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In this study, levels and types of  polycyclic aromatic hydrocarbons (PAHs) were determined in the commonly 
consumed soft drink products in Nigeria. This was done to assess the possible human health risks associated 
with the long-term regular consumption of  the soft drink products. Two batches of  twelve samples of  
differently packaged soft drink products were obtained from Ile-Ife, Osun Sate, Nigeria. The PAHs were 
extracted by Liquid-Liquid Extraction (LLE) method using n-hexane as the extracting solvent, while the 
cleaned-up samples were analysed for their PAHs content using Gas Chromatography coupled with Flame 
Ionization Detector (GC-FID). The results obtained from the study indicated that seventeen PAHs could be 
detected from the soft drink samples at levels (µg/mL) that varied diversely among the soft drink samples. 
Pyrene had the highest level of  prevalence while 2-methyl naphthalene had the lowest level of  prevalence; it was 

present in only one sample. Levels of  SPAHs were lowest in sample B while the least levels of  SPAHs were 
found in sample F. The result indicated that B had a higher potential for carcinogenic risks from consumption 
than the other soft drink samples. The observed values of  estimated Dietary Daily Intake (DDI) for the total 
PAHs and carcinogenic toxic equivalents (TEQ) in sample B were the highest indicating that there could be a 
higher risk of  exposure and carcinogenic human health risk from regular consumption of  B in preference to the 
other soft drink products.
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INTRODUCTION
Soft drinks usually refer to a wide range of  
carbonated or non carbonated non-alcoholic or 
mildly alcoholic drinks stored in cans, cartons, 
plastics or bottles (ranging from small bottles to 
large multi-liter containers) with constituents put 
together in a way that conforms to healthy diet 
specifications (AICR, 2007). As a way of  making 
the taste more appealing to the consumers, soft 
drinks may contain fruit juices, natural or artificial 
sweetening agents, herbal mixtures, natural or 
artificial flavors, milk derivatives, artificial 
colourings, caffeine, edible acids, and other 
preservatives (AICR, 2007; Vaux, 2011).

Soft drinks are widely consumed for three major 
reasons. One, in their various forms soft drinks are 
consumed so as to rehydrate the body because 
virtually all soft drinks contain a large quantity of  
water which serves as the major rehydration agent 
in soft drinks. Two, where the purification 
integrity of  available water is in doubt people 

would prefer to drink soft drinks to avoid 
waterborne diseases, such as cholera, dysentery 
and other health compromising micro-organisms 
(Prato and Parent, 1993; Clancy et al., 1998; 
Olanrewaju et al., 2017). Also, several people are 
attracted to soft drinks because they are heavily 
promoted through media  adver t i s ing ,  
sponsorships in sports or concerts, movies and 
TV programmes, pleasantly emblazoned street bill 
boards. 

These factors have made the consumption of  soft 
drinks to keep increasing across virtually all age 
grades. By the close of  the nineteenth century, 
several carbonated drinks, such as soda water, 
ginger beer, ginger ale, lemonade, citrus drinks, 
quinine tonic water, bitter lemon, colas, 
sarsaparilla, root beer, cream soda and so on were 
already on sale (Riley, 1958;Prato and Parent, 
1993). The 2004 global consumption of  soft 
drinks was estimated at 480 billion litres of  which 
cola and other carbonated drinks accounted for 
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40% with current sales in Asia increasing at 
around 3.5% each year (AICR, 2007).  

The ingredients and processes used in the 
formulation of  carbonated soft drinks vary widely 
depending on the bottling company and targeted 
consumers. In all cases, three conditions are 
expected to be met: food and drink products must 
present no health risk to the consumers; correct 
procedures must be adopted; and ingredients are 
selected to meet legal requirements of  purity and 
conform to the legislative controls that apply 
(Binnie et al., 2002; Ashurst, 2004). Such 
ingredients include water, carbondioxide, 
different sweetners, acidulants, flavourings, 
colours and preservatives (Mitchell, 1990; Gleick, 
1996; EC, 1999; Saltmarsh, 2000; Binnieet al., 
2002). Ideally, these ingredients and raw materials 
should be added according to specification and 
workable limits for microbial activity so that there 
is little chance of  excessive contamination in the 
finished beverage product (Hofmanet al., 2001). 
However, the ingredients used in the formulation 
of  carbonated soft drinks, by their diverse nature 
and sources, could be the source of  a wide range 
of  contaminants that may be detected in such 
food items. Some of  the contaminants speculated 
to be present are trace metals and trace organics, 
such as polycyclic aromatic hydrocarbons (PAHs). 

Polycyclic aromatic hydrocarbons (PAHs) consist 
of  hydrocarbons with two or more fused benzene 
rings in various structural configurations with no 
hetero atoms or substituents (Yanget al.,2003). 
Polycyclic hydrocarbons containing up to four 
rings are refer to as light PAHs and those that 
contain more than four rings are classified as 
heavy PAHs (Kuppusamyet al., 2016). Polycyclic 
aromatic hydrocarbons were ranked as the ninth 
most threatening compounds to human health 
(King et al., 2002; Simko, 2002). In view of  their 
higher genotoxic potentials, high molecular or 
heavy PAHs are more stable, have relatively low 
solubility in waterbut are highly lipophilic and 
more toxic than the light PAHs (Yang et al., 1988; 
Yamada et al., 2013). Most of  the PAHs with low 
vapour pressure can readily be detected in the air 
adsorbed on particles and can undergo 
photodecomposition when exposed to ultraviolet 
light from solar radiation. 

Many  o f  these  compounds,  name ly :  
b e n z o [ a ] p y r e n e ,  b e n z o [ a ] a n t h r a c e n e ,  
dibenzo[a,h]anthracene and chrysene, have been 
reported to possess carcinogenic and genotoxic 
properties (IARC, 1973). Thus, as food 
contaminants, PAHs are detrimental to humans 
when they exceed certain threshold limits. 
Globally, the role of  PAHs in the environment is 
increasingly becoming an issue of  serious concern 
because of  their toxic nature to living organisms at 
certain threshold levels within the various 
environmental compartments that are considered 
as very important ecological crossroads in the 
environment(Abdel-Shafy and Hussein, 
2016).The worldwide distribution of  PAHs in the 
environment can be traced to several sources, such 
as coal and wood burning, petrol and diesel oil 
combustion, high temperature industrial 
processes, forest fires, incineration of  biomass 
matters, automobile exhausts, volcanoes, refining 
and hydrothermal processes (Guillen et al., 1997; 
Chrysikou et al., 2008; Baxter et al., 2014; Ortuno et 
al., 2014; Luo et al., 2016). 

Polycyclic aromatic hydrocarbons are widely 
distributed environmental contaminants that have 
detrimental biological effects, toxicity, 
mutagenicity and carcinogenicity. Eye irritation, 
nausea, skin inflammation and irritation in form 
of  allergic reactions in skin in animals and 
humans, vomiting, diarrhea and confusion are 
some of  the symptoms associated with exposures 
to elevated levels of  pollutants containing PAHs 
(such as Anthracene, benzo[a]pyrene and 
naphthalene) and other substances (Burchiel and 
Luster, 2001; Unwin et al., 2006; IPCS, 2010).  
More than their toxic effects, the ability of  the 
reactive metabolites of  PAHs, such as epoxides 
and dihydrodiols, to cause biochemical disruption 
of  the cellular proteins and DNA leading to 
mutations, developmental malformations, 
tumors, and cancer has remained a major concern 
(Armstrong et al.,2004; Zhou and Zhao, 2012). 
There are strong enough evidences coming from 
laboratory experiments and occupational 
exposures to prove that mixtures of  PAHs are 
partly responsible for an increased risk of  skin, 
lung, bladder and gastrointestinal cancers in 
humans (USEPA, 2008). 

The present study involved the determination of  
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the levels of  PAHs in six different types of  
carbonated soft drink products known to be 
massively consumed in Nigeria. The choice of  the 
carbonated soft drinks was based on the frequency 
of  consumption at parties, homes, schools, offices 
and social gatherings. The aim of  the study was to 
determine the regular and long-term consumption 
safety of  each of  the carbonated soft drinks with 
respect to the levels of  their PAHs content. 

MATERIALS AND METHODS
Reagents and Chemicals Used
The analytical grade anhydrous sodium sulphate, 
silica gel, n-hexane and ethanol were purchased 
from Sigma-Aldrich sales representative outlets in 
Nigeria. Doubly distilled water was used for the 
washing and rinsing of  apparatus used in the 
preliminary extraction stages.  

Pre-treatment and Sterilization of  Apparatus
All standard laboratory glassware (beakers, sample 
bottles and vials, measuring cylinder, separating 
funnel, volumetric flask, conical flasks, funnel, 
glass columns) were cleaned by soaking for 48 
hours in a detergent solution in a wash basin. Each 
glassware was scrubbed clean with a nylon brush, 
rinsed with hot water, followed by cold water, 
doubly distilled water and finally with acetone to 
preclude any trace organic matters that can cause 
cross-contamination of  the analyte of  interest. All 
cleaned and dried glassware were wrapped with 
clean aluminum foil and stored in a cupboard to 
prevent cross contamination by fallout from 
laboratory air. The glass wool was soaked in 
acetone overnight and later dried and wrapped in 
aluminium foil pending further use.

Sampling
Two categories of  carbonated soft drinks were 
purchased from sales outlets in Ile-Ife, Osun State, 
Nigeria. The first category was made up of  six 
different commonly consumed soft drinks 
contained in plastic bottles (coded: A, B, C, D, E 
and F), while the second category was made up of  
brands of  the first category stored in glass bottles 
(coded: A', B', C', D', E' and F'). The different 
samples were stored in a cool place at room 
temperature prior to analysis.

Extraction of  PAHs from the Soft Drink 
Samples

For the extraction of  PAHs, 300 mL of  each 
sample was carefully measured and poured into a 
1000 mL separating funnel and 30 mL of  
analytical grade n-hexane was added to the sample 
in the flask. The mixture was shaken vigorously 
for about 20 minutes with occasional venting of  
the trapped gas or volatilized n-hexane. The 
mixture was then allowed to settle for about 1 hour 
to properly separate into two immiscible layers. 
The denser layer, which is the sample, was eluted 
into a beaker while the lighter layer, which 
contains the PAHs, was eluted into a labeled 
amber coloured vial. This procedure was carried 
out in triplicate for each sample. All the eluted 
extracts for a give sample were added together into 
a vial which was securely covered and then stored 

o
in a refrigerator at a temperature of  about 4 C in 
readiness for clean-up.

Clean-up Procedure
The clean-up employed the principle of  
chromatography which involves a stationary 
phase (silica gel) and a mobile phase comprising n-
hexane and ethanol. The ethanol was used to 
solubilize the extract that appeared viscous. The 
packed column was first washed with n-hexane to 
prevent any interference from extraneous trace 
organics. The clean-up process was performed to 
remove all other forms of  impurities which might 
be present in the eluate, or reduce them to the 
barest minimum (Oyekunle et al., 2011). The 
recovered eluate after clean-up was collected in 
amber-coloured vials, evaporated to dryness and 
then reconstituted with 1 mL of  n-hexane and 

ostored in at 4 C prior to instrumental analysis.

Instrumental Analysis
The qualitative identification and quantification 
of  the PAHs were carried out using a Gas 
Chromatograph coupled with Flame Ionization 
Detector (GC-FID) available at the Nigerian 
Institute of  Oceanography and Marine Research, 
Victoria Island, Lagos, Nigeria. The identification 
of  the PAHs was based on the comparison of  the 
retention times of  the peaks with those obtained 
from serially diluted mixture of  PAHs standards 
(supplied by instrument manufacturer). 
Quantification was based on external calibration 
curves prepared from the standard of  each of  the 
PAHs.
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Validation of  Procedure
Recovery Analysis 
No standard reference material was available to 
the researchers in the course of  this study. Hence, 
percentage recovery (%R) was carried out to 
evaluate the efficiency of  the analytical procedures 
adopted for the analysis. Also, fluorene, 
anthracene, phenanthrene and chrysene were the 
only pure forms of  PAHs available. Thus, a 
mixture of  10 µg/mL of  the available PAHs was 
prepared and added into a known volume (X) of  
the carbonated soft drink sample, shook 
vigorously, left in a corked container overnight 
before extraction was done. An equal volume (Y) 
of  the carbonated soft drink was left unspiked. 
Both samples were stored under the same 
conditions and taken through the extraction and 
clean-up protocols. The extracts were analyzed for 
their PAHs content. The %R was evaluated from 
the relationship:

%R =        x 100 [1]

Human Health Risk Assessment
The Dietary Daily Intake (DDI) of  PAHs
The Dietary Daily Intake (DDI) of  PAHs in the 
carbonated soft drinks was evaluated using 
Equation 2 (Halek et al., 2007): 
DDI = Ci × IR [2]
where Ci is the concentration of  PAHs and IR is 
the ingestion rate of  the soft drinks averagely 
based on the content of  the bottle (350 mL ≈ 350 
g). 

Evaluation of  Dietary Daily Intake (DDI) was 
calculated for individual PAHs, the sum of  the 17 
PAHs analyzed (Total PAHs) and also for the sum 
of  those PAHs considered possible human 
carcinogens (Total Carcinogenic PAHs).

Carcinogenic Risk Assessment of  PAHs in 
Carbonated Soft Drinks 
Cancer risk due to dietary exposure to PAHs in 
carbonated soft drinks was calculated using the 
individual PAH carcinogenic potencies and the 
carcinogenic toxic equivalents (TEQs). The 
Carcinogenic potencies, B(a)P TEQs, of  
individual PAHs was evaluated by multiplying the 

PAH concentration in the sample by the individual 
toxicity equivalency factor (TEF) (Nisbet  and 
LaGoy, 1992). The TEF is an estimate of  the 
relative toxicity of  individual PAH fraction 
compared to benzo(a)pyrene. 
Carcinogenic potencies of  individual PAHs, 
(BaP TEQs) = Ci  ×TEFi [3]
The carcinogenic toxic equivalents (TEQs) were 
then obtained by summing the carcinogenic 
potencies of  individual PAHs (BaP TEQs) (Ding 
et al., 2012).

Health Risk Index of  PAHs
The risk index is defined as a quotient between the 
estimated exposure to daily PAHs intake (DPI) 
and reference dose oral (RfD) for each PAH 
(USEPA, 2002). An index more than 1 is 
considered as not safe for human health (USEPA, 
2002). Daily intake was calculated by the 
following equation:

Daily intake of  PAHs (DIP) = Ci x [4]

where Ci, D and B represent the PAHs 
concentrations in soft drink samples (µg/g), daily 
intake of  soft drinks and average body weight (45 
kg) respectively.

Statistical Analysis of  Data
Basically, Pearson correlation coefficient was used 
in this study to predict the relative association and, 
possibly, the sources of  the PAHs detected in the 
samples. 

RESULTS AND DISCUSSION

Validation of  Analytical Procedures
The reliability of  the analytical procedure adopted 
in this study was tested in terms of  percentage 
recovery of  the available PAHs standards. The 
percentage recoveries ranged from 80.7% 
Anthracene to 99.0% Chrysene for glass bottled 
soft drinks and from 89.9% Chrysene to 108.3% 
Anthracene for plastic bottled soft drinks (Table 
1). These values were within the 70 – 110% 
recovery range stipulated by the EU (1999) as the 
acceptable limit within which the analytical 
procedure is adjudged to be reliable.
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L e ve l s    o f  Po l yc yc l i c  A r o m a t i c  
Hydrocarbons in Soft Drink Samples
Seventeen (17) different types of  PAHs were 
detected at various levels in the soft drinks (Fig.1). 
A summary of  the types and concentrations of  
the various PAHs present in different soft drink 
samples studied is presented in Table 2. 

The results obtained from the study indicated that 
the levels of  naphthalene in plastic bottled soft 
drinks ranged from not detected (ND) to 0.88 
µg/mL, while the range was between ND and 0.31 
µg/mL in the glass bottled soft drinks. Respective 
levels of  prevalence (LoP) of  naphthalene were 
0.90 and 0.34 µg/mL in plastic and glass bottled 
soft drinks. Basically, naphthalene was detected 
only in four samples at 0.88, 0.02 µg/mL (in B and 
D), 0.03 and 0.31 µg/mL (in B' and C'). Based on a 
full 350 mL content per bottle, a consumer who 
drinks a whole bottle of  B or D or B' or C' would 
have consumed not less than 7.0 and up to 308.0 
µg of  naphthalene. Ingestion of  a large amount of  
naphthalene damages some of  the red blood cells, 
thus leading to hemolytic anemia (ATSDR, 2005) 

especially in people with an underlying G6PD 
(glucose-6-phosphate dehydrogenase) deficiency 
and may cause confusion, nausea, vomiting, 
diarrhea, blood in the urine, and jaundice 
(Santucciet al., 2000). It is on record that children 
have developed this problem after eating 
naphthalene-containing mothballs or deodorant 
blocks (ATSDR, 2005). In pregnant women, 
naphthalene can move from the mother's blood to 
the baby's blood and in lactating mothers, 
naphthalene may also be transferred from the 
mother to the baby through the breast milk. The 
International Agency for Research on Cancer 
(IARC) classifies naphthalene as possibly 
carcinogenic to humans and animals (Group C) 
and that acute exposure causes cataracts in 
humans, rats, rabbits, and mice, and that hemolytic 
anemia can occur in children and infants after oral 
or inhalation exposure or after maternal exposure 
during pregnancy (ATSDR, 2005; IARC, 2010). 
The National Institute for Occupational Safety 
and Health (NIOSH, 1997) has set a 
recommended exposure limit of  0.01- 0.02 
µg/mL.

Table 1:  Percentage Recovery (%R) of  PAHs in Soft Drink Samples 

 Glass bottled soft drink Plastic bottled soft drink 
PAHs X Y %R X Y %R 
Fluorene 56.91 48.55 83.6 57.09 47.65 94.4 
Phenanthrene 93.36 84.89 84.7 94.63 85.15 94.8 
Anthracene 34.51 26.44 80.7 32.46 21.63 108.3 
Chrysene 20.91 11.01 99.0 15.35 6.36 89.9 

     (a): Chromatogram of  standard PAHs
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17Occurrence of  2-methyl naphthalene was only 
in sample B at 0.03 µg/mL. If  present at relatively 
higher quantities and with regular contact, the gas-
exchange part of  the lungs can become filled with 
an abnormal material leading to a type of  lung 
injury called pulmonary alveolar proteinosis 
(ATSDR, 1995; ATSDR, 2005). From the results 
of  the present study, 2-methyl naphthalene 
occurred as the least contaminant of  soft drink 
products.

Acenaphthylene levels in plastic bottled soft 
drinks ranged from 0.01 µg/mL in E, F and D' to 
0.19 µg/mL in B. These values translated to a 
range of  3.5 to 66.5 µg per plastic bottle of  350 mL 
content. In glass bottled soft drinks, the range was 
from 0.01 µg/mL in D' to 0.09 µg/mL in B'. These 
values translated to a range of  3.5 to 31.5 µg per 
glass bottle of  350 mL content. The International 
Agency for Research on Cancer (IARC) has not 
classified Acenaphthylene as a carcinogen, but the 
recommended USEPA daily oral exposure to 
acenaphthylene is 0.06 mg/kg (or 0.06 µg/mL). 
The concentrations of  acenaphthylene in A (0.04 
µg/mL), C (0.02 µg/mL), E and F (0.01 µg/mL) 
were lower than the recommended amount, but 
equal to or higher than the recommended level in 
B (0.19 µg/mL) and D (0.06 µg/mL). In the same 
vein, levels of  acenaphthylene in glass bottled soft 
drinks were equal to or higher than the 0.06 
µg/mL in B', C' and E' but lower in the others. 
Thus, levels of  acenaphthylene in B, D, B', C' and 
E' could lead to disturbance of  respiratory system, 
cough, wheezing, shortness of  breath, bronchitis, 

vomiting, kidney and liver damage (IARC, 1973) 
upon regular and prolonged consumption.  

In the case of  acenaphthene, values obtained 
ranged from 0.01 µg/mL in C, D, E and F to 0.95 
µg/mL in B for plastic bottle soft drinks and 0.01 
µg/mL in D' and E' to 0.66 µg/mL in B' for the 
glass bottled soft drinks. These values translated to 
a minimum of  3.50 µg/mL to a maximum of  
332.50 µg/mL in the soft drink samples. 
Acenaphthene is not classified as carcinogenic as 
listed by OSHA. However, exposure to high doses 
of  acenaphthene in a short period can cause 
damage to the skin, cause headaches, nausea, loss 
of  appetite, inflammation or swelling of  the 
stomach and intestines (Spacieet al., 1983). The 
daily oral exposure likely to be without an 
appreciable risk of  deleterious effects during a 
lifetime for acenaphthene is 0.3 mg/kg/day (i.e. 
0.3 µg/mL/day) as recommended by the USEPA. 
The concentrations of  acenaphthene in all the 
samples were below this limit except for B which 
had 0.95 µg/mL and B' which had 0.66 µg/mL.

Fluorene levels in glass bottled soft drinks ranged 
from 0.02 to 0.26 µg/mL, while its concentrations 
ranged between from 0.01 and 0.29 µg/mL in 
plastic bottled soft drinks. By implication, anyone 
who consumes a whole bottle of  350 mL of  any 
of  the soft drinks may consume between 3.5 and 
101.5 µg fluorene. Samples B and D' had fluorene 
concentrations higher than the recommended 
limits of  0.06 µg/mL implying that caution should 
be exercised in consuming large amounts of  soft 

(b): A representative chromatogram of  PAHs in soft drinks
Figure 1: Representative chromatograms of  PAHs in soft drink samples 

Oyekunle et al.: Exposure to Polycyclic Aromatic Hydrocarbons through Consumption



181

drinks B and D' on regular basis. Understandably, 
fluorene has not been classified as a cancer causing 
agent, but effects of  its short term exposure to 
higher concentrations include irritation and 
burning of  eyes and skin (EFSA, 2008). 

The USEPA (1993) daily oral exposure limit of  
anthracene is 0.3 mg/kg/day which translates to 
0.3 µg/mL. Exposure to high doses of  anthracene 
at a short time can damage the skin, cause 
headaches, nausea, loss of  appetite, inflammation 
or swelling of  the stomach and intestines 
(Warshawskyet al., 1993). In the present study, 
anthracene levels ranged from 0.05 to 0.46 µg/mL 
in plastic bottled soft drinks and 0.15 to 0.46 
µg/mL in D'. Irrespective of  the brand consumed, 
a minimum of  17.5 µg of  anthracene would have 
been ingested each time a 350-mL content of  a 
soft drink is consumed. Regular consumers of  
high-level anthracene containing soft drinks may 
suffer skin damage, headaches, nausea and loss of  
appetite, among others.   

In plastic bottled soft drinks, levels of  
phenanthrene fell within the range 0.04 µg/mL in 
C and 0.35 µg/mL in B, while the levels ranged 
from 0.11 µg/mL A' to 0.35 µg/mL in D'. Based 
on a 350 mL content bottle, these values translated 
to 14.00 µg in C to 122.50 µg in B and D'. There is 
no sufficient data to derive an oral reference dose 
or inhalation reference concentration for 
phenanthrene (USEPA, 1993), but based on no 
human data and inadequate data from animal 
b ioassays,  USEPA (1993)  has  p laced 
phenanthrene in weight-of-evidence, not 
classifiable as to human carcinogenicity.  
Phenanthrene is not classified as a carcinogen to 
humans by the International Agency for Research 
on Cancer, but as an established irritant, can cause 
photosensitization of  skin in the presence of  
intense light (IARC, 1973).

The levels of  fluoranthene ranged from 0.01 
µg/mL to 0.12 µg/mL in soft drinks available in 
plastic bottles, while the range was from 0.02 to 
0.08 µg/mL in glass bottled soft drinks. This 
means that the least amount of  fluoranthene one 
could consume is 3.5 µg while the amount could 
be up to 42.00 µg per 350 mL of  soft drink 
consumed  de pend ing  on  the  b r and .  
Concentrations of  fluoranthene in samples B, D, 

B', D', and F' exceeded the USEPA (2008) daily 
recommended limit of  0.04 mg/kg/day although 
fluoranthene is not classified as genotoxic 
(Cavalieri, 1988). 

Pyrene is a skin irritant, a carcinogenic agent, a 
suspected mutagen, and an unequivocal tumour-
causing agent that can be absorbed by oral 
ingestion and through the skin. Workers exposed 
to 3-5 mg/kg of  pyrene would exhibit some 
teratogenic effects (USEPA, 2002). The levels of  
pyrene in the present study ranged from 0.12 
µg/mL to 0.88 µg/mL in plastic bottled soft 
drinks and 0.02 to 0.95 µg/mL in glass bottled 
samples. Although the concentrations of  pyrene 
in all the samples were below the recommended 
limit, and hence would not cause immediate health 
challenges. It nonetheless had the highest level of  
prevalence across all the soft drink samples. The 
source of  pyrene in the soft drinks cannot be 
linked with the nature of  packaging material 
because the difference was generally not 
significant at p ≤ 0.05.  

United States EPA has classified chrysene in the 
category of  weight-of-evidence Group B2, a 
probable human carcinogen group that has been 
established to cause cancer in laboratory animals 
(USEPA, 1993). The levels of  chrysene fell within 
the range 0.01 and 0.17 µg/mL in plastic bottled 
soft drinks, while in glass bottled samples, the 
range was between 0.04 to 0.36µg/mL. These 
values translated to a range of  3.5 to 126.0 µg/350 
mL liquid content of  the soft drinks. 
Undoubtedly, the samples had chrysene 
concentrations far above the recommended limit 
of  0.007 µg/g in food items. As such, reckless and 
regular consumption of  these soft drinks should 
be discouraged among consumers. 

Benzo[a]anthracene was detected in all samples 
within the range 0.01 and 0.09 µg/mL, which 
translated to consuming a minimum of  3.5 µg mL 
or maximum of  31.5 µg whenever a 350 mL 
content is consumed. Benzo[a]anthracene can 
cause irritation of  eyes, nose, throat and skin. With 
the USEPA recommended daily oral exposure 
likely to be without an appreciable risk of  
deleterious effects during a lifetime for 
benzo[a]anthracene being 0.3 mg/kg/day 
(USEPA, 1993), it could be inferred that the 
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concentrations of  benzo[a]anthracene were not 
high enough to cause serious health infractions as 
their levels in the samples were below the 
recommended limit.

The position of  the National Institute for 
Occupational Safety and Health Administration is 
that oral exposure to carcinogens be limited to the 
lowest feasible concentration. In other words, it is 
commendable if  items meant for consumption 
could only contain tolerable levels or even less. For 
benzo[k]fluoranthene, a carcinogenic substance, 
exposure limit is 0.1 mg/kg (or 0.1 µg/mL) 
(NIOSH, 1997). In the samples chosen for this 
study, benzo[k]fluoranthene was detected in all the 
samples at levels ranging from 0.01 to 0.37 
µg/mL. By implication, between 3.5 µg to 129.5 
µg could be orally added to the human system 
whenever 350 mL of  any of  the soft drinks is 
consumed. About 50% of  the samples under 
investigation had benzo[k]f luoranthene 
concentrations higher than the recommended 
level. 

For benzo[b]fluoranthene, the National Institute 
for  Occupa t iona l  Sa fe ty  and  Hea l th  
Administration (NIOSH, 1997) has set a 
recommended exposure limit of  0.1 mg/kg (i. e. 
0.1 µg/mL). In the present study, levels of  
benzo[b]fluoranthenein the soft drink samples 
ranged from 0.01 to 0.1 µg/mL. Based on a 350 
mL content, the values translated to a range of  
3.50 µg to 35.00 µg. Benzo[b]fluoranthene has 
been classified to be genotoxic andcarcinogenic by 
the United States Environmental Protection 
Agency (USEPA, 2008). Apart from sample B in 
which the benzo[b]fluoranthene concentration 
was the same as the recommended 0.1 µg/mL 
limit, all other samples contained lower levels of  
benzo[b]fluoranthene, and hence, these values 
indicated a low concern for consumer health as 
t h e  d i e t a r y  e x p o s u r e s  w e r e  o n l y  
minimal.Benzo[a]pyrene, BaP, the most common 
cancer causing PAH in animals, is notable for 
being the first chemical carcinogen to be 
discovered (USEPA, 2008). At a threshold level, 
BaP has been implicated as being responsible for 
genetic damage of  lung cells in a way similar to the 
DNA damage usually observed in most malignant 
lung tumours (Cavalieriet al., 1988; Butler et 
al.,1993). The recommended oral exposure limit 

of  BaP is 0.0003 mg/kg/day (i.e. 0.0003 
µg/mL/day) (USEPA, 1993). The levels 
ofbenzo[a]pyrene in the samples ranged from 0.03 
to 0.87 µg/mL.These values translatedto a range 
of  10.5 µg to 304.5 µg per 350 mL bottle content. 
Benzo(a)pyrene was present at significantly higher 
levels than the recommended limit across all the 
samples. Thus, the dietary exposure from regular 
drinking of  soft drinks could lead to BaP related 
serious health concerns.

Indeno[1,2,3-cd]pyrene, a carcinogen, occurred in 
100% of  the plastic bottled soft drinks at levels 
that ranged from 0.01 to 0.43 µg/mL, while it 
occurred in only 50% of  glass bottled soft drinks 
at 0.17 to 0.30µg/mL range. Indeno[1,2,3-cd] was 
present in all six soft drink samples. Indeno[1,2,3-
cd] is a carcinogen. Apparently, plastic containers 
contributed more Indeno[1,2,3-cd]pyrene to the 
soft drink contents than glass bottles.

Dibenzo(a,h)anthracene was detected in 83% of  
plastic bottled soft drinks within the range 0.01 to 
0.15 µg/mL, and at  0.09µg/mL in 17% of  the 
glass bottled soft drinks. To some extent, plastic 
bottles appeared to contribute to the level of  
Dibenzo(a,h)anthracene recorded in the soft 
drink samples. A dose-related increase of  
dibenzo[a,h]anthracene has been inferred to be 
responsible for skin carcinoma formation, as well 
as decreased survival time and tumor latency 
period (ATSDR, 2005).

The levels of  Benzo[g,h,i]perylene in the samples 
ranged from 0.01 to 0.59 µg/mL, with occurrence 
in 83% of  the plastic bottled samples and 100% of  
the glass bottled samples. Regular consumption of  
350 mL content per bottle of  any of  these soft 
drinks could lead to an addition of  between 3.5 to 
206.5 µg of  benzo[g,h,i]perylene in which case 
reproductive problems, damage to skin, body 
fluids alteration and compromise of  the immune 
system may be experienced as have been 
demonstrated in laboratory animals (Devault et al., 
1990). Generally, PAH-rich mixtures have been 
identified as having high carcinogenic risk to 
humans (Burchiel and Luster, 2001).

Coefficient of  variation (CV) helps to have an 
overview of  degree of  diverse distribution pattern 
of  the measured contaminants in a sample or an 
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environment. Widely varying CV values (Table 4) 
with a range of  78 – 167 for plastic bottled soft 
drinks and 100 – 157 for glass bottled soft drinks is 
an indication that the amount of  PAHs 
contributed by each of  the ingredients used in the 
formulation of  the soft drinks varied widely in 
proportion. A deeper understanding of  how 
much of  PAHs is contributed by each ingredient 
could lead to methods that will ensure their 
reduction and enhance safer content of  soft 
drinks produced in future.   

Pearson correlation matrix for PAHs 
The correlation coefficients of  the PAHs in Table 
3 indicated that out of  136 possible pairs of  
different congeners, 75 pairs (55.1%) were very 
strongly positively correlated in the range of  82 
and above, while 14 pairs (10.3%) had fairly strong 
positive correlations between 70 and 81. There 
was no negative correlation among the 136 pairs. 
It could therefore be concluded that the PAHs in 
the soft drinks were contributed by the same 
factors that might basically include the ingredients 
used, the processing method of  the ingredients 
and the bottling procedure with the containers 

used for packaging contributing little or no PAHs. 

Health Risk Assessment of  Polycyclic 
Aromatic Hydrocarbons in Soft Drinks
Health risk of  PAHs in the soft drinks (Table 4) 
was evaluated in terms of  dietary daily intake 
(DDI) and carcinogenic potencies [B(a)Pteq]. 
These were done because of  the high rate of  
consumption of  soft drink products all over the 
world. The United States Environmental 
Protection Agency (USEPA, 2002) stipulates that 
a dietary daily intake (DDI) value of  PAHs greater 
than 1 is considered as not safe for human health. 
In the analyzed soft drink samples, all the DDI 
values were below the stipulated value, thus no 
immediate health infarctions arising from the 
PAHs content of  the soft drinks is envisaged. 
Values of  carcinogenic potencies, BaP , were teq

several folds higher in all the plastic bottled soft 
drink samples than in the glass bottled soft drink 
samples. This observation is suggestive of  the fact 
that there is a higher tendency of  those regularly 
consuming plastic bottled soft drinks to be more 
prone to cancer cases in the future. 
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NAP 2MNAP ACPLC ACP FLR ANT PHR FNT PYR CHR BaA BbA BkF BaP IP DahA BP
NAP 1.00

                

2MNAP 1.00**

 
1.00

               

ACPLC 0.97**
 

0.96**
 

1.00
              

ACP 0.94**
 

0.94**
 

0.93**
 

1.00
             

FLR 0.99**
 

0.99**
 

0.96**
 

0.95**
 

1.00
            

ANT 0.90* 0.89* 0.96** 0.94** 0.93** 1.00           

PHR 0.90* 0.90* 0.96** 0.94** 0.93** 1.00** 1.00          
FNT 0.92** 0.91* 0.97** 0.86* 0.93** 0.95** 0.94** 1.00          
PYR 0.74 0.73 0.86* 0.65 0.74 0.83* 0.82* 0.94**  1.00         
CHR 0.67 0.66 0.80 0.62 0.71 0.83* 0.82* 0.91*  0.97**  1.00        
BaA 0.48 0.47 0.65 0.47 0.54 0.74 0.72 0.78  0.90*

 0.97**
 1.00       

BbA 0.12
 

0.10
 

0.34
 

0.07
 

0.15
 

0.40
 

0.38
 

0.50
 

0.75
 

0.79
 
0.89*

 
1.00

     BkF 0.74
 

0.72
 

0.85*

 
0.66
 

0.77
 

0.87*

 
0.85*

 
0.94**

 
0.98**

 
0.98**

 
0.93**

 
0.75

 
1.00

    BaP 0.78
 

0.76
 

0.90*

 
0.74
 

0.79
 

0.91*

 
0.90*

 
0.96**

 
0.98**

 
0.97**

 
0.90*

 
0.71

 
0.98**

 
1.00

   IP 0.29
 

0.27
 

0.52
 

0.27
 

0.30
 

0.56
 

0.54
 

0.63
 

0.84*

 
0.84*

 
0.90*

 
0.97**

 
0.81*

 
0.82*

 
1.00

  DahA 0.08

 
0.06

 
0.32

 
0.05

 
0.09

 
0.36

 
0.34

 
0.44

 
0.71

 
0.72

 
0.82*

 
0.98**

 
0.67

 
0.68

 
0.98**

 
1.00

BP 0.96** 0.95** 0..99** 0.87* 0.94** 0.92** 0.92** 0.98** 0.90* 0.83* 0.67 0.40 0.88* 0.91* 0.55 0.36 1.00

Table 3: Pearson correlation matrix for PAHs

**Correlation is significant at the 0.01 level (2-tailed); *Correlation is significant at the 0.05 level (2-tailed). 

NAP = Naphthalene CHR = Chrysene
2MNAP = 2-Methylnaphthalene BaA = Benzo[a]anthracene
ACNAP   = Acenaphthylene BbF = Benzo[b]fluoranthene
ACP = Acenaphthene BkF = Benzo[k]fluoranthene
FLR = Fluorene BaP = Benzo[a]pyrene
ANT = Anthracene IP = Indeno[1,2,3-cd]pyrene
PHE = Phenathrene DahA = Dibenz[a,h]anthracene
FLT = Fluoranthene BP = Benzo[g,h,i]perylene
PYR = Pyrene
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Carcinogenic Toxic Equivalents of  PAHs in 
the Soft Drink Samples
The carcinogenic toxic equivalents (TEQ) 
approach was implemented to further gain an 
insight into level of  the carcinogenicity of  the 
combined PAHs contamination of  the soft drink 
samples. The TEQ values in Table 5 indicated that 
D (1.00) > B (0.43) > A (0.31) > E (0.14) > C 
(0.08) > F (0.02) in the plastic bottled samples, 
while in the glass bottled samples, the order was D' 

(0.06) > A' (0.04) ≈  C' (0.04) > B' (0.02) > E' 

(0.01) ≈  F' (0.27). The results of  TEQ clearly 
indicated that regular consumption of  D could be 
accompanied with highest potential for 
carcinogenic risks than when other soft drinks are 
consumed over a period of  time. Also, TEQ 
values indicated that consumers of  plastic bottled 
soft drinks could be at a higher risk of  PAHs 
inflicted health hazards over a prolonged regular 
consumption.

187

Table 5: Estimated Carcinogenic Risk Indices of  PAHs in the Soft Drink Samples

 Plastic bottled soft dr inks
Carcinogenic Risk Index  A  B  C  D  E F
ΣDDI (mg/day)

 

0.62
 

2.21
 

0.20
 

1.09
 

0.38 0.13
SDDI for carcinogenic PAHs (mg/day)

 
0.24

 
0.75

 
0.08

 
0.71

 
0.18 0.03

TEQ  (µg/mL)
 

0.31
 

0.43
 

0.08
 

1.00
 

0.14 0.02

 
Glass bottled soft drinks

 Carcinogenic Risk Index

 

A'

 

B'

 

C'

 

D'

 

E' F'
SDDI (mg/day)

    

0.45

      

0.69

     

0.43

    

1.80

 

0.35 1.01
SDDI for carcinogenic PAHs (mg/day) 0.19 0.28 9.96 0.80 0.09 0.39
TEQ  (µg/mL) 0.04 0.02 0.04 0.06 0.01 0.01

CONCLUSION 
Polycyclic aromatic hydrocarbons in plastic and 
glass bottled soft drinks were evaluated in this 
study. Varying concentrations of  PAHs were 
observed in the soft drink samples with the 
highest concentrations of  PAHs in sample B.  
Generally, the concentrations of  pyrene and 
benzo(a)pyrene in the six soft drink samples were 
significantly higher than the other congeners. The 
observed values of  estimated Dietary Daily Intake 
(DDI) for the total PAHs and carcinogenic toxic 
equivalents (TEQ) in the soft drink samples 
indicated that there might be no immediate PAHs 
associated health challenges for those who 
consume the drinks occasionally. However, 
regular and prolonged consumption could 
translate to higher risk of  exposure and 
subsequently result to carcinogenic effects in 
humans.
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