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Introduction

It’s demonstrated that the combination of benzoate salts 
with ascorbic acid produces low levels (ng/g) of benzene. 
Benzoates are widely used as food preservatives and 
especially beverages, like fruit-flavored soft drinks, suffer 
potentially for benzene formation. Benzene contamination 
was recently found also in benzoate free foods, especially in 
carrots products for infants. The chemical process that leads 
to benzene formation is still unclear: heat-treatments seem 
to have a key role, promoting the benzene release from 
suspected precursors (beta-carotene and terpenes). 
Due to benzene high carcinogenic activity, its presence 
in food and beverages is of great concern. In particular, 
contamination in baby food is even more critical, since infants 
are more exposed to toxicity than adults. The new generation 
of Static Headspace Autosampler coupled to Fast GC-TOFMS 
system, is proposed for benzene contamination assessment in 
different food and beverages products. Besides a quick sample 
preparation offered by the static headspace technique, lower 
detection limit and outstanding repeatability are achieved. 
Fast GC allows to complete the chromatographic run in 
10 minutes, maintaining the required separation power 
and improving the sample throughput. The use of Fast GC 
enhances the potential of High Speed TOF-MS technology, in 
which the acquisition rate can be increased without sacrificing 
sensitivity or losing spectral information. High quality mass 

spectra and effective deconvolution algorithm guarantee a 
reliable identification, even in case of co-elution and matrix 
interferences. The obtained results confirm that the described 
system offers the specificity and sensitivity required to detect 
benzene in different food and beverages samples.
  

Benzene Contamination in BabyFood and Beverages by New Generation of Static Headspace 
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Method

The official limits for benzene in food and beverages are 
based on drinking water regulation. The Food and Drugs 
Administration (FDA) refers to the US EPA MCL of 5 ppb 
for drinking water while the European Union has more 
stringent regulation down to 1 ppb.
The Static Headspace sampling technique coupled to GC-
TOFMS has been used to verify the compliance to the limit of 
detection.  Two important parameters affects the sensitivity 

of a headspace analysis: the partition coefficient and the 
phase ratio, as shown in Figure 1. 
The DANI MasterSHS based on the “Valve&Loop” technology 
(Figure 2) assured very high repeatability of the injection 
thanks to the electronic control during vial pressurization 
and loop filling steps. 
The operative conditions are summarized in Table 1.

Figure 1. Parameters affecting the headspace analysis

Partition Coefficient  

K = Cs / Cg 

Phase Ratio 

β = Vg / Vs 

Analyte Concentration in the headspace 

Cg = C0 / (K+β) 

SAMPLE VIAL Cs = Concentration in 
the liquid sample after 
equilibration 
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Figure 2. Valve&Loop technology of the DANI Master SHS



Sample preparation - Soft Drinks
A carbonated Cola drink and an Orange Vitamin Juice  
have been purchased from local market and kept at low 
temperature (5°C).10mL of sample was transferred in 20mL 
vial with the addition of a dilute solution of KOH (10% m/m) 
to adjust the pH to 10 [1].

Toluene was added as internal standard to a final 
concentration of 1 ppb and an external calibration curve 
of benzene normalized against the IS has been used for 
quantitation. A second batch of standards have been 
prepared by using d6-benzene as IS at 1 ppb instead of 
Toluene for comparison purposes 

Master GC 
Column SolGel Wax 10m, 0.1mm id, 0.1um th
Ovent Temp 40°C (1 min), 25°C, 230°C (1 min)
SSL Temp 250°C
Carrier Gas He @ 0.5mL/min, 230°C (1min)
Split Ratio 150:1

Sample preparation - Baby Food
Three different types of homogenized baby food with 
different carrots content have been evaluated 

Vitamin Juice Carbonated Cola

Baby Jar
(A)

Baby Jar
(B)

Baby Jar
(C)

Carrots 35% Carrots 78% Carrots 55%

10g of sample have been weighted in a 20mL vial with the 
addition of diluted KOH solution (10% m/m) till pH=10 
The same calibration approach has been used by using 
benzene-d6 or Toluene as IS at a final concentration of 1 ppb 

(A)	   (B)	   (C)	  

Master SHS 
Incubation Temp 50°C
Incubation Time 30 min
Shaking Medium
Vial Pressure 1 bar
Loop Volume 1 mL
Manifold Temp 60°C
Transfer Line Temp 70°C

Master TOFMS
Ionization Source 70eV
Source Temp 200°C
Transfer Line Temp 250°C
Mass Range 40-550 amu
Acquisition Freq. 10 spectra/sec

Table 1. Operative conditions for the system MasterSHS-GC-TOFMS

Results
The carcinogenic property of Benzene are well known and it 
is also well known the major source of exposure comes from 
the environment as active and passive smoke and automobile 
exhaust. However, high levels of benzene metabolites have 
been reported in children and non-smoking people without 
occupational exposure, indicating a possible additional 
source of benzene like food, which contributes to the total 
intake. Therefore over the last few years, some laboratories 
started to publish results showing some cases of soft 
drinks containing few ppb levels. There are evidence that  
benzene can be generated by the interaction of benzoate 
salts (typically added as a preservative) and ascorbic acid, 
reaction favored by high T, UV light and acidic conditions. 
However, from a survey done by the Food Standard Agency 
in UK on 150 drinks, benzene was sporadically present and 
only in 4 cases above the official limit of 10 ppb set by the 
World Health Organization for benzene in drinking water. 
Also in our study no benzene has been detected above the 
detection limit for both the soft drink samples, as shown 
in Figure 3, along with the repeatability and the linearity 
data. Further testing are going on by keeping the sample 
at higher temperature, simulating a bad storage condition. 



Figure 3. Soft drinks samples analysis, Precision, Linearity, and LOD data

7 replicates of spiked Cola drink  

RSD% = 2.6  

Benzene 1ppb 
Extracted ion m/z = 78 
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•	 5 points calibration in the range 0.1 - 1000 ug/Kg
•	 The standards have been prepared in a benzene-free cola 

matrix
•	 The extrapolated limit of detection (SNR=3) for benzene is 

0.004 ng/g evaluated in the spiked Cola sample

The baby food samples resulted all positive with a 
concentration of benzene in the range 0.09-2.4 ng/g.
The heat-induced formation of benzene is still not clearly 
elucidated, but likely responsible of the higher benzene 
levels in carrots based baby food. Possible precursors 
include carotenoids, terpens and aminoacids.Industrial 
food processing is more responsible since the use of 
higher temperatures for longer time and higher pressures 

compared to home-cooking preparation. Besides, baby 
food are submitted to even stronger sterilization conditions 
and this could explain their relatively high concentration of 
benzene compared to carrots containing processed food for 
adults. 

 

Baby Jar (A)
Carrots 35%

Baby Jar (B)
Carrots 78%

Baby Jar (C)
Carrots 55%

Quantification Benzene residue (ng/g)
(IS Toluene)

< 0.1 1.1 2.4

Quantified Benzene residue (ng/g)
(IS d6-benzene)

<0.1 1.0 2.1

y = 0,5077x
R2 = 0,9996
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•	 5 points calibration have been prepared in distilled water with the same addition 
of diluted KOH solution

•	 The possible advantageous salting out effect by addition of Na2SO4 has been also 
evaluated by adding 1g of salt, without significant improvement in benzene 
recovery

•	 The repeatability was confirmed with RSD < 3%

Figure 4. Baby food samples analysis



Conclusion
Heat-treated processed food containing carrots analyzed in 
our laboratory shows benzene content above the accepted 
limit in drinking water, indicating a possible additional 
human exposure.
Benzene in food and specifically in baby food has to be 
further investigated worldwide by the official food control 
organizations as potential significant intake in addition 
to the major environmental exposure, contributing to a 
possible cumulative effect.
Some levels of benzene in beverages containing benzoate 
salts and ascorbic acid can be promoted by bad storage 
at elevated temperature and UV light exposure. However, 
for samples which have been submitted to proper storage 
conditions, no significant risk of benzene formation is 
evident. 

SHS-GC-TOFMS methodology has been demonstrated as 
a very suitable method to detect low levels of benzene in 
different food matrices (< 0.1 ug/Kg). Typically Benzene-d6 
is used as IS for this application. Toluene can be used 
alternatively considering the similar water/air partition 
coefficient of benzene and toluene (respectively 2.90 and 
2.82 at 40°C). Finally, full spectra information from the TOF-
MS assures high specificity for an unequivocal identification 
of the target analyte.
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