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Jiz témér 20 let je znamo, Ze pokud jsou nealkoholické népoje konzervovany kyselinou benzoovou, mize tato kyselina reagovat s ky-
selinou askorbovou za vzniku karcinogenniho benzenu. Zjisténé koncentrace benzenu ve 49 nealkoholickych napojich zakoupenych
v Ceskeé tzni siti, analyzovanych v ramci pétiletého prazkumu, byly vzdy nizSi nez 10 pg-I''; primérny obsah benzenu byl okolo 1 pg-I'.
Studie ukazala, ze obsah benzenu neni snadné predvidat. Ze sledovanych slozek napoje (benzoat, askorbova kyselina, sladidla, mine-
raly, CO,) byla prokazana vyznamna pozitivni korelace pouze mezi obsahem benzenu a benzoatu. Zda se, Ze vice nez slozeni ovliviuji
pozitivni ndlezy benzenu v napojich vnéjsi kontaminace surovin a podminky skladovani.

Grégrova, A. - Cizkova, H.— Rajchl, A. - Qnebergrové, J.—VoldFfich, M.: Survey Results of Benzene Content in Soft Drinks. Kvasny
Prum. 60, 2014, No. 1, p. 8-14

For almost 20 years, it has been known that if soft drinks are preserved with benzoic acid, it reacts under certain circumstances with
ascorbic acid in drinks forming carcinogenic benzene. The concentrations of benzene in 49 soft drinks analysed within the five-year
survey, obtained from the Czech market, were below 10 ug-I'; the average benzene content was about 1 pg:I''. The study showed that
benzene content is not easily predictable: from the following factors of composition (benzoate, ascorbic acid, sweeteners, minerals, CO,)
the only significant positive correlation was identified between benzene and the content of benzoate. More than composition, it seems
that both external contamination of raw materials and storage conditions cause positive findings of benzene.

Grégrova, A. - Cizkova, H.— Rajchl, A. - Snebergrova, J. —VoldFich, M.: Die Aufsuchung des Gehalts an Benzen in den alkoholfreien
Getrdnken. Kvasny Prum. 60, 2014, Nr. 1, S. 8-14

Schon fast 20 Jahren ist schon bekannt, dass im Falle der Konservierung der alkoholfreien Getranken mit Benzoeséure, kann diese
Sé&ure mit Askorbinséure unter Erstehung des krebserzeugenden Benzen reagieren. Im Zeitraum einer finfjéhrigen Untersuchung wurden
in den aus dem tschechischen Marktnetzwerk stammenden 49 Proben immer niedrigere als 10 pg-I"' festgestellt, der durchschnittliche
Gehalt an Benzen wurde rund um 1 pg-I'. Eine durchgefiihrte Studie zeigte, dass Gehalt an Benzen in den Getrénken ist nicht einfach zu
vorhersagen. Aus den verfolgten Getrankestoffen (Benzoate, Askorbinsédure, StBmittel, Minerale, CO,) wurde nur eine bedeutende posi-
tive Korrelation zwischen dem Gehalt an Benzen und an Benzoate erwiesen. Es scheint sich vor, dass mehr als die Zusammensetzung

des Benzens die externe Kontamination von Rohstoffen und Lagerbedingungen den positive Fund beeinflussen.

Kli¢ova slova: askorbova kyselina, benzen, benzoova kyselina,
napoje, SPME-GC/MS

1 UVOoD

Od roku 1991 je znamo, ze pokud jsou nealkoholické napoje kon-
zervovany benzoovou kyselinou (benzoat sodny), reaguje tato latka
za urcitych podminek s askorbovou kyselinou (vitamin C) nebo ery-
thorbovou kyselinou (isomer vitaminu C) za vzniku karcinogenniho
benzenu (Nyman et al., 2008).

Askorbovéa kyselina interaguje s benzoovou kyselinou v pfitom-
nosti pfechodnych kovd, tj. s Cu (ll) a Fe (lll) ionty, podle nasle-
dujiciho mechanismu: O, mGze byt redukovan pomoci askorbové
kyseliny na superoxidovy anion radikal, z néhoz spontdnné vznika
peroxid vodiku (H,0,); nasledné mlze askorbova kyselina reduko-
vat peroxid vodiku za tvorby hydroxylového radikalu zplsobujiciho
dekarboxylaci benzoatu sodného na benzen. Vznik benzenu je pri-
marné ovliviiovan pH, UV zafenim a teplotou (Lachenmeier et al.,
2008; Gardner a Lawrence, 1993; Adams, 1997). Naopak sladidla,
napf. cukr, fruktosovo-kukufiény nebo Skrobovy sirup, a chelataéni
¢inidla mohou reakci inhibovat. Tvorba benzenu v nealkoholickych
napojich tedy zavisi na slozeni vyrobku a podminkach skladovani
(ICBA, 2006). V roce 1987 byl benzen klasifikovan jako lidsky karci-
nogen (skupina 1) (Gardner a Lawrence, 1993; IARC, 1987). VétSina
z denniho pfijmu benzenu pochazi z ovzdusi bud z pfirodnich zdrojd
(lesni pozary, prosakovani nafty), nebo z lidské €innosti, jako je kou-
feni nebo vyfukové plyny (Wallace et al., 1993).

Denni expozice benzenem pro nekufaky je stanovena na 200
az 450 pg-den' (WHO, 1996). Do potravin se benzen mize dostat
prostfednictvim nésledujicich zdroju: obalovy materidl, skladovaci
prostfedi, znecisténi vodnich zdroju, kontaminovany CO, pouzivany
pro syceni, rozklad nebo reakce konzervaénich latek, postupy vare-

Keywords: ascorbic acid, benzene, benzoic acid, beverages,
SPME-GC/MS

1 INTRODUCTION

Since 1991, it has been known that if soft drinks are preserved
with benzoic acid (BA; sodium benzoate, SB), BA reacts under cer-
tain conditions with ascorbic acid (AA; vitamin C) or erythorbic acid
(EA; vitamin C’s isomer) in soft drinks forming carcinogenic benzene
(Nyman et al., 2008).

AA interacts with BA in the presence of transition-metal catalysts,
i.e. Cu (Il) or Fe (Ill) ions, under the following mechanism: O, can be
reduced by AA to produce the superoxide anion radical, which is dis-
proportionate to H,O,; subsequently AA can reduce H,O, to generate
the hydroxyl radical causing decarboxylation of sodium benzoate to
benzene. The formation of benzene is primarily accelerated by pH,
UV light and temperature (Lachenmeier et al., 2008; Gardner and
Lawrence, 1993; Adams, 1997). On the contrary, nutritive sweet-
eners, e.g. sugar, high fructose corn or starch syrup, and chelating
agents may inhibit the reaction. The formation of benzene in soft
drinks thus depends on the product formulation and storage con-
ditions (ICBA, 2006). In 1987, benzene was classified as a known
human carcinogen (Group 1) (Gardner and Lawrence, 1993; IARC,
1987). Most of the benzene daily intake originates through the air
either from natural sources (forest fires, oil seeps) or from human
activities such as smoking or exhaust fumes (Wallace et al., 1993).

The daily exposure to benzene for non-smokers is assessed at
200-450 pg-day’' (WHO, 1996). Into foods, benzene may be incor-
porated through the following sources: packaging materials, storage
environments, contamination of water supplies, contaminated CO,
used for carbonation, degradation or reaction of preservatives, cook-
ing processes and irradiation techniques used for sterilisation (Ridg-
way et al., 2007; Fabietti et al., 2001).
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Tab. 1 Data k obsahu benzenu v nealkoholickych napojich (vyzkum Amerického Ufadu pro kontrolu potravin a Ié€iv v obdobi od listopadu
2005 do 20. dubna 2006 a od 21. dubna 2006 do 16. kvétna 2007) / Table 1 Data on benzene in soft drinks (Food and Drug Administra-
tin‘s survey of the US market from November 2005 to April 20, 2006, and from April 21, 2006 to May 16, 2007) (U.S. fda, 2007)

Typ napoje (produkt) / Beverage type (product) 2006 2007
n Min Max n Min Max
(g 1") | (Mg-l) (ugl") | (pg-l")
Pouze benzoat / Benzoate only 21 <1 3.5 5 <1 1.1
3 >1 1 >1
20 n.d. 11 n.d.
Benzoat a askorbova kyselina / Benzoate and ascorbic acid* 14 <1 87.9 13 <1 88.9
26 >1 14 >1
17 n.d. 16 n.d.
Pouze askorbova kyselina / Ascorbic acid only 9 <1 4.8
7 >1
8 n.d.
Ostatni (bez aditiv jako jsou benzoat a askorbova kyselina; 3 <1 10.7 1 <1 2.6
ale mGze obsahovat pfirodni askorbovou kyselinu a/nebo 5 -1 1 -1
benzoat) / Other (without additives as benzoate and ascorbic
acid; but may contain natural ascorbic acid and / or benzoate) 2 n.d. n.d.

n = pocet vyrobkd; n.d. = nedetekovano; *misto kyseliny askrobové miize obsahovat jiné derivaty jako jsou kyselina erythorbova nebo
askorbat / n = number of the products; n.d. = not detected; *instead of ascorbic acid may contain other derivatives such as erythorbic acid or
ascorbate

1 Koncentrace askorbové kyseliny / Ascorbic acid concentration
— Koncentrace benzodtu sodného / Sodium benzoate concentration
—a— Koncentrace benzenu / Benzene concentration
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Obr. 1 Prehled vysledk, pfitomnost benzoatu sodného, askorbové kyseliny (jak je uvedeno na etiketé) a benzenu v analyzovanych nealko-
holickych napojich (2006) / Fig. 1 Overview of the results, the presence of SB, AA (as mentioned on the label) and benzene of the analysed
soft drinks (2006)

1 Koncentrace askorbové kyseliny / Ascorbic acid concentration
1 Koncentrace benzoatu sodného / Sodium benzoate concentration
—&— Koncentrace benzenu / Benzene concentration
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Obr. 2 Prehled vysledkd, pfitomnost benzoatu sodného, askorbové kyseliny (jak je uvedeno na etiketé) a benzenu v analyzovanych nealko-
holickych napojich (2011) / Fig. 2 Overview of the results, the presence of SB, AA (as mentioned on the label) and benzene of the analysed
soft drinks (2011)
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Tab.2 Pfehled vzork(l, 2006 (pfitomnost benzoatu sodného, kyseliny askorbové a ovocného podilu uvedenych na etiketé analyzovanych
nelakoholickych napojh) / Table 2 Overview of the samples, 2006 (the presence of sodium benzoate, ascorbic acid and fruit aliquot part
mentioned on the labels of the analysed soft drinks)

Cislo vzorku / Benzoat sodny / Askorbova kyselina / Ovocny podil / Syceno /
Sample no. Sodium benzoate Ascorbic acid Fruit aliquot part (%) Carbonated

1 X - - ano/ yes
2 X - - ne/ no
3 X - - ne/ no
4 X X - ne/ no
5 - - - ano/ yes
6 X X 20 ne/ no
7 X X 20 ne/ no
8 X X - ano/ yes
9 X - - ne/ no
10 X X - ne/ no
11 X - - ne/ no
12 X X 25 ne/ no
13 X X 60 ne/ no
14 X X 60 ne/ no
15 X X 100 ne/ no
16 X X 5 ne/ no
17 X X - ne/ no
18 X X 60 ne/ no
19 X - - ne/ no
20 X X - ano/ yes
21 X X 12.5 ne/ no
22 X X - ne/ no
23 X - - ne/ no

x znamena deklarovanou pfitomnost benzoatu sodného a askorbové
of sodium benzoate and ascorbic acid; — means not declared

ni a ozafovaci techniky vyuziva-
né pro sterilaci (Ridgway et al.,
2007; Fabietti et al., 2001).

Obsah benzenu v potravinach
a napojich byl jiz stanovovan
v rémci fady studii. Nejvys-
Si koncentrace byly nalezeny
v jamajském rumu (120 pg-I"),
ozafeném  hovézim  mase
(19 pg-kg™), vejcich (500-1 900
ug-kg™), ustficich (220—-260 ug--
kg') a rybach (3-88 pg-kg")
(Wallace et al.,, 1993; WHO,
1993; U.S. HHS, 1997; U.S.
HHS, 2011).

Byly stanoveny nasleduji-
ci maximalni limity pro ben-
zen jako kontaminant pitné
vody: 1.0 pg-I" (Evropska unie)
a 10 pg-I" (Svétova zdravotnic-
ka organizace). Nicménég, dopo-
sud nebyl uren zakonny limit
pro benzen v potravinafskych
vyrobcich a napojich (nealkoho-
lickych napojich) (WHO, 1996;
EC, 1998).

V letech 2005-2007 byly
provedeny dva velké prizku-
my (Spojené staty americké),

v rdmci nichz bylo analyzovano téméF 200 vzork( nealkoholickych
napoja (tab. 1) (U.S. FDA, 2007). U vétSiny vzorku byly koncentrace
benzenu stanoveny niz8i nez 1 pg-I" nebo pod mezi detekce; 93 %
vzork(l obsahovalo benzen v koncentracich niz§ich nez 10 pg-I.

V roce 2008 bylo analyzovano témér 450 vzork( nealkoholickych
napoji v ramci dalich dvou rozsahlych studii (Belgie a Némecko);
pro vétsinu vzorkl se koncentrace benzenu pohybovala pod limitem

Druhi hlavni komponenta | Principal component 2 : 18.06%

Wigerdini voda | Wineral water

Benzen | Benz

nzadt godny | Sodium benzodle

U syvewetwromat

T ————
Upéli stadidla | ArjtieiaT sweeteners

0
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Obr. 3 Analyza hlavnich komponent — korelace proménnych / Fig. 3
Principal component analysis — correlation of variables

kyseliny; — znamena nedeklarovano / x means the declared presence

Benzene content has been
determined by different studies
in a variety of foods and drinks.
The highest concentrations
have been found in Jamaican
rum (120 pg-I'"), irradiated beef
(19 pg-kg"), eggs (500-1 900
pg-kg'), oysters (220-260
pg-kg™), and fish (3—-88 pg-kg™)
(Wallace et al., 1993; WHO,
1993; U.S. HHS, 1997; U.S.
HHS, 2011).

The following maximum con-
taminant levels have been es-
tablished for benzene in drink-
ing water: 1.0 pgI" (EU) and
10 pg-I" (WHO). However, no
legal limit has been established
for benzene in food products or
beverages (soft drinks) (WHO,
1996; EC, 1998).

In the years 2005 to 2007,
two large studies were carried
out (USA), during which almost
200 samples of soft drinks (Ta-
ble 1) (U.S. FDA, 2007) were
analysed. For most of the sam-
ples, benzene concentrations
were found less than 1 pg:I" or

below the limit of detection; in 93% of the samples benzene concen-
trations were found below 10 pg-I'.

In 2008, another two large studies were carried out (Belgium and
Germany), analysing almost 450 samples of soft drinks; for most
samples, benzene concentration was less than 1 pg-I'" or below the
limit of detection and only in 0.4% (2 cases) above 10 pg-I'* (Lachen-
meier et al., 2008; Poucke et al., 2008).
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Tab. 3 Prehled vzorkd, 2011 (pfitomnost benzoatu sodného, askorbové kyseliny a ovocného podilu uvedenych na etiketé analyzovanych
nelakoholickych napojt) / Table 3 Overview of the samples, 2011 (the presence of SB, AA and fruit aliquot part mentioned on the labels of

the analysed soft drinks)

Cislo vzorku / Benzoat sodny / Askorbova kyselina / Ovocny podil / Syceno /
Sample no. Sodium benzoate Ascorbic acid Fruit aliquot part (%) Carbonated

1 - - - ano/yes
2 X - - ne/no
3 - - ne/no
4 X - ne/no
5 - - - ano/yes
6 X 12.5 ne/no
7 X 12.5 ne/no
8 X - - ano/yes
9 X - 0.5 ano/yes
10 X - - ano/yes
11 X - - ano/yes
12 - X 10.0 ne/no
13 X - - ne/no
14 X - - ne/no
15 X - - ne/no
16 - X - ne/no
17 - - - ano/yes
18 X 20 ne/no
19 X - ne/no
20 - - - ano/yes
21 X - 12.5 ne/no
22 X - 12.5 ne/no
23 X - - ano/yes
24 X - - ano/yes
25 - X 55 ne/no
26 - X 100 ne/no

x znamena deklarovanou pfitomnost benzoatu sodného a askorbové kyseliny; — znamena nedeklarovano / x means the occurrence of

sodium benzoate and ascorbic acid; — means not declared

1 pg-I" nebo pod mezi detekce a pouze v 0,4 % (2 pfipady) byla sta-
novena nad 10 ug-I" (Lachenmeier et al., 2008; Poucke et al., 2008).

QOd roku 2010 nebyly provedeny Zadné velké prlizkumy zamérené
na nealkoholické napoje. K dispozici jsou po roce 2010 pouze data
ze studie provedené v roce 2012, ktera byla zaméfena na analyzu
potravin a napojl na belgickém trhu; bylo analyzovano 52 vzork({ ne-
alkoholickych néapojl a zjisténé koncentrace benzenu byly v rozmezi
od nedetekovano do 11,5 pg-I'* (Vinci et al., 2012). Zadna z vyse
uvedenych praci nezahrnovala vzorky z Ceské republiky nebo stfed-
ni a vychodni Evropy.

V na$i studii jsme se zaméili na trendy v poslednich letech, tyka-
jici se zmeény receptury produktu z hlediska koncentrace prekurzord
benzenu a vyhodnoceni faktord potladujicich a podporujicich vznik
benzenu v nealkoholickych napojich ¢eského plvodu.

2 MATERIAL A METODY

2.1 Chemikalie

Benzen (p.a., Penta), benzen-d,s (2 000 pg-ml' v methanolu, Sig-
ma-Aldrich, Némecko), methanol, benzoat sodny standard a askor-
bova kyselina (p.a., Sigma-Aldrich, Némecko), kyselina sirova (p.a.,
Lachner), L-cystein a Stavelova kyselina (p.a., Sigma-Aldrich, Né-
mecko) byly zakoupeny komeréné.

2.2Vzorky

Bylo analyzovano dvacet tfi vzork( nealkoholickych napoju v roce
2006 (tab. 2) a dvacet Sest vzorkl nealkoholickych napoji v roce
2011 (fab. 3). VSechny z nich pochazely z obchodni sité v Praze
a byly vyrobeny rlznymi spole¢nostmi. Vzorky byly skladovany pfi
teploté 6 °C. VSechny népoje byly analyzovany v prvni étvrtiné ga-
rantované doby trvanlivosti.

Since 2010, no large studies focusing on soft drinks have been
carried out. The only available data after 2010 are from a study
carried out in the year 2012, which inspected food and drinks from
the Belgian market; 52 soft drinks were analysed and the detected
concentrations of benzene ranged from not detected to 11.5 ug-I
(Vinci et al., 2012). None of the studies mentioned above included
samples from the Czech Republic or from the Central and Eastern
Europe.

In our study, we concentrated on the trends emerging in the
last years of product reformulation from the view of benzene pre-
cursors’ concentrations and on the evaluation of the trigger and
mitigating factors for benzene formulation in particular drinks of
a Czech origin.

2 MATERIALS AND METHODS

2.1 Chemicals

Benzene (p.a.; Penta), benzene-ds (2000 pg-ml* in methanol;
Sigma-Aldrich, Germany), methanol, SB standards and AA (p.a.;
Sigma-Aldrich, Germany), sulphuric acid (p.a.; LachNer), L-cysteine
and oxalic acid (p.a.; Sigma-Aldrich, Germany) were commercially
purchased.

2.2 Samples

We analysed twenty-three samples of soft drinks in 2006 (Table 2)
and twenty-six samples of soft drinks in 2011 (Table 3). All of them
came from retails in Prague and were produced by different compa-
nies.

The samples were kept at 6 °C until analysed. All soft drinks were
analysed in the first quarter of their guaranteed storage period.

A storage experiment was performed on one kind of these sam-
ples (composition: mineral water, sugar, aroma, citric acid, SB, di-
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1 Koncentrace askorbové kyseliny / Ascorbic acid concentration
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Obr. 4 Skladovaci experiment nealkoholickych napoji (primérné hodnoty ze tfi nezavislych méreni) / Fig. 4 Storage experiment of soft drinks

(average values from three independent measurements)

Skladovaci experiment byl proveden pro jeden z vySe uvedenych
vyrobkl (sloZeni: mineralni voda, cukr, aroma, citronova kyselina,
benzoat sodny, dimethyldikarbonat, askorbova kyselina): neotevre-
né komeréni lahve ze tfi Sarzi nealkoholického napoje byly udrzo-
vany pfi pokojové teploté (20 + 1 °C) za viditeIného svétla (pfiblizné
10 h-d") po dobu Sesti mésicu.

2.3 Stanoveni benzenu

K mikroextrakci tuhou fazi (SPME) bylo vyuzito 50/30 pm DVB/
CAR/PDMS vlakno (Supelco Inc., Belefonte, USA). Obsah benzenu
byl stanoven pomoci GC 6890N s kvadrupdlovym hmotnostnim de-
tektorem MS 5973 (Agilent Technologies, USA) a DB-5MS kolonou
(30 m x 0,25 mm x 0,25 um; Agilent JW Scientific, USA).

Zasobni standardy benzenu a benzenu-d, (oba 0,002 g:I'') byly
pfipraveny v methanolu. Sycené vzorky byly pred analyzou odplyné-
ny po dobu 1,5 min v ultrazvukové lazni. 5 ml z kazdého vzorku bylo
prevedeno do 10 ml vialky, do kazdé z nich byl pfidan vnitfni stan-
dard benzen-d, (5 pl zasobniho roztoku). Vzorky byly temperovany
10 min pfi teploté 60 °C; pro vlastni extrakci bylo vlakno vsunuto do
headspace prostoru vialky a vzorek byl michan pfi 500 rpm po dobu
5 min pfi teploté 60 °C.

Separa¢ni chromatografické podminky byly nasledujici: pocate¢-
ni teplota kolony 45 °C (5 min), narlst teploty na 200 °C rychlos-
ti 25 °C-min' (1 min). Teplota injektoru byla nastavena na 200 °C
(délici pomér 30:1), iontovy zdroj a MS kvadrupdl na teplotu 230 °C
a 150 °C; desorpce po dobu 5 min, konstantni pritok He 0,7 ml min-'.
Pro detekci benzenu byl vyuzit SIM moéd (m/z 78, 77 pro benzen
a 84, 82 pro benzen-dg).

2.4 Stanoveni benzoové kyseliny (jako benzoatu sodného)
a askorbové kyseliny (askorbové a dehydroaskorbové)

Pro stanoveni benzoové kyseliny byly vzorky zfedény destilova-
nou vodou, filtrovany a nasledné nastfiknuty (20 pl) do HPLC. Tep-
lota kolony (Rezex RFQ-Fast Fruit H + (8%, 100 x 7,8 mm, 8 ym,
Phenomenex, Chromservis, CR) byla udrzovana na 50 °C. Mobilni
faze se skladala z kyseliny sirové (0,05 mol-I") v methanolu (10%),
pficemz pritok byl 1 ml-min-'. Detekce probihala pfi 233 nm.

Askorbové kyselina byla stanovena po zfedéni vzorku destilova-
nou vodou s L-cysteinem (0,1%) a Stavelovou kyselinou (1% ) pomo-
ci HPLC podle Rajchl et al. (2010).

Obé HPLC analyzy byly provedeny na sestavé Dionex HPLC/UV/
VIS (AMEDIS, CR).

2.5 Statisticka analyza

Pro kazdy vzorek byly provedeny 3 stanoveni a byly uvedeny pru-
meérné hodnoty; pro vyhodnoceni byly pouzity programy Statistica
8.0 (StatSoft CR s.r.o., Praha, CR) a Excel 2010 (Microsoft Corpo-
ration).

3 VYSLEDKY A DISKUSE

3.1 Validace metody
Pro benzen bylo posuzovano pét valida¢nich parametr{: relativni
smérodatna odchylka méfeni (opakovatelnost) byla 6,3 %, linearita

methyldicarbonate, AA): unopened commercial bottles from three
batches of the soft drink were held at room temperature (20+1°C)
under visible light (approximately 10 h-d-") for six months.

2.3 Determination of benzene

SPME was carried out by a 50/30 um DVB/CAR/PDMS fibre (Su-
pelco Inc., Belefonte, USA). The benzene content in soft drinks was
determined by GC 6890N equipped with a quadrupole mass detector
MS 5973 (Agilent Technologies, USA) and a DB-5MS column (30 m
x 0.25 mm x 0.25 pm; Agilent JW Scientific, USA).

Benzene and benzene-d, stock standard solutions (both 0.002 g-I'")
were prepared in methanol. The carbonated samples were degassed
for 1.5 min in an ultrasonic bath prior to the analysis. 5 ml aliquot of
each sample) was transferred into a 10ml vial; into each of them, the
internal standard of benzene-dg (5 pl of stock solution) was added.
The samples were equilibrated for 10 min at 60°C; the fibre was
inserted into the headspace of the vials and agitated at 500 rpm for
5 min at 60°C.

The separation chromatographic conditions were as follows: initial
column temperature 45°C (5 min), increased to 200°C at 25°C-min!
(1 min). The injector (split ratio 30:1) was maintained at 200°C; the
ion source and the MS quadrupol at 230°C and 150°C, respectively;
desorption time 5 min; He constant flow 0.7 ml-min-'. A SIM acquisi-
tion mode (m/z 78, 77 for benzene and 84, 82 for benzene-d;) was
used for detection.

2.4 Determination of BA as SB and AA (ascorbic and
dehydroascorbic)

To determine BA, the samples were diluted with distilled water,
filtered and then injected (20 pl) into the HPLC. The column (Rezex
RFQ-Fast Fruit H+ (8%; 100 x 7.8 mm, 8 ym, Phenomenex; Chrom-
servis, CR) temperature was kept at 50 °C. The mobile phase con-
sisted of sulphuric acid (0.05 mol-I"') in methanol (10%); the flow rate
was 1 ml-min-'. The detection was at 233 nm.

AA was determined after the dilution of sample in distilled water
with L-cysteine (0.1%) and oxalic acid (1%) by HPLC according to
Rajchl et al. (2010).

Both HPLC analyses were performed on the Dionex HPLC/UV/VIS
instrument (Amedis, CR).

2.5 Statistical analysis

The tests were triplicated for each sample and the mean values
are reported; for the evaluation the programs Statistica 8.0 (StatSoft
CR s.r.o., Prague, CR) and Excel 2010 (Microsoft Corporation) were
used.

3 RESULTS AND DISCUSSION

3.1 Method validation

Five validation parameters for benzene were assessed: the rela-
tive standard deviation (repeatability) was 6.3%; the linearity was
1.0-50 pg-I'; the LOD and LOQ were 0.1 pg-I" and 1.0 pg-I", respec-
tively. The recovery of benzene obtained by spiking the drink with 1
pg-I" and 10 pg-I" was 91% and 98%, respectively.
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byla 1,0-50 pg-I", mez detekce (LOD) byla 0,1 pg-I"" a mez kvantifi-
kace (LOQ) 1,0 pg-I"'. VytéZnost benzenu byla zjiténa u ,spikova-
ného” (fortifikace vzorku standardem) napoje s obsahem benzenu
1 pgI"a 10 pg-l" na 91 % a 98 %.

3.2 Vysledky studie

Poté, co se Americky ufad pro kontrolu potravin a léCiv zacal
v roce 2005 zabyvat opétovnym vyskytem benzenu v nealkoholic-
kych napojich (Nyman et al., 2008), jsme se rozhodli prozkoumat
situaci v Ceské republice. V roce 2006 jsme analyzovali 23 vzor-
ka z trhu (ochucené vody, ovocné a jiné napoje), z toho 15 vzorkl
mélo deklarovany obsah benzoatu a askorbové kyseliny na etiketé
vyrobku. Data pro vySe zminéné vzorky jsou shrnuta na obr. 1. Ben-
zen byl identifikovan v 17 vzorcich (74 %). Koncentrace benzenu
u sedmi vzorku prekrocila pfipustny limit pro vodu (1 pg-I'"); v téchto
pfipadech se koncentrace benzenu pohybovala v rozmezi od 1,1
az 3,2 pg-l"; vSechny tyto vzorky obsahovaly jak benzoat, tak as-
korbovou kyselinu. Korelace obsahu benzenu s obsahem benzoatu
sodného a askorbové kyseliny ale nebyla statisticky signifikantni.
Dalsi faktory, které jsou uvedeny v literatufe jako promotory vzniku
benzenu, napf. pfitomnost umélych sladidel, CO,, vy$Si obsah mine-
ralnich latek v diisledku pouziti mineralni vody nebo ovocny obsah,
také nebyly potvrzeny.

Po skandalu v roce 2006 (ICBA, 2006; U.S. FDA, 2007) vyvstala
otazka, zda vyrobci reagovali Upravou svych receptur z pohledu eli-
minace pfitomnosti benzenu. Coz se do uréité miry potvrdilo (U.S.
FDA, 2007), avSak na trhu se objevili také vyrobci novi a i jini zacali
fortifikovat své produkty askorbovou kyselinou a ostatnimi nutrienty
v reakci na poptavku konzumentl po zdraveéjSich vyrobcich. V roce
2011 jsme zopakovali prizkum trhu, stanovovali jsme obsah benze-
nu u 26 nealkoholickych népojli, z nichz 12 bylo bud nakoupenych
pod stejnymi obchodnimi nazvy jako v prdzkumu v roce 2006, nebo
byly zakoupeny vyrobky s obdobnym sloZenim od stejného vyrobce.
Vysledky ziskané pro tyto vzorky jsou shrnuty na obr. 2 (oznaéeni
prvnich dvanacti vzorkd odpovida vzorkim na obr. 7). Devatenact
vzorkl (73 %) obsahovalo detekovatelné koncentrace benzenu; je-
denact z nich bylo nad limit Evropské unie pro benzen v pitné vodé
(1 pg-I") (ES, 1998), ale zadny z nich nebyl vy8Si nez limit Svétové
zdravotnické organice (10 pg-I") pro benzen v pitné vodé (WHO,
1996).

Shrneme-li vysledky z let 2006 a 2011, méfiteIné koncentrace
benzenu byly stanoveny u 73 % vzorkl (36 ze 49), ¢ast z téch-
to vzorkll (13 vyrobkl) vSak neobsahovala sou¢asné benzoat
a askorbovou kyselinu, coz poukazuje na jiny zdroj kontaminace
benzenem. Zaroven bylo zjisténo, Zze u 10 % vzorkl (5 ze 49)
s obsahem benzoatu, askorbové kyseliny i stopovych mnozstvi
pfechodnych kovu jako katalyzatorl reakce, nebyl identifikovan
zadny benzen, ackoliv s ohledem na druh a slozeni napoje by
jeho vznik mohl byt oekavan. Grafické vyjadfeni statistického
zpracovani vysledkud (analyza hlavnich komponent) je zobraze-
no na obr. 3. Obrazek poukazuje na korelaci mezi jednotlivymi
slozkami a benzenem. Jedina vyznamn@ pozitivni korelace byla
zjisténa mezi obsahem benzenu a obsahem benzoatu sodného.
Zda se, Ze vice nez slozeni zpUsobuji pozitivni nalezy benzenu
vnéjsi kontaminace surovin a podminky skladovani (Cas, tep-
lota, UV zafeni), coz koresponduje s literaturou (Nyman et al.,
2010).

Skute¢nost, ze vSechny komeréni vzorky zahrnuté do prdzkumu
byly analyzovany v prvni étvrtiné jejich garantované doby trvanli-
vosti, by mohla byt dlivodem ke vzniku relativné zanedbatelnych
koncentraci benzenu. Proto jsme se rozhodli otestovat vliv podmi-
nek skladovani na obsah benzenu a ve spolupraci s jednim z nej-
vétSich tuzemskych vyrobcu byly provedeny neurychlené sklado-
vaci experimenty zaméfené na tvorbu benzenu. Kinetika tvorby
benzenu béhem 6 mésicl v napojich obsahujicich oba prekurzory
a mineralizovanou vodu je znazornéna na obr. 4. Za optimalnach
podminek (Cu a Fe ionty z mineralni vody, UV zafeni, pokojova
teplota) byl pozorovan nardst koncentrace benzenu z nuly na té-
méf 4 pg-I".

4 ZAVER

Koncentrace benzenu ve vSech 49 realnych vzorcich byla nizsi
nez 10 pg-I"", vysledky prizkumu odpovidaji celosvétové situaci.
Prestoze od roku 2006 néktefi vyrobci zodpovédné minimalizo-
vali pfitomnost benzenu ve svych napojich diky pfeformulovani
receptur vyrobkd, primérny obsah benzenu zistava stejny okolo

3.2 Study results

After the U.S Food and Drug Administration began to investigate
in 2005 the reoccurrence of benzene in soft drinks (Nyman et al.,
2008), we decided to explore the situation in the Czech Republic.
In 2006, we analysed 23 samples from the market, flavoured water,
fruit and other drinks), of which 15 samples had benzoate and AA
marked on the label. The data found for these samples are sum-
marized in Fig. 1. Benzene was identified in 17 samples (74%).
The concentrations of benzene for seven samples exceeded the
limit allowed for water (1 pg-I"), in these cases, the concentration
ranged from 1.1 to 3.2 pg-I", all samples contained both benzoate
and AA. But the correlation of benzene content with sodium benzo-
ate and AA concentrations was not statistically significant. Other
factors, which are mentioned in the literature as benzene formation
promoters, e.g. presence of artificial sweeteners, CO,, higher min-
eral content due to the use of mineral water or fruit content, were
not confirmed either.

After the benzene scandal in 2006 (ICBA, 2006; U.S. FDA,
2007), a question was raised if the producers reformulated the
product from the point of view of the benzene presence elimina-
tion. This was to some extent confirmed (U.S. FDA, 2007), how-
ever, also new manufactures emerged on the market and others
started to fortify their products with AA and other nutrients in re-
sponse to consumer requests for healthier products. In 2011, we
repeated market survey, we determined benzene content of 26
soft drinks, of which 12 were either purchased under the same
trade names as in the survey in 2006 or were products of a simi-
lar composition from the same producer. The results obtained for
these samples are summarized in Fig. 2 (numbers correspond
of the first twelve samples correspond to those given in Fig. 7).
Nineteen samples (73%) contained detectable concentrations of
benzene; eleven of them were above the EU limit for benzene
content in drinking water of 1 pg-I"" (ES, 1998), but none of them
was above the 10 pg-I'" WHO limit for benzene in drinking water
(WHO, 1996).

To summarise the results, in the years 2006 and 2011, measur-
able concentrations of benzene were found in 73% of the samples
(36 from 49), however part of these samples (13 products) did not
contain both benzoate and AA, which implies another source of con-
tamination. At the same time, it was found that 10% of the samples
(5 from 49), containing benzoate, AA and trace amounts of transition
metals as catalysts, did not contain any benzene, although with re-
gard to the type and composition of drink, benzene formation could
be expected. In the Fig. 3, a graphical processing of the statistical
analysis results (principal component analysis) is shown. The graph
shows the correlation between the individual constituents and ben-
zene. The only significant positive correlation was identified between
benzene and the sodium benzoate content. More than composition,
it seems that both external contamination of raw materials and stor-
age conditions (time, temperature, UV light exposition) cause posi-
tive findings of benzene, which corresponds with Nyman (Nyman et
al., 2010).

The fact that all commercial samples in the survey were ana-
lysed in the first quarter of their guaranteed storage period could
be the reason of the relatively negligible levels of benzene. We
therefore decided to test the influence of storage conditions on
benzene levels, and in cooperation with one of the local biggest
producers, we carried out not-accelerated storage experiments
focusing on benzene formation. The kinetics of benzene forma-
tion within 6 months in beverages containing both precursors and
mineralized water is shown in Fig. 4. The rise of benzene con-
centration from zero to almost 4 pg-I"" under the optimal forma-
tion conditions (Cu and Fe ions from mineral water, UV light, room
temperature) was observed.

4 CONCLUSION

The concentrations of benzene in all 49 real samples were be-
low 10 pg-I'; the survey results correspond to the global situa-
tion. Although since 2006 some producers have minimized the
presence of benzene in their beverages by reformulating their
products, the average benzene content stays similar at about
1 pg-I''. The study showed that benzene content is not easily
predictable, but when the precursors are present in the product
there is always a high probability of benzene formation. Although
in comparison with another sources of exposure benzene intake
from soft drinks is negligible; producers can be recommended to
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1 pg-I'. Studie ukazala, ze obsah benzenu neni snadné predvi-
dat, ale pokud jsou prekurzory pfitomny ve vyrobku, existuje vzdy
vysokd pravdépodobnost vzniku benzenu. Ackoliv ve srovnani
s jinymi zdroji expozice je pfijem benzenu z nealkoholickych na-
pojii zanedbatelny, Ize vyrobcim doporucit provadét specifické
testy skladovatelnosti pro kazdy produkt s obsahem jak pfirodni
kyseliny benzoové a askorbové, tak v pfipadé jejich pouziti jako
aditiva.
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