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ABSTRACT

A study was carried out to investigate the effect of municipal wastewater treatments on chemical
properties of saline and alkaline soil. Water is a vital resource but a severely limited one in most
countries, due to water restrictions and increased water consumption using wastewater is considered
as a solution to resolve agricultural water requirements. Soil samplings of 0-30 cm depth were from
Segzi plain in Isfahan province in the center of Iran. The experiment was carried out at green house.
The experiment consists of 3 treatments including soil without irrigated (T1), soil irrigated with 150
ml of wastewater (T2) and 300 ml of wastewater (T3) for everyday were taken as experimental unit.
Soil reaction (pH), electrical conductivity (EC), cation exchange capacity (CEC), organic matter (OM),
total nitrogen (TN), sodium ion (Na), manganese (Mn), cadmium (Cd), chromium (Cr) and nickel (Ni)
were determined. The evidences provided by this experiment indicated that soil irrigated with
wastewater cases EC, CEC, OM, TN, Na, Mn and Ni to be increased but soil pH to be decreased.
Soil irrigated with wastewater does not have effect on concentration of extractable cadmium and
chromium. 
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Introduction

Water is a vital resource but a severely limited one in most countries (Mapandaa et al., 2005).
In the most arid and semiarid regions of the world, including the lands of Iran (above 80%) water
crisis is considered as one of the main problems on the path of sustainable agriculture, due to water
restrictions and increased water consumption using low quality water resources (wastewater) is
considered as a solution to resolve agricultural water requirements which is pointed out as the largest
consumption of water recently (Galavi et al., 2010). 

Municipal wastewater is a combination of the water and carried wastes removed from residential,
institutional and commercial establishments together with infiltration of water, surface water and runoff
water (Rusan et al., 2007). Using large-scale wastewater irrigation on agricultural lands can be a
synergistic management practice. The wastewater will have a different fate than being pumped into a
river, agricultural crops can make use of the extra water and nutrients and groundwater recharge is
yet another positive outcome of wastewater irrigation (Walker and Lin, 2008).

Recently, the amounts of wastewater are sharply increasing and the kinds of pollutants are also
varied as the world wide industry is being developed incessantly. With respect to both the quantity
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and composition, the textile processing wastewater is recorded as the most polluted sources among all
industrial sectors (Chang et al., 2009).

Irrigation with treated municipal wastewater is considered an environmentally sound wastewater
disposal practice compared to its direct disposal to the surface or ground water bodies. In addition,
wastewater is a valuable source of plant nutrients and organic matter needed for maintaining fertility
and productivity levels of the soil (Rusan et al., 2007).

Abedi-Koupai et al. (2006) investigated the effect of treated wastewater on soil chemical and
physical properties in an arid region. Treated wastewater showed no effect on the increase of Fe, Cd,
Ni, Cu and Zn during growing season. The irrigation system had a significant effect on infiltration
rate, bulk density and total porosity.

Gloaguen et al. (2007) investigated soil solution chemistry of a Brazilian Oxisol irrigated with
treated sewage effluent. Results about C and N chemistry showed mineralization of dissolved organic
matter and rapid nitrification from ammoniac and organic nitrogen provided by effluent. The nitrate
concentration decreased by plant uptake but also by leaching during the rainy season, pointing out a
long-term risk of contamination of shallow groundwater environments.

Vaseghi et al. (2005) investigated the effect of sewage sludge on some macronutrients concentration
and soil chemical properties. Application of sewage sludge significantly increased plant available K,
P, total N, organic matter, electrical conductivity and cation exchange in the soils. Soils pH
significantly decreased as results sewage sludge application.

In this study the effects of municipal wastewater on some properties of saline and alkaline soil
has been investigated.

Material and methods

Site Description, Soil Sample Preparation:

The experiment was carried out at green house in 2010. Soil samplings of 0-30 cm depth were
from Segzi plain in Isfahan province in the center of Iran. Soil samples were allowed to air dry in
a green house at a temperature between 25ºC and 30ºC and were then ground to pass a 2-mm mesh
sieve for prepared of soil samples  (Makoi and Verplancke, 2010).
The experiment consists of 3 treatments including soil without irrigated (T1), soil irrigated with 150
ml of wastewater (T2) and 300 ml of wastewater (T3) for everyday were taken as experimental unit.
Soil samples were taken for testing, after 45 days.

Laboratory Determinations:

Soil reaction (pH), electrical conductivity (EC) and soluble cations were measured on 1:1 extract
(Soil:Water). Sodium (Na) was measured by Flamephotometry. Soil organic matter (OM) was determined
as in Walkley and Black (ASA, 1982). Total nitrogen (TN) was measured by Kjeldahl method, cation
exchange capacity (CEC) was measured (ASA, 1982). Micronutrients and heavy metals in soil samples
were carried out by DTPA in accordance the Standard Methods (APHA, 1998).

Analysis of wastewater was carried out in accordance the Standard Methods (APHA, 1998).

Statistical Analysis:

Descriptive statistical analysis including mean comparison using Duncan's test was conducted using
SPSS software.

Results and discussion

Wastewater properties, analysis of main soil, soil samples irrigation with 150 ml of wastewater
and 300 ml of wastewater for everyday and comparing the means for soil chemical characteristics
before and after experiment are shown in tables 1, 2 and 3, respectively.
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Soil Reaction:

Irrigation with wastewater decreased soil pH (Table 3 and Fig. 1). The reason is likely due to
the decomposition of organic matter and production of organic acid in soils irrigated with wastewater
(Vaseghi et al., 2005). 

This is in line with findings of Vaseghi et al. (2005) and Khai et al. (2008).

Electrical Conductivity:

Electrical conductivity of soils irrigated with wastewater increased (Table 3 and Fig.2) because of
higher EC of wastewater.  This is in line with findings of Boroojeni et al. (2007). 

Cation Exchange Capacity:

According to Table 3 and Fig. 3, soil irrigated with wastewater causes CEC to be increased. This
is in line with findings of Karami et al. (2007) and Vaseghi et al. (2005).

Increasing the CEC of soil irrigated with wastewater can be attributed to increasing of organic
matter.

Organic Matter:

Irrigation with wastewater increased OM content of soil (Table 3 and Fig. 4). This is most likely
due to the higher OM content of wastewater. This is in line with findings of Debosz et al. (2002)
and Khai et al. (2008).

Total Nitrogen:

According to Table 3 and Fig. 5, soil irrigated with wastewater causes total nitrogen to be
increased. This is in line with findings of Debosz et al. (2002).

Increasing the total N of soil irrigated with wastewater can be attributed to N different forms in
the wastewater.

Although the increase in organic matter and nitrogen after wastewater application was remunerative
for soil fertility, the associated decline in pH might result in an important loose of nutrients
(Kiziloglu, 2008).

Sodium:

According to Table 3 and Figure 6, soil irrigated with wastewater causes sodium ion to be
increased. This is in line with findings of Boroojeni et al. (2007).

Increasing the Na of soil irrigated with wastewater can be attributed to minerals in the wastewater
(Boroojeni et al., 2007).

Manganese:

According to Table 3 and Figure 7, soil irrigated with wastewater causes Mn to be increased.
This is in line with findings of Vaseghi et al. (2005) and Abedi-Koupai (2006).

The role of wastewater in reducing soil pH can be effective in increasing extractable Mn.

Nickel:

According to Table 3 and Figure 8, soil irrigated with wastewater causes Nickel to be increased.
This is in line with findings of (Vaseghi et al., 2005).

Cadmium:

Soil irrigated with wastewater does not have effect on concentration of cadmium. This is in line
with findings of Rusan et al. (2007).

A little effect of wastewater on the soil concentration of extractable cadmium may be due to the
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small amount of cadmium is in sewage (Vaseghi et al., 2005).

Chromium:

Soil irrigated with wastewater does not have effect on concentration of chromium.
A little effect of wastewater on the soil concentration of extractable chromium may be due to

the small amount of chromium is in the wastewater (Vaseghi et al., 2005).

Fig. 1: Effect of wastewater irrigation on soil pH.

Fig. 2: Effect of wastewater irrigation on soil EC.

Fig. 3: Effect of wastewater irrigation on Soil CEC.

Fig. 4: Effect of wastewater irrigation on Soil OM.
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Fig. 5: Effect of wastewater irrigation on Soil N.

Fig. 6: Effect of wastewater irrigation on Soil Na.

Fig. 7: Effect of wastewater irrigation on Soil Mn.

Fig. 8: Effect of wastewater irrigation on Soil Ni.

Table 1: Analysis of wastewater.
pH EC (dS m-1) BOD (ppm) N (ppm) Na (me L-1) Mn (ppm) Cd (ppm) Cr (ppm) Ni (ppm)
6.95 1.15 28.0 28.4 8.1 0.18 0.08 0.01 0.01
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Table 2: Soil samples properties.
pH EC (dS m-1) CEC (me/100g) OM (%) N (%) Na (me L-1) Mn (ppm) Cd (ppm) Cr (ppm) Ni (ppm)

Main Soil
7.59 34.75 9.9 0.39 0.06 717.0 1.95 0 0 0.24

Soil Irrigated With 150 ml of Wastewater for everyday
7.39 35.18 10.6 0.69 0.11 780.0 2.15 0 0 0.28

Soil Irrigated With 300 ml of Wastewater for everyday
7.39 35.96 11.0 0.77 0.16 800.6 2.35 0 0 0.31

Table 3: Comparing the means for soil chemical characteristic before and after experiment.
Parameters Treatments

------------------------------------------------------------------------------------------------------------------------------
T1 T2 T3

pH 7.590a+ 7.386b 7.383b
EC 34.746a 35.176b 35.956c
CEC 9.883a 10.583b 10.967c
OM 0.386a 0.693b 0.767c
N 0.633a 0.113b 0.157c
Na 717.166a 780.166b 800.933c
Mn 1.946a 2.146b 2.353c
Ni 0.236a 0.283b 0.307c
+ Row means followed by the same letter are not significantly different at 0.05 probability level

Conclusion:

Using large-scale wastewater irrigation on agricultural lands can be a synergistic management
practice. 

Soil irrigated with wastewater cases EC, OM, total nitrogen, CEC, sodium ion, manganese and
nickel to be increased but soil pH to be decreased. Soil irrigated with wastewater does not have
effect on concentration of extractable cadmium and chromium.
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