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ILE Delta aquifer is one of the largest aquifers worldwide that receives the agrochemical

leachates from the surrounding environments. To assess the status of some trace-elements
(As, Co, Cd, Pb, Cu and Ni) in the North-East area of Egypt, well-water samples beside of
surface, subsurface and deep-soil-samples were collected from 17 different locations to
represent three environmental-pathways: the first one signifies areas relatively nearby Damietta-
branch, while the third pathway stands for the arable lands nearby Ismaellia-canal. The second
pathway is in-between these two pathways. Furthermore,a reference soil (irrigated with fresh-
Nile-water) was sampled for data comparison.These samples were estimated for their total and
AB-DTPA-extractable contents of the aforementioned trace elements (TEs). Results revealed
that AB-DTPA-extractable-TEs were in dynamic equilibrium with the corresponding soluble
contents in irrigation water. Likewise, AB-DTPA-extractable-TEs significantly correlated with
their corresponding total contents in soil. Concentrations of TEs in surface-soil-layer were
higher than the corresponding ones in the subsurface and deep-soil-layers. The calculated
values of contamination factor indicated moderate to very high levels of soil contamination
with TEs. According to the principal component analysis, total and AB-DTPA-extractable-TEs
in soil were affected by only one-principal-component, recording 86.13 % of the data variance.
This indicates that these contaminants originated probably from the same source. Moreover,
multivariate-analyses revealed that total TEs significantly and positively correlated with soil
hydraulic conductivity and bulk density, while negatively correlated with exchangeable sodium
percentage, clay and organic matter contents. These results indicate that the groundwater flow
is the potential source that enriched soils with TEs. Accordingly, any reductions in effluents of
fresh Nile water, which is in hydraulic continuity with the groundwater in the studied area, can
increase the severity of soil pollution with TEs in the studied area.

Keywords: The Nile Delta aquifer, Soil contamination, Trace elements, Contamination factor,
Principal component analysis, Environmental pathways, Groundwater .

Introduction Ramady et al., 2019; El-Ghannam et al., 2019;
AbuZeid, 2020 and Zohry & Ouda, 2020). This
situation is thought to become more crucial upon
the filling and operation of the Grand Ethiopian
Renaissance Dam (Abdelazim etal., 2020 and
Ouda & Zohry, 2020). Thus, managing the
available water resources in Egypt other than
The Nile water (e.g. the groundwater) may bea
valuable option to sustain land use in agriculture
(Masoud, 2020). A positive point to note is that
the Egyptian Nile Delta aquifer still represents,

Water scarcity and quality are the main challenges
of sustainable agriculture worldwide (Reints et
al., 2020). These two prospective problems are
going to be further exacerbated in the future (Xu
and Li, 2020). In Egypt, water crisis represents a
potential threat (AbdAllah et al., 2019; Farid et
al., 2020b and Rafaat et al., 2020) that affects
negatively the sustainability of crop production
in many of its arable lands (Darwesh, 2018; El-
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up-to-now,one of the largest aquifers worldwide
(Sherif etal., 2012). This renewable resource is
directly recharged by the Nile water (Negm et
al., 2018) and can therefore, be a vital resource in
many public activities (El Tahlawi et al., 2008).
This aquiferis used for irrigating about 1.26 million
ha (Sherif etal., 2012) with an annual recharge of
approximately 6.70x 10° m’/year (Mikhailova,
2001). However, a proper management of this
water resource is recommended because of its
incapability to regenerate itself successfully while
decreasing water allocations to Egypt by upstream
countries (Stanley and Warne, 1998).

The Nile Delta aquifer is in direct contact
with the Mediterranean Sea from the north and
the Suez Canal from the east (Negm et al., 2018)
with a slope of approximately 4 m/km, which is
about 40 folds higher than the slope of the land
surface (Said, 1993). Farmers, in such an area,
depend mainly on natural drainage systems to
get rid of excess water (Abd El Ghany et al.,
2019) while soil-leachates reach groundwater
carrying considerable amounts of agrochemical
(Taha et al., 2004 and Sherif etal., 2012). These
agrochemicals are thought to have negative
ecological impacts (Abbas and Meharg, 2008;
Eid et al. 2019 and Mohamed et al., 2019). Many
of the extensively used agrochemicals contain
trace elements (TEs) as impurities e.g., inorganic
(Abdelhafez et al., 2012) and organic fertilizers
(Elshony et al., 2019). These contaminants do
not undergo biodegradation; and; therefore,
persist in soils for years (Abdellatif et al., 2020);
hence, possess potential long-term health hazards
(Abdelhafez et al., 2015; Abbas and Bassouny,
2018; Mohamed et al., 2018 and ElShazly et al.,
2019 a, b). Several studies have emphasized the
presence of groundwater hydraulic continuity
within the Nile Delta aquifer (Zeidan, 2017;
Negm et al., 2018) and some others demonstrated
that many of the soil locations overlying this
aquifer are polluted with trace elements (Elewa,
2010). Consequently, an integrated approach,
considering both soil contamination with TEs and
hydraulic continuity is needed to bring up further
details on the conditions of accumulation and
redistribution of trace elements in such an area.
This goal hasn’t been pursued so far.

The current study evaluates the status of some
trace elements (As, Co Cd, Pb, Cu and Ni) in
groundwater of the north-east part of Nile Delta
aquifer (17 different locations, 3 replicates each)
whose area is estimated by 14,000 km? according
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to Eltarabily and Negm (2017). It is thought
that the soluble contents of the abovementioned
trace elements are correlated significantly
and positively with each other, indicating the
presence of hydraulic continuity among the
studied locations (First hypothesis). Distribution
of these trace elements (total and AB-DTPA
extractable contents) were also determined in
the surface and the deeper soil layers collected
from the areas nearby water sampling locations,
taking into account 3 soil pathways: the first and
second pathways extend from south to north-east
(referring to the areas relatively nearby Damietta
branch and wastewater drains, respectively) while
the third pathway extends from the west part of
the investigated area to the east part (referring
to the arable lands nearby Ismaellia canal). If
soil contaminants transfer and re-distribute long
distances through the continuity of groundwater
aquifer according to Farid et al. (2020a) and
Bassouny et al. (2020), then these contaminants
might move from the highlands located at the
south part of the Nile Delta aquifer to the low
lands located at the north-east/east part of the
Nile Delta (Second hypothesis). We also assume
that AB-DTPA extractable contents of trace
elements are correlated significantly with the
corresponding ones in groundwater and this
probably indicates that the groundwater is the
main source of soil contaminants, particularly
TEs. These contaminants accumulated within
the different soil layers and; therefore, AB-
DTPA extractable contents of trace elements are
correlated significantly with their total contents
in soil (Third hypothesis). Soil physical and
chemical characteristics (e.g. pH, EC, hydraulic
conductivity and the clay content) might have
further significance impacts on accumulation
and redistribution of these contaminants in soil
(Fourth hypothesis) and therefore, the effects
of these factors were also a matter of concern.
Results of this study might have positive impacts
on the management protocols that the government
should follow to stop, or at least reduce, further
trace elements contamination in such an area
while sustaining land use in agriculture.

Materials and Methods

Characterization of study area

The study area is located in the North East
area of the Nile Delta (Egypt) as shown in Fig.1. It
is estimated by approximately 8,900 km?. Farmers
of this area often use groundwater for irrigating
their crops while using inefficient natural drains
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to get rid of excess water. It seems that the farmers
therein depend on drainage water for irrigating their
lands (Abd El Ghany et al., 2019). Accordingly,
these soils suffer from contaminated high water
table (Essam et al., 2020). The mean temperature in
the investigated area is 22 °C and the total annual
rainfall (mainly in winter) is approximately 56.0
mm (Hamman and Mohamed, 2018).

Soil and water sampling

To explore levels of soil contamination with
trace elements in this area, surface (0-30 cm),
subsurface (30-60 cm) and deep (60-120 cm) soil
samples were collected from 17 different locations
(3 replicates each). These locations represent three
different pathways where soils of the first and second
pathways use the groundwater as a main source of
crop irrigation (referring to L1 to L12) while, soils of
the third pathway represent the areas nearby Ismailia
channel which is considered one of the tributaries of
the River Nile (L1;L13;L14;L15;L16 and L17, see
Fig 1); however, its water is severely contaminated
with trace elements due to its nearness to Belbais
drain as reported by El-Rawy et al. (2019). Samples
of well waters were also collected from locations
nearby the sites of soil sampling. Furthermore, a
reference soil (irrigated with the Nile fresh water)
was sampled for data comparison.

Soil and water analyses

Collected soil samples were air dried, crushed
to pass through a 2 mm sieve then the samples
of surface soil layers were analyzed for their
chemical and physical characteristics according
to the procedures presented by Sparks etal. (1996)
and Klute (1986), respectively. Physicochemical
characteristics of the investigated soil samples
are presented in Table 1.The available indices of
the investigated six trace elements (As, Co, Cd,
Pb, Cu and Ni) were extracted from the different
layers of the sampled soils by AB-DTPA
according to the procedures recommended by
Soltanpour (1985) and Shaheen et al. (2014).
Other corresponding soil portions were digested
by aquaregia (HNO, and HCI) to estimate their
total contents of trace elements. Afterwards,
total and available concentrations of TEs were
determined in soil extracts by Inductively
Coupled Plasma Optical Emission (ICP-OES -
Perkin Elmer Optima 5300, USA) (Limits of
detection were 0.006 mg As L', 0.003 mg Co
L', 0.002 mg Cd L', 0.007 mg Pb L, 0.006 mg
CuL'and 0.005 mgNiL").
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Fig. 1. Location map of the studied area
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Soluble contents of TEs were measured in
water samples by Inductively Coupled Plasma
Optical Emission. Chemical characteristics of
water samples were conducted according to
Nollet and De Gelder (2014).

Quality assurance

All chemicals and reagents were of analytical
grade (purchased from Sigma/Merck/Fluka).
Glasswares were rinsed in 10% HNO, overnight
prior to their use; then washed thoroughly with
deionized water. Blanks and spikes were set
up in triplicates to test each of samples cross
contamination and accuracy. The recovery data of
the spike samples were 90.1% for Cd, 92.4% for
As, 91.7% for Co, 93.2% for Ni, 91.3% for Pb and
90.3% for Cu.

Data analyses

Data were statistically analyzed using PASW
Statistics software 18. Contamination factor
(CF) was then calculated as a ratio between the
content of each trace element in soil relative to
its corresponding background content (in the
reference soil).

Contamination Factor (CF)=
of an element in study samples)/(Corresponding

(Concentration

Q)
( concentration of this element in the background soil

The calculated values were then compared
with the levels previously classified by Hakanson

(1980) as follows; CF <1 low; 1<CF<3 moderate;
3<CF<6 considerable and CF<6 as high contami-
nation. The background levels of trace elements
were determined in the reference soil as follows:
0.585 mg Cd kg, 3.69 mg As kg, 2.69 mg Co
kg!, 12.31 mg Ni kg, 11.65 mg Pb kg, 12.63
mg Cukg'.

Results and Discussion

Groundwater as a potential source of soil
contamination with trace elements

Water samples seemed to be highly
contaminated with As, Co and Ni as their
concentrations exceeded the permissible levels
recommended by WHO/FAO (2013) (Table 2).
Likewise, Cd content in many of these waters
exceeded the permissible level. On the other
hand, all the studied locations exhibited low
concentrations of Pb and Cu which were below
the permissible levels (except for location 15
which recorded high concentrations of Cu beyond
the permissible level).

A correlation study was then conducted to
reveal that the concentrations of these trace
elements were significantly correlated with each
other (Table 3). This probably indicates the
presence of groundwater hydraulic continuity
among the studied locations. Accordingly, we
accept the first hypothesis.

TABLE 2. Chemical characteristics of the groundwater samples collected from the studied locations.

Concentrations, mg L'

Location pH d]SE%" SAR s Co cd b Cu Ni

1 8.450 2.080 4.210 0.660 0.240 0.023 0.520 0.141 0.230

2 8.666 2.700 6.124 0.698 0.201 0.008 0.444 0.149 0.291

3 8.520 2.680 4.390 0.740  0.150 0.020 0.440 0.130 0.260

4 8.700 2.650 7.870 0.760 0.230 0.015 0.380 0.170 0.240

5 8.682 2.740 6.324 0.700 0.190 0.008 0.446 0.141 0.242

6 8.530 2.210 7.390 0.870 0.180 0.007 0.480 0.120 0.280

7 8.648 2.720 6.173 0.699 0.206 0.008 0.448 0.151 0.330

8 8.132 2.490 6.099 0.734 0.236 0.020 0.544 0.184 0.340

9 7.820 2.700 7.890 0.830 0.260 0.023 0.420 0.190 0.250

10 7.924 2.390 6.059 0.829 0.288 0.023 0.461 0.194 0.410

11 8.014 2.665 6.646 0.840 0.241 0.019 0.540 0.204 0.360

12 7.690 2.760 7.680 0.820 0.350 0.022 0.610 0.160 0.290

13 8.689 2.575 6.562 0.698 0.193 0.008 0.4424 0.138 0.308

14 8.586 2.635 6.177 0.769 0.254 0.015 0.504 0.151 0.374

15 8.760 2.810 8.120 0.750 0.320 0.032 0.510 0.220 0.340

16 8.459 2.766 7.169 0.837 0.335 0.029 0.607 0.171 0.339

17 8.770 2.330 7.540 0.790 0.250 0.059 0.570 0.181 0.410

18 (Nile water, background)  7.350 1.760 3.840 0.547 0.135 0.004 0.278 0.105 0.195
Ref* 0.100 0.05 0.010 5.000 0.200 0.200

* Note. Permissible levels of trace elements in water were set according to the guidelines of WHO/FAO (2013).

Bold values exceeded the permissible levels
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*. Correlation is significant at the 0.05 level (2-tailed)**. Correlation is significant at the 0.01 level (2-tailed)

Such contaminated waters probably pollute
the arable lands upon their use for irrigation. To
investigate the mechanisms responsible for trace
element accumulation in soil, total and AB-DTPA-
extractable contents of the studied trace elements
were determined in surface, subsurface and deep
soil layers sampled from locations nearby the sites
of water sampling.

Total and AB-DTPA-extractable contents of trace
elements in soil

Soils were sampled from 17 different
locations to represent three pathways, differing
in slope of groundwater in contact with either the
Mediterranean Sea or the Suez Canal. The first
pathway extends from the south-west part of the
Nile Delta to the north east-area. This pathway
is relatively the nearest one to Damietta branch.
Consequently, soils, throughout this pathway,
receive the effluents of the wastewater from the
nearby drains on one hand, while receive the fresh
Nile water loads from Damietta branch on the
other hand. The third pathway extends from west
to east. The second pathway is in-between these
two pathways.

The potential 1" pathway of trace element
accumulation in the north-east area of The Nile
Delta

Concentrations of the studied trace elements
increased significantly in the surface top soil
(0-30 cm) from locations L1 towards L3 (Fig
2); thereafter, these concentrations decreased
noticeably. According to The European Union
Soil Quality Guidelines (assessed at soil pH>7),
the permissible levels of trace elements in soils
are 1.5 mg Cd kg', 100 mg Pb kg, 70 mg Ni
kg!' and mg 100 Cu kg'(Gawlik and Bidoglio
(2006). In case of As and Co, the allowable levels
are 20 mg As kg and 50 mg Co kg' (European
Commission on Environment, 2002). Results
obtained herein indicate that concentrations of
the studied trace elements (except Cd) did not
exceed the permissible levels throughout the
soils of this pathway. Such concentrations were
relatively higher in the surface soil layers than the
corresponding ones detected in the subsequent
soil layers; especially Co and Ni. The decline
of trace element concentrations with soil depth
was also reported by each of Kluge et al. (2018)
and Abouzaid and Bassouny (2020). AB-DTPA
extractable concentrations were also detected at
relatively high concentrations in the surface soil
layer (0-30 cm) while decreased significantly in
the subsequent soil layers (i.e. sub-surface (30-60
cm) and deep (60-120 cm) ones).
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The potential 2" pathway of trace element
accumulation in the north-east area of The Nile
Delta

Figure 3 reveals that total and AB-DTPA
extractable contents of trace elements increased
notably within the surface soil layer (0-30 cm)
while decreased significantly in the subsequent
layers (30-60 cm and 60-120 cm). In spite of that,
there were significant higher concentrations of the
investigated trace elements in the sub-surface soil
layer i.e. 30-60 cm than the deepest one. These
results agree with the findings of Abuzaid and Jahin
(2019) which probably highlighted the significance
of mobility and downward migration of TEs from
the top soil. Trace element concentrations also
increased significantly from the south part of the
investigated area towards the north-east part. In this
concern, the highest values of trace elements were
detected at locations L11 (for As), L12 (for Co, Cu
and Pb), L10 (for Cd) and L9 (for Ni). According
to The European Union Soil Quality Guidelines
mentioned by Gawlik and Bidoglio (2006), these
levels exceeded the maximum permissible ones
(assessed at soil pH>7). Likewise, the levels of
As and Co also exceeded the allowable levels (20
mg As kg!' and 50 mg Co kg') suggested by the
European Commission on Environment (2002).

It is worthy to mention that concentrations of
trace elements in soils located on the first pathway
were relatively lower than the corresponding ones
detected in soils of the second pathway. This
probably occurred because the soils of the first
pathway were relatively nearer to the fresh Nile
water resource of Damietta branch; accordingly,
relatively high flushing of these contaminants
occurred from soils to the Mediterranean Sea.

The potential 3" pathway of trace element accumulation
in the north-east area of The Nile Delta

Figure 4 reveals that total and AB-DTPA
extractable contents of the investigated trace
elements increased significantly in the top soil (0-
30 cm) from the highlands (west area of The Nile
Delta) towards the east (except for AB-DTPA-Cd).
The highest concentrations of As, Co and Cu were
recorded at location No. “L15”; whereas, the highest
concentrations of Cd, Pb and Ni were detected
at location No. “L14”. These concentrations
(especially Pb) were,at the same time, significantly
higher than the corresponding ones detected in the
subsequent soil layers i.e. 30-60 cm and 60-120 cm.
This is probably because Pb accumulated at higher
concentrations in the surface soil layers (Dotaniya
et al., 2020) mainly in the form of lead phosphate

Env. Biodiv. Soil Security Vol. 4 (2020)

(Gao et al., 2020) due to extensive fertilization with
P-fertilizers (Valipour et al., 2016). Moreover, this
area is also near Ismailia-El-Zagazig highway.Thus,
aerosol depositions might also enrich soils with Pb
(Hashim et al., 2017) and Cu (El-Khatib et al.,2020)
and the later element deposits in soils with relatively
high mobile fractions (Zhou et al., 2020).

Level of soil contamination with trace elements

Levels of soil contamination with trace elements
as exhibited by the contamination factor (Fig. 5
and 6), ranged widely from moderate to very high.
In this concern, locations from numbers 15 tol7
were mildly contaminated with As, Co, Cd and Pb.
Likewise; locations from numbers 8 to 12 were
mildly contaminated with As, Co, Pb, Cu and Ni.
It seems that soil contamination with these trace
elements increased notably from the south-west part
of The Nile Delta towards the east.

Based on the results of total and AB-DTPA
extractable trace elements in different soil location
identifying the three environmental pathways, we
can deduce that these contaminants might move
from the highlands located at the south part of
the Nile Delta aquifer to the low lands located
at the north-east/east part of the Nile Delta and,;
therefore, we accept the Second hypothesis.

Table 4 presents the estimated areas (km?) for
each category of soil contamination with TEs. It
seems that the majority of the studied locations suffer
from considerable to high levels of soil contaminants.
Accordingly, soil contamination with trace elements
represents a major threat that should be considered
while managing the arable lands in such an area.

The principal component analysis (PCA)

A principal component analysis (PCA) was then
conducted with Varimax rotation while considering
the total and AB-DTPA extractable concentrations of
the investigated TEs in soil. This type of data analyses
“reduces the dimensionality while preserving most
of the variation in the data set” (Ringnér, 2008).
According to the calculated high values of “Kaiser-
Meyer-Olkin MSA” (MSA=0.611) in addition to
the significant relations recorded on Bartless test
of sphericity (P < 0.001), it can be deduced that
satisfactory inter-correlations existed among the
studied factors. Results presented in Table 5 indicate
that only one component (Eigen value>1) described
the retention data of trace elements in the studied
area recording 86.13% of the variance in the data;
and, therefore, accumulation of the studied trace
elements in soil seemed to be originated from the
same source of contamination.
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TABLE 4. Areas (km?) representing each category of soil contamination with TEs in the studied area.

Moderate Considerable High
Contamination level Total area
Area (km?) % Area (km?) % Area (km?) %
Ni 1583.31 17.78 2154.74 24.20 5164.90 58.01 8902.95
Cu 1952.58 21.93 1751.23 19.67 5199.14 58.40 8902.95
Pb 590.66 6.63 4442.61 49.90 3869.68 43.47 8902.95
Cd 1940.56 21.80 3121.01 35.06 3841.37 43.15 8902.95
Co 1907.83 21.43 3548.22 39.85 3446.90 38.72 8902.95
As 1955.32 21.96 2026.16 22.76 4921.47 55.28 8902.95

TABLE 5. Principal component analysis (PCA) of trace elements in the soils of the area under study (north-east

of Egypt).

Trace Component Initial Eigenvalues
element Communalities Component o .

(TE) “one” Total % gflzzm Cumulative %
As 0.964 0.930 5.168 86.129 86.129
Co 0.956 0.915 0.545 9.077 95.206
Cd 0.955 0.913 0.111 1.857 97.063
Cu 0.904 0.809 0.082 1.361 98.424
Pb 0.899 0.817 0.063 1.048 99.471
Ni 0.885 0.784 0.032 0.529 100.000

To study factors responsible of trace element
accumulation in the investigated area, two
multiple correlations were conducted. The first
one considered the relations between AB-DTPA
extractable (available) contents of trace elements
in soil and the corresponding soluble contents in
groundwater that is used for irrigation. The second
one estimated the relationship between both total
and AB-DTPA extractable (available) contents of
trace elements in soil in relation with soil physical
and chemical characteristics.

AB-DTPA extractable (available) contents of
trace elements in soil in relation with the soluble
contents of these trace elements in wells (ground-
water)

Concentrations of trace element in groundwater
were significantly and positively correlated
with the corresponding AB-DTPA extractable

contents in soil (see Table 3). Moreover, AB-
DTPA extractable - As and Ni were significantly
and negatively correlated with the pH values of
groundwater. It seems that dynamic equilibrium
probably existed between soluble concentrations
of TEs in groundwater and the corresponding
available contents in soil. This dynamic
equilibrium was also noticed by Abdel-Aal et al.
(2011). Accordingly, it can be deduced that these
elements spread via groundwater over a wider
area (Zeidan, 2017). However, some other factors
may increase their retention in soil such as the
pH of groundwater which probably increased the
precipitation of As and Ni. The alkaline nature
of these waters probably played significant roles
in increasing As oxidation (Han et al., 2019) and
precipitation (Zhang et al., 2020). Likewise, Ni-
hydroxides can precipitate under such alkaline
conditions (Musso et al., 2019).
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Multivariate analyses among total and AB-DTPA
extractable (available) contents of trace elements
in soil in relation to soil physical and chemical
characteristics

Table 2 indicates that available concentrations
of the studied trace elements within different soil
locations and depths significantly correlated with
their corresponding total contents in soil. Probably,
the alkaline pH range of the studied soils increased
TEs precipitations and accumulations (Hale et al.,
2012; Kluge et al., 2018; Abuzaid et al., 2019 and
Dotaniya et al., 2020). As mentioned above, such
available concentrations of TEs were significantly
correlated with TEs contents in well waters. Thus,
we accept the Third hypothesis. Likewise, the
total contents of TEs correlated significantly with
each other. This also confirms that the source of
soil contamination with trace elements might be
the same. It seems that soil physical and chemical
characteristics played the major significant roles
in controlling the accumulation of trace elements
within the studied locations. In this concern, the
highest positive significant correlations were
recorded for soil hydraulic conductivity, then
for soil bulk density. This might occur because
of the diffusion of trace elements through the
groundwater continuity within The Nile Delta
aquifer. Farmers, growing plants thereon, use
flooding irrigation method mainly to water their
crops; consequently, they dug a lot of wells to
fulfill their irrigation needs. On the other hand,
hydraulic connection probably exists between
the groundwater therein and the wastewaters of
the nearby drains (Eissa et al., 2019); especially
the discharges of Bahr El-Baqr drain (agricultural
activities, domestic and industrial discharges)
(Tahaetal.,2004; Abde-Elaty etal.,2019) which is
heavily polluted and anoxic (Khadr and Elshemy,
2017). Moreover, farmers of this area (especially
Sharkia governorate) set irrigation networks by
using drain water illegally (Mostafa et al., 2019).
It seems that the regional groundwater flow and
the surface flow regime are the potential sources
of water in this area (Mikhailova, 2001) which
significantly enriched soils with trace elements.
Without seasonal flushing by floods, toxic levels
of trace elements are more likely built up in the
Delta plain (Stanley and Warne, 1998).

It is worthy to mention that clay particles
effectively control the accumulation of trace
elements in soil (Abbas and Bassouny, 2018).
Also, soil organic matter decreased significantly
the mobility of Cu in soil while increased the Co

mobility (Lange et al., 2016 and 2017). However,
the results obtained in Table 5 indicate that each
of the clay content as well as soil organic matter
recorded negative significant correlations with
each ofthe total and AB-DTPA extractable contents
of trace elements in soil. This might take place
because both the clay and organic matter contents
in soils probably formed layers of low filtration
rates (Patle et al., 2019). Moreover, clay particles
reserve Na ions in soil; which consequently
increased clay dispersion (Ali et al., 2019), while
decreased soil hydraulic conductivity (Arienzo et
al., 2012).This is an important aspect for water
and salts transportation (Klopp and Daigh, 2019).
Thus, there is no wonder to find out that the total
concentrations of trace elements significantly and
negatively correlated with soil ESP (Table 2).

Conclusion

Soil contamination with trace elements
represents an environmental problem in the
north east region of The Nile Delta, Egypt. These
contaminants existed mainly in the groundwater
and found their way to the different soil layers
through upraise of groundwater from areas of
high water potential to areas of relatively lower
ones (different soil layers). Loads of these
contaminants were significantly correlated
with each of soil hydraulic conductivity and
bulk density. Although, clay and organic matter
contents reserved some of these contaminants in
soil (recording less significant correlations with
each of AB-DTPA and total contents of trace
elements in soil); however, these two factors
might not be the main responsible ones for trace
element accumulation in soil (both recorded
negative correlations with total contents of TEs in
soil). Probably, the metal ions of these elements
underwent further oxidation and/or precipitation
on the top soil layer (0-30 cm) under the arid
conditions dominant therein; thus, accumulated
at relatively high concentrations (exceeded
sometimes the permissible levels). It is therefore
thought that water flooding; although being
a natural disaster,; however, it is the optimum
solution to reduce the levels of soil contaminants
within the Nile Delta aquifer area. On the other
hand, reductions in fresh Nile water effluents which
are in hydraulic continuity with the groundwater
in the studied area can consequently increase the
severity of soil pollution with trace elements. It
is recommended to introduce and manage safe
bio-approaches to substitute the traditionally used
agrochemicals for crop production in order to
lessen further soil degradation therein due to trace
elements contamination while sustaining land use
in agriculture.
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