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ABSTRACT 

Background and Purpose: Soft drinks are commonly consumed globally. Due to high 

demand, regulatory protocols may be breached thereby leading to contamination with heavy 

metals. In this study, we determined the content of five heavy metals in some Nigerian soft 

drinks and estimated their potential health risks.  

Methods: Atomic absorption spectroscopy (AAS) was used to determine the concentrations 

of magnesium, aluminum, lead, arsenic, and zinc. Twelve (12) soft drinks (labeled B1–B12) 

were used. After the AAS, parameters such as target health quotient (THQ), average daily 

intake (EDI), and chronic daily intake (CDI) were evaluated. 

Results: The level of arsenic found in all soft drinks ranged from 0.001-0.0603 mg/L, as 

against the 0.01 mg/L maximum contaminant level (MCL) standard. Lead was 0.001-

0.023mg/L (MCL is 0.01 mg/L) and within the MCL except in one sample (0.023 mg/L). 

Aluminum levels ranged from 0.001-2.0491 mg/L except in one sample (0.001 mg/L) and 

the WHO limit is 0.02 mg/L. The concentration range for magnesium was 0.6954-2.4341 

mg/L versus the standard limit of 0.02 mg/L. The THQ values of aluminum were 

significantly different from the values of other heavy metals. The order of abundance of the 

metals was: Mg > Zn > Al > Pb > As. Arsenic and lead were found in relatively small 

concentrations compared to the other metals. The THQ value of aluminum in most of the 

samples was higher than normal.  

Conclusion: The concentration of magnesium was above the acceptable limits in all the soft 

drinks. All the heavy metals, except aluminum, were within acceptable THQ limits. The high 

values of magnesium and aluminum underscores the need for quality control measures 

during production. 
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INTRODUCTION 

 

INTRODUCTION 

Energy or soft drinks are refreshing non-alcoholic drinks 

with a sweet taste. They are consumed globally regardless 

of age, gender, or socioeconomic status due to 

affordability, flavor, and rehydrating effect (Sikalidis et 

al., 2020). Carbonated water is combined with sugary 

syrup made from fruit or plant extracts (Ferraro et al., 

2013). Due to the strong demand for soft drinks, 

production is high, and good manufacturing practices may 

be compromised thereby leading to possible contamination 

with heavy metals. These metals are often difficult to clear 

from the body, and thus build up over time, causing 

diseases like cancers, cardiovascular disorders, 

neurological damage, lung disorders, kidney failure, 

memory loss, and mental disabilities (Malik et al., 2006). 

The drinks are frequently served at festivals, funerals, and 

wedding ceremonies, as well as at public places like 

markets, motor parks, hospitals, and restaurants 

(Tchounwou et al., 2012). Soft drinks provide vitamins, 

phosphates, acids, antioxidants, and other nutrients to the 

body (Kregiel, 2015). It is conceivable that the quality of 

the beverages may be compromised during the fast 

production process due to high demand. Previous studies 

have detected some heavy metals above the acceptable 

limits in soft drinks (Tchounwou et al., 2012). 

Contamination of water with heavy metals occurs during 

the manufacturing of beverages (Izah et al., 2016; Balali-

Mood et al., 2018). 

The global soft drink market was expected to increase by 

449.6 billion dollars in 2019, with an annual growth rate 

of about 5.8%. In 2007, Nigerians consumed more than 

159.85 g of soft drinks per day (Godwill et al., 2015). As 

the rate of consumption of soft drinks is on the rise there 

are continuous product innovations in terms of ingredients, 

formulations, exceptional taste, and other aspects to satisfy 

the consumer market (Dorota, 2015).  

Heavy metals are among the natural elements with high 

atomic numbers, which have densities five times greater 

than that of water (Tchounwou et al., 2012; Izah et al., 

2016). A wide variety of foods, such as tea, burgers, 

herbal drinks, bread, cakes, fisheries, condiments, fruits, 

vegetables, and beverages contain them (Mattila et al., 

2000; Ubuoh, 2013). Although human health and that of 

other living organisms depend on certain essential 

elements (Singh et al., 2011; Woyessa et al., 2015), their 

levels in food and soft drinks frequently consumed ought 

to be monitored due to their biotoxic effect and potential 

carcinogenicity (Izah et al., 2016). These metals have been 

shown to disrupt nucleic acids, cause mutations, and 

mimic hormones to disrupt the endocrine and reproductive 

systems as well as cause cancer (Jarup, 2003; Monisha et 

al., 2014; Duffus, 2015).  

Some of the most important heavy metals are iron, zinc, 

copper, cobalt, chromium, and manganese (Singh et al., 

2011; Izah et al., 2016). Daily requirements for these 

metals are: manganese (2 to 5 mg); chromium (0.005 mg 

to 0.0001 mg); zinc (15 to 20 mg); iron (1 to 2 mg); and 

copper (2 to 5 mg) (Singh et al., 2011; Izah et al., 2016). 

Food and water are the main sources of heavy metal 

ingestion (Ubouh, 2013; Magomya et al., 2015). 

Regulatory agencies such as the National Agency for Food 

and Drug Administration and Control (NAFDAC) in 

Nigeria, and the US Environmental Protection Agency 

routinely monitor the spectrum of heavy metal toxicity in 

beverages such as soft drinks, using the maximum 

contaminant level goal (MCLG) to ensure health 

protection (Iloms et al., 2018; Tchounwou et al., 2012). 

As a result, it is permissible to allow for marginal safety 

while establishing an enforceable public goal and 

maximum contamination level (MCL), which is the 

maximum quantity of a pollutant that can be present in 

water (Adepoju-Bello et al., 2012; Engwa et al., 2015; 

Woyessa, 2015). Thus, heavy metals exceeding the limits 

prescribed in Nigeria's water quality standards are deemed 

harmful to human health (Izah 2016). The oxidative states 

of the ions (Zn2+, Cd2+, Pb2+, As2+, As3+, Ag+, Hg2+, etc.) 

that are formed in the acidic medium of the stomach may 

easily create strong and stable interactions with biological 

molecules like proteins and enzymes. The most prevalent 

functional groups that heavy metals bind to are thiol 

groups (SH of cysteine and SCH3 of methionine). In vitro 

studies have shown that cysteine residues in the active 

sites of thiol-transferases including thioredoxin reductase, 

glutathione reductase, and thioredoxin, as well as 

glutathione itself, inhibit human enzymes (Chrestensen et 

al., 2000). 

To know the type and concentrations of heavy metals in 

soft drinks, several analytical methods including atomic 

absorption spectrometry (AAS) are used (Ere et al., 2020). 

The purpose of this study was to use AAS to quantify the 

heavy metals present in some Nigerian soft drinks and to 

assess the health concerns they might pose. 

METHODS 

Sample Collection and Decontamination 

The following twelve (12) brands of soft drinks were used 

for the study: Coke, Schweppes, Lucozade boost, 5-Alive, 

Zero Fanta, Lacasera, Nutri-milk, Blue-bullet, Ribena, 

Sprite, Amstel malt, and Fearless energy drink. They were 

purchased from several supermarkets in Lokoja, Kogi 

State, Southwest Nigeria, and were each assigned a code 

ranging from B1 to B12. Lokoja has three major markets 

which are the New Market (International Market), the Old 
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Market, and Kpata Market. The city lies about 7.8023° 

North of the equator and 6.7333° East of the Meridian. It 

is about 165 km Southwest of Abuja (The Federal Capital 

Territory of Nigeria), and 390 km Northeast of Lagos 

State. To avoid contamination, the samples were handled 

with care. All glassware used in this study were 

decontaminated by washing with filtered water and then 

soaking in a 10% v/v nitric acid solution for 24 h. They 

were further rinsed many times with deionised water, dried 

at room temperature, and stored in a clean environment. 

Atomic Absorption Spectroscopy 

Digestion procedure 

The method reported by Otim et al. (2019), with some 

modifications was used for the digestion process. Samples 

(25 mL) of each well-mixed beverage and 20 mL of 

distilled water were measured into a 150 mL beaker. The 

sample was treated with 4 mL of conc. HNO3 and 2 mL of 

perchloric acid. To break the complicated bond and release 

the sample into the solution, the mixture was heated until 

the volume was reduced to 15 mL. The solution was 

allowed to cool before being filtered into a beaker and 

analyzed using AAS. 

 

Health risk assessment  

Following sample preparation, the 15 mL digest was 

analyzed for the metals using the Solar Thermo Elemental 

Atomic Absorption Spectrometer, Model SN - SG 718960. 

To optimize the performance of the instrument, a solution 

containing 10 mg/L each of As, Pb, Zn, Al, and Mg was 

used. The accuracy of measurement was confirmed by 

analysis of standards from another batch. 

Estimation of Average or Estimated daily intake 

(ADI/EDI) and chronic daily intake (CDI)  

By calculating the Average or Estimated Daily Intake 

(ADI/EDI mg/kg/day) of the five metals investigated, an 

exposure assessment was undertaken to evaluate the 

intensity, frequency, and duration of human exposures to 

soft drinks containing heavy metals. According to US 

EPA, 1986) the formula for calculating EDI is: 

 

 

Where: Cm = individual metal concentrations in mg/kg in 

soft drinks; Cfactor = conversion factor (0.085) (Jan et al., 

2010); Dfood intake = daily intake of soft drinks (30 cL per 

person/day); Bw = average body weight (20 kg for 

children and 70 kg for adults) (NSW Centre for Public 

Health Nutrition, 2009). Chronic daily intake was 

calculated using the formula: 

 

Where: C = metal concentration in soft drinks; EDi = 

exposure duration (6 years for children, and 24 years for 

adults); EFi = exposure frequency (365 days/yr); IR = 

intake rate (0.012 kg/person/day for children and 0.030 

kg/person/day for adults); Bw = average body weight; AT 

= average time for non-carcinogens (365 days x number of 

exposure years [6 years for children and 24 years for 

adults]) (United States Environmental Protection Agency - 

USEPA, 2000). 

Reference Oral Dose (RfD) is derived from animal 

research (USEPA, 1989), and is an estimate of the 

maximum acceptable oral dose of a toxic substance for a 

human population through daily exposure, taking into 

account, sensitive group overtime (USEPA, 2017). 

A Toxicological (Target) health quotient (THQ) is 

calculated by comparing a pollutant level in a matrix of 

interest to a US EPA-defined oral reference dosage of that 

pollutant, accounting for length and frequency of 

exposure, consumer body weight, and the amount 

consumed. As a result, the THQ was used to calculate the 

risk associated with soft drink intake in Nigeria (USEPA, 

1986; USEPA, 2000). The estimate was calculated using 

the formula: 

 

Where: CDI = chronic daily intake; RfD = reference oral 

dose. A range of 0.6954 - 2.4341 mg/L of magnesium was 

found in all the soft drink samples. 

Statistical data analysis 

Data generated were analyzed using the statistical 

packages: Paleontological statistics software version 3.01; 

GraphPad 9.0; and Microsoft Excel version 2013. 

Statistical significance was defined as a P-value of less 

than 0.05. In addition, the Jitter cluster plot and diversity 

correlation analysis were used to assess the strength of the 

linear association between the heavy metal contents in the 

soft drinks (Hammer et al., 2001). 

RESULTS 

Atomic absorption spectroscopy result 

Table 1 shows the concentration of magnesium, 

aluminum, zinc, lead, and arsenic in the soft drinks. 

Arsenic levels range from 0.001-0.0603 mg/L, being less 

than the MCL (0.01 mg/L) in all samples except B9 which 

had 0.0603 mg/L. Lead was between 0.001-0.023 mg/L 

which was also within the MCL (0.01 mg/L), except B4 

which had 0.023 mg/L. Zinc was from 0.5658 to 2.9071 

mg/L, while the MCL is 5 mg/L, hence all samples were 

within the acceptable limit. The level of aluminum was 

from 0.001 - 2.0491 mg/L, with MCL of 0.02 mg/L and all 

samples were above this limit except B8 which was 0.001 
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mg/L. All the samples had more than the WHO MCL 

(0.02 mg/L) for magnesium. 

The diversity profile of heavy metal concentration in soft 

drinks samples are shown in Figure 1. The Jitter cluster 

plot of the relative abundance of the heavy metals in the 

soft drinks are shown in Figure 2. The order of abundance 

of the analyzed heavy metals was Mg > Zn > Al > Pb > As 

(Paleontological statistics software). 

Table 1: Mean heavy metal concentration in soft drink samples. 

Samples Code The concentration of heavy metals (mg/L) 

Arsenic (As) Lead 

(Pb) 

Zinc 

(Zn) 

Aluminum 

(Al) 

Magnesium 

(Mg) 

B1 0.0005 0.0132 2.4116 1.3217** 2.0164** 

B2 0.0029 0.0005 1.8767 0.7149* 1.9872** 

B3 0.0005 0.0005 0.5658 0.4864* 2.4341** 

B4 0.0005 0.0234* 2.1148 1.6523** 0.6954* 

B5 0.0043 0.0005 0.9756 0.6942* 2.3147** 

B6 0.0032 0.01032 2.9071 1.4289** 0.6972* 

B7 0.0005 0.0069 0.7169 0.2361* 1.5127** 

B8 0.0005 0.01072 2.0852 0.0005 2.0652** 

B9 0.0603*** 0.0124 1.6537 1.5694** 3.8216*** 

B10 0.0005 0.0141 0.0005 1.7802** 1.9671** 

B11  0.0005 0.0132 1.6343 0.9520* 2.6114*** 

B12 0.0042 0.0072 2.3965 2.0491*** 1.8659** 

MCL (WHO) 0.01 0.01 5.00 0.02 0.02 

RfD 3.0 x 10-4 3.5 x 10-3 3.0 x 10-1 1.2 x 10-5 7.38 x 10-1 

*Slightly higher than expected level; **Greatly higher than expected level; ***Significantly higher than expected level. 

MCL= Maximum Concentration Level (mg/L) of potentially toxic metals in drinking water (US EPA, 2011).  

 

Figure 1: The diversity profile of heavy metals in the 

samples of soft drinks  

 

 

 

 Figure 2: Jitter cluster plot of heavy metal abundance in 

soft drinks. Order of abundance of the heavy metals: Mg > 

Zn > Al > Pb > As 
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Health risk assessment quantification 

The data of Estimated Daily Intake (EDI) of selected toxic 

metals in soft drinks sold in Lokoja, Kogi State, Nigeria 

are shown in Table 2. Arsenic and lead showed relatively 

low EDI compared to zinc, aluminum, and magnesium. 

      

      

      

        

Table 3 shows the Chronic Daily Intake (CDI) of the 

analyzed samples, arsenic, and lead showed relatively low 

CDI compared to zinc, aluminum, and magnesium.  

In Table 4, the Target Health Quotient (THQ) values of 

selected heavy metals in soft drinks are shown. 

      

       

 

Table 2: The Estimated Daily Intake (EDI) values of the heavy metals in the soft drinks. 

 EDI (  

Samples Code Arsenic* Lead* Zinc Aluminum Magnesium 

Adult Children Adult Children Adult Children Adult Children Adult Children 

B1 0.0182 0.0638 0.4809 1.6830 87.8511 307.4790 48.1476 168.5168 73.4546 257.0910 

B2 0.1056 0.3698 0.0182 0.0638 68.3655 239.2793 26.0428 91.1498 72.3909 253.3680 

B3 0.0182 0.0638 0.0182 0.0638 20.6113 72.1395 17.7189 62.0160 88.6708 310.3478 

B4 0.0182 0.0638 0.8524 2.9835 77.0391 269.6370 60.1909 210.6683 25.3324 88.6635 

B5 0.1566 0.5483 0.0182 0.0638 35.5397 124.3890 25.2887 88.5105 84.3212 295.1243 

B6 0.1166 0.4080 0.3759 1.3158 105.9015 370.6553 52.0528 182.1848 25.3980 88.8930 

B7 0.0182 0.0638 0.2514 0.8798 26.1156 91.4048 8.6008 30.1028 55.1055 192.8693 

B8 0.0182 0.0638 0.3905 1.3668 75.9609 265.8630 0.0182 0.0638 75.2323 263.3130 

B9 2.1966 7.6883 0.4517 1.5810 60.2419 210.8468 57.1710 200.0985 139.2154 487.2540 

B10 0.0182 0.0638 0.5136 1.7978 0.0182 0.0638 64.8501 226.9755 71.6586 250.8053 

B11  0.0182 0.0638 0.4809 1.6830 59.5352 208.3733 34.6800 121.3800 95.1296 332.9535 

B12 0.1530 0.5355 0.2623 0.9180 87.3011 305.5538 74.6458 261.2603 67.9721 237.9023 

*Lower EDI compared to other metals. 

Table 3: The Chronic Daily Intake (CDI) values of selected toxic heavy metals in the selected soft drinks. 

 EDI ( ) 

Samples 

Code 

Arsenic Lead* Zinc Aluminum Magnesium 

Adult Childre

n  

Adult Children Adult Childre

n  

Adult Children Adult Children 

B1 2.1E-07 3.0E-07 5.7E-06 7.92E-06 0.0010 0.00145 0.00057 0.0008 0.00086 0.0012 

B2 1.2E-06 1.7E-06 2.1E-07 3.00E-07 0.0008 0.00113 0.00031 0.0004 0.00085 0.0012 

B3 2.1E-07 3.0E-07 2.1E-07 3.00E-07 0.0002 0.00034 0.00021 0.0003 0.00104 0.0015 

B4 2.1E-07 3.0E-07 1.0E-05 1.40E-05 0.0009 0.00127 0.00071 0.0010 0.00030 0.0004 

B5 1.8E-06 2.6E-06 2.1E-07 3.00E-07 0.0004 0.00059 0.00030 0.0004 0.00099 0.0014 

B6 1.4E-06 1.9E-06 4.4E-06 6.19E-06 0.0013 0.00174 0.00061 0.0009 0.00030 0.0004 

B7 2.1E-07 3.0E-07 3.0E-06 4.14E-06 0.0003 0.00043 0.00010 0.0001 0.00065 0.0009 

B8 2.1E-07 3.0E-07 4.6E-06 6.43E-06 0.0009 0.00125 2.15E-07 0.003E-04 0.00089 0.0012 

B9 2.6E-05 3.6E-05 5.3E-06 7.44E-06 0.0007 0.00099 0.00067 0.0009 0.00164 0.0023 

B10 2.1E-07 3.0E-07 6.0E-06 8.46E-06 2.2E-07 3.0E-07 0.00076 0.0011 0.00084 0.0012 

B11 2.1E-07 3.0E-07 5.7E-06 7.92E-06 0.0007 0.00098 0.00041 0.0006 0.00112 0.0016 

B12 1.8E-06 2.5E-06 3.1E-06 4.32E-06 0.0010 0.00144 0.00088 0.0012 0.00080 0.0011 

*Relatively low CDI compared to zinc, aluminum, and magnesium 
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DISCUSSION 

The atomic absorption spectrometry (AAS) was used to 

determine the concentrations of heavy metals in soft 

drinks selected from markets in Lokoja, Nigeria. The 

diversity profile and Jitter cluster plot showed the relative 

abundance of the heavy metals in the studied samples. The 

order of abundance was Mg > Zn > Al > Pb > As. This 

shows that arsenic and lead were found in relatively small 

concentrations when compared to the other heavy 

elements tested. 

The arsenic content obtained was less than the MCL in all 

the soft drinks except for B9 which had 0.0603 mg/L. In 

Nigeria, exposure to arsenic is mainly via intake of food 

and drinking water (Izah and Srivastav, 2015) and 

beverages (Salako et al., 2016). Arsenic causes diseases 

such as nerve injury and stomach aches, even at low 

concentrations (Izah and Srivastav, 2015). Cardiovascular, 

hematological, neurological, pulmonary, gastrointestinal, 

and developmental diseases, dermatitis and cancers, 

diabetes, and hearing loss have all been linked to high 

arsenic exposure (Jarup, 2003; Tchounwou et al., 2012; 

Pflaum et al., 2016). 

The lead contents of the soft drinks were within the MCL 

except in B4 which had 0.023 mg/L. The toxicity of lead is 

due to its bioaccumulation potential in tissues leading to 

headache, irritability, abdominal pain, impairment of 

hemoglobin synthesis, encephalopathy and various 

symptoms related to the nervous system (Ahmed et al., 

1987). Children may exhibit behavioral disturbances and 

learning and concentration difficulties (Ogundele, 2018). 

Lead has been found above MCL limits in beverages 

(Quinn and Sherlock, 1990). 

Zinc levels in all the soft drink samples were within the 

permissible limits. Zinc is a necessary mineral with an 

MCL of 3 mg/L but its ingestion over the recommended 

daily intake may reduce the amount or level of copper 

absorbed into the body, resulting in anemia (Chasapis et 

al., 2012). Zinc is relatively nontoxic, particularly when 

administered orally, but with extreme high intakes or 

concentrations, toxicity symptoms, such as nausea, 

vomiting, epigastric pain, lethargy, and fatigue usually 

occur (Plum et al., 2010). 

The WHO tolerable limit of aluminum is 0.02 mg/L. All 

the values obtained were above this limit for this metal 

except B8, which had a concentration 0.001 mg/L. High 

exposure to aluminum can cause health problems 

including, dementia, lethargy, and severe trembling (Eno-

Obong and Ukoha, 2013). Nausea, vomiting, diarrhea, 

Table 4: The Target Health Quotient (THQ) values of heavy metals in the soft drinks. 

Samples 

code 

Arsenic Lead Zinc Aluminum Magnesium 

Adult Children Adult Children Adult Children Adult Children Adult Children 

B1 7.00E-05 1.00E-03 1.63E-03 2.26E-03 0.0034 0.004833 47.500*** 66.667*** 0.00117 0.00163 

B2 4.00E-04 5.67E-03 6.00E-05 8.57E-05 0.0027 0.003767 25.833** 33.333** 0.00115 0.00163 

B3 7.00E-05 1.00E-03 6.00E-05 8.57E-05 0.0008 0.001133 17.500** 25.000** 0.00141 0.00203 

B4 7.00E-05 1.00E-03 2.86E-03 4.00E-03 0.0030 0.004233 59.167*** 83.333*** 0.00041 0.00054 

B5 6.00E-04 8.67E-03 6.00E-05 8.57E-05 0.0014 0.001967 25.000** 33.333** 0.00134 0.00190 

B6 4.67E-04 6.33E-03 1.26E-03 1.77E-03 0.0042 0.0058 50.833** 75.000*** 0.00041 0.00054 

B7 7.00E-05 1.00E-03 8.57E-04 1.18E-03 0.0010 0.001433 8.333* 8.3330* 0.00088 0.00122 

B8 7.00E-05 1.00E-03 1.31E-03 1.84E-03 0.0030 0.004167 0.018 0.0250 0.00121 0.00163 

B9 8.67E-03 1.20E-01 1.51E-03 2.13E-03 0.0024 0.003300 55.833*** 75.000*** 0.00222 0.00312 

B10 7.00E-05 1.00E-03 1.71E-03 2.42E-03 0.0000 0.000001 63.333*** 91.667*** 0.00114 0.00163 

B11 7.00E-05 1.00E-03 1.63E-03 2.26E-03 0.0023 0.003267 34.167** 50.000**v 0.00152 0.00217 

B12 6.00E-04 8.33E-03 8.86E-04 1.23E-03 0.0034 0.004800 73.333*** 100.00*** 0.00108 0.00149 

*Slightly highly than expected level; **Greatly higher than expected level; ***Significantly higher than expected level. There was a 

significant difference (P<0.05) in the THQ of aluminum versus the other metals. 
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hypotension, confusion, slow respiratory rate, coma, 

cardiac arrhythmia, itchy red rashes, headache, muscle and 

joint pain, poor memory, insomnia, depression, asthma, 

irritable bowel syndrome, and death from cardiac arrest 

are the most common symptoms of aluminum toxicity 

(Rahimzadeh et al., 2022). Aluminum was classified as a 

non-carcinogen by the US Department of Health and 

Human Services in 1988, but a multi-element toxicology 

review in 2014 found no serious deleterious effects of 

aluminum consumed in amounts less than 40 mg/kg/day, 

although people with kidney disease may develop vitamin 

D-resistant osteomalacia, erythropoietin-resistant 

microcytic anemia, CNS alterations, among other 

symptoms (Dolara, 2014). This may be due to the fact 

most is excreted in feces and urine (ATSDR, 2016). 

Aluminum has also been found to penetrate the blood-

brain barrier, particularly in Alzheimer's disease patients, 

where it is thought to function electrostatically, cross-

linking various proteins and thereby down-regulating 

genes in the superior temporal gyrus (Crapper et al., 1989; 

Xu et al., 1992). It is therefore a suspected or contributory 

cause of Alzheimer’s disease (Klotz et al., 2017). It has 

also been reported to increase estrogen-related gene 

expression in breast cancer and at very high doses, 

associated with altered function of the blood-brain barrier 

(Banks and Kastin, 1989; Darbre, 2006). 

Magnesium is an essential element but its concentration in 

the test samples was above the WHO MCL. This would 

eventually cause magnesium toxicity that usually develops 

after serum concentrations exceed 1.74-2.61 Mmol/L. 

Symptoms include hypotension, nausea, vomiting, facial 

flushing, urine retention, ileus, depression, and lethargy. 

Chronic or advanced magnesium toxicity includes muscle 

weakness, difficulty in breathing, extreme hypotension, 

and cardiac arrhythmias, among other clinical symptoms 

(Elin, 1988). The US Environmental Protection Agency 

(USEPA) created a method for evaluating exposure risk in 

1986 (with further supplemental modifications in 2000), 

and the target or toxicological health quotient (THQ 

system) was designed for this purpose. A Nigerian 

industrial standard established a desirable limit for 

magnesium at 0.02 mg/L in soft or energy drinks, but there 

is no recent WHO recommendation. Hence, this range 

exceeds the maximum contamination limit. 

Apart from sample B8 which showed aluminum level as 

the acceptable target health quotient (THQ), all other 

samples were likely to cause aluminum intoxication when 

consumed frequently. These toxic metal ions are present in 

a concentration above the maximum contamination level 

and others are present in concentrations lower than the 

maximum contamination level. THQ value <1 indicates 

the acceptable health risk to human populations (WHO, 

2017; Kamkara et al., 2021). 

CONCLUSION  

This study has shown that some soft drinks in Nigeria 

contain heavy metals (e.g., aluminum) that exceed 

allowable limits. Although some of these metals serve 

crucial functions in human health, long-term exposure or 

buildup in different parts of the body can cause various 

diseases. Aluminum with THQ >1 is evidently the most 

dangerous of the five heavy metals and production 

processes should be closely monitored to keep the heavy 

metals within acceptable limits. 
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