step was to the study area for one month 

(August- September) to identify the geomorphological effect 

and the rockoutcrops of the geological formations, and to 

determine the different field measurements. The second step 

included a field survey of the study area to determine the 

locations (where samples were taken at 30-50 cm in depth) 

and coordinates of the five stations using GPS, and collecting 

of sand sheet samples (Fig. 2). Physiochemical test and 

chemical analyses of samples were performed department of 

chemical engineering, Tikrit University.

Physical Tests

Moisture content and specific gravity: It is the ratio of the 

weight of the water to the total dry weight of the rock (ASTM- 

D 2216) and is calculated according to the following equation.

W%= M -M /M x100=M /M x100…..(1)wet dry dry w dry

Where: W% = water content of the soil

M  = weight of wet soil, wet

M = mass of dry soil, obtained at 45 °C unless otherwise dry

specified 

M  = mass of water, with oven temperature maintained at w

105-110°C for 24 hours. Here, 45°C is adopted for drying until 

the weight stabilizes. It was examined in the semi dry season 

(August-September) according to the American quality 

(ASTM D 2216  2004) (ITS 2002).

Specific gravity the ratio between the weights of a certain 

volume of the sample in the air to the weight of the same 

volume of water was estimated (ASTM- D, 854-02, 2002).

Dry apparent specific gravity (App. GS) = Wd / (Wsat-Wsub) 

…….(2)

This test was carried out on the study area samples 

(ASTM D 854 2002), Specific weight is considered a criterion 

is measuring soil volumetric analysis according to the 

standard classification to define the soil type (Das 1982). 

Volumetric analysis: For successful soil analyses and 

interpretation, soil sampling is essential. First and foremost, a 

sample must be appropriate for the purpose of the 

experiment. Second, because the physical and chemical 

Fig. 1. Location map of the study area

Fig. 2. Sand sheet stations in the study area (sampling from 
leeward side)

characteristics of soils in fields are varied, taking a 

representative sample might be challenging (JICA 2014). 

Samples were test according to the American qualities 

(ASTM-D 422 2004).

Chemical analyses: Some chemical analyses tests were 

done to estimate the rate of impurities and harmful material 
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Stations No. Specific gravity Moisture content (%)

1 2.65 4.39

2 2.64 2.98

3 2.65 1.01

4 2.66 5.48

5 2.63 0.90

Table 1. Moisture content and specific gravity of the study 
area

Station Sand (%) Mud (%) Uniformity coefficient

1 93.6 6.40 2.3

2 97.09 2.91 2

3 97.72 2.28 1.9

4 96.25 3.75 2.1

5 98.33 1.67 1.7

Table 2. Volumetric analysis results of study area precipitations Station
no.

Gypsum
content (%)

TDS Organic matter
content (%)

pH

1 3.16 4.21 5.47 7.91

2 2.14 4.77 3.81 8.00

3 14.68 20.21 7.21 7.81

4 11.68 14.46 9.43 7.77

5 2.16 5.21 6.05 8.01

Table 3. Chemical tests of the study area samples

which affect the architectural structures in which scree is 

used such as concrete, brick work and water filters (Al-

fahdawi and Al-nuaymy 2021). These tests included T.D.S., 

gypsum content, organic l content, and pH (ASTM-D, 422-

63., 2004). 

RESULTS AND DISCUSSION

Moisture content and specific gravity: Moisture content 

and specific gravity results obtained from the present study  

are summarized in Table 1.

Volumetric analysis: The results of the volumetric analysis 

for all the five investigated stations are presented in Table 2 

and Figure 3. The have indicated that all samples of the study 

area stations are not compatible with the standard measure 

which is specified for grain gradation of the filtration medium 

(12-25 mm, and 6-12 mm) mentioned on the ASTM (C136, 

2014) and the Iraqi specification 2002. The poorly graded 

sand particle where the grain size is no more than 1 mm. 

When compared the grain size (1 mm) to the values in the 

specifications mentioned above, considered a great 

difference. Moreover, all of the investigated contained mud 

and alluvium with a varied proportion, which have a negative 

effect in filtration work. The uniformity coefficient results were 

as 1.7, 2.1, 1.9, 2 and 2.3 in the five stations respectively, that 

doesn't not conform with the typical requirements of the 

uniformity coefficient (not exceed 1.5) according to the Iraqi 

specifications (Iraqi standard 2002). The soil specific gravity 

values ranged from 2.63 to 2.66.

Chemical analyses:  The chemical tests results obtained 

from this study are summarized in Table 3. The organic 

material are incompatible in four stations in accordance with 

Iraqi specifications (Iraqi standard 2002), but only in station 

0

20

40

60

80

100

0.010.1110
Grain Size (mm)

MudSand

Station 2

Station 1

Station 3

Station 4

Station 5

Fig. 3. Volumetric analyses of the study area samples

No. 2 (3.81) does not exceed 5%, thus compatible with that 

standard. There is incompatibility in gypsum content and the 

rate of sulfur salts (TDS) solvable in water which affects 

human health, according to the Iraqi typical specifications 
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which should not exceed 1%. The results vary due to a variety 

of factors such as sampling depth and secondary gypsum 

content. According to Indian standard (1993) and Iraqi typical 

standard (1555 in 2000), the sand sheets in the research 

area are not appropriate as water filters. 

CONCLUSIONS

The grain size analysis results showed abundance in the 

sand SP type and a decreasing rate of fine types (silt and 

clay). The chemical tests showed incompatibility with the 

Iraqi and ASTM standards. The moisture content was low. 

The results of Volumetric analysis are incompatible with the 

conditions required in the sand and gravel of water filters. The 

sand sheet in the study area does not meet the standard 

specifications thereby; it is not suitable as a water filter. It is 

recommended conducting a study of the mineral structure of 

these sand sheets to specify their effects on the surrounding 

infrastructure and agricultural farms as well as study of 

geotechnical properties to investigate the property of sand 

sheet. It is recommended performing other similar scientific 

studies over many sand dune areas exposed in Iraq.
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