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HE AIM of the current research is to check one of the constraints

affecting the soil system behaviour and its sustainability. This is
represented by the accumulation of heavy metais in the soil profile due
to the reuse of highly polluted drainage water in irrigation either alone
or mixed with fresh water.

Two case studies were investigated, the first is in Sahel El-Tina
and South of Kantra areas. which is irrigated from El-Salaam Canal by
mixing the drainage water of Bahr Hadous and El-Serow drains with
Nile Water. The second is the south of Port Said area whose irrigation
water comes from Bahr El-Bakar drain.

To do this. in both areas, a number of soil profiles were selected to
represent the different mapping units in the two regions.
Morphological description, physical and chemical characteristics of
the different layers in the soil profile were carried out.

The heavy metals enrichment ratio for different soil profiles was
used as indicator for heavy metal pollution by Co. Pb, Ni, Cd and Cr.
The rate of accumulation in different soil profiles in both areas was
calculated. {t was shown that the current rate of accumulation in Sahel
El-Tina, especially for cadmium was quite high with respect to the
accepted standards. For example, the corrected rate of cadmium
accumulation reached in some profiles 70 gm acre’ year' with
frequent vatues of 45 gm acre” year. This is in comparison to 2 gm
acre™ year”' for the Rhine River Basin in Western Europe. This rate of
accumulation is quite high and threatens the sustainability of the
ecosystem taking into account that the warning value for cadmium is
only 5 mg/ke, i.e., a value of 5 kg per acre for a depth of 20 cm.

For The south of Port Said area, very high deposttion rates were
obtained for Co. Pb. Ni and Cadmium. The very high corrected
deposition rates for Co ranged from 183 to 261 gm acre™ year. for
lead from 752 to 1347 gm acre” year”. for Ni from 471 to 1094 pm
acre” year and for cadmium Irom 43 10 96 gm acre™ year™

The numbers of years required to reach the warning value for the
studied profiles for Co ranged from 120 to 286, for Pb from 64 to 135.
for NI from 66 years to 144 vears, for Cd from 34 vears to 74 vears,
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Cadmium pollution is the most limiting. All these values reflect a
sustainability problem concerning the accumulation of heavy metals
pollution and the existence of water and soil management problem.

A separation of the industrial and municipal wastewater streams
has to be or a water treatment at the source of pollution has to be
adopted.

In Egypt, the growing population expansion which mounts to about 1.2 million
annum per year and the need to increase food self sufficiency puts an increasing
demand on increasing the food production whether by horizontal or vertical
expansion. In light of the restricted available water resources, the need to
increase the cultivated area puts a stress on wise management of the available soil
and water resources. :

In Egypt, to meet the required aims in agricultural expansion which mounts
to about 150 000 acres per annum, there is an increasing demand on the re-use of
drainage water. Some of this water receives a considerable pollution load in
going through the system. Its later re-use in frrigation represents a considerable
pollution load on the soils of these irrigated areas.

Attia (1999) mentioned that there is a recycling of 12.92 *10° m’ as official
and unofficial reuse of drainage water.

Drainage water contains large amounts of contaminants, either in the form of
Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD),
pesticides, nutrients, heavy metals and faecal bacteria. Recently El-Kabbany er af.
(2000) reported that the drainage waters from agricultural districts and many
industries in Egypt were highly polluted and contained much higher levels of
pollutants residues.

Sahel El-Tina and South Kantra are nirigated from El-Salaam Canal. Drainage
water supplied to El-Salaam Canal is estimated to be 2 *10° m’ /year. This
quantity is harvested from Bahr Hadous, Lower and Upper Serow drains together
and if needed, Farasqour drain. This drainage water is mixed with equal amounts
of Nile water used to irrigate 440,000 feddan in the East, North of Sinai
Governorate. Bahr Hadous drain receives 80907 kg/day BOD and 116497 kg/day
COD and 302442 kg/day total dissolved solids. The Serow drain receives 9010
kg/day BOD, 13225 kg/day COD and 20771 kg/day total dissolved solids
(Ministry of Irrigation and Water Resources, 2002).

In South Port Said area farmers were forced to use drainage water, mainly
from Bahr El-Bakar for irrigation irrespective of its quality and the
environmental effects it may have. This phenomenon is called "The unofficial

use of drainage water”". Studies have shown that quantities used as unofficial
drainage mount t0 no less that 3*10” in® yearly (Alaam, 2001).
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Bahr Al-Bakar drain receives very high organic load from domestic (point &
diffuse sources) and industrial sources. A recently published report (Ministry of
Water Resources and Irrigation, 2002) gives a poliution load estimate of 440462
kg/day BOD, 775635 kg/day COD and 1564 kg/day heavy metals to Bahr al-
Bakar drain in the East of Delta.

The aim of the present research is to consider the status of pollution of the
newly reclaimed area in Sinai and East Delta by the use of the heavy metals
enrichment ratio of the surface layer with respect to the lower layers and correlate
this increase to the irrigation by heavy metal loaded drainage water alone or
mixed with Nile water.

Material and Methods

Sahel El-Tina and South Kantra Area

The location of the study area is shown in Fig.l. Fourteen different soil
profiles representing the different mapping units in the area of Sahel El-Tina and
south Kantra were chosen to represent the area under investigation.

The studied area represent approximately 323040 feddans, location on map 1 ,
bounded by longitudes 32° 15’ and 32° 45’ E and latitudes 30° 38" and 31° 18" N (Fig. 1).
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Fig.l. Location map of the study area .

The units from which the fourteen profiles were taken are shown (Fig.2).
Table 1 is the legend of the physiographic- soil map of Sahel El-Tina and South
Kantra study area. Representative disturbed soil samples have been collected
from the studied soil profiles according to the morphological variation and used
for laboratory analysis.
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TABLE 1. Legend of the physiographic - soil map of the Sahel EI-Tina and South Kantra studied area.

(8007) T ON ‘8¥ 13§ ‘110§ T 1dA87

Landscape Reliel Ligfilgoiﬁy / Land form Mz:l[:'?:ng ‘?I':::‘) Soil sets Type of soil sets
Sand sheet P11l 11,95 Typic Psammagquents Consociation
Shore ridge P112 5.35 - -
Dry sabkha P113 56.32 Gypsic Haplosalids Consociation
Marine | Vet sabkha P14 44.23 Typic Aquisalids Consociation
deposits Salt marches PLI5 42.11 == -
Dried swamps Pl16 43.47 - -
Almost flat to Seasonally submerged land P17 3550 - -
gently
undulating Gypsiferous swamps P118 4393 - -
Gypsterous flats P119 40.78 - ---
[ High old terraces P121 11.85 | Typic Torripsamments |  Consociation
Plain Fluvio~ | Moderately high old terraces P122 17.20 Typic Tonfpsammenfs Consociation
marine Low old terraces P123 37.89 Typic Torripsamments Consociation
deposits [ pacing P124 34.90 Typic Aquisalids Consociation
Low clay flats P125 11264 | Vertic Torrifluvents Consociation
thgh clay flats P126 73.65 Typic Torrifluvents Consociation
Gently Low level sand sheet P23) 95.71 | TypicTorripsamments |  Consociation
undulating PITgh level sand sheet P232 109.58 [ Typic Torripsamments Consociation
o Acgolian Longitudimal sand dune P333 158.40 | Typic Torripsamments Consociation
deposits Low barkhan dune P334 201.28 | Typic Torripsamments Consociation
Undulating ! High barkhan dune P335 139.15 | Typic Torripsamments Consociation
Sand bar P336 25.88
Watcr bodies W 4.25 - ---

Total area = 1346 Km®. re.. 323040 feddans
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Fig. 2. Physiographic soil map of the selected profiles for Sahel El-Tina and South
Kantra Areas ( ¢ profile site).

South Port Said Area »

The studied area incorporates an area of approximately 80192.19 feddans. :i
is bounded by longitudes 32° 00" W and 32° 15" E and latitudes 30° 45" and 31°
00" N (Fig. 3).

Five soil profiles were chosen from 22 localities to represent the different soil
units (Fig.3 and Table 2).

The main physical and chemical characteristics of the studied soil profiles a-e
shown on Table 3a, b and c.

Laboratory analysis

Disturbed soil samples were collected for laboratory analyses, which include:
mechanical analysis, Piper (1950) & Klut (1986)., CaCO;, O.M & EC, Jakson
(1967) & UJ.S.D.A (1991), Soil reaction pH, Richard (1954), Cation exchange
capacity after Piper (1950), as modified by Gohar (1954), Exchangeable sodium
according to Tucker modified method (1971) and heavy metal content in the soil
was determined by the use of aqua regia method (Cottenie et al., 1982) and
measured by AAS

The dissolved heavy metals in the water were determined, after filtration and
acidification by HNO; and the use of AAS, according to Water and Waste Water
Examination (APHA, 1998).

Levpt. J. Soil. Sci. 48, No. 2 (2008)
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Fig. 3. Physiographic soil map of the South Port Said Area. (¢ profile site) .
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TABLE 2. Physiographic and soil map legend of the South Port Said Area.

,T.andsca pe Relief Lithology/ori. Land form Mapping Rep, Profiles Soil scts Type of Soil sets.
oin unit
Coastal plam Gently Fluvio-marine * clay flats
undulating deposits Relatively high Cy l Vertic Torrifluvents Cons
Relatively low
Cy 2 Vertic Tomifluvents Cons
* clay swamps C, 3 Typic Aquisalids Cons.
* old sandy Cons.
deposits. Remnants. Cons
Relatively high Cy
Relatively law Cs; 6 Typic Torripsamments
9 Typic Torripsamments
Young sub- Flat to almost Alluvaal * scattered small Dy 12 Typic Torrifluvents Cons .
deltaic flat deposits hills (Hummocks)
deposits * flat plains. Cons.
Relatively high Dy, 14 Typic Torrifluvents
Refatively low Dy, 22 Typic Torrifluvents
* marches D; - - -
* intermittent wet D, - - -
land.
* Gypsiferous D; - - -
deposits.

v.1139d NY3LSVA NI STVLIW AAVIH HLIM INFWHORING 1105

sTl



(R007) T ON 8y 719§ Jios [ 1di8y

TABLE 3a. Main physical and chemical characteristics of fine textured soils (Sahel El-Tina Soils) .

Mapping | Soil Depth Particle size distribution OM | CaCO; | pH EC CEC
unit profile | (cm) G. | C.S | FES| Sit | Clay | Texture % %o 1:2.5 | dS/m | Cmol/kg | ESP%
Ya % % % % class soil
P125 8 0-10 | 0.00 { 0.5 3.0 | 314 | 651 Clay 0.63 0.60 7.5 63.4 61.2 10.6
10-80 { 0.00 { 06 | 19.0 { 281 | 523 Clay 0.31 0.80 7.7 g1.6 46.8 11.8
+80 Water table level
P126 8 0-25 | 0.00 | 0.8 | 314 | 21.7 | 46.1 Clay 0.72 1.10 8.0 23.8 41.1 12.6
2590 | 000 | 1.1 | 312 | 241 ! 436 Clay 0.30 1.20 8.0 30.2 39.0 13.0
+90 Water Table level
P124 7 0-15 [ 000 | 05 | 275 | 21.8 | 502 Clay 0.60 1.40 8.2 101.4 439 15.6
15-55 1 000 | 0.7 | 268 | 19.1 | 534 Clay 0.21 0.60 8.4 90.2 46.4 16.8
+55 Shells layer
Pi12 14 0-10 | 0.00 1 275 | 462 {1 10.7 | 156 | Sandy 0.30 8.6 7.9 121.6 10.1 1.6
Loam
10-60 | 0.00 | 22,1 | 246 | 236 | 297 Sandy 0.11 4.3 7.8 | 1349 21.0 10.1
' Clay
loam
+60 Shells layer
Pl14 3 0-15 | 000 ] 05 [ 2491310436 ] Clay | 080 5.60 8.1 [ 1615 36.5 16.4
15-40 | 0.00 | 0.7 | 219 | 364 | 41.0 Clay 0.46 2.60 83 143.1 319 17.0
+40 Water table level
P113 2 015 1 0001 06 | 440 | 90 | 464 Clay 0.86 4.80 8.3 172.1 36.2 15.1
15-45 1000 | 1.1 [ 560 ] 17 | 412 Clay 0.40 1.24 8.3 161.6 36.3 158

Water table ievel

9t

AMVYY THAIY N 'V M ANV INVTIN-TH W INY



(00T T ON ‘8% 7§ J1OS' T Jadaey

TABLE 3b. Main physical and chemical characteristics of the South Kantra Soils,

Particle size distribution
Mappin Soil Depth 0.5- | 025 | 0.125 Texture | OM | CaCOy . (.:EC
wit | profie em | 2V S 05 ] onas | 0oes | 983 | cass | % % PH 1 EC ) Cmol) popo,
mm mm mm 1:25 | dS/m kg
mm mm mm soil
— T 030 361 | 1916 | 3660 | 3194 | 741 | 138 | Sandy | 03 04
P334 13 2070 | 301 (2000 0 2738 1 4211 [ 651 [ 0.79 Sandy 0.1 0.1 75 0.6 48 9.0
70-110 | 462 | 2673 [ 2292 [ 4000 | 520 | 053 Sandy 0.0 0.6 77 04 31 8.1
0-15 076 | 1278 | 3228 | 5124 | 3.00 | 020 Sandy 0.2 0.3 72 16 47 7.0
P333 12 15-80 | 061 | 975 | 4072 [ 4618 | 264 | 010 Sandy 0.1 0.8 73 1.0 5.5 7.1
80130 | 052 | 1251 [ 4240 [ 4133 312 | 012 Sandy 00 1.2 7.5 0.4 6.2 82
0-30 141 | 1482 | 3276 | 4620 | 416 | 033 Sandy | 03 1.4 73 0.8 43 8.1
P231 10 30-100 | 063 | 793 | 39.19 | 48.14 § 317 | 044 Sandy 0.1 0.8 76 0.6 35 73
100-136 | 042 | 1014 [ 3567 {5027 1 315 | 035 Sandy | 0.0 03 78 05 4.0 8.3
0-30 100 | 2162 | 3744 [ 3365 [ 516 | 0.3 Sandy | 04 1.4 8.0 1.7 3.1 74
P232 ) 30-100 | 056 | 1318 | 4035 | 3821 | 6.18 152 Sandy 0.2 1.0 78 13 48 83
100-130 | 031 11900 | 2876 | 4167 { 926 | 1.00 Sandy 0.0 0.6 7.7 1.2 42 78
- T 025 063 | 865 | 405t [ 4271 1 704 [ 031 Sandy 03 08 75 24 52 81
Pi2t 4 2580 | 052 | 916 | 4933 | 3106 | 952 [ 0.1l Sandy | 0.1 0.3 8.0 1.9 32| 89
§0-120 | 048 | 1124 | 2660 | 5122 | 1017 | 029 Sandy 0.0 0.1 8.1 1.0 2.3 7.6
0-30 016 | 1241 | 4201 | 3614 | 931 | 0142 Sandy 02 0.9 7.2 1.9 3.6 96
P122 3 30-80 | 010 | 1432 {4732 [ 2192 [ 1620 ] 0.4 Sandy 0.0 0.5 75 1.3 46 8.8
80-130 | 011 11674 | 3366 13932 | 10111 026 Sandy | 00 03 74 0.7 31 73
0-20 273 12019 14039 [ 2925 | 579 | 0.63 Sandy 02 12 76 1.5 1.8 8.1
P123 6| 2070 [ 200 | 1600 | 4332 [ 3115 | 614 | 032 Sandy | 0. 1.0 7.5 0.8 34 74
70-110 | 114 ] 1025 | 4722 [ 3000 | 1024 | 115 Sandy | 0.0 0.6 75 08 52 7.2
PN 0-15 122 71050 15031 3112 ] 473 1 21] Sandy 03 34 7.8 11.8 1.0 10.6
{North of |
Sahel El- | 15-90 102 L1001 | 4944 | 3521 | 260 | 12 Sandy 0.1 4.6 7.7 18.2 1o 2.8
Tina) |

t
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TABLE 3c. Main physical and cheniical characteristics of the South Port Said Soils.

Mapping ; Rep. Depth Particle size distribution % Texture | pH | OM | CaCO, EC CEC | ESP
unit Profile | incm, : class %o % dS/m | meq/ | %
No. Gravel C. 8 Silt Clay 100
sand | sand gm
. soil
C, I 0-35 0.0 0.64 | 217 {25536 | 71.63 | Clay 86 | 1.8 10.2 17.6 68.2 16.4
35-110 1 0.0 0.79 | 3.24 | 2236 | 73.61 | clay 87 | 1.5 9.6 15.3 68.9 17.6
|
Water table level
C. 5 0-20 0.0 0.71 1.86 | 30,02 | 6741 | clay. 88 119 9.7 19.1 60.3 202
20-45 100 (.43 219 [ 2536 | 71.82 | Clay 87 | 14 6.4 16.2 60.8 18.7
Water table level
s 9 0-45 0.0 483 13555 [ 1031 | 2331 § SCL 87 | 1.7 1.7 182 13.1 183
45-80 | 0.0 11.72 7840 | 3.72 6.16 Sandy 86 | 12 10.3 154 2.2 169
B Water table level
D, i2 0-40 0.0 037 | 331 [ 4238 [ 5392 [ clay 85 | L6 12.6 10.6 47.8 158
40-100 | 0.0 0.16 | 2.68 | 37.25 | 5964 | clay 85 | 1.2 10.4 9.2 51.1 16.3
Water tuble level
D, 22 0-30 0.0 0.18 | 236 | 3725 [ 60.21 | clay 8.8 1.8 ] 135 11.3 542 164
30-75 | 0.0 027 | 211 | 327 04.92 | clay 8.6 Ll 1.2 87 56.3 15.5
Water table level

8cl
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Results and Discussion

Heavy metal accumulation in the soil layers

Table 4 lists the results of the heavy metals content (mg/kg dry soil) of the
surface soils for five, mainly fine textured soils at Sahel El-Tina, five coarse
textured soil at South of Kantra and five soils of South Port Said Area
respectively, at different layers, as determined by the use of aqua regia (Cottenie
et al., 1982) and measured by AAS.

The second row of the table contains the warning values of the heavy metals
Co, Pb, Ni, Cd and Cr in (mg/kg). These values, give the concentration values of
the different heavy metals that, when reached, is a warning of a problem of
pollution which requires further investigation. For example, the value of
Cadmium is about 5 mg/kg. If this value is reached, there is an indication of
pollution. A value of 12 mg/kg cadmium in the soil, which has been lowered
from the 20 mg/kg of Moen et al 1986, is the new intervention value. At this
value, the No Observed Effect Concentration (NOEC) has been exceeded for
50% of the microbial population in the soil. For the reference value, which has
been lowered to 0.8 pg/g cadmium from 1.0 pg/g, the NOEC of 5% of the
microbial population in the soil has been exceeded (Vegter, 2004).

The values of the heavy metals concentration and the enrichment ratio in
different layers are tabulated next. The Enrichment ratio (Enrich), for different
layers of Co, Pb, Ni, Cd and Cr, was calculated as

: . Ciay
Enrichment ratio = —————

C lowest laver

Where Ciuye is the heavy metal concentration in the layer under consideration
and Ciowest 1ayer 1S the concentration in the lowest layer in the profile.

If the enrichment ratio is larger than one, it indicates a source of heavy metal
deposition at the soil surface or a variation in the chemical composition in the
parent material with depth. A horizontal variation with the studied area of this
enrichment ratio excludes this latter possibility. So, the values in Table 4 give an
indication of heavy metals accumulation in the upper surface layers.

The enrichment ratio differs for different heavy metals, following different
mobilities. Lead, for example has very low mobility, since its retardation factor is
very large. The possibilities for movement is by ploughing the soil or through
chelate aided leaching (El-Kilani & Belal, 2005). The enrichment for Pb ranges
from 2.89 for profile no. 5 and reaches 32.5 for profile no.7. The enrichment ratio
for profile no. 7 is higher than the enrichment ratio for profile no. 3 because the
denominator in profile no.7 is much lower. Profile 3 is for a clayey soil and
profile 7 is for a sandy soil. The denominator is the concentration in the lowest
layer of profile 7, which is 0.02 (mg/kg) while for profile 3, it is 0.3 (mg/kg).

Egypt. J. Soil. Sci. 48, No. 2 (2008)
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The enrichment ratio depends on the shape of the solute front or the shape of
pollutant breakthrough curve. The breakthrough curve depends on exchange isotherm
of the pollutant being convex upwards (favourable exchange) which lead to very
steep front and thus a high enrichment ratios or concave upwards (unfavourable
exchange) which lead to very spread front (Bolt, 1978). The enrichment ratio also
depends on the stage we are in the breakthrough curve. The Breakthrough curve of
the clayey soil is in much advanced stage than the sandy soil.

The highest enrichment ratio (Enrich) values for the clay textured soils of
Sahel El-Tina were recorded for Pb (3.67-5.71) and Cr (3.5-9.5), while the lowest
one was recorded for Cd (1.75) due to its high mobility. The Enrich values for
the sandy textured soils were much higher than for the clayey soils since the
absolute values are much lower. The corresponding Enrich values in sandy soils
ranged from 17-32 for Pb and 30-64 for Ni whereas for Cd it reached up to 16.

As for Port Said clayey soils, which is irrigated directly from Bahr El-Bakar
drain, the enrichment ratio values are much higher compared to those of Sahel
Ei-Tina and south El-Kantra. The Enrich values in Port Said ranged between
7-19 for Pb and 6-10 for Ni while it was 4-7 for Cd. This could be rendered to the
high concentration of different heavy metals in Bahr El-Bakar compared with
those in El-Salaam Canal .

This could reflect the higher mobility of Cd and Co relative to the low mobile
metals of Cr and Pb which tend to accumulate in the surface layer.

The tested heavy metals could be arranged according to their Enrich values as
follows

Cr> Pb> N> Cd for clayey soils of Sahel El-Tina
Ni> Pb> Cr> Cd> Co for sandy soils of South Kantra

These sequences are in agreement with Martley, ef al. (2004) and Zhang et al. (2006).

The deposition rates
The corresponding quantities of heavy metal existent in every soil layer, of
the five mentioned above heavy metals were calculated as

Qi = 1000

where
Q; is the heavy metal content of the corresponding soil layer (gm).
C,; is the concentration of the heavy metal in the corresponding layer in mg/kg .
A is the are of one feddan (4200 m?) .
Az is the corresponding soil layer thickness (m).
Py is the bulk density of the soil (kg m™) .
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134 R.M. M. EL-KILANI AND W. A. M. ABDEL KAWY

The 1000 factor is used to convert the heavy metal content in the layer from
mg to gm. The uncorrected rate of heavy metal accumulation in different soil
layers for the different heavy metals was calculated .

Ratei,uncorrected - Ql /n

The total heavy metal content for the soil profile was calculated by summing
up Q; for differént layers.

The heavy metal content was divided by the total number of years since
irrigation started (n=10), since the irrigation works ended in 1992. The total rate -
of accumulation the whole profile was then calculated by summing the yearly
rates of accumulation for the different layers in the profiles.

To take account of the background concentration, a soil profile which is not
cultivated, was taken as the reference value. This is profile no. 5, which has the
lowest enrichment value for Pb (1.66) and it is a wet Sabkha. The value of the
calculated deposition for this reference profile was subtracted from the total yearly
accumulation rate to give a conservative corrected estimate of the deposition rate
value of the heavy metals. Any net accumulation in the other profiles after subtracting
the reference profile should be an indication of real deposition.

= - — refrence profile or refrence value
Rate ) Qj /n p
corrected

WarningVahe

Number of years
Ratecorrected

In Table 5, the final values of the corrected accumulation and the number of years
required to reach the warning values for different heavy metals are tabulated.

For the Sahel El-Tina plain, from Table 5, the number of years required to reach
the warning values are the lowest for the case of cadmium. This shows that cadmium
is the most limiting factor for sustainability for the system. These values are as low as
100 year or even less; 59 years for soil profile P111. A 100 year years is a value
which indicates no sustainability of the established agricultural ecosystem. When
compared with the Rhine Valley in Europe, the number of years required to reach the
warning value is 2500 years. Cadmium yearly rate of accumulation values for the
Rhine valley in Western Europe is about 2 gm acre’ year' (United Nations
University, 1994). The corrected accumulation rate reaches even higher values from
18 to 84 gm Cd acre™ year". These are very high values and indicate a source of
pollution which has to be handled.

Pi11 is coarse textured soil. The accumulation could be due to lower
movement of irrigation water through the profile and the accumulation of the
pollutants in the irrigation water due to evaporation from the soil surface.

Ltevpt J. Soil. Sci. 48, No. 2 (2008)
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For the coarse textured soils in South kantra soils (second part of Table 5),
the values of the accumulation rate are much lower. This is shown by the number
of years required to reach the warning values. They range from as low as 147
years to 647 years for cadmium. For other heavy metals studies, the number of
years is much larger. This does not mean the problem is not there but that the
retardation factor, and so the retention capacity of the soil for cadmium or other
heavy metals pollutants in irrigation water is much lower in the coarse textured
soil than in the fine textured soils. A comparison between Table 5.a and 3b show
the much higher values of the CEC for the fine textured soils of Sahel El-Tina
with respect the coarse textured soils of South Kantra . A comparison between
Table 3a and 3b show thé higher values of the organic matter and to a lower
degree the CaCO; content of these same soils. All these factors go into the higher
retention capacity and so, the higher retardation factor for the fine textured soils
with respect the coarse textured soils. So, If pollutants are added to the soil in
irrigation water, it will held or retarded in the fine textured soils and move much
faster in the coarse textured soils. The retardation factors for different heavy
metals differ. For Lead, it is very high. It could reach values of thousands, while
for Cadmium in soils is much lower.

For the Port Said Area . The background concentration was assumed equal to
the concentration in the lowest layer in every soil profile.

From the results in Table 5, it was found that cadmium is not the only
limiting factor. The other studied heavy metals, namely Co, Pub, and Ni are also
critical. Cadmium is the most limiting one. For the first soil profile, the number
of years required to reach the warning value were 120, 64, 80 and 34 years for
Co, Pb, Ni and Cadmium respectively. The number of years required to reach the
warning value for Cr was 2304 Years, So, there is no problem with Cr
accumulation. The calculated rates of accumulation show very high values for the
deposition of different heavy metals. For example, the rate of lead deposition for
the first profile was 1547 gm lead acre™ year’'. The rate of deposition, in case of
assuming the background concentration is zero, mounts to 2360 gm lead acre™
year’' (not in the table). The real rate of deposition is somewhere in between
these two rates. In any case, both of them are very high value of deposition. In
Table 5, the uncorrected rate of accumulation is not listed. Only the corrected rate
of accumulation is listed.

For Cadmium, the corrected yearly rate of deposition for the first soil profile
ranges from about 149 gm cadmium acre” year”' |, when considering no source of
cadmium in the original soil minerals to 75 gm cadmium acre” year' when
subtracting the cadmium content in the second layer, as the background value. For
the studied soil profiles, these values ranged from 67 to 43 gm cadmium acre™ year’
' respectively. For the third profile, these values ranged from 67 to 51 gm cadmium
acre” year'. For the fourth profile, these values ranged from 163 to 97 gm
cadmium acre” year”'. For the fifth profile, these values ranged from 117 to 62.50
gm cadmium acre” year'. These corrected deposition values will nced a period 30
to 74 years. for the corresponding soil to exceed the warning values, as given by
Egvpt. J. Soil. Sci. 48, No. 2 (2008)
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Moen et al. (1986) . These are very short time pe}iods and reflect the existence of a
very serious soil and water management problem. If we compare these numbers
with numbers from the Rhine basin, we see that rate of deposition for the Rhine
valley basin is about 5 gm hectare”’ year™ (quted Nations University, 1994).

For the second soil profile, the number of years required to reach the warning
values for the first four heavy metals ranged from 74 to 286 for Co, Pb, Ni and
Cd. The number of years for Cr mounts to 5553. So, the problem is the first four
heavy metals and not the last one. Cadmium is the most limiting.

For the third soil profile, the number of years required to reach the warning
values for Co, Pb, Ni and Cd ranged from 74 to 187. Cadmium is the most
limiting.

For the fourth soil profile, the number of years required to reach the warning
values for Co, Pb, Ni and Cd ranged from 30 to 126. This profile receives much
higher pollution load than the second and the third and almost similar to the first
profiie. '

For the fifth Soil profile, the number of years required to reach the warning values
for the first four heavy metals ranged from 42 to 181 for Co, Pb, Ni and Cd.

The problem and proposed solution

For the Sahel El-Tina, the source of Cadmium comes from irrigation water. A
look at heavy metals content of El-Salaam irrigation water (Table 6) shows that
the Cd dissolved content of the irrigation water is about 0.02 mg/l water. Using
an amount of irrigation water of about 4000 m’/acre per year will introduce an
amount of Cd to the soil which is about 80 gm year' acre’'. This is a very high
value of yearly addition of cadmium and accounts for most of the calculated
added cadmium to the soil.

TABLE 6. Heavy metal content of irrigation water of El-Salaam Canal as
determined by AAS.

Fe | Mn | Zn Cu Co Pb Ni Cd Cr

El-Salaam Irrigation

water 02 021004007003 002003 ] 002]0.03
Bahr El-Bakar
irrigation water - - - - 10051007 ] 0.06 | 004 | 0.08

The source of Cadmium in drainage water is the municipal waste water and
industrial waste water and which shows that if we want to reuse or recycle
drainage water, which is in fact a necessity, an awareness of the importance of
heavy metals content in the drainage water and methods to reduce its content in
industrial waste water before being discharged to the drainage system has to be
introduced.

Egypt. J. Soil. Sci. 48, No. 2 (2008)
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For the south of Port Said Area, the problem comes from using drainage
water from Bahr El-Bakar drain which is highly polluted in irrigation. The
industrial waster water is mixed with municipal waste water and then discharged
into the drainage system. The industrial waste water contains large amounts of
heavy metal pollution. A policy of separating the two wastewater streams has to
be adopted and a treatment at the source of pollution has to be adopted.

The heavy metal content of Bahr El-Bakar Drain water is shown in Table 6. If
the Bahr El-Bakar drain water, depending on the availability of irrigation water in
the irrigation canals, form the sole source of irrigation water for most of the soils
in this region and the dissolved Cadmium content is 0.04 ppm, which represents
a 0.04 gram per cubic meter of the water used for irrigation. Depending on the
fractional use of drain water in the irrigation which is one for most of the studied
area, the use of 4000 m’ per acre per year for irrigation, will increment the
cadmium content of the surface layer by 160 grams per year per acre. The critical
ceiling of 5 pg/kg dry soil, i.e., 5 kg/acre for the upper layer of soil, assuming an
initial content of 0.0 ppm, will be reached in 30 years.

Another point which is worth mentioning, is that the determined value of

total, which is higher due to the cadmium adsorbed to the suspended particles
and which will shorten the time span even further. This point could explain the
discrepancy between the observed high deposition for lead and the amount
calculated from the dissolved in drainage water.

Conclusion

The enrichment ratio of the five heavy metals in mainly heavy clays soils of
Sahel El-Tina, the fine textured soils of South Kantra and the fine textured soils
in South port Said area, show that there is a problem concerning the use of
drainage water, either mixed as in El-Salaam canal or alone as in South of Port
Said Area, concerning the accumulation of these heavy metals in the soil profile.
In the fine textured soils of Sahel El-Tina, Cadmium was the most limiting
factor. In the fine textured soils of South Kantra, tlie soils have no problem due to
its coarse texture which gives it a low retention capacity of pollutants in the soil.
In the fine textured soils of South Port Said, the soils have a problem in the
accumulation of Co, Pb, Ni and Cd to such an extent that it threatens the
sustainability of the ecosystem. Cadmium was the most limiting. A budget study
of the cadmium sources in the Egyptian Agricultural Ecosystem, its sources, and
its adsorption and retention in Egyptian soils has to be initiated. A water
treatment at the source of heavy metals or a separation of the industrial water
stream and municipal water streams and separate treatment of the industrial
stream has to be done.
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