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Application of Electrical Resistivity and Self-potential for Groundwater Exploration and Contamination Study in the Area Northwest of Assiut City, Egypt
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Abstract. Water pollution is one of the greatest risks to human health. In this study, the groundwater contamination by a sewage station and other sources at the area northwest of Assiut City was assessed by both geophysical and hydrochemical methods. Bearing in mind all the available geological and hydrochemical characteristics of the investigated area, geoelectrical methods (electrical resistivity and self-potential) were chosen for the geophysical survey. Geoelectric profiling (including resistivity and self-potential) along three lines of measurements were made to determine the preliminary distribution of the contaminant plumes. Then, several Schlumberger Vertical Electric Soundings (VES-es) were undertaken at 24 stations to determine, in more detail, the dimension of the contaminated plume. Also, the hydrochemical data were collected from different water ducts, wells and canals within the surveyed area. Careful examination of both geoelectrical and hydrochemical data with the geological and hydrogeological background in the area northwest of Assiut has revealed presence of a major very high conductive zone, i.e. possibly contaminated zone. This zone has a very low resistivity value ((20 Ohm.m) and extends from the ground surface down to about 47m depth. Also, the study showed presence of two high conductive zones (shallow and deep). These zones are considered fresh water bearing having resistivity values of (20-180 Ohm.m. Finally, the overall results were integrated and discussed as well as the merits and disadvantages of the techniques that have been employed.

Introduction

Sewage stations are common ways of disposing wastewater, particularly in the developed countries. In recent years there has been a growing concern, and some passionate discussions, about the effect of sewage stations on the public health. In fact, they can cause contamination of local aquifers. Sewage can seriously affect local wells and water ducts used for public water supply and therefore, sewage stations must be planned and monitored carefully and conveniently.

Geophysics has been applied for some time to study saline water intrusions in coastal aquifers and more recently, it has also been adapted to other water pollution studies (e.g. Benson et al. [1]). Geophysics provides fast, economic and non-invasive 

 methods to study water contamination, as well as other environmental issues, and it has proved to be as promising and successful as predicted (Ward [2] and Reynolds [3]).

Although the use of geophysics in the direct detection of contamination is not clear, geophysics can be used in the investigation of the geological environments through which the contaminants move and in the determination of the distribution of pollutants in space and time through monitoring (Greenhouse et al.  [4]).

The efficiency of the use of geophysics in environmental problems depends on several parameters (e.g., degree and type of contamination, depth of burial and geological characteristics of the site inhomogeneities) and thus, geophysical techniques need to be carefully adapted and developed for this propose.

Geoelectrical methods, in particular, have been used extensively in environmental geophysics (Reynolds [3], Greenhouse et al. [4] Stierman, [5], Fitterman & Stewart [6]). Other geophysical techniques such as seismic and ground probing radar (Reynolds [3], and McDowell et al. [7]) have also been applied. However, there is no general rule for the application of a particular technique, or combination of techniques. Nevertheless, neither the sole use of geophysics nor the sole use of hydrogeology is as effective as their combined application to groundwater contamination problems (Benson et al. [1], Hughes et al. [8], Ebraheem [9], Ibrahim et al. [10], and Sebaq [11]).

In this paper, a combination of geophysical and hydrogeological methods was applied to study aquifer contamination in Assiut City in Egypt from different sources (e.g. sewage stations and heavy agricultural activities) (Fig.1). The study also aims to obtain more information about the possibility of determining the presence of fresh water-bearing zones far away from the contaminant sources in the area northwest of Assiut to provide people with water which is very necessary for their domestic purposes.

Geological Environment

The surveyed area is located in the northwestern part of Assiut City and bordered from the east and west by the Eocene limestone plateaus (see Fig.2). Many water drains dissect it. Quaternary deposits, about 90-150 m thick, lay over the eroded Eocene formations (bedrock) and can be divided into two sequences (Mansour and Philobbos [12]). The lower sequence shows normal graded bedding, and is composed of gravel horizons at its top, passing gradually into coarse sandstone, gravel and sandstone at the bottom. The upper sequence (surface layer) is composed of clays and/or silts, about 10m (deposited by the Nile flood) followed by a continuous layer of organic mud and clays (Fig.3).
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Fig. 2. Simplified geomorphological and geological map of the western part of Assiut (after Mansour and Philobbos, [12]).
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Fig. 3. Simplified subsurface geologic cross section in the area northwest of Assiut (MSL, mean sea level).

Geophysical Survey

Geoelectric methods (self-potential and earth resistivity) have been applied in groundwater exploration for several years ago (Chapellier et al. [13]) and were gaining support in the hydrogeological community. Furthermore, formation with contaminated water shows higher conductivity since the inorganic pollutants increase groundwater conductivity appreciably. Therefore, they are ideal targets for the application of electric methods (Greenhouse et al. [14]). 

1. Self-potential (SP) method


The self-potential (SP) method, as its name implies, is based upon measuring of the natural potential differences that generally exist between any two points on the ground. Many authors (e.g. Sato and Moony [15], Sill [16], and Kilty [17]) postulated different theories to explain the origin of the different types of self-potential. The quantitative interpretation of the SP data measured on the surface is more complicated. Therefore, they are only interpreted qualitatively in this study.

2. Electrical resistivity method

Two electrical resistivity techniques were used in the fieldwork. These are: 1) the vertical electric sounding (VES), and 2) horizontal profiling. The objective of the VES technique as mentioned by many authors (e.g. Zohdy et al. [18]), is to deduce the variation of the electrical resistivity with depth below a given point on the earth’s surface. The obtained results may be correlated with all available geological and hydrogeological information in order to determine the subsurface geologic conditions of the surveyed area in some details. Different authors (e.g. Koefoed [19]; Zohdy and Bisdorf [20]) developed several methods for using computer-programming techniques in the interpretation of VES-curves over horizontally stratified media.

3. Field procedures  

Two geoelectric techniques; 1) horizontal profiling, and 2) vertical electric sounding (VES) were applied in the present study. The SAS 300c ABEM TERRAMETER and SAS 2000 Booster systems were used for all the measurements. The horizontal profiling (resistivity and self-potential) was made along three lines (Fig.1). The Wenner profiling employed three electrode separations (a = 10, 30, and 100m) to map the potential buried anomalous bodies, which may point to the presence or absence of low and / or high conductive zones (a = 10,30, and 100m on the line A-A; and a = 10 and 30m for other lines). Firstly, the profiling process was carried out in equal steps 10, 30 and 100m along the profile A-A. The preliminary results, which were deduced along the profile A-A showed that the conductivity is very high only near the ground surface. Therefore, the profiling procedure along the lines B-B and C-C were made using spacing of a = 10 and 30m only. The vertical electric sounding (VES) included the measurements at 24 stations. The employed Schlumberger array (maximum AB = 1800m) was used and found to be sufficient to sense the different subsurface geoelectric zones of interest.


4. Interpretation

The measured apparent resistivities ((a) and self-potential (SP), are shown for each line of measurement (Fig.4). The figures show the distribution of (a and SP values at different electrode spacing (a = 10, 30 and 100m). Along these profiles low and high anomalous values could be recognized, and probable contaminated sites (high SP and low (a) may then be predicted at a given apparent depth level.

The measured resistivity values at selected spacing: AB= 3,10,24,40,100,140,200 and 900m are presented as contoured maps  (Fig.5). These maps were constructed to recognize and follow the distribution of the different apparent electrical resistivity anomalies (either low or high) at different apparent depths. Locations of these anomalies at the given depths may point presence of very low resistivities (polluted) or locations of high values (dry sediments). The qualitative interpretation of the geoelectric profiles (Fig.4) and resistivity maps (Fig.5) indicated that surface and near surface zones (a= 10m, AB= 3 and 10m) have low resistivity values, particularly around and near the farms (cultivated land and villages) and also along the water channels of the sewage stations. At greater electrode spacing (a=30, AB=24 and 40m), the resistivity values are still lower, indicating that the pollution is continuous at such depths. At possibly greater depths (a= 100; AB= 140,400m) the resistivity values are higher than those recorded at the above zones which may indicate that the pollution at deeper levels is weak or nearly absent.

The important objective and role of the geoelectric sounding is to transform the measured field-geoelectric sounding curves into expressions of geoelectric layering at different measured stations (e.g Zohdy et al. [18]). From such expressions, it would generally be possible to recognize different sedimentary materials present below each VES-station as well as their thickness, depth of occurrences and resistivities. Different authors (e.g.Koefoed [19], Zohdy and Bisdorf [20]) developed several methods for computerizing the interpretation of the vertical electric sounding curves over horizontal stratified media  (Table 1).

The methods of interpretation, followed here, are combinations of the manual and automatic approach. By the manual approach a preliminary model, for each sounding curves is obtained using the published theoretical master curves proposed by Orellana and Mooney [21]. By the application of the automatic techniques (Zohdy and Bisdorf [20] and Van Der Velpen [22]), the results were adjusted and the multi-layered model from automatic inversion is transformed into a reduced layer-model through a non-automatic process (Table 1). It is necessary, of course, to take into consideration all the available information about the geologic and hydrologic situation of the area and its surroundings to minimize the number of iterations. An example (Fig.6) is selected to show the sequence of the interpretation process followed in this study. 


(Fig. 4)

Fig. 4. Resistivity and self-potential profiles along different directions, showing the distribution of the apparent resistivity ((a) and self-potential (SP) at different electrode separations.
 EMBED Equation.3  
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(Fig. 5)

Fig. 5. Iso-resistivity contour maps for different electrode separations (AB/2,m).
Table 1. Results of the interpretation of the measured VES- curves

	Ves
	Elevation
	Resistivity )Ohm.m)
	Thickness (m)

	No.
	(m)
	(1
	(2
	(3
	(4
	(5
	(6
	(7
	T1
	T2
	T3
	T4
	T5
	T6

	1
	76
	460
	137
	450
	46
	-
	-
	-
	12
	72
	96
	-
	-
	-

	2
	76
	126
	18
	62
	499
	4620
	-
	-
	8
	18
	57
	96
	-
	-

	3
	76
	67
	12
	70
	488
	1124
	-
	-
	9
	20
	14
	93
	-
	-

	4
	76
	1085
	455
	104
	12
	85
	393
	-
	1
	20
	17
	43
	73
	-

	5
	66
	326
	26
	15
	50
	534
	-
	-
	9
	11
	73
	108
	-
	-

	6
	72
	157
	331
	62
	13
	133
	226
	-
	1
	5
	3
	18
	238
	-

	7
	68
	1581
	384
	83
	442
	8056
	-
	-
	1
	11
	36
	45
	-
	-

	8
	67
	38
	404
	71
	18
	82
	547
	2159
	1
	5
	21
	12
	45
	97

	9
	66
	1149
	570
	74
	9
	82
	606
	-
	1
	5
	14
	73
	107
	-

	10
	48
	4
	91
	14
	60
	1094
	-
	-
	5
	70
	87
	163
	4
	-

	11
	48
	19
	68
	425
	2636
	-
	-
	-
	1
	11
	253
	-
	-
	-

	12
	48
	17
	77
	268
	93
	638
	-
	-
	2
	7
	31
	225
	-
	-

	13
	49
	84
	41
	72
	379
	2312
	-
	-
	8
	31
	18
	66
	-
	-

	14
	49
	6
	66
	450
	-
	-
	-
	-
	7
	139
	-
	-
	-
	-

	15
	52
	31
	7
	70
	265
	180
	-
	-
	1
	7
	16
	87
	-
	-

	16
	50
	6
	74
	225
	87
	265
	-
	-
	8
	16
	28
	187
	-
	-

	17
	50
	5
	62
	350
	4139
	-
	-
	-
	12
	26
	43
	-
	-
	-

	18
	50
	7
	72
	272
	177
	514
	-
	-
	8
	16
	52
	87
	-
	-

	19
	49
	6
	52
	440
	1564
	-
	-
	-
	7
	93
	114
	-
	-
	-

	20
	49
	68
	221
	87
	443
	1676
	-
	-
	2
	2
	32
	40
	-
	-

	21
	49
	9
	90
	581
	5829
	-
	-
	-
	12
	26
	43
	-
	-
	-

	22
	49
	56
	9
	58
	378
	4980
	-
	-
	4
	20
	28
	59
	-
	

	23
	50
	104
	9
	83
	419
	1875
	-
	-
	2
	16
	21
	45
	-
	-

	24
	51
	5
	81
	543
	7000
	-
	-
	-
	9
	19
	33
	-
	-
	-



Fig. 6. An example showing the sequences followed in the interpretation of the measured VES-curves.
The available drilling and geological information were used to start the iteration with a good initial model to minimize the iteration process as well as to constrain the automatic inversion process (Table 2). VES-stations 5,8,13 and 17 were measured at the nearest drilled wells to represent their closest location for them and having a known subsurface lithology in the studied area and the surrounding parts.

Table 2. Correlation between interpreted geoelectric zones and drilling data

	Zone
	VES- 5
	VES- 13
	Rock unit

	
	(
	D
	(
	D
	

	A
	326
	GS
	84
	GS
	Clay or silt

	B
	126
	9
	14
	8
	Fine sands

	C
	14
	20
	72
	38
	Coarse sands

	D
	50
	93
	379
	46
	Shale

	E
	530
	200
	2312
	110
	Coarse sand and gravels


(: Resistivity in Ohm.m; D: depth in m; GS: ground surface

In this study a correlation process between the VES results and the subsurface geologic information (drilled wells) was made at two different locations (desert and cultivated land). The VES-5 was measured at the nearest drilled well in the desert (Fig.7a), while the VES-13 was measured beside a drilled well in the cultivated land (Fig.7b). The data obtained from these drilled wells were correlated with the geoelectric results obtained from the VES-curves 5 and 13 as giving in the following:

Figures (7 a & b) identify the correlation between the vertical distribution of the measured resistivities at the VES-stations 5 and 13. At the VES-station 5 (desert), the resistivity values are generally high, particularly, at deep horizons which may indicate presence of high conductive materials (e.g. Water-bearing zones). While, at the VES-station 13, the observed resistivity values are generally low even at moderately great depths, which may indicate low-resistivity formations saturated with very high conductive material (e.g. contaminated water). The obtained geoelectric results are well represented by different maps as shown in Figures (8-10) and geoelectric cross-sections (Fig. 11) as well as the data presented in Table (1) respectively. They were based on a compromise made between the following:

a. 
The mathematical interpretation and analysis of all measured VES-curves.

b.
The correlation process made between the results obtained from the interpretation of the VES-curve and the available lithologic information at a nearest drilled well.

c.
The available local and/or regional geological setting and also the hydrogeological information in the area northwest of Assiut.

The following is a brief discussion of the obtained results regarding the characteristics of the geoelectric properties of formations below each VES-station. More emphasis is given for the two main geoelectric types; i.e. extremely high conductive (possibly polluted) zone and conductive (possibly fresh water bearing) zones.

i) Extremely high conductive (possibly contaminated) zone 
The careful investigation of both geoelectrical and hydrogeological data in the area northwest of Assiut revealed the presence of a major extremely high conductive zone i.e. possibly contaminated zones (Fig. 8). This zone has very low resistivity values, ranging from 4 to 18 Ohm.m (Fig.8a) and extends from the near ground surface down to about 47m depth (Fig.8b). Its thickness ranges from 1 to 73m and increases generally to the southwest direction (Fig.8c). This zone is found as a deep one at VES-stations 10 and 12 (the most western part of the area). The very low resistivity values determined at VES-stations 2,3,4,6,8 and 9 (lying at the desert area) may related to shaley sediments.


(Fig. 7 a,b)

Fig. 7. Correlation between the geophysical model {obtained from the interpretation of the VES-curve 13 (a), and VES-curve 5 (b)} with their actual lithologic logs (obtained from the drilling information).

(Fig. 8)

Fig. 8. Contour maps showing the distribution of; a) resistivity, b) depth, and c) thickness of the extremely high conductive zone (possibly the contaminated zone) in the surveyed area.
ii) High conductive (possibly fresh water bearing) zones 
The first high conductive zone (possibly fresh water-bearing zone) is generally characterized by low-resistivity values (> 20 - 180 Ohm.m) (Fig.9a). This zone is lying below the ground surface reaching a maximum depth of 30m (Fig.9b). It has a wide range of thickness (0.5-139 m) (Fig.9c).  Generally, its depth increases toward the desert land  (e.g. at VES-station 4). The second high-conductive zone has a variable great depths (3.5-155m) (Fig.10).

More illustrations for the distribution of all detected conductive zones (either extremely high conductive or high conductive) with their probable mutual relationships in the surveyed area are described in four subsurface geoelectric cross sections as shown in Fig. (11). 

Hydrochemical Studies

1. Hydrogeological background

Disposal of sewage water in the irrigation channels and their uses for irrigating different types of crops and vegetables, in the area northwest of Assiut, created many environmental problems, where organic compounds are representing an important role in the geochemical system. The purpose of the present hydrogeological study is to understand the groundwater condition in the surveyed area, the chemical reactions that occur in these highly contaminated environments and their effects on the groundwater chemistry, which in turn affects the public health.

The groundwater conditions in the area are directly controlled by the water level in the River Nile, as well as by the irrigation and the drainage systems of the cultivated lands within the surveyed area. The transmissivity values in the area range from 100 to 1000 m/day, whereas the storage coefficient varies between 8x10-6 and 7x10-3 (Hefiny [23]). The amount of water that can be exploited in accordance with the design of the production wells is about 25,380 m3. The groundwater in the investigated area is nearly under relatively hydrostatic conditions. Generally, the regional groundwater flow is from southeast to northwest, i.e. parallel to the water flow of the Nile.

2. Hydrochemical studies

Twenty-five (25) water samples (Fig.1) were collected from different shallow water resources (wells, ducts and canals). These samples were chemically analyzed for major anions and cations: Ca2+, Mg2+, K+, Na+, HCO3-, SO42- and Cl- (Table 3) and also for trace elements: Fe2+ and Mn2+ (Table 4). Comparing the hydrochemical results of this study with those obtained by Soliman [24] on deep drinking water wells (( 50m depth) in the area northwest of Assiut indicated the presence of some variations especially in their concentration. The chemical results showed that the TDS of water samples from deep drilled wells are lower than those taken from shallow wells. This may suggest that the effect of the sewage water canals on the deep aquifer is nearly weak. 


(Fig. 9)

Fig. 9. Contour maps showing the distribution of; (a) resistivity, (b) depth, and (c) thickness of the first high conductive zone (possibly the first fresh water- bearing zone) in the area.

(Fig. 10)

Fig. 10. Contour maps showing the distribution of; a) resistivity, b) depth, and c) thickness of the second high conductive zone (possibly the second fresh water- bearing zone) in the area.

Fig. 11. Subsurface geoelectric cross-sections along the selected profiles in the area (zero elevation represents the mean see level).
Water conductivity of the collected water samples were measured and converted into total dissolved solids using the empirical relationship; TDS = 640 x ( (where, TDS is the total dissolved solids in ppm, ( is the water conductivity in millimohs/cm). Figure 12 illustrates that the salinity increases along the regional direction of the groundwater flow and also along the sewage water movement in the irrigation canals. The measured TDS values indicated that the area is contaminated at different sites and depths with different degrees. The native groundwater which has low TDS <500mg/L, e.g. samples 10,12,13,14,15,16,18,20,21,23 and 24 (at the cultivated land) may represent the contaminated sites. The leachate water, which has an average TDS of 2000mg/L, e.g. samples 1,4,5,8 and 9 (desert land) may represent moderately contaminated sites primarily a NaHCO3 water type (Fig. 13).

The major results of the organic chemical constituents are represented in Fig. 14 (Piper [25]), Fig. 15 (Schoeller [26]) and Fig. 16 (Wilocx [27]). Native groundwater or the least contaminated water is shown in group-A as calcium-magnesium type with chlorides as the major ions. Sulfate concentrations are quite low. Chemical types and concentration of major inorganic constituents of group-B and C (Fig.14 [25]) are intermediate between the two groups A and D. It may have resulted from the mixing of these two end-member types of water. Group-D with high sodium and nitrogen concentration represents those water samples collected from some contaminated sites. The increase in concentration of Na+, K+, Ca2+, Mg2+ and Fe2+ in-group D may represent water resulting from mixing of polluted water with native groundwater. Most of group-D is from sites near the sewage canals (Fig.12). This increase in TDS and the shift toward Na bicarbonate type of water is primarily a result of simple mixing with polluted water. Some measured trace elements: Fe2+ and Mn2+ in the studied area are present in concentrations below 0.1 ppm. Results of these elements are compared with those reported by Last [28] as shown in Table 5 (see also Fig. 13):



Fig. 13. Bar graph illustrating the identification of different hypothetical salts from; west to east (a), and southwest to northeast (b) in the area northwest of Assiut.

(Fig. 13)

Fig. 14. Piper diagram [25] showing different types of water in the area northwest of Assiut.

(Fig. 14)

Fig.  15. Schoeller diagram [26] illustrating the distribution of water types.

Fig. 16. Wilcox diagram [27] showing the suitability of the water for domestic and agricultural purposes. 

Table 3. Results of the chemical analysis (major elements) for the collected water samples in the area

	Sample
	PH
	E.C.
	Units
	Cations (epm)
	Anions (epm)
	TDS

	No.
	
	m mohs/cm
	
	Ca2+
	Mg2+
	Na+
	K+
	HCO32
	Cl-
	SO42-
	ppm

	1
	7.5
	4.22
	Epm

%
	6.05

13.5
	7.01

15.6
	31.73

70
	0.12

0.9
	4.16

9.2
	35.6

79.3
	5.1

11.4
	2701

	2
	8.2
	0.86
	Epm

%
	0.81

11.06
	1.63

22.3
	4.78

60
	0.1

0.6
	3.82

48.1
	3.81

47.9
	0.31

3.9
	550

	3
	7.8
	4.43
	Epm

%
	3.22

7.5
	8.83

20.5
	30.34      71
	0.51

0.8
	1.74

3.01
	0.9

51
	6.02

45.1
	.281

	4
	7.5
	5.5
	Epm

%
	10.09

17.5
	14.29

24.8
	14.29      57
	0.69

0.7
	1.74

3.01
	19.4

43.5
	30.9

45.1
	3570

	5
	7.6
	4.5
	Epm

%
	3.83

8.6
	9.57

21.4
	30.81      69
	0.51

0.95
	3.12

6.9
	19.4

43.5
	22.18

49.5
	2880

	6
	8.01
	0.51
	Epm

%
	0.81

17.9
	0.61

13.5
	3.04      68
	0.07

0.7
	3.11

68.6
	0.95

20.9
	0.47

10.4
	320

	7
	8.1
	0.88
	Epm

%
	0.61

8.3
	1.33

25
	4.78      66
	1

0.7
	3.61

45.9
	3.6

45.5
	0.67

8.5
	563

	8
	8.4
	2.4
	Epm

%
	0.61

2.9
	3.66

17.4
	16.5      79
	0.23

0.7
	0.94

32.5
	3.32

15.5
	10.76

50.3
	1536

	9
	8.4
	2.9
	Epm

%
	1.81

5.8
	3.87

12.5
	25.2      81
	0.15

0.7
	3.82

12.3
	20.9

67.3
	6.3

20.4
	1894

	10
	7.9
	0.59
	Epm

%
	2.4

44.3
	1.6

29.3
	1.26      26
	0.18

0.4
	4.51

82.8
	0.38

6.9
	0.56

10.3
	348

	11
	8.1
	1.04
	Epm

%
	1.41

26.7
	0.09

1.7
	3.47      71
	0.31

0.6
	3.82

36.5
	1.43

13.6
	0.23

49.9
	665

	12
	7.9
	0.54
	Epm %
	0.81

15.5
	2.81

53.6
	1.52      30
	0.1

0.9
	3.12

59.5
	0.57

10.9
	1.55

29.6
	345

	13
	8.1
	0.64
	Epm

%
	1.21

19.1
	3.61

47.6
	1.86      33
	0.35

0.3
	3.82

52.1
	1.33

18.1
	2.1

29.7
	409
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	Sample
	PH
	E.C.
	Units
	Cations (epm)
	Anions (epm)
	TDS

	No.
	
	m mohs/cm
	
	Ca2+
	Mg2+
	Na+
	K+
	HCO32
	Cl-
	SO42-
	ppm

	14
	7.8
	0.65
	Epm

%
	1.4

21.9
	2.84

44.2
	1.95      34
	0.25

0.2
	4.16

64.7
	1.71

26.6
	0.56

8.7
	416

	15
	8.4
	0.76
	Epm

%
	1.21

15.7
	3.87

50.3
	2.34      34
	0.28

0.03
	3.82

49.6
	2.09

27.1
	1.79

23.2
	468

	16
	8.12
	0.6
	Epm

%
	1.21

18.1
	2.81

50.9
	1.43      27
	0.07

0.2
	3.47

62.9
	0.57

10.3
	1.47

26.7
	384

	17
	8.3
	1.2
	Epm

%
	1.31

14.1
	4.69

37.5
	5.65      48
	0.36

0.04
	4.85

38.6
	3.8

30.3
	3.91

31.03
	768

	18
	8.1
	0.71
	Epm

%
	1.21

17.5
	2.85

41.3
	2.65     41
	0.21

0.32
	4.51

65.2
	0.57

8.2
	1.84

26.6
	454

	19
	7.8
	0.88
	Epm

%
	0.4

5.3
	2.61

34.9
	4.34      59
	0.12

0.6
	6.59

86.7
	0.95

12.5
	0.06

0.8
	563

	20
	7.6
	0.58
	Epm

%
	1.7

29.8
	2

35.1
	1.3      35
	0.17

0.1
	3.44

64.1
	0.57

10.6
	1.36

25.3
	371

	21
	7.8
	0.38
	Epm

%
	1.5

42.9
	1

28.7
	0.82      28
	0.17

0.4
	2.75

78.8
	0.29

8.3
	0.45

12.9
	243

	22
	7.5
	1.1
	Epm

%
	4.1

37.2
	2.9

29.3
	3.9      36
	0.12

0.5
	3.1

28.1
	2.19

19.6
	5.74

52.03
	710

	23
	7.6
	0.39
	Epm

%
	1.5

42.02
	1.1

30.8
	.82      27
	0.15

0.2
	2.75

77.03
	0.29

8.1
	0.53

14.8
	256

	24
	7.7
	0.41
	Epm

%
	1.2

29.6
	1.8

44.3
	.91      26
	0.15

0.1
	3.09

76.1
	0.38

9.4
	0.59

14.5
	262

	25
	7.48
	1.09
	Epm

%
	2.3

24.6
	4.06

43.5
	2.86     31
	0.12

0.9
	6.53

69.6
	0.95

10.2
	1.86

19.9
	697


EC: Electric conductivity; epm: equivalent per million; ppm: part per million.
Table 4. Results of the chemical analysis (Trace elements) for the collected water sample in the studied area

	
	Trace element
	


	Well no.
	Fe+2
	Mn+2
	SAR

	1
	0.3
	0.1
	12.4

	2
	0.2
	-
	435

	3
	0.4
	0.2
	13

	4
	0.3
	-
	934

	5
	0.6
	0.5
	119

	6
	0.3
	-
	36

	7
	0.4
	0.1
	435

	8
	0.5
	0.4
	113

	9
	0.5
	0.5
	149

	10
	0.4
	0.2
	82.

	11
	0.5
	0.4
	193

	12
	0.8
	0.4
	113

	13
	0.3
	0.4
	128

	14
	0.3
	0.4
	136

	15
	-
	0.1
	1.47

	16
	-
	0.1
	1.01

	17
	0.1
	0.8
	3.14

	18
	0.2
	0.7
	1.87

	19
	-
	0.1
	3.53

	20
	0.2
	0.3
	0.95

	21
	0.3
	0.4
	0.74

	22
	0.5
	0.4
	2.09

	23
	0.3
	0.4
	0.77

	24
	0.3
	0.4
	0.75

	25
	0.2
	0.3
	1.61


SAR: Sodium adsorption ratio.
Table 5. National interim for drinking water regulation (maximum contaminant level, MCL) (Last, [28]) 

	Contaminant
	MCL

	Iron
	0.30

	Manganese
	0.05


The main source of bicarbonate is possibly resulting from the organic degradation with minimal CO2, CH4, and NH3 and in some cases H2S and H2.There are many polluted parts in the study area with iron. Nearly the whole area is polluted with manganese. Iron may cause an undesirable taste in beverages. Manganese may cause bone deformities and central nervous system, which result disorders or retard. 

Summary and Conclusion

The area northwest of Assiut is suffering from pollution, which is generated from different sources, e.g. sewage station and agriculture activities. The aims of this study are, 1) exploring and determining the distribution of the contaminant body, and 2) exploring the possibility of the presence of non-contaminated water-bearing zones which are very useful for providing people in such an area with fresh water. These aims were achieved through the analysis and interpretation of the measured geoelectrical and hydrochemical data. The geoelectrical study included the application of two techniques; horizontal profiling  (HP)and vertical electric sounding(VES) . The horizontal profiling includes measurement of self-potential (SP) and apparent resistivity ((a) values at different electrode separations along many profiles. The vertical sounding included measurement of 24 Schlumberger VES-stations. The hydrochemical data were collected from different water ducts, wells and canals drilled within the surveyed area and the surrounding parts.

The measured geoelectrical and hydrogeological data were analyzed and interpreted with combined manual and automated aids using computer softwares. A correlation study between the geoelectrical data from VES-stations (5 & 13) and hydrogeological information was made to determine the distribution of resistivity ranges with depth for different geoelectric layers. 

All results revealed the presence of a major contaminant body detected in the whole area and extending vertically down to 47m from the ground surface. Generally, the pollution decreases to the northeastern and southwestern parts of the surveyed area. The present study also showed the presence of two fresh water-bearing zones; shallow and deep. These zones are considered as to be a semi-confined.

Hydrochemical results showed the presence of many dissolved salts (Na HCO3) and trace elements (Fe2+ and Mn2+) which are present in concentrations exceeding the standard levels given by Last [27] for drinking water purposes.

This study showed the presence of only a major very high conductive zone (contaminated zone) from the ground surface to 47m depth (Fig. 17a). While, the study made by Ibrahim et al  [10], on the area west of Assiut included El-Madabigh (Fig. 17b) identified the presence of two extremely high conductive zones; shallow and deep. Correlating the results of this study and that of Ibrahim et al [10], it is an evident that the effect of contamination (arising mainly from the sewage station inserted in El-Madabigh) decreases to the north. Also there is a slight decrease in the concentration of TDS and trace elements as moving far away from El-Madabigh. 

Finally, the electric measurements have proved to be a quick and inexpensive method for monitoring and locating the distribution of the different polluted subsurface zones and to minimize the need for exploratory drilling in the case of study.
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 تطبيقات طرق المقاومة الكهربائية والجهد الذاتي في دراسة تلوث المياه الجوفية  والتربة في منطقة شمال غرب أسيوط-مصر

علية حماد الحسيني ، حمزة أحمد إبراهيم ، وعبد العزيز سيد أحمد سباق

قسم الجيولوجيا، كلية العلوم، جامعة أسيوط، أسيوط 71516، مصر

(قدّم للنشر في 22/5/1421هـ؛ وقبل للنشر في 10/10/1422هـ)

ملخص البحث.  يمثل تلوث المياه الجوفية واحدًا من أهم المخاطر التي تسبب الكثير من الأضرار الصحية للإنسان خاصة في المناطق الفقيرة  المتفرقة من العالم. وتمثل منطقة الدراسة الواقعة شمال غرب مدينة أسيوط  بمصر أحد المناطق الفقيرة التي تعانى من التلوث الناتج من مصادر متعددة.  تهدف هذه الدراسة إلى رصد وتعيين الانتشار الجانبي والرأسي لتلوث المياه والتربة بالمنطقة ، كما تهدف أيضًا  إلى الكشف عن إمكانية تواجد مياه جوفية نقية في المنطقة والتي يمكن أن تمد الأهالي بمياه بعيدة عن الملوثات المختلفة ولتحقيق هذين الهدفين تم إجراء دراسة جيوفيزيائية وهيدروكيميائية بمنطقة البحث0

ومن خلال الفحص الدقيق والشامل لكافة النتائج المستنبطة من الدراسات الجيوفيزيقية والهيدروكيميائية والمضاهاة بينهما ، أمكن استنتاج ما يلي:

1- ينتشر التلوث في نطاق واحد يبدأ من سطح الأرض ويمتد رأسيًا حتى عمق 47متر تقريباً، وقد لوحظ أن أقصى سمك له ناحية الجنوب الغربي عند الحدود بين الأراضي الزراعية والصحراوية .

 2- يوجد بالمنطقة نطاقين حاملين للمياه: تتم تغذيتهما من مياه الترع والقنوات المحفورة بالمنطقة وكذلك من مياه الأمطار آلتي تسقط على هضبة الحجر الجيري الأيوسيني المتأثرة بالفواصل والفوالق والتي تحد منطقة الدراسة من الغرب.  النطاق الأول ويلي نطاق التلوث وعمقه يصل إلى 30متر في بعض المناطق، وهذا النطاق شبه محبوس ويسحب منه الأهالي كافة احتياجاتهم من المياه لاستخدامها في أغراض الشرب والزراعة وخلافه، أما النطاق الثاني فيقع على عمق يصل إلي 155 متر. 

3-  وجود أنواع مختلفة من الأملاح الذائبة  مثل بيكربونات الصوديوم والعناصر النادرة  مثل الحديد والمنجنيز ومجموعة النترات (مجموعة الأملاح المذابة) . وهذه العناصر التي تم ذكرها وجد أنها منتشرة بتركيزات أعلى مما أقرته منظمة الصحة العالمية  لصلاحية مياه الشرب مما ينجم عنه بعض المتاعب الصحية  لسكان المنطقة الواقعة شمال غرب أسيوط، كما لوحظ أن التلوث يقل كلما اتجهنا شمالاً. 






Fig. 1. Location map of the studied area and geophycial survey sites, showing the VES-stations and the geoelectric profiles.





Fig. 17. Distributyion of contaminated zones in the surveyed area (a), and the western part of Assiut (b).





Fig. 12. ISO-salinity contour map in the area northwest of Assiut city.
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