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Abstract Thirty-nine paired soil samples belonging

to Inceptisols, irrigated with wastewater and well

water, were examined to monitor the combination of

clay mineralogy, physicochemical properties, and

trace metals (Zn, Cu, Cd, and Pb) following long-

term wastewater irrigation. Results of XRD analysis

indicated that the quantity of clay minerals did not

change by long-term wastewater irrigation although

some modifications in smectite were occurred in

Fluvaquentic Endoaquepts compared to control (well

water-irrigated soil). Irrigation with wastewater was

resulted in an increase in clay content from 3 to 17%,

EC from 90 to 160%, organic carbon from 13 to 44%,

and CEC from 10 to 13%. In this context, improve-

ment in total N was as 80–110%, available P as

270–330%, and available K as 5–50% as compared to

the control soil. Irrigation with wastewater was led to a

significant enrichment in both EDTA-extractable and

total metals of Zn, Cu, Cd, Pb, mainly as result of the

combination of their addition through wastewater

along with interaction between the used wastewater

and its receiving soils. In the light of this, wastewater

irrigation system showed the relative enrichment (RE)

for total-Zn, Cu, Cd, and Pb as 3.6–6.8, 2.8–4.9,

4.4–5.7, and 1.8–2.3, respectively. Fine particle-size

fraction (\0.002 mm), organic matter, and calcium

carbonates were appeared as the main agents in

retaining the total trace metals as reflected in signif-

icant positive correlation among the physicochemical

properties and the examined metals. Degree of con-

tamination (Cd) for the four analyzed metals was in the

range of 3–5. Based on Cd values, the wastewater-

irrigated soils were classified as moderate degree of

contamination (2 B Cd \ 4) to high degree of con-

tamination (4 B Cd \ 8). Fluvaquentic Endoaquepts

highlighted to be a major contributor of the load and

contamination rate of trace metals regarding to

geoaccumulation index, contamination factor, and

Degree of contamination.

Keywords Wastewater irrigation � Trace metals �
Contamination � Soil quality � Inceptisols

Introduction

Historically, using wastewater on land for irrigation

purposes has become a common practice in water-

scarce environments, where farmers often have no

other choice than using wastewater (Pedrero et al.

2010; Qadir et al. 2010). In the light of this, 70 million

m3year-1 of wastewater is used on agricultural lands
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in Iran (Radcliffe 2004) as a developing country. As

urban populations in developing countries increase,

and residents seek better living standards, larger

amounts of fresh water are diverted to domestic,

commercial, and industrial sectors, which generate

greater volumes of wastewater (Qadir et al. 2007). In

view of fact that wastewater is discharged with little or

no treatment in natural water bodies (Qadir et al.

2010), the soil contain wastewater irrigation system

can reflect both negative and positive aspect. Examples

of characteristics that modify soil quality positively are

those that maintained or even increased the level of soil

fertility properties. Such properties include the addi-

tion of organic matter, mineralisable N, phosphorus,

potassium, essential trace elements, microbial bio-

mass, enzyme activities (Arienzoa et al. 2009). Keeley

and Quin (1979) reported a significant increase in soil

organic carbon (4.45 vs. 3.88%), potassium (1.4 vs.

0.4 cmolc kg-1), and base saturation (87 vs. 66%) after

80 years of application of wastewater compared to the

non-irrigated control. Similarly, Masto et al. (2009)

manifested that use of sewage for irrigation (after

20 years) improved the organic carbon to 0.51–0.86%

and build-up of available N (397 kg ha-1), available P

(128 kg ha-1), available K (524 kg ha-1), and avail-

able S (65.5 kg ha-1). In contrast, examples of prop-

erties that change soil quality are mainly derived

through increase of soil salinity, undesirable pH

values, and excessive leaching of nutrients and heavy

metals (Arienzoa et al. 2009).

In recent years, most of studies concerning the

introduction of effluent-associated contaminants to

soils were focused on heavy metals accumulation.

Indeed, among wastewater threats, trace heavy metals

accumulation in the soil have highlighted as an issue of

global attention. In this context, most concern has been

influenced to zinc (Zn), copper (Cu), cadmium (Cd),

and lead (Pb) which are commonly occur in consid-

erable values in wastewater and other pollutants.

Contamination of soils with heavy metal appear when

an element or a substance is present in greater than

natural (background) concentrations as a results of

human activity and has a net detrimental effect on the

environment and its components (Kabata-Pendias and

Mukherjee 2007). Soil is the main sink for adsorb and

retain heavy metals in wastewater irrigation system.

Through this paradigm, when the capacity of soil to

retain toxic metal is declined following continuous

loading of wastewater or changes in soil properties,

soil can release the metals into environment for plant

uptake (Mapanda et al. 2005). By the interpretations,

long-term using wastewater irrigation can enrich

heavy metal to phytotoxic levels and result in reduced

plant growth and/or enhanced metal concentration in

plants, leading to enter in food chain as pathways:

Soil ? Plant ? Animal ? Human.

With regarding to the scarce of historical soil data

before irrigation, the most commonly used methods to

determine the impact of wastewater irrigation on soil

properties and contaminants accumulation is to com-

pare soil parameters and pollutants levels between

wastewater-irrigated and reference soil (Xu et al.

2010). Accordingly, we studied a region irrigated with

treated wastewater and non-treated from north-west of

Iran, where consume the large volume of fresh water

and generate huge amounts of wastewater promote

farmers in using wastewater as attractive and available

source of irrigation. The objective of present study

was: (1) to assess some soil quality indices following

long-term wastewater irrigation, (2) to determine the

DTPA-extractable and total concentration of Zn, Cu,

Cd, and Pb, and (3) to investigation some trace metals

enrichment factors and the degree of contamination of

the studied soil.

Materials and methods

Description of study site

The investigated site was situated on Urmia area

(45�050 to 45�080 E; 37�320 to 37�380 N) in The

Western-Azarbaijan province, north-west Iran. A

semi-arid climate exists in the region with soil

moisture and temperature regimes xeric and mesic,

respectively. The area is containing agricultural fields

that have been continuously cropped with fruit tree

species [such as apple (Pyrus malus), apricot (Prunus

armeniaca), peach (Prunus persica)], and horticul-

tural crops [such as cabbage (Brassica oleracea),

beans, and lettuce (Lactuca sativa)] and has received

wastewater for at least 40 years as flooding irrigation.

The main sources of wastewater include municipal

wastewater, household, and industrial effluents, which

are used directly by local farmers. A total of 78 soils

belonging to three soil types were described (Soil

Survey Staff 2003), classified (Soil Survey Staff

2010), and sampled from the wastewater-irrigated
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zone (as two-third (2/3) wastewater and one-third (1/3)

groundwater) and the adjacent zone (as reference)

irrigated by well water. The control area is covered by

shrubs and native grasses (such as Cartamus oxycanta,

Alhaji camelorum, Achillea millefoleoum, Chicorium

intybus, and Astragalus officinalis). The soils were

classified as Typic Calcixerepts (TC), located in

45�060 E; 37�330 N, Typic Haploxerepts (TH), located

in 45�060 E; 37�360 N, and Fluaquentic Endoaquepts

(FE), located in 45�080 E; 37�380 N, for both waste-

water-irrigated soil and reference soil. Twenty-six

surface soil samples (0–30 cm) for each soil type (13

samples for the wastewater-irrigated and 13 samples

for the well water-irrigated soils) were analyzed. In

each soil type, the samples (wastewater irrigated and

control soils) were selected in similar slope, aspect,

and parent materials.

Analytical methods

Mineralogical analysis

The analysis methods of Kunze (1965) and Mehra and

Jackson (1960) used for mineralogical analysis. Sub

samples were treated with 30% H2O2 and Na-

dithionite-citrate-bicarbonate to remove organic mat-

ter and Fe oxides, followed by separation of the size

fraction. Orientated clay samples were subjected to

Mg, Mg plus ethylene glycol-solvated, and K satura-

tion and heat of 550�C. The scanning operation was

performed by X-ray diffraction technique using 2h
from 3� to 30� and CuKa radiation source. The

percentage of clay minerals was estimated semi-

quantitatively through Biscaye methods (1965).

Physicochemical properties

Particle-size distribution was determined using the

pipette methods as described by Day (1966). The soil

pH was determined in saturated paste and used the

saturated extract to measure electrical conductivity

(EC). Calcium carbonate equilibrium (CCE) was

estimated using acid neutralization (Nelson 1982).

Soil organic carbon (SOC) was measured by dichro-

mate oxidation (Nelson and Sommers 1982); total soil

N by the Kjeldahl methods (Bremner 1982); soil

available phosphorus by 0.5 M NaHCO3 (Olsen and

Sommers 1982); and Soil available K and cation

exchange capacity (CEC) by 1 N ammonium acetate

at pH 7 and 8.2, respectively (Thomas 1982).

DTPA-extractable Zn, Cu, Cd, and Pb determined

with the method described by Lindsay and Norvell

(1978). Total trace metal concentrations were

extracted using a mixture of concentrated (the equa

regia digest method) HCl–HNO3 as HCl: HNO3 ration

of 3:1 (Baker and Amacher 1982). The soil extracts

were analyzed by an atomic absorption spectropho-

tometer (Shimadzu AA-6300). The results for each

parameter were recorded as the mean content of the

each soil solum. The ranges of studied heavy metals

values were compared to the maximum permissible

limits reported by Kabata-Pendias and Mukherjee

(2007). Relative enrichment (RE) or depletion (RD) of

each parameter in the wastewater-irrigated soil was

measured through calculating the ratio of the mean

results from wastewater-irrigated soil to the mean

from the reference soil (Taylor et al. 2010).

The pH, EC, total dissolved soluble (TDS), total

hardness, and dissolved metals in wastewater and well

water samples were determined soon after sampling

according to standard methods (Eaton et al. 1995).

Statistical analyses were performed using the Statview

software.

Estimation of trace metal concentration factors

Concentration factor (CF) for total element was

calculated as the concentration of each metal in the

soil divided by concentration of that metal in the

corresponding control (Kabata-Pendias and Muk-

herjee 2007). Two common approaches to exhibit-

ing the extent of the metals was calculated (1)

using the geoaccumulation index (Igeo) as proposed

by Müller (1969). Müller (1969) proposed the

degree of metal concentration in the seven enrich-

ment categories as described in Table 1. This index

is expressed as:

Igeo ¼ Log2
Cn=1:5Bn

where Cn is the measured value of the element in the

enriched point, Bn is the background value of element,

and 1.5 is the correction factor of background which is

contributed to lithogenic effects. (2) contamination

degree (Cd) of Abrahim (2005) and Abrahim and

Parker (2008) which is a modified and generalised

form of the Hakanson (1980) equation for the
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calculation of the overall degree of contamination.

This equation calculated as follows:

Cd ¼
Pi¼n

i¼1 CF

n

where CF = contamination factor, n = number of

investigated trace metals, and i = ith the metals. The

index was classified in some gradations (Table 1). The

values of trace metals in reference soils (control) were

considered as background in the studied region.

Results and discussion

Properties of wastewater and well water

The results of the chemical analysis of wastewater and

well water were illustrated in Table 2. The mean of

chemical parameters of wastewater were significantly

(P B 0.05) higher than those of well water. Based on

WHO guideline (2006), the pH, nitrate, and phospho-

rus of wastewater were above the acceptable range for

agricultural practices, which could influenced on soil

quality. The EC, TDS, and hardness were in the

permissible levels (WHO 2006) in the used wastewa-

ter for irrigation.

The exceptional of Zn, concentration of the trace

metals were upon their maximum acceptable levels

(FAO 1992) for the applied wastewater. Comparing

with well water, wastewater concentrated 26 and 29

time higher value of Zn and Cu, respectively, which

could highlighted a considerable risk for accumulation

of two elements at toxic value in the soil through time.

This trend may be attributed to the discharge of trace

metals by some industrial unites contain urban and

sub-urban like batteries and paint. Cadmium and

Table 1 Estimation of metal pollution in soils and sediments through Igeo value (Müller 1969) and Cd value (Abrahim 2005)

Igeo value Igeo class Pollution intensity Cd value Cd class Contamination degree

[5 6 Extremely contaminated [32 6 Ultra high degree of contamination

4–5 5 Strongly to extremely contaminated 16–32 5 Extremely high degree of contamination

3–4 4 Strongly contaminated 8–16 4 Very high degree of contamination

2–3 3 Moderately to strongly contaminated 4–8 3 High degree of contamination

1–2 2 Moderately contaminated 2–4 2 Moderate degree of contamination

0–1 1 Uncontaminated to moderately

contaminated

1.5–2 1 Low degree of contamination

0 0 Uncontaminated \1.5 0 Nil to very low degree of contamination

Table 2 Selected chemical composition of the municipal wastewater used for irrigation and water of well from Sep. 2005 until Dec

2006

Parameter Wastewater Well water WHO (2006) and

FAO (1992)

acceptable levelRange Mean ± SD Range Mean ± SD

pH 7.8–7.95 7.9 ± 0.04a 7.63–7.8 7.7 ± 0.07b 7.6

EC (dS m-1) 0.3–0.42 0.326 ± 0.08a 0.1–0.17 0.138 ± 0.05b 3

TDS (mg L-1) 135–267 208 ± 48.9a 128–216 181 ± 2.4b 1,000

Nitrate (mg L-1) 25.3–33.55 28.9 ± 3.27a 10–14.5 12.22 ± 0.63b 10

Phosphorus (mg L-1) 3.5–6.13 5 ± 0.3a 0–0.02 0.001 ± 0.005b 1–3

Total hardness (mg L-1 as CaCO3) 187–200 193 ± 5.54a 62–102 89 ± 33.8b 500

Zn (mg l-1) 0.29–0.58 0.47 ± 0.12a 0.01–0.022 0.018 ± 0.005b 3 (mg l-1)

Cu (mg l-1) 0.165–0.39 0.29 ± 0.088a 0.01–0.013 0.01 ± 0.002b 2 (mg l-1)

Cd (mg l-1) 0.12–0.27 0.19 ± 0.005 – nd 0.01 (mg l-1)

Pb (mg l-1) 0.19–.46 0.35 ± 0.055 – nd 0.05 (mg l-1)

a, b Means followed by different superscripts in row represent significant different (P B 0.05); nd: not detected by atomic absorption

EC electrical conductivity, TDS total dissolved solids

272 Nutr Cycl Agroecosyst (2011) 91:269–280

123



lead were not determinable in well water through

spectrophotometery.

Clay mineralogy

Illite, smectite, kaolinite, and chlorite were known as

the major clay minerals in both wastewater-irrigated

and control soils (Table 3). With the exception of

smectite, the relative abundance of clay mineral

followed almost of the same pattern for both the

wastewater and well water irrigated soils. For

instance, long-term wastewater irrigation did not

appear any modification in the XRD patterns of

kaolinite and chlorite, either in the intensity or in the

position of peaks their. This trend is logical in arid and

semi-arid environments, where the presence of high

alkaline and calcareous material along with the limited

weathering and leaching process led to the stable

pattern for the two minerals (Dixon and Schulz 2002).

Fluaquentic Endoaquepts indicated a visible increase

of smectite in response to wastewater irrigation and

agricultural practice. This soil in consistent with a

cumulative environment [a process of soil formation

whereby mineral particles are added to the surface of a

soil solum by hydrology, human agents, or eolian

(Gregorich et al. 2002)] and lowland unite which

received fine particle carried in suspension from other

position. Consequently, the characteristics were prob-

ably subject to accumulation of smectite in the soil.

However, neoformation of smectite from soil solution

is not ruled out in Fluaquentic Endoaquepts where

high pH and concentration of basic compound is

highlight.

Physicochemical characteristics

Mean (±SD) content of the selected physicochemical

properties is summarized in Table 4. Distribution of

sand and silt content indicated that there were no

significant differences between the wastewater-

irrigated and the control soils. Using wastewater

irrigation improved 3% (RE of 1.03) to 17% (RE of

1.17) compared to their control soils. This can be

attributed to two pathways: (1) accelerated alteration

induced by using long-term wastewater irrigation and

(2) the clay addition through the applied wastewater.

These results are comparable to the data found by

Mathan (1994) and Wang et al. (2003).

The pH values displayed a slight change with a

mean 0.1–0.2 unite for most of the soils following

long-term wastewater irrigation. In the alkaline and

calcareous soils, decrease in soil pH can be viewed as a

positive change and any increase in soil pH, in

contrary, can be viewed as a negative change (Smith

and Doran 1996, De Clerck et al. 2003). Using this

interpretation, we found that 67% of the soils had

negative modification in the mean pH and 37% had

positive modification through the decrease of pH with

wastewater. Nevertheless, the range of pH was in an

optimal condition (6–7.5) for general plant growth and

microbial activity (Smith and Doran 1996) in most of

the studied soils. Salinity highlighted a marked

negative aspect in soil quality by wastewater irrigation

system as reflected in EC (Table 4). By the average, an

increase of 87% (RE of 1.76) to 157% (RE of 2.6) was

occurred in soil EC through wastewater irrigation

compared with the control. This trend, linked with

high level of soluble salts in raw wastewater as

recorded by its EC and TDS (Table 2), is known as a

natural process in arid and semi-arid regions, where

irrigation and anthropeogenic activities have been

associated with an increase of soluble salts (Walker

and Lin 2008). Continuous wastewater irrigation

manifested a marginal increase in soil CCE content

(a mean rise of 2–13%) as compared with the

adjoining control soil (Table 4). Such pattern could

be ascribed to greater level of carbonates in the

wastewater than that of well water (Table 2) as

represented by their hardness. The wastewater system

induced to some increase in soil CEC (a mean rise

of 10–12%) compared with control soils, mainly as

result of increasing the combination of soil organic

Table 3 The order of dominant clay minerals based on relative abundance in the studied soils

Soil The wastewater-irrigated soil The control soil

Typic Calcixerepts Illite[ Kaolinite[ Chlorite[ Smectite Illite[ Kaolinite[ Chlorite[ Smectite

Typic Haploxerepts Illite[ Kaolinite[ Chlorite Illite[ Kaolinite[ Chlorite

Fluvaquentic Endoaquepts Illite[ Smectite[ Kaolinite[ Chlorite Illite[ Kaolinite[ Chlorite[ Smectite
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Table 4 Mean ± standard deviation values of physicochemical and properties for wastewater-irrigated soils and adjacent control

soils

Parameter Typic Calcixerepts % Change RE or RD

The wastewater-irrigated soil The control soil

Sand (%) 29.5 ± 2.12 30.5 ± 1.2 -2 0.98

Silt (%) 43.4 ± 4.03 44 ± 2.83 -0.5 0.99

Clay (%) 26.6 ± 1.91 25.8 ± 1.63 3 1.03

pH 7.3 ± 0.08 7.36 ± 0.06 -0.8 0.99

EC (dS m-1) 1.005 ± 0.13 0.57 ± 0.04 87* 1.76

OC (g kg-1) 12.3 ± 0.64 10.9 ± 0.14 13 1.13

CCE (g kg-1) 214.5 ± 0.71 210 ± 4.24 2 1.02

CEC (cmolc kg-1) 20.5 ± 0.71 18.6 ± 0.56 10 1.1

Total N (g kg-1) 1.4 ± 0.94 0.90 ± 0.78 56* 1.55

P (mg kg-1) 40.5 ± 2.12 10.5 ± 0.7 287*** 3.86

Available K (mg kg-1) 410 ± 4.24 302 ± 2.82 36* 1.36

Parameter Typic Haploxerepts % Change RE or RD

The wastewater-irrigated soil The control soil

Sand (%) 35.75 ± 3.8 39.5 ± 2.12 -10 0.91

Silt (%) 42.25 ± 4.6 41.75 ± 3.18 1.2 1.01

Clay (%) 22 ± 1.41 18.75 ± 1.1 17* 1.17

pH 7.2 ± 0.04 7.31 ± 0.01 1.4 0.98

EC (dS m-1) 0.55 ± 0.03 0.27 ± 0.03 104** 2.04

OC (g kg-1) 9.25 ± 0.69 9.48 ± 0.21 -2.2 0.97

CCE (g kg-1) 141.5 ± 4.95 136.75 ± 5.3 3 1.03

CEC (cmolc kg-1) 16.3 ± 0.14 14.7 ± 0.56 11 1.11

Total N (g kg-1) 0.78 ± 0.11 0.72 ± 0.08 10 1.08

P (mg kg-1) 32 ± 2.83 8 ± 2.83 300*** 4

Available K (mg kg-1) 313 ± 9.9 308 ± 2.8 2 1.02

Parameter Fluvaquentic Endoaquepts % Change ER or DR

The wastewater-irrigated soil The control soil

Sand (%) 17.5 ± 1.7 19.85 ± 0.21 -13 0.88

Silt (%) 40.35 ± 0.92 42.35 ± 0.49 -5 0.95

Clay (%) 42.2 ± 0.71 37.85 ± 0.21 11 1.1

pH 7.65 ± 0.07 7.45 ± 0.07 3 1.03

EC (dS m-1) 1.45 ± 0.06 0.565 ± 0.22 157** 2.57

OC (g kg-1) 17.63 ± 1.3 12.21 ± 0.04 44* 1.44

CCE (g kg-1) 236 ± 1.4 208.5 ± 3.5 13 1.13

CEC (cmolc kg-1) 27.1 ± 0.42 24 ± 0.5 12 1.13

Total N (g kg-1) 2.2 ± 0.06 1.0 ± 0.05 120** 2.2

P (mg kg-1) 50.5 ± 2.12 13.75 ± 0.35 267*** 3.67

Available K (mg kg-1) 540 ± 14.14 352 ± 11.3 53** 1.53

The ratio of the mean results for analyze in wastewater-irrigated soil to that in the corresponding control soil

RE relative enrichment, RD relative depletion, CCE calcium carbonate equivalent, OM organic matter, CEC cation exchangeable
capacity

* P \ 0.05; ** P \ 0.01; *** P \ 0.001 based on paired t-test results
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matter and clay content in wastewater-irrigated soils

(Table 4).

Compared to control soils, long-term continuous

wastewater irrigation caused a positive change in SOC

from mean of 13% (RE of 1.13) to 44% (RE of 1.44)

for most of the studied soils, which can attributed to its

direct input by the used wastewater. A considerable

improve in soil quality was observed following

wastewater irrigation with regard to nutrients (NPK)

due to, probably, the combination of their addition

through wastewater and interaction between the used

wastewater and its receiving soils. In this context,

orders were as FE[ TH[ TC for total N (a rise of

10–120%), TH[ TC[ FE for available P (a rise of

270–300%), and FE[TC[TH for K available (a rise

of 2–53%). Overall, available P and K, EC, and total N

were the major chemical factors affecting on soil

quality response to wastewater irrigation.

Trace metal

Irrigation with wastewater was related to a signifi-

cant build-up in both DTPA-extractable and total

trace metals including Zn, Cu, Cd, and Pb for the most

of the examined soils compared with control soils

(Table 5).

In general, the accumulation of DTPA-extractable

metals for the different soils were in sequence FE[
TC[ TH and for the different elements were as Zn[
Pb[ Cu[ Cd in both wastewater-irrigated soils and

control soils (Fig. 1a, b). By the mean, long-term

wastewater irrigation enriched 3.5–7, 1.8–3.4,

2.4–3.5, 3–3.5 time greater amounts of DTPA-extract-

able Zn, Pb, Cu, and Cd, respectively, than those of

control soil. This data is in line with Masto et al.

(2009) who found that soils more than 20 years

sewage irrigation resulted a significant build-up of

DTPA extractable Zn (314%), Cu (102%), Fe (715%),

Cd (203%), and Ni (1358%) when compared with the

adjacent rain-fed reference. The highest accumulation

of DTPA-extractable metals resulting from continuous

irrigation with wastewater was associated with Flu-

vaquentic Endoaquepts, where the greatest clay con-

tent and smectite were occurred. The clay minerals of

smectite which posses’ greater cation exchange

capacity have a higher affinity for DTPA-extractable

metals (Dixon and Schulz 2002). This means that the

greater clay and smectite content, and corresponding

greater surface along with CEC attributed to the

highest amounts of DTPA-extractable Zn, Pb, Cu, and

Cd in Fluvaquentic Endoaquepts as compared with

other soils.

Comparing to the adjacent control soils, the total

forms of examined metals were associated to a

significant accumulation in wastewater irrigation

system as illustrated in Table 5. In the light of this,

mean concentration of total-Zn, Cu, Cd, Pb in

wastewater irrigation region was 3.6–7, 2.8–4.9,

4.4–4.7, and 1.8–2.3 times higher, respectively, than

those of control soils. In spite of this pattern, the

concentration of all analyzed metals were below their

maximum permissible limits (Zn \ 300 mg kg-1,

Cu \ 100 mg kg-1, Cd \ 5 mg kg-1, and Pb \
100 mg kg-1) as described by Kabata-Pendias and

Mukherjee (2007). For different sub-groups of soils,

the spatial distribution of the metals were in order FE[
TC[TH (Fig. 2a, b) as results of: (1) the load rate of

the received wastewater at the flooding irrigation

system; (2) impact of the applied wastewater with its

receiving soil. In fact, It seem that Fluvaquentic

Endoaquepts served as a collector of the material

transported from the other area, following receives the

larger amount of wastewater and the metals than the

other soil over time.

Fine particle-size fraction (\0.002 mm), organic

matter, and calcium carbonates were appeared as

the main agents in retaining the total trace metals

as reflected in significant positive correlation

between the agents and the metals (Table 6). Such

trend comes as no surprise because the agents due

to containing compounds with large surface area

like clay minerals, iron and manganese oxy-hydrox-

ides, and humic acids have a high tendency for

adsorption and transport trace heavy metals (Bradl

2004, Dragovic et al. 2008). These relationships

were not significant in the control soils (Table 6),

meaning that the dynamic of heavy metals had a

dissimilar trend in wastewater-irrigated soils and

well water-irrigated soils. Positive correlation

among total content of trace metal indicated that

the metals are originating from the same pollution

source (Table 6).

Typically, the total values of the trace metals were

considerable greater in topsoil than in subsoil mainly
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at wastewater-irrigated soils (data not shown), sug-

gesting that the metals concentrating in the topsoil was

due to their strong affinities with the soil solid fraction

(Kabata-Pendias and Mukherjee 2007). The ration of

the metal content in topsoil to that in the correspond-

ing subsoil enrichment (RTE) ranged from 1.25 to

2.3 and 1.3 to 2.6 for wastewater-irrigated and well

water-irrigated soils, respectively (Table 7). Based

RTE values, the mobility sequence of Cd[Zn[Pb[
Cu was observed for wastewater-irrigated region

whereas it was found as Cd[ Cu[ Zn[ Pb for the

control region (Table 7). The pathways highlighted

the different responses of the monitoring soils to the

trace metals, reflected both the two face agreement and

Table 5 Mean ± standard deviation values of trace metal for wastewater-irrigated soils and adjacent control soils

Trace metal Typic Calcixerepts % Change ER

The wastewater-irrigated soil The control soil

DTPA-Zn (mg kg-1) 3.36 ± 0.02 0.95 ± 0.05 254*** 3.54

DTPA-Cu (mg kg-1) 1.63 ± 0.13 0.63 ± 0.11 159* 2.59

DTPA-Cd (mg kg-1) 0.86 ± 0.03 0.26 ± 0.01 231** 3.31

DTPA-Pb (mg kg-1) 2.8 ± 0.2 0.82 ± 0.14 241** 3.41

Total-Zn (mg kg-1) 63.35 ± 1.95 12.2 ± 2.73 420*** 5.2

Total-Cu (mg kg-1) 23.85 ± 2.33 5.5 ± 0.14 333*** 4.34

Total-Cd (mg kg-1) 5.2 ± 1.84 1.11 ± 0.13 370*** 4.68

Total-Pb (mg kg-1) 16.93 ± 1.65 7.27 ± 0.24 133** 2.33

Trace metal Typic Haploxerepts % Change ER

The wastewater-irrigated soil The control soil

DTPA-Zn (mg kg-1) 3.02 ± 0.25 0.6 ± 0.01 403*** 5.03

DTPA-Cu (mg kg-1) 1.84 ± 0.23 0.77 ± 0.11 139* 2.39

DTPA-Cd (mg kg-1) 0.76 ± 0.19 0.25 ± 0.01 216** 3.04

DTPA-Pb (mg kg-1) 3.82 ± 0.06 2.22 ± 0.45 72* 1.72

Total-Zn (mg kg-1) 44.3 ± 0.42 12.2 ± 0.32 263*** 3.63

Total-Cu (mg kg-1) 17.75 ± 1.63 6.4 ± 1.13 177 2.77

Total-Cd (mg kg-1) 4.48 ± 0.45 1.01 ± 0.13 343*** 4.44

Total-Pb (mg kg-1) 52.19 ± 0.58 28.17 ± 4.35 85* 1.85

Trace metal Fluvaquentic Endoaquepts % Change ER

The wastewater-irrigated soil The control soil

DTPA-Zn (mg kg-1) 4.93 ± 0.05 0.74 ± 0.03 566*** 6.66

DTPA-Cu (mg kg-1) 2.12 ± 0.02 0.71 ± 0.04 198** 2.98

DTPA-Cd (mg kg-1) 0.92 ± 0.25 0.26 ± 0.05 254*** 3.54

DTPA-Pb (mg kg-1) 3.89 ± 0.03 2.25 ± 0.36 73* 1.73

Total-Zn (mg kg-1) 81.5 ± 0.71 11.97 ± 0.03 580*** 6.81

Total-Cu (mg kg-1) 36.1 ± 0.28 7.35 ± 0.64 391*** 4.91

Total-Cd (mg kg-1) 6.25 ± 0.64 1.1 ± 0.14 468*** 5.68

Total-Pb (mg kg-1) 49.65 ± 0.2 23.83 ± 0.25 108* 2.1

The ratio of the mean results for analyze in wastewater-irrigated soil to that in the corresponding control soil

RE relative enrichment

* P \ 0.05; ** P \ 0.01; *** P \ 0.001 based on paired t-test results
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disagreement with other authors (Camobreco et al.

1996; Haiyan and Stuanes 2003).

Estimation of pollution scales of total trace metals

For estimating contamination impact of the metal, the

two indices of geoaccumulation index (Igeo) and

degree of contamination (Cd) were assessed. The

mean Igeo values of Zn, Cu, Cd, and Pb were ranged as

0.4–0.7, 0.3–0.5, 0.5–0.6, and 0.1–0.2, respectively,

for the examined soils (Table 8). By the pattern, the

soils are categorized as uncontaminated (class 1,

0 \ Igeo B 1) regarding to the analyzed trace metals.

However, Pb and Cu appear to be at least Igeo values,

whereas Zn and Cd reflect the greatest Igeo values for

all the soils. The spatial distribution of Igeo values were

in sequence Zn[Cd[Cu[Pb for Typic Calcixerepts,

Cd[ Zn[ Cu[ Pb for Typic Haploxerepts, and Zn[
Cd[Cu[Pb for Fluvaquentic Endoaquepts. The data

can be as result of the variability of soil properties

(mainly the \0.002 mm fraction, SOC, and calcium

carbonates as the major contributor in retaining the

metals as discussed before) and their different impacts

on the used wastewater.

Degree of contamination (Cd) and contamination

factor (Cf) for the four studied elements (total Zn,

Cu, Cd, and Pb) were in the ranges of 3–5 and

1.8–6.8, respectively, as showed in Table 8. The Cf

values in the three soils were in the sequence of EF

(4.9) [ TC (4.1) [ TH (3.2), suggesting that the

soils are classified as moderate degree to high

degree of contaminating (Table 9). Indeed, the value

of Cd led to 67% of soils to high degree of

contaminating and 37% to moderate degree of

contaminating (Fig. 3). The load and contamination

Fig. 1 The mean of the spatial distribution of DTPA-extract-

able metal in the wastewater-irrigated soils (a) and the control

soils (b). Means followed by the same latter are not significantly

different (P B 0.05)

Fig. 2 The mean of the spatial distribution of total trace metal

in the wastewater-irrigated soils (a) and the control soils (b).

Means followed by the same latter are not significantly different

(P B 0.05)
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rates of the trace metals in Fluvaquentic Endoaqu-

epts found to be a considerable increase compared

to other soils with respect to Igeo, Cf, and Cd

indices. Differences in the soil properties such as

content of fine particle fraction, organic matter, and

clay mineralogy at Fluvaquentic Endoaquepts in

comparison to other soils can be an acceptable

reason for accumulating the studied trace metal in

the soil. It is widely reported that fine particle-size

and organic fractions exhibited great tendency for

adsorption of heavy metals (Bradl 2004, Dragovic

et al. 2008). In this context, the affinity of these

fractions is strongly influenced by their electro-

chemical properties and is closely related to the

specific surface area and cation exchange capacity

(CEC) of them (Kabata-Pendias and Mukherjee

2007).

Conclusion

It can be concluded that irrigation with wastewater

manifested into significant improve, positively, the

organic carbon and nutrients input (total N and P

and K available). In contrary, a significant build up

of salinity and trace metal appeared as unfavorable

effects of wastewater after four decades of opera-

tion. On an average, wastewater-irrigated soils

enriched DTPA-extractable Zn (250–570%), Cu

(140–200%), Cd (220–250%), and Pb (70–240%)

as well as total pools of Zn (260–580%), Cu

(180–390%), Cd (240–470%), and Pb (80–130%)

when compared to the control soils for the different

sub-groups of Inceptisols. Based on geoaccumula-

tion index, the examined soils are suggested to be

uncontaminated regarding to the four measured

metals (Zn, Cu, Cd, and Pb) whereas they are

categorized as moderate degree of contamination

(TH) and high degree of contaminating (TC and

EF) by degree of contamination. It found that Zn,

Cu, Cd, and Pb are mainly associated with the

different soil fractions which retain those metals

in the sequence of fine particle-size fraction

(\0.002 mm) [ organic carbon [ calcium carbon-

ate. Although the trace metal levels were below the

maximum accepted limits, periodic analysis of

wastewater is necessary prior to irrigation to keep

of landscape and agriculture health.T
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