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Abstract
Consumption of alcoholic beverages has been a long-standing tradition that dates back to the use of fruit-based cereals and 
vegetable substrates. Selected international, national, and local-based alcoholic beverages (herbal gin, imported red wine, 
Heineken, imported dry gin, local dry gin, palm wine, Guinness stout, and whisky) were purchased from popular drinking 
joints in Awka metropolis, Anambra state, Nigeria, where questionnaires were administered to respondents in order to get 
the actual consumption rate. Using Atomic Absorption Spectrophotometer (AAS), heavy metals (Cd, Cr, Cu, Fe, Pb, Mn, 
Ni and Zn) were analysed quantitatively. Background references from the World Health Organization (WHO) and the Inter-
national Organization of Grapes and Wines (IOGW) were used to assess contamination and pollution potential in heavy 
metals. After determining the average daily intake (ADI) for non-carcinogenesis and carcinogenesis, the hazard index and 
overall cancer risk were calculated using reference dosage and cancer slope factor. Heavy metal analysis showed that Cu 
and Zn were found to be the most prevalent in all alcoholic beverages. Imported dry gin was highest for Cr, whereas Guin-
ness stout was lowest. Local dry gin (0.936 mg/l) and imported red wine (0.075 mg/l) had the highest concentrations of Cu 
and Fe whereas Heineken (0.024 mg/l) and herbal gin (0.01 mg/l) had the lowest respectively. Local dry gin (0.078 mg/l), 
imported red wine (0.048 mg/l), Heineken (0.009 mg/l), and Guinness stout (0.33 mg/l) had the highest Pb, Mn, Ni, and 
Zn concentrations respectively, whereas Guinness stout (0.022 mg/l), Whisky (0.00 mg/l), imported dry gin (0.001 mg/l), 
and palm wine (0.027 mg/l) had the lowest concentrations respectively. There are no known health risks as a result of the 
contamination and pollution potential. Heineken and palm wine were both above 1 on the hazard index, indicating that there 
were potential health issues. However, cancer risk analysis revealed that all beverages were above the US EPA’s recommended 
range of 1.00E06–1.00E04, implying that cancer-related illness is likely in a population of 1 in 1000 to 10,000 people. As 
a result, alcoholic beverage manufacturers should strive for continuous improvement in order to avoid public health issues.
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1  Introduction

An alcoholic beverage is a beverage that contains ethanol, a 
type of alcohol made by the fermentation of grains, fruits, 
or other sugar sources [1]. Alcohol drinking is common in 
many cultures including the people of South-Eastern Nigeria 
where it is used for therapeutic purposes, oath-taking, enter-
tainment, and during marriages, rituals, and festivals [2]. 

Alcohol is a depressant that promotes euphoria, decreases 
anxiety, and improves sociability at low amounts [3]. Con-
tinuous abuse (long-term overdose) can lead to alcohol dis-
order, increased risk of bodily tissue and systemic damage, 
cancer, and physical dependency (addiction) [4]. It induces 
drunkenness, stupor, unconsciousness, or even death in 
greater dosages. It is a common knowledge that alcohol is 
one of the most often used recreational drugs in the world, 
with approximately 33% of all humans drinking it [5]. As 
a result of this persistent dependence, consumption, and 
demand for alcoholic beverages, the worldwide alcoholic 
business exceeded USD 1 trillion in 2018 [6].

Beers, wines, and spirits with alcohol concentra-
tions ranging from 3 to 50% are categorized as alcoholic 
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beverages [7]. Alcoholic beers include lager, stout, ale, pils-
ner, and others, whereas alcoholic wines include white wine, 
red wine, Malbec, sherry, port, Muscat, etc., and alcoholic 
spirits include gin, brandy, whiskey, vodka, amongst oth-
ers [8]. Due to the constant demand for alcoholic beverages, 
the production to packaging process is a series of quality 
assurance and control requirements where contamination is 
not required to impact the taste, odour, or colour of the bev-
erages in comparison to other ethical and regulatory proce-
dures, but it is nearly impossible to eliminate contaminants 
such as metals, heavy metals, particulate matter (aerosols), 
microbes (viruses, parasites, bacteria, fungi), gaseous emis-
sions (carbon, sulphur, nitrogen, and methane oxides) from 
the entire process. These contaminants have the potential 
to increase toxicity in humans after intake due to numerous 
biochemical processes [9, 10].

Heavy metals, which have a specific density of more than 
5 g cm−3, can be found in all strata of the earth, where they 
are entangled with various natural and anthropogenic activi-
ties. Heavy metals in food, water, soil, and beverages that 
exceed the maximum permissible levels (MPL) constitute 
a health risk to consumers [11]. Exogenous sources (heavy 
metals that come from substances added during production 
and contamination from industrial equipment used for fer-
mentation, conditioning, filtration, carbonation, and pack-
ing) and endogenous sources (natural components such as 
water, yeast, barley used in the production process) are both 
sources of heavy metals in alcoholic drinks [12].

Hence, it is essential to monitor the suitability of con-
sumption of some alcoholic beverages by residents of Awka, 
Anambra State, Nigeria. Due to health concerns regarding 
heavy metal pollution of foods, drinks, waterways, and 
soils, many investigations on groundwater [13–15], surface 
water [16, 17], soil [18, 19], sediments [20, 21], plants and 
vegetables [22–24], and beer [25–29] have been published. 
Nonetheless, there is little or no literature on concentra-
tion levels and risk assessments of heavy metal contamina-
tion of alcoholic beverages consumed in Awka, Anambra 
State, Nigeria. As a result, determining the amounts of heavy 
metals in alcoholic beverages and assessing their carcino-
genic and non-carcinogenic health hazards becomes critical 
for regulatory bodies, and industrial players have a broader 
understanding for action plan and process controls.

2 � Experimental

2.1 � Procurement of Materials

Eight (8) different brands of alcoholic beverage were 
used for the investigations (herbal gin, imported red wine, 
Heineken, imported dry gin, local dry gin, palm wine, Guin-
ness stout, and whisky with sample codes HG, IRW, H, 

IDG, LDG, PW, GS, and W respectively) were purchased 
from popular drinking joints (pubs) at Club Road (popu-
larly called Abakiliki street, Awka, Anambra State, Nigeria. 
Reagents and heavy metal standards used for the analysis 
were purchased from BDH Chemical Ltd, UK, and Sigma- 
Aldrich Chemie GmbH, Germany.

2.2 � Sample Analysis and Quality Control/Quality 
Assurance

Reagents used for the analyses were of high-quality ana-
lytical grade. Detergents and deionized water were used to 
wash the glassware and sample bottles, which were there-
after soaked overnight with equal solutions of 10% HNO3 
and 1% HCl. Thereafter, deionized water was used for final 
rinse. Heavy metal analysis by Atomic Absorption Spectro-
photometric technique as described by Omokpariola et al. 
[30]; Omokpariola and Omokpariola [31]; Okafor et al. 
[32], Okafor [33] and Jorge et al. [34]. Briefly, 10 cm3 of 
perchloric acid and 10 cm3 concentrated HNO3 were added 
to 2 cm3 of the sample in a 250 cm3 beaker. This was boiled 
in a fume cupboard on a hot plate until white vapours began 
to emerge. The digestive system was then recharged and 
heated until white fumes were released. The addition of 20 
cm3 of deionized water was then made. The mixture was 
then boiled for another 20 min until it was particle-free. 
The digested sample was brought down and cooled to room 
temperature under the hood. The filtrate was collected in a 
50 cm3 volumetric flask after being filtered through No. 11 
Whatman filter paper. Before the combined filtrate was made 
up to mark and placed into a sample container, 20 cm3 of 
deionized water was used to rinse the filter paper. Standards 
were made from the salts of the metals to be analysed, and 
lamps for the analysis were set up. This was done for Cd, 
Cr, Cu, Fe, Pb, Mn, Ni, and Zn. The diluents of the sample 
were aspirated into an Agilent AA500F Atomic Absorption 
Spectrophotometer.

All of the samples were examined in triplicate, and the 
metal concentrations were averaged out. The reagent blank, 
as well as reference material, were analyzed for quality con-
trol. The limit of detection (LOD) was determined to be 3 
times the standard deviation (SD) of the blank findings, and 
the limit of quantitation (LOQ) was determined to be 2 times 
the LOD value [35]. The reference material was used to test 
the analytical method's accuracy. Metal recovery rates varied 
from 93.5% for Cd to 105.5% for Ni. The relative standard 
deviation (RSD) of reference material ranged from 0.013 to 
0.155% in terms of repeatability. During the concentration 
computation, a blank reading was used to make necessary 
corrections. The concentrations of the investigated metals 
indicated in the blank tests were taken into account in the 
final results for the respective heavy metals.
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2.3 � Human Health Risk Assessment

2.3.1 � Daily Intake Estimate of Heavy Metals Through 
Alcoholic Beverage Consumption

The average daily intake (ADI) in mg/(kg day) is used to 
quantify the oral exposure dosage for deleterious substances 
and was estimated using Eq. 1 [36].

where C represents heavy metal content (mg/l) IR: ingestion 
rate (L/day), ED: exposure duration (30 years), EF: exposure 
frequency (350 day/year), BW: reference body mass (80 kg), 
and AT: average time (non-carcinogenic = ED × 365 days; 
carcinogenic = 70 × 365).

The ingestion rate (IR) was determined using a ques-
tionnaire that was administered to fifty participants who 
regularly visit the popular drinking joint in Awka in rela-
tion to alcoholic brands purchased. The data obtained from 
respondents were analysed using descriptive statistics such 
as mean and standard deviation (SD) to determine the aver-
age quantity of alcoholic beverages consumed in the study 
area per day.

2.3.2 � Non‑carcinogenic Risk

The human non-carcinogenic risk assessment for local 
people was calculated using the reference dose (RfD) (see 
Table 1) previously established by the Joint FAO (Food and 
Agriculture Organization)/WHO (World Health Organiza-
tion), Expert Committee on Food Additives (ECFA) [37] 
and the United States Environmental Protection Agency (US 
EPA) [38]. The hazard quotient (HQ), a ratio of average 
daily intake (ADI) and RfD [39], characterizes the health 

(1)ADI =
C × IR × ED × EF

BW × AT
,

risk of non-carcinogenic adverse effects due to exposure to 
toxicants is given in Eq. 2:

where RfD is the estimated maximum permissible dose for 
humans through daily exposure. If HQ < 1, adverse health 
effects would be unlikely experienced, whereas potential 
non-carcinogenic effects would occur when HQ ≥ 1 [40]. 
The hazard index (HI) is calculated to evaluate the potential 
risk of adverse health effects from a mixture of chemical ele-
ments in alcoholic drinks. The HI was calculated as the sum 
of HQ [41] (assuming additive effects) as shown in Eq. 3.

If HI < 1, chronic risks are assumed to be unlikely to hap-
pen, whereas non-cancer risks are likely to occur in case 
HI ≥ 1 [42].

2.3.3 � Carcinogenic Risk

The cancer risk (CR) was calculated by multiplying the aver-
age daily intake over a lifetime with a cancer slope factor 
(SF) according to Eq. 4. CR is estimated as the incremental 
probability of an individual developing cancer over a life-
time. For example, a CR of 10–4 indicates a probability of 
1 in 10,000 individuals developing cancer [43]. The CR of 
local people caused by potential carcinogen exposure over 
a lifetime was calculated according to the following equa-
tion [39]:

If multiple carcinogenic elements are present, the can-
cer risks (CRt) from all carcinogens are summed (assum-
ing additive effects). Risks in the range of 10–6 to 10–4 are 
acceptable [41]. Cr, Cd, and Ni were treated as potential car-
cinogenic contaminants, whereas Pb and Mn were regarded 
as non-carcinogenic elements, based on the order of clas-
sification group defined by the International Agency for 
Research on Cancer [44]. Table 1 shows the oral RfD and 
SF values for heavy metals in food.

2.3.4 � Contamination and Pollution Indicators

The impact of different processes can affect the quality of 
alcoholic beverages using different toolkits such as contami-
nation factor (CF), degree of contamination (Cdeg), pollu-
tion load index (PLI), and Nemerow pollution index (NPI), 

(2)HQ =

ADI

RfD
,

(3)H I =

∑

HQ.

(4)CR = ADI × SF,

(5)CRt =
∑

CR.

Table 1   Reference doses (RfD) and slope factors (SF) of eight heavy 
metals

*International Agency for Research on Cancer
Source: Zeng et  al. [45]; Vetrimurugan et  al. [46]; Edokpayi et  al. 
[47]; Boateng et al. [48]

Heavy metal Classification 
by IARC*

RfD (mg/kg/day) SF (mg/kg/day) −1

Cd 1 5 × 10–4 6.3
Cr 1 3 × 10–3 5 × 10–1

Cu – 4 × 10–2 –
Fe – 7 × 10–1 –
Pb 2B 3.6 × 10–3 8.5 × 10–3

Mn – 1.4 × 10–1 –
Ni 1 8.4 × 10–1 2 × 10–2

Zn – 3 × 10–1 –
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as described extensively by Okafor et al. [49] and Umeh 
et al. [50].

2.4 � Statistical Analysis

The statistical analysis was performed in R software version 
4.1.1 (R Core Team 2021) [51, 52]. Microsoft Excel 2019 
was used to plot the graph (Pareto chart, percentage stark 
column) and assess statistical evaluation with XReal Stats 
add-ins package for Windows performed at p value = 0.05 
significant level.

3 � Results and Discussion

3.1 � Method Validation

Table 2 presents the findings of the method's sensitivity. 
Regression (R2) values should be more than 0.995 in order 
to be considered acceptable, according to [53] and [54]. The 
R2 for all metals was in the 0.9959 to 0.9996 range, showing 
acceptable linearity, good correlation, and hence good cali-
bration of the device. For Cd, Cr, Cu, Fe, Pb, Mn, Ni and Zn 
respectively, the LOD values were 0.15, 1.25, 0.31, 0.003, 
0.27, 1.09, 0.22 and 0.003 mg/l, whereas the LOQ values 
were 0.30, 2.50, 0.62, 0.006, 0.54, 2.18, 0.44 and 0.006 mg/l. 
These values show that the instrument could be sensitive as 
they are lower than the maximum allowable limit for these 
metals in alcohols.

Table 3 presents the results of the tests for precision and 
accuracy. The average percentage recoveries for the metals 
under study in the beverages varied from 93.50 to 105.50%, 
which is within the permissible recovery value range of 
80–120% for metal analysis [55]. The % RSD for precision 
determination ranged from 0.013 to 0.155% (Table 3), which 
was under the acceptable limits of ≤ 11% [56]. Further used 
to monitor precision was the coefficient of variation (CV). 
The World Health Organization [57] states that the CV value 

should be less than 5%. Table 3 shows the CV range for all 
metals, which is 0.20 to 4.13%. Therefore, based on these 
findings, it can be concluded that the proposed method had 
good metal determination precision and accuracy.

3.2 � Heavy Metals Concentration in the Alcoholic 
Beverages

The amount of heavy metal contamination in alcoholic bev-
erages is affected by the raw materials utilized, the fermen-
tation and brewing process, storage, and equipment used 
in the packaging process [58]. Table 4 and Fig. 1 show 
the concentrations of Cd, Cr, Cu, Fe, Pb, Mn, Ni, and Zn. 
The maximum permissible limit (MPL) of some metals, as 
depicted by the International Organization for Grapes and 
Wines and World Health Organisation [59, 60], showed that 
levels of Cu, Fe, Pb, Mn, Ni, and Zn were within the per-
missible limit, whereas Cd in IDG, LDG, and W alcoholic 
beverages exceeded MPL, and IDG's Cr value was above 
the PML of 0.05 mg/l. A deeper look at Table 4 reveals 
that IDG was highest for Cr, whereas GS was lowest. LDG 
(0.936 mg/l) and IRW (0.075 mg/l) had the highest concen-
trations of Cu and Fe, respectively, whereas H (0.024 mg/l) 
and HG (0.01 mg/l) had the lowest. LDG (0.078 mg/l), IRW 
(0.048 mg/l), H (0.009 mg/l), and GS (0.33 mg/l) have the 
highest Pb, Mn, Ni, and Zn concentrations respectively, 
whereas GS (0.022 mg/l), W (0.00 mg/l), IDG (0.001 mg/l), 
and PW (0.027  mg/l) have the lowest concentrations 
respectively.

The Cd, Cr, Pb, and Ni concentrations in PW were 
higher than those of Richard et  al. [61] who detected 
no concentration of these metals (Cd, Cr, Pb, and Ni) 
in their analysis whereas Fe (0.554–0.983 mg/l) and Zn 
(0.157–0.319 mg/l) also obtained by the same authors were 
higher than the result of this present study, which they 
attributed to location, preparation procedure, and storage 
containers. The concentrations of Cu and Fe were greater 
than those obtained by Charehez et al. [62] who detected 
Cu (14.99–137.94 µg/l) and Fe (392–1454.14 µg/l), as they 

Table 2   Regression (R2), limit of determination (LOD) and limit of 
quantification (LOQ) of each metal determined by AAS in alcoholic 
beverages

Heavy metal R2 LOD (mg/l) LOQ (mg/l)

Cd 0.9959 0.15 0.30
Cr 0.9978 1.25 2.50
Cu 0.9996 0.31 0.62
Fe 0.9979 0.003 0.006
Pb 0.9988 0.27 0.54
Mn 0.9967 1.09 2.18
Ni 0.9989 0.22 0.44
Zn 0.9996 0.003 0.006

Table 3   Accuracy and precision test results of metals for alcoholic 
beverages

Heavy metal Recovery (%) RSD (%) CV (%)

Cd 93.50 ± 2.02 0.057 0.28
Cr 96.38 ± 1.80 0.013 0.68
Cu 101.29 ± 0.53 0.123 0.20
Fe 95.37 ± 1.22 0.096 0.78
Pb 98.45 ± 2.13 0.155 3.25
Mn 99.72 ± 0.35 0.137 4.13
Ni 105.50 ± 2.84 0.084 2.30
Zn 99.05 ± 1.96 0.103 0.55
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ascribed that the fermentation process of barley, rye, oat 
and wheat used in alcoholic beverage production absorb 
these elements from the soil leading to an increase in toxic 
concentration in beers.

The cadmium (Cd) concentration in selected alcoholic 
beverages showed that gins and spirit were slightly above 
MPL of 0.01 mg/l which was similar to Bodo rice beer 
which ranged between 0.004 and 0.010 mg/l [58], as Van-
Wyk et al. [63] assessment in spirit and beer beverages. 
Extensive studies have shown that cadmium exposure can 
lead to different types of cancer-related illnesses including 
lungs, prostate, nasopharynx, pancreas, and kidney, as cad-
mium contamination are predominantly from groundwater 
contamination from industrial effluents [64–67].

The Cr concentration of IDG was above MPL of 
0.05 mg/l, while others were below MPL as Van-Wyk et al. 
[63] assessments of commercial brandies, spirits, and wines 
were within a reasonable limit. The usage of electroplated 
chromium alloys has the ability to contribute to chromium at 
insignificant concentrations as high chromium levels could 
come via storage or fermentation processes in stainless steel, 
or via pigmentation of stainless bottles and severe tempera-
tures [64, 68].

The concentration of Fe was within the MPL limit of 
0.30 mg/l (WHO 2017), which was lower than that reported 
by Van-Wyk et al. [63] (19.167–632.361 µg/l) and Okareh 
et al. [69] (720–4220 µg/l). Fe can come via water/process 
container leaching, and in high enough concentrations, it 

Table 4   Heavy metal (mg/l) concentration of alcoholic beverage

All data are presented in mg/l. No data—analytical data unavailable
MPL maximum permissible limits of heavy metals as specified by International Organization for grapes and wines (OIV, 2008)a, World health 
organization for drinking water (WHO, 2017)b

Alcoholic drink Cadmium (Cd) Chromium (Cr) Copper (Cu) Iron (Fe) Lead (Pb) Manganese (Mn) Nickel (Ni) Zinc (Zn)

HG 0.002 0.022 0.092 0.01 0.059 0.008 0.006 0.051
IRW 0.005 0.017 0.053 0.075 0.044 0.048 0.003 0.297
H 0.009 0.045 0.024 0.073 0.05 0.004 0.009 0.137
IDG 0.011 0.064 0.134 0.012 0.044 0.002 0.001 0.125
LDG 0.011 0.024 0.936 0.015 0.078 0.005 0.002 0.091
PW 0.008 0.018 0.116 0.027 0.04 0.003 0.005 0.027
GS 0.006 0.01 0.04 0.022 0.022 0.008 0.003 0.33
W 0.011 0.032 0.072 0.012 0.052 No Data 0.008 0.157
MPL 0.01a 0.05b 1.00a 0.30b 0.20a 0.40b 0.02b 5a

Fig. 1   Percentage stark column 
of heavy metals in alcoholic 
beverages
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can give the beverage an unpleasant taste. Although it is an 
essential element in the human body for blood formation and 
oxygen transfer, iron poisoning or overdose from accumula-
tion in the human body can cause nausea, gastrointestinal 
pain, diarrhea, hepatic failure, multiple organ failure, and 
even death [63, 70–72].

It is seen from the Table that Pb was within MPL, but it is 
known that Pb is a non-essential element with no good effect 
and is classified as a carcinogen with public health concern 
for causing harmful health disorders. Pb could come through 
product handling and storage equipment, and it’s impossi-
ble to rule out soil contamination via automotive emissions, 
contaminated irrigation sources, and pesticide use [70].

Mn levels were lower than MPL of 0.40  mg/l in all 
samples, and also were lower than Doudu et  al. [73] 
which ranged from 0.152 to 0.808 mg/l in comparison to Van 
Wyk et al. [63], Amidži et al. [74] and, Woldemariam and 
Chandravanshi [68]. Mn levels exceeding 0.1 mg/l in water 
supplies, according to WHO [60], can affect the taste and 
odour of alcoholic beverages, as well as cause colour and 
turbidity concerns. Mn is a nutritionally significant metal 
that aids bone formation, lowers bleeding, and improves 
central nervous system performance. Mn contamination 
exceeding 0.2 mg/l can be caused by leaching from process 
and storage water [70].

The concentration of Ni was below MPL of 0.02 as shown 
in Table 4, which was higher than that documented by Osei 
et al. [70] in local alcoholic beverages in Accra, Kumasi, 
and the north of Ghana, as Abdel-Rahman et al. [75] had 
similar high concentration in fruit juice and yoghurt drinks 
in Egypt in tandem with Doudu et al. [73], as it is reported 
that high nickel above a reasonable concentration can cause 
lung and nasal cavity cancer, dizziness, asthma, and allergies 
[76]. Despite the fact that the Ni content was lower than the 
MPL, bioaccumulation could occur across diverse alcoholic 
beverages [77].

The Zn concentration in this study ranged from 0.051 
to 0.33 mg/l, which was lower than the MPL of 5 mg/l, as 
reported by Doudu et al. [73], who found Zn levels in pito 
alcoholic beverages in Accra, Ghana, ranging from 0.456 
to 0.910 mg/l, and Harmankaya et al. [78], who observed 
Zn levels in alcoholic beverages in Turkey ranging from 
0.19 to 8.62 mg/kg. Zn is a vital nutrient for human growth, 
development, and well-being [79] which could come in bev-
erages from process water and its substrates, according to 
Gazuwa et al. [80], because severe amounts beyond the MPL 
of 5 mg/l can cause prostate enlargement [81].

3.3 � Pareto Analysis of Alcoholic Beverages

Single-factor Pareto chart was conducted to assess the rela-
tionship, which allows for rapid identification of variables 
accessed (Cd, Cr, Cu, Fe, Pb, Mn, Ni, and Zn) in alcoholic 

beverages (HG, IRW, H, IDG, LDG, PW, GS, and W) [82] 
consumed in Awka, South-East Nigeria. Figure 2a–d, e–h 
shows the Pareto chart evaluated, as we can see, Cu was 
dominant across the HG, IDG, LDG, and PW between 80 
and 92% cumulative variance, while Zn was dominant in 
IRW, H, GS and W between 82 and 90% cumulative vari-
ance, whereas other heavy metals fell below 60%. Cu and 
Zn impacted the Pareto line with a steady increase from 36 
to 100% across all alcoholic beverages from heavy metals.

3.4 � Contamination and Pollution Potential 
of Alcoholic Beverages

Contamination and pollution are misused terms that are mis-
interpreted across various environmental and health-related 
discussions, but contamination is the presence of foreign 
materials or substances from adulteration above the recom-
mended background limit, whereas pollution is contamina-
tion that has an adverse effect, as contamination factor (CF) 
conducted shows that Cd was a major contaminant, while 
Cr was present across the accessed samples (Table 5). Cd 
and Cr contamination was found in IDG, LDG, and W due 
to the usage of process instruments and storage utensils, 
while other heavy metals were found at levels that were 
almost negligible when compared to the reference back-
ground values. The degree of contamination (Cdeg) was 
assessed to know the impact of contamination factor (CF) 
assessed in terms of anthropogenic or natural contamination, 
as such, using the rationale for assessing Cdeg: low Cdeg 
(0–2), medium Cdeg (> 2–4), high Cdeg (> 4–8), Table 5 
shows that HG, IRW, PW, and GS had low Cdeg, whereas 
other alcoholic beverages were within medium Cdeg from 
the cumulative influence of all heavy metals in each of the 
alcoholic beverages [83, 84].

The pollution load index (PLI) is the arithmetic mean of 
CF to the nth number of heavy metal contaminants of inter-
est, with PLI < 1 indicating no pollution and PLI > 1 indicat-
ing pollution, which shows that all alcoholic beverages were 
not polluted in anyway (Table 5), which implies no associ-
ated illness will be predominant [85]. Nemerow pollution 
index (NPI) assesses the effect of heavy metal pollution from 
contamination influences using the arithmetic mean of CF 
and maximum CF. NPI is graded as NPI < 1 (unpolluted), 
1 ≤ NPI < 2.5 (slightly polluted), 2.5 ≤ NPI < 7 (moderately 
polluted) and NPI > 7 (heavily polluted). From Table 5 and 
according to NPI, it is observed that all the beverages were 
free of pollution by any heavy metal, although it is nearly 
impossible to eliminate heavy metals from a variety of pro-
cesses involved in the production of alcoholic beverages, 
quality assurance and control regulations require that pro-
cess plants involved in food and beverage production be reg-
ularly cleaned at all times to maintain high standards [86].
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3.5 � Human Health Risk Assessment

A health risk assessment can be used to prioritize and rank 
contaminants of interest, as well as devise a strategy for 
avoiding exposure. Risk is known as toxicity or severity 
versus toxicity, as risk assessment is currently an impor-
tant topic that is being discussed extensively because of 
numerous exposures to contaminant above reasonable or 
background values that is within tolerable levels [87, 88]. 

Therefore, the influence of human-based exposures has been 
studied extensively by US EPA, WHO, IARC, Canadian. 
Environmental protection agency (CEPA), European Envi-
ronmental Agency (EEA) and other partner countries have 
developed a number of exposure pathways, which include 
oral (ingestion), dermal (skin contact), inhalation and injec-
tion that are dependent of water, food, aerosol particulate, 
pharmaceutical skin peels, and medical procedures in tan-
dem with injection [44, 89]. The extent of toxicity as earlier 

Fig. 2   a–d Pareto chart of heavy 
metal components in alcoholic 
beverages (HG, IRW, H, IDG). 
e–h Pareto chart of Heavy metal 
components in alcoholic bever-
ages (LDG, PW, GS, W)
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stated related to average daily intake or chronic daily intake 
from a number of factors, which are age, sex, body weight, 
exposure amount, exposure frequency, and time that invari-
ably can lead to adverse health issues or vice versa [90–92].

The average daily intake (ADI) of heavy metals was eval-
uated in relation to the amount consumed by the participants 
in Awka metropolis, South-East Nigeria as shown in Table 6, 
to get the possible daily intake of each of the heavy metals 
from non-carcinogenic and carcinogenic standpoints, thereby 
leading to probable health effect or cancer risk (Table 7). 
The non-carcinogenic average daily intake (NC-ADI) shows 
that the range of all heavy metals in assessed alcoholic 
beverages are cadmium (3.31E-05–4.11E-04), chromium 
(2.37E-04–1.34E-03), copper (7.16E-04–9.26E-03), iron 
(1.47E-0–2.18E-03), lead (5.38E-04–2.06E-03), manganese 
(No data–1.20E-03) nickel (1.22E-05–2.69E-04) and zinc 
(8.44E-04–1.09E-02). The carcinogenic average daily intake 
(C-ADI) ranges are cadmium (1.42E-05–1.76E-04), chro-
mium (1.02E-04–5.76E-04), copper (3.07E-04–3.97E-03), 
iron (6.29E-05–9.34E-04), lead (2.31E-04–8.82E-04), man-
ganese (No data–5.14E-04) nickel (5.24E-06–1.15E-04) and 
zinc (3.62E-04–4.68E-03).

The non-carcinogenic average daily intake (NC-ADI) and 
carcinogenic average daily intake (C-ADI) were assessed 

using RfD and cancer SF, as stated in Table 1 to get the 
hazard quotient and cancer risk. Hazard quotient and hazard 
index are unitless values that depict the associated adverse 
health effect from heavy metal exposure. From the present 
study (Table 7 and Fig. 3), the concentration of Cd, Cr, Cu, 
Fe, Pb, Mn, Ni, and Zn showed that hazard quotients were all 
less than one (1) across all alcoholic beverages, as the hazard 
index (total hazard quotient) showed that H (1.48) and PW 
(1.89) were above one (1), which implies significant health 
effect or illness is possible for a period of time, whereas 
HG (0.51), IRW (0.80), IDG (0.73), LDG (0.75), GS (0.80) 
and W (0.97) were less than one (1) indicating no appar-
ent potential health risk such as intoxication, drunkenness, 
vomiting, overdose in tandem to death, oxidative damage, 
chronic inflammatory diseases, premature aging and lung 
embolism [63, 79, 93–95].

The cancer risk (Table  8) evaluates the incremental 
chance that a respondent (adult) develops cancer-based 
issues over a period of time from a carcinogen [93, 95].

It is evidence from Fig. 4 that the risk total of the heavy 
metals (Cd, Cr, Pb, and Ni) were above the recommended 
limit of 1.00E-06–1.00E-04), which implies that HG, IRW, 
IDG, LDG, GS, and W can lead to significant cancer risk 
for an adult population of 1 in 10,000, whereas H and PW 

Table 5   Contamination factor (CF), degree of contamination (Cdeg), pollution load index (PLI) and Nemerow pollution index (NPI) of alcoholic 
beverages

Ref. Reference utilized using International Organization for grapes and wines (OIV 2008) [52], World health organization for drinking water 
(WHO 2017) [58]

Table 6   Mean quantity (liters/
day) of beverages consumed per 
day for different brands

Beverage Sample ID Number of respond-
ents (N)

Mean ± SD

Herbal gin (Action BittersR) HG 50 1.38 ± 1.01
Imported Red wine (Baron De VallaR) IRW 50 2.09 ± 1.59
Heineken H 50 2.49 ± 1.88
Imported dry gin (Lord’s GinR) IDG 50 1.02 ± 0.67
Local dry gin LDG 50 0.83 ± 0.61
Palm wine PW 50 4.29 ± 2.01
Guinness stout GS 50 2.76 ± 1.14
Whisky W 50 1.62 ± 0.64
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will impact 1 in 1000 population. Heavy metals have the 
potential to cause cancer risk. For example, in a study con-
ducted by Middleton et al. [96], the authors averred that 
alcohol intake above 2 bottles has the potential to cause 
prostate cancer in males. In addition, excessive alcohol 
intake can cause the initiation of diverse cancer types such 
as breast, lungs, nasopharynx, pancreatic, kidney, stomach, 
and liver cirrhosis [97–100].

Except for a few literature reports by Izah et al. [101] 
on concentration and potential health implications of bever-
ages consumed in Nigeria, Iwegbue et al. [77] on a survey 
of metal profiles in some traditional alcoholic beverages in 
Nigeria, Orisakwe et al. [102] on the copper, selenium, and 
zinc content of canned and non-canned beverages in Nige-
ria, and Maduabuchi et al. [103] on iron, manganese, and 
nickel exposure from beverages in Nigeria and public health 

Table 7   Non-carcinogenic average daily intake (NC-ADI) and carcinogenic average daily intake (C-ADI) of heavy metals from consumption of 
alcoholic beverages

No data analytical data unavailable

Non carcinogenic average daily intake (NC-ADI)

Alcoholic drink Cadmium Chromium Copper Iron Lead Manganese Nickel Zinc

HG 3.31E-05 3.64E-04 1.52E-03 1.65E-04 9.76E-04 1.32E-04 9.92E-05 8.44E-04
IRW 1.25E-04 4.25E-04 1.32E-03 1.87E-03 1.10E-03 1.20E-03 7.50E-05 7.42E-03
H 2.69E-04 1.34E-03 7.16E-04 2.18E-03 1.49E-03 1.19E-04 2.69E-04 4.09E-03
IDG 1.34E-04 7.82E-04 1.64E-03 1.47E-04 5.38E-04 2.45E-05 1.22E-05 1.53E-03
LDG 1.09E-04 2.37E-04 9.26E-03 1.48E-04 7.71E-04 4.94E-05 1.98E-05 9.00E-04
PW 4.11E-04 9.26E-04 5.96E-03 1.39E-03 2.06E-03 1.54E-04 2.57E-04 1.39E-03
GS 1.98E-04 3.31E-04 1.32E-03 7.28E-04 7.28E-04 2.65E-04 9.92E-05 1.09E-02
W 2.14E-04 6.21E-04 1.40E-03 2.33E-04 1.01E-03 No Data 1.55E-04 3.05E-03

Carcinogenic average daily intake (CADI)

Alcoholic drink Cadmium Chromium Copper Iron Lead Manganese Nickel Zinc

HG 1.42E-05 1.56E-04 6.52E-04 7.09E-05 4.18E-04 5.67E-05 4.25E-05 3.62E-04
IRW 5.36E-05 1.82E-04 5.68E-04 8.03E-04 4.71E-04 5.14E-04 3.21E-05 3.18E-03
H 1.15E-04 5.76E-04 3.07E-04 9.34E-04 6.40E-04 5.12E-05 1.15E-04 1.75E-03
IDG 5.76E-05 3.35E-04 7.02E-04 6.29E-05 2.31E-04 1.05E-05 5.24E-06 6.55E-04
LDG 4.66E-05 1.02E-04 3.97E-03 6.36E-05 3.31E-04 2.12E-05 8.48E-06 3.86E-04
PW 1.76E-04 3.97E-04 2.56E-03 5.95E-04 8.82E-04 6.61E-05 1.10E-04 5.95E-04
GS 8.51E-05 1.42E-04 5.67E-04 3.12E-04 3.12E-04 1.13E-04 4.25E-05 4.68E-03
W 9.15E-05 2.66E-04 5.99E-04 9.99E-05 4.33E-04 No Data 6.66E-05 1.31E-03

Fig. 3   Hazard Index of alco-
holic beverages
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concern, this study is likely the first of its kind in terms of 
evaluating heavy metal contamination in alcoholic beverages 
consumed in Awka, South-East Nigeria. Furthermore, the 
health and environmental risks of these toxic metals have 
been detailed in this work, raising an important alarm for 
government regulatory agencies, industrial players, alcoholic 
beverage consumers, and other beverage industry stakehold-
ers to have a broader understanding of action plans and pro-
cess controls.

4 � Conclusion

The heavy metal composition of alcoholic beverages in 
Awka, Nigeria is unknown from empirical reviews as 
this study assessed the concentrations of Cd, Cr, Cu, Fe, 
Pb, Mn, Ni, and Zn metals. Interesting dissimilarities 
were seen as Cu and Zn were the predominant contami-
nants possible from process water, production tools, and 

Table 8   Hazard index and risk total of heavy metals from consumption of alcoholic beverages

No CSF absence of cancer slope factor; No data analytical data unavailable

Alcoholic Hazard Quotient (HQ) Hazard

drink Cadmium Chromium Copper Iron Lead Manganese Nickel Zinc Index

HG 6.62E-02 1.21E-01 3.80E-02 2.36E-03 2.79E-01 9.45E-04 1.18E-04 2.81E-03 5.11E-01
IRW 2.50E-01 1.42E-01 3.31E-02 2.68E-02 3.14E-01 8.57E-03 8.93E-05 2.47E-02 7.99E-01
H 5.37E-01 4.48E-01 1.79E-02 3.11E-02 4.26E-01 8.53E-04 3.20E-04 1.36E-02 1.48E + 00
IDG 2.69E-01 2.61E-01 4.10E-02 2.10E-03 1.54E-01 1.75E-04 1.46E-05 5.09E-03 7.32E-01
LDG 2.18E-01 7.91E-02 2.31E-01 2.12E-03 2.20E-01 3.53E-04 2.35E-05 3.00E-03 7.54E-01
PW 8.23E-01 3.09E-01 1.49E-01 1.98E-02 5.88E-01 1.10E-03 3.06E-04 4.63E-03 1.89E + 00
GS 3.97E-01 1.10E-01 3.31E-02 1.04E-02 2.08E-01 1.89E-03 1.18E-04 3.64E-02 7.97E-01
W 4.27E-01 2.07E-01 3.50E-02 3.33E-03 2.88E-01 No Data 1.85E-04 1.02E-02 9.71E-01

Alcoholic Cancer Risk (CR) Risk –

drink Cadmium Chromium Copper Iron Lead Manganese Nickel Zinc Total

HG 8.93E-05 7.80E-05 No CSF No CSF 3.56E-06 No CSF 8.51E-06 No CSF 1.79E-04
IRW 3.37E-04 9.10E-05 No CSF No CSF 4.01E-06 No CSF 6.43E-06 No CSF 4.39E-04
H 7.25E-04 2.88E-04 No CSF No CSF 5.44E-06 No CSF 2.30E-05 No CSF 1.04E-03
IDG 3.63E-04 1.68E-04 No CSF No CSF 1.96E-06 No CSF 1.05E-06 No CSF 5.34E-04
LDG 2.94E-04 5.09E-05 No CSF No CSF 2.81E-06 No CSF 1.70E-06 No CSF 3.49E-04
PW 1.11E-03 1.98E-04 No CSF No CSF 7.49E-06 No CSF 2.20E-05 No CSF 1.34E-03
GS 5.36E-04 7.09E-05 No CSF No CSF 2.65E-06 No CSF 8.51E-06 No CSF 6.18E-04
W 5.77E-04 1.33E-04 No CSF No CSF 3.68E-06 No Data 1.33E-05 No CSF 7.27E-04

Fig. 4   Risk total of alcoholic 
beverages
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packaging devices that have the potential to cause intense 
taste, odour, colour, and flavouring, in addition to adverse 
health issues from consumption. The concentrations were 
subjected to contamination and pollution potential, which 
showed no form of contamination across the diverse alco-
holic brands. The average daily intake was evaluated using 
a consumption rating of each alcoholic brand to determine 
the hazard index and risk total, as HL and PW were more 
dominant than other brands such as HL, IRW, IDG, LDG, 
GS, and W. Therefore, carcinogenic risk shows that all 
respondents are at risk of having probable cancer disease 
from a population of 1 in 1000 to 10,000 people. Con-
sequently, industrial players and regulatory agencies are 
advised to constantly follow food and beverage guidelines 
as required from an ethical standpoint to safeguard the 
health and wellbeing of consumers of alcoholic beverages.
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