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Benzene Controversy In Soft Drink

@ Environmental Protection Agency (EPA
benzene is generated in certain sof ;)
over the legal limit for drinking? =

o /
@ Food and Drug Admlmstratl N | ) C
claim



Benzene

@ Constituent of crude ol
Additive of gasoline
Industrial solvent
Component of cigarette smoke

@ Teratogen

A substance that cause developments
malformations (birth defects) ,/ 4

@ Carcinogen g
A substance that act
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Are We Really Consuming
Benzene?

a If benzene production in soft drir
really occurring than:

How would it be happeni
Has it ever been studied
. How would | go about
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Journal of Agricultural and Food
Chemistry (May 1993)

Q Lalita K. Gardner and Glen D. Lawrence

Transition Metal Catalyst

2 Where: g
Ascorpic Acid Is co



Gardner and Lawrence

continued ...

@ Transition metals, e.g. Cu(ll) and Fe(lll) c
catalyze the one- -electron reductlorm O,
ascorbic acid to produce H202 in s
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Gardner and Lawrence
Experiments

o Tested Benzene Productior
Ascorbic acid concentratio
| ‘I:I;ransgtlon metal - ’ Aol 2
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Results

g
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Figure 1. Dependence of benzene production on ascorbic acid

concentration. Reaction conditions were asin Table I, with 0.25

mM CuS0;, and varying ascorbic acid concentrations.
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Figure 2. Dependence of benzene production on hydrogen
peroxide concentration. Reaction conditions were as in Table I,
with 0.256 mM CuSO, and varying H,0, concentrations.
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Table 1. Effect of Metal Ions and Ligands on Benzene
Production from Benzoic Acid

addition [benzene}, nM

none 6.7T+£1.9
0.1 mM desferal ND?

0.06 mM CuS0y + 0.1 mM desferal 23.3 £ 1.7
0.25 mM CuS0O, + 0.1 mM desferal 270+ 1.1
1.0 mM CuS0, + 0.1 mM desferal 373+ 3.1
2.5 mM CuS0, + 0.1 mM desferal 20.6 + 3.4
4.0 mM CuSQy + 0.1 mM desferal 29.3 = 0.6
0.05 mM FeSO, 21.6 = 0.5
0.25 mM FeSO, 132419
1.0 mM FeSO, 11.9+ 06
0.25 mM FeSOy + 0.25 mM EDTA 17.6 + 0.3

¢ Kach reaction mixture contained 50 mM sodium phosphate
buffer, pH 3.0, 6.25 mM sodium benzoate, 8.0 mM ascorbic acid, 10.5
mM hydrogen peroxide, and the additions indicated in a total volume
of 2.0 mL. Reaction mixtures were incubated at 25 °C in sealed vials
and aliquots removed at 15 min for analysis of benzene. * ND, none
detected.

pH

Baenzene Produced (nM)

pH
Figure 3. Dependence of benzene production on pH of the
solution. Buffersolutions were prepared as described in the text.
Reaction conditions were as in T'able I, with 0.25 mM CuS0,and
varying buffer solutions.



Problems with G and L Experiment

@ Work was not very quantitative

@ No conclusions were actl;allx made regarding
the mechanism involved in the generatlon of
benzene F

Q@ Proposed mechanism was in pres C
@ Methodology was not precise

@ Several questions left unanswer
conditions which this takes place

f? Why does benzene
off as Ascorbic acid con

e.g. Why did the F
production but Cu(l

e.g. Why did
benzene



My Research

@ Simulated soft drink condition

Slightly acidic, ac

- aUsed UV/VIS Spech
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B-L can be rewritten to apply to a seri







For multiple absorbing species X; who
can be time-dependent:




Singular Value Decompo




Absorbance

I
250

wWavelength {(nm)




UV/VIS Spectrun
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Time Dependent Studie
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Fenton Mechanism

@ Fenton’s Reagents (1875)
FeZr+ H,0,
aW.C. Bray and M.H. Gorin (1932)

Fe:-}d r Jl_lzgz F@OZ-}‘ r J_ng

@ F. Haber and J. Weiss (1934)

Fezt + H,0), Fes + OH + OH;

@ Also Photo-Fenton Reaction can occur, possibly
explaining the Time-dependent studies



Kinetic Studies

a Used UV/Vis Spectrometer

@ Measured Reactants (ascorbic acid,
benzoate) disappearance to product
generation vs. time

2 Simulations were performed with a
variable factor

@ Scans were performed in 30 second
intervals



Absorbance

Kinetics Scan

Isosbestic points — a wavelength at which the

absorption spectra of two species cross each other

H,O, Catalyzed

Ascorbic acid and benzoate

1 1 1 1 1
225 275 325

W avelength (nm)
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|sosbestic or not Isosbestic?



Isosbestic points typically occur
In a system containing only two
components, where total
concentration of the two
substances is constant and the
two spectra overlap.

For a system containing more
than two absorbing species an
Isosbestic point can only appear
under very limited
circumstances, for example if
exact stoichiometric quantities
of reactants are used.
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3-D SPECFIT




Are Transition -Metals Present?

@ Added 0.25 mM
EDTA to simulation

@ All other conditions
remained the same

@ 2 mL Aliquot was
taken for Kinetics
Studies

@ Time Dependant
Study: 6 weeks



EDTA “Chelating Agent "



Absorbance

EDTA'’s Effects on Reactant
Depletion

Ascorbic acid and benzoate
H,O, Catalyzed with EDTA

Almost No Change?

W avelength (nm)
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Evidence

a Transition metals, likely Fe?* or Fe3*, are
directly involved in this mechanism

a The disappearance of reactants can be
slowed by the chelation of cations

However,

@ No Fe?* or Fe3*was added so only
extremely low concentrations are present
and needed for reaction to occur



Effect of Fe 3* Concentration

5 uMol Fe 3*

Abso

W avelength (nm)

@ Reactant disappearance not affected



Effect of Fe 2* Concentration

10 uMol Fe 2+

Absorbance

-\ Reactants totally gone

W avelength (nm)

@ Reactants disappear within 10 minutes
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Reactants ——> Product

Epsilon (/M/cm)

1.80

1.40

1.00

0.60

0.20

Factor analysis — spectroscopic eigenvalues

For the model-free factor analysis, this only works well if the
reaction goes to completion, as in this instance.

Reactants

Product
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Concentration (M)
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Zero Order Reaction?

Factor analysis — concentration eigenvalues
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Additional Fe 2* Studies

20 uMol Fe 2*

Absorbance

@ Rate of Reactant Depletion Increases as Fe?* Increased



20 uMol Fe?* SPECFIT
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@ Very Strange Results?



Mechanistic Hypothesis

o Haber-Weiss Mechanism does take place
Fe?t+ H,0, Fes* + OH + OH
@ But Reaction is dependent upon Ascorbic Acid

concentration because it acts as a reducing
agent on Fe3* to fuel a “chain reaction”

H,ASC + Fed” Fesr -+ HAsC
@ Reaction continues until all ascorbic acid is gone
@ Reaction can only occur in acidic environment

@ Light and heat can generate H,O, In situ



Conclusion

@ We have observed a reaction where sodium benzoate
and ascorbic acid are consumed simultaneously.

@ Transition metals in low oxidation states (Fe?*)
accelerate the reaction while high oxidation states (Fe3*)
seem to have no effect

@ This suggests chemistry similar to Fenton’s reagent

@ The acidic pH and presence of these compounds in soft
drinks and other particular beverages creates a
favorable conditions for reaction observed

@ Soft drinks with high ascorbic acid concentrations that
are subjected to intense light and heat will be most
susceptible



Future Aspirations

@ Determine a rate constant for this reaction

Q Gazther more data using variable concentrations of
Fes*

@ Determine effects of Fe2* on reaction in the
absence of ascorbic acid

Q |IZ:)e;/eIop a method for ridding standard reaction of
e +

@ Determine what kind of water Beverage Companies
use (e.g. distilled, filtered, city water)

@ Compare carbonated and Oxygenated
Environments

@ Direct Detection of Products (HPLC, GCMS)
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