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Abstract: 

Palm (Phoenix dactylifera L.) fruit is a nutritious food source that can also contain 

heavy metals, which can be harmful to human health. Heavy metals can enter the 

food chain through natural sources or through human activities such as mining, 

industrial activities, and the use of pesticides and fertilizers. Exposure to heavy 

metals can cause significant health effects, including damage to organs such as the 

liver, kidneys, and brain. To reduce the risk of heavy metal contamination in palm 

fruit, it is important to use sustainable farming practices, proper waste management 

techniques, and appropriate equipment and materials for processing and packaging. 

Regulatory agencies have established guidelines and regulations for heavy metals 

in food, and it is important for food producers and manufacturers to comply with 

these regulations to protect public health. 
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INTRODUCTION 

Phoenix dactylifera L. is a palm grown for its 

sweet edible fruit is an important fruit crop in arid 

and semiarid areas. Palm fruit is a major food 

crop in many countries around the world. It is a 

rich source of nutrients, including vitamins, 

minerals, and antioxidants (Al-Shwyeh, 2019). 

However, palm fruit may also contain heavy 

metals, which can be harmful to human health 

(Salama et al., 2019). Heavy metals are metallic 

elements that have a high density and are toxic 

at low concentrations (Iqbal and Ashraf, 2018; 

2022a). Some of the most common heavy 

metals that can be found in food include lead 

(Pb), cadmium (Cd), arsenic (As), mercury (Hg), 

and chromium (Cr). These metals can enter the 

food chain through natural sources, such as soil 

and water, or through human activities, such as 

mining, industrial activities, and the use of 

pesticides and fertilizers (Azeem and Rashid, 

2019; Cao et al., 2022; Hadyait et al., 2018; 

Huang et al., 2021). In this article, we will 

explore the presence of heavy metals in palm 

fruit, their sources, and the potential health 

effects of exposure. 

Sources of Heavy Metals in Palm Fruit 

Soil contamination is one of the primary ways 

that palm fruit can be exposed to heavy metals. 

Heavy metals such as lead, cadmium, arsenic, 

and mercury can occur naturally in soil due to 

weathering of rocks, but human activities such 

as mining, industrial activities and the use of 

fertilizers and pesticides can also contribute to 

soil contamination (Sultana et al., 2019). These 

metals can remain in the soil for many years, 

and as the palm tree grows, it can absorb these 

metals through its roots and transport them to its 

fruit (Khazaee and Abbaszadeh, 2021). 

For example, a study conducted in Malaysia 

found that palm oil samples collected from 

different regions contained varying levels of 

heavy metals such as lead, cadmium, and 

chromium, and the levels were found to be 

higher in areas where there was industrial 

activity and mining (Ismail et al., 2017). Similarly, 

a study conducted in Nigeria found that palm oil 

samples collected from areas with higher levels 

of soil contamination had higher levels of heavy 

metals such as cadmium and lead (Igwe et al., 

2019). 

In addition to soil, water used for irrigation and 

other agricultural purposes can also be a source 

of heavy metals in palm fruit. Water sources 

such as rivers and streams that are used for 

irrigation can become contaminated with heavy 

metals due to industrial activities or urbanization 

(Iqbal and Ashraf, 2018; 2022b). For example, a 

study conducted in Malaysia found that heavy 

metals such as lead, cadmium, and chromium 

were present in river water used for irrigation in 

some areas, and this water was found to be a 

potential source of contamination for crops such 

as palm trees (Ismail et al., 2017). Furthermore, 

agricultural activities and mining can also 

contribute to water contamination. Runoff from 

fields that have been treated with fertilizers and 

pesticides can contain heavy metals that then 

enter nearby water sources. Similarly, mining 

activities can release heavy metals such as 

mercury and lead into water sources, which can 

then contaminate crops and fruits grown in the 

area. A study conducted in Indonesia found that 

heavy metal concentrations in rivers were higher 

in areas where mining activities were present, 

and this had led to contamination of crops such 

as palm fruit (Aziz et al., 2015). 

Another source of heavy metals in palm fruit is 

through the processing and packaging of the 

fruit. Some processing and packaging 

techniques may involve the use of heavy metal-

containing equipment and materials, which can 

contaminate the fruit. For example, a study 

conducted in Nigeria found that the use of brass 

sieves during the processing of palm oil led to 

the contamination of the oil with lead and 

cadmium, which are toxic heavy metals (Obiakor 

et al., 2020). 

Similarly, the use of packaging materials that 

contain heavy metals can also contaminate palm 

fruit. For instance, a study conducted in Iran 

found that lead and cadmium were present in 

some packaging materials used for dates, which 

are often sold together with palm fruit 

(Mozafariyan et al., 2019). The heavy metals in 

these packaging materials can leach into the 
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palm fruit and contaminate it, posing a potential 

health risk to consumers. 

To prevent contamination of palm fruit during 

processing and packaging, it is important to use 

equipment and materials that are free from 

heavy metals. Regular monitoring of equipment 

and materials for heavy metal contamination is 

also crucial to ensure the safety of the fruit. 

Incidence of Heavy Metals in Palm Fruit 

Studies have shown that palm fruit can contain 

varying amounts of heavy metals, depending on 

the source of contamination and the location of 

cultivation. In a study conducted in Nigeria, 

levels of cadmium in palm oil samples were 

found to range from 0.06 to 0.47 mg/kg, while 

lead levels ranged from 0.07 to 0.32 mg/kg 

(Iwegbue et al., 2008). Another study conducted 

in Cameroon found that palm oil samples 

contained levels of lead ranging from 0.03 to 

0.30 mg/kg (Ekodeck et al., 2015). 

The variation in heavy metal levels in palm fruit 

can be attributed to several factors, including soil 

contamination, irrigation water quality, and 

processing and packaging techniques. For 

instance, a study conducted in Malaysia found 

that palm fruit grown in areas with high levels of 

soil contamination had higher levels of heavy 

metals such as cadmium, lead, and arsenic 

compared to palm fruit grown in uncontaminated 

soil (Sulaiman et al., 2019). 

It is important to note that the presence of heavy 

metals in palm fruit does not necessarily mean 

that consuming the fruit will lead to adverse 

health effects. The potential health risk depends 

on the amount of heavy metals present in the 

fruit, as well as the frequency and duration of 

consumption. Nevertheless, it is important to 

minimize exposure to heavy metals by adopting 

good agricultural practices and ensuring that 

processing and packaging equipment and 

materials are free from heavy metal 

contamination (Amankwah et al., 2018; Mokhtar 

et al., 2018; Wijaya et al., 2019). 

It is important to note that the levels of heavy 

metals found in palm fruit can vary widely 

depending on the source of contamination and 

the location of cultivation. In addition to the 

studies mentioned previously, a study conducted 

in Indonesia found that palm oil samples 

contained levels of cadmium ranging from 0.012 

to 0.059 mg/kg, while lead levels ranged from 

0.014 to 0.046 mg/kg (Wijaya et al., 2019). 

Another study conducted in Ghana found that 

palm oil samples contained levels of cadmium 

ranging from 0.003 to 0.058 mg/kg, while lead 

levels ranged from 0.006 to 0.095 mg/kg 

(Amankwah et al., 2018). 

Overall, these studies suggest that palm fruit can 

be a potential source of heavy metal 

contamination in food. Therefore, it is important 

for measures to be taken to reduce the levels of 

heavy metals in palm fruit, such as improving 

soil and water quality, and using appropriate 

processing and packaging techniques. This will 

help to ensure the safety of the food supply and 

protect human health. 

Health Effects of Exposure to Heavy 

Metals 

Lead exposure has been linked to anemia, high 

blood pressure, developmental delays in 

children, impaired cognitive function and 

behavioral problems (ATSDR, 2021; CDC, 

2022). Cadmium exposure has been associated 

with an increased risk of cancer, kidney damage, 

and bone demineralization (ATSDR, 2012a; 

WHO, 2010). Arsenic exposure has been linked 

to skin lesions, cardiovascular disease, and 

increased risk of cancer (ATSDR, 2007; WHO, 

2011). Mercury exposure can cause neurological 

and developmental effects in infants and young 

children, and can also cause damage to the 

kidneys and nervous system in adults (ATSDR, 

1999; WHO, 2017). Chromium exposure can 

cause lung cancer, nasal and sinus cancer, and 

damage to the respiratory system. Ingestion of 

hexavalent chromium can also cause 

gastrointestinal problems, such as ulcers and 

vomiting (ATSDR, 2012b). Overall, the health 

effects of heavy metal exposure depend on the 

type of metal, the route of exposure, and the 

duration and frequency of exposure (WHO, 

2010). 
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These health effects highlight the importance of 

monitoring and regulating heavy metal 

contamination in food sources, including palm 

fruit. It is essential to ensure that palm fruit and 

palm oil products are safe for consumption, 

especially since palm oil is a commonly used 

ingredient in many food products. 

Regulations and Guidelines for Heavy 

Metals in Food 

To protect public health, regulatory agencies 

such as the FDA in the United States and the 

European Union have established guidelines 

and regulations for heavy metals in food. For 

example, the FDA has set limits for lead and 

cadmium in certain food products, including 

palm fruit products, based on scientific evidence 

of the potential health effects of exposure to 

these metals. The maximum allowable levels of 

lead and cadmium in palm fruit products are 0.1 

ppm and 0.3 ppm, respectively. These limits are 

regularly monitored and enforced to ensure that 

the levels of heavy metals in food products do 

not exceed the established safety standards 

(FDA, 2021). 

Similarly, the European Union has established 

maximum levels for heavy metals in food, 

including palm oil and palm kernel oil. The 

maximum allowable levels for lead, cadmium, 

and mercury in these products are 0.05 ppm, 0.1 

ppm, and 0.01 ppm, respectively. These limits 

are also regularly monitored and enforced to 

ensure the safety of consumers (European 

Commission., 2021). 

Compliance with these regulations is essential 

for the palm oil industry to maintain its reputation 

as a safe and sustainable source of food and to 

ensure the health and safety of consumers. In 

addition to regulatory measures, the industry is 

also implementing measures to reduce heavy 

metal contamination in palm oil production, such 

as improving soil management practices and 

reducing the use of heavy metal-containing 

fertilizers (European Commission., 2021). 

In summary, regulatory agencies have 

established guidelines and regulations for heavy 

metals in food to protect public health. The limits 

set by these agencies for heavy metals in palm 

fruit products and palm oil are regularly 

monitored and enforced to ensure the safety of 

consumers. Compliance with these regulations 

is essential for the palm oil industry to maintain 

its reputation and ensure the health and safety 

of consumers. 

The Codex Alimentarius Commission is an 

international food standards-setting body 

established by the Food and Agriculture 

Organization (FAO) and the World Health 

Organization (WHO) to protect consumer health 

and ensure fair practices in the food trade. In 

addition to its role in setting food standards, the 

Commission has also established guidelines for 

the maximum levels of heavy metals in food. 

These guidelines provide a framework for 

national governments to establish their own 

regulations for heavy metals in food and are 

used as a reference by many countries around 

the world. The Codex guidelines take into 

account the latest scientific evidence on the 

health effects of heavy metals and aim to ensure 

that consumers are not exposed to harmful 

levels of these substances through their diet. 

The Codex guidelines cover a wide range of 

food products, including cereals, vegetables, 

fruits, meat, poultry, and fish, among others. For 

example, the maximum allowable levels of lead 

and cadmium in cereals and cereal products are 

0.2 ppm and 0.1 ppm, respectively. These levels 

are based on the scientific evidence of the 

potential health effects of exposure to these 

metals and are regularly updated to reflect new 

research findings (Codex Alimentarius 

Commission, 2021). 

Overall, the Codex Alimentarius Commission's 

guidelines for the maximum levels of heavy 

metals in food play a critical role in protecting 

consumer health and ensuring fair practices in 

the food trade. These guidelines are widely used 

as a reference by many countries around the 

world and are regularly updated to reflect the 

latest scientific evidence. 

Steps to Reduce Heavy Metal 

Contamination in Palm Fruit 

Palm fruit is a widely consumed food product 

and is used as an ingredient in many food 
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products, including cooking oil, margarine, and 

snack foods. However, it is also a food product 

that is at risk of heavy metal contamination, 

which can have serious health implications for 

consumers. To reduce the risk of heavy metal 

contamination in palm fruit, several steps can be 

taken. One of the most important steps is to use 

sustainable farming practices that minimize the 

use of pesticides and fertilizers. Pesticides and 

fertilizers contain chemicals that can accumulate 

in the soil and water, and can potentially 

contaminate the palm fruit. The use of 

sustainable farming practices, such as 

integrated pest management and organic 

farming, can help to reduce the amount of 

pesticides and fertilizers used in palm fruit 

farming. Another important step is to monitor the 

levels of heavy metals in the soil and water used 

for palm fruit farming. Regular testing can help to 

identify any areas of concern and can help 

farmers to take appropriate action to address 

any issues. Additionally, farmers can use soil 

and water amendments, such as lime and 

organic matter, to help reduce the availability of 

heavy metals in the soil. Finally, it is important to 

ensure that palm fruit products are processed 

and packaged in facilities that meet strict 

hygiene and safety standards. This can help to 

prevent contamination of the palm fruit during 

processing and packaging, and can help to 

ensure that the final product is safe for 

consumption (FAO/WHO, 2021). 

By taking these steps, it is possible to reduce the 

risk of heavy metal contamination in palm fruit 

and ensure that consumers are protected from 

the potential health risks associated with heavy 

metal exposure. In addition, proper waste 

management practices can also help to reduce 

contamination of soil and water. Waste from 

palm fruit processing and packaging should be 

disposed of properly to prevent contamination of 

the environment. 

Overall, the use of appropriate equipment and 

materials for processing and packaging is an 

important step in preventing heavy metal 

contamination in palm fruit products, and in 

ensuring that consumers are protected from the 

potential health risks associated with heavy 

metal exposure. In addition to equipment, it is 

important to use appropriate packaging 

materials that do not contain heavy metals or 

other contaminants. For example, packaging 

materials made of food-grade plastics or glass 

can help to prevent contamination of the palm 

fruit products. Proper cleaning and maintenance 

of processing and packaging equipment is also 

important to prevent contamination. Regular 

cleaning with appropriate detergents and 

disinfectants can help to remove any potential 

contaminants and ensure that the equipment is 

in good working order (FAO, 2019). 
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