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ARTICLE INFO ABSTRACT
ATﬁC{e history: ) A detailed ground magnetic survey, geoelectric vertical electric sounding (VES), and groundwater and soil qual-
Received 9 April 2012 ity analysis were conducted in the area of the abandoned landfill of the Awadallah lead (Pb) smelter, northeast-
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- ! ern Cairo, Egypt. The integration between the applied techniques located successfully the buried solid waste,
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demarcated the groundwater and its possible contamination, and determined the lead level in soil.
Magnetic survey comprised 50 magnetic profiles each 190 m length. Vertical derivatives, wavelength filters,

Ifgﬁ/‘(){,is)' and continuation filters characterized the eastern and central parts of the landfill by high intense magnetic
Ground magnetic anomalies reflecting metal and lead wastes, whereas the western part was characterized by low intense
VES anomalies indicating change in the landfill composition to non-magnetized material.
Vertical derivatives The geoelectric survey comprised 16 VES with a maximum AB/2 of 100 m. The inverted data demarcated ef-
Wavelength filters fectively the groundwater aquifer with depth ranged from 11 to 18 m and true resistivities ranged from 96 to
Continuation filters 118 Q-m. The second layer (Holocene-Q3) of semi-permeable silty and sandy clay cap (true resistivities
29~51 Q-m and thickness 9-17 m) constituted a considerable role in limiting the possible contamination
from the landfill.
The analyzed groundwater parameters pH, Ey,, TDS, SEC, and DO indicated a good water quality with homogenous
aquifer characteristics, whereas the lead concentration in groundwater (0.033-0.036 mg/L) was slightly exceeding
the safe limits identified by the U.S. EPA (<0.015 mg/L). Lead in soil samples revealed elevated concentrations
(3130 mg/L/kg at VES-3) around the Awadallah smelter, whereas a gradual decrease in concentrations was
recorded in the northwestern direction.
© 2012 Elsevier B.V. All rights reserved.
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1. Introduction

Lead (Pb) is a metallic element found everywhere in the human en-
vironment as a result of industrialization. It becomes extremely hazard-
ous in air, soil, and groundwater environment when involved in a series
of complex chemical and biological interactions (Labib and Khalil, 2006;
Safar et al., 2007). Known effects of exposure to lead range from subtle
changes in body chemistry and nervous system functions at low levels
of exposure, to severe toxic effects or even death at very high levels asso-
ciated with acute poisoning (WHO). Some harmful effects are reversible
if exposure is reduced, while other harmful effects can be permanent.
Young children, infants, and fetuses appear to be particularly vulnerable
to harmful effects of lead (Labib et al., 2007). A dose of lead that would
have little effect on an adult can have a big effect on a small child
(Agency for Toxic Substances and Disease Registry, 2006). Therefore,
identification of lead pollution sources in the environment and monitor-
ing its contamination in the soil and groundwater are mandatory, espe-
cially in the highly affected areas.

The area under investigation is the abandoned landfill of Awadallah
lead smelter. It is located in Shoubra El-Kheima district, northeastern
Cairo, 500 m southwest of the former Awadallah lead smelter (Fig. 1)
which was the largest illegal lead smelter from 1999 to 2004 (Labib
and Khalil, 2006). Shoubra El-Kheima district is highly polluted by in-
dustrial wastes (mainly lead) due to the presence of randomly distrib-
uted illegal lead and copper smelters (Safar et al.,, 2007). In June, 2004
Egyptian Environmental Affair Agency (EEAA) closed the Awadallah
lead smelter due to many environmental concerns. From 1999 to
2004, Awadallah lead smelter used the study area (Fig. 1) as a landfill
to dump and bury lead sludge and waste. Furthermore, the local inhab-
itants used the same landfill for domestic wastes as well. The dimen-
sions of the landfill extend for 190 m length, 100 m width, 1-3.5 m
depth (Fig. 1), and located in the core of the over populated (almost
62,000 people) residential area of Shoubra El-Kheima. Initial investiga-
tion in the area indicated that the soil is the major host for lead released
by the lead smelters and/or human activities (Labib et al., 2007; Safar et
al., 2007). Further investigations were carried out through this study to
locate the buried solid waste of the landfill, determine the level of lead
pollution in the soil, and investigate groundwater contamination as
well. In that context, as a part of a multi-techniques environmental in-
vestigation, a ground magnetic survey, geoelectric vertical electric
sounding (VES) survey, and soil and groundwater quality analysis
were carried out over the abandoned landfill of the Awadallah lead
smelter.

2. Site description

The study area is a part of the urban/industrial city of Shoubra El-
Kheima, northeastern Cairo, south of the Qaliubyia Governorate,
3300 m east of the Nile River, 374 m north of Ismailliah Canal and
bounded by latitudes 30.114° and 30.116° N and longitudes 31.274°
and 31.278° E (Fig. 1). Most of the geological and geophysical investiga-
tions carried out in the study area were for construction engineering and
groundwater exploration (e. g., Atta, 1979; Maha, 1984; Maher, 1996;
Safar et al., 2007). Noteworthy, these studies have contributed signifi-
cantly to understand the stratigraphic and structural setting of the area

(Maher, 1996). The topography of the area is characterized by gentle
slope with gradual increase in altitude ranging from 14 to 27 m amsl
(Fig. 2). The area is characterized by arid climatic conditions (Atta,
1979). Annual rainfall is low with a long-term average of 20 mm/year.
Average daily air temperatures are ranging between 30 °C in the sum-
mer and 13 °C in the winter (Maha, 1984). The potential evapo-
transpiration is more than 4000 mm/year with a maximum rate in the
summer that exceeds 12 mmy/day (Safar et al., 2007). The area, in gener-
al, is a part of the Northern tip of the Nile Delta and alluvial plain (Atta,
1979). Such silty and sandy clay deposits (Holocene-Q3) are overlaying
a graded sand and gravel Pleistocene aquifer (Pleistocene-Q1). The
main aquifer belongs to the Quaternary formation (Nile-recharged for-
mation) (Maha, 1984). Boreholes in the study area indicated four subsur-
face layers, from top to bottom as follows (Fig. 3):

1. A surface layer characterized by a mixture of silty and sandy clay
cap (Holocene-Q3) and different building wastes. This layer char-
acterized by thickness ranges from 0.1 to 1.5 m.

2. A second layer of silty and sandy clay cap (Holocene-Q3). This
layer characterized by thickness ranges from 1.5 to 11.5 m.

3. A third layer of mixed sand and gravel (Pleistocene-Q1). This layer
represents the aquifer and characterized by thickness ranges from
100 to 130 m.

4. A fourth layer exists below the aquifer and consists of very imper-
meable rigid clay.

In the study area, the predominant flow of the groundwater is
from the south to the north and from the west to the east (Atta,
1979; Maher, 1996). There are some secondary movements due to
some depletion in the groundwater level due to excessive pumping
(Safar et al., 2007). The main source of groundwater recharge is the
River Nile and Ismailia canal (Fig. 1). The secondary recharge source
is seepage from sewage system and drainage networks. The ground-
water discharge is mainly from wells and boreholes (Safar et al.,
2007).

3. Methodology
3.1. Ground magnetic survey

The magnetic method is frequently used in studies over landfills in
search of buried magnetic material (e.g., Blasting, 1987; French et al.,
1988; Keiswetter and Won, 2000; Pozza et al., 2004; Walsh, 1989).
Commonly, the location(s) of shallow (<4 m) magnetic material such
as metal waste, buried barrels, pipes, and/or domestic waste is the pri-
mary concern.

Magnetic data processing with enhancement techniques substan-
tially improves the interpretability of the collected magnetic data (e.g.,
Lidiak et al., 1985; Petar Stavrev, 2006; Peter Furness, 2007; Urquhart
and Strangway, 1985; Yarger, 1985). The objective of various enhance-
ment techniques is to accentuate the particular characteristics of anom-
alies to increase their perceptibility (Hinze and Zietz, 1985). Different
wavelength and wavelets filtering procedures can play significant
roles in the separation of the shallow and deep magnetic source anom-
alies (e.g., Bott, 1973; Fedi and Quarta, 1998; Hinze and Zietz, 1985;
Paoletti et al., 2007; Roberts et al., 1989). When dealing with large
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