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ABSTRACT

The present work aimed to investigate the contigoutof GIS for studying the
environmental spatial impacts of using mixed irigga water on soil pollution in El
Fayoum Governorate. To achieve this target, diffedecalities affected by mixed
irrigation water were selected at Tamia Distrigtayoum Governorate. Aerial photo-
interpretation followed by conventional field cheelnd laboratory analyses were
integrated with the GIS to provide a suitable basg for the study. The main physical
and chemical characteristics of 52 soil profilepresenting the different mapping units,
were stored into ILWIS GIS. The Geopedologic aspettthe area were assessed and
discussed. Three map units were selected from ¢bgrgphic database in such a way
that part of the unit is irrigated with fresh wagerd the other part with mixed water. An
obvious increase of the micro elements and heawglsmeoncentrationFe , Mn, Cu,
Pb, Cd, Zn in the mixed water, as compared to the fresh wateecorded. Data of the
impact of using mixed irrigation water on soil si@ly and pollution reflected some
hazard trends on soil properties, where remarkatdeeases in soil salinity, micro
elements and heavy metals in all the studied swoitsated with mixed water occurred.
The observed hazard effects varied among the diftesoils in the area, mainly due to
texture and drainage conditions.
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1. INTRODUCTION

Many of Egypt's environmental problems are relatedthe compound effects of
intensive irrigation with low quality irrigation vi@r, extreme aridity, and very high
population . The inventories of Egypt's naturaowgces assess their degradation,
especially with respect to the severe problemsadf damage, water pollution, and
waterborne diseases . Soil damage and acute sdlimizaffect at least 28% of the
countries irrigated soils. Salinization, togethathwassociated water logging, reduce
agricultural output by some 30% in damaged aredspaor irrigation management is
responsible for much of the current situation. Bgywater pollution problems result
from several factors: salinized drainage water framgated areas, agricultural
pesticides, industrial effluents, sewage disposaid over pumping of aquifers.
Recently, different environmental pollution probkerwere reported in EI Fayoum



Governorate. Many farmers are complaining from diegradation of their soils. Soil
salinity and quality of irrigation water were thenemon factors.

1.1 Research objectives

The present work aimed to achieve the followingeotives;
a) To setup a suitable geographic soil database forid ®istrict soils that can be
used in different agricultural development and agg@ment processes.

b) To investigate the possible environmental impaxtsising mixed irrigation
water, that has been practiced in the area sing®, h soils.

c) To investigate the contribution of GIS and remoé@sing in studying such
environmental problems.

1.2 General description of the studied area
The study area is located in the eastern part-Bafoum Governorate,
pounded between longitudes®3t8’ 34” and 31 4’ 55” E and latitudes 2920’ 14” and

29° 23' 50" N, Map (1). The annual mean temperatar22 Cand the annual mean
rainfall is only 8 mm, whereas the mean daily evapon is 6.75 mm.

Map 1. Location of the studied Tamia District.
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1.3 The geological setting of the studied area

The geology of the area can be summarized aféed, (3962), as the following;

a) El_Fayoum depression itself is excavated in Midg&dzene rocks, which form
the oldest exposed beds in the area and are cothpesentially of gyps-ferrous
shale, white marls, limestone and sand (known amRdeds).

b) d) The Oligocene beds, followed the Upper Eocerus bare composed mainly
of fluvio-marine variegated sands and sandstoni aliernating beds of shale-
marls and calcareous grits containing silicifiedogddQatrani formation). Above
the Qatrani formation, basalt intrusions fissuredaahorizon about 20 - 25 m
thick.

c) The Pleistocene deposits which are mainly of flulaoustrine origin, are
forming the subsurface zone between the upperrmaosint deposits of Holocene
(Nile alluvial) and the Middle Eocene deposits la¢ tottom of the Fayoum
depression. These Pleistocene deposits are meamposed of gravels and
sands .

2. MATERIALS AND METHODS
The work of the present study had been conduct@@02 to include the following;

2.1. Aerial photographs with scale + 1:40,000, dated6l%ere used for photo
interpretation. The photographs were studied sseamcally using the geopedologic
approach as outlined by Zinck (1989).

2.2. The resulting photo interpretation map and thegoaphic maps, scale 1: 50000,
EGSA 1996, were scanned, geo-referenced and diditaccurately to ILWIS GIS

software Version 3.1 (ITC, 2002). Map updating wasried out with the help of the
topographic maps and the TM satellite image daiee 1998.

Interpolation between contours was made to obterDigital Elevation Model (DEM),
Map 2. A slope map was obtained from the DEM |aysdt classified into three classes,
Map 3.

To increase the accuracy and purity of soil mappings to be more suitable for the
geographic data-base, GIS crossing was made betieartassified slope map and the
geopedologic map; as described by Shendi (200G% pioduced the final soil map

SMUs, Map 5 and Table 1.

2.3. Reconnaissance survey tracks were planed to thesmajority of the different
mapping units and to cover the significant landidess that occur in the area. The
accessibility to these transects for fieldwork walso considered. The different
irrigation network canals were overlayed on thd smp in order to investigate the
soils irrigated from different water quality sousce

In order to integrate the research worksedbefore by Fayoum Faculty of
Agriculture in Tamia district and to represent thié resulted soil-mapping units with
modal profiles, data of 44 soil profiles were intgd from the previous works of
Hassanein (1986), Al-Sharif (1987), Ibrahim (1988);Sayad (1988), Abdel All



(1990), Shendi (1990), Al-Sharif (1994), ) Abd EbMleb (1997) and Awadalla
(1998). Moreover, sum of 8 soil profiles were dawerepresent the remaining
unrepresented SMUs, Table 3.

Map 2. Digital Elevation Model of the studied area.
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Map 3. Slope map of the studied area.
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A general reconnaissance survey was dostewhere testing auger samples were
intensively made to check the validity of interjatein boundaries, detect new missing
boundaries, allocate the model profiles positiostingate the soil mapping unit
composition and to estimate the main charactesisiicthe different mapping units.
Eight soil profiles were examined in the differesaimple areas. The exact location of
the different transects and soil profiles obseorati are recorded by the GPS and
indicated in Map 4. Detailed morphological desdoiptwas recorded for each of the
studied soil profiles, on the bases outlined by FAQ77) and classified according to
Soil Survey Staff (2003).

A total of 41 disturbed and undisturbed samplesewenllected for physical and
chemical analyses.

Map 4. Location map of the soil profiles used in the data-base.
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2.4. Soil attributes of the different mapping units wexdded after the analysis of the
modal soil profiles representing the dominant msoil. The main soil characteristics
were stored as an attribute table for the SMU rssm-correlation to each ID mapping
unit is made and the geopedologic soil data-baseltesl. The physical and chemical
properties of the studied soil profiles were staredelational tabular format correlated
with the ID of SMU map, Table 2.

2.5. To investigate the effect of using mixed irrigatiovater on soil pollution, a
geographic soil database was outlined first on IEVAIS, then the different irrigation
network were digitized and overlayed on soil mapteg different mapping units were
selected, each one has some parts irrigated vesi fiNile water and with mixed water
in other parts. The selected mapping units wereegmd also by different textural



classes and origins which were considered withhibip of the resulting geographic
database.

Six mini pits were made to represent the selectag omits. Three mini pits
were allocated in areas irrigated with Nile fresatev and the other three in the areas
irrigated with mixed water. Representing soil aindgation water samples were
collected for different laboratory analysis.

3. RESULTS AND DISCUSSIONS

3.1. Geographic soil data base

One of the main problems facing the creation ofggaphic soil database is how to
represent the spatial variability associated witkine same mapping unit. Fuzzy
boundary models using raster GIS usually provideakle solution for thematic maps,

whereas the common soil maps usually use vector. GLBing the physiographic

photo-interpretation, some generalizations usuakgur and result associations or
complex mapping units due to the heterogeneithefsbils. This leads to a problem of
how to represent such mapping units with only onedah soil profile as a basic

requirements for geographic database. Such prolidemsually common in semi-

detailed or general reconnaissance soil surveysreals detailed soil surveys usually
result consociation mapping units that are moreablé for the GIS representation.

To increase the accuracy and purity of soil mappinggs to be more suitable for the
geographic data-base, GIS crossing was made betieartassified slope map and the
geopedologic map and the final soil map SMUs wasédl, Map 5 and Table 1.

The physical and chemical properties of the studigti profiles were stored from the
selected modal profile for each mapping unit andedoin relational tabular format
correlated with the ID of SMU map. Different themanaps were able to be resulted as
attribute maps from the geographic soil databasg B& 7. The different studied soil
properties are given in Tables (2, 4 ,5,6 &7).

3.2. The effect of slope map crossing on the purity of soil mapping units

By comparing the soil classification and the maoii sharacteristics after crossing the
soil map with the slope map, (Tables 1&2), it isxcode that the crossing operation
succeeded to increase the soil map purity in fafferént map units; PI111, PI211,

Pl411 and Pelll. The main soil in the high terteead “PI111” in the study area is
estimated in the field to cover about 70% of theppiag unit and are classified as
Typic Clacitorrerts . After crossing with the séomap, it was able to distinguish units
with Typic Haplotorrets in areas with slope of @%-. In the moderately high terrace
tread “PI211” and in the low terrace tread “Pl41tiew mapping units of Typic

Haplocalcids were distinguished in the same slopssc0.5-2%. Whereas, Typic
Haplosalids were recognized in the dissected tfea&d11”. The results indicate the
importance of the applied methodology to incredse go0il mapping units purity for

maps resulting from aerial photo-interpretation.






Map 3. Soil map of the studied area.
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Table 1. Geo-pedomorphic legend of the studied i

High Nile alluvial and || Terraces tread| P1111 ypic Calcitorrerts 70% PI111%(2 - 8%) [ 905.95
Terrace residual ypic Haplotorrerts 30% PI111*(<05 - 2%)} 3810.12
limestone PI111*%(<.5%) 17407.14
Basin ypic Calcitorrerts 60% PI112*%(0.5 - 2%) || 754.76
ypic Haplotorrerts 40% PI1112*(<.5%) 4141.67
Moderately J Nile alluvium Terraces trea ypic Torrifluvents 50% PI211*(2 - 8%) 767.86
High and residual ypic Haplocalcids 40% PI1211*(0.5 - 2%) || 7244.64
Terrace limestone ertic Torrifluvents 10% | PI211*(<.5%) 14842.26
Basin ypic Torrifluvents 60% PI212*(0.5 - 2%) 1044.64
ertic Torrifluvents 30% PI212*(<0.5%) 2110'71
ypic Calcitorrerts 10% '
ypic Calcitorrerts 60%
ypic Haplotorrerts 30%
ertic Torrifluvents 10%

Nile alluvium Terraces trea PI311*(<0.5%)
and residual

limestone

Moderately
Low
Terrace

2435.71

1672.02

. H 0,
ypic Haplosalids 20% 670.83

ypic Haplocalcids 15%
ypic Torripsamments 80%
ypic Torrifluvents 20%
ypic Haplotorrerts 80%
ypic Calcitorrerts 20%
Residual sl Slope facet ypic Calcigypsids 80%
limestone shale'd| complex ypic Calcitorrerts 20%
Peneplain || Dissected ] Colluviumand || Tread ypic Torripsamments 60% [ Pel11*(2 - 8%) | 529.76
plain residual ypic Haplocalcids 20% Pel11*(0.5 - 2%)}| 3173.81
limestone ypic Haplosalids 20% Pel11%(<0.5%) |4373.81

P1411*(<0.5%)

Basin comple Pl412*(<.05%)

1182.74

Incision PI511*(<0.5%)

Nile alluvium I Swales 1880.95

Hillock PI611*(0.5-2)

2240.48

} Low terrace| Fluvio-Lacustrin || Terraces trea1 ypic Aquisalids 65% | PI1411*(0.5 - 2%) }
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Table 2. Main soil characteristics of the differehsoil mapping units SMUs

Mapping Taxonomic unit Profile |Drainage| Erosion | Salinity CEC CaCOs; | ESP |Texture pH H.C. Bulk |Available
unit (sup-group) depth * (dS /' m) |(Cmol. / kg) % ** (Soil paste) (cm/h) | density | moisture
(Cm) *kk (kg/mB) %
PI111 (2-8) |Typic Calcitorrerts 120-150 | M. W-D| Non 8-16 20 -25 10 -15 1548CL [7.5E-7.6 25-35| 1.25-1/85-20
Pl 111 (0.5-2) Typic Haplotorrerts 120-150 | M. W-D| Non 8-16 20-25 5-10 10 4 Cs 7€-765 |05-02 | 1-1.25| 20-25
PI 111 ( <0.5)Typic Calcitorrerts 120-150 | M\W.D | Non <4 25-30 10-15 15-p0 C B.0tE-81 |0.25-185-1.25 | 20-25
Pl 112 (0.5-2) Typic Calcitorrerts 120-150 | M. W-D| Non <4 25-30 10-15 10-@5 7.9t-8.0 |05-1 1.25-1.% 25-30
Pl 112 (<0.5) |Typic Calcitorrerts 120-150 | W-D Non 4-8 25-30 10-13 10-@5 7.7—7.8 0.25-0.5 1.25-135-30
PI 211 (2-8) |Typic Torrifluvents 120-150 | I-D Non <4 15-20 5-10 10-8&€L |7.85-7.9 | 425-5 | 1.25-1BH-20
P1 211 (0.5-2) Typic Haplocalcids 120-150 | W-D Non 4-8 35-40 10-15 10 —|@5 7.7-7.75 | 025-05 1-1.25 25-3(
Pl 211 (<0.5) |Typic Torrifluvents 120-150 | W-D Non <4 30-35 5-10 10 —|B&L 765-77 | 20-25| 1.25-13-25
Pl 212 (0.5-2) Typic Torrifluvents 120-150 | W-D Non <4 15-20 5-10 5-10 SCL85-855|55-65| 1.25-1BH-20
Pl 212 (<0.5) |Typic Torrifluvents 120-150 | M. W-D | Non 4-8 35-40 5-10 10 —|05 745-75 | 05-15| 1-1.25 25-3(
Pl 311 (<0.5) |Typic Calcitorrerts 80-100 M. W-D | Non 4-8 35-40 15-20 5-10 C |7.71-78 | 025-1| 1-1.29 25-3
P1411 (0.5-2) Typic Haplocalcids 120-150 | W-D Non <4 20-25 10-15 5-10 SCuU8.1-8.2 05-2 1.25- 18 -20
Pl 411 (<0.5) | Typic Aquisalids 75-100 P-D Non 16 - 32 10-15 5-10 15430 7.6-7.7 25-5 1-1.25 15-2C
PI412 (<0.5) | Typic Torripsamments [120-150 | W-D Non 4-8 10-15 <5 10-15 79-80 |25-5 1-1.25 25-30
PI 511 (<0.5) |Typic Haplotorrerts 100-150 | M. W-D | Non 4-8 40 - 45 5-10 10 —|65 7.9-8.0 0.5-1.25| 1.25-1X-25
Pl 611 (0.5-2)Typic Calcigypsids  |10-50 |MD Non >32 25-30 > 20 15-20 C [75-76 [3.5-55/ 1.25-1%20-25
Pelll (2-8)|Typic Torripsamments |120-150 | Ex S.Wind | 8-16 5-10 5-10 10 4US 8.00-8.05 25-55| 1.25-15K-20
Pelll (0.5-2) Typic Haplosalids 75-100 EXx S.Wind | 16-32 5-10 15 - 2( 154320 755-76 | 35-55| 1.25-1B%-20
Pelll (<0.5)|Typic Torripsamments |120-150 | W-D Non 4-8 5-10 5-10 10 -15 76-765 | 55-6.5 1.25-15%-20
*M = Moderately * SCL = Sandy clay loam ***H.C. = Hydraulic Conductivity (K saturated).
W = Well CL =Clay loam
| = Imperfectly L =Loam
P = Poorly S = Sandy
Ex =  Excessively C =Clay
LS =Loamy sand
SL =sandy loam
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Mapping Unit

Table 3. Modal soil profiles for Tamia soil data-bae.

Profile No.

PI 111 (2-8)

8 ( Shendi, 1990)

Pl 111 (0.5-2)

3 (Al Sharif, 1987 )

Pl 111 (<0.5)

1land?2

Pl 112 (0.5-2)

20 (El- Sayad 1988)

Pl 112 (<0.5)

5 (Al Sharif , 1987)

Pl 211 (2-8)

5

Pl 211 (0.5-2)

5 (Abd-All, 1990)

PI 211 (<0.5)

3and 4

Pl 212 (0.5-2)

8

Pl 212 (<0.5)

4 (Abd-All, 1990)

PI 311 (<0.5)

11 ( Al Sharif, 1987 )

Pl 411 (0.5-2)

19 ( El- Sayad 1988)

Pl 411 (<0.5)

14 ( Abdel- Motaleb 1997 )

Pl 412 (<0.5)

5 ( Shendi, 1990)

PI 511 (<0.5)

10 ( Al Sharif , 1987)

PI611 (0.5-2)

6 Awadalla (1998).

Pe 111 (2-8)

12 ( Abdel- Motaleb 1997 )

Pe 111 (0.5-2)

15 ( Abdel- Motaleb 1997 )

Pe 111 (<0.5)

6and 7
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Table 4. Particle size distribution, CaCQ and organic matter contents of the studied soils.

Profile  Depth Sand% Silt Clay Texture CaCOz; Organic
No. (cm) % % class % matter
Coarse % Fine % %
1 0-20 14 18.2 24.7 55.7 C. 20.83 1.77
20-60 1.5 19.2 194 599 C. 21.21 0.58
60-100 1.6 20.4 209 57.1 C. 25.60 0.50
100-140 0.5 11.2 27.6 60.8 C. 13.17 0.40
2 0-20 2.9 25.3 21.4 505 C. 16.21 1.22
20-60 12.6 20.0 16.9 50.6 C. 12.83 0.10
60-100 1.4 23.8 24.9 499 C. 16.09 1.10
100-140 1.6 23.5 276 47.3 C. 23.29 1.14
3 0-30 9.7 30.5 309 289 C.L. 14.57 0.79
30-60 60.1 9.4 6.1 244 S.C.L. 9.15 0.08
60-100 2.8 26.9 22.2 48.1 C. 13.45 0.40
4 0-25 46.9 20.3 6.1 266 S.CL 1194 0.3}
25-60 51.5 19.3 42 251 S.C.L. 7.37 0.24
60-100 38.4 29.0 82 245 S.C.L. 6.41 0.38
5 0-30 12.4 44.8 128 30.1 S.C.L. 8.66 1.46
30-60 9.9 56.6 42 293 S.C.L. 6.90 0.78
60-100 13.5 55.4 21 290 S.C.L. 6.13 0.20
100-120 13.8 75.4 8.6 2.2 S. 6.68 0.20
6 0-30 141 33.9 21.7 304 S.C.L. 5.93 0.80
30-60 5.6 49.1 173 281 S.C.L. 8.22 0.2%
60-100 5.3 44.2 11.0 39.6 S.C. 8.46 0.48
100-120 11.8 71.1 7.6 9.5 L.S. 7.51 0.20
7 0-30 49.6 37.0 1.9 115 L.S. 4.45 1.73
30-60 47.2 43.7 1.8 7.3 S. 3.74 0.97
60-100 32.4 61.9 1.9 3.8 S. 5.66 0.28
8 0-30 55 41.6 244 285 S.CL. 7.20 1.0%
30-80 3.7 43.8 46.2 6.3 S.L. 6.11 0.36
80-100 1.0 85.5 7.2 6.3 L.S. 2.17 0.2(
100 - 140 0.5 61.6 25.6 123 S.L. 6.45 0.21
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Table 5. Some physical characteristics of the stigtl soils.

Profile Depth Bulk Hydraulic Soil moisture content %
No. (cm) densr[)s/ Conductivity Field Wilting Avall.
(kg / m°) (cm / hr) ; :
capacity  point water
1 0-20 1.10 0.120 45.67 21.77 23.9p
20-60 1.16 0.095 44.87 23.56 21.31
60-100 1.20 0.089 43.95 22.96 20.99
100-140 1.22 0.065 42.75 24.12 18.63
2 0-20 1.13 0.050 43.96 26.56
20-60 1.17 0.040 43.87 26.91
60-100 1.26 0.030 44.65 28.01
100-140 1.28 0.030 42.77 27.71
3 0-30 1.16 0.950 36.65 19.69
30-60 1.33 1.150 35.22 20.43
60-100 1.22 0.070 42.96 28.64
4 0-25 1.32 3.200 39.28 15.00
25-60 1.39 2.590 36.62 13.55
60-100 1.42 1.260 35.46 13.98
5 0-30 1.24 4.960 36.91 15.30
30-60 1.31 3.780 35.62 15.24
60-100 1.34 2.630 35.10 15.00
100-120 1.39 6.180 22.52 10.01
6 0-30 1.15 2.190 35.15 19.82
30-60 1.21 1.910 37.62 22.48
60-100 1.27 0.130 39.19 21.94
100-120 1.33 5.270 22.65 14.64
7 0-30 1.31 5.680 24.51 7.26
30-60 1.41 6.060 20.65 9.29
60-100 1.50 5.770 71.76 11.61
8 0-30 1.26 4.230 35.26 12.74
30-80 1.34 7.980 32.73 16.60
80-100 1.41 8.130 21.73 12.61
100-140 1.48 6.160 23.66 10.00
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Table 6. Chemical characteristics of the studiedods.

P;\?ﬂle Cations (meg/l) Anions (meg/l)
0. Depth pH. ECe
(cm) (Sall (dS/m) ] _ _ SAR
paste) ca™t Mg™ Na° K' SO HCO Cl
1 0-20 7.72 263 314 434 1834 0.23 357 268 19.80 9.48
20-60 7.99 416 9.88 5.00 2597 034 514 245 33.60 952
60-100 8.00 5.15 10.06 7.49 34.57 0.44 20.88 2.61 29.07 11.67
100-140 8.48 491 6.66 585 36.76 0.20 7.83 352 38.12 14.69
2 0-20 793 19.81 156 9.16 164.82 0.78 42.22 2.64 14550 46.84
20-60 792 17.12 16.00 8.83 156.54 0.63 3291 2.79 136.30 41.58
60-100 8.09 852 1359 784 64.71 0.34 27.72 298 55.78 19.76
100-140 8.15 6.78 6.39 6.58 5527 0.23 15.35 342 49.70 21.70
3 0-30 765 769 584 309 6845 059 26.35 2.12 49.50 32.39
30-60 745 6.29 7.29 122 5444 053 1598 295 4455 26.39
60-100 7.74 6.11 355 255 56.16 046 751 3.24 5197 32.15
4 0-25 7.41 0.88 295 126 523 014 166 180 6.12 3.60
25-60 7.70 0.71 353 026 344 0.01 0.03 266 455 249
60-100 7.86 126 196 043 1050 0.06 0.17 2.88 990 9.60
5 0-30 778 182 579 220 1178 0.21 557 204 1237 5.89
30-60 7.83 238 336 206 19.29 0.26 8.84 268 1345 11.71
60-100 795 1.78 2.88 138 1452 0.20 135 2.88 14.75 9.95
100-120 7.94 244 483 198 19.34 0.12 790 252 15.85 10.48
6 0-30 7.99 752 1535 858 5449 146 43.42 3.24 33.22 15.75
30-60 8.09 10.48 16.77 7.17 8153 1.51 47.41 3.36 56.21 23.56
60-100 8.14 10.54 15.37 7.37 83.10 154 4292 336 6110 24.64
100-120 7.87 7.67 18.18 7.83 5257 141 36.65 3.64 39.70 14.57
7 0-30 7.43 1.02 285 182 507 039 080 221 7.12 331
30-60 7.89 0.87 206 097 506 035 054 203 642 455
60-100 7.50 0.75 3.00 064 431 014 083 231 6.61 319
8 0-30 8.07 129 415 132 790 009 380 224 742 A7T7
30-80 8.32 248 3.11 138 20.93 0.05 11.17 240 11.90 13.96
80-100 8.76 437 355 154 39.16 0.12 13.22 2.88 28.27 24.54
100-140 8.93 269 263 036 2591 0.07 947 3.60 1590 21.19
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Table 7. Cations exchange capacity(CEC), exchangdalrations and

exchangeable sodium percent (ESP) of the studiedilsarofiles.

Profile Depth CEC Exchangeable cations ESP
No. (cm)  (cmolc/kg soil ) (cmolc/kg soil ) %
Ca Mg Na K

1 0-20 23.83 8.72 11.14 3.28 0.39 13176
20-60 26.00 13.27  8.62 3.42 0.37 13]15
60-100 18.25 7.48 7.93 2.38 0.24 13]08
100-140 28.13 1399 9.36 4.16 0.28 14.80

2 0-20 22.00 8.39 7.71 5.25 0.38 23/89
20-60 19.12 7.17 6.68 4.19 0.31 2195
60-100 18.16 7.26 6.61 3.82 0.25 21)06
100-140 19.23 8.32 7.02 3.47 0.19 18.06

3 0-30 13.25 6.09 4.73 1.93 0.34 14]56
30-60 15.05 8.31 4.20 2.26 0.10 15J01
60-100 24.67 14.44 5.54 4.05 0.35 16445

4 0-25 11.36 7.22 2.81 1.04 0.16 9.24
25-60 15.30 8.86 4.31 1.75 0.19 1143
60-100 16.43 5.74 9.07 1.25 0.17 12108

5 0-30 19.94 9.00 7.78 2.42 0.50 12]15
30-60 18.56 8.37 7.23 2.45 0.37 1314

60-100 17.76 8.90 6.29 2.06 0.29 11160

1 10042 3.51 2.00 0.97 0.33 0.17 9.6R

6 0-30 20.91 10.28  5.03 4.85 0.49 23]19
30-60 18.12 6.78 5.72 4.67 0.73 25177
60-100 29.03 1345 9.88 4.75 0.60 16|36

1 100412( 5.34 3.09 0.93 0.76 0.49 14.35

7 0-30 6.19 3.57 1.80 0.53 0.21 8.50
30-60 4.55 2.19 1.75 0.44 0.06 9.11

60-100 2.91 1.39 1.23 0.22 0.03 7.67

8 0-30 19.87 9.66 7.69 2.03 0.25 10J25
30-80 4.84 2.90 1.36 0.34 0.18 7.10

80-100 511 2.97 1.45 0.47 0.15 9.33

100 -140 7.84 4.94 1.82 0.75 0.23 9.5/7
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Map 6. Soil salinity of the studied area.

05000 610000 615000 620000

Te0000 —

A
TEE000 —| =1

TE0000 —

—Te0000

55000

—T50000

N

*

[ <4 dS/m
C14-8dsim
[CI8-16 dS/m
1 16 - 32 dS/m

: [ >32 d8/m
745000 —| 745000 B Urban
S — Roads
7,
A fi
740000 i i i i 740000
605000 610000 615000 §20000
[ o —— .|
0 10 km
Map 7. Soil texture of the studied area.
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3.3 The effect of using mixed irrigation water on soil pollution.

To investigate the effect of mixed irrigation wathat has been used in the study area
since 1993 on soil pollution, the resulted geogiasioil database was used to select
three map units, each of them is irrigated witlshirevater in some parts and with mixed
water in other parts. The selected map units welel1* <0.5%, PI211* <0.5% and
Pel11*<0.5%, Map 8.

Soils of PI111* <0.5% are Nile alluvium mixed witasidual limestone which cover an
area of 3065.64 feddans. The soils are charactebyelayey texture, high lime content
and moderate salinity in areas irrigated by mixeden

Soils of PI211*<0.5% are formed of Nile alluviumdaresidual limestone covering an
area of 7270.09 feddans. The soils possess saaglyoelm texture, slightly to moderate
contents of CaC@and moderate salinity in areas irrigated by mixedier.

The Pell1*<0.5% soils have colluvial and residimaéstone parent material with an
area reaching 1817.66 feddans. The soils are dhamed by sandy clay loam texture,
are slightly calcareous and moderately saline éasirrigated with mixed water.

3.3.1. Chemical composition of mixed water versus Nile fresh water

Six mini pits were made, i.e. two in each map tmitepresent the soils irrigated with
fresh or mixed water. The chemical composition d& fresh water (N) and mixed Nile
— drainage water (ND) used for irrigating the stadsoils are given in Tables 8 and 9.

The data indicated a remarkable increase in thevaties of the mixed water as it
reached 0.95, 1.25 and 1.42 dS/m compared with0O085 and 0.88 dS/m for the fresh
water in Bahr Allam, Bahr Hujmin and Bahr Wahbyspectively. An increase trend is
also obtained in the SAR values. According to BRidf1954), the salinity values of the
mixed water are classified under the second chagsts and Westcot (1985) noted that
there is no severe problems for using such saliagemwfor irrigation, but saline
conditions could be developed if fresh waters ar@déquate, which are the cases
commonly encountered in soils of Tamia district.

Data of heavy metals in the irrigation water, Table showed also an increase in the
concentration of Fe, Mn, Cu, Pb, Cd and Zn in theenh irrigation water samples,
whereas Ni was not detected in both types of itiegawater (fresh Nile and mixed
waters).

3.3.2. The impact of using mixed irrigation water on soil salinity

As indicated in Table 10, a remarkable increassoihsalinity levels occurred in soils

irrigated with mixed water. The increase was vesgnarkable in the clayey textured
soils, i.e., mini pits no 1&2 (the command areaB#hr Allam), where drainage

condition was imperfect. Although there was a rdmble salinity increase in the

medium textural classes also, i.e. mini pits 354and 6 (command areas of Bahr
Hujmin and Bahr Wahby), but the recorded salinitgrease were less severe. This
meets the requirements reported by Richards (1854imit the use of such saline

irrigation water only under good management andrable drainage conditions.
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Table 8. Chemical composition of Nile waters (N) ahmixed water (ND) used for irrigation
in the studied area.

Sample | Water EC Soluble cations ( meqg/l) Anions ( meqg/l) SAR
No type | (dS/m)[ca™ [Mg™ [ Na* [ K | SO~ [HCO| cCI

N 050 | 1.02| 0.77| 3.73| 0.11 | 0.12 | 2.110| 3.41| 3.94
ND 095 | 163 | 1.10| 6.19| 0.14 | 0.89 | 2.35| 5.82| 5.29
N 085 | 1.32| 1.22| 651 | 0.11 | 0.02 | 2.24| 6.90| 5.77
ND 125 | 152 162| 890 | 0.28 | 0.62 | 1.80| 9.90| 7.10
N 088 | 1.79| 1.33| 6.08| 0.13 | 0.12 | 2.16| 7.05| 4.6
ND 142 | 1.77| 1.75]11.22] 0.23 | 0.20 | 3.24|11.57| 8.46

OO, WNE

Table 9. Micro elements and heavy metals concentiian of the studied irrigation
waters (ppm).

Sample |Water type| Fe Mn Zn Cu Pb Cd Ni
No
1 N 0.12 | 0.003 | 0.001 | 0.010 | 0.004 | 0.006 | N.d.
2 ND 0.25 | 0.008 | 0.002 | 0.025 | 0.005 | 0.010 | N.d.
3 N 0.08 | 0.015 | 0.003 | 0.005 | 0.003 | 0.008 | N.d.
4 ND 0.3 0.060 | 0.005 | 0.014 | 0.007 | 0.020 | N.d.
5 N 0.16 | 0.005 | 0.001 | 0.019 | 0.003 | 0.004 | N.d.
6 ND 0.2 0.025 | 0.002 | 0.024 | 0.008 | 0.020 | N.d.

N.d. = Not detected

Map 8. Location map of observation points for testig the effect of mixed water.

Map 8. Location map of observation points for testing the effect of mixed water.
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Table 10. Total (T.) and Extractable(E.) micro elerents, heavy metal contents in mg /kg, ECe, textuidass and CaCQof the studied minipits.

I\IIB;r?]:e/ I\S:g Vlliggr Depth Fe Mn cu Pb Cd Ni Zn ECe | Tex.|CaCOs
Map Unit | NO- (em) T || T || T|E|T|E|T|E|T|E| T |E (dS/m) class) %
Bahr Allam 1 N 0-20 | 20401.55.21 | 166.881.61|27.58|1.15|21.75| 1.82|2.96|/0.38| 6.58 | 0.41 90.21| 0.72 2.71 C 20.21

PI111*<0.5% 20-60 | 18616.53.12 | 156.670.82|24.16| 0.85|19.33/0.67|{1.75/0.11| 456 | 0.17 76.11| 0.6Q 3.95 C 21.00
2 | ND | 0-20 | 28364.510.16197.36 3.12| 44.15| 2.02| 33.57| 3.65| 4.43| 0.74| 11.23/ 0.67| 130.52/ 1.23| 20.01 | C | 19.45

20-60 | 27096.08.24 | 156.672.92|39.57| 1.74| 29.28| 2.86| 3.25|/0.33| 7.97 | 0.29120.15/ 0.92| 18.05 C 20.05

Bahr Hujmin| 3 N 0-20 | 12560.27.31 | 115.613.19|15.72/0.94|17.05| 2.86|2.16/0.49| 3.79| 0.34 81.23| 2.824 0.83 SCL| 11.94
P1211*<0.5% 20-60 | 11211.65.12 | 96.1202.95|13.77|0.46| 14.12| 1.43|1.46/ 0.13| 2.78 | 0.14 74.11| 1.97 0.69 SCL| 10.54
4 ND 0-20 | 16306.09.62 | 158.844.92| 32.22| 1.95| 30.64| 4.82| 3.82/0.99| 9.66 | 0.72119.52/ 3.52| 7.81 SCL| 12.56

20-60 | 15102.57.15| 132.273.11|26.78| 1.13|27.78| 3.54|2.83/ 0.53| 6.08 | 0.31)115.96| 2.41| 6.35 SCL| 11.05

Bahr Wahby 5 N 0-20 | 8266.5 4.52 | 76.2601.53|10.23/0.51|13.90| 1.25{1.51/0.21| 1.89| 0.15 68.19| 0.85 1.66 SCL| b5.77
Pel11*<0.5% 20-60 | 3962.1 3.61| 57.010 0.8 | 9.33| 0.32 9.66 | 0.860.86/0.13| 1.36| 0.0 49.17| 0.72 1.51 SCL| 6.95
6 | ND | 0-20 | 15168.27.97 | 217.584.87| 35.91| 2.00| 23.55| 5.04| 3.45/ 0.87| 10.12| 0.82| 148.16/ 2.69| 7.81 | SCL| 6.05

20-60 | 15098.16.78 | 203.123.21|29.72| 1.69| 19.22| 3.54|2.75/0.42| 7.14 | 0.35137.95/1.61| 10.46 | SCL| 7.44

N | 0-20 |13742.75.68 | 119.582.11|17.84/ 0.87| 17.57| 1.98| 2.21| 0.36| 4.09 | 0.3 79.88| 1.46 1.73 12.64

Average 20-60 | 11263.43.95 | 103.271.52| 15.75 0.54| 14.37| 0.97| 1.36/0.12| 2.9 | 0.12 66.46| 1.10 2.05 12.83

ND 0-20 [19946.39.25| 191.26 4.3 | 37.43 1.99| 29.25| 4.50| 3.90| 0.87|10.34| 0.74| 132.73/ 2.48| 11.88 12.69

20-60 | 19098.97.39 | 164.023.08| 32.02(1.52|25.43| 3.31|2.94/0.43| 7.06 | 0.32124.69 1.65| 11.62 12.85
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3.3.3. The impact of using mixed irrigation water on soil pollution

The data of micro elements and heavy metals of Nfg,Cu, Pb, Cd, Ni and Zn) are

presented in Table 9, indicated a remarkable iseréa total, extractable and average
contents for all the studied micro and heavy metatbe different command areas. The
highest total values of Fe, Mn, Cu, Pb, Cd, Ni &rd were recorded in the area
represented by mini pits 2, 6, 2, 2, 2, 2 and 6peetively .Whereas, the highest
available contents of these metals were recordednnpits 2, 4, 2, 6, 4, 6 and 4 .

3.4. Effect of parent material on heavy metals contents.

Within the same texture class, sandy clay loam,chluvial and residual limestone
developed on the peneplain landscape, represegtaqirh pits 5 & 6, possess lower
contents of both total and extractable heavy metatspared to the soils developed on
the Nile alluvial plain ( mini pits 3 & 4), Tabld.Q).

3.5 Effect of soil texture on heavy metals content.

By comparing data of the clayey Nile alluvial sdjisini pits 1 & 2) versus the sandy
clay loam developed on the same sediment (misi i& 4), it is noticed that the

clayey soils possess higher total content of alldisd heavy metals. This is in

agreement with Reddy and Dun (1986), who showetdcthg soils, with high CEC, had

a larger capacity to adsorb Ni and Zn from solgias compared with low CEC sandy
soils.

3.6. Incorporation of remote sensing for mapping the spatial distribution
of the Polluted saline soils

To assess the spatial distribution of soils afidby the mixed irrigation water, the

irrigation canals network were overlayed first tie selected soil map units. Then the
map units were crossed with an enhanced naturat composite TM5 image of bands

(7, 4 ,3). Then visual interpretation was made der image of the tested mapping
units to distinguish the spatial distribution oethffected soils. The polygon statistics
were calculated within ILWIS GIS as indicated irbleal10, Map 9 & 10.

Table 11. Soils area (in feddans) which are affeateand unaffected by pollution .

Map unit Unaffected Affected Total Affected Area Po
P1111* <0.5% 1959.36 1106.28 3065.6¢4 36.09
PI211* <0.5% 2555.80 4714.29 7270.09 64.85
Pel11*<0.5% 282.87 1534.79 1817.66 84.44
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Map 9. TM Satellite Image of the studied area, bansl( 7,4,3 ), June 1998.
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Map 10. Distribution of soils affected by mixed wagr in Pl 111*<0.5% map unit .
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4. CONCLUSIONS

* There is a remarkable increase in soil salinitgleymicro elements and
heavy metals as a result of using mixed water rigdting the study
area, especially in clayey soils.

* The use of GIS and remote sensing was very helpthie study.

» Crossing the photo-interpretation map with the slamp succeeded to
increase map units purity and it is recommendags®the methodology
to update the old soil maps that were developedaenal photo-
interpretation.
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