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Abstract: Benzene, a carcinogen that can cause cancer in humans, may form at nanogram per gram 
levels in some beverages containing both benzoate salts and ascorbic acid. Elevated temperatures and 
light stimulate these reactions. This experiment was performed to determine the effect of the length of 
incubation time and temperature (20, 45 and 90°C) on the generation of benzene from ascorbic acid 
and sodium benzoate in some products of soft drinks (orange color), of 75 samples (five Brands) of 
carbonated soft drinks sampled on the Egyptian market. A calibration curve was generated by creating 
dilutions of benzene in deionized water; the range of detection was between 0.52 ng/ mL and 20.0 
ng/ mL. The deuterated isotopes of the same hydrocarbons were used for quantitative determination by 
the internal standard technique. A survey of benzene contamination of samples, using headspace 
sampling combined with gas chromatography and mass spectrometry (HS-GC/MS) with a 
quantification limit of 0.52 ng/ mL, was conducted. GC/MS method was developed and validated for 
the determination of benzene in beverages. The GC/MS technique was suitable for this study as it is a 
very accurate, effective and reliable protocol for the monitoring of benzene in sodium benzoate-
containing Ascorbic acid. The results showed values higher than the limits recommended by the WHO 
for benzene in non-Alcohol carbonated soft drinks, also a presence of benzene in all beverages 
analyzed which gives food for thought about a possible cumulative effect, taking the intake of other 
contaminated foods and environmental pollution into account. Further research on the precursors of 
heat-induced benzene formation is very necessary, should be in Egypt (Arab countries) that seeks to set 
limits in line with international legislation in the various levels of benzene in soft drinks allowed. 
Especially, no existences of standardization limits for benzene in food products in Egypt till now. The 
proposed analysis method of benzene in carbonated soft drinks by HSGC/MS at 20, 45, and 90°C is an 
accurate and universal method for the monitoring of benzene without false-positive identification. 
 
Key words: Non-alcohol carbonated soft drink; five brands; benzene; storage temperature; headspace; 
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INTRODUCTION 
 

In March 2006, the official Food Standards Agency in Britain (FSAB) conducted a survey of 150 brands of 
soft drinks. It showed four contained benzene levels above World Health Organization limits. The affected 
batches were removed from market. "When those 38 drinks that (Food Standards Agency in Britain)tested 
positive for benzene are subjected to even short periods of heat and light, it could dramatically increase to beyond 
the WHO 10 parts per billion water standard." 

Industry testing soft drinks 15 years ago is thought to get point that exposing to temperatures of 30°C and 
UV light for several hours were enough to increase a rate of more than triple benzene residues in some drinks. 
Testing soft drinks to reflect the effects of storage and transport conditions will be crucial to realistically 
monitor benzene formation in different drinks, Food Standards Agency, October 2003. 

Leaving soft drinks in warm conditions, such as a car boot or garage, can significantly increase the chance of 
benzene forming in the drink, said a scientist who tested the effects of heat and light on benzene in soft drinks for 
the industry in early (Gardner and Lawrence 1993; McNeal et al. 1993; Chang and Ku 1993; and Barshick et al. 
1995). 

In May, 2006, the FDA reported that they received test results conducted by private citizens that benzene 
was forming at low levels in several types of beverages. In December 2005, Germany's Federal Institute for 
Risk Assessment (Bundesinstitut für Risikobewertung) published a review of benzene's possible formation in 
foods and drinks. In February, 2006, an unnamed former chemist at the FDA publicly revealed that benzene 
may be created as part of a chemical reaction during production of soft drinks, particularly those having an 
orange flavor.Full scale investigations immediately started at the Food Standards Agency (UK) and in Germany 
to reveal exactly which amounts of benzene, if any, were present, with several other organizations awaiting their 
findings (Mercer, Chris, 2006).  
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In April 2006, the Korea Food and Drug Administration (KFDA) announced that it had detected benzene in 
27 out of 30 vitamin-enriched drinks on sale in South Korea. It said the detected amount of benzene – ranging 
from 5.7 to 87.8 ppb – was not harmful to humans but advised manufacturers of beverages containing more than 
10 ppb of benzene to voluntarily recall their products.  

The FDA released preliminary results  in May 2006 for 100 beverages showing that many soft drinks 
contained low levels of benzene (less than 5 ppb, the federal drinking water limit) while four drinks contained 
amounts above the standard. Two of these drinks contained amounts 15-18 times above the drinking water 
standard. Many of the products showed large variations in the amount of benzene they contained. The FDA in 
May (2006) stated that it is working with manufacturers to reformulate products that contain benzene above the 
federal drinking water standard. These test results are both lower and more accurate than a previous long-term 
study by the FDA. In the Total Diet Study that FDA conducted from 1996 - 2001 to determine the amounts of 
volatile organic compounds in various foods, FDA used an analytical procedure that caused more benzene to 
form in the drinks during the test(US FDA, 2006)and (Hildeman, Bette 2006). 

The FDA in May 2006 and Fabietti, et al; (2001) emphasized that most beverages contain levels below 5 
ppb and pose no risk to consumers. Furthermore, there are no standards for beverages beyond drinking and 
bottled water. A watchdog organization, the Environmental Working Group (EWG), had previously called on 
the FDA to release its results. The Environmental Working Group (EWG) also criticized the FDA for not acting 
on the Total Diet Study results showing the nearly 80% of the diet soft drinks exceeded the federal drinking 
water standards. In June 2006, Health Canada (HC) released its study results of benzene levels in beverages. 
Four products had levels above the Canadian guideline (CG) (2006) of five micrograms per liter for benzene in 
drinking water.  

In August 2006, two soft drink manufacturers agreed to settle a class-action lawsuit that had been filed by a 
group of parents in the District of Columbia Superior Court. The two companies, Zone Brands Inc., maker of 
"BellyWashers" products, and TalkingRain Beverage Co., denied that their products were harmful, but agreed to 
change the ingredients in their drinks (LIBBY Q., 2006). Coca-Cola announced that it would be phasing out 
sodium benzoate from many of its drinks, but not Fanta and Dr Pepper (Martin H., 2008). As of January 2010, 
Coca Cola Zero still contains benzoate (added as potassium salt). 

The effect of heat and light and its role in benzene formation were never disclosed to consumers. Regulators 
from around the world have told me that they were unaware of it, Debate, nevertheless, has begun to focus on 
the effect of heat and light on the amount of benzene that could form from a reaction between sodium benzoate 
and ascorbic acid. “Heat is a major factor,” according to, an American Beverage Association (2006) and 
Mercer, February, (2006), they said that benzene levels would not rise significantly at room temperature, but 
could rise under extreme conditions. 

It is generally thought that drinking soda in moderation can be acceptable in terms of health.  Recently, 
however, it has come under  speculation  that  drinking  soda—particularly  diet  soda containing  both  
sodium  benzoate  or  potassium  benzoate  and ascorbic  acid—may  lead  to  an  increased  risk  for  
associated cancers such as leukemia, ( McNeal, T.P., et al (1993) . Sodium benzoate and potassium benzoate 
are both salts that occur in nature, but they are more than often produced chemically when added as 
preservatives in foods and beverages.  They are very effective in killing bacteria, yeast, and fungi, but they 
only work when the pH is less than 3.6. They are most commonly ingredients in foods and drinks with a high 
ac id  content , l ike  soda, v inegar , f ru i t  ju i ce , and  sa l ad  dressing, (Fleming-Jones e t  a l ;2003).  
Ascorbic ac id  i s  more  commonly  known as  Vitamin C, and it is found naturally in fruits and vegetables 
like oranges, tomatoes, strawberries, and broccoli. Humans have to consume foods containing Vitamin C, 
because the human body does not internally produce it.  Vitamin  C  is  often   

added  to  foods  and beverages  to  prevent  spoilage  or  to  add  nutrients. Sodium benzoate, potassium 
benzoate, and ascorbic acid are not harmful by  themselves,  but  in  sodas,  juice,  and  even  flavored  water, 
sodium benzoate or potassium benzoate can react with ascorbic acid  in  a  metal  catalyzed  hydroxyl  
radical  reaction  to  form benzene.  

Chang P, Ku K (1993) herein lies the problem: “The US Department of Health  and  Human  Services  
(DHHS)  classifies  benzene  as  a human carcinogen—a compound that promotes cancer, ( Pilon, Brad.,2008). 
Benzene has the chemical formula C 6 H 6, and it does molest aromatic hydrocarbon.   Only slightly soluble 
in water, benzene is a clear, colorless liquid with a characteristic odor that boils at 80.1°C (176.2°F) and 
solidifies at 5.5°C (41.9°F), (Gardner, L.K. and Lawrence, G.D. 1993). Prolonged exposure has been linked 
to the development of several different types of cancer, particularly Acute Myelogenous Leukemia, (Nordqvist, 
Christian,  2 0 0 8 ) .     

Both  the  US  Environmental Protection  Agency  (EPA) in Oct. (2006) , and  the  U.S FDA (2007)have  
established  the “maximum allowable level (MCL) for benzene in drinking water at 5 ppb”, and, since the 
identification of this problem in 1990, over 200 drinks have been tested, only 10 of which have been 
reported to contain benzene levels exceeding 5 ppb. As with many carcinogens, however, accumulation versus 
exposure may be the key to cancer causing effects.  Over a life time, the human body comes in contact with 
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countless carcinogens, so even if the benzene levels in one can of soda isn’t “that high” it still makes sense 
for an individual to attempt to reduce or eliminate his or her beverage-related benzene intake. 

On the other hand, the data  found  in  this  experiment  will  be  useful  information regarding how people 
can reduce their benzene intake from carbonated soft drinks, thus  decreasing  their  carcinogen  accumulation  
and  possibly lowering their risk for developing leukemia. 

It is hypothesized that the amount of benzene detected in carbonated soft drinks samples incubated at 
45°C for a longer period of time will be higher than the amount of benzene detected in samples incubated at 
45°C for a  shorter  period  of  time  or  in  samples  incubated  at  room temperature. We focused on 
products sold, which characterize by wider spread for all consumers and intended for the most susceptible 
consumer group (Suk et al. 2003 and Page B., et al; 1992). 

Although there has been much research into contamination by benzene in European countries and in the 
USA, insufficient data are available on carbonated soft drinks in developing countries, since limited or no 
facilities exist for monitoring. This paper investigates chemical contaminants potentially coming from ascorbic 
acid and sodium benzoate and also reports data on the presence of benzene, in carbonated soft drinks in Egypt 
under the production conditions. The problem, it is obvious that the government is not going to take a stand 
against the powerful food and beverage industry. It is up to everyone to protect themselves and their families 
against the careless policies and practices of those in charge of public health, especially, no existences of 
standardization limits for benzene in food products in Egypt until now.  

The purpose of this work was to determine the effect of incubation time over a period of 21 days on the 
generation of benzene from ascorbic acid and sodium benzoate in carbonated soft drinks as influenced by 
production condition in industry by using HSGC/MS technique at different degrees of temperatures (20, 45, and 
90°C) (Gardner and Lawrence, 1993; Frey Robert et al., 2007; Hyun Kyoung et al., 2008). 

 
MATERIALS AND METHODS 

 
1-1- Reagents: 

This experiment was conducted at the Central Lab of horticulture research institute, ARC using glasses of 
carbonated soft drinks obtained from a local grocery store. Reagents and chemicals and deionized water was 
purchased from (local market in Giza city), 99% pure benzene (Fisher Scientific), tert-butanol HPLC-grade 
(Aldrich Chemical Company), methanol (Fisher Scientific),and d6-benzene were purchased from Sigma-Aldrich 
(St. Louis, MO, USA). All reagents were directly used without any further treatment. Helium was used as the 
carrier gas at a flow-rate of 0.8 mL/min. 

 On the other hand, safety goggles and gloves were worn at all times, and a fume hood  was  used  
during  the  preparation  of  stock  solutions  and calibrators  to  limit  exposure  to  benzene  fumes. 
 
1-2-Carbonated Soft Drinks (Beverages): 

Different kinds (five brands) of non alcoholic carbonated soft drinks were purchased from local markets in 
Egypt. 

*(Brand / Group A) =HI- SPOT (lemon), bottled by El-Nile soft drinks under authorization of Schweppes 
holdings limited  

*(Brand / Group B) = Mirinda (green apple), bottled by Pepsi bugshan investment, under authorization of 
pepsico Inc. 

*(Brand /Group C) = Schweppes (apple and tangerine), bottled by snout company in Arab republic of Egypt, 
Sadat city under    

  Authorization of Schweppes holdings limited  
*(Brand /Group D) =Fanta, (orange color carbonated soft drink), bottled and manufactured by Coca Cola 

Egypt, under authorization of Coca Cola Company. 
*(Brand /Group E) = Crash, bottled by El-Nile soft drinks under authorization of Schweppes holdings 

limited.  
 

2- Equipment: 
A headspace gas chromatography and mass spectrometry method was used for analysis of benzene in this 

experiment. According to Henry’s Law, “the solubility (C) of a gas or volatile substance in a liquid is 
proportional to the partial pressure (P) of the substance over the liquid, (Senese, F., 2006) in mathematical 
terms, Henry’s law can be stated as:  P=k C 

Where k is a constant called “Henry’s law constant and   is characteristic of the solvent and the solute. 
The amount of benzene dissolved in each sample of carbonated soft drinks can be determined by analyzing 
a sample of headspace gas from each of the headspace-vials containing carbonated soft drinks. The headspace 
sampler will remove a sample of gas from each of the headspace vials, and then a gas chromatograph will be 
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used to separate the benzene and internal standard.  Finally, a mass spectrometer will be used to detect and 
quantify the amount of benzene present (Clark, Jim, 2008). 

Danny Head space Sampler, Schimadzu QP5000-17A gas chromatograph equipped with Schimadzu 
QP5000 inert mass selective spectrometer was used for the determination of benzene concentrations in samples. 
Chromatographic separation was performed on an DB-5 ms capillary column (30 m × 0.320 mm × 0.5 µm film 
thickness). Electron impact mass spectra were obtained at70 eV ionization energy with two scans per second. 
(Page et al. 1992; Gardner and Lawrence 1993; McNeal et al. 1993; Chang and Ku 1993; Barshick et al. 1995; 
Fabietti et al. 2001; Cao et al. 2007) 

 
3- Analytical Procedure: 

First, a 1 mg/mL stock solution of benzene in methanol was prepared.  Approximately 80 mL of methanol 
was added to a 100 mL volumetric flask.  Considering that the benzene was only 99% pure and knowing that the 
density of benzene is 0.88 g/mL, it was calculated that 115 μL of 99% pure benzene would be needed to create 
the stock solution. A micropipette was used to add 115 μL of 99% pure benzene to the volumetric flask, and 
then the solution was added to 100 mL with methanol. 

Second, a 1 ng/mL working standard was prepared by creating a 1/1000 dilution of the stock solution 
in deionized water: 100 μL of the stock solution was diluted in 100 mL of deionized water.  

Third, the calibrators were created by diluting specific amounts of the working standard in 25 mL of 
deionized water: 13 μL of working standard were added to 25 mL of water to create a 0.52 ng/mL 
calibrator, 25 μL of working standard were added to 25mL of water to create a 1.0 ng/mL calibrator, 50 μL 
of working standard were added to 25 mL of water to create a 2.0 ng/mL calibrator, 125 μL of working 
standard were added to 25 mL of water to create a 5.0 ng/mL calibrator, 250 μL of working standard were 
added to 25 mL of water to create a 10.0 ng/mL calibrator, and  500 μL of working standard were added to 
25 mL of water to create a 20.0 ng/mL calibrator.   

The positive control was a 10 ng/mL solution of working standard in deionized water, and the negative 
control was 10 mL of deionized water. As an internal standard,  50  μL  of  0.01%  tert-butanol  was  added  
to  each calibrator (Sarah Law ., 2009;José L, et al .2007; and Yi He, et al. 2000).  

Seventy five samples o f  non-alcohol  orange carbonated soft drinks were  prepared  by  adding 10 
mL of carbonated soft drinks to headspace vials, and then the vials were sealed. The 75 samples were 
divided into 5 groups, each group divided to 3 subgroup contains 5 samples /subgroup, and those samples were 
allowed to incubate for 21 days and temperature 20, 45 and 90°C. 

Prior to analysis, 50 μL of internal standard was added to each sample using a micro-syringe. Then the 
samples and calibrators were   loaded   into   the   auto sampler for analysis. Finally, the mass spectrometer 
was operated in time-scheduled selected ion monitoring (SIM) mode by recording the current of the following 
ions: 78 m/z ion for benzene and 84 m/z ion for d6-benzene (Fig 2, 3) respectively, the dwell time was 100 ms. 
Benzene was identified by comparison of the acquired raw spectra with a standard spectrum from NIST search 
program (Fig – 4). 

                        
RESULTS AND DISCUSSION 

 

 
 
Fig. 1: Calibration curve. 
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The Benzene Response from Each Calibrator shows that HS/GC/MS can be used to detect and quantify 
benzene. This data was used to create the s t a n d a r d  o r  calibration curve seen in fig 1: standard Curve. The 
range of detection was 0.52 ng /mL to 20 ng mL.  
 

 
 

Fig. 2: Mass spectrum of benzene in Non -alcohol orange carbonated soft drinks. 
 

 
                                               50                      60                 70                 80                90                   100m/z 
 
Fig. 3: Benzene-d6, (internal standard, ISTD). 
 

 
 
Fig. 4: NIST search spectrum of benzene. 
 

We tested five brands of orange soft drinks purchased from a local grocery store: Brand A ,B, C, D, and 
E  to study the effect of storage heat on the formation of benzene and determine  the benzene  quantity  with  
purge and  trap  thermal desorption  gas  analysis. As shown in “Table 1: Benzene Levels in orange soft 
drinks at 20, 45, and 90°C for period 21 days.  

The results observing indicate that there is a “definite trend” towards higher benzene levels found in these 
beverages as the incubation temperature is increased. The brands  used in this experiment contains both 
ascorbic acid and sodium benzoate, and because the FDA (December, 2006) has previously detected benzene 
in some carbonated soft drinks. On the other hand, it can be explained by varying the values in Table 1 between 
the samples tested for the same temperature to nature of water used in manufacturing and existence of elements 
stimulate oxidative stress (iron and manganese) in process water and also the pH in final product and storage of 
product after production and before test upon nature of materials and added flavor to product. 

The State of Florida Laboratories found traces of benzene in Koala Springs flavored mineral water.There is 
speculation that the benzene traces originated from the sodium benzoate by way of photolytic degradation as 
mentioned by Patricia J, et al (2010). Ascorbic acid initially reacts with metals, such as iron or copper, found in 
the water to create free radical. These hydroxyl radicals break down Sodium benzoate into benzoic acid and 
benzene (Lalita K., et al (1993).  

Sodium benzoate, meanwhile, breaks down into benzoic acid when placed in acidic conditions, such as in a 
soft drink. The hydroxyl radical attacks the benzoic acid, removing the carbon dioxide from it and leaving 
benzene in its wake, this reaction could take place under same conditions prevalent in many foods and other 
beverages. On the other hand, the results indicate that the levels of benzene found in soft drinks are consistent 
with those found in the previous FSAI study carried out in (2006) and also with those carried out by other 
national and international governmental agencies and those by the beverage industry. However, it must be 
stressed that both of these products are in compliance with the (WHO. 2006) limit once dilution is taken in 
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account. The continued intensive monitoring worldwide has resulted in manufacturers working to reformulate 
their products in order to ensure benzene formation is minimized or eliminated. In addition, the International 
Council of Beverage Association (ICBA, 2006) has produced a guidance document for industry on ways to 
reduce the formation of benzene. The FSAI (2006) will continue to monitor benzene in these products on an 
ongoing basis, where necessary, in order to ensure consumer health protection. It is advisable to minimize 
and/or avoid the intake of benzene as far as possible. This is the standard practice for substances which are to be 
considered as carcinogens and germ cell mutagens. Also, further chemical-analytical data are needed in order to 
assess the possible risk from simultaneous use of benzoic acid and ascorbic acid in foods. If it turned out that the 
simultaneous use of benzoic acid and ascorbic acid in foods makes a significant contribution to total benzene 
intake, it may be necessary to check whether the authorization framework for a simultaneous use of benzoic acid 
and ascorbic acid in foods would have to be changed. Therefore, recommended to the Germany's Federal 
Ministry of Food, Agriculture and Consumer Protection ,December (2005) that it pass on this expert opinion to 
the food control authorities and ask them to supply any available data on the benzene content in beverages and 
other foods. In this connection ,data would be particularly helpful which also permit a statement on benzoic acid 
and ascorbic acid levels in the corresponding foods; e.g., on the basis of the declaration of the additives and 
ingredients or on the basis of measurement results. 

 
Table 1: Benzene levels in orange soft drinks at 20, 45 and 90.C for period 21 days:  

Brand / Sample         Purge & Trap Temperature's; C                         Benzene    (ng/mL) 
    A –  
           A1                               20                                                                        0.77 
           A2                               45                                                                         5.60 
           A3                               90                                                                         33.45 
  
    B –  
          B1                                20                                                                         0.70 
          B2                                45                                                                         5.90 
          B3                                90                                                                         40.14 
 
   C – 
         C1                                 20                                                                           1.5 
         C2                                 45                                                                          7.4 
         C3                                 90                                                                          55.1 
 
   D – 
         D1                                20                                                                           0,9 
         D2                                45                                                                           5.5 
         D3                                90                                                                            25  
  
   E –  
        E1                                 20                                                                            0,8                                                       
        E2                                  45                                                                            6.6 
        E3                                  90                                                                            27 

*(Brand / Group A) =HI- SPOT (lemon), bottled by El-Nile soft drinks under authorization of Schweppes holdings limited  
*(Brand / Group B) = Mirinda (green apple), bottled by pepsi bugshan investment, under authorization of pepsico Inc. 
*(Brand /Group C) = Schweppes (apple and tangerine), bottled by snout company in Arab republic of Egypt, Sadat city under  
Authorization of Schweppes holdings limited  
*(Brand /Group D) =Fanta, (orange color carbonated soft drink), bottled and manufactured by Coca Cola Egypt, under authorization of 
Coca Cola Company. 
*(Brand /Group E) = Crash, bottled by El-Nile soft drinks under authorization of Schweppes holdings limited.  

 
Analysis of benzene requires a certain level of expertise and the costs may be somewhat expensive. Further 

research on the precursors of heat-induced benzene formation is very necessary, should be in Egypt (Arab 
countries) that seeks to set limits in line with international legislation in the various levels of benzene in soft 
drinks allowed. Or by searching; using alternative manufacturing formulas and planning to continue monitoring 
content of chemicals in drinks and conduct further research on preventing benzene formation. These results 
would provide useful information on storage methods for carbonated soft drinks which might allow people to 
reduce their benzene intake as carcinogenic from soft drinks, thus decreasing their carcinogen accumulation and 
possibly lowering their risk for developing associated cancers and the search for a replacement of preservative 
(sodium benzoate).It appears to be technologically possible to manufacture such soft drinks without benzene 
formation. The manufacturers of carbonated soft drinks should give priority to optimizing their processes. 
Finally, the HSGC/MS technique was suitable for this study as it is a very accurate, effective and reliable 
protocol for the monitoring of benzene in carbonated soft drinks. 
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