Tl s Loy o sall 3y s el Ll
Bani Waleed University Journal of Humanities and
Applied Sciences
Ll — g b daala (8 auad
Website:https://jhas-bwu.com/index.php/bwijhas/index

(179-165 ) cladall - 2025 - J¥1 sl - Jalal) slaal)

ISSN3005-3900

Tale 3 B0 LG Cpalaally  gal) &gl
28 ke Gy *! alls e jas 28,0
Lo e ady i eady o daals gl A0 e L) i 2!
MohamedSalem@bwu.edu.ly
Heavy Metal Contamination in the Fruit of Date Palm: An Overview

Mohamed Omar Abdalla Salem!” , Nisreen moftah Mohamed 2

1.2 Department of Biology, Faculty of Education, Bani Waleed University, Bani Walid,Libya

2025-01-20 : &l fy)l 2024-12-27 05l zes 2024-11-28 : D) o)l

cadlall

ol i) 8 Cf a8y o saall 55 jluall ol Al (e Tae G LY Ll il LA e S 53l ALED el
Ol daua o i Lae ol Jia @lld 8 Lay cJualaall 3 5a Ao Gles 5555 43 sLall ALEN (oleall Gians o 5 5281
B85 (a5 el 5 a gadlS 5 s ySI e (5 siat AankaY) (e daedl O 2a g QU Jaaas And 21320 (1Y) LS
el Judn G ol i e Jolaill 1 aS gy cllal dagii g a0 G g duanall 8 duin clsle ol Sl oda () saw
Gl 8 ey il e (e de sana (e Cllaslaall e J gamall o3 lld i) dana e i il 5 AL Gabeadly
il o2a Llus Google Scholars <Science Direct s <PubMeds <Directory of Open Access Journals
e 3l Aot b laddl i o 1l Jaalisale) Jia o Bl U Candanl Allad culuids 1% duaaf e ¢ guall
i e 3855 A Aad) 3 seal) CRESS (5 5 el o sl 5 LAl U e AL (palaal) Galaaiiel (g 2al
labandl lina g slalell Ao el 3 sl () Al L) e S ) 5 Sl Jglall gy gl s 5l ol
ClaaY ey il Al sda (pe A wiall 48 jaall e plig sadaal) A Gl sda Jal Ay g i ddaal) Cilaaiagll
Y Gl ey pa s Glas¥) daa s Al e Laliad) g cJaail) de) ) ) daltind 5 Al laa e Janll daliadll
Al Ll la ety e s Sle 5 na JS A sgda o Ll A e Ll ,als ALEN alaadl sda Ley (ujlal
i) e e ) Aalall juds Lee s i) o ALEN Galaall 4l

o) Aaa o gl GLED el ¢ satll sAdNAY) culalSh)

Abstract:

Heavy metals have a significant impact on living cells and organisms because they cause a
number of harmful environmental impacts and toxicities. Certain heavy metal contaminants have
been shown in recent years to negatively impact crop quality, including date palm, which impacts
human health and food security. For instance, many foods were found to include chromium,
cadmium, copper, lead, and mercury. These components appear to be environmental pollutants in
natural foods, according to evidence. As a result, this analysis emphasizes the dangers of date
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palm pollution by heavy metals and their effects on human health. The information was obtained
from a variety of databases, including the Directory of Open Access Journals, PubMed, Science
Direct, and Google Scholar. The results highlight the importance of implementing effective
mitigation techniques, such as soil rehabilitation and adopting sustainable agricultural practices,
to reduce the uptake of heavy metals by these plants. In the future, it is imperative to intensify
research efforts focused on the identification of specific pollution sources and the development of
innovative solutions adapted to different environmental contexts. Collaborative efforts between
scientists, policy makers and local communities will take place essential to solve this complex
problem. Based on the knowledge gained from this study, stakeholders can work to ensure the
safety and sustainability of palm cultivation, preserving the environment and human health.
However, the mechanisms by which these heavy metals exert their effects on human health are
not well understood. Furthermore, the positive and negative effects of heavy metals are not well
established, suggesting the need for more research.

Keywords: Heavy metals, Date palm, Contamination, Human health

1 .Introduction

The date palm, scientifically known as Phoenix dactylifera, is a crucial fruit-bearing tree that
thrives in arid and semi-arid regions. Renowned for its nutritional and economic significance, the
date palm has been cultivated for thousands of years, particularly in the Middle East and North
Africa (Abul-Soad et al., 2017; Banadka et al., 2025). As a staple food source and a vital
component of agricultural economies, the quality and safety of dates are of paramount
importance (El Far et al., 2016; Elsherif & Aljaroushi, 2021). However, recent studies have raised
concerns about the contamination of date palm fruits with heavy metals (Chamon et al., 2024; El
Youssfi et al., 2024; Tamirat et al., 2024). Heavy metals are naturally occurring elements with
high atomic weights and densities. While some heavy metals like iron, zinc, and copper are
essential for biological processes in trace amounts, others such as lead, cadmium, and mercury
pose significant health risks even at low concentrations (Engwa et al., 2019; Salem & Salem,
2023; Verma et al., 2016). These metals can enter the environment through various sources,
including industrial activities, agricultural practices, and natural processes, leading to soil and
water contamination (Hou, O’Connor, et al., 2020).Contamination of date palms with heavy
metals can occur through the uptake of these metals from contaminated soils or irrigation water
(Masindi & Muedi, 2018; Salama et al., 2019). The extent of contamination can vary widely
based on geographical location, soil characteristics, and local environmental conditions (Al-
Busaidi et al., 2015; Nagajyoti et al., 2010). Understanding the levels and sources of heavy metal
contamination in date palms is crucial for ensuring food safety and protecting public health.

This literature review aims to provide an overview of heavy metal contamination in the fruit of
date palms grown at different locations. It will explore the cultivation background of date palms,
the definition and sources of heavy metals, and how these metals contaminate date palms.
Additionally, the review will examine the geographical variations in contamination levels and
discuss strategies for mitigating and managing heavy metal contamination in date palm
cultivation.
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2 .Date Palm Cultivation

The cultivation of date palms can be traced back to ancient Mesopotamia, highlighting their
longstanding significance in Middle Eastern agriculture and culture (Abul-Soad et al., 2017,
Amadou, 2016) These resilient plants played a crucial role in ancient trade routes and economies,
serving as a staple food source for desert communities. Beyond their economic value, date palms
hold symbolic and religious importance across various cultures (EL-Mously et al., 2023). In
modern times, the economic impact of date palm cultivation remains substantial, supported by
their adaptability to arid and semi-arid environments. This adaptability underscores their
continued relevance in both historical and contemporary contexts. Date palm cultivation spans
various regions globally, with significant concentrations in the Middle East, North Africa, and
South Asia. These areas provide optimal climatic conditions critical to the growth and
productivity of date palms. Economically, date palm cultivation sustains local economies,
offering diverse varieties that thrive under specific regional conditions. Agricultural practices,
deeply rooted in traditional knowledge, influence cultivation methods, yet these regions face
challenges such as climate change and resource limitations (EL-Mously et al., 2023; Ramadan &
Farag, 2022). Understanding these dynamics is crucial for maintaining the economic and cultural
significance of date palms in these key locations.

3 .Economic and Nutritional Significance

Date palms serve as a cornerstone of economic stability in arid and semi-arid regions,
contributing significantly to a global market valued at billions of dollars annually. The cultivation
of date palms not only supports rural livelihoods and employment but also enhances food security
in areas with limited agricultural diversity (Abul-Soad et al., 2023). Nutritionally, dates are rich
in essential vitamins and minerals, high in dietary fiber for digestive health, and provide a quick
energy boost due to their natural sugars (Elsherif & Aljaroushi, 2021; Mohamed et al., 2014).
Furthermore, their antioxidant properties offer potential health benefits (Vayalil, 2013). The
export of dates significantly bolsters the economies of producing countries, while innovative uses
of date by-products add value and minimize waste (Subhash et al., 2024).

4 .Heavy Metal Contamination in Date Palms

Heavy metals are naturally occurring elements known for their high atomic weight and density,
characterized by a specific gravity exceeding 5 g/cm3. Common examples include lead, mercury,
cadmium, arsenic, and chromium (Mahurpawar, 2015). These metals possess distinct metallic
properties and are notorious for their toxicity, even at low concentrations (Engwa et al., 2019).
Found within the Earth's crust, they are released into the environment through both natural
processes and human activities. As persistent environmental pollutants, heavy metals pose risks
of bioaccumulation and biomagnification, leading to adverse effects on human health,
ecosystems, and agriculture (Chan, 1998; Salem & Salem, 2023). Industrial activities, such as
manufacturing and processing, often release heavy metals into the environment, posing a
significant threat to agricultural areas. Agricultural practices can exacerbate this issue by using
contaminated water or soil, while the application of pesticides and fertilizers further introduces
heavy metals (Elsherif & Aljaroushi, 2021). Mining operations are another major contributor,
contaminating both soil and water sources (Aly & El-soad, 2009). Additionally, atmospheric
deposition from industrial emissions and waste disposal sites can lead to heavy metal
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accumulation. Urban runoff also plays a role by transporting contaminants into agricultural
zones. Lastly, natural geological sources can release heavy metals, impacting soil and water
quality (Okereafor et al., 2020).

Heavy metals, such as lead, cadmium, and mercury, can accumulate in human tissues over time
through the consumption of contaminated food products, leading to chronic exposure that poses
significant and far-reaching health risks. When these toxic substances enter the body, they can
persist for extended periods, as the body's natural elimination processes are often inadequate to
remove them efficiently. This bioaccumulation can result in gradual and cumulative damage to
various organs and systems, with potentially severe consequences for human health. The health
effects of heavy metal exposure are well-documented and diverse, affecting multiple systems
within the body. Neurological disorders are among the most concerning outcomes, particularly
for children, whose developing nervous systems are more susceptible to the toxic effects of these
metals. Lead, for instance, has been shown to impair cognitive function, reduce 1Q, and disrupt
behavioral development in children. . Similarly, mercury exposure, often associated with the
consumption of contaminated fish, can lead to neurological damage, including symptoms such as
tremors, memory loss, and impaired vision. In addition to neurological effects, heavy metals can
also cause significant damage to the kidneys, a critical organ for filtering waste from the blood.
Cadmium, for example, is a known nephrotoxin that can lead to kidney dysfunction and, in
severe cases, renal failure (Borowska & Brzoska, 2015). The immune system is another target for
heavy metal toxicity, with exposure potentially leading to immunosuppression, making
individuals more vulnerable to infections and other diseases.(Borowska & Brzdska, 2015; Salama
etal., 2019).

Vulnerable populations, such as children, pregnant women, and the elderly, are particularly at
risk from heavy metal exposure. Children, due to their smaller body size and ongoing
developmental processes, are more sensitive to the toxic effects of heavy metals. Pregnant
women, on the other hand, face heightened risks because heavy metals can cross the placental
barrier, exposing the developing fetus to these toxins and potentially leading to developmental
delays, low birth weight, and other adverse outcomes (Salama et al., 2019).Moreover, emerging
research suggests that heavy metal exposure is associated with an increased risk of cancer and
cardiovascular diseases. The bioaccumulation of these metals can disrupt various metabolic and
enzymatic processes within the body, leading to oxidative stress, DNA damage, and
inflammation—all of which are implicated in the development of chronic diseases ( et al.,
2023). For instance, cadmium exposure has been linked to an increased risk of lung cancer, while
mercury has been associated with cardiovascular complications, including hypertension and heart
disease.( At al., 2023).

Given the serious health implications of heavy metal exposure, it is crucial for regulatory bodies
to implement and enforce strict guidelines for the levels of these contaminants in food products.
Monitoring programs must be comprehensive and ongoing to ensure that food sources are free
from unacceptable levels of heavy metals. Additionally, efforts should be made to educate the
public about the risks associated with heavy metal exposure and to promote practices that
minimize contamination in the food supply chain. By taking these steps, public health authorities
can help protect populations from the adverse effects of heavy metal toxicity and reduce the
burden of related diseases.
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4.1. Mechanisms of Metal Uptake in Plants

Plants employ various mechanisms for metal uptake, primarily through root absorption, which
serves as the main entry point for metals (Dalvi & Bhalerao, 2013). Transport proteins play a
crucial role in facilitating this process, with distinctions between the uptake of essential and non-
essential metals. Soil pH and composition significantly influence metal uptake, affecting
pathways like symplastic and apoplastic transport (Kochian, 1991). Mycorrhizal fungi enhance
uptake, while genetic factors determine efficiency. Metal chelators impact metal mobility and
availability, aiding in the translocation from roots to shoots and (Shahid et al., 2017; Shi et al.,
2019). Understanding these mechanisms is vital for assessing heavy metal contamination in date
palm fruits.

4.2. Factors Affecting Metal Accumulation in Date Palms

The uptake of heavy metals by date palms is significantly influenced by the composition and pH
of the soil. Soils with varying mineral content and acidity levels can alter the availability of
metals to plant roots (Kochian, 1991). The quality of irrigation water plays a critical role in metal
accumulation(Aleid et al., 2016). Contaminated water sources can introduce additional metals,
enhancing their presence in the plants. Different species and varieties of date palms exhibit
varying rates of metal absorption, largely due to differences in root structure and function, which
affect how metals are taken up (Chamon et al., 2024; Zwolak et al., 2019). External factors such
as temperature and humidity can affect metal accumulation. Additionally, agricultural practices,
including the use of fertilizers and pesticides, contribute to the presence of metals, The
bioavailability of metals in the soil, influenced by microbial activity, also affects uptake, The age
and growth stage of date palms are crucial, as younger plants may absorb metals differently
compared to mature ones (Al-Dashti et al., 2021; Hamid, 2011; Tsado Mathew et al., 2014).

5. Geographical Variations in Contamination Levels

The contamination of heavy metals in date palms varies significantly across different regions due
to a multitude of factors. Geographical variations in metal levels are influenced by local
agricultural practices, which can either mitigate or exacerbate these issues (Abdalla et al., 2018;
Achakzai et al., 2022; Aldjain et al., 2011). Urban areas often show higher contamination levels
compared to rural settings, largely due to industrial activities. Industrial activities contribute to
environmental contamination, yet natural barriers and ecosystems can mitigate such effects (Aly
& El-soad, 2009; Ramadan & Farag, 2022). Historical land use and organic farming practices
play crucial roles in managing long-term soil contamination and reducing heavy metal presence
in date palms. Additionally, the composition of the soil and local climate conditions play critical
roles in these differences (Al-Busaidi et al., 2015; Hassan et al., 2017). Studies reveal regional
contamination challenges, highlighting the variable effectiveness of regulatory measures.
Understanding these trends is crucial for addressing public health concerns related to heavy metal
exposure.
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Table (1) The contamination of heavy metals in date palms across different regions in the world.

Reference Location Metals Measurement Results
(City/Country) Studied Method
L . . . . All metals were
(Aldjain et al., Rlyadh/S_audl Pb and Cd. Anatomic absorption within permissible
2011) Arabia spectrometer L
limits.
The concentrations
ﬁl‘ll XI:F':E » flame photometry  of all elements in the
(Taha & Kharj/ Saudi Ru. Cd. In. inductivity dated fruit samples
Ghtani, 2015) Arabia Ba: TI ’and’ Coupled plasma and are lower than those
Bi atomic absorption reported in the
: literature.
(Al-Busaidi et Cu, Cr,Cd,  Inductively coupled All metals were
al., 2015) Oman Pb, Mn, Fe plasma (ICP) within permissible
and Zn spectroscopy ||m|tS.
The concentrations
of these elements
Qg’cAdl’gu’ Inductively Coupled were higher in the
(Hassan etal.,  Jeddah/ Saudi Cr’ Fe1 Ni ’ Plasma Mass urban site compared
2017) Arabia Pb’ Se’ anoi Spectrometry (ICP-  to the residential site
’ Zn MS) and showed an
increase over the
harvest period.
Inductively coupled
(Abdallaet  Turaba District/  Al, As, Cd plasma-optical (Cd, Al, As a_nd_Pb)
i . . were below limit of
al., 2018) Saudi Arabia and Pb emission spectrometry detection
(ICP-OES).
iCAP 6300 Duo
Inductively Coupled
(Salamaet al Al, As, Cr, Plasma — Optical All metals were
5019, SaudiArabia  Pb, Cd, and Emission within permissible
) Sb Spectrophotometer limits.
(ICP-OES, Thermo
Fischer Scientific).
Inductivelv Counled The concentrations
(Suleman, Zilfi/Saudi AB? CAcli éz PlasmgMasf of all elements in the
2019) Arabia s Spectrometry (ICP-  dated fruit samples
and Cr MS) are lower than those

reported in the
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literature.

] . Al-Rusail / . coupled plasma Elevated levels of Pb
(Al-Shali et Sultanate of Ni, Zn, Pb, optical emission and Cd in fruits from
al., 2019) Cd . : :
Oman spectrometer industrial regions.
A comparison of
. elements in the
Al, Ba, Cu, Indpulgglr\rl](zl_yOCglégll ed samples revealed
(Badarusham Lahore/ Fe, Mg, Ni, Emissign that the flesh
etal., 2019) Pakistan Pb, Zn and samples had higher
Spectrometry (ICP- .
Se concentrations of
OES). : ;
aluminum, barium,
and selenium.
Elevated levels of Pb
(Faisal et al., and Cd in leaves
2020) Basra/ IRAQ Pb / from industrial
regions.
- . . All metals were
(Khalilia, . Atomic Absorption iy S
2020) Palestine. Pb, Cd, Zn Spectroscopy (AAS) W|th|n|ipmeE[2|53|ble
) Flame Atomic Significant
(Elsherif & Libya Fe. Zn. Cu, Absorption contamination of Pb
AIJ;(;nghI, Cd,andPb  Spectrometry (FAAS) and Cd in fruits
(Omar &Al, Al Ain/United P& Zn, Cu, Coupled Plasma Mass  Elevated levels of
2021) ' . Mn, Cdand Spectroscopy Cd in fruits from
Arab Emirates Cr (ICPMS). industrial areas.
Atomic The concentrations
(Mohamed Absorption of Cd in the dated
Malik & Spectrophotometer, fruit samples are
Hamadnalla, Sudan Pband Cd (Thermo Scientific lower than those
2021) Pvt. Ltd. India reported in the
Model No. AA 350) literature.
Inductively Coupled
(Abdel- Pb. Cd. Cr Plasma Optical Significant
Rahman et al., Giza/ Egypt a’nd l\]a Emission contamination of Pb,
2022) Spectrometry (ICP- Cd and Cd in fruits
OES)
(Achakzai et Balochistan Fe, Pb, Co, Atomic Absorption All metals were
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al., 2022) (Panjgoor and Mn, Cd, Cu  Spectroscopy (AAS) within permissible

Turbat)/Pakistan limits.
Cd, Cr, Pb, Absorption .
(§|hag<])ozg)e t Ba'ﬁgf‘;daésh Ni, Cu, Zn, — Spectrophotometer l_:;r?(;] (l;;/ ?Asf(r)jilt:a
B Fe, and Mn (Varian 240).
(Anteneh et Jigiiaa / Fe, Zn, Cu, Flame Atomic All metals were
al., 2024) Et%Jig ia As, Pb, and Absorption within permissible
Y P Cr Spectroscopy (FAAS). limits.
iopi Na, Ca, Fe, Flame Atomic
(Tamirat et Ethiopia, Irgq, Zn, Ni, Mn, Absorption All_metals were
and Saudi p within permissible
al., 2024) . Cu, Cd, and L
Arabla Pb Spectrometry |ImItS.

6. Mitigation and Management Strategies
6.1. Agricultural Practices to Reduce Contamination

To address heavy metal contamination in date palm fruits, several agricultural practices can be
implemented. Crop rotation helps in preventing soil exhaustion, while organic fertilizers reduce
the need for chemical inputs. Phytoremediation techniques, utilizing plants that absorb heavy
metals, can be adopted to cleanse the soil (Ali et al., 2013; Ghosh & Singh, 2005; Tangahu et al.,
2011; Thakur et al., 2016). Controlled irrigation prevents water contamination, and regular
monitoring of soil and water quality allows for early detection of contaminants. Integrated pest
management minimizes pesticide usage, and selecting date palm varieties resistant to heavy metal
uptake is beneficial (Anli et al., 2020; Elnahal et al., 2022; Ghosh & Singh, 2005; Oguh et al.,
2019; Rahman et al., 2022). Educating farmers on sustainable practices, using biochar to
immobilize heavy metals, and incorporating green manure to enhance soil health are also vital
strategies (Ahmad et al., 2018; Gong et al., 2022; Hou, Bolan, et al., 2020; Joseph et al., 2019;
Ntsomboh-Ntsefong et al., 2024; Ray & Bharti, 2023; Sachdeva et al., 2023).

6.2. Role of Government and Policy in Contamination Control

Government regulations play a pivotal role in controlling heavy metal contamination by
establishing permissible limits for these substances in agricultural products. Policies that
incentivize sustainable farming practices are essential to mitigate contamination risks (Chen &
Ding, 2023; Khanam et al., 2023; Nofriandi et al., 2024). The effectiveness of these policies is
contingent upon robust monitoring and enforcement mechanisms to ensure compliance.
Additionally, public awareness campaigns are vital for educating both farmers and consumers
about the potential dangers of heavy metal exposure. International collaboration can align local
standards with global best practices, while government funding for research fosters innovation in
detection and mitigation technologies. Finally, subsidies and grants encourage the adoption of
cleaner technologies, supported by adequate resources and training for regulatory agencies.
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7. Future Research Directions and Innovations

In addressing heavy metal contamination in date palm cultivation, future research should focus
on several innovative directions. The exploration of advanced bioremediation techniques is
crucial for effective removal of contaminants from soils. Investigating genetic modifications
could enhance date palms' resilience against heavy metal stress, while real-time monitoring
systems would enable prompt detection of contamination. Moreover, assessing the long-term
effects of exposure on productivity and quality is essential. Sustainable agricultural practices
must be evaluated to minimize uptake, and interdisciplinary collaborations are vital for
developing eco-friendly solutions. Additionally, understanding climate change impacts and
exploring nanotechnology applications could offer new pathways for detoxification. The
examination of heavy metal contamination in the fruit of date palms across various locations
underscores the critical need for ongoing monitoring and management strategies. The insights
gathered from this literature review highlight significant geographical variations in contamination
levels, influenced by environmental factors and human activities. In addition, understanding these
variations is essential for developing localized strategies to mitigate risks associated with heavy
metal exposure.

8. Conclusion .

Heavy metals, originating from both natural and anthropogenic sources, pose a severe threat to
food safety and public health. Date palms, being a vital agricultural commodity in many regions,
require careful attention to ensure their safe consumption. The findings emphasize the importance
of implementing effective mitigation techniques, such as soil remediation and the adoption of
sustainable agricultural practices, to reduce heavy metal uptake by these plants. Moving forward,
it is imperative to enhance research efforts focused on identifying specific sources of
contamination and developing innovative solutions tailored to different environmental contexts.
Collaborative efforts between scientists, policymakers, and local communities will be crucial in
addressing this complex issue. By building on the knowledge gained from this review,
stakeholders can work towards ensuring the safety and sustainability of date palm cultivation,
safeguarding both the environment and human health.

9. References

Abdalla, A., Abdelkareem, M., Hesham, M., Mahmoud, H., Mohamed, D., Ali, H., Awad, M.,
Khalid, A., Hmoud, S., Alotaibi, M., Abdalla, M., Elsheikh, A., Saad, H. M., Alotaibi, M., &
Abdalla, A. E. (2018). Essential and Toxic Heavy Metals Status in Some Fruits from Turaba
District (Saudi Arabia), Health Risk Assessment. Technology & Public Policy, 2(2), 26-37.
https://doi.org/10.11648/j.stpp.20180202.12

Abdel-Rahman, G. N., Salem, S. H., Saleh, E. M., & Marrez, D. A. (2022). Evaluation of the
Sewi dates safety produced by the traditional method. Egyptian Journal of Chemistry, 65(12),
239-249. https://doi.org/10.21608/EJCHEM.2022.122952.5501

Abul-Soad, A. A., Jain, S. M., & Jatoi, M. A. (2017). Biodiversity and conservation of date palm.
Biodiversity and Conservation of Woody Plants, 313-353.

173



Abul-Soad, A. A., Mohamed, N. H., Salomdn-Torres, R., & Al-Khayri, J. M. (2023). Cultivation
of Date Palm for Enhanced Resilience to Climate Change. In Cultivation for Climate Change
Resilience, Volume 2 (pp. 138-169). CRC Press.

Achakzai, R., Khan, N., Kakar, A.-U.-R., Khan, S., & Tareen, A. H. (2022). Determination of
heavy metals in the dates (P. dactylifera L.) of Balochistan (Panjgoor and Turbat). Baghdad
Journal of Biochemistry and Applied Biological Sciences, 3(03), 220-228.
https://doi.org/10.47419/bjbabs.v3i03.140

Ahmad, M., Usman, A. R. A,, Al-Faraj, A. S., Ahmad, M., Sallam, A., & Al-Wabel, M. 1. (2018).
Phosphorus-loaded biochar changes soil heavy metals availability and uptake potential of maize
(Zea mays L.) plants. Chemosphere, 194, 327-339.

Al-Busaidi, A., Al-Yahyai, R., & Ahmed, M. (2015). Heavy metal concentrations in soils and
date palms irrigated by groundwater and treated wastewater. Pakistan Journal of Agricultural
Sciences, 52(1), 129-134.

Al-Dashti, Y. A, Holt, R. R., Keen, C. L., & Hackman, R. M. (2021). Date palm fruit (Phoenix
dactylifera): Effects on vascular health and future research directions. International Journal of
Molecular Sciences, 22(9). https://doi.org/10.3390/ijms22094665

Al-Shali, M. A. M., Kalyani, A., Ndaginna, A. I., & Yardi, K. (2019). Can industrialization affect
heavy metals bioconcentration in date palm tree farms in the Sultanate of Oman? The Iraqi
Journal of Agricultural Science, 50, 152-172.

Aldjain, I. M., Al-Whaibi, M. H., Al-Showiman, S. S., & Siddiqui, M. H. (2011). Determination
of heavy metals in the fruit of date palm growing at different locations of Riyadh. Saudi Journal
of Biological Sciences, 18(2), 175-180. https://doi.org/10.1016/j.sjbs.2010.12.001

Aleid, S. M., Sallam, A. A., & Shahin, M. M. (2016). Effect of alternative unconventional
irrigation water on soil properties, fruit yield and quality, and microbial safety in date palm.
Irrigation and Drainage, 65(3), 264-275.

Ali, H., Khan, E., & Sajad, M. A. (2013). Phytoremediation of heavy metals—concepts and
applications. Chemosphere, 91(7), 869-881.

Aly, H. S. H., & El-soad, A. A. A. (2009). Effect of Environmental Pollution on Leafe
Composition, Fruit Set and Fruit Quality of Hayany Date Palm. Alexandria Science Exchange
Journal: An International Quarterly Journal of Science Agricultural Environments,
30(JANUARY-MARCH), 30-36. https://doi.org/10.21608/asejaigjsae.2009.2355

Amadou, |. (2016). Date Fruits. Nutritional Composition of Fruit Cultivars, 215-233.
https://doi.org/10.1016/b978-0-12-408117-8.00010-6

Anli, M., Baslam, M., Tahiri, A., Raklami, A., Symanczik, S., Boutasknit, A., Ait-ElI-Mokhtar,
M., Ben-Laouane, R., Toubali, S., & Ait Rahou, Y. (2020). Biofertilizers as strategies to improve
photosynthetic apparatus, growth, and drought stress tolerance in the date palm. Frontiers in
Plant Science, 11, 516818.

174



Anteneh, A., Abreham, B., Besha, T., Ababay, M., Getaneh, A., & Moges, W. (2024). Heavy
metals concentration and health risk assessment in peanut and date palm from Jigjiga City
Markets , Ethiopia. Discover Environment. https://doi.org/10.1007/s44274-024-00151-0

Badarusham, K., Sabri, N. E., Salvamani, S., Hassan, M. S., Hassan, Z., & Hashim, R. (2019).
Assessment of minerals in phoenix dactylifera . As determined by inductively coupled plasma
optical emission spectrometry using ANOVA and PCA. International Journal of Recent
Technology and Engineering, 8(2 Special issue 3), 336-344.
https://doi.org/10.35940/ijrte.B1058.0782S319

Banadka, A., Srinivas, K., Bhavsar, R., Sanjay, S., Shaikh, A., Murali, N., Nagella, P., & Al-
Khayri, J. M. (2025). Genetic Diversity of Date Palm (Phoenix dactylifera L.) and Sustainable
Utilization. In Genetic Diversity of Fruits and Nuts (pp. 187-226). CRC Press.

Borowska, S., & Brzdska, M. M. (2015). Metals in cosmetics: implications for human health.
Journal of Applied Toxicology, 35(6), 551-572.

Chamon, A. S., Abrar, M., Parash, H., Hassan, S. N., Fahad, J. I., Ahmed, S. K., Mushrat, M.,
Islam, N., Atiya, Z., Al Mahir, A., & Mondol, M. N. (2023). Heavy Metals in Mariam and
Dabash Date Fruits (Phoenix dactylifera L.) Collected from Dhaka City, Bangladesh and
Associated Assessment of Public Health. Multiresearchjournal.ComAS Chamon, MAH Parash,
SMN  Hassan, JI Fahad, S Kabirmultiresearchjournal.Com, 3(4), 255-266.
https://www.multiresearchjournal.com/admin/uploads/archives/archive-1689236836.pdf

Chamon, A. S., Parash, M. A. H., Fahad, J. I., Hassan, S. M. N., Ahmed, S. K., Mushrat, M.,
Islam, N., Hasan, T., Atiya, Z., & Mondol, M. N. (2024). Heavy metals in dates (Phoenix
dactylifera L.) collected from Medina and Dhaka City markets, and assessment of human health
risk. Environmental Systems Research, 13(1). https://doi.org/10.1186/s40068-024-00354-7

Chan, H. M. (1998). Metal accumulation and detoxification in humans. In Metal metabolism in
aquatic environments (pp. 415-438). Springer.

Chen, S., & Ding, Y. (2023). Tackling heavy metal pollution: evaluating governance models and
frameworks. Sustainability, 15(22), 15863.

Dalvi, A. A., & Bhalerao, S. A. (2013). Response of plants towards heavy metal toxicity: an
overview of avoidance, tolerance and uptake mechanism. Ann Plant Sci, 2(9), 362—368.

EL-Mously, H., Midani, M., & Darwish, E. A. (2023). Cultural and Ecological Significance of
the Date Palm. In Date Palm Byproducts: A Springboard for Circular Bio Economy (pp. 3-16).
Springer.

El Far, A. H., Shaheen, H. M., Abdel-Daim, M. M., Al Jaouni, S. K., & Mousa, S. A. (2016).

Date Palm (Phoenix dactylifera): Protection and Remedy Food. Journal of Nutraceuticals and
Food Science, 1(2), 1-10.

El Youssfi, M., Abida, S., El Hazzat, M., Bouhaddou, N., Laghzizil, A., Ben Aakame, R., Halim,
M., Zinedine, A., & Sifou, A. (2024). Monitoring and Health Risk Assessment of Lead and
Cadmium in Date Palm Fruit Cultivars Growing in Morocco. Biological Trace Element
Research. https://doi.org/10.1007/s12011-024-04242-0

175



Elnahal, A. S. M., El-Saadony, M. T., Saad, A. M., Desoky, E.-S. M., El-Tahan, A. M., Rady, M.
M., AbuQamar, S. F., & El-Tarabily, K. A. (2022). The use of microbial inoculants for biological
control, plant growth promotion, and sustainable agriculture: A review. European Journal of
Plant Pathology, 162(4), 759-792.

Elsherif, K. M., & Aljaroushi, A. M. (2021). Assessment of Major and Minor Metals Levels in
Selected Libyan Palm Dates Fruits. Journal of Applied Science and Environmental Studies, 4(3),
446-459. http://revues.imist.ma/index.php?journal=jases

Engwa, G. A., Ferdinand, P. U., Nwalo, F. N., & Unachukwu, M. N. (2019). Mechanism and
health effects of heavy metal toxicity in humans. Poisoning in the Modern World-New Tricks for
an Old Dog, 10, 70-90.

Faisal, H. A., Authafa, Q. J., & Abdullah, A. A. (2020). Study the effect of seasonal variation of
oil pollutants in Northern Basra Governorate on some physiological characteristics of date palm
trees , Phoenix Dactylifera L . 5424(September 2019), 5417-5424.

Ghosh, M., & Singh, S. P. (2005). A review on phytoremediation of heavy metals and utilization
of it’s by products. Asian J Energy Environ, 6(4), 18.

Gong, H., Zhao, L., Rui, X., Hu, J., & Zhu, N. (2022). A review of pristine and modified biochar
immobilizing typical heavy metals in soil: applications and challenges. Journal of Hazardous
Materials, 432, 128668.

Hamid, M. A. (2011). Growth and heavy metals uptake by date palm grown in mono-and dual
culture in heavy metals contaminated soil. World Applied Sciences Journal, 15(3), 429-435.

Hassan, I., Cotrozzi, L., Haiba, N. S., Basahi, J., Ismail, 1., Almeelbi, T., & Hammam, E. (2017).
Trace elements in the fruits of date palm (Phoenix dactylifera L.) in Jeddah City, Saudi Arabia.
Agrochimica, 61(1), 75-93. https://doi.org/10.12871/0021857201716

Hou, D., Bolan, N. S., Tsang, D. C. W., Kirkham, M. B., & O’connor, D. (2020). Sustainable soil
use and management: An interdisciplinary and systematic approach. Science of the Total
Environment, 729, 138961.

Hou, D., O’Connor, D., Igalavithana, A. D., Alessi, D. S., Luo, J., Tsang, D. C. W., Sparks, D.
L., Yamauchi, Y., Rinklebe, J., & Ok, Y. S. (2020). Metal contamination and bioremediation of
agricultural soils for food safety and sustainability. Nature Reviews Earth & Environment, 1(7),
366-381.

Joseph, S., Van, H. T., Mai, T. L. A,, Duong, T. M. H., Weldon, S., Munroe, P., Mitchell, D., &
Taherymoosavi, S. (2019). Immobilization of heavy metals in contaminated soil after mining
activity by using biochar and other industrial by-products: the significant role of minerals on the
biochar surfaces. Environmental Technology.

Khalilia, W. M. (2020). Assessment of Lead, Zinc and Cadmium Contamination in the Fruit of
Palestinian Date Palm Cultivars Growing at Jericho Governorate. Journal of Biology, Agriculture
and Healthcare, 10(2), 7-14. https://doi.org/10.7176/jbah/10-2-02

176



Khanam, Z., Sultana, F. M., & Mushtaq, F. (2023). Environmental Pollution Control Measures
and Strategies: An Overview of Recent Developments. Geospatial Analytics for Environmental
Pollution Modeling: Analysis, Control and Management, 385-414.

Kochian, L. V. (1991). Mechanisms of micronutrient uptake and translocation in plants.
Micronutrients in Agriculture, 4, 229-296.

Mahurpawar, M. (2015). Effects of heavy metals on human health. Int J Res Granthaalayah,
530(516), 1-7.

Masindi, V., & Muedi, K. L. (2018). Environmental contamination by heavy metals. Heavy
Metals, 10(4), 115-133.

Mohamed Malik, I. O., & Hamadnalla, H. M. (2021). Measurment Heavy Metals of Three
Cultivars of Date (Phoenixdactylifera L.) From Sudan. Journal of Biotechnology &
Bioinformatics Research, 3(3), 1-4. https://doi.org/10.47363/JBBR/2021(3)137

Mohamed, R. M. A., Fageer, A. S. M., Eltayeb, M. M., & Mohamed Ahmed, I. A. (2014).
Chemical composition, antioxidant capacity, and mineral extractability of Sudanese date palm
(Phoenix  dactylifera L.) fruits. Food Science and Nutrition, 2(5), 478-489.
https://doi.org/10.1002/fsn3.123

Nagajyoti, P. C., Lee, K. D., & Sreekanth, T. V. M. (2010). Heavy metals, occurrence and
toxicity for plants: a review. Environmental Chemistry Letters, 8, 199-216.

Nofriandi, A., Frinaldi, A., Lanin, D., Rembrandt, R., Yulkifli, Y., Dewata, I., Siregar, D. R.,
Insani, M., Sati’at, N. A., & Febrina, S. (2024). Heavy Metals Contamination and the Evolution
of Environmental Policy: A Comprehensive Bibliometric Reviews. Science and Environmental
Journal for Postgraduate, 7(1), 9-24.

Ntsomboh-Ntsefong, G., Mbi, K. T., & Seyum, E. G. (2024). Advancements in soil science for
sustainable agriculture: conventional and emerging knowledge and innovations. Academia
Biology, 2(3).

Oguh, C. E., Okpaka, C. O., Ubani, C. S., Okekeaji, U., Joseph, P. S., & Amadi, E. U. (2019).
Natural pesticides (biopesticides) and uses in pest management-a critical review. Asian Journal of
Biotechnology and Genetic Engineering, 2(3), 1-18.

Okereafor, U., Makhatha, M., Mekuto, L., Uche-Okereafor, N., Sebola, T., & Mavumengwana,
V. (2020). Toxic Metal Implications on Agricultural Soils, Plants, Animals, Aquatic life and
Human Health. International Journal of Environmental Research and Public Health, 17(7),
2204. https://doi.org/10.3390/ijerph17072204

Omar, K., & Al, A. (2021). CAN DATE PALMS PLANTED FOR URBAN LANDSCAPING
PURPOSES SERVE IN THE PRODUCTION OF EDIBLE FRUITS ? AN EVALUATION OF
TISSUE ELEMENT CONCENTRATIONS , FRUITS College of Agriculture and Veterinary
Medicine Department of Integrative Agriculture.

Rahman, H., Vikram, P., Hammami, Z., & Singh, R. K. (2022). Recent advances in date palm
genomics: A comprehensive review. Frontiers in Genetics, 13, 959266.

177



Ramadan, M. F., & Farag, M. A. (2022). Mediterranean Fruits Bio-wastes: Chemistry,
Functionality and Technological Applications. In Mediterranean Fruits Bio-wastes: Chemistry,
Functionality and Technological Applications. https://doi.org/10.1007/978-3-030-84436-3

Ray, P. K., & Bharti, P. (2023). Biochar: A Quality Enhancer for Fruit Crops. International Year
of Millets, 77.

Sachdeva, S., Kumar, R., Sahoo, P. K., & Nadda, A. K. (2023). Recent advances in biochar
amendments for immobilization of heavy metals in an agricultural ecosystem: A systematic
review. Environmental Pollution, 319, 120937.

Salama, K. F., Randhawa, M. A., Al Mulla, A. A., & Labib, O. A. (2019). Heavy metals in some
date palm fruit cultivars in Saudi Arabia and their health risk assessment. International Journal
of Food Properties, 22(1), 1684—-1692. https://doi.org/10.1080/10942912.2019.1671453

Salem, M. O. A,, & Salem, I. A. S. (2023). Detection of Heavy Metals in Goat Milk in Bani
Waleed City-Libya. Libyan Journal of Ecological & Environmental Sciences and Technology,
5(2), 69-73. https://doi.org/http://aif-doi.org/LIJEEST/050213

Shahid, M., Dumat, C., Khalid, S., Schreck, E., Xiong, T., & Niazi, N. K. (2017). Foliar heavy
metal uptake, toxicity and detoxification in plants: A comparison of foliar and root metal uptake.
Journal of Hazardous Materials, 325, 36-58.

Shi, W., Zhang, Y., Chen, S., Polle, A., Rennenberg, H., & Luo, Z. (2019). Physiological and
molecular mechanisms of heavy metal accumulation in nonmycorrhizal versus mycorrhizal
plants. Plant, Cell & Environment, 42(4), 1087-1103.

Subhash, A. J., Bamigbade, G. B., & Ayyash, M. (2024). Current insights into date by-product
valorization for sustainable food industries and technology. Sustainable Food Technology, 2(2),
331-361.

Suleman, N. M. (2019). Nawal Mahgoub Suleman . Spectroscopic Determination of Some Trace
Spectroscopic determination of some trace elements as pollutants in fruit dates palm and
agricultural soils at Zilfi province. March. https://doi.org/10.11648/j.sjac.20140203.11

Taha, K. K., & Ghtani, F. M. Al. (2015). Determination of the elemental contents of date palm (
Phoenix dactylifera L .) from Kharj Saudi Arabia. 6, 125-135.

Tamirat, F., Adane, W. D., Tessema, M., Tesfaye, E., & Tesfaye, G. (2024). Determination of
Major and Trace Metals in Date Palm Fruit (Phoenix dactylifera) Samples Using Flame Atomic
Absorption Spectrometry and Assessment of the Associated Public Health Risks. International
Journal of Analytical Chemistry, 2024. https://doi.org/10.1155/2024/9914300

Tangahu, B. V., Sheikh Abdullah, S. R., Basri, H., Idris, M., Anuar, N., & Mukhlisin, M. (2011).
A review on heavy metals (As, Pb, and Hg) uptake by plants through phytoremediation.
International Journal of Chemical Engineering, 2011(1), 939161.

Thakur, S., Singh, L., Wahid, Z. A., Siddiqui, M. F., Atnaw, S. M., & Din, M. F. M. (2016).
Plant-driven removal of heavy metals from soil: uptake, translocation, tolerance mechanism,
challenges, and future perspectives. Environmental Monitoring and Assessment, 188, 1-11.

178



Tsado Mathew, J., Ndamitso, M., & Yanda Shaba, E. (2014). Proximate and mineral
compositions of seeds of some conventional and non conventional fruits in niger state, Nigeria
Assessment of Water, Air and Soil Pollution View project Water Quality Assessment of Some
Selected Well Waters of Sabo Yeregi in Katcha Lo. August. www.savap.org.pk

Vayalil, P. K. (2013). Bioactive compounds, nutritional and functional properties of date fruit.
Dates: Postharvest Science, Processing Technology and Health Benefits, 285-303.

Verma, A., Sharma, P., Dhusia, N., & More, N. (2016). Determination of heavy metal content in
fruits and fruits juices consume in urban areas of Lucknow, India. International Journal of Food
Science and Nutrition, 1(5), 44-50.

Zwolak, A., Sarzynska, M., Szpyrka, E., & Stawarczyk, K. (2019). Sources of soil pollution by
heavy metals and their accumulation in vegetables: A review. Water, Air, & Soil Pollution, 230,
1-9.

sard dgaall il ani (2023) o) @1 &l e T aana ) g ) e il cp s g 8 alle
Ladoady i dine 8 elBlgind 8 siall yiunall dall 84180 oalaall, African Journal of Advanced Pure
and Applied Sciences (AJAPAS), 2(4), 14-21.

179



