
Mansour et al. Bull Natl Res Cent          (2020) 44:178  
https://doi.org/10.1186/s42269-020-00431-8

RESEARCH

Effect of contamination sources on the rate 
of zinc, copper and nickel release from various 
soil ecosystems
Hesham Mansour1* , Fikry Awad1, Mohamed Saber2 and Alaa Zaghloul1

Abstract 

Background and objective: Soil is a substantive component in biosphere habitually endangered to superfluity 
contaminants particularly potential toxic elements (PTEs). The source of soil contaminants is very critical in control-
ling both their release and expected hazards in the different soil ecosystems. This study aims to investigate the effect 
of low-quality irrigation water (LQW) on the extent of soil pollution through desorption of zinc (Zn), nickel (Ni) and 
copper (Cu) from different polluted soils, collected from LQW irrigated farms for more than 40–80 years at Giza and 
Kafr-Elsheikh Governorates, Egypt.

Results: Models incorporated modified Freundlich (MFE), Elovich, first order and parabolic diffusion (PDE) showed 
significant results in describing the kinetic data under Egyptian conditions. Results entailed that according to the 
coefficient of determination (R2) and standard error, all used models well described the desorption of Cu, Ni and Zn, 
the most prevalent contaminants in the trailed soil ecosystems; for example, the R2 values were higher than 0.96** for 
zinc desorption using MFE model. As far as the PTEs levels are considered, the highest contaminant desorption rates 
were recorded at Kafr-Elsheikh site, followed by Kombora, and the lowest ones were in Abo Rawash soil ecosystem. 
The succession of more than one model to describe the kinetic perspective confirmed that the different mechanisms 
take place in PTEs sorption, distribution and subsequently release from different soil ecosystems.

Conclusions: The numerical values indicated that the soil ecosystems contaminated with industrial effluents were 
higher than those irrigated with sewage effluents regardless of the type of land use. More attention should be paid to 
low-quality water application in agriculture irrigation and its environmental risks.

Keywords: Contaminated soil, Water contamination, Soil pollution, Land use, Kinetic models, Potential toxic 
elements, Sewage and industrial effluents, Heavy metals, PTEs, Desorption
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Background
Mutually, behavior and reactions of the varied soil 
components with potential toxic elements (PTEs) 
and their distribution coefficients (Kds) are key 
issues in assessing the mobility and retention of these 
contaminants (Shaheen et  al. 2013). Soil physical, 
chemical and biological processes determine the 

sorption, speciation, redistribution, mobility as well 
as the bioavailability of PTEs in a given soil ecosystem. 
The timescale at which the different processes occur 
in soil ecosystems varies between nanoseconds and 
centuries or even a millennium. Due to the wide range 
of reaction kinetics and since the soil ecosystem is 
continuously lay open to varied fluctuating settings 
in temperature, moisture etc., it would never reach a 
true chemical equilibrium. The distribution coefficient 
(Kd) is the ratio of a given PTE concentration in the 
solid phase to its ratio in an equilibrium solution after a 
specified reaction time. Braz et  al. (2013) measured the 
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distribution coefficient (Kd) and the affinity of PTEs with 
the soil colloids; it is found that the coefficient played a 
key role in defining PTEs in a given soil ecosystem and 
in assessing the environmental risks of the inorganic 
pollutants. In addition, Kd value depends on the 
climatic conditions of the soil ecosystems that exist. 
The Kd is a useful parameter for comparing the sorptive 
capacities of different inorganic pollutants in different 
soil ecosystems. The selectivity of sorption and the 
Kd parameter is affected by soil properties such as the 
percentage and type(s) of clay minerals in the system, 
the concentrations of Fe and Mn oxides, organic matter 
OM, roles of microorganism, phosphate concentration 
and the concentration of the basic cations. Also, the Kd 
parameter can be affected by sorbate properties such 
as ionic radius, polarity, aqueous radius, equivalent 
conductivity, hydration, enthalpy and entropy. Some 
chemical properties such as pH, especially in the arid 
region and amorphous hydroxides, have a significant 
impact on the formation of complexed compounds, 
reaction speed and stability (Shaheen et al. 2013). Sparks 
and Elzinga (2001) stated that predicting the movement 
of environmental contaminants requires understanding 
the mechanism(s) of their retention on the surface of soil 
particles. Sorption reactions at solid–water interfaces 
decrease solute mobility and often control the fate of 
their bioavailability.

Sukreeyapongse et  al. (2002) mentioned that 
losses due to leaching and assimilation by plants 
and microorganisms are key issues in assessing the 
environmental risk of PTEs in terrestrial ecosystems. 
Mansour et  al. (2019) noted that the mass balances of 
PTEs in a given soil ecosystem are strongly dependent 
on varied biogeochemical processes such as sorption 
and dissolution. These processes are mainly exaggerated 
by the type of sorbents and existing PTEs pools, pH, 
redox potential, concentrations of co-adsorbates and 
concentration of complexing ligands in solution. Several 
studies confirmed that soil pH is the most influential 
factor controlling sorption–desorption of PTEs in 
soil ecosystems (Mansour et  al. 2019). Guala et  al. 
(2010) inveterted that PTEs retention (or sorption) 
on the surface of soil particles decreased the ability 
of a contaminants to move through soil and aquatic 
ecosystems. Kim et al. (2010) stated that PTEs solubility 
and speciation in soil solution are the most imperative 
factors controlling phytoextraction and inorganic 
pollutants accumulating capacity in plants.

Accordingly, the primary objectives of this study are 
to investigate the effect of quality of irrigation water 
on soil pollution and soil properties on Zn, Ni and Cu 
desorption from some Egyptian contaminated soils 
collected from different farms irrigated with LQW for 

more than 40–80 years. The results of this study may be 
declared the best remediation management(s) practices 
should be applied under varied conditions.

Methods
Soil sampling
From Giza and Kafr-Elsheikh Governorates (Fig. 1), soil 
and water samples were collected as follows:

Soils irrigated with sewage effluent

(a) Surface (0–30  cm) soil samples from both culti-
vated (C) and uncultivated (UC) soil ecosystems 
were collected from Abo Rawash farmland at (Giza 
Governorate S1), (30° 4̍ 6″ N; 31° 3̍ 38″ E). The main 
source of irrigation of these soils is sewage effluent 
from El-Lebeny drain for more than 40 years and is 
cultivated with citrus trees at the time being. The 
uncultivated soil samples were previously cultivated 
with artichoke and are now left without cultivation 
for the last 3 years ago for unsuitability of this soil 
to be cultivated with edible crops.

(b) A surface soil sample was collected from Kombora 
farmland (Giza Governorate S2), (30° 4̍ 62″ N; 31° 
7̍ 6″ E). The soil was irrigated with sewage effluent 
from El-Lebeny drain for more than 35 years and is 
now cultivated with corn.

Soils irrigated with a mixture of industrial effluents, 
agricultural drainage and Nile water

(c) A surface soil sample was collected from Northern 
Delta (Kafr-Elsheikh Governorate S3), (31° 05.584̍ N; 
031° 03.557̍ E). The main source of irrigation of these 
soils is Branch 62-main canal pronged from Kitch-
ener drain for not less than 80  years. The selected 
farm was cultivated with different types of vegeta-
bles.

 Low-quality water samples were used in the irrigation 
of selected farms; that is, in addition, Nile water sample 
from El-Kalubia Governorate was collected and analyzed 
for their heavy metals concentrations.

Soil chemical characteristics were determined in 
triplicate as given in Jackson (1958) as follows:

• Soil reaction pH values were measured using glass 
electrode in soil paste.

• The electrical conductivity (ECe) in dS m−1 at 25 °C 
was determined in soil paste extract.
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• Soluble cations and anions were measured in soil 
paste extracts. The extracts were analyzed for 
sodium and potassium using flame photometer, cal-
cium and magnesium by titration with (EDTA-Na), 
chloride by titration with silver nitrate and soluble 
carbonate by titration with standardized sulfuric 
acid.

• Exchangeable cations were extracted by ammonium 
acetate solution (Cottenie et al. 1982). The extracts 
were analyzed for exchangeable Ca, Mg, Na and K 
using the standard methods.

• Cation exchange capacity (CEC) was determined by 
ammonium acetate method described by Cottenie 
et al. (1982).

• Mechanical analysis was performed according to 
the International Pipette Method using sodium 
hexametaphosphate as a dispersing agent as given 
in Piper (1950).

• Total concentration of PTEs was determined using 
atomic absorption spectrophotometry (AAS) 
(Cottenie et al. 1982).

• Some chemical properties, particle size distribution 
and total concentrations of heavy metals in the 
studied soil ecosystems as well as some chemical 
characteristics of the irrigation water are presented 
in Tables 1, 2, 3, and 4.

Kinetic studies
Kinetic experiments on the trailed soil ecosystems 
were done using an Electrical Stirred Flow Unit 
(ESFU) (Zaghloul 2002). Triplicate of soil (two-gram 
portions) was placed in a falcon plastic tube, and 
25  ml of ammonium bicarbonate-DTPA was added; 
the tubes were thereafter put in the ESFU shacked 
rapidly before sampling at varied times between 1s 
and 120 min. or at specified time according to stability 
of the ion(s) released from the studied soil samples 
at 25  °C ± 2  °C. The concentrations of PTEs (Zn, Cu 
and Ni) were determined using atomic absorption 
spectrophotometry (AAS) (Cottenie et al. 1982).

The following four kinetic models signifying both 
empirical and theoretical calculations were used to test 
data according to the coefficient of determination (R2) 
and standard error (SE) values, to describe the release 
of PTEs from the trailed soil ecosystems and their 
bioavailability to the different plants grown in studied 
contaminated soil ecosystems:

First-order equation

where qφ = maximum amounts of PTEs released, 
q0 = initial amounts of PTEs at the time of added resin, 
qt = amounts of PTEs released at time t, t = time in min-
ute, and k1 = the rate constant of reaction (n) in  min−1.

Log
(

qϕ−qt

)

= Log q0 − k1t

Fig. 1 Map representing the location of soil samples in the different investigated Governorates
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Elovich’s equation

where q = amount of PTEs desorbed at time t, α = con-
stant of PTEs in mg PTEs  kg−1 soil.min−1, β = constant of 
PTEs in mg PTE kg−1 soil, and t = time in minute.

q = (1/β) ln (αβ)+ (1/β) ln t

Parabolic diffusion’s equation

where q = amount of PTEs desorbed in time t, 
R = apparent diffusion rate coefficient in mg PTEs  kg−1 
soil min−1, and b = constant in mg PTEs kg−1 soil.

q = b+ Rt1/2

Table 1 Some chemical properties of the studied soils

UC uncultivated soil, C cultivated soil

Treat. soil pH ECe dS m−1 Soluble cations and anions (meq/l) SAR

Cations Anions

Na+ K+ Ca++ Mg++ Cl− HCO3
− + CO3

−− SO4
−−

Kombora

 UC* 8.50 2.32 6.56 0.40 11.36 4.64 9.44 10.96 2.56 2.32

 C* 8.49 2.16 5.20 0.40 11.20 4.16 9.28 10.72 0.96 1.88

Abo Rawash

 UC* 8.35 3.30 15.62 0.66 10.56 5.60 18.22 10.44 3.78 5.50

 C* 8.27 3.30 13.56 0.66 12.74 4.83 16.24 9.18 6.37 4.57

Kafr-Elsheikh

 UC* 8.65 6.39 30.74 0.54 14.50 16.03 32.22 20.97 8.62 7.87

 C* 8.52 5.04 24.39 0.18 11.25 13.50 28.53 16.47 4.32 6.93

Table 2 Particle size distribution (%) of the studied soil samples

UC uncultivated soil, C cultivated soil

Treat. soil Coarse sand Fine sand Total sand Silt Clay Texture

Abo Rawash

 UC* 31.5 56 87.5 3.3 9.2 Loamy sand

 C* 21.8 67 88.8 9.2 2 Sandy

Kombora

 UC* 5.4 12.0 17.4 32.2 50.4 Clay

 C* 8.7 34.3 43.0 19.4 37.6 Clay loam

Kafr-Elsheikh

 UC* 2.4 14.2 16.6 33 50.4 Clay

 C* 1.2 14.3 15.5 32.1 52.4 Clay

Table 3 Total concentrations of potential toxic elements (PTEs) in the studied soils in (mg kg−1)

UC uncultivated soil, C cultivated soil

Soil sample Cu Ni Zn Co Cr As Mn Mg Fe Pb Cd

Kombora

 UC* 90.26 40.50 400 28.9 573.90 170.33 115.13 377.40 1459.73 44.00 12.43

 C* 46.68 18.60 350 31.45 402.15 113.12 98.12 322.16 1365.75 38.02 13.05

Abo Rawash

 UC* 86.464 73.79 89.50 38.53 263.30 430.33 193.83 413.13 1615.40 62.80 15.53

 C* 53.06 77.15 111.93 56.13 365.53 304.33 509.30 548.93 2127.40 66.96 14.73

Kafr-Elsheikh

 UC* 31.20 115.73 112.93 58.20 386.80 432.00 601.43 534.26 2162.40 47.43 14.40

 C* 29.83 90.83 80.13 60.30 413.50 63.00 498.26 507.40 2181.40 31.30 11.93
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Modified Freundlich’s equation

where q = amount of PTEs desorbed in time t, 
 kd = desorption rate coefficient in mg PTEs  kg−1 soil 
 min−1, and  b\ = constant in mg PTEs  kg−1 soil.

The constants of the best-fitted models are documented 
in tables to compare desorption of Zn, Cu and Ni, the 
most dominant pollutants from the different soils.

Results
Kinetics of some potential toxic elements (PTEs) 
desorption from the studied samples as affected 
by irrigation with low‑quality water (LQW) for extended 
periods
Zinc
A kinetic study was carried out to dominate PTEs des-
orption and explore the highest affected soil ecosystem 
irrigated with low-quality water. Results given in Table 5 
represent the rate constants of Zn desorption from the 
varied trailed soil ecosystems. The best-fitted model(s) 

q = kdt
b\

was selected on the basis of the fact that the higher the 
R2, and the lower the SE values; the best-fitted model 
described the kinetic results. According to the R2 val-
ues, modified Freundlich equation (MFE), Elovich and 
in some cases first order were the best-fitted models in 
describing the kinetic results. The numerical values of R2 
of these models ranged between 0.88**–0.98**, 0.93**–
0.97** and 0.81**–0.87**, respectively. According to SE 
values, the decreasing order arranged as MFE (0.17–
0.31), Elovich (2.46–4.23) and PDE model (0.30–8.91), 
pointed to the priority of MFE to describe the kinetic 
results compared to other models.

The rate constants of MFE always exhibited the actions 
of LQW on PTEs release from the trailed soil ecosystems. 
The constant (a) that describes the rate of PTEs 
desorption (Wahba et al. 2010) showed a wide variation 
in cultivated (C) and uncultivated (UC) soil ecosystems. 
For example, in Kombora the rate constant (a) being 
0.31 mg  kg−1 min−1 in uncultivated soil ecosystem (UC) 
decreased to 0.26 mg  kg−1 min−1 in cultivated (C). This 
result was expected due to absorbing the contaminant 
by the growing plants. The respective values were 0.35 

Table 4 Concentrations of some heavy metals in the studied water samples used in irrigation in (mg  L−1)

a According to ATSDR (1993)

Location Cd Pb Mn As Cr Zn Ni Cu

Safe  levela 0.01 5.00 0.20 0.05 0.01 2.00 0.20 0.20

NW(El-Kalubia) – – – – – 0.01 0.02 0.01

Kombora 0.33 – 0.46 9.51 – 0.7 2.49 0.12

Abo Rawash 0.35 – 0.43 12.85 – 1.08 2.35 0.12

Kafr-Elsheikh 0.35 – 0.43 12.85 – 1.08 2.35 0.12

Table 5 Rate constants describing Zn desorption release from the soils

UC uncultivated soil, C cultivated soil

Soil Kombora Abo Rawash Kafr‑Elsheikh

a b R2 SE a b R2 SE a b R2 SE

Modified Freundlich equation

 UC* 0.31 0.77 0.93** 0.31 0.21 0.76 0.88** 0.18 0.35 0.79 0.96** 0.17

 C* 0.26 0.39 0.90** 0.26 0.26 0.85 0.88** 0.15 0.24 0.61 0.98** 0.23

Elovich equation

 UC* 3.89 7.02 0.93** 3.89 2.27 5.10 0.94 4.23 3.95 6.37 0.94** 3.16

 C* 2.62 5.86 0.93** 3.62 3.96 6.81 0.94 3.63 2.99 1.57 0.97** 2.46

Parabolic diffusion equation

 UC* 0.32 18.02 0.75* 0.32 0.33 16.06 0.71* 8.91 0.26 14.63 0.70* 6.77

 C* 0.30 16.07 0.74* 0.30 0.27 16.00 0.70* 7.59 0.24 9.62 0.76* 6.11

First-order equation

 UC* − 0.42 − 0.47 0.81** − 0.42 − 0.45 − 0.43 0.82** 0.33 − 0.49 − 0.45 0.87** 0.30

 C* − 0.53 − 0.44 0.83** − 0.43 − 0.52 − 0.50 0.82** 0.38 − 0.52 − 0.35 0.87** 0.30



Page 6 of 12Mansour et al. Bull Natl Res Cent          (2020) 44:178 

and 0.24 mg  kg−1  min−1 in Kafr-Elsheikh, while values 
reached 0.21 and 0.26  mg  kg−1  min−1 in Abo Rawash 
soil ecosystem. Variations in the numerical values in 
Abo Rawash and other soil ecosystems might mainly 
be ascribed to the light texture of Abo Rawash soil 
ecosystem compared to other sites as shown in Table 2, 
and this variation directly increased the contaminant 
uptake by grown plants.

The difference between the different soil ecosystems 
trailed in this work in their ability to release of Zn was 
more pronounced using Elovich model. Results in Table 5 
showed an increase in a constant of Zn release reaching 
3.89 mg  kg−1 min−1 in uncultivated soil ecosystem (UC); 
meanwhile, it was 2.62 mg  kg−1 min−1 in the cultivated 
one (C).

The numerical values of capacity factor (b) revealed the 
same trend in raising this constant in the uncultivated 
soil ecosystem compared to the cultivated one; however, 
some exclusion was recorded in Zn release in both soil 
samples. The capacity factors of Zn in uncultivated soil 
equaled 0.77 and 0.39 mg  kg−1 min−1 soil in uncultivated 
(UC) and cultivated (C) of Kombora soil ecosystems, the 
corresponding values were increased to 0.79 and 0.61 mg 
 kg−1  min−1 in uncultivated (UC) and cultivated (C) soil 
of Kafr-Elsheikh soil ecosystems, and the correspond-
ing values of Abo Rawash soil were 0.76 and 0.85  mg 
 kg−1  min−1. This result might be due to the renewable 
source of contaminants daily added in Abo Rawash soil 
ecosystem. The variations in the capacity factors between 
different soil ecosystems might be linked with the varia-
tion in the soil properties in these sites.

The significant recorded values of R2 and low SE 
values of first-order and diffusion models given in 

Table  5 indicated the suitability of using such model in 
describing the kinetic results. The rate constants of both 
models showed the same trends of MFE and Elovich 
models. Furthermore, it should be said that in most 
cases, the diffusion phenomena did not take place in Zn 
desorption. The succession of more than one model in 
describing Zn release might indicate that more than one 
mechanism took place in Zn adsorption in the trailed soil 
ecosystems.

Copper
Results given in Table  6 represent the rate constants of 
Cu release from the studied soil ecosystems. According to 
the higher R2 and lower SE values, the best-fitted model 
describing the kinetic results was MFE and Elovich equa-
tions and to a less extent first-order and diffusion models. 
The numerical values ranged between 0.91**–0.98** and 
0.96**–0.98** in the above-mentioned best-fitted mod-
els, respectively. According to the SE values, the decreas-
ing order arranged as MFE (0.11–0.24) and Elovich 
(0.98–2.71) means the priority of MFE compared to other 
models. Nevertheless, it should be mentioned that other 
models might also contribute in explaining the different 
mechanisms controlled the release phenomena.

Rate constants of MFE clearly explained the action of 
LQW on the rate of PTEs release. The constant (a) that 
is convenient to describe the rate of PTEs desorption 
showed significant variations between cultivated (C) and 
uncultivated (UC) soil ecosystems. The (a) values of Cu 
desorption decreased from 0.20 to 0.18 mg  kg−1 min−1 in 
both uncultivated (UC) and cultivated (C) soil ecosystems 
of Kombora, respectively. This trend represents the 
variation in retention of this contaminant in trailed soil 

Table 6 Rate constants describing Cu desorption release from the soils

UC uncultivated soil, C cultivated soil

Soil Kombora Abo Rawash Kafr‑Elsheikh

a b R2 SE A b R2 SE a b R2 SE

Modified Freundlich equation

 UC* 0.20 0.79 0.91** 0.12 0.24 0.52 0.93** 0.24 0.25 0.77 0.98** 0.16

 C* 0.18 0.71 0.92** 0.11 0.23 0.67 0.96** 0.18 0.23 0.67 0.95** 0.18

Elovich equation

 UC* 2.37 4.58 0.98** 0.98 3.43 3.61 0.97** 1.87 4.27 5.58 0.96** 2.71

 C* 2.14 5.55 0.97** 1.71 2.16 4.69 0.97** 1.81 2.34 4.85 0.96** 2.16

Parabolic diffusion equation

 UC* 0.29 10.35 0.78* 4.19 0.37 11.89 0.62 ns 5.72 0.27 14.24 0.74* 6.68

 C* 0.21 11.83 0.77* 4.65 0.39 13.46 0.62 ns 6.01 0.20 11.28 0.73* 5.05

First-order equation

 UC* − 0.36 − 0.37 0.87** 0.22 − 0.42 − 0.36 0.85** 0.24 − 0.29 − 0.40 0.85** 0.28

 C* − 0.38 − 0.41 0.85** 0.25 − 0.37 − 0.39 0.86** 0.25 − 0.31 − 0.41 0.83** 0.26
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ecosystems. Although the same trend was recorded in 
other soil ecosystems, the desorption rate of Cu in Kafr-
Elsheikh soil ecosystem was the highest reaching 0.25 mg 
 kg−1 min−1 yet decreased to 0.23 mg  kg−1 min−1 in both 
uncultivated and cultivated soil ecosystems, respectively.

The variations between the different ecosystems 
in their ability to release Cu were more pronounced 
when using Elovich model. Results in the same table 
showed an increase in (a) constant in Cu reaching 
4.27 mg kg−1 min−1 in uncultivated soil ecosystem; this 
value, however, decreased to 2.34 mg  kg−1 min−1 in the 
cultivated one. The same trend was recorded in the other 
studied ecosystems.

Although the capacity factor (b) given in the same table 
showed the same trend in increasing this constant in 
Kafr-Elsheikh uncultivated soil ecosystem compared to 
the cultivated one, other ecosystems showed signs of a 
reverse trend in increasing the release of Cu in cultivated 
soil ecosystems. Results in the same table showed that 
the capacity factor values of Cu were 4.58 and 3.61  mg 
 kg−1  min−1 in Kombora and Abo Rawash uncultivated 
soil ecosystems; these values, however, increased to 5.58 
and 4.69 mg  kg−1 min−1 in Kafr-Elsheikh soil ecosystems. 
Constants of Elovich equation were highly correlated 
with readily available forms of contaminants (Saber et al. 
2015); consequently, the capacity factor is expected to 
be higher in heavily texture soils like Kafr-Elsheikh and 
Kombora and lower in light texture one (Abo Rawash).

The first-order kinetic success to describe the results of 
Cu with significant R2 ranged between 0.83** and 0.87** 
in the different soil ecosystems; however, increasing of 
SE values in all soils decreased the validity of this model 
to describe the kinetic results. Like first order, results 

showed that the diffusion process for Cu desorption from 
different soil ecosystems showed low significant R2 or 
insignificancy in some cases and hence unvalued to be 
use in describing the kinetic data.

Nickel
Analogous to other studied contaminants, results 
given in Table  7 showed according to coefficient of 
determination R2, MFE was the best-fitted model to 
describe the kinetic results. Numerically, the R2 values in 
cultivated and uncultivated soil ecosystems were 0.95**–
0.98**, 0.97**–0.98** and 0.98**–0.99** in Kombora, 
Abo Rawash and Kafr-Elsheikh, respectively. Although 
the same trend was recorded in Elovich and first-order 
models, results confirmed that MFE was the best since 
the SE values were the lowest compared to other models 
trailed. The values of SE in MFE ranged between 0.03 and 
0.12; meanwhile, they were 0.24–0.34 in the first-order 
model as an example that gives preference to use this 
model to describe the kinetic data.

The rate constant of MFE (a) given in Table 7 showed 
wide variations between cultivated and uncultivated 
soil ecosystems in the release of studied contaminant. 
The (a) constant values defining the rate of Ni release 
were 0.39, 0.30, 0.42 and 0.32  mg  kg−1  min−1 in both 
Kombora and Kafr-Elsheikh soil ecosystems in uncul-
tivated and cultivated soils, respectively. The corre-
sponding values of Abo Rawash soil were 0.22 and 
0.30 mg  kg−1 min−1, respectively.

Kafr-Elsheikh soil ecosystems exposed to the 
irrigation with low-quality water containing industrial 
effluents together with sewage and drainage effluents 

Table 7 Rate constants describing Ni desorption release from the soils

UC uncultivated soil, C cultivated soil

Soil Kombora Abo Rawash Kafr‑Elsheikh

a b R2 SE A b R2 SE a b R2 SE

Modified Freundlich equation

 UC* 0.39 0.39 0.95** 0.03 0.22 0.58 0.97** 0.06 0.42 0.67 0.98** 0.03

 C* 0.30 0.29 0.98** 0.12 0.30 0.30 0.98** 0.12 0.32 0.45 0.99** 0.11

Elovich equation

 UC* 2.11 2.53 0.94** 2.22 1.90 3.76 0.94** 2.13 3.30 0.86 0.96** 1.21

 C* 1.99 1.50 0.96** 1.87 1.94 1.64 0.95** 1.96 2.13 0.51 0.97** 0.87

Parabolic diffusion equation

 UC* 0.18 8.34 0.72** 4.69 0.17 9.09 0.70* 4.42 0.11 4.39 0.75* 0.78

 C* 0.17 6.88 0.75** 4.18 0.16 6.94 0.73* 4.22 0.10 3.50 0.75* 2.21

First-order equation

 UC* − 0.34 − 0.33 0.81** 0.27 − 0.43 − 0.47 0.90** 0.34 − 0.26 − 0.30 0.83** 0.28

 C* − 0.45 − 0.38 0.89** 0.24 − 0.45 − 0.36 0.87** 0.28 − 0.28 − 0.35 0.86** 0.24
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for more than eighty years and having hardpans at 
about 40–50 cm deep, led to increase both capacity and 
intensity factors for the studied different contaminants 
that might be confirmed by the capacity factor which 
emphasized such finding. Results in the same table 
showed that (b) constant values being 0.67 and 0.45 mg 
 kg−1  min−1 for Kafr-Elsheikh soil decreased to 0.39, 
0.29, 0.58 and 0.30  mg  kg−1  min−1 in uncultivated 
and cultivated soil ecosystems of Kombora and Abo 
Rawash, respectively.

Elovich equation represents in the same table exhib-
ited a significant trend in describing PTEs release from 
the studied soil ecosystems. The numerical values of 
the model showed that the constant a value pointed to 
the same trend in declaring the variations between Ni 
release in uncultivated and cultivated soil ecosystems. 
According to the values given in Table  7, the rates of 
Ni release were 3.30 and 2.13 mg  kg−1 min−1 in uncul-
tivated and cultivated soil ecosystems in Kafr-Elsheikh; 
meanwhile, it was 2.11 and 1.99  mg  kg−1  min−1 in 
Kombora soil ecosystem. In Abo Rawash soil ecosys-
tem, however, results showed that their rate values 
were 1.90 and 1.94 mg  kg−1 min−1. In other words, the 
rate of release in uncultivated (UC) soil was less than in 
the cultivated (C) one.

Although the same trend was observed in first-
order models that showed the variation between the 
two soil ecosystems, it should be mentioned that the 
presence of Ni in Egyptian soil ecosystems was more 
distinct compared to Cu and Zn according to the type of 
industrial activities neighboring the studied site. Results 
confirmed that the absence of Ni in Nile alluvial soils 
means that it is directly originating from several human 
activities.

Impacts of certain inorganic contaminants on soil 
properties
It is well known that the clay minerals in all soil 
ecosystems sustain negatively charged particle surfaces 
holding the exchangeable cations that significantly 
impacts the physical and chemical behavior of a given soil 
ecosystem referred to as cation exchange capacity (CEC).

In non-contaminated soil ecosystems, it was repeatedly 
noticed that the sum of exchangeable cations more or less 
equals CEC. Results given in Table 8 showed significant 
variations between CEC and sum of dominant exchange-
able cations in all trails and even between cultivated and 
uncultivated soil ecosystems. Figure  2 exhibits that the 
calculated exchangeable PTEs represented 27.71% in 
light texture uncultivated soils at Abo Rawash, and that 
value increased up to 53.76% in the cultivated soil, while 
the sum of the dominant cations, i.e., Na, Ca, Mg and K, 
decreased from 72 to 51% in uncultivated and cultivated 
soil ecosystems, respectively. Such finding, however, 

Table 8 Exchangeable cations and  exchangeable sodium percent in  the  soil profile as  influenced by  irrigation water 
quality

UC uncultivated soil, C cultivated soil

Soil Exchangeable cations (meq/100 g soil) ESP CEC meq/100 g

Na+ K+ Ca++ Mg++

Kombora

 UC* 6.64 1.17 8.80 5.69 15.06 44.09

 C* 7.61 2.23 7.50 4.27 15.45 49.24

Abo Rawash

 UC* 3.35 0.56 5.61 3.56 18.62 17.99

 C* 2. 74 0.42 3.88 1.48 20.28 13.51

Kafr-Elsheikh

 UC* 13.81 1.47 3.22 3.35 35.59 38.8

 C* 14.60 1.58 3.11 4.16 40.19 36.33
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confirms the significance of CEC value in contaminated 
soil ecosystem as done in the current work.

Gained results endorsed that the sum of pollutant 
cations in uncultivated heavy textured soil ecosystem 
at Kombora site was slightly lower than that in the cul-
tivated one reaching 21.78 and 21.79%, respectively, as 
given in Table  9. Expressed as percentages, the sum of 
contaminant cations equaled the sum of all contaminants 
in the uncultivated soil ecosystem achieving 50% of total 
exchangeable cations in uncultivated one being only 49% 
of total cations. The corresponding values in cultivated 
soil ecosystem were 49 and 51%, respectively.

Furthermore, gained results indicated that the sum 
of exchangeable contaminants in the uncultivated soil 
ecosystem in Kafr-Elsheikh was higher than that in the 
cultivated one with numerical percentage values equaling 
about 42 and 38% of total exchangeable cations. In the 
uncultivated soils ecosystem of the same site, however, 
the sum of dominant cations was almost equal in both 
uncultivated ones yet with a little priority to cultivated 
soil.

As given in Table  9, exchangeable cations concentra-
tions for both exchangeable pollutant cations (EPC) and 
dominant cations (EDC) as well as for exchangeable Zn in 

the uncultivated soil ecosystem in Kombora represented 
14% of all exchangeable cations surprising the values of 
K and Mg, about 5 and 10% of total. Such findings point 
to the significance of calculated exchangeable cations in 
contaminated soil ecosystems as far as the same trends 
were also realized in Kombora cultivated soil ecosystem. 
Results in the same table also revealed that exchangeable 
Na values in Kafr-Elsheikh site were higher than all other 
studied cations that verify the cumulative value of soil pH 
in both cultivated and uncultivated soil ecosystems.

Results given in Table  9 indicate that some 
contaminants such as Cr existed at significantly high 
levels in both cultivated and uncultivated soil ecosystems, 
with numerical values higher than the EDC reaching up 
to 7–17% in all sites. The US-trivalent chromium agency 
considered Cr(III)) ion an essential nutrient  in insulin, 
sugar and lipid metabolism in human body. Furthermore, 
the European Food Safety Authority (EFSA) evidenced in 
2014 that Cr might be recognized as an essential nutrient. 
According to EFSA, the human toxicity of Cr(VI) is due 
to its strong oxidizing properties. The toxic concentration 
of chromium(VI) within the human body ranges between 
1.5 and 3.3  mg/kg (ATSDR 2000). Through blood 
transfusion, it causes damage to the liver, kidneys and 

Table 9 Cation exchange capacity CEC and exchangeable cations in selected soil samples (meq/100 g)

* UC uncultivated soil, *C cultivated soil, *CEC calculated cation exchange capacity (meq/100 g), *EDC exchangeable dominant cations (meq/100 g), *EPC 
exchangeable polluted cations (meq/100 g)

Soil Dominant cations (EDC) Pollutant cations (EPC) ∑EDC ∑EPC CEC*

Na K Ca Mg Cd Pb Mn As Cr Co Zn Ni Cu

Kombora

 UC* 7.61 2.23 7.50 4.27 0.21 0.65 1.74 2.61 7.41 0.44 6.32 0.87 1.53 21.61 21.78 43.39

% exp 17.54 5.14 17.28 9.84 0.48 1.51 4.02 6.03 17.07 1.00 14.56 2.01 3.52

 Sum% 49.80 50.20

 C* 6.64 1.17 8.80 5.69 0.22 0.65 1.74 2.61 7.41 0.44 6.32 0.87 1.53 22.30 21.79 44.09

% exp 15.06 2.65 19.96 12.91 0.49 1.48 3.95 5.93 16.80 0.99 14.33 1.98 3.46

 Sum% 50.60 49.40

Abo Rawash

 UC* 3.35 0.56 5.61 3.56 0.07 0.29 0.69 1.33 1.21 0.18 0.41 0.34 0.40 13.08 4.92 18.00

 % exp 18.62 3.11 31.19 19.79 0.40 1.60 3.82 7.37 6.73 0.98 2.29 1.89 2.21

 Sum% 72.67 27.33

 C* 2. 74 0.42 3.88 1.48 0.05 0.22 1.50 1.01 1.21 0.19 0.37 0.26 0.18 8.52 4.98 13.51

 % exp 0.04 3.90 36.06 13.75 0.45 2.06 13.91 9.37 11.26 1.73 3.45 2.38 1.63

 Sum% 63.10 36.90

Kafr-Elsheikh

 UC* 14.60 1.58 3.11 4.16 0.14 0.45 5.76 4.14 3.71 0.56 1.08 1.11 0.30 23.45 17.25 40.70

 % exp 35.87 3.88 7.64 10.22 0.34 1.12 14.16 10.17 9.11 1.37 2.66 2.72 0.73

 Sum% 57.62 42.38

 C* 13.81 1.47 3.22 3.35 0.12 0.32 5.14 0.65 4.26 0.62 0.83 0.94 0.31 21.85 13.19 35.04

 % exp 39.45 4.20 9.20 9.57 0.35 0.92 14.68 1.86 12.18 1.78 2.36 2.68 0.88

 Sum% 62.36 83.64
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blood cells through oxidation reactions that lead to liver 
failure and hemolysis and may also lead to the need for 
aggressive dialysis. It should be mentioned that the same 
finding of increasing exchangeable contaminants over 
some dominant cations was recorded for arsenic (As) in 
Kombora and Kafr-Elsheikh sites.

Discussion
From an environmental perspective point of view, 
many human activities globally degrade earth as, for 
instance, PTEs accumulation in different ecosystems 
associated with irrigation with LQW for extended 
periods. Numerous organic and inorganic contaminants 
accumulate and perhaps run off from the soil ecosystems 
into drinking water sources causing innumerable 
problems of contamination. Mobility and destiny of PTEs 
in trailed soils are overseen to a great extent by both 
adsorption and desorption reactions at the solid–water 
interfaces of soil organic matter and minerals fraction 
(McBride and Holland 1989; Alloway 1995; Sparks 1995). 
Furthermore, leisurelier activities such as diffusion 
process and PTEs formation could result in significant 
changes in metal speciation and solubility by the time 
(Barrow et al. 1989; Axe and Anderson 1997; Scheidegger 
et al. 1998; Elzinga and Sparks 1999; Roberts et al. 1999; 
Thompson et al. 2000). Soils are by nature very complex 
multi-component systems, in which many different 
ionic species in solution and solid phases with dissimilar 
surface properties are present (Temminghoff et al. 1995; 
Lee et  al. 1996; Elzinga and Sparks 1999; Paulson and 
Balistrieri 1999; Roberts et  al. 1999; Thompson et  al. 
2000; Voegelin 2001).

The comparison between soils collected from different 
sites through the kinetic study was conducted to 
understand the effect of the contamination source, i.e., 
mixture of sewage, drainage and industrial effluents 
used in irrigation of Kafr-Elsheikh selected farm; sewage 
effluents irrigation water used in Kombora selected farm 
and sewage effluents irrigation water used in Abo Rawash 
selected farm on the fate of contaminants could be found 
in such varied soil ecosystems. The capacity factor of 
the model represents the reserve of these contaminants 
in soil system as affected by source and the residence 
time of application of such contaminants in used soil. 
The intensity factor, however, represents the rate of 
contaminants desorption from the studied different sites 
as affected by both LQW applied and variations of soil 
properties of selected sites.

Kinetic models were extensively used in PTEs 
desorption from contaminated soils. For example, lead 
(Pb) release kinetically was studied by Zaghloul and 
Abou-Seeda (2003), cobalt desorption by Zaghloul 
and Gad (2006) and fluorine release by El-Dewany and 

Zaghloul (2007). As shown in Tables 5, 6 and 7, according 
to R2 and SE values, all the used models successfully 
well described Zn, Cu and Ni desorption with variation 
in significance. In general, all R2 values are over 0.94** 
except the parabolic diffusion model for Zn release; this 
result means the succession of used models in describing 
desorption phenomena from varied ecosystems used in 
this work. Subsequently, the choice of the best model 
used as a guide for describing the kinetic results will be 
depended on the lower SE of used models. According to 
the values represented in the same tables, MFE was the 
best; this model showed the lowest SE values followed by 
Elovich and then the first-order equation. Successions of 
more than a model in describing the kinetic results mean 
different mechanisms take place in sorption of these 
contaminants and their distribution in soil system and 
subsequently their release from the system as well as the 
type of completion between the different contaminants 
in these studied soils.

The a constant of MFE indicated that higher 
desorption was observed in Kafr-Elsheikh soil, followed 
by Kombora, and the lowest values was observed in Abo 
Rawash soil. This result implies industrial contamination 
is more effective as a contamination source compared to 
the contamination of sewage effluents (Saber et al. 2012).

Desorption of PTEs from the contaminated soil 
ecosystems is a reverse phenomenon of sorption. The 
fate of desorption depends on the many factors such 
as mechanisms of contaminants retention in different 
soil systems, their concentrations, soil properties, 
etc. Generally, many factors affect these mechanisms, 
some related to the sorbates like electronegativity, 
concentrations of PTEs, valance charge, ionic radius, 
surface type and ionic strength, others related to 
the characters of the sorbents or soil ecosystem like 
amorphous materials, organic matter content, type and 
clay minerals content, pH and Eh of the soil.

It might be stated that the clay fraction in the soil 
could be a very good indicator for environmental 
contamination related to sorption/desorption and metal 
exchange; these results perhaps are emphasized through 
the data obtained from Kombora and Kafr-Elsheikh soils 
compared to Abo Rawash one. In addition, the time 
of soil exposed to contaminants is directly influencing 
the concentrations of these contaminants especially in 
high texture soils as those in Kafr-Elsheikh, Kombora 
compared to Abo Rawash soil.

In the present work, gained results refer to declare 
that the successions of more than one mechanism are 
controlling the release of contaminants. In Ni desorption 
from different ecosystems, for example, this pollutant 
could be bound mainly as hydroxy complex on the 
external basic surfaces of the clay minerals (hydrolytic 



Page 11 of 12Mansour et al. Bull Natl Res Cent          (2020) 44:178  

condensation). These sorption sites are available for 
competitive  H+ ions and could rapidly exchange the Ni or 
Cu ions. Although Zn undergoes to different mechanisms 
in its sorption reactions in used soils, Ni was exposed 
to specific sorption since it depends on reaction time. 
Therefore, the use of a kinetic rather than an equilibrium 
sorption mechanism could be more optional.

Conclusions
The results revealed that low-quality water (LQW) 
increased soil contamination with inorganic pollutants. 
From the rate constants of the trailed models, pollutants 
desorption from cultivated soils are less than uncultivated 
ones which mean that the uptake of pollutants takes 
place. Soils irrigated with mixture of industrial effluents 
mixed with any other types of water(s) even Nile water, 
potential toxic elements (PTEs) accumulation in these 
soils are higher than soils irrigated with sewage effluents 
regardless the land use of these soils. Also, only in 
polluted soils, exchangeable pollutant cations play a 
significant role in the changing our background related to 
relationship between CEC and exchangeable Ca, Mg, Na 
and K.

Abbreviations
AAS: Atomic absorption spectrophotometry; C: Cultivated soil; CEC: Cation 
exchange capacity; EDC: Exchangeable dominant cations; EPC: Exchangeable 
polluted cations; Kds: Distribution coefficients; LQW: Low-quality water; 
meq/100 g: Milliequivalent per 100 g soil; mg kg−1 min−1: Milligram heavy 
metals per kilogram soil per minute.; MFE: Modified Freundlich equation; PDE: 
Parabolic diffusion equation; PTEs: Potential toxic elements; R2: The coefficient 
of determination; SE: Standard error; UC: Uncultivated soil.

Acknowledgements
Not applicable.

Authors’ contributions
HM helped in collecting the soil samples from the different sites, determining 
PTE contaminants in soils, making the kinetic models to the soil ecosystems 
and writing the manuscript. AZ and FA helped in finding the relationship 
between the fates of pollutants in relation to soil properties, discussing 
the obtained results and revising the manuscript. MS helped in clearing 
the objective of the study, writing the manuscript and revising the whole 
manuscript after it was written by Hesham. All authors contributed equally 
in the all article steps, writing the manuscript, and approved the final 
manuscript. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The data used for this study were obtained from determining the heavy 
metals and making kinetic studies in soil samples collected from three 
locations, Abo Rawash, Kombora farmlands (Giza Governorate) and El-Khasha 
site (Kafr-Elsheikh Governorate), Egypt, which are varied in the source of soil 
contaminants. The data are available from the corresponding author upon 
reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Agricultural and Biological Division, Soils and Water Use Department, 
National Research Centre, Dokki, Giza, Egypt. 2 Agricultural and Biological 
Division, Department of Agricultural Microbiology, National Research Centre, 
Dokki, Giza, Egypt. 

Received: 15 July 2020   Accepted: 4 October 2020

References
Alloway BJ (1995) Heavy metals in soils. Blackie Academic & Professionals, New 

York, p 368
ATSDR (Agency for Toxic Substances and Disease Registry) (1993) Toxicologi-

cal profile for cadmium Atlanta, US Department of Health and Human 
Services, Public Health Service

ATSDR (Agency for Toxic Substances and Disease Registry) (2000) Toxicological 
profile. US Department of Health and Human Services, Agency for Toxic 
Substances and Disease Registry; Chromium (TP-7), p 461

Axe L, Anderson PR (1997) Experimental and theoretical diffusivities of Cd and 
Sr in hydrous ferric oxide. J Colloid Interface Sci 185:436–448. https ://doi.
org/10.1006/JCIS.1996.4635

Barrow PA, Hassan JO, Mockett AP, McLeod S (1989) Detection of Salmonella 
infection by ELISA. Vet Rec 125:586

Braz AM, Fernandes AR, Ferreira JR, Alleoni LR (2013) Distribution coefficients 
of potentially toxic elements in soils from the eastern Amazon. Env Sci 
Pollut Res 20:7231–7242

Cottenie A, Verlea M, Krekens L, Velghe G, Bcamerlynck R (1982) Chemical 
analysis of plant and soils lab. Anal. Agrochem. Fac. Agric. State Univ. 
Gent, Belgium

El-Dewany C, Zaghloul AM (2007) Effect of soil properties and residence time 
of applied phosphate fertilizers on fluorine reactions in some newly 
reclaimed soils. J Appl Sci Res 3:87–94

Elzinga EJ, Sparks DL (1999) Nickel sorption mechanisms in a pyrophyllite—
montmorillonite mixture. J Colloid Interface Sci 213:506–512

Guala SD, Vega FA, Covelo EF (2010) The dynamics of heavy metals in plant–
soil interactions. Ecol Modell 221:1148–1152

Jackson M (1958) Soil chemical analysis. Prentice-Hall Inc., Englewood Cliffs
Kim K, Owens G, Naidu R, Kwon S (2010) Influence of plant roots on rhizo-

sphere soil solution composition of long-term contaminated soils. 
Geoderma 155:86–92

Lee TN, Johns WE, Zantopp R, Fillenbaum ER (1996) Moored observations of 
western boundary current variability and thermohaline circulation 26.5°N 
in the subtropical North Atlantic. J Phys Oceanogr 1996:962–963

Mansour H, Saber M, Awad F, Zaghloul A (2019) Dehydrogenase activity and 
zinc equivalent parameters as indicators for potential toxic elements 
remediation in polluted soil ecosystem. Bioremediat J 23(4):326–333

McBride JL, Holland GJ (1989) The Australian Monsoon Experiment (AMEX): 
early results. Aust Meteor Mag 37:23–35

Paulson AJ, Balistrieri L (1999) Modeling removal of Cd, Cu, Pb, and Zn in 
acidic groundwater during neutralization by ambient surface waters and 
groundwaters: Environ. Sci Technol 33:3850–3856

Piper CS (1950) Soil and plant analysis. The University of Adelaide Press, 
Adelaide, p 368

Roberts DR, Scheidegger AM, Sparks DL (1999) Kinetics of mixed metal–alu-
minum precipitate formation on a soil clay fraction. Environ Sci Technol 
33:3749–3754

Saber M, Hobballa E, El-Ashery S, Zaghloul AM (2012) Decontamination of 
potential toxic elements in sewaged soils by inorganic amendments. J 
Agric Sci Technol 2:1232–1244

Saber M, Abouziena H, Hoballah E, El-Ashry S, Zaghloul A (2015) Phytoreme-
diation of potential toxic elements in contaminated sewaged soils by 

https://doi.org/10.1006/JCIS.1996.4635
https://doi.org/10.1006/JCIS.1996.4635


Page 12 of 12Mansour et al. Bull Natl Res Cent          (2020) 44:178 

sunflower (Helianthus annuus) and corn (Zea mays L.) plants. In: 12th 
international phytotechnology conference, Manhattan, Kansas, USA, 
27–30 September

Scheidegger AM, Strawn DG, Lamble GM, Sparks DL (1998) Geochim. Cosmo-
chim Acta 62:2233–2245

Shaheen SM, Tsadilas CD, Rinklebe J (2013) A review of the distribution coef-
ficients of trace elements in soils: influence of sorption system, element 
characteristics, and soil colloidal properties. Adv Colloid Interface Sci 
201–202:43–56

Sparks DL (1995) The environmental chemistry of soils. Geoderma. Special 
volume. Elsevier, Amsterdam

Sparks DL, Elzinga EJ (2001) Reaction condition effects on nickel sorption 
mechanisms in illite–water suspensions. Soil Sci Soc Am J 65:94–101

Sukreeyapongse O, Holm PE, Strobel BW, Panichsakpatana S, Magid J, Christian 
H, Hansen B (2002) pH-Dependent release of cadmium, copper, and lead 
from natural and sludge-amended soils. J Environ Qual 31:1901–1909

Temminghoff EJ, Van der Zee SE, De Haan FA (1995) Speciation and calcium 
competition effects on cadmium sorption by sandy soils at various pH 
levels. Euro J Soil Sci 46:649–655

Thompson B, Hoenicke R, Davis JA, Gunther A (2000) An overview of contami-
nant-related issues identified by monitoring in San Francisco Bay. Environ 
Monit Assess 64:409–419

Voegelin A (2001) Reaction-based model describing sorption and transport of 
Cd, Zn, and Ni in an acidic soil. Environ Sci Technol 35:1651–1657

Wahba M, Shehata S, Zaghloul A (2010) Kinetic approach for best manage-
ment and reuse of low quality of irrigation water in Mediterranean soils. 
In: International symposium on developing partnerships for sustainable 
water management and agriculture in the context of climate and global 
change, May 11th–12th 2010. Purdue University, Indiana

Zaghloul AM (2002) Kinetics of potassium adsorption in some soils of Egypt 
using Electrical Stirred Flow Unit (ESFU). Egypt J Soil Sci 42:463–471

Zaghloul AM, Abou-Seeda MT (2003) Lead release characteristics in some 
Egyptian soils in relation to their properties. Egypt J Appl Sci 17:372–385

Zaghloul AM, Gad N (2006) Characteristics of cobalt reaction in some alluvial 
soils as affected by rate and time of soil incubation. J Appl Sci Res 
2:192–199

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Effect of contamination sources on the rate of zinc, copper and nickel release from various soil ecosystems
	Abstract 
	Background and objective: 
	Results: 
	Conclusions: 

	Background
	Methods
	Soil sampling
	Soils irrigated with sewage effluent
	Soils irrigated with a mixture of industrial effluents, agricultural drainage and Nile water

	Kinetic studies

	Results
	Kinetics of some potential toxic elements (PTEs) desorption from the studied samples as affected by irrigation with low-quality water (LQW) for extended periods
	Zinc

	Copper
	Nickel

	Impacts of certain inorganic contaminants on soil properties

	Discussion
	Conclusions
	Acknowledgements
	References


