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ABSTRACT: The major goal of this study was to evaluate the impact of 
using sewage water effluent as a source of irrigation for different periods on 
some chemical and physical properties of sandy and clayey soils. To fulfill 
this study, two locations were chosen. The first location was at Abou - 
Rawash farm, Giza governorate, Egypt where, the soil is sandy. The second 
location was chosen at Bahr El -Bakar, (Sharkia governorate), Egypt to 
represent clayey texture. Twelve soil profiles were chosen from each location 
to representative the three application periods (10 and 30) years and virgin 
soils.  
The obtained data showed that the salinity expressed as (EC) which 
increased to reach about of (2.20, 1.45 dS/m) and (5.22, 4.19 dS/m) in the 
surface and subsurface layers after 30 years of usage sewage water for 
irrigation at Abou- Rawash and Bahar El – Bakar areas respectively, The soil 
pH ranged from (6.20 to 7.50) and (6.60 to 8.15)  at Abou- Rawash and Bahar 
El – Bakar areas respectively, availability of Fe, Mn, Zn, Cu and Pb were 
increased. The most accumulation of Fe, Mn, Zn, Cu and Pb was recorded for 
clay soil and increased more than the permissible limit. Organic matter 
content (%) increased and reached about of (5.73, 9.75) and (4.24, 5.78) times 
for surface layers of the irrigated soils than that of virgin soils in Abou-
Rawash and Bahr El – Bakar areas respectively. The total calcium carbonates 
tend to decrease to reach (0.63%, 1.92%)  for surface layers of sandy and 
clayey soils ,respectively after 30 years of irrigation with sewage water was 
leached from the surface layers and precipitated in the sub surface layers in 
the treated soils. The soil texture changed from sand in the virgin soils to 
loamy sand and sandy clay loam in the irrigated one in Abou – Rawash 
area. While, it changed from clay loam to clay in Bahr EL- Bakar area.  
Data showed also, that in Abou-Rawash area the quickly drainable pores 
(QDP) and slowly drainable pores (SDP) decreased  while, water holding 
pores (WHP) and fine capillary pores (FCP) and total porosity increased, The 
bulk density decreased from (1.70 g/cm3 to 1.30 g/cm3) after 30 years of 
utilization. Treated clayey soil had reverse effect where total porosity, (QDP) 
and (WHP) decreased then (BD) increased to reach about of (1.40 g/cm3) after 
30 years of sewage water utilization. Data showed that the hydraulic 
conductivity in clay soil was reduced in comparison with sandy soils. Soil 
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moisture constants as; Field capacity (FC), Wilting point (WP) and available 
water ( AW) are high in the irrigated soil, the (AW) increased from 4.21% in 
the virgin soils to 6.77% and 11.52% in the irrigated soil in Abou-Rawash area 
after 10 and 30 years of treatment. In clayey soil, available water capacity 
tends to decrease as the period of utilization of sewage water effluent for 
irrigation increased. The lowest values of (AW) were (9.88% and 7.66%) for 
surface and subsurface layer after 30 years of irrigation with sewage water. 
This is due to the accumulation of suspended materials in the soil surface 
and clogging of the soil porosity. It can be concluded that, land application of 
sewage water effluent can have many beneficial effects such as increasing 
organic matter content, improving soil physical properties for sandy soils. 
The most commonly voiced concerns include: 1) the potential for damage to 
soils especially clay soils. 2) The potential for toxic metal applications. 
Key words: Sewage water, sandy, clayey, soils, physical, chemical,  
properties 
 
INTRODUCTION 

Water in scarcity is one of the most critical problems that confront the 
world particularly in the arid and semi arid regions. Reuse of sewage water 
outlines is the most substantial and self- controllable resource so far despite 
many obstacles and limitations to be retrieved.  

Sewage farming is meditated as one of the most environmentally sound 
mode for disposing of sewage effluent. Areas irrigated with sewage are 
extensive all over many parts of the world. On the other hand, it is yet 
practiced at small scale in most developing countries. It is generally 
recognized that sewage effluent reuse in agriculture is merited on agronomic 
and economic ground, but care must be fulfilled to minimizing inauspicious 
health and environmental impacts. 

Effluent differs from fresh water by higher contents of electrolytes, 
dissolved organic matter, suspended solids (Feigin et al., 1991). These varied 
constituents in effluent can affect soil chemical and physical properties. 
(Levy et al., 1999 and Tarchitzky et al., 1999). Consequently, prolonged use of 
these effluents for irrigation could increase the ESP and OM content and the 

changes in these parameters could affect the chemical and physical 
properties of the treated soils. (Mamedov et al., 2001; Agassi et al., 2003; 
Ben-Hur, 2004). 

Malik et al. (2000) found that the soluble salts are accumulated because of 
sewage sludge application. Marcos  Lado and Meni Ben-Hur (2009) reported 
that irrigation of semiarid clay and sandy soils with secondary effluent 
increased the salinity at depths down to 1.5m, and the sodicity down to 1.5 
and 4 m, respectively.  El-Gindi et al. (1997) and  Abd  El- Hady  (2007) fond 
that the adding sewage sludge increased the pH values with the depth in the 
treated soils while there was no change in the virgin ones. Organic matter 
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content increased than that virgin soil by the increasing of the treatment 
time. Theynoticed also, that the CaCO3 was leached from surface layers and 
precipitated in the sub surface layers in the treated soils with waste water. 

The soluble cations, anions, and molecules found in effluents and sludge, 
and which are of concern in agricultural operations, generally include 
potassium, sodium, calcium, magnesium, chloride, sulfate, nitrate, 
bicarbonate, selenate, and boron (as boric acid and borate) in lesser 
concentrations. All of the above are absorbed by plants and those which are 
essential contribute to the nutrient-supplying power of effluents and sludge. 
(Keren and Bingham, 1985).  

Silver and Sommers (1977) showed that the application of wastewater with 
low pH causes a faster movement of the Cd and Pb to lower depths. The 
results also showed that the concentrations of Pb and Cd in the soil irrigated 
with wastewater effluent and groundwater were almost similar. Abd El – Hady 
(2007) reported that the soil fertility as macronutrients (NPK) and 
micronutrients (Fe,Mn,Zn and Cu) increased to more than soils critical levels 
in the treated soils. 

El - Amir et al. (1997); El - Motaium & Badawy (2002); El Gindi (2003) and  
Abd  El- Hady  (2007)  studied the effect of wastewater on the physical soil 
properties and found that the amending soil with sewage water induced an 
increase of the fine particles percentages. The increase become significant 
with increasing the rates and the period of application as the texture changed 
from sandy to sandy loam after seven years and to clay loam after twelve 
years of using sewage water. The texture changed from sand in the virgin 
soil to clay loam in the soil treated with sewage sludge effluents.  

Abd El - Naim et al. (1997) found that the addition of sewage sludge 
improved the porosity and pore size distribution of the treated soils. 
According to Mc Bride (1995), Logan et al. (1999) and Ibrahim (1998), the 
application of the sewage sludge by the rate of 60 ton/fedan to the soil 
caused a decrease of soil bulk density. 

Many soil properties are known to influence soil hydraulic conductivity 
(Ks) such as organic matter content, soil texture, salt concentration of 
leaching solution. Numbers of researchers found a reduction in (Ks) of the 
soils treated with sewage water effluents, the causes of such changes may 
be physical or chemical mechanisms. Vinten et al. (1983) and Marcos Lado 
and Meni Ben-Hur (2009) found that the hydraulic conductivity in silty loam 
was reduced in comparison with sand and sandy loam soils as aresult of 
waste water irrigation. This is due to the physical mechanisms which include 
the accumulation of suspended materials in the soil surface, release of 
entrapped air babbles, and filtration activity of solid in the percolating liquid 
particles suspended matter. They also stated that wastewater irrigation 
would increase ESP and clogging of the soil porosity. The decreased the soil 
hydraulic conductivity because of plugging of pores with suspended solids, 
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whereas soil hydraulic conductivity of a sandy soil was not affected because 
of its large average pore size.  

While, the chemical processes include the dissolved organic matter in 
wastewater even with low ESP had negative effect on hydraulic conductivity. 
The reduction in hydraulic conductivity is due to the retaining of the organic 
matters during infiltration and the change of pore size distribution because 
of expansion and dispersion of soil particles. Also, the changes in swelling 
properties of the soils and dispersion of colloidal particles  

Abd El - Naim et al. (1997) and Tarchitzky et al. (1999) showed that one of 
the important effects of adding sewage sludge effluents to soil is the 
increase of moisture retention capacity, which is due to reduction of the soil 
bulk density, increase of soil porosity and the specific surface area of soil 
particles. Abd  El- Hady  (2007) stated that the soil water properties as; filed 
capacity, wilting point and available water are high in the soil treated with 
sewage sludge effluent and increased 1.7,1.3 and 2.5 times than that of the 
virgin soils by the increasing of the treatment time  from 5,15 and 20 years, 
respectively. 

Therefore, the objective of this study was to determine the changes on 
some physical and chemical properties of sandy and clayey soils as a result 
of sewage water application for long periods.. 
 

MATERIALS AND METHODS 
Two locations varied in their textural classes were chosen to represent 

the soils irrigated with sewage water. The first location was at Abou - Rawash 
farm, Giza Governorate, Egypt where, the textural class of the soil is sandy. 
While, the second one was at Bahr El -Bakar, Sharkia Governorate, Egypt to 
represent clayey soil texture. These areas are well characterized by using  
sewage water as a source of irrigation. Three sites were chosen from each 
location to representative the three periods of sewage water utilization. The 
first site of each location had not been irrigated and assumed virgin. The 
second and third sites were selected to represent area, which irrigated 
continuously with sewage water for 10 and 30– years, respectively. Twelve 
soil profiles were chosen from each location to representative the three 
periods. Soil samples were taken down to the depth of 100 cm, from layers 
(0-15 cm) and (15-50 cm).  

In this connection, the disturbed and undisturbed soil samples were 
collected from the chosen profiles. The disturbed soil samples air-dried and 
ground to pass through a 2 mm screen and kept for determine some 
chemical properties of the studied soils. In addition, samples of sewage 
water were collected from irrigation source. Soils and water samples 
were subjected to the following analyses:  

 

1-Sewage water analyses: 
A sample of sewage effluent water, which was used for irrigation, was 

filtrated for chemical analyses, according to Page et al., (1982) Fe, Mn, Zn, Cu 
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and Pb were determined in DTPA extract according to Lindsay and Novel 
(1978). Some characteristics of sewage water are presented in Table (1). 
 
Table (1): Chemical analyses of used sewage water effluent in irrigation 

Components 
Water source 

Permissible limit* Abou- 
Rawash Bahr EL - Bakar 

EC (dS\m) 1.79 2.49  

pH 7.65 7.20  
Soluble Cations (meq\l)    
Ca++ 6.00 3.80  
Mg++ 4.29 3.45  
Na+ 7.29 16.40  
K+ 0.20 1.05  
Soluble Anions (meq\l)    
HCO-3 8.73 7.70  
Cl- 5.40 6.50  
SO4-- 3.65 10.50  
SAR 3.20 8.63  
Adj SAR 9.00 21.60   
Nutrients contents (ppm)    
N 14.50 8.52  
P 4.52 1.52  
K 0.20 0.48  
Fe 14.18 5.65 *5.00 
Mn 1.02 0.187 *0.20 
Zn 2.42 0.054 *2.00 
Cu 0.59 0.180 *0.20 
Pb 0.47 2.612 *5.00 

* National Academy of science and National Academy of Engineering, Washington,    
D. C.USA. (1972)   

 

2-Soil Analysis 
• General characteristics of the tested soils were carried out in disturbed 

soil samples, i.e. Particle size distribution was carried out by pipette 
method by Gee and Bander (1986), organic matter (OM %) and calcium 
carbonate (CaCO3 %) were described by Jackson (1973).  

• Soil chemical analyses were carried out according to Page et al. (1982). 
• DTPA –Extractable metals: Available Fe, Mn, Zn, Cu and Pb were 

determined for all soil samples using 0.005 M DTPA (Diethylene Triamine 
Penta Acidic) as outlined by Lindsay and Norvell (1978). 

• The undisturbed soil samples were used to determine some soil physical 
properties. Soil bulk density was determined using the core method 
technique according to Blacket al., (1982).  
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• Saturated hydraulic conductivity (Ks) was determined using the falling 
head method as described by Black (1982). 

• Soil moisture characteristics were determined according to Stakman 
(1966).  

• Pore size distribution was calculated from the soil moisture retention 
curve according to De-Leenheer and De-Boot (1965).  

 
RESULTS AND DISCUSSION 
Characteristics of sewage water used  

The chemical analyses of the sewage water, which used for irrigation in 
both studied locations is presented in table (1). The data refer that, the 
electrical conductivity (EC) values for used irrigation water are higher than 
the normal range according to U.S. Salinity Laboratory Staff. Hand book 
(1954). Sewage water for irrigation at Abu-Rawash area can be classified as 
(C3 S1) having high salinity hazard and low alkalinity hazard. The dominant 
cations are Na+, Ca++, Mg++ and K+. The dominant anion are HCO-

3,Cl- and 
SO=

4.  While, irrigation water used in Bahr El- Bakar area can be classified as 
(C4 S1) having very high salinity hazard and low alkalinity hazard. The 
chemical composition of irrigation water indicates that the decreasing order 
for dominant anions are HCO-

3, SO=
4 and Cl-. While, the dominant cations are 

Na+,Ca++,Mg++and then K+. Also data show that the essential nutrients present 
in a high content N (14.50, 8.52 ppm), P (4.52, 1.52 ppm) and K (0.20, 0.480 
meq/l) for both studied areas. Data indicated that, the sewage water was 
rather high in Fe, Mn, Zn, and Cu and their values were greater than the 
maximum permissible limits recommended by the National Academy of 
science and National Academy of Engineering as shown in table (1) 
 

Impact of sewage water on some properties  
1. Soil chemical properties  

The changes in soil salinity expressed as electrical conductivity (EC) due 
to irrigation with sewage water are listed in table (2).In general, data referred 
that using sewage water for irrigation increased the soil salinity compared to 
that virgin soil. The (EC) values of the treated soils tend to increase as the 
period of utilizing sewage water for irrigation increase. On the other hand the 
(EC) values tend to decrease by increasing the soil depth. Data presented in 
table (2) show that the distribution of cations and anions differed among 
sandy and clayey soils and among virgin soils and soils that irrigated with 
sewage water for different irrigation periods. The distribution of soluble 
cations in sandy and clayey soils shows that the dominant cation is Na+ 

followed by Ca++, Mg++ and K+ especially after 30 years of irrigation. 
Concerning the distribution of soluble anions in sandy soils i.e Abu- Rawash 
area, data show that the dominant anion is SO4

=, Cl-, and then HCO3
-. While, 

in clayey soil i.e.Bahr El – Bakar area the dominant anion is Cl-, SO4
= and 

then HCO3
-especially after 30 years of irrigation. Sulphate ion concentration 

 
 
 

٧٥٦ 



 
 
 
 
 

Monitoring the changes in some soils properties irrigated ..................  

increases in clayey soils than sandy one with increasing the period of 
sewage water utilization. This is mainly attributed to biological activities. The 
oxidation of the protein sulpher in the sewage could account for increase in 
the concentration of sulphate ions. The chloride ions behaved similar to 
sulphate ions. On the other hand HCO3

- ions tend to increase as the period of 
irrigation increased. This trend is holding true for clayey soil than sandy one. 
This increase could be attributed to the breakdown of organic matter 
compound to carbon dioxide and water, as well as the encouraging of 
organic acids on the solubility of CaCO3. (EL Amir et al., 1997). 

Data also, shown that the soil reaction (pH) was slightly alkaline in virgin 
soil and changed to slightly acidic after consecutive use of sewage water 
application. The soil pH ranged from (6.20, 7.20) with surface layers to (6.45, 
7.50) in the deep layers for treated soils. 
 
Table (2): Chemical analysis of the soil paste extract of the studied soils 

A
re

a 

Period 
of 

cultivati
on 

Soil 
Depth 
(cm) 

EC 
(ds/m) pH 

Soluble Cations 
(meq/l) 

Soluble anions 
(meq/l) 

Ca++ Mg++ Na+ K+ CO= HCO 3
- Cl-  SO 4

=  

A
b

o
u

- 
 

R
aw

as
h

 Virgin 0-15 0.77 7.50 2.85 1.95 2.15 0.55 - 1.60 2.25 3.65 
15-50 0.67 7.20 2.60 1.41 2.25 0.25 - 1.25 2.16 3.10 

10-years 0-15 1.71 6.55 3.82 1.65 9.15 1.43 - 2.65 3.95 9.45 
15-50 1.10 6.80 3.95 2.50 2.95 0.55 - 1.35 3.75 4.85 

30-years 0-15 2.20 6.20 5.60 2.80 10.90 1.70 - 2.90 6.20 11.90 
15-50 1.45 6.45 4.81 2.85 4.50 0.89 - 2.15 4.95 5.95 

B
ah

r 
E

l 
- 

B
ak

ar
 

Virgin 0-15 1.69 8.15 3.20 2.10 9.10 0.45 - 3.20 6.70 4.95 
15-50 1.45 8.10 3.80 2.20 7.20 0.35 - 2.60 6.20 4.75 

10-years 0-15 3.78 7.20 12.50 3.70 18.50 1.90 - 3.90 16.60 16.10 
15-50 2.96 7.50 10.50 3.00 13.80 0.70 - 3.30 12.40 12.30 

30-years 0-15 5.22 6.60 16.50 6.60 24.30 2.60 - 4.60 24.60 20.80 
15-50 4.19 7.35 14.50 4.30 20.20 1.00 - 3.80 19.30 16.90 

 
Data in table (3) indicated that the availability of Fe, Mn, Zn, Cu and Pb 

increased by irrigation with sewage water compared to virgin soil. The 
highest accumulation was found in the surface layers in the irrigated soil 
with sewage water for studied areas. The accumulation rate depends on the 
duration of sewage water utilization for irrigation. These results may be 
attributed to the increasing of organic matter, which retain heavy metals and 
to the high content of heavy metals in the sewage water .However, the 
highest availability of Fe, Mn, Zn, Cu and Pb was more obvious in the surface 
layers (0-15cm) than that the subsurface ones especially in the soil irrigated 
with sewage water for 30 years. While, the most accumulation of Fe, Mn, Zn, 
Cu and Pb was recorded for clayey soils and increased than the permissible 
limits according to National Academy of science (1972) 
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Table (3): Available DTPA extractable heavy metals from the studied soils 

Area Period of 
cultivation 

Soil 
depth 
(cm) 

Available Heavy metals 
mg/Kg soil 

Fe Mn Zn Cu Pb 

A
bo

u-
R

aw
as

h 

Virgin 0-15 1.70 0.70 0.85 0.20 0.55 
 15-50 1.18 0.20 0.23 0.10 0.13 

10-years 0-15 48.60 5.10 46.43 9.67 7.98 
 15-50 12.50 0.86 2.20 1.51 1.43 

30-years 0-15 63.09 7.20 53.60 12.80 9.34 
 15-50 15.40 1.17 4.37 1.82 2.36 

B
ah

r 
E

l -
 B

 
ak

ar
 

Virgin 0-15 9.60 7.80 0.53 0.39 0.33 
 15-50 8.30 3.90 0.290 0.26 0.19 

10-years 0-15 206.3 45.1 19.80 3.88 3.46 
 15-50 123.7 12.1 4.66 1.84 0.76 

30-years 0-15 337.7 53.90 23.40 7.22 4.82 
 15-50 236.1 21.60 10.40 3.18 1.70 

 
2. Soil physical properties  
2.1 Soil organic matter content 

Data in table (4) depict the effect of sewage effluent utilization for 
irrigation on organic matter content (%). Organic matter content (%) 
increased by increasing the duration of sewage effluent utilization. It reached 
about (5.73, 9.75) and (4.24, 5.78) times for surface layers of the treated soils 
than that of virgin soils in Abou-Rawash and Bahr El – Bakar areas 
respectively. This due to the effect of suspended materials existed in the 
sewage effluent water by appreciable amounts. These materials are rich in 
organic matter content. Hence, and deposit mainly on the soil surface.  
 
2.2 Total calcium carbonate 

Data in table (4) also show that the total calcium carbonates decreased as 
the period of application increase. This hold true for both studied areas. The 
relative decrease was (53.93%, 87.91%) and (9.35%, 38.06%) for surface 
layers in Abou -Rawash and Bahr El – Bakar areas respectively after 10 and 
30 years of sewage water utilization. Total calcium carbonate tends to 
increase in the subsurface layers than the surface ones. This increase 
reached about (17.74%, 50.70%) and (6.43%, 61.07%) for Abou- Rawash and 
Bahr El – Bakar areas respectively after 10 and 30 years of sewage water 
utilization when compared with virgin soils. The calcium carbonate was 
leached from the surface layers and was precipitated in the sub surface 
layers in the irrigated soils. This could be referred to the acid effect of 
sewage water in lowering soil pH values and the dissolution action of organic 
acids presented in sewage water. (Abd El- Hady, 2007).    
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2.3 Soil Texture 

The particle size distribution in table (4) showed that there is a change in 
soil texture. The soil texture changed from sand in the virgin soils to loamy 
sand and sandy clay loam in Abou – Rawash area. While, It changed from 
clay loam to clayey in Bahr EL- Bakar area. These changes depend on the 
period of irrigation with sewage water for and the soil depth. The changes in 
soil texture are more pronounced in the surface layers than the subsurface 
ones. 
 
Table (4): Particle size distribution, Organic matter content (%) and CaCO3 

(%) of the studied soils 

A
re

a 

Period  
of 

cultivati
on 

Soil 
depth 
(cm) 

Particle size distribution 

Soil Texture OM 
% 

CaCO 3 
% 

Sand 
Silt 
% 

Clay 
% 

Coars
e 
% 

Fine 
% 

A
bo

u 
 - 

R
aw

as
h 

Virgin 0-15 77.20 22.50 0.20 0.10 Sandy 0.55 5.21 
15-50 75.40 24.40 0.15 0.05 Sandy 0.34 3.55 

10-years 0-15 62.30 23.80 1.40 12.50 Loamy sand 3.15 2.40 
15-50 77.60 19.90 1.18 1.32 Sandy 1.25 2.92 

30-years 0-15 60.50 16.50 2.30 20.70 Sandy clay 
loam 5.36 0.63 

15-50 74.20 15.60 1.30 8.90 Loamy Sand 1.10 1.75 

B
ah

r 
 E

l- 
ba

ka
r Virgin 0-15 18.10 20.40 22.40 39.10 Clay Loam 0.85 3.10 

15-50 17.90 21.60 21.10 39.40 Clay Loam 0.60 2.80 

10-years 0-15 17.00 22.30 18.60 42.10 Clay 3.60 2.81 
15-50 17.10 22.10 20.20 40.60 Clay 1.75 2.62 

30-years 0-15 10.20 18.00 33.20 48.60 Clay 4.91 1.92 
15-50 13.10 12.10 28.90 45.90 Clay 2.25 1.09 

 
In Abou – Rawash area, the clay content increased from 0.1% in the virgin 

soils to (12.5%, 20.70%) after 10 and 30 years of application sewage water. 
While, in Bahr EL- Bakar area, the soil texture changed from clay loam to 
clayey. The clay content increased from 39.10% in virgin soils to (42.10%, 
48.60%) for the surface layers (0 -15cm) after 10 and 30 years of sewage 
water utilization, respectively. This changes can be attributed to the 
settlement of the suspended mater existed in the sewage water, especially 
before the development of purification technique. (EL Amir et al., 1997). 
 

2.4 Pore size distribution 
The results will be devoted for the changes of particle size distribution 

and organic matter content due to different period of sewage water utilization 
and their effects on some soil physical properties of the studied areas. These 
physical properties are pore size distribution, total porosity, soil bulk density 
and saturated hydraulic conductivity. Hence, data in table (5) show that using 
sewage water for irrigation is associated with an increase in total porosity 
especially in the surface layers of sandy soils compared to virgin soils. Total 
porosity also, increased as the period of usage increase. Its values have 
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been increased from 37.41% in the surface layer (0-15cm) in the virgin soils 
to about 42.28% and 43.57% in the soils irrigated with sewage water for 10 
and 30 years respectively. The same trend is found in the subsurface layer 
(15 -50 cm). Generally, the increase in total porosity can be explained by the 
increase in both fine particles and organic matter contents which helps in 
forming soil aggregation.  

The changes in soil total porosity are accompanied by the changes in 
pore size distribution. As a general, trend quickly drainable pores (QDP) and 
slowly drainable pores (SDP) decreased in treated soils compared to virgin 
soils. Data show also, that (QDP) decreased with increasing the period of 
sewage water utilization in both studied areas. However, Water holding pores 
(WHP) and fine capillary (FCP) were increased in the irrigated soils than 
virgin. The maximum increase is noticed in the irrigated soils with sewage 
water after 30 years of utilization. The changes are more pronounced in the 
surface layers than the subsurface ones. These results are expected because 
the coarse sand causes an increasing value of the macro pores and the 
slipping of fine sand causes decreasing in the macro pores. Furthermore, the 
presence of clay fraction and organic matter decrease the macro pores 
presence i.e. Abou – Rawash area. (EL Amir et al., 1997). 
 
Table (5): Total porosity, Pore size distribution, bulk density and saturated 

hydraulic conductivity 

 
Area 

Period 
of 

cultivation 

Soil 
depth 
(cm) 

Total 
porosity 

% 

Pore size distribution 

BD 
(g/cm3)  

Ks 
(cm/h) QDP 

% 
SDP 

% 
WHP 

% 
FCP 

% 

A
b

o
u

- 
R

aw
as

h 

Virgin 0-15 37.41 21.58 8.84 4.21 2.78 1.70 25.50 
15-50 32.29 23.25 3.95 2.76 2.33 1.79 20.10 

10-years 0-15 42.28 17.01 5.61 6.77 12.89 1.48 15.41 
15-50 35.08 19.12 3.54 4.38 8.04 1.70 18.57 

30-years 0-15 43.57 8.46 6.36 11.52 17.23 1.30 9.77 
15-50 38.15 13.68 5.50 6.29 12.68 1.50 14.12 

B
ah

r 
E

l 
- 

B
ak

ar
 Virgin 0-15 60.01 14.58 9.05 17.58 18.80 1.14 2.55 

15-50 58.89 8.33 10.01 12.82 27.73 1.21 1.50 

10-years 0-15 57.13 9.15 9.94 14.32 23.72 1.33 0.77 
15-50 56.61 5.78 5.49 14.97 30.37 1.35 0.58 

30-years 0-15 53.34 4.51 5.21 9.88 33.74 1.40 0.49 
15-50 48.53 2.16 3.55 7.66 35.16 1.47 0.39 

 
In clayey soils, i.e. Bahr El- Bakar area, clay can play an important role in 

caused a reduction in the soil porosity. The average soil total porosity, at 
surface layer (0-15 cm) depth (57.13%, 51.34%) after (10 and 30) years of 
utilization, respectively compared to (65.01%) in the virgin soil. 

The data presented in table (5) referred the effect of sewage water on pore 
size distribution in clayey soils. In general, using sewage water for irrigation 
decreased (QDP), (SDP) and (WHP) and consequently increased (FCP) in the 
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surface layers especially after 30 years of utilization compared to virgin soils. 
These results can be explained by different mechanisms are blocking of the 
inter-soil spaces by suspended materials such as colloidal clay, biological 
clogging including microbial extracellular (McAuliffe et al. 1982), collapse 
dissolution (Lieffering and Mclay, 1996)  
 
2.5 Soil bulk density 

The obtained results presented in table (5) showed the effect of sewage 
water application on soil bulk density. It is obvious that soil bulk density 
decreased with sewage water utilization in sandy soils (i.e Abou – Rawash) 
area. The magnitude of decrease depends on the duration of sewage water 
utilization. The longer the period the less is the soil bulk density. Where it is 
values (g/cm3) were (1.70, 1.48 and 1.30) for virgin, 10 and 30 years of 
application. The decrease in soil bulk density is more related to the increase 
in soil organic matter content. Sewage effluents application led to a dilution 
effect resulting from the mixing of the added organic matter with more dense 
mineral fraction of the soil. This is may be attributed to the binding effect of 
organic matter exist, producing a more structured soil, consequently 
decreasing soil bulk density. (McBride, 1995). 

The effect of using sewage water for irrigation on soil bulk density for 
clayey soils (Bahr El- Bakar) area is listed in table (5). Data showed that the 
soil bulk density increased as the period of irrigation increased. Hence, the 
maximum values of soil bulk density is recorded (1.40, 1.47 g/cm3) for 
surface and subsurface layers after 30 years of application sewage effluent. 
This was due to clay dispersion and sedimentation of clay particles which, 
clogging the pores. (Lieffering and Mclay, 1996)  
 
2.6. Saturated soil hydraulic conductivity (Ks) 

As shown in table (5) percolation of sewage water through the soil profile 
can reduce its saturated hydraulic conductivity (Ks) to an extent that 
depends on the sewage water quality, soil chemical properties, and the pore 
size distribution in the soil. The decrease in (Ks) is more pronounced at 
depths of (0-15 cm) and (15- 50 cm) especially, in the sites irrigated for 30 
years with sewage water application. Data also, show that the hydraulic 
conductivity in clay soil was reduced in comparison with sandy soil. This is 
may be due to the accumulation of suspended materials in the soil surface, 
release of entrapped air babbles, and filtration activity of solid in the 
percolating liquid particles suspended matter. Suspended materials in 
irrigation water can be clogging of the soil porosity which led to increase soil 
bulk density, micro pores in the expense of macro pores. An increase in soil 
sodicity, caused by sewage water irrigation, decreased the (Ks) of clayey soil 
as a result of enhanced clay swelling and dispersion. (Marcos  Lado and 
Meni Ben-Hur, 2009) 
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2.7. Moisture constants 

The effect of sewage water on soil moisture constant i.e field capacity 
(FC), Wilting point (WP) and consequently available water (AW) is presented 
in table (6). The moisture constants are strongly affected by soil texture and 
organic matter content. In general, the greater the clay content the higher the 
water content at any particular suction. The soils with high content of clay 
exhibit high (FC) and (WP) values.  
 
Table (6): Moisture constants of the studied soils 

A
bo

u-
 R

aw
as

h 

Period of 
cultivation 

Depth 
(cm) 

FC 
(%) 

WP 
(%) 

AW 
(%) 

Virgin 0-15 6.99 2.78 4.21 
15-50 5.09 2.33 2.76 

10-years 0-15 19.66 12.89 6.77 
15-50 12.42 8.04 4.38 

30-years 0-15 28.75 17.23 11.52 
15-50 18.97 12.68 6.29 

B
ah

r 
E

l –
 

B
ak

ar
 Virgin 0-15 36.38 18.8 17.58 

15-50 40.55 27.73 12.82 

10-years 0-15 38.04 23.72 14.32 
15-50 45.34 30.37 14.97 

30-years 0-15 43.62 33.74 9.88 
15-50 42.82 35.16 7.66 

 
The data show that the moisture retained in the soil irrigated with sewage 

water is always higher than that in virgin soil. The magnitude of the increase 
depends on the period of using the sewage  water for irrigation. The values 
of (FC) and (WP) tend to increase as the period of utilization increased. Data 
also show that the values of (FC) of the surface layers of the studied soils are 
higher than that in the subsurface layers for both locations. 

Moisture constant at field capacity (FC) in the surface layers (0 – 15 cm) 
wasincreased from (6.99%, 36.38%) in the virgin sandy and clayey soils to 
(19.66%, 28.75%) and (38.04%, 43.62%) in the soils irrigated with sewage 
water for 10 and 30 years in both locations, respectively.  

The lower limit of available water content was also increased with 
prolonged sewage water utilization. The maximum increased in wilting point 
are detected after 30 years of irrigation with sewage water. The values reach 
about of (33.74% and 35.16%) in the surface and subsurface layers 
respectively. This increased is rendered to the accumulation of organic 
matter and fine particles presented in sewage water. The organic matter may 
affect water retention either through the direct effect of organic particles 
themselves and its ability to absorb and store water or through its indirect 
effect on other physical properties (such as bulk density, porosity and pore 
size distribution).  
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Data also shows that available water capacity in sandy soils increases as 
the periods of sewage water utilization for irrigation increases. In the surface 
layers (0-15 cm) the (AW) increased from 4.21% in the virgin soils to 6.77% 
and 11.52% in the soil irrigated with sewage effluent for 10 and 30 years 
respectively. In sub surface layers (15 -50 cm), the (AW) was increased from 
2.76% to 4.38% and 6.29% after 10 and 30 years of treatment, respectively. In 
clayey soil, available water capacity tends to decrease as the period of 
utilization of sewage water for irrigation increased. Also it’s noticed that (AW) 
decreased by increasing the soil depth. These results could be attributed 
mainly to the presence of soluble salts, i.e., the high electrical conductivity 
causes an increase in osmotic pressure which represent one of the total 
moisture stress. The effect of different cations on soil properties such as Na+ 
which is a dispersing agent because of its relatively large size, single 
electrical charge and hydration status, adsorbed sodium tend to cause soil 
physical separation of soil particles. (Balks et al., 1998) 
 

CONCLUSIONS 
Based on the obtained results these conclusions can be achieved: 

• Land application of sewage water effluent can have many beneficial effects 
such as increasing organic matter content, improving soil physical 
properties for sandy soils. 

• Although these are obvious benefits, there are also concerns that must be 
addressed to insure a safe and environmentally sound approach to applying 
sewage water to the soil. The most commonly voiced concerns include: 1) 
the potential for damage to soils especially clay soils. 2) The potential for 
toxic metal applications. 

• Sandy soil was better than clay soil for utilization of sewage water effluents 
for irrigation because of improving soil physical properties, the soil texture 
changed from sandy to loamy sand and to sandy clay loam after10 and 30 
years of utilizing sewage water for irrigation. The soil bulk density and 
hydraulic conductivity were decreased. The total porosity was increased 
with the dominancy of fine and water holding pores on the expense of 
quickly and slowly drainable pores. This means enhancing the ability of 
sandy soil to retain water and decreasing its ability to conduct water. 

• Gradual adverse changes in soil physical properties, e.g., hydraulic 
conductivity, soil porosity and bulk density in clayey soils may not be 
noticed until some time well after soil degradation occurs. Identifying the 
soil properties that are sensitive to such changes will help predict long – 
term sustainability of effluent disposal areas.  

• Due to the interaction between effluent irrigation and soil properties, it is 
necessary to identify sensitive regions and soils prior to irrigation with 
effluents, to prevent possible deleterious effect on soil physical properties. 
These conclusions are supported by Dawes and A. Goonetilleke (2003)  
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 يالمرویة بمیاه الصرف الصح الأراضيبعض خواص  في متابعة التغیرات
   لفترات طویلة 

 راشد  عزة راشد عبد الحمید -منصور  فهمي صبحي
 محمود مخیمر محمود -

 مصر . – الجیزة –مركز البحوث الزراعیة   - ةیئوالمیاه  والب الأراضيمعهد بحوث 

 يالملخص العرب
كمصــدر  الصــحيمیــاه الصــرف  اســتخدامٳمــن هــذه الدراســة تقیــیم تــأثیر  لرئیســيالهــدف ان ٳ

الرملیـة والطینیـة. ولـذلك تـم  للأراضـيلمدد مختلفة على بعض الخواص الكیماویة والطبیعیة و  للري
ممثلــة للتربــة  ، أبــو رواش ، محافظــة الجیــزة ، مصــر مزرعــة ، الأولــى للدراســة منطقتــین اختیــار

ممثلــة للتربــة الطینیــة. وقــد تــم  ، منطقــة بحــر البقــر ، بمحافظــة الشــرقیة ، مصــرالثـــانیة الرملیــة و 
 مختلفــة زمنیــة تمثــل فتــرات كلتــا المنطقتــین التــي شــملتهما الدراســة فــيعشــرة قطاعــا  ثنــاٳ اختیــار

 . سنة) والأرض البكر  ۳۰سنوات) ،( ۰١( الصرف   الصحي  میاه لاستخدام
 و٢‚٢۰(  إلــى زیـادة الملوحـة إلــىأدى  الصـحيرف میــاه الصـ اسـتخدامأوضـحت النتـائج أن 

للطبقـــات الســـطحیة وتحـــت ســـطحیة فـــى دیســـمنز/م   )  ٥‚٢٢و  ٤‚١٩و( )   دیســـمنز/م ١‚٤٥
وتراوحـت  (pH)رقـم حموضـة الأرض  انخفـاض. التـواليرواش و بحر البقـر علـى  --منطقة أبو 
رواش و بحـر  --أبـو منطقـة  فـي للأراضـي ) ۸‚١٥،  ٦۰،٦لـى (ٳ) ۷‚٥۰ و ٦‚٢۰قیمته مـن (
كما أظهرت النتـائج زیـادة فـى سنه   ۳۰لمدة  الصحينتیجة للرى بماء الصرف  التواليالبقر على 

( تیسر العناصر الصغرى والثقیلة خاصة فى الطبقة السـطحیة كمـا أنهـا تقـل بالعمق.كمـا زاد تـراكم 
and Pb (Fe, Mn, Zn, Cu   الطینیة مقارنة بالرملیة. الأراضي في 
میـاه الصـرف  ستخداملاأظهرت النتائج زیادة محتوى الأرض من المادة العضویة كنتیجة  كما
 و )٩‚۷٥،  ۷۳،٥( حـــوالي  إلـــىٳلیصـــل معـــدل الزیـــادة  ســـتخدامالاوذلـــك بزیـــادة مـــدة   الصـــحي

مزرعـة أبـو رواش و منطقـة بحـر البقـر علـى  فـي) مرة بالنسبة للكنترول وذلك   ۷۸،٥ و ٤‚٢٤(
 في٪ ) ٥‚٢١٪) مقارنة بالكنترول (۰‚٦۳( لىإنسبة كربونات الكالسیوم  نخفضتا. بینما  التوالي

)  ۳۰منطقـة بحـر البقـر بعـد ( فـي)  ٪۳‚١۰) مقارنة بالكنترول (٪١‚٩٢( إلىمزرعة أبو رواش و 
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الطبقــات التحــت  فــيذابــة ونقــل وترســیب لإنتیجــة عملیــات ا الصــحيبمــاء الصــرف  الــريســنة مــن 
 سطحیة.

 فـي رملـي طینـي وطمـي طینـي الطمـيلـى  القـوام ٳالأرض البكـر  فـي الرملـيتغیر القـوام مـن 
منطقـة بحـر البقـر وذلـك  فـي الطینـيالقـوام   إلـىو  الصحيمیاه مخلفات الصرف  استخداممنطقة 

نخفضـــت نســـبة مســـام  ا.وفى منطقـــة أبـــو رواش ســـتخدامالا) ســـنة مـــن ۳۰) و ( ١۰بعـــد مـــدة (
ة المسـام الحافظـة للمـاء ومسـام الصـرف البطیئـة وزیـادة الصرف السریعة والبطیئة مـع زیـادة نسـب

 فــي). بینمــا ۳جم/ســم ۳۰،١لــى (ٳنخفضــت قــیم الكثافــة الظاهریــة لتصــل االمســامیة الكلیــة. كمــا 
نخفضت نسبة مسام  الصرف السریعة والبطیئة والمسـام الحافظـة للمـاء. وذات امنطقة بحر البقر 

 لـىاالمسـامیة الكلیـة وزادت الكثافـة الظاهریـة لتصـل  انخفضتنسبة المسام الشعریة الدقیقة  كما 
 .الصحيمیاه الصرف  استخدام) سنة من ۳۰) بعد (۳جم/سم١،٤۰(

 بالأراضـيالطینیـة مقارنـة  الأراضـي فـيقـیم التوصـیل الهیـدرولیكى  نخفاضاأوضحت النتائج 
سـطح التربـة  علـى  الصـحيوذلك لترسیب وتـراكم المـواد العلقـة مـن مـاء مخلفـات الصـرف الرملیة. 

لى زیادة كلا من السعة الحقلیة ونقطـة الـذبول وكـذلك زیـادة إضافة لإبا سد المسام. لىإمما یؤدى 
ســتخدام میــاه ا) ســنة مــن ۳۰٪) بعــد (١١‚٥٢و (  )٪٦‚۷۷لــى (إالمــاء المیســر للنبــات لیصــل  

م مـن الطینیـة (بحـر البقـر) علـى الـرغ ياضـالأر  فـيمزرعـة أبـو رواش.بینمـا   يفـ يالصرف الصـح
نسـبة  ينخفـاض فـانـه یلاحـظ ألا ٳكلا من السعة الحقلیة ونقطة الـذبول نسبة الرطوبة عند  زیادة 

لــه  الــري فــي الصــحيج مــن هــذه  الدراســة أن اســتخدام مــاء الصــرف نتلــذا  نســت المــاء المیســر .
 الرملیـة للأراضيفهو یحسن من الخواص الطبیعیة  الأراضيبعض التأثیرات المختلفة على خواص 

التربـة  فـيالطینیـة مـع تـراكم العناصـر الثقیلـة  للأراضـيتـدهور الخـواص الطبیعیـة  إلىبینما یؤدى 
 بمستویات تجاوزت حد السمیة.
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