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Comparative Quality Assessment of Heavy Metals in Elaeis guineensis Oils Produced in Juaben Municipality, Ghana: A Health Risk Analysis




ABSTRACT

This study compared the concentration of heavy metals like iron (Fe), copper (Cu), cadmium (Cd), zinc (Zn), arsenic (As), and lead (Pb) in five samples each of palm and kernel oils produced in Juaben, Ghana, and associated health risks using the Atomic Absorption Spectrophotometric (AAS) technique. The mean metal concentrations in palm and kernel oils were Fe (5.736 mg/L and 12.439 mg/L), Cu (1.543mg/L and 9.692 mg/L), Zn (4.517 mg/L and 2.600 mg/L), Cd (0.085 mg/L and 0.100 mg/L), As (0.351 mg/L and 0.269 mg/L), and Pb (0.324 mg/L and 0.151 mg/L), respectively. The levels of heavy metals in both oils exceeded FAO/WHO permissible limits, impacting the quality of the oils. Paired sample t-test analysis revealed no statistically significant differences in Fe, Cu, Zn, and Cd levels between the oils, however, As and Pb exhibited statistically significant differences (P < 0.05). Pearson correlation coefficient analysis revealed weakly negative (Cd), moderately negative (Fe), strongly negative (Cu), and strongly positive (Zn, As, Pb) correlations between metals in both oils. Health risk index and Hazard index results indicated no non-carcinogenic risks for all metals. Relatively, palm oil posed greater health risks as its hazard index (0.046) was higher than that of palm kernel oil (0.038). The carcinogenic risk value for Pb, 2.361 x 10-7 in palm oil and 1.158 x 10-7 in palm kernel oil, rendered both oils unsafe for consumption. These results suggest that palm and kernel oils produced in Juaben are not safe for consumption due to high levels of heavy metals. These findings have serious implications for consumers’ health with prolonged exposure.
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1. INTRODUCTION
Elaeis guineensis mostly known as the African oil palm, is a monocotyledonous, perennial tree crop and the world’s most important oil plant species in agriculture (Murphy et al., 2021). Crude palm and kernel oils are vegetable oils extracted from the fruit and seed of the oil palm respectively (Boateng et al., 2016). Crude palm oil is naturally light-yellow to reddish due to a high number of beta-carotenes. At room temperature, palm oil is saturated and transitions between a liquid and semi-solid state because of the presence of triacylglycerols, specifically palmitic and oleic acids (Ekpo et al., 2022). In contrast, palm kernel oil appears light yellow to clear or dark brown due to methods of extraction. Palm kernel oil also changes from a liquid to a semi-solid state at ambient temperature, but it is more highly saturated than crude palm oil (Urugo et al., 2021). These two oils play a crucial role in the diets and economies of many countries. In diets, palm and kernel oils are excellent sources of energy, vitamins, and essential fatty acids that are critical for human development (Xia et al., 2021). Additionally, palm and kernel oils are used in the production of cosmetics, pharmaceuticals, paints, and chemical products due to their unique chemical compositions and functional properties (Alhaji et al., 2024).
Juaben Municipality in the Ashanti Region of Ghana is known for the processing of oil palm fruit into palm and kernel oils as the economic activity of the inhabitants. As a result of this, palm and kernel oil processing sites have spread throughout the Municipality including its villages. These processing sites, managed mostly by small-scale processors, employ the use of semi-mechanized machinery. These contemporary methods though economically viable, predispose the oils to heavy metal contaminants in addition to other environmental and agronomic factors(Lamas et al., 2014).
Heavy metals are metals characterized by their large atomic numbers and  atomic weights (Yohannes et al., 2024), fall under the class of chemical contaminants whose effects linger after the primary sources have been mitigated, causing environmental and health issues. Even in smaller amounts, heavy metals are toxic, resistant to breakdown, and non-biodegradable. Heavy metals may leached into the environment through anthropogenic activities such as agricultural practices, emissions from mining, wastewater irrigation, industrial activities, weathering and dissolution processes (Oguh & Obiwulu, 2020). Some of these metals including zinc, copper, manganese and iron are considered vital because their presence in trace amounts has biological functions at certain concentrations in living things and deficiency of these metals could result in several ailments. Regardless of the importance of these essential metals on living things, high concentrations in the biological system could also lead to toxicity in the exposed organisms(Tchounwou et al., 2012). Other non-essential heavy metals such as cadmium, lead, arsenic and mercury even in trace amounts are lethal and can bioaccumulate in the body resulting in long-term health conditions (Izah et al., 2017). Heavy metal contaminants in palm and kernel oils can originate from extraction methods, seed genotype, plant metabolism, agronomic activities, irrigation, soil geology, water for processing the oil palm fruits and storage conditions. 
The quality of these two oils produced in Juaben by these small-scale processors comes under more scrutiny as the oils are not subjected to quality control measures. A study in Kwaebibirem District of Ghana revealed that the palm oil enterprises produced low quality oils from the use of outmoded processing techniques and poor production structures (Osei-Amponsah et al., 2018). Also, small-scale processors have minimal knowledge about modern aseptic production techniques, adulterations, and microbial implications of poor sanitation and storage methods, leading to low-quality oil production (MacArthur et al., 2021). Furthermore, since the small-scale processors in the municipality employ the use of semi-mechanized machines, wear and tear of the machines could lead to the leaching of metals into the oils(Enemuor et al., 2021). 
Olafisoye et al. (2020) detected some level of metals in palm oil processed from fruits of oil palm grown on anthropogenic polluted soil. Thompson-Morrison et al. (2022) also highlighted the leaching of trace elements into palm oil from contaminated soil by applying phosphate fertilizer and Cu-fungicide. High concentrations of arsenic, copper, iron, cadmium, and chromium in palm oil samples from selected markets in the Kogi East Area in Nigeria (Enemuor et al., 2021). However, limited studies were locally conducted in Juaben municipality to determine the level of heavy metals. 
Therefore, this research is designed as a quality assurance exercise, to comparatively evaluate the level of Fe, Zn, Cu, Cd, As, and Pb in palm and kernel oils produced in Juaben Municipality and the health risks linked to consuming of these oils. This becomes crucial because a lot of advocacies have been made in Ghana for the population to consume these oils as compared to animal fats because of high levels of unsaturated fats (Sampson, 2020). This research could also help to ascertain the quality of food from these oils to achieve Sustainable Development Goal Two (2), which explores improving nutrition and food security to end hunger. 

2. MATERIALS AND METHODS

2.1 Chemicals and Reagents

Analytical reagent grade chemicals and deionized water were used in this research, which included nitric acid, HNO3 (63%), and hydrochloric acid, HCl (36.5%). 
2.2 Sample collection
Sampling was done from March to April 2025 during the wet season. Ten sampling points were randomly selected with five each for palm and kernel oils. At each sampling point, samples were collected from five processors and homogenized to represent a composite sample. A total of five composite samples each of palm oil labelled JSP1-JSP5, and palm kernel oil labelled JSK1-JSK5 were collected across three sampling periods, with a 2-week interval. The representative samples were placed in clean polyvinyl chloride, capped with corks, and transported at ambient temperature to the Kwame Nkrumah University of Science and Technology (KNUST) central laboratory for metal analysis. The sampling technique was designed to ensure maximum representation of the oils at each sampling point. 
2.3 Sample Preparation
A modified digestion procedure employed in this study, applicable at the central laboratory of KNUST, was adapted from established methods(Uddin et al., 2016). Briefly, 5 mL of palm and kernel oil samples were separately measured into Kjeldahl digestion tubes. To each sample, 15 mL of concentrated HNO3 and 45 mL of HCl were added. The mixtures were heated in a water bath at 100 oC for 90 minutes. The digests were allowed to cool, filtered into a 100 mL volumetric flask, and made up to the mark with deionized water. The digested samples were stored at 5 oC prior to analysis of metals. 
2.4 Analysis of Heavy Metals
Selected heavy metals Fe, Cu, Zn, Cd, As were analysed using Buck 230ATS AAS.   Calibration of the instrument was done using standard solutions prepared from certified reference materials for each metal through serial dilution. 
2.5 Health Risk Assessment
The potential health risks of heavy metal consumption through palm and kernel oils were deduced based on the Daily Intake of Metal (DIM), Health Risk Index (HRI), Hazard Index (HI) and Carcinogenic Risk (CR).
2.5.1 Exposure Assessment
Exposure to the metals is measured by determining the concentration of the metals in the both oil samples and evaluated as DIM. The DIM in mg/kg/day is calculated using equation 1 (Ojezele et al., 2021).
 
Where:
 C(metal): concentration in mg/kg of heavy metal 
 D (food intake): the daily intake of oils in foods, determined as 6000 mg/day (Ministry of Food and Agriculture & University of Ghana School of Public Health, 2023)
B (average weight): average body weight,  found to be 70 kg (Amarh et al., 2023) for adults. 
2.5.2 Non-Carcinogenic Risk

HRI and HI are used to determine the non-carcinogenic risk. HRI was calculated using Equation 2 (Adedokun et al., 2016)
. 
Where:
RfD is the oral reference dose 

The RfD values used in this study were 0.7000, 2.5, 0.001, 0.3000, 0.001 and 0.004 mg/kg/day for Fe, Cu, Cd, Zn, As, and Pb respectively (Gnonsoro et al., 2025; Ramezani et al., 2021).   If HRI < 1.0, then the exposed population upon consuming the oils is said to be safe.
[bookmark: _Toc178602814] 
The HI was calculated using equation 3 (Zheng et al., 2010), where n is the total number of metals under study.


Where: 
i represent each metal
If the HI < 1.0, the carcinogenic effect of the metals after consuming both oils is negligible, However, if HI >1.0, there is a potential adverse effect. 

2.5.3 Carcinogenic risk (CR)
[bookmark: _Toc178602815] 
The Carcinogenic Risk (CR) is a model used to evaluate the potential for individuals to develop cancer over a 60 years lifespan. The CR was calculated using equation 4 (Uroko & Njoku, 2022).


Where:
 CsF is the carcinogenic slope factor.  

The CsF values applied in this study were 0.0085, 0.38, and 1.5 mg/kg/day for Pb, Cd, and As, respectively (Asare-Donkor et al., 2016; Naveedullah et al., 2013). Agbley et al. (2023) noted the unavailability of CsF values for Zn, Fe, and Cu. Carcinogenic risk values exceeding 10-6 to 10-4 indicate a likelihood of developing cancer within 60 years life span.

2.6 Statistical Analysis
Triplicate analyses of each heavy metal was conducted for individual samples, and the results expressed as mean ± standard deviation using Statistical Package for Social Science (SPSS) version 26. A paired sample t-test analysis was used to compare the level of heavy metals in the oils at P < 0.05. Pearson’s correlation coefficient was employed to establish the relationship between the heavy metals in both oils. Heavy metal levels were compared to FAO/WHO & Codex (2019) standards.
3. RESULTS AND DISCUSSION

3.1 Concentration of Heavy Metals




The mean concentrations of Fe, Cu, Zn, Cd, As, and Pb measured in mg/L were determined in both oils. The results of the mean concentrations and the p-values of the paired sample t-test are presented in Table 1. The results of the Pearson Correlation Coefficient which were significant at the 0.05 level among the metals in both oils compared to the 0.01 level are also presented in Table 2.



Table 1. Mean concentration (mg/L), FAO/WHO maximum recommended limit and p-values of heavy metals in both palm and kernel oils
	Metal
	Palm Oil
	Palm Kernel oil
	FAO/WHO maximum recommended limit
	P-value

	Fe
	Sample ID
	Min 
	Max
	Mean ± SD
	Sample ID
	Min 
	Max 
	Mean ± SD
	
	


0.392

	
	JSP1
	9.980
	15.022
	12.709±1.565
	JSK1
	3.710
	4.61
	4.138±0.293
	
	

	
	JSP2
	4.864
	7.922
	6.447±0.938
	JSK2
	6.940
	8.78
	7.833±0.629
	
	

	
	JSP3
	0.940
	1.505
	1.228±0.187
	JSK3
	5.960
	7.88
	6.878±0.599
	1.0-1.5a
	

	
	JSP4
	2.941
	3.351
	3.147±0.126
	JSK4
	30.88
	41.78
	36.197±3.372
	
	

	
	JSP5
	4.320
	5.781
	5.148±0.464
	JSK5
	6.820
	7.42
	7.148±0.188
	
	

	
	Overall mean
	5.736±1.956
	
	
	12.439±5.973
	
	

	Cu
	JSP1
	1.938
	2.267
	2.104±0.100
	JSK1
	2.214
	3.459
	2.81±0.388
	
	

0.344

	
	JSP2
	1.388
	1.597
	1.474±0.069
	JSK2
	1.628
	2.098
	1.856±0.146
	
	

	
	JSP3
	1.036
	1.394
	1.238±0.115
	JSK3
	2.194
	3.38
	2.833±0.37
	0.1a
	

	
	JSP4
	0.964
	1.073
	1.014±0.033
	JSK4
	37.60
	41.919
	39.516±1.397
	
	

	
	JSP5
	1.700
	2.044
	1.887±0.107
	JSK5
	1.414
	1.479
	1.444±0.02
	
	

	
	Overall mean
	1.543±0.201
	
	
	9.692±7.461
	
	

	Zn
	JSP1
	1.494
	2.271
	1.912±0.245
	JSK1
	1.816
	2.103
	1.964±0.088
	
	

0.278

	
	JSP2
	1.294
	1.494
	1.416±0.063
	JSK2
	1.692
	2.26
	2.005±0.178
	
	

	
	JSP3
	4.772
	4.936
	4.848±0.052
	JSK3
	1.428
	2.028
	1.696±0.193
	1.0-1.5a
	

	
	JSP4
	10.24
	16.348
	13.118±1.914
	JSK4
	5.356
	6.207
	5.722±0.282
	
	

	
	JSP5
	0.988
	2.107
	1.29±0.324
	JSK5
	1.092
	2.067
	1.612±0.301
	
	

	
	Overall mean
	4.517±2.246
	
	
	2.600±0.784
	
	

	Cd
	JSP1
	0.136
	0.158
	0.147±0.007
	JSK1
	0.082
	0.105
	0.095±0.08
	
	

0.699

	
	JSP2
	0.066
	0.096
	0.082±0.009
	JSK2
	0.03
	0.041
	0.036±0.003
	
	

	
	JSP3
	0.042
	0.057
	0.05±0.005
	JSK3
	0.158
	0.232
	0.18±0.021
	0.05a
	

	
	JSP4
	0.07
	0.093
	0.081±0.007
	JSK4
	0.122
	0.148
	0.136±0.008
	
	

	
	JSP5
	0.056
	0.078
	0.067±0.007
	JSK5
	0.042
	0.061
	0.052±0.006
	
	

	
	Overall mean
	0.085±0.165
	
	
	
	0.100±0.027
	
	

	As
	JSP1
	0.322
	0.382
	0.352±0.019
	JSK1
	0.241
	0.286
	0.263±0.014
	
	

0.044

	
	JSP2
	0.341
	0.386
	0.365±0.014
	JSK2
	0.211
	0.291
	0.249±0.024
	
	

	
	JSP3
	0.411
	0.456
	0.435±0.014
	JSK3
	0.414
	0.494
	0.447±0.027
	0.1a
	

	
	JSP4
	0.265
	0.302
	0.284±0.011
	JSK4
	0.122
	0.133
	0.127±0.003
	
	

	
	JSP5
	0.303
	0.337
	0.321±0.01
	JSK5
	0.214
	0.333
	0.259±0.036
	
	

	
	Overall mean
	0.351±0.025
	
	
	
	0.269±0.051
	
	

	Pb
	JSP1
	0.205
	0.279
	0.247±0.024
	JSK1
	0.132
	0.146
	0.139±0.005
	
	

0.001

	
	JSP2
	0.247
	0.318
	0.283±0.022
	JSK2
	0.141
	0.158
	0.151±0.005
	
	

	
	JSP3
	0.325
	0.376
	0.352±0.016
	JSK3
	0.149
	0.16
	0.155±0.003
	0.1a
	

	
	JSP4
	0.422
	0.503
	0.466±0.025
	JSK4
	0.211
	0.268
	0.24±0.018
	
	

	
	JSP5
	0.254
	0.29
	0.274±0.011
	JSK5
	0.105
	0.116
	0.11±0.004
	
	

	
	Overall mean
	0.324±0.039
	
	
	
	0.159±0.022
	
	


Min=minimum, Max=maximum, SD= standard deviation, a(FAO/WHO & Codex, 2019)

Table 2. Pearson correlation coefficient of heavy metals in palm oil and palm kernel oil
	Parameters
	PO(Fe)
	PKO(Fe)
	PO(Cu)
	PKO(Cu)
	PO(Zn)
	PKO(Zn)
	PO(Cd)
	PKO(Cd)
	PO(As)
	PKO(As)
	PO(Pb)
	PKO(Pb)

	PO(Fe)
	1
	
	
	
	
	
	
	
	
	
	
	

	PKO(Fe)
	-.404
	1
	
	
	
	
	
	
	
	
	
	

	PO(Cu)
	.813
	-.708
	1
	
	
	
	
	
	
	
	
	

	PKO(Cu)
	-.326
	.991**
	-.660
	1
	
	
	
	
	
	
	
	

	PO(Zn)
	-.481
	.952*
	-.775
	.964**
	1
	
	
	
	
	
	
	

	PKO(Zn)
	-.270
	.987**
	-.643
	.996**
	.944*
	1
	
	
	
	
	
	

	PO(Cd)
	.946*
	-.156
	.628
	-.055
	-.190
	-.003
	1
	
	
	
	
	

	PKO(Cd)
	-.487
	.315
	-.545
	.367
	.589
	.309
	-.251
	1
	
	
	
	

	PO(As)
	-.174
	-.657
	-.009
	-.651
	-.441
	-.671
	-.255
	.363
	1
	
	
	

	PKO(As)
	-.242
	-.682
	.075
	-.678
	-.458
	-.721
	-.344
	.401
	.951*
	1
	
	

	PO(Pb)
	-.669
	.916*
	-.890*
	.902*
	.971**
	.875
	-.409
	.609
	-.319
	-.332
	1
	

	PKO(Pb)
	-.362
	.928*
	-.790
	.940*
	.953*
	.946*
	-.072
	.482
	-.405
	-.515
	.917*
	1


*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 level (2-tailed), PO= Palm Oil, PKO= Palm Kernel Oil
Iron (Fe) concentrations varied from 0.940 mg/L to 15.022 mg/L with an overall mean concentration of 5.736±1.959 mg/L in palm oil, and from 3.71 mg/L to 41.78 mg/L with an overall mean concentration of 12.439±5.973 mg/L in palm kernel oil. The paired sample t-test analysis showed a P > 0.05, indicating no statistically significant difference in Fe contamination between the two oils. An inverse moderate negative correlation [r(3) = -.404, p=.50] was found for the Pearson correlation coefficient, indicating a certain level of inverse association between Fe in both oils, although the relationship was not strong. This implies that, while a relationship exists between iron levels in both oils, other factors, such as the use of semi-mechanized machines during the processing of both oils may influence these Fe levels.  The study indicated significantly higher levels of Fe in palm kernel oil compared to palm oil which might be influenced by the use of a cast iron kernel cracker during kernel processing. The mean Fe levels in both oils were above the recommended maximum allowable concentration limit of 1-1.5 mg/L. The Fe concentrations for palm and kernel oils in this study were higher than those obtained in other study ). However, the Fe concentrations in this study were aligned with the findings of Asemave et al. (2012). The variation in results compared to other studies may be primarily due to agricultural practices, processing techniques, and the soil’s geochemistry where oil palm was cultivated (Ajibade et al., 2021). Even though iron is a vital mineral for human development as it helps in the oxidation of fats, and carbohydrates, excessive accumulation in tissues can lead to conjunctivitis, choroiditis, and retinitis, whereas its deficiency can lead to anemia (Aigberua et al., 2017).
The concentration of Cu in this study ranged from 0.964 mg/L to 2.267 mg/L with an overall mean concentration of 1.543±0.201 mg/L in palm oil samples, and from 1.414 mg/L to 41.919 mg/L, with an overall mean concentration of 9.692±7.461 mg/L in palm kernel oil samples. The paired sample t-test analysis for Cu also indicated no statistically significant difference in Cu contamination between the two oils, as P > 0.05. A strong negative correlation [r (3) = -.660, p =.23] was recorded for Cu, indicating no statistically significant relationship between the sources of Cu contamination in both oils. Thus, Cu levels in both oils were inversely related, suggesting different sources of contamination for each oil. Comparatively, the mean concentration of Cu in palm kernel oil was higher than that detected in palm oil. The difference in the mean concentration of Cu in both palm and kernel oil samples might stem from processing approaches and other sources particularly the use of copper-based pesticides or fertilizers on oil palm plantations (Nkoh et al., 2022).The concentrations of Cu in samples of palm and kernel oils analyzed in this study were all above the maximum permissible limit of 0.1 mg/L. While Cu is vital for the body, excessive amounts can lead to nasal bleeding, anemia, and immune system disorders (Karim, 2018). The mean concentration of Cu in palm oil samples in this study was within the range of 0.817-14.950 mg/L (Khan et al., 2020), and was higher than the concentrations of 0.001- 0.246 mg/L (Aigberua et al., 2017) and 0.0708 mg/L (Asemave et al., 2012). In an analogous study, a lower overall mean concentration of Cu, 0.166 mg/L,  was recorded in samples of palm kernel oil in Nigeria (Ajibade et al., 2021).
The concentration of Zn recorded in this study varied from 0.988 mg/L to 16.348 mg/L in palm oil samples, with an overall mean concentration of 4.517±2.246 mg/L, and from 1.092 mg/L to 6.207 mg/L in palm kernel oil samples, with total mean concentration of 2.600±0.784 mg/L. Zn also showed no statistically significant difference as P > 0.05. The Pearson correlation coefficient of Zn [r (3) =.944, p =0.16] indicated a strong positive relationship, suggesting no statistically significant relationship between the sources of Zn contamination in both oils. Thus, Zn contamination in both oils may originate from similar sources. Comparatively, overall Zn level in palm kernel oil was lower than that of palm oil. The variability in zinc concentrations across all samples suggested possible localized contamination such as agricultural activities, post- harvest conditions, and variations in raw material quality. Zinc plays a key role in human well-being particularly catalyzing numerous enzymatic activities involved in energy metabolism, DNA synthesis, brain development, and wound healing. Zn deficiency can lead to growth delays, loss of appetite, immune issues, and dermatological changes (Akpambang, 2020). The mean concentrations of Zn for both palm and kernel oil samples recorded in this study were above the permissible limit of 1-1.5 mg/L, thus posing health-related problems. A study reported zinc values in the range of 1.58-2.33 mg/L and 0.451-1.610 mg/L, respectively, in palm and kernel oil samples which were below the values obtained in this study (Gungshik et al., 2024). A mean Zn concentration of 0.071 mg/L was also reported in palm kernel oil samples in Nigeria (Ajibade et al., 2021), which was lower than what was obtained in this study.
The concentration of Cd recorded in this study varied from 0.042 mg/L to 0.158 mg/L, with total mean concentration of 0.085±0.165 mg/L, and from 0.030 mg/L to 0.232 mg/L, with an overall mean concentration of 0.100±0.027 mg/L for palm and kernel oils, respectively. The t-test analysis showed no statistically significant difference in Cd levels in both oils, as P >0.05. On the other hand, Pearson correlation coefficient analysis denoted a weak negative correlation, [r (3) = -.251, p =.68] for Cd between both oils, implying different contamination factors. Cd contamination is primarily linked to environmental factors such as water pollution or deposition in the soil through agricultural activities rather than the processing methods of edible oils (Palizban et al., 2015). Relatively, the mean Cd concentration in palm oil was lower than what was recorded in palm kernel oil. This might be attributed to the use of more polluted water during kernel processing rather than deposition from the soil. The mean concentration of Cd in both oils exceeded the recommended limits of 0.05. Cd and its compounds are known human carcinogens (Martin & Griswold, 2009) thus, when consumed in foods,  can cause kidney and lung diseases. A study (Asemave et al., 2012) reported similar mean Cd concentrations of palm oil in this study. However, mean Cd concentration of 0.022 ppm (Ajibade et al., 2021)  was reported in palm kernel oil, which was significantly lower than the findings of this study. 
The levels of As recorded for palm oil samples in this study ranged from 0.265 mg/L to 0.456 mg/L, with an overall average concentration of 0.351±0.025 mg/L, while those of palm kernel oil samples ranged from 0.122 mg/L to 0.494 mg/L, with total mean concentration of 0.269±0.051mg/L. A statistically significant difference, P < 0.05, between the mean concentrations of both oils was established, suggesting diverse As contamination in both palm and kernel oils. A strong positive correlation of As [r (3) =.951, p=.01] was recorded, indicating a similar source of As contamination. The sources of As contamination in both oils have been linked more to the soil used in cultivating the oil palm and water contamination (Lacoste, 2014). Comparatively, the mean As concentration in palm oil was higher than that in palm kernel oil. This is aligned with the fact that heavy metal content in plant parts decreases in proximity to the soil, namely roots, stems, fruits, and seeds (Wan et al., 2024). Thus, the oil palm fruit mesocarp, which is used to produce the palm oil, bioaccumulates more As compared to the endocarp used to produce palm kernel oil. Arsenic is one metal that interacts with numerous enzymatic activities in biological systems, leading to a wide range of neurological, respiratory, renal, and cardiovascular illnesses. Arsenic presence in the food chain must be critically assessed to avoid health risks upon consumption. The concentrations of As observed in both oils were above the recommended limit of  0.1 mg/L and was also reported in a similar study (Enemuor et al., 2021). 
Lead levels in palm and kernel oils samples ranged from 0.205 mg/L to 0.503 mg/L, with an overall average concentration of 0.324±0.039 mg/L, and from 0.105 mg/L to 0.268 mg/L, with total mean concentration of 0.159±0.022 mg/L, respectively. Pb indicated a statistically significant difference, P < 0.05, between both oils, implying that Pb contamination is different for both oils. The Pearson correlation coefficient of Pb [r (3) = .917, p =.03] suggested a strong positive relationship between the sources of Pb contamination in both oils. Thus, similar factors such as absorption of Pb from the soil into the palm fruit, agricultural activities, processing methods, and environmental conditions influence Pb contamination in both oils. Comparatively, the mean concentration of Pb was higher in palm oil than in palm kernel oil. This can also be linked to greater Pb deposition in the mesocarp of the oil palm fruit compared to the endocarp. The concentrations observed across all samples were concerning since the levels were above the recommended limit of 0.1 mg/L. This high Pb level in the samples may pose toxicological problems since Pb accumulation in the body can lead to kidney damage, liver complications, and other chronic diseases (Collin et al., 2022). Higher Pb concentrations in palm oil samples was also recorded in Nigeria (Gungshik et al., 2024), however, other research reported much lower  Pb levels in palm and kernel oil samples (Adepoju-Bello et al., 2012).  
3.2 Health Risk Assessment
The results of the population exposure of adults evaluated as DIM was presented in Table 3.
Table 3: DIM values with Corresponding PTDI of metals in palm and kernel oils
	Metal
	DIM (mg/kg/day)
	PTDI (mg/kg/day)

	
	Palm Oil
	Palm Kernel Oil
	

	Fe
	4.916 x 10-4
	1.066 x 10-3
	0.8a

	Cu
	1.323 x10-4
	8.307 x 10-4
	0.5a

	Zn
	3.872 x 10-4
	2.229 x 10-4
	1.0a

	Cd
	7.286 x 10-6
	8.571 x 10-6
	1.0b

	As
	3.009 x 10-5
	2.306 x10-5
	2.1c

	Pb
	2.777 x 10-5
	1.363 x 10-5
	3.5d


a(Mohamed et al., 2019) b(Demir & Ağaoğlu, 2023) c(Amarh et al., 2023) d(Onwukeme et al., 2014) 

The DIM was of the trend Fe > Zn > Cu > As > Pb > Cd in palm oil whereas that of the palm kernel oil was Fe > Cu > Zn > As > Pb > Cd upon consumption of palm oil or palm kernel oil. The daily intake of Cu was more in palm kernel oil compared to palm oil due to the possibility of it being leached during the crushing and grinding process since there is vigorous grinding during palm kernel oil production. All the metals in this study had a DIM value below the respective PTDI values in both oils suggesting no significant health risk upon consumption of both oils. The DIM values of As and Pb in palm oil were higher compared to the values of palm kernel oil. Though As and Pb values were below the respective PTDI, it is important to eliminate the presence of both metals in the oils since bioaccumulation of the metals will cause a lot of health implications to the consumer.
The non-carcinogenic risk indices (HRI and HI) and the carcinogenic risk (CR) were evaluated. The results were summarized in Table 4.

Table 4: Hazard Index (HI), Health Risk Index (HRI), Carcinogenic Risk (CR) results for heavy metals 
	Metal
	HRI
	CR

	
	Palm Oil
	Palm Kernel Oil
	Palm oil
	Palm Kernel Oil

	Fe
	7.024 x 10-4
	1.523 x10-3
	NA
	NA

	Cu
	5.292 x 10-5
	3.323 x 10-4
	NA
	NA

	Zn
	1.291 x 10-3
	7.430 x 10-4
	NA
	NA

	Cd
	7.286 x 10-3
	8.571 x 10-3
	2.769 x 10-6
	3.257 x 10-6

	As
	3.009 x 10-2
	2.306 x 10-2
	4.513 x 10-5
	3.459 x 10-5

	Pb
	6.943 x 10-3
	3.408 x 10-3
	2.360 x 10-7
	1.159 x 10-7

	HI Value
	0.046
	0.038
	
	
















NA= Not Applicable

The HRI values for all metals analyzed in this study were significantly lower than the threshold value of 1.0, indicating no immediate health risks. Therefore, the exposed population, upon consuming both oils from Juaben, are considered safe. Additionally, As showed the highest HRI value of 3.009 x 10-2 and 2.306 x 10-2 in palm and kernel oils respectively, suggesting that its levels in the oils should be monitored to minimize long-term effects. Comparatively, the HRI values for As and Pb in palm oil were higher than those in palm kernel oil, indicating a greater exposure of palm oil samples to metal contamination.

The HI values obtained for palm and kernel oils were 0.046 and 0.038, respectively. Both values were below 1.0, demonstrating no significant cumulative health issues related to these oils produced in Juaben Municipality. However, the HI value for palm oil was higher than that of palm kernel oil, suggesting greater deposition of the metals in palm oil. Prolonged exposure to these metals through the intake of palm oil produced in Juaben poses health risks to consumers.

[bookmark: _Hlk198813989]The CR values for Cd and As for both oils fell within the accepted range of 10-6 to 10-4. Although the CR values are within the threshold range, the presence of Cd and As in both oils should not be overlooked, as both metals can pose health risks with long-term exposure, even at lower amounts. The CR values of Pb for both oils fell below the benchmark range, indicating a significant cancer risk for consumers. Since Pb exposure, even at low levels, is linked to several health issues, regulatory bodies such as the Food and Drug Authority (FDA) and Ghana Standard Authority (GSA) must implement measures that will reduce the long-term effects of consuming these oils produced in Juaben.

4.0 CONCLUSION

[bookmark: _Hlk198810690]The study investigated heavy metal levels in palm and kernel oils produced in Juaben, Ghana. The study revealed high concentrations of Fe, Cu, Zn, Cd, As, and Pb in both types of oils produced from Elaeis guineensis in Juaben Municipality. Notably, the mean concentrations of Zn, As, and Pb were higher in palm oil than in palm kernel oil. This is a significant concern as palm oil is one of the most consumed vegetable oils in the country. The levels of heavy metals in both oils exceeded FAO/WHO standard limits for each metal, thus impacting the quality of the oils. The high mean concentrations of these metals in both oils may be attributed to numerous factors including the processing techniques used by small-scale producers and the application of agrochemicals in oil palm cultivation in the municipality. The paired sample t-test results illustrated statistically significant discrepancies between the metals in both oils. The analysis of Fe, Cu, Zn, and Cd contamination showed no statistically significant differences between the two oils suggesting similar contamination sources. However, the contamination of both oils by As and Pb indicated statistically significant differences, implying distinct contamination sources. The Pearson correlation coefficient results indicated varying relationships between the metals in both oils, suggesting that the sources of metal contamination may be either different or interconnected. While the non-carcinogenic effects were deemed acceptable, the preeminent Pb levels present significant long-term cancer risks. Therefore, stringent measures should be implemented to regulate the levels of carcinogenic metals particularly As and Pb to ensure the safety of consuming and using palm and kernel oils produced in Juaben.
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