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1. Introduction  

The palm oil industry has been an important economic contributor for countries like Indonesia 
Malaysia, Thailand, and other tropical developing regions. Palm oil is a commodity that Indonesia 
can export well because it is the world's largest producer of palm oil [1]. According to Rosita (2014), 
Indonesia provides 47% of the world's palm oil needs [2], palm oil is composed of the following 
components: 0.03% carotene, 0.07% aldehyde, 0.2% water [3], 4.57% free fatty acids, and 95% 
triglycerides [4]. Palm oil processing not only produces palm oil, but also produces waste. Even 
though nearly all literature on palm oil or palm oil mill effluent (POME) treatment reports impressive 
export and production figures, it is not surprising that the effluent's massive production has turned 
out to be a major source of water pollution [5]. Liquid waste from palm oil needs to be the center of 
attention, about 60% of all waste produced in palm oil mills comes from the processing of fresh fruit 
bunches Industrial liquid waste typically includes heavy metals [6]. Heavy metals are elements that 
have a density of more than 4 gr/cm3 [7-8]. 

Wastewater with an industrial basis can produce heavy metals that can include a wide variety of 
elements. These components fall into hazardous heavy metals, such as arsenic (As), cadmium (Cd), 
nickel (Ni), zinc (Zn), copper (Cu), lead (Pb), chromium (Cr), and nickel (Ni) [9]. The contaminated 
wastewater contains metal elements, of which are invisible to the unaided eye. But it's frequently the 
underlying cause of a number of serious health problems. When heavy metal levels are low, they can 
have harmful effects that obstruct enzyme function and cause metabolic disruptions in the body. 
Heavy metals can therefore be allergens, carcinogens, or mutagens for both people and animals [10]. 
Thus, researchers now face a significant challenge in removing toxic heavy metals from the 
environment on a large scale. In low doses, heavy metals can cause toxic effects that block the work 
of enzymes, disrupting the body's metabolism. As a result, heavy metals can cause allergies, 
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carcinogens, or mutagens in humans and animals [10]. CPO cooking oil products contain heavy 
metals, which are pollutants and are difficult to break down. These metals will also affect the stability 
of the oil produced [11]. The heavy metal content is biodegradable and, at certain levels, can be toxic 
to the body, so heavy metals in cooking oil must meet quality standards  [12]. It is very important to 
ensure that the heavy metal content in cooking oil does not exceed the threshold. In his research. 

Hasibuan (2011) reported that the metal content continues to increase in proportion to the number 
of frying repetitions and the impact of heavy metal pollution in the frying equipment. Further studies 
are needed to find out how much this component contributes to heavy metal pollution in crude palm 
oil [13]. The CPO refining process is carried out with the aim of reducing free fatty acids and 
removing impurities or metals dissolved in CPO, which can affect the quality of cooking oil [14] 
[13]. This discussion focuses on analysing heavy metal content using several methods that can 
measure heavy metal levels in excessive amounts. The CPO refining process based on research that 
has been carried out is highlighted in this review. This review article aims to learn about the Atomic 
Absorption Spectrometry (AAS) method used to determine the content of heavy metals in a product. 

2. Crude Palm Oil Refining Process 

The refining process is carried out to change raw materials into products of greater value. In the 

cooking oil processing process, the process of refining palm oil will produce a product that has a 

brighter color, has no taste, and has stability. The refining process aims to remove components that 

have disturbing properties in oil products and also minimize damage [15]. The CPO refining process, 

namely degumming, bleaching, and deodorization, is carried out to remove several components 

during the refining process, such as free fatty acids (FFA), aldehydes, ketones, and several volatile 

components [16] and remove the odor by removing impurities. contained in crude palm oil (CPO) 

[3]. Degumming is carried out to minimize gums (phospholipids, proteins, residues, and 

carbohydrates) in the oil without reducing the amount of free fatty acids in the oil [17], [18]. This 

process is carried out by separating phosphatide compounds from the water phase, which can be 

separated by precipitation, filtration, or centrifugation [19]. There are many ways to carry out 

degumming, such as using sodium chloride [20], H2SO4 [21], and enzyme [22].  

Accorrding Irwan (2013), the air and acid degumming process was also effective for separating 

sap and gum in oil because acid can bind impurities in oil, such as metals, in the form of phosphatides 

[16]. According to research conducted by Ali (2012), phosphorus levels in CPO fell to 42.1 ppm 

before degumming and 33.1 ppm after degumming. After degumming, palm oil (CPO) is bleached 

using activated charcoal at a temperature of 120 °C [23]. Bleaching earth is used in the bleaching 

process to lighten the color, reduce metal levels, adsorb phospholipids, and remove phosphoric acid 

in oil after degumming [24]. Meanwhile, the deodorization process is carried out at high temperatures 

to remove free fatty acids and odors, and if the type of bleaching earth used is not suitable and its 

adsorption capacity is low, then the refined product still contains metals in certain concentrations 

[25]. The results of the analysis of heavy metal levels in crude palm oil before and after prevention 

are presented in Table 1  [13]. 

Tabel 1. CPO heavy metal content before and after refining 

Heavy Metals 

Before 

refining   

(ppm) 

Decline rate 

 % 

Bleaching  Deodorization 
P 13.218 87.7 95.3 

Fe 4.058 97.3 99.1 

Cu 0.053 26.8 37.8 

From Table 1, it is shown that after the bleaching process, a significant reduction rate occurred in 
P and Fe. The heavy metals contained in palm oil are difficult to reduce and remove. According to 
this research, metals remain contained in small amounts in the oil during the refining process. 
However, the refining process is very helpful in reducing the amount of metal to the set standards 
[13]. 
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3. Heavy Metals in Crude Palm Oil  

 Any species of metal (or metalloid) that appears in an unwelcome location or at a concentration 
or form that has a negative impact on people or the environment could be classified as a 
"contaminant". Heavy metals may accumulate in the body as a result of ongoing exposure, which 
could be harmful [26]. Although humans require certain heavy metals, such as iron, zinc, copper, 
chromium, cobalt, and manganese [27], [28], their presence at high concentrations above maximum 
permissible limits. Heavy metals can contaminate the crude palm oil refining process. The level of 
heavy metals in palm oil depends on the impurities found in the machine during the extraction 
process. Final products containing metals undergo oxidative reactions that change their color, taste, 
and dor. Metal ions, especially iron and copper, react with hydrogen peroxide, causing oxidation 
reactions and oil damage[29] [14].  The negative effects of heavy metals are not necessarily caused 
only by non-essential metals. Essential metals can also be detrimental in terms of both toxicity and 
deficiency. Metals that are essential metals that the body needs in small amounts are Zn, Cu, Fe, Mn, 
Co, and Se. Excessive amounts of this metal are toxic to the body. Metal toxicity has several adverse 
effects on humans, the most important being tissue damage, especially detoxification and the 
development of excreted tissues (liver and kidney). Some metals have carcinogenic (carcinogenic) 
and teratogenic (organ teratogenic) properties. [30]. 

Tabel 2. Contamination heavy metals in CPO  

Parameters 
Condition 

(mg/kg) 

Cadmium (Cd) 0.5 

Lead (Pb) 0.1 

Nickel Ni   0.2 

Mercury (Hg) 0.05 

Arsenic (As) 0.1 

Table 2 shows the maximum permitted levels of heavy metals in cooking oil according to the 

research  [31]. To examine the level of danger or not of heavy metals in crude palm oil, a heavy metal 

content measuring instrument is needed. The following section will discuss instruments that can be 

used to measure heavy metal content.  

4. Atomic Absorption Spectrometry (AAS) 

Atomic Absorption Spectrometry (AAS) is a quantitative metal analysis technique that can be 
used to identify around seventy elements. This method measures the concentration of an element by 
passing light of a certain wavelength emitted by a radiation source containing a certain element 
through a cloud of sample atoms. Hollow cathode lamps (HCL) are an energy source that will absorb 
light from atoms [32]. Hasibuan (2011) conducted research to standardize crude palm oil (CPO) 
using atomic absorption spectrometry. The Cu content of pure crude palm oil is 0.053 mg/kg, but 
after the bleaching and deodorization processes, the Cu content decreases to 0.038 mg/kg and 0.032 
mg/kg [13]. Atomic Absorption Spectrometry (AAS) can detect metals in small amounts and provide 
analytical differences of up to 0.006 mg/kg, according to research results [33]. Table 3. provides a 
summary of the maximum acceptable limit for heavy metals found in food products using the Atomic 
Absorption Spectrometry AAS method. 
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Table 3. Maximum limit for heavy metals using AAS method 

Heavy metal Maximum limits 

(mg/kg) 

References 

Cadmium (Cd) 0.3 [34-35] 

Lead (Pb) 1.0 [10] 

Cobalt (Co) 0.043 [36] 

Arsenic (As) 1.4 [29] 

Mercury (Hg) 0.5 [35-36] 

Nickel (Ni) 0.10 [35-36] 

Chromium  0.10 [34] 

Research conducted by Maurya (2021) which analyzed metal content using AAS was also 
successfully carried out. The permissible limit of heavy metal in the soil (mg/kg) is Cd (6), Zn (600), 
Mn (20), Pb (500), Cu (270), Ni (75), Cr (50) [18]. Quantification of heavy metals eight heavy metals, 
including cadmium (Cd), lead (Pb), cobalt (Co), manganese (Mn), mercury (Hg), arsenic (As), 
chromium (Cr), and nickel (Ni), were found in all samples analyzed using the AAS method. 

 

5. Conclusion 
Based on studies that have been carried out, the crude palm oil refining process can reduce FFA 

levels in CPO to remove gum or sap and reduce the amount of metals to the specified standards. 
Atomic Absorption Spectrometry (AAS) can analyze small amounts of metal content  
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