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Abstract

Food Safety is of growing concern globally, and more so considering the relatively high proportion of soft drinks in the beverage market
worldwide, and its rate of consumption especially amongst the youths. It is essential to evaluate the levels of toxic metals and Polycyclic
Aromatic Hydrocarbons (PAHS) residues of which when present in soft drinks above the permissible limits could pose serious public
health risk. The aim of this present study was to assess the levels of heavy metals (Pb, Hg, Cd ,As) and Polycyclic aromatic Hydrocar-
bons(PAHS) in 16 commercial soft drinks marketed in Awka, using Atomic Absorption Spectroscopy(AAS) and Flame lonization detec-
tor (GC-FID), respectively. The carcinogenic and non-carcinogenic risk assessment were performed using the method established by
United State Environmental Protection agency(USEPA).The data obtained were compared with the permissible limit set for drinking
water by United State Environmental Protection Agency(USEPA),World Health Organization (WHO),Standard Organization of Nige-
ria(SON) and Federal Environmental Protection Agency(FEPA). The highest mean level of 0.6116 mg/l is related to Pb and the lowest of
0.0028mg/I related to Hg. The mean levels of the metals increased in this order: Hg<As<Cd<Pb. For the PAHSs, using Benzo(a)pyrene as
the benchmark for other PAHs congeners because of its strong carcinogenic potency, is not detected in this study, and thus pose no health
risk. The target hazard quotient (THQ) of Hg in the studied samples is less than 1. Pb levels in75% the studied samples had THQ>1, and
thus, pose a health risk. The hazard index, calculated as the combined risk of heavy metal toxicity is greater than unity (HI>1).The in-
cremental lifetime cancer risk (ILCR) values estimated for Pb, As and Cd in the sample were 6.25%,31.25% and 25% ,respectively, rep-
resenting higher than acceptable risk value of (10-6 -10-4) . The results raise a concern for the public exposed with respect to As and Cd
carcinogenic risk values.
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1. Introduction

Metals are widely found in our environment and food sources either naturally, or as a result of human activities such as agricultural prac-
tices, Industrial emissions or contamination during manufacture. A key potential source of exposure of metals is processed beverages that
are known to contain metals (Magomya et al., 2015).Controlling the amount of heavy metals in commercial soft drink (non-alcoholic
beer),cola, juice drink, and energy drink is very essential for consumer safety(Harnack et al.,1999).The accumulation of Pb and Cd in the
human body can lead to cancer, kidney disorders, skeletal damage, brain damage ,reproductive failure and poisoning. In addition, one of
the most toxic metal exposed to human, Hg, is even more toxic than Pb and As and also has teratogenic and neurological effects(Fu et
al.,2008). Long term exposure to Hg , even in minute quantities, may increase the risk of skin ,lung ,urinary, bladder and kidney cancer
(Fang et al.,2010).

Evaluating commercial soft drinks is important for consumer safety because they are vastly consumed worldwide (Dehelean and Magdas,
2013). Soft drinks are non-alcoholic water-based flavored drinks that are optionally sweetened, acidulated and carbonated. They include
all beverages which complied with the above definition, and which do not claim to be part of adjacent categories such as fruit juice and
nectars, dairy drinks, mineral waters, etc. (Mathur et al.,2003).The sweetener may be sugar, high fructose corn syrup, fruit juice, sugar
substitute(in the case of diet drinks)(Vaux and Golder,2003).The soft drink are mostly carbonated usually prepared from carbonated syr-
up containing sugar, flavoring essence, citric acid and a preservative, Sodium Benzoate (Ofori et al.,2013).Benzoic acid is mostly used as
a preservative.
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World over, especially in Nigeria, soft drinks are consumed on a daily basis in large amount by both children and adults due to their
characteristic taste, affordability and thirst-quenching potential. Soft drinks are usual beverages served at most functions and celebra-
tions, such as marriages, naming of babies, funerals etc. in Nigeria and other places. The hot weather conditions in Nigeria also contrib-
utes to the high consumption of soft drinks. The increasing demand for food safety is stimulating research regarding the benefit and risks
associated with consumption of foodstuffs and drinks (Magomya et al., 2015).

Therefore, the determination of levels of essential and toxic metals in commercial soft drinks in terms of safety and nutritional aspects
has been considered (Fathabad et al., 2018; Salma et al.,2015).

Polycyclic aromatic hydrocarbons (PAHSs) on the other hand, are an important group of major environmental concern. There are several
possible sources of PAHSs in the environment, anthropogenic activities are, however, considered as major sources, petrogenic and pyro-
lytic sources are considered to be the most important. More than 100 PAHs have been characterized, 16 of which were classified by
United State Environmental Protection Agency (USEPA) as priority pollutants because of their toxicity (USEPA1993).PAHSs have been
reported to be highly mutagenic and carcinogenic in humans (Simko,2002).Dietary exposures are the major sources of human exposure.
PAHSs contamination is from food processing techniques like curing, drying, smoking, toasting, grilling, barbecuing and refining. These
food processing steps are known to generate and increase the level of PAHSs in food (Scientific Committee on food, 2002). The toxicity
of PAHs is structure dependent. PAHs are known for their carcinogenic, mutagenic, and teratogenic properties. More than 80% of the
total PAHSs contribution to environmental and health concerns could be attributed to the 16 EPA priority PAHSs. Carcinogenic nature of
these compounds is a major worry, although not all of them are affected (Kumar et al.,2014). The most common PAH that causes cancer
in laboratory animals is benzo[a]pyrene. Ingestion of high levels of these compounds during pregnancy could result in birth defects and
decreased body weight of the offspring. Most of the PAHSs are not genotoxic by themselves; they need to be metabolized to the diol epox-
ides which react with DNA, thus inducing genotoxic damage (Brazkova,2013).Occupational exposure to high levels of mixtures contain-
ing PAHSs have resulted in symptoms such as eye irritation, nausea, vomiting, diarrhea and confusion(Zhong and Wang,2002).

More so, long term consumption of food and beverage(soft drinks) contaminated with large quantities of toxic metals may lead to chron-
ic accumulation that can cause heart diseases, Kidney ,neurological disorders, various form of cancer, morphological abnormalities,
growth retardation ,increased mortality and genetic effects in humans(Fathabad et al.,2018).Among these metals, Pb,Cd,Hg and As can
be accounted for as major threats to human even in small quantities (Adegbola et al.,2015;Ahmadi and Ziarati,2015;Akan et al.,2013).
Since these soft drinks are consumed on daily basis by people of all ages, especially the youth, these chemical pollutants might accumu-
late overtime. if these chemical pollutants are not checked, dire consequence will ensure. Hence this study aims at: (1) determining the
levels of toxic metals(As,Cd,Hg and Pb) and Polycyclic aromatic hydrocarbons(PAHS) in 16 samples from four types of commercial soft
drinks commonly consumed among Nnamdi Azikiwe University students (2019) by the aid of Atomic Absorption Spectroscopy(AAS)
and Gas Chromatography with Flame ionization detector(GC-FID),(2) assessing the potential human health risk(both carcinogenic and
non-carcinogenic), and (3) to compare the concentrations of the metals and PAHs with the permissible limits set by regulatory bodies.

2. Experimental

2.1. Collection of soft drink samples

For this study, 16 commercial soft drink samples (soda drink and malt based drink [non-alcoholic beer], and yoghurt) of four different
brands were randomly purchased from valid retail outlets in Awka, Anambra State, between August and September 2019.

2.2. Metal analysis

The concentrations of the metals, Pb, Cd, As and Hg in the digested samples were determined using Atomic absorption spectrophotome-
ter (Solaar SE 7190). Calibration standards for AAS analysis were prepared for each metals. A calibration curve of absorption versus
concentration was plotted for each metal and used for the determination of the concentrations in the samples. 50ml of each sample was
measured into a clean digestion flask.10ml concentrated nitric acid was added, and the mixture was heated on a hot plate until brown
fumes disappear. The mixture was allowed to cool and 50ml of distilled water added. It was then filtered and made up to mark in a 200ml
volumetric flask.

2.3. PAHs analysis

2.3.1. Extraction and analysis

Extraction was carried out in a liquid extraction mode by thoroughly shaking 50ml of the sample in a separating funnel with 25ml of
methylene chloride. The solution was transferred to a separating funnel and the samples were extracted by shaking the funnel for 2min
with periodic venting to release pressure. The organic layer was allow to separate from the sample phase for a minimum of 10min and
the methylene chloride was collected in a 250ml flask. Extraction was repeated three times and the extracts were combined in Erlenmey-
er flask. The concentrated extract was obtained by evaporating the organic layer under gentle stream of nitrogen and stored in the refrig-
erator at 4°c. The isolation of PAHs was done by solid-phase extraction in a normal phase mode. Activated silica gel was loaded into a
glass-chromatographic column; additional 1g of Na2SO4 was added to the column and conditioned with methylene chloride. The concen-
trated extract were dissolved in 5ml methylene chloride, loaded into the column and then eluted with 20ml methylene chloride. The ele-
ments were concentrated using a rotary evaporator and then reconstituted in 1l methylene chloride for flame ionization detector gas
chromatography analysis.

2.3.2. Chromatographic analysis

The samples were analyzed for naphthalene(Nap), acenaphthylene(Acy), acenaphthene(Ace), fluorine(Fl), phenanthrene(Phe), anthra-
cene(Ant), fluoreanthene(Flu), pyrene(Pyr), benzo[a]anthracene(BaA), chrysene(Chy), benzo[b]fluoranthene(BbF), ben-
zo[K]fluoranthene(BkF),  benzo[a]pyrene(BaP), benzo[g,h,i]perylene(BghiP),Dibenz[a,h]anthracene(DahA) and indeno[1,2,3-
cd]pyrene(lcdP). Corresponding results were obtained using Gas chromatography (GC Agilent 6890N with Flame lonization detection
[GC-FID]).The GC was programmed as follows: initial temperature of 60°c for 2min and ramped at 25°c/min to 300°c for 5min and al-
lowed to stay for 15min giving a total of run time of 22mins.A 1pl volume split less injection port temperature was used and injection
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port temperature was set at 250°c, while 300°c was maintained for the injection port of the FID detector. A standard mixture of 16 priori-
ty PAHSs (listed above) was obtained and used for the analysis. Compounds were identified by comparing the retention time of the stand-
ards with that obtained from the extracts and individual analysis of PAHs were used for quantitation.

2.4. Human health risk assessment

Risk assessment was done based on the mean concentration of carcinogenic and non-carcinogenic metals determined in the soft drinks
using United State Environmental Protection Agency (USEPA) human health risk assessment models (Liu,et al,2013).

2.5. Estimated daily intake

The daily intake of metals depend on the metal concentration in the soft drink, the daily soft drink intake, and the body weight. The esti-
mated daily intake (EDI) of metals is a concept introduced to take into account these factors. The EDI was calculated based on the fol-
lowing formula (Sharma et al., 2010).

EDI= Cmetat X DI/BW )

Where C is the metal concentration in the soft drink in mg/l, D is the daily intake of the soft drink in liters person-t and BW is the aver-
age body weight in kg (70kg adults).

2.6. Non-Carcinogenic Risk

2.6.1. Target hazard quotient (THQ)

Non carcinogenic risk estimation of heavy metals consumption was determined using THQ values. THQ is a ratio of the determined dose
of a pollutant to a reference level considered harmful. THQ values were determined based on the following formula (Sharma et al.,
2010).

THQ =Efr x Ed x FIR x C/RFD x BW xAtn x 10 2
Where Efr is exposure frequency assumed to be 365 days year™,ED is exposure duration in 56 years equivalent to an average lifetime,
FIR is average daily consumption in kg person-day?,C is concentration of metal in soft drink sample in mg/l, RFD is reference dose in
mg/kg/day, and ATn is average exposure time for carcinogens.

2.6.2. Chronic hazard index (HI)

The reference dose for each heavy metals in this current study are 0.0003,0.004,0.001 and 0.001 for As, Pb, Cd and Hg respectively.

The chronic hazard index (HI) is the sum of more than one hazard quotient for multiple toxicants or multiple exposure pathways; it was
calculated using the equation below:

HI=Y THQ ©)
2.7. Carcinogenic risk

Cancer risk can be evaluated from

Cancer risk=CDI x SF 4)
Where cancer risk represents the probability of an individual lifetime health risks from carcinogens; CDI is the chronic daily intake of
carcinogens (mgkg*d?); sk is the slope factor of hazardous substance (mgkg™d-1).

The cumulative cancer risk can be calculated from

Total cancer risk=),  CDI x SF (5)

Where CDI is the chronic daily intake (mgkg-*d?); SF is the slope factor. The acceptable or tolerable risk for regulatory purposes is with-
in the range of 10°—10* (USEPA,2002).

2.8. Questionnaire

A questionnaire, detailing the demographic characteristic (Age, gender, educational level and amount of soft drink taken daily) of partic-
ipants was administered.

3. Results

The concentration (mg/I) of the heavy metals (Pb,Cd,As and Hg) analyzed in the soft drink samples is presented in Table 1.

From the analysis of results of the levels of the heavy metals observed , the range of the metals follow this order:Pb(0.0147-
2.9653mg/l),Cd(0.011-1.863mg/l),As(0.0012-0.3234mg/l) and Hg(0.0012-0.0060mg/l).Among the four different metals analyzed in the
soft drink, the highest mean level was 0.6116 mg/I(Pb) and the lowest was 0.0028mg/I(Hg) (Table 1).The mean levels of the metals in-
creased in this order: Hg<As<Cd<Ph. About 81.25% of the samples had Hg level below detection limit, and 18.75% above detectable
limits, 18.25% of the samples had Pb below detection limit, and 81.75% above detectable limits. 68.75% of the samples had As within
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detectable limits. The remaining 31.25% was below detection limit. 56.25% of the samples did not show Cd while 43.75% of the samples
had Cd detected.

Table 1: Heavy Metal Concentration (Pb, Cd, As and Hg) in Soft Drink Samples(Mg/L)

Sample Lead Cadmium Arsenic Mercury
A 0.4436 0.0017 0.0477 BDL
B 1.4312 0.0014 0.1397 BDL
C 0.4193 1.8630 0.1087 0.0060
D 0.3978 0.0011 0.0679 0.0014
E BDL BDL 0.2713 BDL
F 0.0147 0.0011 0.1425 BDL
G 0.3481 BDL 0.3234 0.0012
H 0.4192 0.0956 0.2862 BDL
| BDL 0.1894 BDL BDL
J 0.2231 BDL BDL BDL
K 2.9153 BDL BDL BDL
L 0.1304 BDL BDL BDL
M BDL BDL 0.0012 BDL
N 0.4452 BDL BDL BDL
O 0.2094 BDL 0.0024 BDL
P 0.5541 BDL 0.0019 BDL
Mean 0.6116 0.3076 0.1266 0.0028

WHO 0.01 0.005 0.01 0.001

USEPA 0.015 0.005 0.01 0.002
SON 0.01 0.003 0.01 -
FEPA 0.01 - - -

BDL: below detectable limit
3.1. Human health risk assessment

The EDI of the toxic metals in the soft drink samples collected from Awka is shown in Table 2. The EDI of these heavy metals (HMs)
follow this order. Pb (5.7x10-1.6 x102), Cd(9.7x10°-1.06x102),As( 5.7x106-1.5x10-%) and Hg(5.7x10-3.43x105).The mean levels
of the metals decrease in this order Pb>Cd>As>Hg.

The Estimated target quotient (THQ) and Hazard Index (HI) of the selected heavy metals through the consumption of soft drink in this
present study, is presented in Table 3.The HMs concentration of soft drink samples increase in this order: Hg (0.0057-
0.0343)<Pb(0.0014<4.15)<As(0.019-6.0) and Cd(0.0097-10.6).93.75% of the sample had Pb THQ<1(Table) ,while,37.5% of the samples
had As THQ>1.Hg had THQ<1(Table 3). In addition, the HI of the combined risk of heavy metals toxicity was higher than unity (HI>1)
in about 62.5% of the samples (Table 3).

The ILCR of the metals(As, Pb and Cd) due to exposure from the ingestion of the soft drink samples are presented in Table 4.The cancer
risk computed in this present study was highest in Pb ( 4.85x108-1.41x10*), followed by Cd(3.59%10--6.67x10?).That of As is
(8.55x106-2.7x103)(Table 4).

3.2. Polycyclic aromatic hydrocarbons

The summary of the analysis of results of the PAHs congeners is presented in Table 5.

In this present study, the total PAHs congener’s range from 0.000-4.731mg/l. The highest level of PAHs was found in sample
F(4.009mg/1)(Table 5),while the lowest value was found in sample J(0.000mg/l)(Table 5).50% of the sample had no detectable PAHs
congeners. Benzo(a)pyrene was not detected in all the samples (Table 5).

Table 2: Estimated Daily Intake of Metals (Mg/Kg/Day) Base on Soft Drink Consumption by Adults

.Samples Pb Cd As Hg

A 2.5x10° 9.7x10° 2.7x10* 5.7x 10
B 8.2x10° 8.0x10 7.9x10"* 5.7x 10
C 2.4x10° 1.06x1072 6.2x10* 3.43x 10°
D 2.3x10° 3.9x10* 3.9x 10* 8.0x10
E 5.7x10° 5.7x 10 1.5%10° 5.7x 10
F 8.0x10° 8.1x10* 8.1x 10* 8.0x10°
G 1.9x10° 5.7x 10 1.8x10° 5.7x 10°®
H 2.4x10° 5.4x 10* 1.6x10° 5.7x 10
| 5.7x10° 1.0x 103 5.7x 10°® 5.7x 10
J 1.2x10° 5.7x10 5.7x 10°® 5.7x 10
K 1.6x102 5.7x10° 5.7x 10 5.7x 108
L 7.4x10* 5.7x10 5.7x 10°® 5.7x 108
M 5.7x10 5.7x 10 5.7x 10 5.7x 10
N 2.5x10° 5.7x 10 5.7x 10 5.7x 10
(0] 1.1x10° 5.7x 10 1.37x 10° 5.7x 10°®
P 3.1x10° 5.7x 10® 5.7x 10°® 5.7x 10®
Mean 2.7x10°° 8.3x 10* 4.8x 10* 7.7x 108
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Table 3: Estimated Target Hazard Quotients (THQ) of Heavy Metals from the Consumption of Soft Drink for Adults
Samples Pb Cd As Hg HI=Y THQ
A 0.625 0.0097 0.9 0.0057 1.5404
B 2.050 0.008 2.63 0.0057 4.6937
C 0.600 10.6 2.06 0.0343 13.2943
D 0.575 0.006 13 0.008 1.889
E 0.0014 0.0057 5.0 0.0057 5.0128
F 0.002 0.81 2.7 0.008 3.52
G 0.475 0.0057 6.0 0.0057 6.4864
H 0.600 0.54 5.3 0.0057 6.4457
I 0.0014 1.0 0.019 0.0057 1.0261
J 0.30 0.0057 0.019 0.0057 0.3304
K 4.150 0.0057 0.019 0.0057 4.1804
L 0.185 0.0057 0.019 0.0057 0.2154
M 0.0014 0.0057 0.019 0.0057 0.0318
N 0.625 0.0057 0.019 0.0057 0.6554
(6] 0.270 0.0057 0.045 0.0057 0.3264
P 0.770 0.0057 0.019 0.0057 0.8004
Table 4: Carcinogenic Risk of Heavy Metals in the Selected Soft Drink Samples for Adults
Samples  Pb Cd As
A 2.13x10° 6.11x10° 1.45x10°
B 6.97x10® 5.04x10° 1.18x10°3
Cc 2.04x10° 6.67x107 9.3x10*
D 1.95%x10° 3.96x10° 5.85x10*
E 4.85x10°® 3.59x10° 2.25x10°
F 6.8x10° 5.10x10°® 1.21x10°3
G 1.62x10° 3.59x10° 2.7x10°°
H 2.04 x10° 3.4x10° 2.11x10°%
| 4.85x10°® 6.3x10°° 8.55x10°®
K 1.41x10* 3.59x10° 8.55x107¢
L 6.29x10%¢ 3.59x10° 8.55x107°
M 4.85x10°® 3.59x10° 8.55x10®
N 2.13x10° 3.59%x10° 8.55x107°
O 9.35x10°® 3.59x10° 2.06x10°
P 2.64x10° 3.59x10° 8.55x10°¢
Table 5: A Summary of Analytical Results of the PAHSs in Soft Drink Samples from Awka.

PAH g'fo A B {)"V?' c D E F G H [ J K L M N O P
. Rin (mg/ (mg/ (g/m (mg/ (mg/ (mg/ (mg/ (mg/ (mg/ (mg/ (MI (mg/ (mg/ (mg/ (mg/ (mg/ (mg/

gs N N ol) ) N ) ) N ) N ) ) N N N )l N
Nap 2 ND ND 128 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Acy 3 ND ND 158 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Ace 3 ND 8'00 154 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
FI 3 ND 2'00 166 ND ND ND ND ND ND ND ND ND ND 2'02 ND ND ND
Phe 3 ND 2'00 178 ND ND ND ND ND ND (2)'10 8'00 ND ND ND ND ND ND
Ant 3 ND 8'00 178 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Flu 8 ND 8'00 202 2'00 ND ND ND ND ND ND ND ND ND 9.01 ND ND 2'00
Pyr 4 ND ND 202 ND ND ND ND ND ND ND ND ND ND 8'01 ND ND ND
BaA 4 ND 8'00 228 ND ND ND ND ND ND ND ND ND ND 2'08 ND ND ND
Chy ND ND 228 ND ND ND ND ND ND ND ND ND ND 8392 ND ND ND
BaP ND ND 252 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BbF ND ND 252 ND ND ND ND 2'36 ND ND ND ND ND 2'00 ND 2'17 ND
BkF 5) ND 8'00 252 ND ND ND ND 2'21 ND ND ND ND ND ND ND ND ND
Rah 6 ND ND 276 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Pthl 6 ND ND 276 ND ND ND ND 2'14 ND ND ND ND ND ND ND ND ND
dp 6 ND ND 276 ND ND ND ND ¢® ND ND ND ND ND 5% ND ND D
>PA 0.00 0.00 473 0.10 0.00 0.02 0.17  0.00
H 3 1 1 2 0 1 8 2

ND: Not detectable
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Table 6:
The European Community (EC) (European Communities,1998) and United State Environmental Protection Agency (USEPA)
(USEPA,2002)
Standards for some PAHSs in drinking water are presented in Table 6.

PAHSs EC(1998) USEPA(2002)
Naphthalene ) }
Acenaphthylene

Acenaphthene - -
Fluorene - 0.0002
Phenanthrene - 0.0002
Anthracene - 0.0002
Fluoranthene 0.00003 -
Pyrene - 0.0002
Benzo(a)anthracene - 0.0002
Chrysene - 0.0002
Benzo(b)fluoranthene 0.00003 0.0002
Benzo(k)fluoranthene 0.00003 0.0002
Benzo(a)pyrene 0.00003 0.0002
Indeno(1,2,3-cd)pyrene 0.00003 0.0002
Dibenzo(a,h)anthrancene - 0.0002
Benzo(g,h,i)perylene 0.00003 o

MCL-Maximum contaminant level, EC-European Community, USEPA-United States Environmental Protection Agency
4. Discussion

4.1. The concentration of essential and toxic metals

Assessing the levels of heavy metals in soft drink is essential for consumer safety because these soft drinks are vastly consumed world-
wide (Dehelean and Magdas, 2013). The composition of heavy metals in soft drinks is very essential because of the toxic nature. Fe, Cu,
Cr, Pd and Hg are toxic in certain quantities (Dehelean and Magdas,2013).Several works have been done on heavy metals :(Adepoju-
Bellow et al.,2012;Krejpcio et al.,2005;Bingol et al.,2010;Nabi et al.,2020).In this present study ,we compared the level of the toxic met-
als obtained in the studied soft drinks with the international organization WHO(WHO,2006) and USEPA(USEPA,2012) and Local or-
ganization ,SON(SON,2002) and FEPA(FEPA,1991) standards. The concentration of Pb in the soft drink were higher than the limit set
by USEPA, WHO, FEPA and SON. In contrast, the concentration of Hg in soft drink were found to be lower than the limit set by
USEPA and WHO.50% of the samples had As levels higher than the safe limit set by USEPA,WHO and SON. Only 18.75% of the soft
drinks samples had Cd level higher than the limit set by WHO, SON and USEPA.

Al-Mudaf et al., (2016) reported As, Pb and Cd levels detectable in 50%, 90% and 95% respectively, of soft drink analysed, while the
other metals were in 100% of the soft drinks samples. All 25 metals were found lower than the limit set by USEPA and WHO. The result
obtained by Ogunlana et al.,(2015) showed that the concentration of heavy metal in 30% of the samples they analyzed was in agreement
to WHO permissible limit and the concentration in 70% of the samples were higher than the safe limits. The levels of Zn, As, Ca, Co, Pb
and Fe, in the soft drinks were 0.190-2.280, 0.001-0.016,0.001-0.01,0.040-0.790, 0.001-0.040 and 0.080-0.550 mg/l, respectively, in their
study done in Nigeria. However, in this study, the percentage detection of Pb. Hg, As, and Cd is 81.75%, 18.75%, 68.75% and 43.75%
respectively. 81.5% of the samples had Pb above acceptable limits and for Cd (18.75%), As (43.75%), Hg (6.25%)

While Adepoju-Bello (2012) reported the highest lead level of 0.0002mg/I that is well below the WHO, Son, and FEPA upper limits in
their study in Lagos, Nigeria, however Maduabuchi et al., and Krejpcio et al.had upper limits in excess of the reference upper limits. In
our own study both the mean value and the upper range are all well above the acceptable permissible limits. These differences in lead
concentration in the soft drinks may most likely be attributable to urbanization consequences and the attendant pollution, and the degree
of the amount of leached metals in the water used for the soft drink production. Sample size and type of brand may also contribute to the
observed differences (Nabit et al, 2020).

The concentrations of Hg in all the soft drink samples range from 0.0012-0.0060mg/I in this present study with a mean value of
0.0028mg/l, which is higher than the acceptable levels of 0.001mg/l and 0.002mg/l of WHO and USEPA, respectively .This value is
quite lower than the values detected for Hg in fruit juices and soft drink samples(2.39ug/l [0.00239mg/1]) as reported by Robert and Ori-
sakwe. Exposure to mercury even in small amount may cause serious health problems. Long term exposure to Hg increases the risk of
skin, long, urinary bladder and kidney cancer (Fang et al., 2010). In addition, Nabi et al., (2020), reported Hg levels to be below detecta-
ble limit. Again, differences in brand types, methods of analysis, and environmental contamination may account for these observed dif-
ferences.

The levels of As in this study range from 0.0012 to 0.3234mg/l, with a mean of 0.1266mg/Il. The value in this study are higher than that
observed by Bingol et al., (2010). Bingol et al., (2010) had reported As levels as 0.11mg/l in a study of 104 canned soft drink in Turkey.
The high level of As in our study probably may due to urban atmospheric area, industrial background, surface water used for production
of soft drink or the steps employed during the soft drink processing (Magomya et al., 2015). However, Asheraf et al., (2000), reported
arsenic levels as 0.837mg/l in 34 soft drinks in Pakistan. These findings showed higher rates in comparison with our study. The high
level of As in their study might be as a result of the level of contamination of the surface or ground water used, ingredients used, packag-
ing or the site where the production took place (Pofahl et al.,2005, Nabi et al.,2020), since soft drink produced in an highly industrialized
area may contain high metal ion load(Hague et al.,2008; Nagajyoti, et al.,2010).

Cadmium levels on the other hand, ranges from 0.011-1.863mg/l, with a mean of 0.307mg/I, which is comparable with the study of
Maduabuchi etal. (2006) In Lagos Nigeria 0.003-0.081mg/l). Both studies show values higher than the acceptable limits. However,
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Ubong et al., (2016), reported Cd levels of <0.001mg/l, in carbonated soft drinks in Nigeria. More so, Bingol et al., (2010), reported
cadmium levels of 0.0001-0.011(0.005+0.0003) ppm in soft drinks in Turkey. Again environmental and processing differences may ac-
count for this.

4.2. Human health risk assessment

The Estimated daily intake (EDI) values of Hg in all the samples were within the Reference dose (RDF) of 0.001mg/kg/d for Hg .Thus,
poses no health risk to the populace exposed to the soft drink. Cd in the samples had its EDI values lower than the RFD of 0.001mg/kg/d
(Table 2), and thus, poses no potential health risk. 18.75% of the samples had As EDI levels higher than the reference dose (RFD) of
0.0003mg/kgh/d. Most of the samples had Pb EDI values within the RFD of 0.004mg/kg/d. Thus, poses no potential health risk to the
populace exposed to the soft drinks.

It must be known that the THQ values does not offer quantitative evaluation of the possibility of an exposed population facing a adverse
health effects, but rather they function as a suggestion of the risk level due to metal exposure. The analysis of the THQ is binary, that is,
THQ is either >1 or <1 implying that there is a reason for health concern. However, THQ values are additive and not multiplicative, for
instance, the level of concern at THQ of 20 is greater but not tenfold as those of THQ of 2(Hague et al.,2008).

From this present study the levels of Hg in all the studied samples had its THQ<1, and thus, poses no health risk to the populace exposed
to the soft drink samples. 43.75% of the samples have As THQ greater than unity.75% of the samples have Pb THQ>1, and thus poses a
health risk.

HI in about 62.5% of the samples was higher than unity (HI>1) (Table3), and thus is of public health concern to the populace exposed to
the soft drink.

The computed values for ILCR for As ,Pb and Cd due to the exposure from the ingestion of the soft drink samples are presented in Table
4.The range of the individual metal carcinogenic risk are Pb(4.85x10%-1.41x10#),Cd(3.59x10%-6.67x10?),and As (8.55x10%-2.7x10-
%).In general, USEPA recommended the permissible level for cancer risk to be lower than or about 1 chance in 1,000,000 lifetime expo-
sure (ILCR<1) and this value is sometimes negligible. Threshold risk limit (ILCR>10) for a chance of cancer is higher than 1 in 10,000
exposures where corrective methods can be applied. However, values of ILCR lying between 10-%and 10 are considered as acceptable
range. Moderate risk level (ILCR>10"?) and (ILCR>10?) that is above 1 in 1000 and 1 in 100 respectively are considered unacceptable
and the health safety of the public is of concern (Arigbede et al.,2019). From all the samples analysed, 6.25% of the samples had Pb can-
cer risk index above the permissible range, while for As and Cd, 31.25% and 25% had cancer risk index above permissible limits respec-
tively as set by USEPA. Therefore, the consumption of the soft drink in this present study,pose health risk to the populace exposed to
these soft drinks. Due to the higher ILCR values for both Cd and As. Pb, As and Cd are classified by international Agency for Research
on cancer (IARC) as being carcinogenic. Chronic exposure to low doses of Pb,Cd and As could therefore result into many cancers
(Jarup,2003).

4.3. Polycyclic aromatic hydrocarbons (PAHS)

PAHSs have long been proposed by USEPA in 1984 as carcinogenic or mutagenic compounds and adopted by the US government in
1998.These ubiquitous organic compounds can be readily found in food(Martorell et al.,2010);air(Halek et al.,2006);soil(Maliszewska-
Kordybach et al.,2009);street dust(Perra et al.,2011) and rain water(Lorenzi et al.,2011).Some PAHSs and their derivatives are highly toxic
. Their mutagenic or carcinogenic properties are major risks to human health (Prycek et al.,2007).In this present study,the concentration
of the PAHs were compared with the guidelines set by EU (EU,1998) and USEPA (USEPA,2002),0.00003 pg/pL and 0.0002 pg/uL,
respectively show that all PAHs congener are within the MCL set by EC and USEPA. 50% of the samples was not detectable with PAHSs.
The absence of PAHs congeners in the some of the samples may be as a result of the method of preparation .Processing (drying
,smoking) and cooking of food at high temperature (drying, frying, roasting, bakery) are commonly considered to the major source of
food contamination by PAHSs (Fretheim,1983).None of these methods are applied in the production of soft drinks.

Benzo(a)pyrene which was used as the benchmark for carcinogenicity to other PAHSs, due to its ability to have strong carcinogenic effect
on laboratory animals and man(Adebayo et al.,2012) was not detected in this study(Table 5), and thus, pose no potential health risk to the
populace exposed to the soft drink. In this current study, the carcinogenic and non-carcinogenic risk of PAHs were not calculated be-
cause they occurred in relatively low amount. Some PAHSs can affect health when exposure is at levels higher than the maximum concen-
tration limit (MCL) for relatively short period of time. The damage include suppressed immune systems, or red blood cell damage lead-
ing to anaemia (Abiodun et al.,2017).PAHSs are toxic and their carcinogenicity is limited by their metabolic conversion to peroxides that
bind covalently to cellular macromolecules, including DNA, causing an increase of elevated levels of DNA adducts and developing er-
rors in DNA replication which causes carcinogenesis in both human and other organisms (Kumar et al.,2014).

5. Conclusion

Although soft drinks are consumed due to their numerous benefits, they can also be a potential source of toxic metals. This contamina-
tion may due to contamination of ingredients, surface water and groundwater used during production and also reported by manufacturers
during the beverage processing and packaging and storage stages (Pofahl et al., 2005).From the results observed in this study the levels
of Hg were within the permissible limit set by WHO, USEPA and SON. Pb levels exceed the maximum limit set by regulatory bodies.
Cd and as levels in 19% and 50% respectively, in the soft drink samples were above the recommended limit. The carcinogenic risk was
higher in Cd and lowest in Ph. In addition, the estimated daily intake for Hg were within the reference dose, thus, poses no health risk.
The THQ for heavy metals in this study were greater than unity. Except Hg which has its THQ below unity .The hazard indices due to
combined non-cancer effects of all the metals considered in this study were >1.The PAHs congeners were absent in 50% of the soft drink
samples. In addition, Benzo(a)pyrene, which was considered as the most carcinogenic pollutant is not detected in this present study. Con-
sumption of the soft drink samples pose potential health risk with respect to Cd and As.
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