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HE PRESENT work aims to investigate the heavy metal concentrations of the major rock units 

that exposed in El-Sid area, Central Eastern Desert, Egypt, and determine the hotspots areas with 

higher concentration levels in the investigated area. Concentrations of iron (Fe), zinc (Zn), lead (Pb), 

sulfur (S) and Arsenic (AS) were measured in the heavy mineral fractions of representative samples 

by using Atomic Absorption Spectrometer (AAS). The mapping of heavy metal concentrations was 

created by the inverse distance weighting (IDW) method. The highest concentrations of Fe, Zn and Pb 

were in Cataclastic granite, Monzo-Syenogranite and Qz-monzodiorite, while S is only detected in 

serpentinite after dunite rock. The present results showed that As was not detected in present samples. 

The lowest concentration of Fe was in carbonate rock stained with iron oxide and pyroxenite, Zn was 

in porphyritic meta-andesite, carbonate rock stained with iron oxide, serpentinite rocks and 

pyroxenite, and Pb was in serpentinite after dunite, serpentinite after pyroxenite with talc carbonate 

and pyroxenite. The results of the present study elucidate concentration levels of investigated heavy 

metals in rock units of the present area and refer to the hotspots areas with higher levels. 
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1. Introduction 

The Eastern Desert (ED) of Egypt is a notable region 

within the Arabian Nubian Shield (ANS), showcasing 

a prime illustration of many instances of granite 

magmatism (occurring between 750 to 550 million 

years ago) intruding subduction-related island arc and 

mafic-ultramafic rocks (known as supra subduction 

zone (SSZ) ophiolites). In the central and southern 

Eastern Deserts, granitoids and island-arc rocks are 

prevalent and constitute over 30% and 50% of the 

basement rocks, respectively. Gold deposits and 

occurrences are likely spread over the Central and 

Southern Eastern Desert as a result of granite 

magmatism's subsequent phases into potentially 

metal-bearing rocks. (Helmy et al., 2018). 

Ophiolitic and granitic rocks are the dominant rock 

units in the research region. The ophiolitic rocks are 

composed of ultramafics (mostly serpentinites and 

Pyroxinites), mafic plutonic rocks (metagabbros), and 

metavolcanics(El-Sayed et al., 1999). 

The present work aims to investigate the heavy metal 

concentrations of the major rock units that exposed in 

El-Sid area, Central Eastern Desert, Egypt, and 

determine the hotspots areas with higher 

concentration levelsin the investigated area. 

 

2. Materials and Methods 

2.1. Study area 

The study area is located in the central part of the 

Eastern Desert of Egypt about 90 Km to the west of 

El-Quseir city on the Red Sea coast. The area (Fig. 1) 

lies between latitude coordinates 25° 57' 00" 25° 59' 

30" and longitudes 33° 36' 00" 33° 38' 00". The study 

area is accessible by the Qift - Quseir asphalt road, 

which traverses the Central Eastern Desert. The 

investigated area is distinguished by an arid climate 

that is dry and hot for most of the year, with minimal 

rainfall. The average temperature fluctuates from 

12°C at night to more than 45°C during the day. The 

period of highest temperatures is long, ranging from 

May to September (Mohy, 2013). 

2.2.  Sampling, Sample preparation and analysis 

The rock representative samples from the study area 

were sampled from 13 sites during the field survey 

(Fig. 2). The following procedures are applied to the 

rock sample to obtain the heavy minerals fractions 

required for atomic absorption analysis. 
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2.2.1. Grinding of sample 

For grinding rock samples, I used two different 

grinding techniques. The first technique is a 

mechanical jaw crusher, which initially grinds rock 

samples into sizable particles for further manual 

crushing via a hammer to end up with a grain size that 

is small enough to be inserted into ball mills. The 

second technique is Ball milling which is used for 

crushing material into finer particles and blending it 

thoroughly. There are two types of ball milling 

grinding wet and dry, Wet ball milling utilizes 

distilled water or anhydrous ethanol to move and 

carry the milling material in and out of the drum then 

put the sample in the dryer to eliminate distilled water 

from it. In contrast, dry ball milling does not use any 

liquid medium. 

 

2.2.2. Sieving of grinding sample 

After grinding, rock samples are sieved. Dry sieve 

analysis is the grain size test method used for the 

gravelly and sand-sized mineral samples. Sieve 

shakers assist particle movement through a stack of 

sieves, allowing for accurate particle separation. 

Depending on their size, the separated particles are 

retained on the various sieves. In the next step of the 

bromoform analysis, fine and very fine grain sizes 

that were retained from sieve sizes of 125 µm and 63 

µm, respectively, are used. 

2.2.3. Heavy mineral separation 

Heavy minerals are mainly characterized by specific 

gravity greater than the medium which used to 

separate them from light minerals. The heavy liquid 

“bromoform” has a specific gravity of 2.89 at 20 °C 

(Hauff and Airey, 1980), which most commonly used 

medium for heavy mineral separation. 

The following procedures are dependent on it for 

separating heavy minerals from rock samples by using 

bromoform liquid. as shown in (Fig. 3): 

 Preparing the sample in the fine and very fine-

grained size. 

 Checking the specific gravity of bromoform 

before each use. 

 Place the bromoform in a separate funnel with a 

glass tap that feeds into another funnel in which 

filter paper can be placed. 

 Adding the subsample: stir occasionally to avoid 

mass-trapping effects (ensure grains are not 

removed on the stirring rod). Keep a watch glass 

over the funnel between stirings. Allow 10-20 

min for separation. 

 Draining liquid with heavy minerals (with 

accompanying bromoform) into filter paper on 

the lower funnel; retain pure bromoform in 

storage bottle. 

 Draining the rest of the bromoform together with 

light minerals into another filter paper; use the 

same storage bottle. 

 Replacing the storage bottle with the bromform 

washings bottle. 

 Using alcohol. Wash residual bromoform and 

remaining grains from the upper funnel onto the 

lower filter paper. Then wash the bromoform 

from the filter paper. 

 Washing the bromoform from the filter paper 

containing the heavy minerals into the same 

washing bottle. Both grains and filter paper 

should be clean of bromoform. 

 Placing the filter paper and grains into bowls; air 

dry at a temperature no greater than 50 °C for 1-2 

hours. 

 Weighting both light and heavy mineral fractions. 

 

2.2.4. Analysis of separated heavy mineral 

fractions 

For each sample, one gram of heavy mineral fractions 

was digested in a mixture of nitric acid and 

hydrofluoric acid (2.5 ml of 70% HNO3 and 2.5 ml of 

35% HF) for 2 hours by using a Microwave Digestion 

System (CEM, MDS-2000, USA). After cooling to 

ambient temperature, the digested samples were 

filtered using the Whatman No.42 filter paper. The 

filtrated samples were diluted by deionized water to a 

concentration of 10%. Concentrations of iron (Fe), 

zinc (Zn), lead (Pb), sulfur (S) and Arsenic (AS) were 

measured in the samples by using Atomic Absorption 

Spectrometer (savant AA, GBC Scientific Equipment, 

Australia). Each sample was run in three replicates 

and the results were expressed in terms of μg/g dry 

weight (mean ±SD) (Oluyemi et al., 2008). The 

analysis of heavy metals in rock samples was carried 

out in the central lab of the faculty of science, at Ain 

Shams University. 

 

3. Results and Discussion 

3.1. Concentrations of heavy metals in the samples 

For atomic absorption analysis to determine the 

concentration of iron, zinc, lead, sulfur and arsenic as 

shown in Error! Reference source not found., one 

gram is the standard weight of heavy mineral fractions 

for each rock sample. 

 

3.2. Column Charts 

Data representation is essential for displaying the 

results of the processed data. Data arevisualized using 

column charts. 
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Fig. 1. Location map of the study area. 

Fig. 2. The spatial distribution Map of the stations where representative samples were collected. 
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Sample ID Rock name Fe % 
Zn 

 (mg/Kg) 
Pb (mg/Kg) S% 

As 

(mg/Kg) 

A-2 Cataclastic granite 

 

19.99 218.47 55.11 N.D 

 

N.D 

 

A-3 Monzo-Syenogranite 26.67 619.13 62.47 N.D 

A-8 Qz- monzodiorite 

 

21.56 332.01 52.53 N.D 

A-9 Porphyritic meta-

andesite 
10.93 66.08 54.11 N.D 

A-12 Metagabbro 10.32 109.43 43.77 N.D 

A-13 Metabasalt 15.22 161.62 39.87 N.D 

A-14 Carbonate rock stained 

with iron oxide 
2.02 34.86 41.74 N.D 

A-15 High altered 

metagabbro 
12.78 101.31 45.35 N.D 

A-16 serpentinite after 

dunite 
17.29 47.78 36.33 1.08 

A-17 serpentinite after 

pyroxenite 
22.73 59.31 41.51 N.D 

A-18 

Serpentinite after 

pyroxenite with talc 

carbonate. 

 

8.62 62.05 38.71 N.D 

A-19 pyroxenite 1.98 54.57 34.29 N.D 

A-20 High-altered granite at 

the gold mine 
17.56 318.82 44.83 N.D 

Fig. 3. Heavy minerals separation of samples by bromoform. 

Table 1. Fe, Zn, Pb,  S  and  As  concentrations  for  heavy  mineral  fractions  for  each  rock  sample  with 
a standard weight of one gram. ND: Not Detect. 
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The representation charts for the Fe, Zn, and Pb 

concentrations of heavy mineral fractions for each 

rock sample with standard weight one gram as shown 

in Fig. 4, Fig. 5 and Fig. 6 respectively. The elements 

concentration chart of Fe, Zn, and Pb of heavy mineral 

fractions for all samples with a standard weight of one gram 

for each sample as shown in Fig. 7. 

3.3. Scatter plot diagrams 

Scatter plot diagrams show the relationship between  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Fig. 8 the values of lead increase as the values of 

iron. The correlation coefficient (r) between Pb and 

Fe is 0.59, indicating a moderately positive 

correlation according to Table 2. In Fig. 9 The values 

of zinc increase as the values of iron. The correlation 

coefficient (r) between Zn and Fe is 0.69, indicating a 

moderately positive correlation according toError! 

Reference source not found.. In Fig. 10 The values 

of lead increase as the values of zinc. The correlation 

coefficient (r) between Pb and Zn is 0.74, indicating a 

higher positive correlation according to Table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Chart of iron concentration (%) of heavy mineral fractions for each rock samples with a standard weight of 
one gram. 

 

Fig. 5. Chart of zinc concentration (mg/Kg) of heavy mineral fractions for each rock samples with a standard weight of 
one gram. 
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Size of correlation Interpretation 

0.90 to 1.00 (-0.90 to -1.00) Very high positive (negative) correlation 

0.70 to 0.90 (-0.70 to -0.90) High positive (negative) correlation 

0.50 to 0.70 (-0.50 to -0.70) Moderate positive (negative) correlation 

0.30 to 0.50 (-0.30 to -0.50) Low positive (negative) correlation 

0.00 to 0.30 (0.00 to -0.30) negligible correlation 

Fig. 6. Chart of lead concentration (mg/Kg) of heavy mineral fractions for each rock samples with a standard 
weight of one gram. 

 

Fig. 7. Elements concentration chart for Fe, Zn and Pb of heavy mineral fractions for each rock samples with a standard 
weight of one gram. 

 

Table 2. Rule of Thumb for interpreting the size of a correlation coefficient (after Mukaka, 2012). 
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Fig. 8. Scatter plot of iron (Fe) and Lead (BP). 
 

Fig. 9. Scatter plot of iron (Fe) and Zinc (Zn). 
 

Fig. 10. Scatter plot of Zinc (Zn) and Lead (Pb). 
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3.4. Spatial distribution maps 

Spatial distribution maps utilize cartographic 

representation approaches to clarify the spatial 

relationships between distributed phenomena on 

maps. It accurately depicts economic, environmental, 

and geological issues, facilitating scientific 

representation and analysis (Abou El-Anwar et al. 

2024). These maps are considered more accurate and 

more valuable than traditional descriptive approaches 

because they display the quantitative results on the 

maps to demonstrate the spatial variation in the 

distribution of the examined phenomena (e.g., 

element concentration distribution) (Salman et al. 

2019a, b &c; Salman and Elnazer 2020; Seleem et al. 

2021; Salman et al. 2021; Abou El-Anwar et al. 

2024).There are two groups of interpolation methods.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Deterministic and Geostatistical interpolation 

methods, the IDW is the optimal and most significant 

interpolation method (Al-Mamoori et al., 2021). The 

inverse distance weighting (IDW) method is used in 

mapping of Fe, Zn and Pb concentrations in the study 

area.The IDW is one of the most widely used and 

deterministic interpolation techniques.IDW 

calculations were based on nearby, well-known 

locations. The weights given to the interpolating 

points are inversely proportional to their separation 

from the interpolating point. As a result, the close 

points are created have higher weights (and thus, 

greater impact) than the distant points, and vice versa 

(Bhunia et al., 2018).Fig. 11. display the spatial 

distribution maps of the concentrations of Fe, Pb, and 

Zn in the study area, respectively. 

  

Fig. 11. Spatial distribution maps of iron, lead and Zinc concentrations. 
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The highest concentrations of Fe, Zn and Pb were 

found in Cataclastic granite, Monzo-Syenogranite and 

Qz-monzodiorite, while S is only detected in 

serpentinite after dunite rock. The present results 

showed that As was not detected in our samples.  

The lowest concentration of Fe was found in 

carbonate rock stained with iron oxide and pyroxenite, 

whereas Zn was present in porphyritic meta-andesite, 

carbonate rock stained with iron oxide, serpentinite 

rocks and pyroxenite. Pb was detected in serpentinite 

after dunite, serpentinite after pyroxenite with talc 

carbonate and pyroxenite. 

4.Conclusions 

Results of this study have providedthe heavy metal 

concentrations of the major rock units that exposed in 

El-Sid area, Central Eastern Desert, Egypt, and have 

determinedthe hotspots areas with higher 

concentration levels in the investigated area. 
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الشرقية،  ط الصحراءسد، وسطقة الىفي م ثيووالجرا سربىحيىيثال شماجطاق وات الثقيلة في سوزيع الفلج

 مصر
 

 المىعم عثمانعبدو، عبدالمالككريم ووور الديه محمد جادو، 
 

 انعشبٍت يصشجًٕٓسٌت قضى انجٍٕنٕجٍا، كهٍت انعهٕو، جايعت عٍٍ شًش، انقاْشة، 
 

ٌٓذف انعًم انحانً إنى انخحقٍق فً حشكٍزاث انًعادٌ انثقٍهت نهٕحذاث انصخشٌت انشئٍضٍت انًعشضت فً يُطقت انضذ، ٔصط انصحشاء 

انخشكٍز الأعهى فً انًُطقت انخً حى فحصٓا. حى قٍاس حشكٍزاث انحذٌذ انششقٍت، يصش، ٔححذٌذ يُاطق انُقاط انضاخُت راث يضخٌٕاث 

(Fe( ٔانزَك )Zn( ٔانشصاص )Pb( ٔانكبشٌج )S( ٔانزسٍَخ )AS فً الأجزاء انًعذٍَت انثقٍهت نهعٍُاث انًًثهت باصخخذاو يطٍاف )

(. كاَج IDWت انخشجٍح انعكضً نهًضافت )(. حى إَشاء سصى خشائط حشكٍزاث انًعادٌ انثقٍهت بٕاصطت طشٌقAASالايخصاص انزسي )

فقط فً  S، بًٍُا حى اكخشاف  كخاكلاصخٍك ٔ كٕاسحز يَٕزٔدٌٕسٌج ٔيَٕزٔ صٍُٕجشاٍَجفً  Fe  ٔZn  ٔPbأعهى حشكٍزاث 

نى ٌخى اكخشافٓا فً انعٍُاث انحانٍت. كاٌ أقم حشكٍز نـ  AS. أظٓشث انُخائج انحانٍت أَّ انزسٍَخ انضشبُخٍٍ انُاحجت يٍ ححٕل انلأنٍفٍٍ

Fe  ٌفً صخٕس انكشبَٕاث انًصبغت بأكضٍذ انحذٌذ ٔانبٍشٔكضٍٍُج، ٔكاZn  فً يٍخا أَذٌضٍج انبٕسفٍشٌخً، ٔصخٕس انكشبَٕاث

انضشبُخٍٍ  ، ٔ ل انلأنٍفٍٍانضشبُخٍٍ انُاحجت يٍ ححٕفً  Pbانًصبغت بأكضٍذ انحذٌذ، ٔصخٕس انضشبُخٍٍُج ٔانبٍشٔكضٍٍُج، ٔكاٌ 

انبٍشٔكضٍٍُج. حٕضح َخائج ْزِ انذساصت يضخٌٕاث حشكٍز انًعادٌ انثقٍهت ، خهك ٔكشبَٕاث انًصاحب ب انبٍشٔكضٍٍ انُاحجت يٍ ححٕل

 انخً حى فحصٓا فً انٕحذاث انصخشٌت فً انًُطقت انحانٍت ٔحشٍش إنى يُاطق انُقاط انضاخُت راث انًضخٌٕاث الأعهى.

 

 


