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kontaminace zivotniho prostredi

aktualni problém

chemizace vSech prumyslovych odvétvi

— mobilizace dlouhodobé ulozenych latek (tézké kovy)
— tvorba novych latek (DDT, PVC, PCB, freony)

dasledek:
kontaminace prostfedi cizorodymi latkami

pfinos X Skody
— znalost vlastnosti
— regulace zakony i rozumem




negativni u€¢inky chemickych

r - r r 4 P4
latek na lidské zdravi g pozdni ucinky
v i jedina molekula by mohla vyvolat
onemocnéni

toxickeé ucinky

vySSi davka = vySSi pravdépodobnost
Existuje bezpeCna davka latky, ktera nema nezadouci vyskytu uréitého onemocnéni
ucinek. Nutné prekroCeni prahu.

projev zavisi na davce toxické latky neexistuje bezpecna koncentrace,
,SpoleCensky pfijatelna“
Exposure akutni toxicita pravdépodobnost onemocnéni
Q‘w ucinné i jedorazové pusobeni
1 scute (houby, CO, ..) ’
: e o o a. mutagenni
: chronicka toxicita b. karcinogenni, (podle IARC)
l 1 { f E po dlouhodobém pusobeni c. teratogenni
e (t&7ké kovy, dioxiny, PCB, d. alergické

DDT, bromovaneé |., ..)



WHAT DOES IT MEAN? WHAT DOES IT INCLUDE?

CARCINOGENIC
e 00060

Sufficient evidence in humans. Smoking, exposure to solar radiation,
Causal relationship established. alcoholic beverages and processed meats.

PROBABLY CARCINOGENIC b
TO HUMANS

Limited evidence in humans. Emissions from high temp. frying, steroids,
Sufficient evidence in animals. exposures working in hairdressing, red meat.

GROUP

2R

Limited evidence in humans.
Insufficient evidence in animals.

Coffee, gasoline & gasoline engine exhaust,
welding fumes, pickled vegetables.

0000

Tea, static magnetic fields, fluorescent
lighting, polyethene.

CARCINOGENICITY
NOT CLASSIFIABLE

Inadequate evidence in humans.
Inadequate evidence in animals.

PROBABLY NOT
CARCINOGENIC

Evidence suggests no

ONLY 1 CHEMICAL EVER PLAGED IN THIS
GROUP, OF ALL SUBSTANCES ASSESSED
4 carcinogenicity in humans/animals

Caprolactam, which is used in the
manufacture of synthetic fibres.

GROUP

Klasifikace podle IARC
International Agency for Research of Cancer

Klasifikacni systém IARC vytvofen pro déleni latek
mezi 5 skupin

zarazeni do skupiny zohlednuje silu diikaza pro
karcinogenni ucinky, ne vSak miru zdravotniho rizika

Od 70. let testovano 900+ latek

= zafazeni do stejné skupiny znamena podobnou
miru jistoty o karcinogenité

Skupina 1 (nejvyssi)
dostate¢na mira dikazu, ze latka zpUsobuje rakovinu
(koufeni, alkohol, od fijna 2015 uzeniny)

Skupina 2A

pravdépodobné karcinogenni: dikazy jsou omezené,
ale spolu s pokusy na zvifatech naznacuiji karcino.
od fijna 2015 Cervené maso

Skupina 3: nedostate¢né dikazy

Skupina 4: prokazané nekarcinogeny (pouze 1)
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Klasifikace podle IARC

CARCINOGENIC @ @ O International Agency for Research of Cancer
TO HUMANS

R , » Ze je latka klasifikovana neznamena neni vzdy
Sufficient evidence in humans. Smoking, exposure to solar radiation, N , K
Causal relationship established. alcoholic beverages and processed meats. duvodem k obavam nebo panice

PROBABLY CARCINOGENIC b
TO HUMANS

Limited evidence in humans. Emissions from high temp. frying, steroids, ciselné od hady

Sufficient evidence in animals. exposures working in hairdressing, red meat. . .
podle WHO: konzumace 50 g slaniny denné =
zvySeni Sance na ziskani kolorektalniho karcinomu o

Od 70. let testovano 900+ latek

whi -~ 18%
Limited evidence in humans. Coffee, gasoline & gasoline engine exhaust, tzn-: 64 VS 72 pﬁpad'j na 100 OOO I|d|’ rOéné
Insufficient evidence in animals. welding fumes, pickled vegetables.
porovnani:
v s o . 0 v . 3 .

FRREINOEERIEITY kourg_m zpusquJve 1v 9 % v8ech vyskytu rakoviny

NOT CLASSIFIABLE (1 milion smrti roéné)
Inad id inh i Tea, stati tic fields, fl t
Inadequate evidence in anmals. " lghting, polyethene. alkohol: 600 000

uzeniny + ¢ervené maso:

PROBABLY NOT ONLY 1 CHEMICAL EVER PLACED IN THIS 0, i 1 i SN A&
CARCINOGENIC o GROUP, OF ALL SUBSTANCES ASSESSED 3% rakovm, tedy 34 000 smrti na rakovinu rocné

Evidence suggests no Caprolactam, which is used in the — prirovnavani masu k tabaku je mimo

carcinogenicity in humans/animals manufacture of synthetic fibres.




Spotieba masa a masnych vyrobkii (g/den) v CR
(hodnoty "jak jezeno")

Zeny 60 let a vice
Muzi 60 let a vice
Zeny 18- 59 let
Muii 18 - 59 let
Zeny 15-17 let
Mu#i 15-17 let
Divky 11 -14 let
Chlapci 11 - 14 let
Déti 7 - 10 let
Déti4-6 let

0 50 100 150 200 250
B Maso savcl a droby m Dribei a dribeii vyrobky m Masné vyrobky M Ryby a rybi vyrobky

= muzi 15+ maiji o cca 36 % vySSi pravdépodobnost
onemocnéni kolorektalnim typem rakoviny ve srovnani s ne-
konzumenty, zatimco u zZen je riziko zhruba polovicni

SzU, 2015



Co zpusobuje karcinogenitu masnych vyrobku?

mozny pfinos hemového Zeleza
Béhem zpracovani za vysokych teplot vznika mnoho latek, napf.:

N-nitroso slouceniny,
polycyklické aromatické uhlovodiky,

heterocyklické aromatické aminy,

nékteré z téchto sloucenin jsou prokazanymi (Ci podezielymi) karcinogeny

Zatim neni zcela pochopena pfi€ina, pro¢ ¢ervené maso a masnée vyrobky

zvySuji riziko rakoviny

-- WHO



Co se déje pfi tepelné upravé potravin

tepelna uprava je vyuzivana tisice let
— vznikaji zadouci aromatické latky a zbarveni

— vznikaji ale i nezadouci latky




FhiP

1

Heat from
cooking
CH,
CHQ‘,C H-NH,, N -

COOH (Y
HOOC  NH,

L-Phenylalanine Creatine

Co se déje pfi tepelné upraveé potravin

HCAs: heterocyklické aminy
PAHSs: polyaromatické uhlovodiky
AGEs: produkty pokrocilé glykace

aminokyseliny + kreatin + teplo  — HCAs

neuplné spalovani — PAHSs

hlavni zdroje téchto latek:

grilované a pfipalené maso, snidanové ceralie, tabak

faktory ovliviujici jejich vznik:

druh potraviny, metoda pfipravy, teplota, ¢as



Lze snizit obsah PAHs, HCAs a AGEs ?

e Pfiprav jidla za nizsSi teploty

e grilovat opatrné, nepfripalovat

e omezit masné vyrobky, které maji vice AGEs —
doma pfipravené jidla (napf. hranolky) mohou mit
méné AGEs v porovnani s koupenymi

e pouzivani tekutiny pfi vareni (olej, blanSirovani)




prfesmazené bramborové chipsy
jJsou typickym zdrojem akrylamidu

Acrylamide

vyuzivan v primyslu (vyroba plastu, lepidel, uprava vody),
proto dochazelo k expozici pracovniki = identifikace
neurotoxicity akrylamidu

+pravdépodobny karcinogen s vlivem na reprodukci

v potravinach sledovan od r. 2002 (NFA, Swe), studie:

Akrylamid nalezen v mnoha vyrobcich zpracovanych za
vysoké teploty

vyrobky pfi teplotach >120 °C, typicky smaZzeni, peceni a
restovani: hranolky, bramburky, cerealie, kava
dalSi studie: také suSené ovoce, prazeneé ofisky

produkt Maillardovy reakce



4998  J. Agric. Food Chem. 2002, 50, 4998-5006 Lo U RN el Ok

AGRICULTURAL AND
FOOD CHEMISTRY

Analysis of Acrylamide, a Carcinogen Formed in Heated
Foodstuffs

EDEN TAREKE," PER RYDBERG," PATRIK KARLSSON,* SUNE ERIKSSON,* AND
MARGARETA TORNQVIST*-

Department of Environmental Chemistry, Stockholm University, S-106 91 Stockholm, Sweden, and
AnalyCen Nordic AB, Box 903, S-531 19 Lidkoping, Sweden

Reaction products (adducts) of acrylamide with N termini of hemoglobin (Hb) are regularly observed
in persons without known exposure. The average Hb adduct level measured in Swedish adults is
preliminarily estimated to correspond to a daily intake approaching 100 ug of acrylamide. Because
this uptake rate could be associated with a considerable cancer risk, it was considered important to
identify its origin. It was hypothesized that acrylamide was formed at elevated temperatures in cooking,
which was indicated in earlier studies of rats fed fried animal feed. This paper reporis the analysis of
acrylamide formed during heating of different human foodstuffs. Acrylamide levels in foodstuffs were
analyzed by an improved gas chromatographic—mass spectrometric (GC-MS) method after bromi-
nation of acrylamide and by a new method for measurement of the underivatized acrylamide by liquid
chromatography—mass spectrometry (LC-MS), using the MS/MS mode. For both methods the
reproducibility, given as coefficient of variation, was ~5%, and the recovery close to 100%. For the
GC-MS method the achieved detection level of acrylamide was 5 ug/kg and for the LC-MS/MS method,
10 ug/kg. The analytic values obtained with the LC-MS/MS method were 0.99 (0.95—1.04; 95%
confidence interval) of the GC-MS values. The LC-MS/MS method is simpler and preferable for most
routine analyses. Taken together, the various analytic data should be considered as proof of the
identity of acrylamide. Studies with laboratory-heated foods revealed a temperature dependence of
acrylamide formation. Moderate levels of acrylamide (5—50 ug/kg) were measured in heated protein-
rich foods and higher contents (150—4000 xg/kg) in carbohydrate-rich foods, such as potato, beetroot,
and also certain heated commercial potato products and crispbread. Acrylamide could not be detected
in unheated control or boiled foods (<5 ug/kg). Consumption habits indicate that the acrylamide levels
in the studied heated foods could lead to a daily intake of a few tens of micrograms.

KEYWORDS: Acrylamide; analysis; mass spectrometry; cooking; food; carcinogen
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Acrylamid - tvorba v potravinach

Maillardova reakce
aminokyselina + redukujici cukry = ,neenzymatické hnédnuti®

— fada sloucéenin charakteristické vuné a chuti

vvvvvv

Tvorbu akrylamid ovlivhuje:
- druh potraviny
- teplota
- doba pripravy

V kostce:

Typicky priklad MR je hnédé zbarveni
toustu a vznik aromatickych latek Skrobnaté potraviny pfipravované za vysSich teplot

= vysoky obsah akrylamidu

obsah asparaginu je pravdépodobné také faktorem vzniku AA



prfesmazené bramborové chipsy
jJsou typickym zdrojem akrylamidu

French fries 16 t0 30 %
Potato crisps (chips) Gtolb %
(offee Bto39 %
Pastries and sweet biscuits 101020 %
Bread, bread rolls and toast 10to 30 %
Other food items less than 10%

Pomér pfijmu akrylamidu z rGznych potravin v 17

zemich Evropy [JECFA]

Akrylamid - pfijem v potravinach
smazengé, pe€ene, grilované, prazené potraviny (ne varené)

dietarni pfijem v Evropé:
smazené hranolky
smazené chipsy
kava

pecivo, susenky

pomeér ovliviuje sloZzeni potravniho koSe riiznych zemi
(Svédsko prevazuje kava, USA hranolky, u nas chipsy)

horni hranice pfijmu dle WHO: 1 ug/kg tél hm.

V EU denni pfijem okolo 1 pg/kg tél hm.
(podstatné vyssi u déti a adolescentl)

tj o pét fadl nizsi nez davka pro akutni otravu



Akrylamid vs. zdravi
Skodi jeho mnozstvi v potravinach zdravi?

AA patfi do skupiny latek s pozdnim efektem (bezprahovy ucinek)
= i nizké koncentrace pfedstavuji nenulové riziko

European Food Safety Authority (EFSA), 2005:
“Efforts should be made to reduce exposure to the AA”

projekt HEATOX (Heat Generated Food Toxicants) spustén:
identifikace, charakterizace a minimalizace rizika. Vysledky:
a) AA mlze pfedstavovat rizikovy faktor rakoviny
b) lze snizit uroven AA (ne odstranit)
c) pfi vafeni vznikaji i dalSi podobné rizikoveé slouceniny

NOAEL pro neurodegenerativni ptisobeni: 0.2 mg/kg
pro repro-toxicitu: 2 mg/kg

— Opatieni by mély vést ke snizeni akrylamidu ALARA



Akrylamid - tvorba

Mastné Asparagova kyselina Serin
kyseliny Kamosin Cystein
B-alanin

[ Glycerol ]

N

l Akrolein | { Pyrohroznova kyselina

g b ]/

[ Akrylova kyselina

l

AKRYLAMID I




Acrylamide

Toolbox 2013

Akrylamid - co bylo ucinéno pro jeho omezeni?

v poslednich letech se vyrobcum potravin podafilo omezit tvorbu AA
v potravinach (kfupky, susenky) upravou receptu a postupu

Konfederace zemédélsko-potravinaiského pramysiu / Food Drink Europe:
“‘Acrylamide toolbox” - poskytuje navrhy zmén, které mohou vyuzit
v prumyslovém i domacim méritku

Pokusy o zménu péstitelskych postupl (zvySovani siry v pudé),
péstovani specialnich odrud plodin — GM brambory (méné glukézy
a asparaginu)

= snizovani obsahu prekurzorl pfinasi snizenou tvorbu AA béhem
Maillardovy reakce


http://www.fooddrinkeurope.eu/uploads/publications_documents/AcrylamideToolbox_2013.pdf

Zpusoby omezeni pfijmu AA

— omezit nakup Skrobnatych snacku
— nedavat brambory do lednicky

— snizit mnozstvi cukrd v bramborach
— blanSirovat pfed smazenim

— pfipravovat kratSi dobu

— kava: AA moc omezit nelze

FOODDRINK

E U R O P E

Vybér surovin

Navrh receprury

Navrh procesu

Viastnosto hotowého
vyrobku

PouZivajte poure vhodné (nizky .
obsah cukru) odridy brambeor.

Skladujte prostfedi fizend teploty
(= 6 * C) a vihkosti vzduchu.

Potlaéte kliteni skladovanych
brambor pomoci vhiodnych -
pfipraviki.

Kontrolujte v tovarné dodavky
brambor.

MNékiaré predem pfipravens
latky mohou jiz obsahovat
wysoké mnazstvi akrylamidu,
ktery by mohl mit viiv na
Oroved v koneéném
produkii.

Silngjéi fez platkd mida vést
ka zvyseni akrylamidu,
nebot vyiaduje vatsi tepelny
pfikon k vytvofeni
kanaéného produktu.

Ppouziti nékterjch sloZeak,
pfidanych do kofeni, mize,
kromé zlepani chiti,

kompenzoval svétlejsi barwu.

Optimalizované a prasna dafinovans
podminky, fritovani (2izeni oleje /
teplota { cas fritovani) zajisti produkei
wyrobki zlatofluté barvy.

Zawés] zpétnou vazbu Iritovani v
zéavislosti na vinkosti.

Barevna detekce na vystupu z
fritézyvytFid&ni vadmych

Myt lupinkl v tepléMorké vodé,
aby =se odstranily pfebyteéné
cukry.

Odpovidajici Skrabani. Redukujici
cukry s mohou nachazet tésné
pod slupkou.

Fontrola barvy [ hnédnuti
lupinki.

vyriatek z brozury

9

‘nastroje pro rizeni akrylamidu ve smazenych

bramborovych lupinkach” FoodDrinkEurope (Acrylamide toolbox)
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 pedidshl dmax. 2.5%), balicl phyr: dusik E 941
 ema 16,90 K200 9

koupeno: By
energetichd hedneta: 2 373 k5100 9

© obash telas 366 %
© slrylamd 126 1/

organizace (WHO) plimout
dennd masimbing

Imikrogram na kilogram téiesné
‘vishy lowbka. Pro lepii nizornost
B pety SPOVIANI e SOOLRAE,
ik chipais e snist dospbly
otk wiici 70 kg

2 0t wihlel 50 kg. anit riskeal,

i gerd it osplly 63 9. 6N 27 )
— .

sakoviny.
8 Tast heackly redakee MF ONES 10
vt rezpodtu
W0 st chvsi se midete
dorvtditi 6. fi ve 1230 hodin
v pofad Ceské telerize
‘Sama doma ra (11,
Zndmin teste:
Zahimue smyslovd hodden -
35%, mootstyi akeylamidu - 30,
cbah 50K - 15 %, osah tukod - 10°%.
energelickou hodnaty - 5 %, kvt
HiduS%






