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Abstract: Palm wine samples collected from five major areas in Northern Cross River State, South-south 

Nigeria were assessed in triplicates for their contents of five carcinogenic metals including arsenic (As), 

cadmium (Cd), mercury (Hg), Ni (Ni) and lead (Pb) using Atomic Absorption Spectrophotometer (AAS) 

following a 2:5 HNO3/H2O2 mixture
 
digestion according to standard procedure. The study was repeated in three 

consecutive years and in each case, the results were compared with WHO acceptable limits of the metals in 

drinks. The results revealed that As, Cd, Ni and Pb mean contents were significantly above WHO recommended 

limits at α (0.0 5) and υ (14) in the samples within the three years period of the study. Hg was not detected in 

2015 and was found to be slightly above the allowable limit estimated to be statistically insignificant in all the 

wine samples at α (0.0 5) and υ (14). The observed orders of concentrations of each potential metal carcinogen 

within the three years were established. Poor packaging and handling of palm wine may be a major potential 

route to toxic metal poisoning in Northern Cross River State as observed by this study. 
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I. INTRODUCTION 
The need for assessments of carcinogenic potential of chemicals on humans and health risk assessments 

of toxic metals in Nigeria has been recently emphasized [1- 10]. Palm wine is an alcoholic beverage widely 

consumed in Northern Cross River State, Nigeria. It is produced by the fermentation of oil palm (Elaies 

guineensis) tree saps [11-12]. Globally, palm tree products have attracted both dietary and food safety attention 

[13]. However, there is a paucity of data on the status of toxic metals or essential trace metals at chronic levels 

in palm wine consumed in Northern Cross River State at the moment. 

The occurrence of toxic metals in palm wine has been ascribed to a number of factors. These include 

principal sources such as adsorption (e.g. palm tree leaves) and absorption (e.g. geogenic: soil-borne heavy 

metals absorbed through palm roots and stems) pathways. Secondary anthropogenic contamination routes 

include processing, packaging and storage activities [10].   

Carcinogenic metals include As Cd, Hg, Ni and Pb [10, 14]. Studies on the toxicity mechanisms for 

some of these chronic metals indicate food contamination sources. For instance, a survey pointed that the rate of 

absorption and distribution of lead are mainly influenced by dietary intake storage of calcium, iron, and 

phosphate in the body. It highlights that Pb is initially carried in red blood cells and distributed to soft tissues; 

redistributed to bone, hair and  teeth as a phosphate salt. The study further discussed the sources of exposure, 

absorption, toxicity, symptoms, diagnosis and treatment of carcinogenic metals [15]. Another study 

demonstrated that As, Cr and Ni are capable of inducing post-translational histone modifications and proposed 

intracellular targets that mediate the toxicity and carcinogenicity of nickel as well as carcinogenesis induced by 

arsenic [16]. Evaluation of protein binding as a kinetic factor for As, Cd, Hg, Ni (bind to metallothionein) and 

Pb (sequestered in bones) has been recommended during human health risk assessment. Several other risk 

assessments of metals ingestion in humans have been suggested [17].   

In view of the increase in cancer cases in Nigeria, it is crucial to periodically investigate possible 

metallic carcinogens as part of diseases monitoring/surveillance in various parts of the country. Hence, this 

study assessed the level of five potential cancer-causing metals in palm wine widely consumed in Northern 

Cross State and established the yearly trends of contamination due to the chronic metals contents in the wine 

samples for three years. 
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II. MATERIAL AND METHODS 
2.1Sample Collection and Preparation 

Replicate palm wine samples were randomly collected from tappers (freshly tapped) and vendors in five major 

areas of Northern Cross River State namely: Bekwarra, Obanliku, Obudu, Ogoja and Yala. Sample collection 

was conducted throughout the three years period of the study (2015 – 2017). The samples were labeled as B, O1, 

O2, O3 and Y respectively, preserved at 4 
0
C prior to analysis.  

2.2 Sample Preparation and Preparation of Working Solutions 

Standard solutions were prepared using serial dilution method. Reference AAS standard solutions (1000 mg/L 

Fisher Scientific standard solutions of As, Cd, Hg, Ni and Pb) were serially diluted and 25 mL of each solution 

was transferred into a 250mL volumetric flask and made up to volume using ultra-pure water. Working 

standards were then prepared by serial dilution and calibration performed. 

Each ample was prepared following standard procedure described in literatures [7, 18-19]. A 10ml aliquot of the 

bulk sample was quantitatively transferred to a 250ml digestion flask and 7ml freshly prepared HNO3/H2O2 

mixture in the ratio of 2:5 added. This was slowly shaken to mix and then heated between 60 
0
C to 180 

0
C for 

one hour until a clear solution was obtained. The digested solution in the flask was then cooled in a desiccator 

for ten minutes and quantitatively transferred to a 50ml volumetric flask. This was then diluted to the volume 

with distilled deionized water and refrigerated pending analysis. 

2.2 Determinations 

All determinations were performed using Atomic Absorption Spectrophotometer (Unicam Model 919) 

following the standard procedure described by AOAC [20]. 

 

III. RESULTS 
Results obtained from the study are presented in TABLES 1.1-1.3 below. Figs. 1.1 – 1.5 illustrate the variations 

in each toxic metal across the five sample locations as well as variations within the different years that the 

samples were studied. 

 
Table 1.1 Mean Concentrations of Toxic Metals in Palm wine Consumed in Northern Cross River State, Nigeria 

in 2015 

 mean*(mg/L) ± sd 

Sample 

designation 

N As  

 

Cd Hg Ni Pb 

B 5 0.013±0.002 0.023±0.001 nd nd 0.103 ±0.001 

O1 5        Nd 0.002±0.002 nd 0.147 ± 0.001 0.220 ±0.001 

O2 5 0.002±0.001 0.014±0.001 nd nd 0.163 ±0.001 

O3 5 0.014±0.001 0.012±0.001 nd 0.004± 0.001 0.144±0.001 

Y 5 0.011±0.001 0.002±0.001 nd 0.301±0.012 0.241 ±0.001 

mean†  0.008±0.003 0.0106±0.006 nd 0.0904±0.014 0.1742±0.001 

WHO  limits 

[21] 

 0.01 0.003 0.001 0.07 0.01 

nd =not detected; Fresh palm wine collected from source served as control; mean* concentration of  metals 

in palm wine obtained from a given location; mean† concentration of  metals in palm wine obtained from 

all the five locations in the study area. 

 

Table 1.2 Mean Concentrations of Toxic Metals in Palm wine Consumed in Northern Cross River State, Nigeria 

in 2016 

 mean*(mg/L) ± sd 

Sample 

designation 

N As  

 

Cd Hg Ni Pb 

B 5 0.021±0.011 0.031±0.002 0.004±0.011 0.034±0.001 0.203 ±0.031 

O1 5 0.100±0.014 0.008±0.002 0.003±0.001 0.210±0.053 0.170 ±0.021 

O2 5 0.047±0.005 0.013±0.001 0.004±0.012   0.178±0.039 0.029 ±0.041 

O3 5 0.035±0.002 0.021±0.001 0.003±0.002 0.092±0.016     0.131±0.030 

Y 5 0.141±0.013 0.035±0.012 0.002±0.002   0.410±0.010 0.273 ±0.010 

mean†  0.0688±0.045 0.0216±0.018 0.0032±0.0056 0.1848±0.0238 0.1612±0.0266 

WHO limits  0.01 0.003 0.001 0.07 0.01 
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Table 1.3 Mean Concentrations of Toxic Metals in Palm wine Consumed in Northern Cross River State, Nigeria 

in 2017 

 mean*(mg/L) ± sd 

Sample 

designation 

N As  

 

Cd Hg Ni Pb 

B 5 0.036±0.052 0.044±0.001 0.002±0.220 0.021±0.010 0.310 ± 0.001 

O1 5 0.143±0.020 0.014±0.032 0.006±0.011 0.074±0.001 0.200 ± 0.001 

O2 5 0.151±0.011 0.021±0.011 0.003±0.002 0.041±0.022 0.040 ± 0.002 

O3 5 0.040±0.039 0.030±0.020 0.002±0.031 0.110±0.002     0.220 ± 0.010 

Y 5 0.221±0.020 0.051±0.010 0.005±0.001 0.407±0.020 0.326 ± 0.022 

mean†  0.1182±0.142 0.032±0.074 0.0036±0.001 0.1306±0.055 0.2192±0.036 

WHO limits  0.01 0.003 0.001 0.07 0.01 

 

IV. DISCUSSION 
4.1 Arsenic 

As shown in TABLE 1.1, arsenic was slightly above the WHO acceptable limits in some samples (B, 

O3 and Y) studied in 2015, below the limits in sample O2 and was not detected in sample O1. In 2016 and 2017, 

its concentration was found to be above the limits in all the palm wine samples studied. Arsenic was distributed 

in the samples as follows: In 2015: O1 ˂ O2 ˂ Y˂ B ˂ O3; in 2016 and 2017: B ˂ O3˂ O1˂ O2 ˂ Y. (See Fig.1.1 below).  

 

 
 

4.2 Cadmium 

Cadmium was detected within the WHO limits in all samples studied in 2015 but outside the limits in the 2016 

and 2017 samples studied. Fig. 1.2 pictures the distribution of cadmium was distributed in the samples. In 2015: 

Y ˂ O1 ˂ O3 ˂ O2 ˂ B; in 2016 and 2017: O1 ˂ O2˂ O3 ˂ B ˂ Y.  
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4.3 Mercury 

Mercury was not detected in all the samples studied in 2015 but was slightly above WHO permissible limits in 

the 2016 and two samples (O1and Y) in 2017. Mercury was distributed in the samples as follows: In 2016: Y ˂ 

O1 ˂ O3˂ B˂ O2 and in 2017: O3˂ B ˂ O2˂ Y ˂O1. This trend is illustrated in Fig1.3 below. 

 

 
 

4.4 Nickel 

In 2015, nickel was not detected in samples B and O2 but was found to be above the WHO acceptable limit in 

O1 and Y.  All the samples, except sample O1 studied in 2016 contained nickel above the set limit. In 2017, the 

level of nickel dropped in some samples (B, O1, O2, and Y) and increased in sample O3. It was distributed in the 

samples as follows: 2015: O3 ˂ O1 ˂ Y; 2016: B ˂ O3 ˂ O2 ˂ O1 ˂ Y and in 2017: B ˂O2 ˂ O1˂ O3 ˂ Y (see Fig. 

1.4 below). 

 

 
 

4.5 Lead  

Lead was found to be at chronic levels (highly above the WHO permissible limits) in all the samples studied in 

the three years. The orders of distributions of Pb were in the as follows: 2015: B ˂O3 ˂ O2˂ O1 ˂ Y; in 2016: 

Y˂O2 ˂ O3  ˂ O1 ˂  B and in 2017: O2 ˂ O1 ˂ O3 ˂ B ˂Y. Variations of Pb in the palm wine samples within the 

three yeas is illustrated in Fig. 1.5 below 

.  
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Comparing the level of metal loads in the palm wine samples studied in 2015, 2016 and 2017: the following 

order was obtained: 

Arsenic: 2016 ˃ 2017 ˃ 2015; Cadmium: 2017 ˃ 2016 ˃ 2015; Mercury:  2017 ˃ 2016 ˃ 2015; Nickel: 2016 ˃ 

2017 ˃ 2015 and Lead: 2017 ˃ 2015 ˃ 2016. 

 
Table 2.1 Summary/Descriptive Statistics 

Toxic metal Mean mg/L for 2015 - 

2017 

µ(acceptable 

value) 

Std. Dev. t calculated 

 (n = 15)             

As 0.2954          0.01          0.272 2.346 

Cd 0.0214          0.003          0.0095 4.331 

Hg 0.0027          0.001      0.0016 0/147 

Ni 0.1353          0.07          0.0422 3.460 

Pb 0.1849          0.01          0.0259 15.10 

t tabulated `at α(0.0 5 and υ( 14) = 2.15. 
 

As shown in TABLE 2.1, the levels of As, Cd, Ni and Pb were significantly above WHO recommended 

permissible limits at α (0.0 5) and υ (14) in all the samples within the three years period of the study. Although 

Hg was slightly above the allowable limit, it was statistically estimated to be insignificant in all the wine 

samples at α (0.0 5) and υ (14). 

The International Agency for Research on Cancer classifies arsenic, cadmium and nickel as group 1 

carcinogens and several studies on the toxicity and carcinogenic mechanisms of As, Cd, Hg, Ni and Pb have 

been  conducted as well as cited [22, 23]. For instance, exposure to Cd via food and drinks is said to cause 

oxidative stress which accelerates of transcriptional activity of the metallothionein (MT) coding gene. This is 

leads to conformational change of renal tubular cell as well as degradation of glomerular cell function thereby 

disrupting calcium metabolism and augment the calcium load in the kidney, leading to an increase of kidney 

stones and cancer [7, 24; 25]. Ni taken though food and drinkis said to induce oral epithelium damage [26-28] 

and oxidative stress via a reduction in expression of antioxidant enzymes and DNA single- and double-strand 

breaking [7, 29-31].  

 

V. CONCLUSION 
The study detected the following carcinogenic metals: arsenic, cadmium, nickel and lead at levels 

above acceptable limits in street vended palm wine consumed in Northern Cross River State for three years. 

Mercury was found slightly above the tolerable limits in two 2016 and 2017. Poor packaging and handling may 

be a major potential route to toxic metal content in palm wine found in the area. Also, daily consumption of the 

metals-contaminated palm wines could be a major cause of cancer cases in the area. Further assessments of 

toxic metal status in human blood samples as well as dietary intake/exposure to carcinogenic metals in palm 

wine consumed in Cross River State are recommended. 

 

 

 



Assessment of Potential Carcinogenic Metals in Palm Wines of Northern Cross River State, Nigeria 

33 

REFERENCE 
[1]. United State Environmental Protection Agency, Glyphosate Issue Paper: Evaluation of Carcinogenic        

Potential, EPA’s Office of Pesticide Programs September 12, 2016, 63. 

[2]. M. A. Lushenko, A risk assessment for ingestion of toxic chemicals in fish from Imperial beach, 

California: San Diego State University, 2012. 

[3]. F. Fenglian and W.  Qi, Removal of Heavy Metal ions from Waste Waters: A review. J. Environ. 

Manage. 92(3), 2011, 407-418. 

[4]. Y. Ouyang , J. Higman, J. Thompson , O. T. Toole and  D. Campbell,  Characterization and spatial 

distribution of heavy metals in sediment from Cedar and Ortega Rivers sub-basin. J. Contam. Hydrol. 54, 

2002, 19-35. 

[5]. USEPA, Waste and cleanup risk assessment, USEPA, 2012, available online at  

http://www2.epa.gov/risk/waste-and-cleanup-risk-assessment. 

[6]. I. B. Koki, A. S. Bayero, A. Umar and S Yusuf, Health risk assessment of heavy metals in water, air, soil 

and fish, Afr. J. Pure Appl. Chem., 9(11), 2015, 204-210, DOI: 10.5897/AJPAC. 

[7]. D. L. Ape, N. S. John, E. C. Nwafor and I. O. Ekpe, Determination of Trace and Major Elements in Palm 

wine from Industrial and Non-industrial Areas of Enugu State Nigeria, Int. J. of Multidiscplin. Sci. & 

Engr. (6)8, 2015, 18 -22. 

[8]. G. Dugo,  L. La pera, Pollicano’, T. M., G. Di Bella, M. D’imperio, Food chem. 2005, 91, 355.  

[9]. R. Lara,. S. Cerutti, J. A. Salonia, R. A. Olsina,  I. D. Martinez, Food chem. Toxicol. 2005, 51, 4303. 

[10]. A. A. Adepoju-Bello,  S. A. Osagiede and O. O. Oguntibeju, Evaluation of the Concentration of Some 

Toxic Metals in Dietary Red Palm Oil, J Bioanal Biomed, 2012, 4:5 Available online at  

http://dx.doi.org/10.4172/1948-593X.1000069. 

[11]. M. E. Ukhum, N. P. Okolie, A. O. Oyerinde, Some mineral profiles of fresh and bottled palm wine – a 

comparative study, Afr J Biotechnol, 4, 2005, 829-32. 

[12]. I. E. Ezeagu, M. A. Fafunso, Biochemical constituents of palm wine. Ecol Food Nutri, 42, 2003, 213-22. 

[13]. Food and Agricultural Organisation (FAO), Products of yeast fermentation, in: Fermented fruits and 

vegetables: A global perspective. FAO Agricultural Services Bulletin, 134, 1998. Available online at 

www.fao.org/docrep/x0560E/x0560E00.htm . 
[14]. M. Mahurpawar, Effect of heavy metals on human health, International Journal of Research – 

GRANTHAALAYAH, 1 – 7, Available online: http://www.granthaalayah.com.   

[15]. H. M. I. Magelsir, Heavy metal toxicity - metabolism, absorption, distribution, excretion and mechanism 

of toxicity for each of the metals,  World News of Natural Sciences, Available online at 

www.worldnewsnaturalsciences.com. 

[16]. C. Yana C, A. Adriana and C. Max, Carcinogenic Metals and the Epigenome: Understanding the effect of 

Nickel, Arsenic, and Chromium, Metallomics, 4(7), 2012, 619–627, doi:  10.1039/c2mt20033c. 
[17]. [17] R. Goyer, M. Golub,

 

H. Choudhury, M. Hughes, E. Kenyon,
  

and M. Stifelman  Issue paper on the 

human health effects of metals, U.S. Environmental Protection Agency Risk Assessment Forum, 2004, 

Washington, DC. 

[18]. S. Sanllorente, M. C. Ortiz and M. J. Arcos, Analyst 1998, 123, 515.  

[19]. WHO, Guideline for drinking water, World health organization health criteria and other supporting 

information, 1998, 940-949.  

[20]. The Association of Official Analytical Chemists (A.O.A.C.) Methods of Analysis. Horwitz, W. Ed. 12
th
 

Edu (Washington D.C. 1015, 1975). 

[21]. World Health Organization (WHO, 2005): Water, Sanitation and Hygiene Programming Guidance, Water 

Supply and Sanitation Collaborative Council and World Health Organization, 2005. Geneva, Switzerland. 

[Online] Available from: www.who.int 
[22]. H. S. Kim, Y. J. Kim, and Y. R. Seo An Overview of Carcinogenic Heavy Metal: Molecular Toxicity 

Mechanism and Prevention,  J. Cancer Prev., 20(4), 2015, 232–240. 

[23]. IARC monographs on the evaluation of carcinogenic risk to human. 100C. Lyon: International Agency 

for Research on Cancer; 2012.  

[24]. R. E. Dudley, L. M. Gammal and C. D. Klaassen, Cadmium-induced hepatic and renal injury in 

chronically exposed rats: likely role of hepatic cadmium-metallothionein in nephrotoxicity, Toxicol Appl 

Pharmacol., 77, 1985, 414–26. doi: 10.1016/0041-008X(85)90181-4. 

[25]. H. Baba, K. Tsuneyama, M. Yazaki, K. Nagata, T. Minamisaka, T. Tsuda, et al. The liver in itai-itai 

disease (chronic cadmium poisoning): pathological features and metallothionein expression. Mod Pathol., 

26, 2013, 1228–34. doi: 10.1038/modpathol.2013.62. [PubMed]. 

http://www2.epa.gov/risk/waste-and-cleanup-risk-assessment
http://dx.doi.org/10.4172/1948-593X.1000069
http://www.fao.org/docrep/x0560E/x0560E00.htm
http://www.granthaalayah.com/
http://www.worldnewsnaturalsciences.com/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chervona%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22473328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arita%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22473328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Costa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22473328
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=22473328
https://dx.doi.org/10.1039%2Fc2mt20033c
http://www.who.int/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=26734585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=26734585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seo%20YR%5BAuthor%5D&cauthor=true&cauthor_uid=26734585
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4699750/
https://www.ncbi.nlm.nih.gov/pubmed/23558578


Assessment of Potential Carcinogenic Metals in Palm Wines of Northern Cross River State, Nigeria 

34 

[26]. E. Spiechowicz, P.O. Glantz, T. Axéll and W. Chmielewski, Oral exposure to a nickel-containing dental 

alloy of persons with hypersensitive skin reactions to nickel. Contact Dermatitis, 1,0 1984, 206–11. doi: 

10.1111/j.1600-0536.1984.tb00101. 

[27]. D. J. Gawkrodger, S. W. Cook, G. S. Fell and J. A. Hunter, Nickel dermatitis: the reaction to oral nickel 

challenge. Br J. Dermatol.115, 1986, 33–8. doi: 10.1111/j.1365-2133.1986.tb06217.x. 

[28]. D. Trombetta, M. R. Mondello, F. Cimino, M. Cristani, S. Pergolizzi and A. Saija, Toxic effect of nickel 

in an in vitro model of human oral epithelium. Toxicol Lett, 159, 2005, 219–25. doi: 

10.1016/j.toxlet.2005.05.019.  

[29]. S. Lynn, F. H. Yew, K. S. Chen and K. Y. Jan. Reactive oxygen species are involved in nickel inhibition 

of DNA repair. Environ Mol Mutagen, 29, 1997, 208–16. doi: 10.1002/(SICI)1098-

2280(1997)29:2<208::AID-EM11>3.0.CO;2-I. 

[30]. S. K. Chakrabarti, C. Bai and K. S. Subramanian, DNA-protein crosslinks induced by nickel compounds 

in isolated rat lymphocytes: role of reactive oxygen species and specific amino acids. Toxicol Appl 

Pharmacol, 170, 2001, 153–65. doi: 10.1006/taap.2000.9097. 

[31]. H. L. Kim and Y. R. Seo, Molecular and genomic approach for understanding the gene-environment 

interaction between Nrf2 deficiency and carcinogenic nickel-induced DNA damage. Oncol Rep., 28, 

2012, 1959–67. 

 

 

B. U. Ngang. “Assessment of Potential Carcinogenic Metals in Palm Wines of Northern Cross 

River State, Nigeria.” IOSR Journal of Pharmacy (IOSR-PHR) , vol. 7, no. 9, 2017, pp. 28–34. 


