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Abstract: The current study was carried out in order to investigate the effect of periodic application of wastewater on some
soil chemical properties and distribution and migration of copper (Cu) and Zinc (Zn) in soil profile. Application of
wastewater on the soil properties showed that, irrigation with wastewater decreased soil pH and CCE, and on the other hand,
increased Ec, SAR and OM, compared with non irrigated soils. The change of Zn and Cu fractions with depth for nonirrigated soil showed that Zn and Cu are strongly associated with the residual fraction. Chemical forms (Total forms) of Cu
and Zn tendency to decrease with depth. Increased wastewater after 6 and 12 months caused increases in all chemical forms
of Zn (except Carbonate form), especially in the surface layer. The mobility factor of Zn was reduced in three layers after 6
months of irrigation. In contrast, after 12 months of irrigating with wastewater resulted in the transformation of metals from
the non mobile fraction towards the mobile fraction and finally mobility factor of Zn was increased in three layers. The
result showed higher concentrations of chemical forms of Cu in the surface layers than sub surfaces. In irrigated soil,
concentration of Chemical forms of Cu tendency to decrease with depth. The mobility factor of Cu was increased in three
layers after 6 and 12 months of irrigation. Generally, application of wastewater caused increase in chemical forms of Zn and
Cu and finally mobility factor, however, these factors were below of very mobile range.
Keywords: Chemical forms, Fractionation, wastewater, Copper, Zinc
Introduction
In arid and semi-arid conditions, because of limited water resources, municipal wastewater could be used for irrigation plants
(Liu et al. 2005, Ghanbari et al, 2007). Long-term effects of wastewater irrigation might include contamination of soil, plant, and
ground water with heavy metals (Sharma et al. 2007; Nouri et al., 2008). In soils, heavy metals of interest exist in several different
chemical fractions and are linked with a range of components (Saffari et al, 2009b). The dynamism of heavy metals depends on
their chemical forms. The mobility, transport and partitioning of heavy metals in soils are dependent on various soil chemical
properties (Saffari et al, 2009b). The application of wastewater has led to changes in some soil properties; therefore, wastewater
can play an important role in metal mobility. In recent times, fractionation studies of heavy metals in soils using a sequential
extraction method can provide an understanding of its chemical forms and potential mobility. Generally, the fractions considered
are as follows: exchangeable, carbonate bound, iron and manganese hydroxides bound, organically complexes and residual
fractions (Kabala and Singh, 2001). Different fractions of soil metals vary significantly in their chemical reactivity and mobility
(Saffari et al, 2009a). The water-soluble, carbonate, and exchangeable forms of metals are considered to be the most mobile in soil
(Shuman, 1991), and metals bound to organic matter are also found to be mobile in soil (Iyengar et al., 1981). There is little
information available on the effect of the addition of wastewater on the chemical forms and mobility of heavy metals in various
periods and different depths of soils. Flores et al (1997) showed that, the highest concentrations of soil Cu, Cd, Pb and Zn after
application of wastewater were set up in the surface layers at all soil profiles. Sequential chemical fractionation indicated that the
metals were predominantly associated with the organic fraction. Also, reported that chemical forms decrease with depth. Usman
and Ghallab (2008) showed that, application of wastewater to soils had the greatest effect on fractions of exchangeable, iron and
manganese hydroxides, and organic fraction for Zn and for Cu was in the exchangeable and residual fraction. Zhao et al (2010)
reported that Cd, Cr, Ni, Zn and Cu in soils treated with wastewater irrigation were mainly in the residual fractions and small
amounts were present in exchangeable and carbonate fractions. Haroun et al (2006) reported that Zn in soils treated with tannery
sludge for 50-day was mainly in the residual fraction. Illera et al, (2000) reported that application of different types of municipal
solid waste changed the distribution of Zn chemical forms. This change caused the relative amount of residual and organic bound
to increase and the relative amount of oxides fractions to decrease. The objectives of this study were to (1) determine and
evaluation the effect of periodic application of wastewater on the distribution and migration of Cu and Zn in soil profile (2)
evaluate periodic application of wastewater on some chemical properties of soil.
Materials and Methods
Sampling location and Soil Characterization
In order to study the effects of irrigation with municipal wastewater on the distribution of chemical forms of Cu and Zn an
experiment was conducted at wastewater treatment on plant and soil. The experimental site was located in research farm of
Kerman University. The wastewater irrigated farm was planted with Pistachio. The experiment was a randomized complete block
design with 3 replications. Our study was divided into three periods: the beginning time of treatment (T1), 6 (T2) and 12 (T3)
months after irrigation by wastewater and fresh water, two zones: irrigated with wastewater and irrigated with fresh water, and
three depths: 0-30, 30-60, and 60-90. Irrigation was conducted every 8 days by irrigating by wastewater and fresh water. Some
characteristics of treated wastewater and fresh water are shown in Table 1. Soil samples were collected from three depths (0–30,
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30–60, and 60–90 cm). The soil samples were air-dried and ground to pass through a 2mm sieve. Particle size analysis was
performed using Hydrometer method (Day, 1965); pH was measured in saturated paste; cation exchange capacity (CEC) was
determined using a method of Chapman (1965); percentage of calcium carbonate equivalent (CCE) was measured by acid
neutralization (Salinity Laboratory Staff, 1954); organic matter (OM) content was determined using Walkley and Black (1934);
plant-available fraction of Zn and Cu was determined by means of atomic absorption spectrophotometer (Lindsay and Norvell,
1978); Aqua regia (mixture of HF, HClO4, HNO3, and H2SO4) was used to determine the total contents of Zn and Cu (Ma and
Uren, 1997). Some soil properties are presented in Table 2.
Table 1. Selected properties of the fresh water and wastewater
Parameters
unite
tab water
TSS
mg L-1
4.5
PH
-Log[H+]
7.78
EC
ds m-1
0.51
0.8
Na
me L-1
SAR
------1.02
------BOD
mg L-1
Table 2. Chemical properties of soils prior to experimentation
Depths (cm)
pH
EC
CEC
(cmol(+)kg-1)
(dS m-1)
0-30
7.93
2.9
25.2
30-60
7.75
1.4
10.5
60-90
7.61
1.3
8.1

OM
(%)
1.1
0.7
0.5

CaCO3
(%)
27.2
34.6
31.8

wastewater
85
7.8
1.46
10.2
6.8
35

SAR
2.23
1.9
1.9

Zn-DTPA
mg kg-1
0.54
0.31
0.2

Cu-DTPA
mg kg-1
1.2
0.9
0.6

Fractionation procedure
The procedure of Sposito et al. (1982), was used for this study, is designed to separate Zn and Cu into 5 operationally defined
fractions: exchangeable (F1), sorbed (F2), organic (F3), carbonate (F4), and residual fractions (F5). A summary of the procedure
is as follows:
x
F1: Two grams of soil were weighted and placed in a 50-mL polycarbonate centrifuge tube, Sample extracted with 25
mL of 0.5 M KNO3 for 16 h.
x
F2: residue from exchangeable fraction extracted with 25 mL of deionized water for 2 h (three times).
x
F3: residue from sorbed fraction extracted with 25 mL 0.5 M NaOH for 16 h.
F4: residue from organic fraction extracted with 0.05 M Na2EDTA for 2 h.
x
F5: residue from carbonate fraction extracted with 4 M HNO3 for 16 h in 80°C.
After each successive extraction, the extracted solution was separated by centrifuging at 3500 rpm for definite time. The
supernatant was filtered for analysis of Zn and Cu by atomic absorption spectrometry (AAS) (Shimatzu AA-670G).
Mobility Factor of Cu and Zn
The mobility of Cu and Zn could be assessed by a “mobility factor” (Salbu et al, 1998) which could be calculated according to
the equation as followed:
MF

F1  F 2  F 4
u 100
F1  F 2  F 3  F 4  F 5

Data Analysis
Duncan mean separation tests were used to separate treatment effects using SAS software (SAS Institute Inc. 2005).
Results
Effect on some soil properties
Variations of pH, EC, SAR, CCE, OM and CEC with soil depth, in different duration of wastewater irrigation are graphically
shown in Fig. 1. Irrigation with wastewater after 6 and 12 months, decreased pH compared with beginning time of treatment.
Before of irrigation, pH was 7.93, 7.75 and 7.61 in the 0–30, 30–60 and 60-90 cm layers, respectively. The pH was reduced to
7.74, 7.66 and 7.55 in the soil layers 0–30, 30–60 and 60–90 cm after 6 months, and to 7.58, 7.51 and 7.53 after 12 months of
irrigation. In surface layer and subsoil layer (30-60 cm), the soil pH decreased signicantly in response to irrigation with
wastewater. Moderate pH change of the soil with increase wastewater irrigation might be due to lower pH of wastewater being
used for irrigation and nitrification of ammonium (Mohammad and Mazahreh, 2003). Other researchers found that soil pH
increased with wastewater irrigation due to higher pH of wastewater and high content of basic cations such as Ca, Mg and Na in
the wastewater (Presley et al., 2004; and Qian and Mecham, 2005; Hu et al., 2006). It is well known that soil pH plays an
important role in the mobility of metals as in their bioavailability for plants. The major reason of essential element deficiency in
arid soils is high pH. Thus, by reducing the soil pH, the availability of nutrients for plants improved. Result showed that treated
wastewater gave significant increases in EC and SAR in the soil. EC of soil prior to irrigation was 2.9, 1.4 and 1.3 dS m-1 in the
soil layers 0–30, 30–60 and 60–90 cm, respectively. Twelve months later it had increased significantly to 4.5 dS m-1 in the top
layer (0–30 cm) and to 2.5 dS m-1 in the 30–60 cm layer. The highest increase in soil salinity was found in the surface layer. The
maximum soil salinity was obtained by T3. This finding supports that of Malla et al., 2007 and Galavi et al., 2010. The existence
of Na, Mg and Ca in the wastewater (Ghanbari et al., 2007; Galavi et al., 2010) and transports high amounts of water soluble salts
from the subsoil by capillary flow, especially in the arid regions, can increase EC of soil. The previous study has reported that
elevated salinity levels could have increased the metal mobility in soils. This course of action is complete when some cations like
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Na and K, replace with the heavy metal cations in the absorption places (Maldonado et al., 2008). Soil depth showed similar
effects on the distribution of pH, Ec and SAR in the soil profile. Soil pH, Ec and SAR tendency decrease with depth. The
treatments effect on CEC of soil was indistinctive. Wastewater application did not change CEC content. Galavi et al (2010) and
Qishlaqi et al (2008) reported that irrigation with wastewater has significantly increased CEC of soil. CCE and OM content as
affected by duration of wastewater application (months) and soil depth. Soil OM increased with increasing the period of
application. This increase is attributed to the contents of the nutrients and organic compounds in the wastewater applied. This
increase was the highest in the topsoil (0–30 cm) and for the longer period of wastewater application. Many studies have shown
that the use of wastewater as irrigation water caused the increases of OM in the soils (Qian and Mecham, 2005; Galavi et al.,
2010, Ramirez-Fuentes et al., 2002; Rusan et al., 2007). Vazquezmontiel et al (1996) found no positive effect on soil OM content
by wastewater application. During the research CCE decreased gradually. The wastewater treated soil had lower CCE levels
compared with the non-irrigated soil. CCE was 27.2, 34.6 and 31.8% in the 0–30, 30–60 and 60-90 cm soil layers, prior to
application of wastewater. The final concentration of soil CCE after 12 months was 18.1, 24.3 and 27.3 %, respectively. Similar
results were reported by El-Desoky and Gameh (1998) and Usman and Ghallab (2006). The acidity of the wastewater may
dissolve the calcium carbonate, resulting in a go down in pH and CCE contents. Furthermore, organic acids and CO2 created as of
microbial activity may cause the soil pH to decrease and calcium carbonate to dissolve (Usman and Ghallab, 2006).

Figure 1. Variation of some chemical properties of soil with depths before and after 6 and 12 months irrigation with
Wastewater
Distribution of the Zn and Cu fractions in non-irrigated soil
The Zn and Cu fractions with depth for non-irrigated soil in obtained by Sposito et al method are presented in Tables 1.
Before of irrigation, total Zn was 77.41, 62.3 and 51.9 in the 0–30, 30–60 and 60-90 cm layers, respectively. The sequential
extraction results show that Zn is strongly associated with the residual fraction, which agrees with the observation of many
researchers (Abollino et al. 2006; Tapan and Rattan 2007; Saffari et al., 2009b). Zn associated with residual fraction in 0-30, 3060, and 60-90cm layers of soil were 63.3 (81.8 %), 50.7 (81.4 %), and 43.5 μg g-1 (83.8 %), respectively. Zn fractions in nonirrigated soil at soil layers decreased in the following order: residual> carbonate> organic> exchangeable> Sorbed. This finding
supports that of Saffari et al. (2009b). Dhane and Shukla (1995) reported that 95.9% of total zinc of soil belonged to residual
fraction. Abollino et al. (2006) reported that Zn fractions in contaminated soil decreased in the following order: residual >
manganese hydroxides > carbonate> organic> exchangeable. In the 0–30 and 30–60cm layers, Sorbed and exchangeable fractions
were lower than the detection limit of AAS. The Sorbed and exchangeable fraction are of minor importance accounts for 1.3 and
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0.5% of the total Zn in the soil, respectively. Similar fractionation of Zn in non-irrigated soil, residual fraction was the largest
fraction of Cu, followed by the Carbonate fraction, organic fraction, then the sorbed fraction, and the smallest was the
exchangeable fraction. Jalali and Khanlari (2007) reported that in natural and contaminated soils, the highest amounts of Cu are
associated with the RES fraction. Adamo et al. (1996) and Mengel and Kirkby (2001) reported that Cu was strongly associated in
carbonate fraction of calcareous soils. Graf et al (2007) studied the fractionation of Cu in young and old alluvial soils and found
that greater proportion of Cu was associated with carbonate and Fe and Mn oxide fractions. Li et al. (2009) reported that around
90% of Cu was associated with the residual fraction of polluted soils. Before of irrigation, total Cu was 42.66, 36.3 and 19.8 in the
0–30, 30–60 and 60-90 cm layers, respectively. The concentration of total Cu decreases with increase in depth. Zn associated with
residual fraction in 0-30, 30-60, and 60-90cm layers of soil were 29.8 (69.9 %), 26.4 (72.7 %), and 11.4 μg g-1 (42.2 %),
respectively. Cu distribution pattern obtained by Sposito et al method follow the order residual >> carbonate > organic>
exchangeable > sorbed. Chemical forms of cu tendency decrease with depth. The lowest proportion of Cu bound to ‘sorbed’ was
recorded in the subsoil (60–90 cm) and then tended to decreases with depth.
Table 3. Concentration (μg g-1) and relative percentage (%) of chemical forms of Zn and Cu Before irrigation with
wastewater (each number is mean of 3 observations)
Chemical forms

F1

F2

F3

30-60

F5

Total

F1

F2

F3

F4

F5

Total

3.98a

6a

29.8a

42.66a

Zn

Depths
0-30

F4

μg g-1

0.98a

0.35 a

Cu

4.58 a

8.2 a

63.3 a

77.41 a

2.38a

0.5a

%

1.3

0.5

5.9

10.6

81.8

μg g-1

n.d.b

n.d. a

3.7 b

7.9a

50.7 b

%

0.0

0.0

5.9

12.7

81.4

5.5

2.8

b

5.6

43.5

c

a

n.d.

5.4

10.8

83.8

8.6

0.0

μg g

-1

n.d.

b

n.d.

a

C

62.3b

51.9c

5.6

1.2

9.3

14.1

69.9

2a

0.2a

3.4ab

4.3b

26.4b

0.6

9.4

11.8

72.7

bc

b

3.7

11.4c

18.7

57.6

1.7

a

3

36.3b

19.8c

60-90
%

0.0

0.0

15.2

Different letters with in a column indicate significant differences by Duncan’s multiple range test at P<0.05.
Distribution of Zn fractions as affected by wastewater
The results show that Zn fractions were affected by the duration of wastewater irrigation and soil depths (figure 2). Increased
wastewater after 6 and 12 months caused increases in all chemical forms of Zn (except Carbonate form), especially in the 0-30 cm
layer. Irrigation with wastewater in the surface layer after six months, Zn was mostly found in residual fraction (77.6%, equal to
66.6 μg g-1), followed by the organic fraction (10.4%, equal to 8.966.6 μg g-1), the carbonate fraction (9%, equal to 7.7 μg g-1), the
exchangeable fraction (2.1%, equal to 1.8 μg g-1) and the sorbed fraction (0.9%, equivalent to 0.8 μg g-1). The percentage of Zn in
the exchangeable, sorbed and organic fractions increased, while that in the residual and carbonate fractions decreased. The acidity
of the wastewater dissolved large proportions of the calcium carbonate. The decreases in carbonate fraction were related with the
losses of calcium carbonate (Saffari et al, 2009a) from the soil irrigated. Heavy metals mobility in soils is estimated by using an
equation as described by Salbu et al. (1998). The rate of mobility factor for heavy metals provides information about their
potential mobility in soils (Siddiqui and Khattak, 2010). The rate of mobility factor lower than 10% for heavy metals was
considered to be highly immobile in soils (Torri and Lavado, 2008). For the ratio greater than 50% suggests that element is very
mobile in soils (Ahumada et al., 1999). Before of irrigation, the mobility factor was 12.31% in the surface layer. The mobility
factor was reduced to 12% in the soil layer after 6 months of irrigation. The application of wastewater in soil reduced the
carbonate fraction and to increased the others fractions, especially organic form. Oluwatson et al. (2008) reported that mobility
factor of Cd, Pb and Zn in the urban soils of North-West Nigeria varied from 13 to 30, 5 to 6, and 15 to 25%, respectively, in all
soils. They concluded that Pb was highly stable in soils hence unavailable to plants. In the second and third layers of the soil,
similar of surface soil layer, Zn fractionation and distribution were affected by irrigation with wastewater. In the second and third
layers of the soil after six months of irrigation with wastewater, the concentration of Zn in soil components was to be in the
following order: residual> organic> carbonate. In the subsoil layers irrigated with wastewater, most of the Zn remained mainly in
the residual fraction.
Zn was changed from the residual form to organic, carbonate and exchangeable forms due to irrigation with wastewater in the
subsoil layers. After application wastewater, the residual fraction decrease and Zn was transformed to the organic, carbonate and
exchangeable fraction. The exchangeable fraction in 30-60 cm layer of soil after six month irrigation was very low. In these
conditions, sorbed fraction was lower than the detection limit of AAS. Before of irrigation, the mobility factor was 12.68 and
10.79% in the 30-60 and 60-90cm layers, respectively. After six months of irrigation with wastewater, the mobility factor was
reduced to 9.38 and 7.92% in the 30-60 and 60-90cm layers, respectively. Wastewater addition generally led to significant
decrease in mobility and bioavailability of Zn in both layers.
Twelve months later of wastewater irrigation, concentration of total Zn had increased significantly in the top layer (0–30 cm)
compared with that of to non irrigated soil. The surface layer (0–30 cm) irrigated with wastewater after twelve months, Zn was
mostly found in residual fraction (75.2%, equal to 69.4 μg g-1), followed by the carbonate fraction (10.7%, equal to 9.9 μg g-1), the
organic fraction (10.2%, equal to 9.4 μg g-1), the exchangeable fraction (2.5%, equal to 2.3 μg g-1) and the sorbed fraction (1.4%,
equivalent to 1.3 μg g-1). After 12 months of irrigating the top soil with wastewater resulted in the transformation of metals from
the non mobile fraction towards the mobile fraction. The mobility factor of irrigated soil after 12 months was 14.63% in top layer.
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In general, before and after irrigation in different periods, the highest (residual fraction) concentration of Zn fractions was found
in the surface layer and tended to decrease with depth. Twelve months after applying wastewater in the 30-60 and 60-90cm of
layer soil result showed that the residual fraction was transformed into carbonate and organic fractions. The dominant fraction of
Zn in soil after twelve months of irrigation in the subsoil layers was residual fraction. In the wastewater treated soil in third layer
(60-90cm), the fraction distribution of Zn were residual > organic > carbonate and residual > carbonate > organic for 6 and 12
months after irrigation, respectively. In this layer in two periods of irrigation, exchangeable and sorbed fractions were lower than
the detection limit of AAS. After twelve months of irrigation with wastewater, the mobility factor was some increased to 12.23
and 10.23% in the 30-60 and 60-90cm layers, respectively.

Figure 2. Chemical forms of Zn as affected by duration of wastewater application and soil depths
Distribution of Cu fractions as affected by wastewater
After irrigation with wastewater, the chemical distribution of Cu in soils receiving wastewater was different from that of the
native soils (fig 3), indicating that irrigation with wastewater had large effect on Cu fractionation.
Chemical forms of Cu increased with wastewater irrigation after 6 and 12 months. The result showed higher concentrations of
chemical forms of Cu in the surface layers (0–30 cm) than sub surfaces layers (30–60 cm and 60–90 cm). Six months after
wastewater application, about 66.2% (32.1 μg g-1) of the total Cu was associated with the residual fraction, and 16.1% (7.8 μg g-1)
resided in the carbonate fraction in the surface layer. In irrigated soil (T2), Concentrations of residual form, carbonate form,
organic form, sorbed form and exchangeable fraction in surface layer (0–30 cm) were 7.7, 30, 8, 80, and 42 percent, respectively,
higher than values obtained from non irrigated soil. Chemical forms of Cu in irrigated soil at surface layer after six months
irrigation, decreased in the following order: residual>> carbonate> organic> exchangeable> Sorbed. In irrigated soil,
concentration of Chemical forms of Cu tendency to decrease with depth. Although that in both deep layers, application of
wastewater increased soil Cu in all chemical forms. In the second and third layers of the soil after six months of irrigation with
wastewater, the concentration of Zn in soil components was to be in the following order: residual> organic> carbonate>
exchangeable>sorbed. Before of irrigation, the mobility factor of Cu was 20.82% in the surface layer. The mobility factor was
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increased to 24.95 in the soil layer after 6 months of irrigation. After six months of irrigation with wastewater, the mobility factor
was increased to 25.89 and 38.94% in the 30-60 and 60-90cm layers, respectively. Twelve months later of wastewater irrigation,
concentration of total Cu had increased significantly in all three layers (0–30, 30-60, 60-90 cm) compared with that of to non
irrigated soil. The surface layer (0–30 cm) irrigated with wastewater after twelve months, Cu was mostly found in residual
fraction (62.2%, equal to 35.2 μg g-1), followed by the carbonate fraction (16.1%, equal to 9.1 μg g-1), the organic fraction (12.5%,
equal to 7.1 μg g-1), the exchangeable fraction (6.9%, equal to 3.9 μg g-1) and the sorbed fraction (2.3%, equivalent to 1.3 μg g-1).
The mobility factor was increased to 25.27% in the soil layer after 12 months of irrigation. After 12 months of irrigating the top
soil with wastewater resulted in the transformation of metals from the non mobile fraction towards the mobile fraction. In the
wastewater treated soil in second and third layers (30-60, 60-90 cm), the fraction distribution of Zn were residual > carbonate >
organic > exchangeable > sorbed, for 12 months after irrigation. Twelve months after applying wastewater in the 30-60 and 6090cm of layers soils result showed that the residual fraction was transformed into carbonate and organic fractions. After twelve
months of irrigation with wastewater, the mobility factor was 25 and 34.04% in the 30-60 and 60-90cm layers, respectively.

Figure 3. Chemical forms of Cu as affected by duration of wastewater application and soil depths
Conclusion
The effect of periodic application of wastewater on the soil properties showed that irrigation with wastewater (after 6 and 12
months) decreased soil pH and CCE compared with beginning time of treatment. On the other hands, application of wastewater
increased Ec, SAR and OM compared with non irrigated soils. The CEC amount did not change after 2 periods of wastewater
irrigation. Before and after irrigation, all of the chemical properties show that decreased with depth (expect CCE). The Zn and Cu
fractions with depth for non-irrigated soil showed that Zn and Cu are strongly associated with the residual fraction. Zn fractions in
non-irrigated soil at soil layers decreased in the following order: residual> carbonate> organic> exchangeable> Sorbed. Similar
fractionation of Zn in non-irrigated soil, residual fraction was the largest fraction of Cu, followed by the Carbonate fraction,
organic fraction, then the sorbed fraction, and the smallest was the exchangeable fraction. Chemical forms of cu and Zn tendency
to decrease with depth. The results show that Zn and Cu fractions were affected by the duration of wastewater irrigation and soil
depths. Increased wastewater after 6 and 12 months caused increases in all chemical forms of Zn (except Carbonate form),
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especially in the 0-30 cm layer. Before of irrigation, the mobility factor was 12.31% in the surface layer. The mobility factor was
reduced to 12% in the soil layer after 6 months of irrigation. The application of wastewater in soil reduced the carbonate fraction
and to increased the others fractions, especially organic form. Also, before of irrigation, the mobility factor was 12.68 and 10.79%
in the 30-60 and 60-90cm layers, respectively. After six months of irrigation with wastewater, the mobility factor was reduced to
9.38 and 7.92% in the 30-60 and 60-90cm layers, respectively. Wastewater addition generally led to significant decrease in
mobility and bioavailability of Zn in both layers. Twelve months later of wastewater irrigation, concentration of total Zn had
increased significantly in the top layer compared with that of to non irrigated soil. After 12 months of irrigating the top soil with
wastewater resulted in the transformation of metals from the non mobile fraction towards the mobile fraction. The mobility factor
of irrigated soil after 12 months was 14.63% in top layer. In general, before and after irrigation in different periods, the highest
(residual fraction) concentration of Zn fractions was found in the surface layer and tended to decrease with depth. Twelve months
after applying wastewater in the 30-60 and 60-90cm of layer soil result showed that the residual fraction was transformed into
carbonate and organic fractions. After twelve months of irrigation with wastewater, the mobility factor was some increased to
12.23 and 10.23% in the 30-60 and 60-90cm layers, respectively. Chemical forms of Cu increased with wastewater irrigation after
6 and 12 months. The result showed higher concentrations of chemical forms of Cu in the surface layers than sub surfaces. In
irrigated soil, concentration of Chemical forms of Cu tendency to decrease with depth. Although that in both deep layers,
application of wastewater increased soil Cu in all chemical forms. Before of irrigation, the mobility factor of Cu was 20.82% in
the surface layer. The mobility factor was increased to 24.95 in the soil layer after 6 months of irrigation. After six months of
irrigation with wastewater, the mobility factor was increased to 25.89 and 38.94% in the 30-60 and 60-90cm layers, respectively.
Twelve months later of wastewater irrigation, concentration of total Cu had increased significantly in all three layers (0–30, 3060, 60-90 cm) compared with that of to non irrigated soil. The mobility factor was of Cu increased to 25.27% in the soil layer
after 12 months of irrigation. After 12 months of irrigating the top soil with wastewater resulted in the transformation of metals
from the non mobile fractions of Cu towards the mobile fractions of Cu.
Reference
Abollino O, Giacomino A, Malandrino M, Mentasti E, Aceto M, Barberis R (2006). Assessment of metal availability in a contaminated soil by
sequential extraction. Water Air Soil Pol. 137: 315-338.
Adamo P, Duka S, Wilson M J, McHardy W J (1996). Chemical and mineralogical forms of Cu and Ni in contaminated soils from the Sundbury
mining and smelting region, Canada. Environ Pollut. 91 (1): 11-19.
Ahumada I, Mendoza J, Navarrete E, Ascar L (1999). Sequential extraction of heavy metals in soils irrigated with wastewater. Commun Soil Sci
Plan. 30(9-10): 1507–1519
Chapman H D (1965). Cation Exchange Capacity. In: “Methods of Soil Analysis”,(Ed): Black C A, part 2. Am. Soc. Agr, Madison, WI.
891-901.
Day P R (1965). Particle fractionation and particle-size analysis. PP. 562-566. In: C. A. Black ed., Methods of Soil Analysis. Part 1. Am. Soc.
Agron., Madison, WI.
Dhane S S, Shukla L N (1995) Distribution of different forms of Zn in benchmark and other established soil series of Maharashtra. J. Indian. Soc.
Soil Sci. 43: 594–596
El-Desoky M A, Gameh M A (1998). Heavy metal mobility and changes in properties of sandy soils irrigated with untreated sewage water at
Assiut. J Agric Sci. Mansoura University. 23: 4705.
Flores l, blas G, hern´andez g, Alcal A (1997). Distribution and sequential extraction of some heavy metals from soils irrigated with wastewater
from Mexico City. Water Air Soil Pol. 98: 105–117.
Galavi M, Jalali A, Ramroodi M, Mousavi S R, Galavi H (2010). Effects of Treated Municipal Wastewater on Soil Chemical Properties and
Heavy Metal Uptake by Sorghum (Sorghum Bicolor L.). J Agr Sci. 23: 235-241.
Ghanbari A, Abedi-Koupai J, TaieSemiromi J (2007). Effect of municipal wastewater irrigation on yield and quality of wheat and some soil
properties in Sistan zone. J Sci Tech Agr Nat. 10: 59-74.
Graf M, Lain G J, Zehetner F, Gerzabek M.H (2007). Geochemical fractions of copper in soil chronosequences of selected European floodplains.
Environ Pollut. 184(3): 788-796.
Haroun M, Idris A, Omar S R S (2007). A study of heavy metals and their fate in the composting of tannery sludge. Waste Manage. 27: 15411550.
Hu C, Zhaug C T, Huang Y H, Dahab M F, Surampalli R (2005). Effects of long-term wastewater application on chemical properties and
phosphorous adsorption capacity in soils of a wastewater land treatment system. Environ Sci Tech. 39: 7240–7245.
Illera V, Walter I, Souza P, Cala V (2000). Short-term effects of biosolids and municipal solid waste applications on heavy metals distribution in a
degraded soil under a semi-arid environment. Sci Tot Environ. 255: 29–44.
Iyengar S S, Martens D C, Mille W P (1981). Distribution and plant availability of soil zinc fractions. Soil Sci Soc Am J. 45: 735-739.
Jalali M, Khanlari Z V (2007). Redistribution of Fractions of Zinc, Cadmium, Nickel, Copper, and Lead in Contaminated Calcareous Soils
Treated with EDTA. Arch Environ Con Tox. 53(4): 519-532.
Kabala C, Singh B R (2001). Fractionation and mobility of copper, lead and zinc in soil profiles in the vicinity of a copper smelter. Environ Qual.
30: 485–492.
Li F, Fan Z, Xiao P, Oh K, Ma X, Hou W (2009). Contamination, chemical speciation and vertical distribution of heavy metals in soils of an old
and large industrial zone in Northeast China. Environ Geol. 57 (8): 1815-1824.
Lindsay W L, Norvell W L (1978). Development of a DTPA soil test for zinc, iron, manganese, and copper. Soil Sci Soc Am J. 42: 421-428.
Liu W H, Zhao J Z, Ouyang Z Y, Soderlund L, Liu G H (2005). Impacts of sewage irrigation on heavy metal distribution and contamination in
Beijing, China. Environ Int. 31: 805-812.
Ma Y B, Uren N C (1997). The fate and transformations of zinc added to soils. Aust. J. Soil Res 35: 727-738.
Maldonado V M, Rubio Arias H O, Quintana R, Saucedo R A, Gutierrez M, Ortega J A, Nevarez G V (2008). Heavy Metal Content in Soils under
Different Wastewater Irrigation Patterns in Chihuahua, Mexico. Int J Environ Res and Publ health. 5(5):441-449.
Malla R, Tanaka Y, Mori Y, Totawat K L (2007). Short-term effect of sewage irrigation on chemical build up in soils and vegetables. Agric. Eng.
Int. CIGR J. Manuscript. 9: 1-11.
Mengel K, Kirkby E A (2001). Principles of Plant Nutrition. 5th ed. Kluwer Academic Publishers, Dordrecht, Germany. 849p.
Mohammad M J, Mazahreh N (2003). Changes in soil fertility parameters in response to irrigation of forage crops with secondary treated
wastewater. Commun Soil Sci Plan 34: 1281–1294.

Shabestar, I. R. Iran |

13

International Journal of Forest, Soil and Erosion (IJFSE)

Vol. 3 No.1 February 2013

Nouri J, Mahvi A H, Jahed G R, Babaei A A (2008). Regional distribution pattern of groundwater heavy metals resulting from agricultural
activities. Environ. Geo. 55 (6): 1337-1343.
Oluwatosin G A, Adeyolanu O D, Dauda T O, Akinbola G E (2008). Levels and geochemical fractions of Cd, Pb and Zn in valley bottom soils of
some urban cities in South-Western Nigeria. Afr J Biotechnol. 7 (19): 3455–3465.
Presley D R, Ransom M D, Kluitenberg G J, Finnell P R (2004). Effects of thirty years of irrigation on the genesis and morphology of two
semiarid soils in Kansas. Soil Sci Soc Am J. 68: 1916–1926.
Qian Y L, Mecham B (2005). Long-term effects of recycled wastewater irrigation on soil chemical properties on golf course fairways. Agronomy
Journal. 97:717–721.
Qishlaqi A, Moore F, Forghani G (2008). Impact of untreated wastewater irrigation on soils and crops in Shiraz suburban area, SW Iran. Environ
Monit Assess. 141: 257-273.
Ramirez-Fuentes E, Lucho-Constantino C, Escamilla-Silva E, Dendooven L (2002). Characteristics and carbon and nitrogen dynamics in soil
irrigated with wastewater for different length of time. Bioresource Technol., 85: 179-187.
Rusan M J M, Hinnawi S, Rousan L (2007). Long term effect of wastewater irrigation of forage crops on soil and plant quality parameters.
Desalination 215: 143–152.
Saffari M, Yasrebi J, Karimian N A, Shan, X Q (2009). Effect of Calcium Carbonate Removal on the Chemical Forms of Zinc in Calcareous Soils
by Three Sequential Extraction Methods. Res J Bio Sci. 4: 858-865.
Saffari M, Yasrebi J, Karimian N A, Shan, X Q (2009). Evaluation of three sequential extraction methods for fractionation of zinc in calcareous
and acidic soils. Res J Bio Sci. 4(7): 848-857.
Salbu B, Krekling T, Oughton D H (1998). Characterization of radioactive particles in the environment. Analyst. 123: 843–849.
Salinity Laboratory Staff (1954). Diagnosis and Improvement of Saline and Alkali soils, USDA, Hb. NO. 60. Washington DC.
SAS institute (2005). SAS/STAT user’s guide. SAS Inst. Inc., Cary, NC
Sharma R K, Agarwal M, Marshall F (2007). Heavy metal contami-nation of soil and vegetables in suburban areas of Varanasi, India. Ecotoxicol
Environ Saf. 66:258–266.
Shuman L M (1991). Chemical forms of micronutrients in soils. In J. J. Mortvedt (ed.) Micronutrients in agriculture. SoilSci. Soc. Amer. Book
Series 4. Soil Sci. Soc. Of America Inc., Madison, WI
Siddiqui S, Khatta R A (2010). Trace elements fractionation in calcareous soils of Peshawar-Pakistan. Soil and Environ. 292: 148-158
Sposito G, Lund L J, Chang A C (1982). Trace metal chemistry in arid zone field soils amended with sewage sludge: I. fractionation of Ni, Cu,
Zn, Cd, and Pb in solid phases. Soil Sci Soc Am J. 46: 260-264
Tapan A, Rattan R K (2007). Distribution of Zinc Fractions in Some Major Soils of India and the Impact on Nutrition of Rice. Commun Soil Sci
Plan. 38 (19-20): 2779-2798.
Torri S I, Lavado R S (2008). Dynamics of Cd, Cu and Pb added to soil through different kinds of sewage sludge. Waste Manage. 28(5): 821832.
Usman A R A, Ghallab A (2006). Heavy-metal fractionation and distribution in soil proles short-term-irrigated with sewage wastewater. Chem
Ecology. 22(4): 267–278.
Vazquezmontiel O, Horan N J, Mara D D (1996). Management of domestic waste-water for reuse in irrigation. Water Sci Techno. 33(10–11):
355–362
Walkley A, Black C A (1934). An examination of the method for the determination soil organic matter and a proposed modification of the
chromic acid titration method. Soil Sci. 37: 29–38.
Zhao Y, Zhifan C, Qiang L, Xitao L (2010). Heavy metal contents and chemical speciations in sewage-irrigated soils from the eastern suburb of
Beijing, China. 19th World Congress of Soil Science, Soil Solutions for a Changing World. Brisbane, Australia.

14 | www.ijfse.com

