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Abstract  

PALM wine is one of the many brands of native wines drunk in Nigeria. It is drunk by the old as much 

as the young. In recent times, however, palm wine has been undergoing a kind of transformation. 

Nowadays, they mix palm wine with various chemical. However, there is a danger in the patronage 

such palm wine. The fear is that there is the tendency for the sellers to sell adulterated versions of this 

drink. This may result from the doctoring of the original palm wine with a certain kind of chemicals 

and sweetener. These additives, according to experts, are capable of causing health challenges, which 

may result in diarrohea, dysentery or runny stomach. So the palm wine bought from different markets 

in Ogbadibo local government area of Benue state in Nigeria was analyzed to determine the level of 

some trace heavy metals (Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Zn) and atomic absorption spectroscopy 

(AAS) was used for the analysis. All the palm wine samples analyzed contain heavy metals and  the 

results of the metals determined ranged from  0.075-0.098,0.0450-0.055,0.738–0.988,1.699–

2.678,2.156–4.511,0.666–0.922,0.044–0.085,0.054–0.095 and 3.876–6.971mg /L for Cd,  Cr, Cu, Fe, 

Mn, Ni, Pb and Zn respectively. Generally, in the palm wine samples bought from various markets, the 

concentration of the heavy metals determined were high than the level in control samples. But all the 

parameters examined in the palm wine samples have values that are below or within the maximum 

permissible limits of WHO, FAO and EC standards for drinking quality. 

Keywords: Palm wines; Adulteration; heavy metals; Contaminations. 

1.1 1.0 Introduction 

Adulteration is the act of debasing a pure or genuine commodity for pecuniary profit, by adding to it 

and inferior or spurious article, or by taking from it one or more of its constituents. The term is derived 

from the Latin Adultero, which in its various inflections signifies to defile, to debase, to corrupt, to 

sophisticate, to falsify, to counterfeit [1]. The objects of adulteration are fourfold, namely, to increase 

the bulk or weight of the article, to improve its appearance, to give it a false strength, or to rob it of its 

most valuable constituents. All these adulterations are manifestly of a designedly fraudulent character, 

and are therefore probably the subjects of judicial inquiry; but there may be accidental corruptions and 

adulterations of a commodity, arising from natural or unavoidable causes, as or when mineral matters 

and other impurities are accidentally derived from the machinery or vessels in which the thing is 

prepared or kept. The recognition of such impurities, and the tracing of them to their source, is of prime 

importance in pursuing a charge of adulteration [1, 2]. 

 Palm wine is an alcoholic beverage produced from the fermented sap of various palm trees [3, 4]. It 

can be collected (or tapped) from the palm tree Elaies guineensis or from the Raffia tree Raphia sp. 

which is shorter and thus more accessible. The sap that provides the base of palm wine is extracted and 

collected by a tapper (tapster). Palm wine tapping is a common occupation in many palm-growing 

regions of the world. In most cases it involves climbing very tall palm trees using rudimentary climbing 

equipment, slashing the palm flower until the sap begins to run and attaching a gourd to collect the 

wine. Palm wine can also be tapped from felled trees which yield higher quality wine but in much 

smaller quantities [4,5] Although felling the tree is a much safer practice, this method of tapping is 

destructive and the sap stops flowing after 2–3 weeks. Given that the tapper is most often not the tree 

owner; the former method is preferred since it preserves the tree for many years at the cost of more 

labour time, effort and risk [6, 7]. Yet, in many countries palm wine carries an important socio-cultural 

and economic value. Palm wine is consumed by millions of people in West Africa, and in lower 

frequencies in Asia, South America, the Middle East and North Africa [8.9].  
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Traditionally palm wine is deeply rooted in West African culture and traditions and thus is the most 

frequently consumed alcoholic beverage [10, 11]. It is enjoyed at birth celebrations, at funeral wakes, 

and plays an integral role during traditional marriage ceremonies, end of the year party entertainment 

and other ceremonial activities. Palm wine is viewed locally as essential in the diet of pregnant and 

nursing women in order to ensure good health for the mother and child [12, 13]. It is commonly 

thought to be a very nourishing drink which promotes lactation, treats conjunctivitis, and improves 

eyesight. African traditional healers often infuse palm wine with medicinal herbs to produce a wide 

variety of remedies. 

Interestingly, both government and health professionals have recognized health benefits of palm wine 

in the treatment and prevention of malnutrition and vitamin A deficiency diseases [14, 15]. Palm wine 

is rich in antioxidant vitamins, trace elements essential for proper growth, development and for general 

well-being. It has been reported that contamination of diets including palm wine with trace heavy 

metals could result from different sources such as drinking water, high ambient air concentrations, 

industrial waste, acidic rain breaking down soils and food chain [17, 18]. Contamination of the palm 

wine with heavy metals could pose potential health risk to humans and animals because these heavy 

metals have the ability to ―bio-accumulate‖. Bioaccumulation means an increase in the concentration of 

a chemical in a biological organism over time, compared to the chemical‘s concentration in the 

environment. Reports from previous research have shown that compounds accumulate in living things 

any time they are taken up and stored faster than they are broken (metabolized) or excreted) [19]. 

 Although palm wine remain vital in ceremonial activities, human nutrition and medicinal treatment, 

we are concerned about its adulteration and contamination by toxic elements and the potential risk such 

contamination could pose to the consumers in our locality. In recent times, however, palm wine has 

been undergoing a kind of transformation. The new generation drinkers of palm wine have found their 

new way of drinking and heightening the effect of the traditional drink. Nowadays, they mix palm wine 

with Stout beer or some spirits. However, there is a danger in the patronage of township palm wine. 

The fear is that there is the tendency for the sellers to sell adulterated versions of this drink. This may 

result from the doctoring of the original palm wine with a certain kind of chemical additives and other 

sweetener called saccharine. This additive, according to experts, is capable of causing health challenges, 

which may result in diarrohea, dysentery or runny stomach. It is even more dangerous with people 

suffering from diabetics [20, 21, and 22]. 

Unfortunately, most of the research on palm wine is in agriculture, microbiology and economics papers. 

Although the Food and Agriculture Organization (FAO) has shown great interest in the nutritional 

value of palm products, there is little mention of it in public health literature [23, 24, and 25]. To the 

best of our knowledge no study has been conducted in our environment to evaluate the concentration of 

heavy metals present in palm wine and the potential hazards such contamination may pose to human 

health. It is possible that these heavy metals could have access into palm wine during planting, tapping 

or harvesting, processing, packaging, storage or sale of the product [26, 27]. The presence of these 

toxic metals may appear harmless in minute quantities, however their accumulation over time carries 

potential health risk to human who regularly consume ―drink‖ palm wine contaminated with toxic 

metals [28, 29, and 30]. Therefore, it has become imperative to assess the levels of heavy metals in 

palm wine sold in different markets in Ogbadibo Local Government of Benue State, Nigeria.  

Ogbadibo is one of the Local Government of Benue State of Nigeria that produced palm wine in the 

commercial quantities from palm tree and these palm wines are sold in different parts of the state and 

entire country at large, making Ogbadibo an important location to conduct this study. The study 

examined the occurrence and the concentrations of toxic metals: cadmium, cobalt, chromium, copper, 

iron, and manganese, nickel, lead and zinc in samples of palm wine produced and sold in the local 

markets of Ogbadibo local Government of Benue state. 

2.0 Materials and Methods 

2.1 Study Area 

Ogbadibo local government area of Benue is peopled by Orokam, Owukpa and Otukpa with area of 

about 598 km
2
 and population of about 328,702 (2006 census).The abundance of palm wine in local 

government was exploited. Various markets and location especially along the high ways were visited 

across the local government and a total of thirty (30) samples of palm wine (n = 30) were obtained 

from different sellers located in various parts of Ogbadibo area of Benue state, Nigeria, were bought 

and analysed while the fresh palm wine brought from palm wine trapper at source before taking to the 
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marketing place were used as control. The areas include Ipole Otukpa ‖Ede‖, Ipole Orokam, IgwuAkor, 

Idape Orokam, Branch Otukpa, Ipole Owukpa, Aho Ogbo and Ukwo Owukpa. 

2.2 Sample Collection and Preparation 

Palm wine sample were purchased from different markets at different locations for heavy metal 

analysis. While the fresh palm wine sample obtained directly from palm wine taper at the source was 

used as the control in this study. Thus, the samples collected under the system reflected the total metal 

concentration of the collected sample. Palm wine sample were collected in plastic containers that had 

been washed with detergent, followed by a soak and rinse in a 0.1 M HCl and then rinse in distilled 

water. The collected samples were taken to the laboratory for immediate pH determination and then 

stored in a refrigerator for chemical analysis of trace heavy metals ―Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn‖. 

All pH measurements were made at laboratory temperature. All the palm wine samples were acidified 

and digested by HNO3 as specified by APHA (1992)[31,32]. Samples and control were treated in 

triplicate and analysis was carried out following standard methods (APHA, 1992).   

The instrument was first calibrated with stock solutions of the prepared standards before analysis. The 

final processed samples were quantitatively analyzed using buck scientific VGP 210 Flame Atomic 

Absorption Spectrophotometer. After every five sample analyzed using AAS, the first sample was 

repeated for quality check. Only when the result was within 10% earlier readings did the analyses 

proceed further [33, 34].  

3.0 Results and Discussion  

Table 1: Trace Heavy Metal Content (mg/L) of Palm Wine Marketed in Otukpa Area of 

Ogbadibo Local Government of Benue State 

Points Cd Cr Cu Fe Mn Ni Pb Zn 

1 0.0023 0.0230 0.0432 0.2511 0.1220 0.0250 0.0120 1.2310 

2 0.0012 0.0120 0.0231 0.2321 0.1310 0.0250 0.0170 1.9710 

3 0.0042 0.0220 0.0653 0.1975 0.1650 0.0350 0.0120 1.5540 

4 0.0035 0.0110 0.0788 0.2245 0.1440 0.0270 0.0110 1.7670 

5 0.0025 0.0120 0.0678 0.2331 0.1750 0.0310 0.0130 1.8760 

6 0.0011 0.0280 0.0533 0.1859 0.1660 0.0270 0.0180 1.9970 

7 0.0013 0.0170 0.0699 0.2222 0.0980 0.0320 0.0210 1.5430 

8 0.0015 0.0210 0.0589 0.1789 0.1440 0.0270 0.0160 1.2340 

9 0.0017 0.0250 0.0321 0.2208 0.0890 0.0240 0.0110 1.5430 

10 0.0021 0.0290 0.0431 0.2156 0.2010 0.0310 0.0190 1.6750 

11 0.0023 0.0260 0.0444 0.1999 0.0780 0.0250 0.0140 1.6540 

12 0.0028 0.0190 0.0333 0.2115 0.1320 0.0250 0.0120 1.0980 

13 0.0012 0.0180 0.0437 0.2101 0.1410 0.0350 0.0130 1.1230 

14 0.0019 0.0290 0.0387 0.1892 0.2110 0.0210 0.0110 1.5430 

15 0.0023 0.0230 0.0398 0.2401 0.1710 0.0250 0.0280 1.9870 

Mean 0.0021 0.0210 0.0490 0.2142 0.1445 0.0277 0.0152 1.5864 

Std. 0.0009 0.0061 0.0160 0.0209 0.0384 0.0042 0.0048 0.3066 

Min 0.0011 0.0110 0.0231 0.1789 0.0780 0.0210 0.0110 1.0980 

Max 0.0042 0.0290 0.0788 0.2511 0.2110 0.0350 0.0280 1.9970 

 

The pH of palm wine samples range from 5.600-6.300 all the palm wine samples studied from the 

various market places were weakly acid. The concentrations of the various heavy metals found in the 

palm wine samples are presented in tables 1, 2, 3, 4. Table 1 represent the palm wine samples bought 

from various markets and along high way and express roads in Otukpa area, table 2 represent same 

sample bought from similar location in Orokam area, table 3 represent the same samples bought from 

Owukpa area and table 4 is the summary of the whole results with the control values. Control was the 
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direct raw, fresh, unprocessed palm which was obtained from the palm taper from the remote village of 

each the study areas.  The result revealed clear elevated levels of these heavy metals Cd, Cr, Cu, Fe, 

Mn, Ni, Pb and Zn determined in the palm wine samples from various markets, along high ways and 

express roads in each of the study areas. The mean concentration of heavy metals obtained from the 

control (direct raw, fresh, unprocessed palm wine) was consistently low, much lower than those 

obtained from the palm wine sample under consideration. This reflects a general contamination of the 

palm wine by the heavy metals studied. The results also showed higher degree of heavy metal 

contamination of palm wine bought from various markets and along high ways and express roads by 

the heavy metals studied.   

All the heavy metals considered showed some degree of contamination in the palm wine samples 

purchased from various markets. The overall results ranged from 0.075-0.098, 0.738—0.988,1.699–

2.678,2.156–4.511,0.666–0.922,0.044–0.085,0.054–0.095 and 3.876–6.971 mg/L for Cd,  Cr, Cu, Fe, 

Mn, Ni, Pb and Zn respectively in the palm wine samples bought from various markets in Ogbadibo 

Local Government of Benue state.  

 

Table 2: Trace Heavy Metal Content (mg/L) of Palm Wine Marketed in Orokam Area of 

Ogbadibo Local Government of Benue State 

Point Cd Cr Cu Fe Mn Ni Pb Zn 

1 0.0010 0.0010 0.0387 0.1811 0.1220 0.0010 0.0210 1.1230 

2 0.0010 0.0020 0.0297 0.1521 0.1310 0.0010 0.0310 1.9710 

3 0.0020 0.0010 0.0356 0.1975 0.2010 0.0020 0.0120 1.5540 

4 0.0010 0.0010 0.0288 0.1245 0.1440 0.0010 0.0240 1.0110 

5 0.0020 0.0020 0.0278 0.1331 0.1750 0.0020 0.0230 1.8760 

6 0.0010 0.0020 0.0235 0.1859 0.1660 0.0010 0.0250 1.9970 

7 0.0020 0.0030 0.0299 0.1222 0.0980 0.0010 0.0250 1.5430 

8 0.0010 0.0010 0.0289 0.1789 0.1440 0.0010 0.0220 1.2340 

9 0.0010 0.0030 0.0343 0.1208 0.0890 0.0020 0.0320 1.5430 

10 0.0010 0.0010 0.0253 0.1156 0.2010 0.0010 0.0310 1.6750 

11 0.0020 0.0020 0.0255 0.1999 0.3210 0.0010 0.0330 1.6540 

12 0.0020 0.0030 0.0367 0.1115 0.1320 0.0010 0.0250 1.0980 

13 0.0010 0.0020 0.0296 0.1101 0.1410 0.0010 0.0310 1.1330 

14 0.0010 0.0010 0.0262 0.1892 0.1220 0.0020 0.0310 1.0980 

15 0.0010 0.0030 0.0286 0.1401 0.1710 0.0010 0.0280 1.9870 

Mean 0.0013 0.0019 0.0299 0.1508 0.1572 0.0013 0.0263 1.4998 

Std. 0.0005 0.0008 0.0045 0.0341 0.0559 0.0005 0.0056 0.3604 

MIN 0.0010 0.0010 0.0235 0.1101 0.0890 0.0010 0.0120 1.0110 

MAX 0.0020 0.0030 0.0387 0.1999 0.3210 0.0020 0.0330 1.9970 

 

The concentration of all the trace heavy metals determined in the palm wine ( Cd, Cr, Cu, Fe, Mn, Ni,  

Pb and  Zn) were higher in all the palm wine  samples bought from various markets and other locations 

in the study areas when  compared with the corresponding values for raw, fresh and unprocessed palm 

i.e. control (table 4). Cd, Ni and Pb were detected in all the palm wine samples analyzed.  However, Cd, 

Ni and Pb were not detected in raw, fresh and unprocessed palm wine. 

Table 3: Trace Heavy Metal Content (mg/L) of Palm Wine Marketed in Owukpa Area of 

Ogbadibo Local Government of Benue State 

Points Cd Cr Cu Fe Mn Ni Pb Zn 

1 0.0021 0.0030 0.9990 0.1511 0.1220 0.0010 0.0210 1.1230 
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2 0.0018 0.0020 0.8970 0.1321 0.1310 0.0010 0.0310 1.9710 

3 0.0022 0.0040 0.8560 0.1975 0.1010 0.0020 0.0120 1.5540 

4 0.0031 0.0040 0.7880 0.1245 0.1440 0.0010 0.0340 1.0110 

5 0.0021 0.0020 0.9970 0.1331 0.1750 0.0020 0.0330 1.8760 

6 0.0022 0.0020 0.8350 0.1859 0.1660 0.0010 0.0250 1.9970 

7 0.0024 0.0030 0.6990 0.1222 0.0980 0.0010 0.0250 1.5430 

8 0.0013 0.0050 0.5890 0.1789 0.1440 0.0010 0.0220 1.2340 

9 0.0016 0.0030 0.5430 0.1228 0.0890 0.0020 0.0320 1.5430 

10 0.0019 0.0060 0.7760 0.1156 0.1010 0.0010 0.0310 1.6750 

11 0.0018 0.0020 0.6750 0.1999 0.1210 0.0010 0.0330 1.6540 

12 0.0025 0.0030 0.8870 0.1115 0.1320 0.0010 0.0250 1.0980 

13 0.0021 0.0020 0.8960 0.1101 0.1410 0.0010 0.0610 1.1330 

14 0.0027 0.0050 0.7620 0.1892 0.1220 0.0020 0.0410 1.0980 

15 0.0019 0.0030 0.7860 0.1401 0.1710 0.0010 0.0280 1.9870 

Mean 0.0021 0.0033 0.7990 0.1476 0.1305 0.0013 0.0303 1.4998 

Std. 0.0004 0.0013 0.1330 0.0332 0.0269 0.0005 0.0109 0.3604 

MIN 0.0013 0.0020 0.5430 0.1101 0.0890 0.0010 0.0120 1.0110 

MAX 0.0031 0.0060 0.9990 0.1999 0.1750 0.0020 0.0610 1.9970 

 

The qualitative similarity of the heavy metals in the palm wine samples is an indication that the 

materials for palm wine dilution and contamination really the same or similar in all the areas the palm 

wine samples were collected for the analysis. Because of the complicated pattern in the concentration 

relationship of the samples, focusing on the comparison between the palm wine products will be futile; 

instead, the general profile of each heavy metal will be discussed focusing attention to any anomaly. 

The little discrepancies in the differing quantitative pattern among the samples were expected. The 

reason may hinge on several factors. For instance, heavy metal levels of palm wine  depends on the 

level of metal contaminants in the harvesting, processing, packaging and storage containers and other 

chemical additive after dilution [20, 21]. Also, metal absorption for a variety of palm wine products has 

been shown to be dependent on geographical origin [22]. Therefore among factors which may account 

for these differences in elemental concentrations are: the geographical or the geology of the area on 

where the palm wine were tapped; different climatic conditions and hence different environments; and 

also the dilution materials in terms of other chemical additives during the production and dilution 

processes. Palm wine comes in two varieties, standing or felled oil palm tree. 

Therefore follows from results (Table 1,2, 3 and 4), the presence of elements like Cd, Cr, Ni, and Pb 

indicated that the nature of palm wine could be carcinogenic [18]. The carcinogenicity nature from 

observation has no correlation from the geographical origin of the palm wine raw material. Even 

though trace heavy metals present in palm wine do not entirely determine the risk likely to be caused 

by palm wine consumptions, they can become more hazardous where they are present in higher 

concentrations, and could lead to higher health risk. Special attention has been given to the elements 

that play a significant toxicological role after entering the human body through palm wine consumption 

or uses of other palm wine products. Contamination of the palm wine with heavy metals could pose 

potential health risk to humans and animals because these heavy metals have the ability to ―bio-

accumulate‖. Bioaccumulation means an increase in the concentration of a chemical in a biological 

organism over time, compared to the chemical‘s concentration in the environment. Reports from 

previous research have shown that compounds accumulate in living things any time they are taken up 

and stored faster than they are broken (metabolized or excreted) [18,19]. For instance, research has 

shown that significant flux of heavy metal, among other toxins; reach the lungs through the 

consumption of contaminated foods, either palm wine or uses of palm wine products. 

All the palm wine samples contained detectable amounts of these heavy metals of interest. Pb, a 

ubiquitous and versatile metal was also detected in all the samples. It has become widely distributed 
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and mobilized in the environment and human exposure to and uptake of this non-essential element has 

consequently increased [20]. At high levels of human exposure, there is damage to almost all organs 

and systems, most importantly the central nervous system, kidneys and blood, culminating in death at 

excessive levels. At low levels, haem synthesis and other biochemical processes have been reported to 

be affected by lead contamination [21, 22]. Lead continues to be a significant public health problem in 

developing countries where there are considerable variations in the sources and pathways of exposure, 

therefore care need to be taking in the consumption of Pb contaminated palm wine and palm wine 

products since Pb exposure is through direct contact. It was investigated and it has been shown that 

exposure to Pb can lead to a wide range of biological defects in human depending on duration and level 

of exposure. The developing foetus and infants are far more sensitive than adults. High exposure can 

cause problems in the synthesis of haemoglobins, damage to the kidneys, gastrointestinal tract, joints, 

reproductive system and the nervous system. Cadmium also was detected in the palm wine samples in 

various concentrations and cadmium when ingested by humans; it accumulates in the intestine, liver 

and kidney [21]. The health effects of chronic exposure of Cd include proximal tubular disease and 

osteomalacia. Long term exposure to cadmium is associated with renal dysfunction. Cadmium is bio 

persistent and once absorbed remains resident for many years. High exposure can lead to obstructive 

lung diseases and has been linked to lung cancer. Cadmium may also cause bone defects in humans and 

animals. The average daily intake for humans is estimated as 0.15 mg/L from air and 1µg from water 

[23]. Maximum limit of 0.2 mg/L Cd in plant and 5.0 mg/L Pb in plant was prescribed by 

WHO/FAO[24]. The values for the standard compared to our work indicate Cd pollution of some 

honey samples analyzed in the study areas. Chromium is considered non-essential for plants, but an 

essential element for animals. The average abundance of Cr in the earth‘s crust is 122 ppm; in soils Cr 

ranges from 11-22 ppm [18, 25]. Cr toxicity in man has been limited to haemorrhage, respiratory 

impairment and liver lesions [18]. Low exposure to chromium can irritate the skin and cause ulceration. 

Long term exposure can cause kidney and liver damage. It can also cause damage to circulatory and 

nerve tissues. In this work, Cr was found to range between 0.001 – 0.029 mg/L with an average of 

0.009±0.001 mg/L. This value is less than 150 mg/L safe limits giving by EU commission regulation 

[18]. Cr concentration in this study is lower than 0.10 mg/L maximum limit set by WHO/FAO [27]. 

Levels of Ni in all the palm wine sample products analyzed from each  of the study areas were almost 

similar, the slight differences in their concentration were statistically not significant (p<0.5). The mean 

Ni concentration in the sample products is (0.0104±0.0129 mg/L). It is important to note that Ni 

concentrations in all the honey samples investigated were lower than what was obtained by other 

researchers in the similar studies [26]. Nickel apparently has a limited acute toxicity in humans, 

including airway irritation, but the important adverse effects relate to allergic eczema and respiratory 

cancers [18, 26]. Excessive amounts of nickel can be mildly toxic. Long term exposure can cause 

decreased body weight, heart and liver damage and skin irritation; the symptoms of exposure to some 

poisonous nickel compounds include nausea, vomiting, headaches and sleeplessness. The symptoms 

get worse later on from 12 to 24 hours after exposure and include a speeding heart, difficult breathing, 

chest pains and extreme fatigue.     

Table 4: Summary of Trace Heavy Metal Content (mg/L) in Palm Wine Sold in Ogbadibo Local 

Government Of Benue State 

Locations Cd Cr Cu Fe Mn Ni Pb Zn 

Otukpa 

        Mean 0.0021 0.0210 0.0490 0.2142 0.1445 0.0277 0.0152 1.5864 

Std. 0.0009 0.0061 0.0160 0.0209 0.0384 0.0041 0.0048 0.3066 

MIN 0.0011 0.0110 0.0231 0.1789 0.0780 0.0210 0.0110 1.0980 

MAX 0.0042 0.0290 0.0788 0.7650 0.2110 0.0350 0.0280 1.9970 

Orokam 

        Mean 0.0013 0.0019 0.0299 0.1508 0.1572 0.0013 0.0263 1.4998 

Std. 0.0005 0.0008 0.0045 0.0341 0.0559 0.0005 0.0056 0.3603 

MIN 0.0010 0.0010 0.0235 0.1101 0.0890 0.0010 0.0120 1.0110 

MAX 0.0020 0.0030 0.0387 0.1999 0.3210 0.0020 0.0330 1.9970 

OWUKPA 
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Mean 0.0021 0.0033 0.7990 0.1476 0.1305 0.0013 0.0303 1.4998 

Std. 0.0004 0.0013 0.1330 0.0332 0.0269 0.0005 0.0109 0.3604 

MIN 0.0013 0.0020 0.5430 0.1101 0.0890 0.0010 0.0120 1.0110 

MAX 0.0031 0.0060 0.9990 0.1999 0.1750 0.0020 0.0610 1.9970 

ALL SAMPLES 

       Mean 0.0019 0.0090 0.2874 0.1718 0.1441 0.0104 0.0237 1.5299 

Std. 0.0007 0.0096 0.3676 0.0427 0.0421 0.0129 0.0098 0.3344 

MIN 0.0010 0.0010 0.0231 0.1101 0.0780 0.0010 0.0110 1.0110 

MAX 0.0042 0.0290 0.9990 0.2511 0.3210 0.0350 0.0610 1.9970 

Control Samples 

       Mean N.D 0.0012 0.0100 0.0025 0.0026 N.D N.D 0.2000 

Std. N.D 0.0001 0.0010 0.0001 0.0002 N.D N.D 0.0010 

MIN N.D 0.0001 0.0100 0.0020 0.0021 N.D N.D 0.2000 

MAX N.D 0.0013 0.0200 0.0030 0.0032 N.D N.D 0.2500 

 

The mean levels of Cu in the samples studied were 0.2874±0.3679 mg/L. The average Fe concentration 

(0.1718±0.0427 mg/L) was obtained in the palm wine samples studied .Copper, and iron are classified 

as essential to life due to their involvement in certain physiological processes, but elevated levels of 

these elements, however, have been found to be toxic. Copper and Fe form the essential group of 

metals required for some metabolic activities in organisms. High doses of copper can cause anaemia, 

liver and kidney damage, and stomach and intestinal irritation. People with Wilson's disease are at 

greater risk for health effects from over exposure to copper. Mn concentration in all the samples studied 

ranged from 0.078 0– 0.3210 µg/g and higher concentration of Mn was detected in the palm wine 

samples sold along high ways and express roads. Manganese is known to block calcium channels and 

with chronic exposure results in CNS dopamine depletion. This duplicates almost the entire symptom 

logy of Parkinson's disease. 

According to the mean and range values (Table 4) of the Cu, Fe and Mn in the all samples of palm wine 

studied revealed that the levels of these metals were lower than the limit level for standard for World 

Health Organization [24]. 

The mean concentration of Zn in the palm wine samples analyzed ranges from 1.0110 – 1.9970 µg/g. 

Thus in the present study, the highest amount of Zn found in the samples is much lower than the 

permissible level set by FAO, WHO and EU [22, 24]. However, these values are similarly related to 

those reported in several studies [25, 26, and 30]. Although humans can handle proportionally large 

concentrations of zinc, too much zinc can still cause eminent health problems, such as stomach cramps, 

skin irritations, vomiting, nausea and anaemia. Very high levels of zinc can damage the pancreas and 

disturb the protein metabolism, and cause arteriosclerosis [27].  

Table 5: Inter elemental correlation in the studied palm wine 

Metals Cd Cr Cu Fe Mn Ni Pb Zn 

Otukpa 

 

0.7906 0.3617 -0.0753 -0.4161 0.7217 0.0134 -0.7813 

   

-0.1040 0.3291 -0.1794 0.9129 -0.1699 -0.2964 

    

-0.9435 0.2701 -0.2375 0.3253 -0.5351 

     

-0.4865 0.5144 -0.1839 0.2506 

      

-0.4204 -0.1247 0.6263 

       

0.1319 -0.4066 

        

-0.4377 

Orokam 

 

0.2926 0.1901 0.0431 0.3689 0.2132 -0.3478 0.0918 

   

0.1128 -0.4786 -0.1984 -0.0873 0.3287 0.3508 
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-0.1048 -0.3996 0.1447 -0.4642 -0.4143 

     

0.4232 0.1705 -0.3053 0.0980 

      

-0.1166 0.0592 0.3142 

       

-0.1965 0.0311 

        

0.1272 

Owukpa 

 

0.0685 0.3524 -0.1312 0.0614 0.0514 0.1343 -0.4234 

   

-0.3449 0.0897 -0.3658 0.1138 -0.1997 -0.3680 

    

-0.1762 0.4085 -0.0446 0.0542 0.0396 

     

0.0410 0.2446 -0.3604 0.1123 

      

-0.2040 0.1643 0.2574 

       

-0.0438 0.0311 

        

-0.2278 

 From the range and mean values, there is a clear indication that the palm wine products sold in the 

various places including markets, along high ways and express roads in three different areas in 

Ogbadibo local government area of Benue state contained trace heavy metals in various concentrations 

higher than the level in fresh, raw and unprocessed palm wine. There was however no appreciable 

difference in the concentration of heavy metals in all the various palm wine samples studied. Analysis 

of Variances (ANOVA) showed a significant difference (P<0.05) between the concentration of heavy 

metals in the palm wine sold in the various markets and fresh, raw and unprocessed palm wine tapped 

from direct sources. The mean value of heavy metal concentrations of the regularly sold palm wine is 

significantly higher than mean value concentrations observed in freshly raw tapped palm wine. 

 All the palm wine samples contained these heavy metals.  Palm wine serves as a source of income to 

both palm wine tappers and vendors who for the sake of maximizing their profit margin engage in 

various forms of manipulations to the palm wine which leads to adulteration of the product. The 

sources of these heavy metals in the palm wine samples from different areas in Ogbadibo area of the 

Benue state may be attributed to harvesting, processing, packaging, storage containers, dilution with 

contaminated water and other chemical additives to the original palm wine products in order to increase 

the quantity, although this is often denied or even masked by addition of artificial sweeteners and other 

local additive. Indeed one of the most  frequent complaints of palm wine consumers  is the  adulteration  

of  the  product  by  use  of   water   and artificial  sweeteners,  which  sometimes  result  in diarrhoea, 

abdominal pains and stomach problems [28]. Unguided business behaviour and lack of effective 

monitoring of product quality lead to heavy metal contamination of palm wine.  

 Pearson correlation among heavy metals in the palm wine products was calculated to see if some 

metals were interrelated with each other and the results are presented in Table 5. Correlation study of 

the data indicated a weak correlation between some metals determined. Cd/Cu and Mn/Zn shown 

positive correlation, while Cd/Zn and Cu/Zn is negatively correlated.  

Although all the trace heavy metal determined were present in all the palm wine samples analyzed but 

the present concentrations may not pose any serious health hazard but attention should be given Cd, Ni 

and Pb that were presented in palm wine from various markets but not in the palm wine from control. 

Again all parameters examined in the palm wine samples have values that are below or within the 

maximum permissible limit of WHO, FAO and EC Standards, hence the present result may not pose 

any serious health hazard, but attention should be given to Cd and Pb which could be harmful to human 

after prolong exposure to these pollutants even at lower concentration. Therefore maintaining this 

symbolic commodity of immense health values in its original unadulterated form for consumption is 

advocated. 

4.0 Conclusion 

Although palm wine remain vital in human drinks, nutrition and medicinal treatment, we are concerned 

about its adulteration and contamination by toxic elements and the potential risk such contamination 

could pose to the consumers in our locality. The study to evaluate the heavy metal content of palm wine 

is therefore necessary.A comprehensive study of the some heavy metal distributions in palm wine 

product marketed in some of the areas in Ogbadibo local government of Benue state has been 

completed. Eight trace heavy metals have been determined for all the samples. Regularly sold palm 
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wine contained all the heavy metals determined in various concentrations. The presence of some of 

these heavy metals (Cd, Ni, and Pb) in the regularly sold palm wine as opposed to the freshly, raw and 

unprocessed tapped palm wine is certainly a result of adulteration of the product. The study is of the 

view that the continuous drinking of these adulterated palm wine could result in an increase in heavy 

and trace metals in the human body beyond acceptable limits through accumulation. Moreover, palm 

wine have provided basic materials for health benefits of popular foods. It is used in traditional 

medicine and   the most important potential health benefits of food and drink in most part of the 

Nigeria and Africa. Palm wine has been consumed for thousands of years for its supposed health 

benefits.   It is thus a commodity with economic, religious, social and cultural value and hence should 

be maintained in its original unadulterated form. To avoid heavy metals poisoning and high heavy 

metal intake, we advocate consumption of freshly tapped, unadulterated palm wine. 
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