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he Nile Valley hosted the world's oldest civilizations because of the quality of the agricultural soil

and the waters of the Nile River. Despite the importance of the Egyptian agricultural soil, there is
a scarcity of information about its chemical and mineral composition. Therefore, this research is
concerned with the soil content of rare earth elements (REEs), as it has become one of the elements
with a harmful effect and considered emerging contaminants. The concentration of only 6 REEs were
recorded in the agricultural soil of Assiut Governorate; Sc, Y, La, Ce, Sm and Nd with concentrations
26.6, 22.2, 33, 62.2, 8 and 30.6 pg/g, respectively. However, the average REEs (182.6 ug/g) was
higher than the upper continental crust (179.4 pg/g), world soil (145.3 pg/g), Chinese soil background
(163.86 pg/g). This indicates the enrichment of the Egyptian soil with these elements. This
enrichment may be due to the nature of the source rocks or the applied fertilizers. Where phosphate
fertilizers (rich in elements) are applied frequently to improve soil productivity.

Keywords: Rare earth elements; Nile Valley soil; Pollution indices; Anthropogenic; Natural source.

1. Introduction

The rare earth elements consist of the lanthanide
group, in addition to scandium and yttrium. These
elements are found in more than 200 minerals
worldwide (Henderson, 1984). REEs have similar
chemical properties (Ferreira et al., 2022) and can be
divided into two groups of light (La to Eu) and heavy
(Gd to Lu) REEs (Maulana et al., 2014). Because of
the unique characteristics of the REEs, which
improved the vyield and quality of agricultural
products when applied in nano-fertilizers (Boyko et
al., 2011; Zhuang et al.., 2016; Huang et al., 2019),
but it was observed that it resulted in different
physiological effects (Positive or negative) (Zhang et
al., 2013) where it was observed that the use of micro-
fertilizers containing high concentrations of rare earth
elements may be harmful to the ecosystem (Barry and
Meehan, 2000), and long-term exposure to REEs,
biota organisms may be harmful, it is also involved in
human respiratory system (Censi et al., 2011), liver
function (Arvela et al.., 1977; Zhu et al., 2005),

nervous system (He et al., 2008; Zhu et al., 2005), and
gastrointestinal tract. and circulatory and immune
systems (Zhang et al.,, 2000), as well as the
intellectual system of children (Fan et al., 2004).

Technological progress has become the characteristic
of the modern era, which relies heavily on the use of
rare elements (Lima and Ottosen, 2021) due to their
superior physical and chemical properties. However,
their environmental instability and toxicity has
become a major environmental problem (Gwenzi et
al., 2018; Li et al., 2020), so these elements are
considered emerging pollutants. Soil is the main link
in the food chain, and its enrichment with these
elements can expose organisms and humans to serious
health problems (Gwenzi et al., 2018; Li et al., 2013).
River Nile is the longest river worldwide and passes
through 11 countries. Egypt is the downstream
country of the Nile Basin, in which the oldest
civilizations was established because of the fertility of
the soil in the Nile Valley. The environmental security
of the River Nile is of great significance to Egypt.
Assiut Governorate is of great importance because of
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it contain some big industrial activities (Cement,
Fertilizers, and petroleum), beside agricultural
activities (Abou El-Anwar et al., 2019a). The rapid
economic and urban development in the Nile Valley
led to the emergence of heavy metal pollution in the
agricultural soil, surface and ground water, and plants
due to human activities (Mekky et al. 2019; Salman et
al. 2017). The integrity of the soil environment in the
Nile Valley is of great importance to the growth of the
agricultural economy and the health of living
organisms and humans, so it is important to study the
concentrations and environmental effects of REEs due
to the global interest in these elements as emerging
pollutants. As, it was found high concentrations of
these elements in Egyptian phosphate ores (Abou El-
Anwar et al. 2019b). Pollution indices were applied
widely to study the enrichment of elements in soil and
sediment to discriminate element source and adverse
environmental impact (Abou El-Anwar et al. 2021;
Elnazer and Salman 2021; Mostafa et al. 2023). The
current study aims to investigate the occurrence of
REEs in Agricultural soil in Assiut Governorate,
discriminate their spatial distribution, source and
enrichment degree.

2. Materials and Methods

2.1. Study area

Assiut Governorate is a part of Nile Valley, nearly
located in its center between latitudes 26° 50’ and 27°
40" N and longitudes 30° 40" and 31° 32" E (Fig. 1). It
contains the old cultivated land, the desert fringes
reclaimed land, the limestone plateaus on both banks
of the Nile River. The governorate characterized by
intensive human activities; urbanization, contain Two
universities in addition to big industries (cement,
fertilizers, and pharmaceutical, power  station,
detergents). As a part of the Nile Valley, the study
area geology has been investigated by many authors
(e.g. Said 1962 and 1981; Omara 1972; Youssef et al.
1977; Omer 1996; Osman 1980). The area composed
of sedimentary succession ranges from Tertiary to the
Recent (Fig. 2). The soil of the study area is mainly
originated from the Ethiopian high lands and Red Sea
Mountains (Omer 1996). The source rock and land
use control the chemistry of soil at Assiut (Mekky et
al. 2019).

2.2. Sampling and analyses

The agricultural soil from north Assiut city was
sampled from 16 sites (30 cm depth) (Fig. 1). About 1
kg. of soil was collected from each site with clean
stainless-steel shovel, packed in polyethylene bags,
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labeled and transferred into Geological Sciences Dept.
lab, National Research Centre. At the lab, the samples
were air dried for 5 days untile constant weight, then
each sample sieved with 2 mm sieve, the sample was
humanized and subsample was pulverized into <63um
for analyses. The XRF (Axios Sequential WD_XRF
Spectrometer) was used to determine the element
content of soil samples.

2.3 Pollution indices calculations
Five pollution indices were applied in this study;
The enrichment factor (EF) is given by the following
equation (Sutherland 2000):-
EF = (Ci/Bm) / (RJR)

The index of geoaccumulation (l4,) was calculated by
the following equation (Muller 1979):-
lgeo = L0G2 (Cr/1.5*Byy)

The Contamination Factor (CF), Ecological Risk
Factor (E;), and Potential Ecological Risk Index

(PERI) were determined using the following
equations (Hakanson 1980):-

CF =C/Bn,

E,=T,*CF

PERI=Y E,

Where,

C..: the examined element in the soil,

B.: the examined element content in the world soil,

Rs: the reference element content in the soil (in this
study “Zr” used as R because it is mainly of
natural lithogenic source (Blaser et al. 2000;
Bam et al. 2011))

R.: the reference element content in the world soil.

The constant 1.5: is used for the possible variations
of the background data due to the lithogenic
effects.

Table 1. REEs mean in worldwide soils (After
Kabata-Pendias and Mukherjee 2007) and the
toxic-response values (After Chen et al. 2020).

oLl SO Toxic- response

Element Average (Br)
mg/kg (717)

Sc 9.5 -
Y 12 2
La 26.1 1
Ce 48.7 1
Nd 19.5 2
Sm 4.8 5
Zr 300 -
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Fig. 1. Location map of the study area showing sampling sites.
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The spatial distribution maps of studied elements
were created by using ArcGIS 10.2 software (Inverse
distance weighting (IDW) tool). This technique has
been used to conduct environmental monitoring,
understand and predict pollutant spread (Salman et al.
2019 and 2021, Salman and Elnazer 2020).

3. Results and Discussion

3.1. Petrographic study

The mineralogical analysis of the studied samples
deals mainly with heavy minerals. Heavy minerals are
used as guide to source rock lithology. Heavy
minerals content not only controlled by the source
rock lithology, but also by weathering operating

process, transport, deposition and diagenesis (Morton
and Hallsworth, 1994). Under polarizing microscope,
heavy minerals of the studied samples are consisted
mainly of opaque minerals. The non-opaque minerals
are zircon, epidote and rutile (Fig. 3). Zircon is the
most dominant mineral in this group. It occurs as
colorless prismatic, rounded and subrounded grains.
Some zircon grains are fractured and contain
inclusion. Epidote is found as pal green color. Rutile
grains is characterized by reddish-brown color, high
relief with sub-rounded edge.

Fig. 3. Microscopic photos showing mineral distribution in the studied soils (a) under PPL 4X (b) under CN 4X. Red
circle showing euhedral to subhedral zircon showing prismatic shape, green circle showing epidote grains are
mainly prismatic with yellowish pale green color and Blue circle showing Elongated subhedral red coloured

rutile grains.
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Fig. 4. Distribution pattern of REEs in the studied samples.
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3.2. Concentrations and distribution patterns of
REEs in the soils

Concentrations of REEs and characteristic of Nile
Valley soils were given in Table (2). The average
concentrations of REEs in the studied soils
followed decreasing order of Ce > La > Nd > Y >
Sc > Sm, which followed the Oddo- Harkins rule
(Wei et al, 2001). Hence, the increased
concentrations of La and Ce in the soil need
attention because their enrichment may lead to
bioaccumulation, as happened in maize plants
(Galhardi et al., 2020). Ce, with an average
concentration of 62.2 ug/g, is the prevailing among
the recorded REEs, and represent 31.2% of total
REEs (Fig. 4). Sm recorded the lowest
concentration in the studied soil (8 pg/g), which
represents 5% of the total concentration of the
recorded REEs. REEs sources in the environment
may be attributed to rock weathering, mining and
industrial process, fertilizers and pesticides, while
pathways include soil, water, animal and human
(Fig. 5). The concentrations of detect 6 REEs; REES
ranged from 87.9 to 342.3 pg/g, with an average
value of 182.6 pg/g. The REESs in the studied soils
was higher than the upper continental crust (179.4
pg/g) (Taylor and Mclennan, 1995), world soil
(145.3 pg/g) (Kabata-Pendias and Mukherjee
2007), and Chinese soil background (163.86 ug/g)
(General  environment  monitor  station  of
China., 1990). The XREEs in Egypt’s soil was
182.6 mg/kg; is higher than the average
concentrations in the Earth's crust, Chondrite,
Germany, Brazil, Europe, Cuba and China, but only
lower than those in Central Africa (Cameroon)
(Table 3). These results indicate that the REEs are
slightly enriched in the agricultural soil in Assiut.
This enrichment may be a result of the parent rocks
of soil, as a result of the pedological processes of
the soil itself and/or human activities (such as
fertilizers and pesticides).

A significant positive interrelationship  was
recorded between the recorded REEs (excluding
Sm) as indicated by the Spearman’s correlation
analysis, with a correlation coefficient from 0.02
(Lavs. Nd) to 0.91 (Sc vs. Y) (Table 4). The strong
positive interrelationship between the REEs
indicates their similar sources. The Nile Valley soil
is mainly drived from the mafic/ultramafic rocks of
the Ethiopian high lands (Omer 2003). This source
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rocks are enriched with REEs (Yibas et al., 2003).
Also, these close relationships between the REEs
suggests the coexistence and similar REE sources
during geochemical processes (Gwenzi et al., 2018,
Temga et al., 2021). Sm exhibited no significant
correlation with the recorded REEs (Table 4). In
fact, Sm is present in fertilizers that are widely used
in Egypt (Abou El-Anwar et al. 2017). Therefore,
Sm poor correlation with other REEs is attributed to
its anthropogenic inputs into soils.

3.3. Spatial distribution of REEs

Spatial distribution maps are maps that use
cartographic representation methods to clarify
spatial relationships between distributed phenomena
(concerned with clarifying the spatial pattern) on
maps. It gives a true picture of economic,
environmental or geological...etc. problems, and
hence provides ease in scientific representation and
analysis. These maps are considered more accurate
and more useful than the traditional descriptive
methods, by representing the quantitative results on
the maps to show the spatial variation in the
distribution of the studied phenomena (e.g. element
concentration  distribution)  (Salman et al.
2019a,b&c; Salman and Elnazer 2020; Seleem et al.
2021; Salman et al. 2021). The distribution map of
the recorded REEs (Fig. 6) in Assiut depicts
variation in REEs distribution with observed higher
concentration in the north and lower contamination
in the central part. Based on their spatial
distribution patterns, Y, Sc, La, Ce and Nd have
slightly close distribution, while Sm has unique
distribution. This spatial distribution of REEs can
give information about element source and identify
highly contaminated areas. The main source of
REEs in the study area is the parent rock
weathering, where the studied soil contains many
REE-bearing minerals such as zirconium and rutile.
The REEs source rock in Egypt are mainly black
sands, phosphorites and granites (Fig. 7) (Baioumy
2021). Phosphatic fertilizers are applied widely in
Egypt for enhancement soil productivity.
Phosphorites are extracted for industrial application
(e.g. fertilizers production) from the Red Sea, Nile
Valley, and Abu-Tartur regions in Egypt. The REES
in these phosphorites are 684.6, 212.8 and 165.6
mg/kg for Abu-Tartur, Red Sea and Nile Valley
respectively (Baioumy 2021).


https://www.scielo.br/j/rbcs/a/4V8Kj8L8xWbkcQDL5v4DD9r/?lang=en
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Table 3. Mean REE concentration in Egypt’s soil compared to international soil data.

Country Y Sc La Ce Sm Nd >REE
Present 26.6 | 22.2 | 33.0 | 62.2 8.0 30.6 182.6
EC Wedepohl (1995) 24 116 |30 60 5.3 27 162.3
Chondrite Pourmand et al. (2012) | 1.4 | 55 | 0.247 | 0.632 | 0.156 | 0.485 8.42
Germany Mihajlovic et al., 2017 | 8.99 | 2.67 | 18.66 | 40.98 | 3.77 | 18.99 | 94.06
Brazil Silva et al. (2016) 445231208 |435 3.37 | 17.7 92.13
Europe Sadeghi et al. (2013) - - 259 |52.2 428 | 224 | 104.78
Cuba Alfaro et al., 2018 - - 152 | 24.2 440 |17.1 60.9
China (Wei et al. 1991) - - 374 | 64.7 494 | 251 | 132.14
Cameroon Temga et al. 2021 - - 58.16 | 134.32 | 8.59 | 64.73 | 265.8

Fig. 5. Sources and pathways of REEs.

3.4. Pollution indices

Several factors have been applied to study the
extent of soil pollution and its enrichment with
REEs; CF, Igeo and EF (Table 2). The CF values
ranged from O for Sm to 4.4 for Sc. It was observed
that Y and Sc have the highest CF among the
recorded REEs. The descending order of the
calculated values of Igeo indicated that the soil was
unpolluted with La and Ce, and that it was
unpolluted to moderately polluted with the rest of
REEs.

The EF is one of the strongest evidences of soil
pollution, where a reference element resistant to
various weathering processes is used to obtain the
best results and evidence of the role of human
factors in soil pollution, separating it from natural
factors. The highest and lowest value for the EF

was recorded for Sm.

elements in terms of the CF was as follows:
Sc>Y>Sm>Nd>La=Ce.

The Igeo is one of the most important indices for
studying the extent of soil contamination with
Potentially toxic elements, which has been applied
since 1979 until now to assess soil pollution with
various elements. The average
3.5. Ecological risk of REEs

In plants, the ecotoxicological of REEs includes
growth,

neurotoxicity in animals,

reduced plant genotoxicity  and
and kidney damage,
nervous system dysfunction, lung enlargement,
male sterility, and fibrous tissue injury in humans

(Gwenzi et al., 2018).
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The Er of the individual REEs in Assiut soils were
arranged in decreasing order as follow: Sm (8.4) >
Y (4.4) > Nd (3.1) > La (1.3) = Ce (1.3) (Table 2).
The PERI ranged from 5.5 to 30.3 with average
value 18.5 (Table 2). Both of Er and PERI indices
was <40 and <150, respectively, indicating the low
risks caused by REEs. Ecological risk assessment is
one of the most widely used theoretical methods for
evaluating the risks posed by the presence of
harmful elements in the environment. It depends on
the concentration of the element in the soil, the
value of the environmental background, and the
toxicity response coefficient of the element. Where
human health depends on the agricultural sector as
the most important link in the food chain.
Therefore, the assessment of soil pollution and the

resulting health risks has become one of the most

Jurassic coals and sandstone
Carboniferous siliciclastic rocks

'~ Precambrian basement rocks

® Phosphorites localities
1 Abu Tartur, 2 Nile Valley, 3 Red Sea

O Black sands localities

1 Rashid, 2 Rommana, 3 El-Arish
Kab Amiri granites

important studies for a sustainable healthy life, and
because soil quality is essential for food safety.

4. Conclusion

The concentration of elements in the agricultural
soil of Assiut governorate was relatively high
compared to the global soil. The spatial distribution
of the elements differed, with hot spots appearing in
the north of the study area for all REEs, while hot
spots appeared in the south for La, Nd and Sm.
Pollution indices showed that the soil pollution with
REEs was low to medium in most sites.
Fortunately, the occurred concentrations of REES
haven’t emergence ecological risk in the study area.
Ethics approval and consent to participate: This
article does not contain any studies with human
participants or animals performed by any of the

authors.

Egypt. J. Geo. Vol. 68 (2024)



44 ESMAT A. ABOU EL-ANWAR, et al.,

Consent for publication: All authors declare their
consent for publication.

Funding: Not applicable.

Conflicts of Interest: The author declares no
conflict of interest.

Contribution of Authors: All authors shared in
writing, editing and revising the MS and agree to its
publication.

Acknowlegement: The authors would like to a
great thanks for all help, efforts and supported by

National Research Centre.

4. References

Abou El-Anwar, E. A., H.S. Mekky, S.H. Abd EIl Rahim
and S.K. Aita, 2017. Mineralogical, geochemical
characteristics and origin of Late Cretaceous
phosphorite in Duwi Formation (Geble Duwi Mine),
Red Sea region, Egypt. Egyptian Journal of
Petroleum, 26, 157-169. http://dx.doi.org/10.1016/j.e
jpe.2016.01.004.

Abou El-Anwar, E.A.; Mekky, H.S.; Abdel Wahab, W.;
Asmoay, A.S.; Elnazer, A.A.; Salman, S.A., 2019a.
Geochemical characteristics of Agricultural soils,
Assiut Governorate, Egypt. Bulletin of the National
Research Centre 43:41, https://doi.org/10.1186/s4226
9-019-0080-3.

Abou El-Anwar, E.A.; Mekky, H.S.; W. Abdel Wahab,
2019b. Characterization and Depositional
Environment of P205- F- U of Phosphatic Rocks for
the Duwi Formation, Qussier- Safaga Region, Red
Sea Coast, Egypt. Egyptian Journal of Chemistry 62
(12), 1-17. DOI: 10.21608/ejchem.2019.11366.1728

Alfaro M.R., do Nascimento C.W.A., Biondi C.M., da
Silva Y.J.A.B., da Silva Y.J.A.B., de Aguiar Accioly
AM., Montero A., Ugarte O.M., Estevez J. (2018)
Rare-earth-element geochemistry in soils developed
in different geological settings of Cuba. Catena 162,
317-324. http://dx.doi.org/10.1016/j.catena.2017.10.0
31.

Arvela, P., Grajewski, O., Lehmann, B.V., Oberdisse, E.,
1977. Effect of lanthanons on substrate-induced
difference spectra in rat liver ~microsomes.
Experientia 33 (4), 491. https://doi.org/10.10
07/BF01922228.

Barry, M.J., Meehan, B.J., 2000. The acute and chronic
toxicity of lanthanum to Daphnia carinata.
Chemosphere 41 (10), 1669-1674.
https://doi.org/10.1016/S0045-6535(00)00091-6.

Boyko, A., Matsuoka, A., Kovalchuk, I., 2011. Potassium
chloride and rare earth elements improve plant
growth and increase the frequency of the
agrobacterium tumefaciensmediated plant
transformation. Plant Cell Rep. 30 (4), 505-518.
https://doi.org/10.1007/s00299-010-0960-3.

Egypt. J. Geo. Vol. 68 (2024)

Censi, P., Tamburo, E., Speziale, S., Zuddas, P.,
Randazzo, L.A., Punturo, R., Cuttittab, A., Aricoa, P.,
2011. Yttrium and lanthanides in human lung fluids,
probing the exposure to atmospheric fallout. J.
Hazard. Mater. 186 (2-3), 1103-1110. https://doi.0
rg/10.1016/j.jhazmat.2010.11.113.

Chang, C., Li, F., Liu, C., Gao, J., Tong, H., Chen, M.,
2016. Fractionation characteristics of rare earth
elements (REESs) linked with secondary Fe, Mn, and
Al minerals in soils. Acta Geochim 35, 329-339.

Chen, H., Chen, Z., Chen, Z., Ou, X., Chen, J., 2020.
Calculation of toxicity coefficient of potential
ecological risk assessment of rare earth elements.
Bull. Environ. Contam. Toxicol. 104 (5), 582-587.

Conoco. Geologic map of Egypt. Egyptian General
Authority for Petroleum. Scale (1:500,000), NG 36
NW Asyut. 1987

Fan, G.Q., Yuan, Z.K., Zheng, H.L., Liu, Z.G., 2004.
Study on the effects of exposure to rare earth
elements and health-responses in children aged 7-10
years. J. Hyg. Res. 33 (1), 23-28.

Ferreira M.S., Fontes M.P.F., Lima M.T.W.D.C,
Cordeiro S.G., Wyatt N.L.P., Lima H.N., Fendorf s.,
2022. Human health risk assessment and geochemical
mobility of rare earth elements in Amazon soils.
Science of the Total Environment 806, 151191.
https://doi.org/10.1016/j.scitotenv.2021.151191

Galhardi, J.A., de Mello, J.W., Wilkinson, K.J., 2020.
Bioaccumulation of potentially toxic elements from
the soils surrounding a legacy uranium mine in
Brazil. Chemosphere 261, 127679.

Gwenzi, W., Mangori, L., Danha, C., Chaukura, N.,
Dunjana, N., Sanganyado, E., 2018. Sources,
behaviour, and environmental and human health risks
of high-technology rare earth elements as emerging
contaminants. Sci. Total Environ. 636, 299-313.

Hakanson, L., 1980. An ecological risk index for aquatic
pollution control. A sedimentological approach Water
Res 14, 975-1001.

He, X., Zhang, 2.Y., Zhang, H.F., Zhao, Y.L., Chai, Z.F.,
2008. Neurotoxicological evaluation of long-term
lanthanum chloride exposure in rats. Toxicol. Sci.
103 (2), 354-361. https://doi.org/10.1093/toxsci/kf
n046.

Henderson, P., 1984. General geochemical properties and
abundances of the rare earth elements. In: Henderson,
P. (Ed.), Rare Earth Element Geochemistry. Elsevier,
Amsterdam, pp. 1-32.

Huang H., Lin C,, YuR., Yan Y., Hu G., Wang Q., 2019.
Spatial distribution and source appointment of rare
earth elements in paddy soils of Jiulong River Basin,
Southeast China. Journal of Geochemical Exploration
200, 213-220. https://doi.org/10.1016/j.gexplo.201
8.09.008.

X., Chen, Z., Chen, Z., Zhang, Y., 2013. A human
health risk assessment of rare earth elements in soil
and vegetables from a mining area in Fujian Province,
Southeast China. Chemosphere 93, 1240-1246.

Li



CENTRAL NILE VALLEY AGRICULTURE SOIL CONTENT AND DISTRIBUTION OF RARE EARTH ELEMENTS ... 45

Li, Z., Liang, T., Li, K., Wang, P., 2020. Exposure of
children to light rare earth elements through ingestion
of various size fractions of road dust in REES mining
areas. Sci. Total Environ. 743, 140432.

Lima, A.T., Ottosen, L., 2021. Recovering rare earth
elements from contaminated soils: critical overview
of current remediation technologies. Chemosphere
265, 129163.

Maulana, A., Yonezu, K., Watanabe, K., 2014.
Geochemistry of rare earth elements (REE) in the
weathered crusts from the granitic rocks in Sulawesi
Island, Indonesia. J. Earth Sci. 25 (3), 460-472.
https://doi.org/10.1007/s12583-014-0449-z.

Mekky, H.S.; Abou EIl-Anwar, E.A.; Salman, S.A;
Elnazer, A.A.; Abdel Wahab, W.; Asmoay, A.S,,
2019. Evaluation of Heavy Metals Pollution by Using
Pollution Indices in the Soil of Assiut District, Egypt.
Egypt.J.Chem. Vol. 62, No. 9. pp. 1673 — 1683.

Mihajlovic J., Stark H., Rinklebe J. (2017) Rare earth
elements and their release dynamics under pre-
definite redox conditions in a floodplain soil.
Chemosphere 181, 313-319

Morton, A.C., and Hallsworth, C.R., 1994. Identifying
provenance-specific features of detrital heavy mineral
assemblages in sandstones. Sedimentary Geology, 90:
241-256.

Mostafa, M.T.; El. Nady, H.; Gomaa, R.M.; Abdelgawad,
H.F.; Farhat, H.l.; Khalifa, I.H.; Salman S.A., 2023.
Geochemical baseline and pre-mining environmental
assessment of heavy metals at iron exploration area,
Northeastern Aswan, Egypt. Water, air & soil
pollution 234:456. https://doi.org/10.1007/s11270-
023-06466-7.

Muller, G., (1979) Schwermetalle in den sedimenten des
Rheins, Veranderungem Seit 1971. Umschau 79, 778-
783.

Omer AA (1996) Geological, mineralogical and
geochemical studies on the Neogene and Quaternary
Nile basin deposits, Qena-Assiut stretch, Egypt. PhD
thesis, Geol Dept Fac Sci Sohag, South Valley Univ,
p 320

Pourmand, A., Dauphas, N., Ireland, T.J., 2012. A novel
extraction  chromatography and  MC-ICP-MS
technique for rapid analysis of REE, Sc and Y:
revising Cl-chondrite and Post-Archean Australian
Shale(PAAS) abundances. Chemical Geology 291,
38-54.

Sadeghi, M., Morris, G.A., Carranza, E.J.M,,
Ladenberger, A., Andersson, M., 2013. Rare earth
element distribution and mineralization in Sweden: an
application of principal component analysis to
FOREGS soil geochemistry. J. Geochem. Explor.
133, 160-175.

Salman S.A.; Elnazer, A.A. 2020. Assessment and
speciation of chromium in groundwater of south
Sohag Governorate, Egypt. Groundwater for
Sustainable Development, doi.org/10.1016/j.gsd.202
0.100369.

Salman S.A.; Elnazer, A.A. 2020. Assessment and
speciation of chromium in groundwater of south
Sohag Governorate, Egypt. Groundwater for
Sustainable Development, doi.org/10.1016/j.gsd.20
20.100369.

Salman S.A.; Arauzo M.; Elnazer, A.A., 2019.
Groundwater quality and vulnerability assessment in
west Luxor Governorate, Egypt. Groundwater for
Sustainable Development, 8, 271-280.

Salman S.A.; Arauzo M.; Elnazer, A.A., 2019a.
Groundwater quality and vulnerability assessment in
west Luxor Governorate, Egypt, Groundwater for
Sustainable Development, 8, 271-280.

Salman, S.A.; Abou El-Anwar, E.A.; Asmoay, A.S.
Mekky, H.S.; Abdel Wahab W.; Elnazer, A.A., 2021.
Chemical Fractionation and Risk Assessment of
Some Heavy Metals in Soils, Assiut Governorate,
Egypt. Egyptian Journal of Chemistry, DOI:
10.21608/EJCHEM.2021.59371.3276

Salman, S.A.; Asmoay, A.S.; El-Gohary, A.M.; Sabet,
H.S, 2019c. Evaluation of human risks of surface and
groundwater contaminated with Cd and Pb south of
El-Minya Governorate, Egypt. Drinking Water
Engineering and Science 12, 23-30.,
https://doi.org/10.5194/dwes-12-23-2019.

Salman, S.A.; Elnazer, A.A. and El Nazer, H.A., 2017.
Integrated mass balance of some heavy metals fluxes
in Yaakob village, south Sohag, Egypt. Int. J.
Environ. Sci. Technol. 14, 1011-1018.

Salman, S.A.; Zeid, S.A.M.; Seleem, E.M.; Abdel-Hafiz,
M.A., 2019b. Soil Characterization and Heavy Metal
Pollution Assessment in Orabi Farms, El Obour,
Egypt. Bulletin of the National Research Centre
43:42, https://doi.org/10.1186/s42269-019-0082-1

Seleem E.M., Alaa Mostafa A., Mokhtar M., Salman
S.A., 2021. Risk assessment of heavy metals in
drinking water on the human health, Assiut city and
its environs, Egypt. Arabian Journal of Geosciences
14:427, doi: 10.1007/s12517-021-06784-2

Silva, Y.J.A.B., Nascimento, C.W.A., Silva, Y.J.AB,,
Biondi, C.M., Silva, M.C.A.C., 2016. Rare Earth
Element Concentrations in Brazilian Benckmark
Soils. http://dx.doi.org/
10.1590/18069657rbcs20150413.

Sutherland, R.A., 2000. Bed sediment-associated trace
metals in an urban stream, Oahu, Hawaii. Environ.
Geol. 39, 611-627.

Temga J.P., Sababa E., Mamdem L.E., et al. 2021. Rare
earth elements in tropical soils, Cameroon soils
(Central Africa). Geoderma Regional 25, e00369.
https://doi.org/10.1016/j.geodrs.2021.e00369

Wedepohl, K.H., 1995. The composition of the
continental crust. Geochimica et Cosmochimica Acta
59, 1217-1232

Wei, F.S., Zheng, C.J., Chen, J.S., Wu, Y.Y., 1991. Study
on the background contents on 61 elements of soils in
China. Chin. J. Environ. Sci. 12, 12-20.

Wei, Z.G., Yin, M., Zhang, X., Hong, F.S., Li, B., Tao,
Y., Zhao, G.W., Yan, C.H., 2001. Rare earth elements

Egypt. J. Geo. Vol. 68 (2024)



ESMAT A. ABOU EL-ANWAR, et al.,

in naturally grown fern Dicranopteris linearis in
relation to their variation in soils in South-Jiangxi
region (Southern China). Environ. Pollut. 114 (3),
345-355. https://doi.org/10.1016/S0269-7491(00)002
40-2.

Yibas B., Reimold W.U., Anhaeusser C.R., Koeberl C.

(2003). Geochemistry of the mafic rocks of the
ophiolitic fold and thrust belts of southern Ethiopia:
constraints on the tectonic regime during the
Neoproterozoic (900-700 Ma). Precambrian Research
121, 157-183

Zhang, C.H,, Li, Q.Q., Zhang, M.X., Zhang, N., Li, M.H,,

2013. Effects of rare earth elements on growth and
metabolism of medicinal plants. Acta Pharm. Sin. B 3
(1), 20-24. https://doi.org/10.1016/j.apsb.2012.12.0

Zhang, H., Feng, J., Zhu, W.F.,, Liu, C.Q., Xu, S.Q.,

Shao, P.P., Wu, D.S., Yang, W.J., Gu, J.H., 2000.
Chronic toxicity of rare-earth elements on human
beings. Biol. Trace Elem. Res. 73 (1), 1-17.
https://doi.org/10.1385/BTER:73:1:1.

Zhu, W.F., Xu, S.Q., Shao, P.P., Zhang, H., Wu, D.S,,

Yang, W.J., Feng, J., Feng, L., 2005. Investigation on
liver function among population in high background
of rare earth area in south China. Biol. Trace Elem.
Res. 104 (1), 1-8. https://doi.org/10.1385/BTER:1
04:1:001.

Zhuang, M.Q., Zhao, J.S., Li, S.Y., Liu, D.R., Wang,

K.B., Xiao, P.R., et al., 2016. Concentrations and
health risk assessment of rare earth elements in
vegetables from mining area in Shandong, China.

05. Chemosphere 168, 578-582. https://doi.org/10.10
16/j.chemosphere.2016.11.023.

a il gty Baaugs a3l Al (b 8000 Apa ) yealindl g
ol Laslong il Liaglsad) day

'Ol i g5 e labe g ¢ Tanles 3 gana puaiiall g D il iy ¢ i gl daal Ciaas

Lopall peae i) seen cignall ol S el cdon sl ol o glall s )
B pall yeae i) seen ¢ asaul a HY) daals cln gl gl aud ()

ol V) dael 3l Al dseal e all - Lgiasag Al dugead Cu allall 8 Lghely cilliaall o8l Jall (525 o culd
g Gaadl 138 gl iy calaal) e S iy o 80l )Y yealia]) (e Wlsinay anally el LuS
el Eal) sy play) daa el il ol L) ml Cun (ol D)1 jealial) e L) (g
Cinagl WS g ylly @isally sl tie AN palaall o ggian Lol Al ((hng sull) dassSug Saall dulal
Y1,7) @S Nd, Sc, Y, La ,Ce and Sm Jasuuls daely3l Al 5,06 duayl yealic 1 agag Al Jillatl)
VAT, T 5ol Zpa V1 pealiall SN Jagid) o0Sy o sl e aba [ abagsSae (Fo,0 A CTY,Y PY YY,Y
@ B OS5 b [ ahag)Sie VITAS IVAE aall b dully L B8 e el dha [ ahag S
Al gdl) BaauY) 22850 Cm aniienall 530 ] o jradll jpdall (e dai Jagauls L 8 )bl A V1 jualial
ealiall KA ajsll i) L Lal) et ))She (S8 Gl sda 8 (50 Ae V1 yealially daall)
CDlales caglily cagiall 8 SM, Nd, La iS5 iy duhall dilaie Jlad b lgalies @3S0 Cun 50l daca)Y)

Al dibia S slad (<55 Y 8l dua)¥) yealial) i of it

Egypt. J. Geo. Vol. 68 (2024)



