5 ——————
ADITIVA, NANOCASTICE, KONTAMINANTY

Obecne rysy analvtickych postupii:

a) obsahy analytt ultrastopové az stopové (pg - mg / kg)

b) analytické postupy jsou preferenc¢né optimalizovany jako
multikomponentni / multimatricové

C) analytické postupy zahrnuji rizn¢€ slozitou ptipravu vzorku
— aplikuje se flexibilita postupti (pouZzitelnost na netestované matrice /

analyty po minimalni ipravé postupu)

d) ¢asto jsou pouzivany technicky vyspélé pristroje - trendem je
minimalizace pripravy vzorku s naslednym vysoce selektivnim
instrumentalnim stanovenim a softwarovym vyhodnocenim

¢) v rutinni analyze se uplatiiuji také tradi¢ni specifické metody

Fakulta potravinarské a biochemické technologie i .
Ustav analyzy potravin a vyzivy http://web.vscht.cz/poustkaj 1
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ADITIVA

Vybrané skupiny aditivnich latek

Konzervacni latky
Barviva

Syntetické antioxidanty

4 /4 -
Uméla sladidla
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T
ADITIVA - KONZERVACNI LATKY

Ruznoroda skupina sloucenin
= titrace, SPFM (reakce) - FIA, TLC, HPLC/UV
GC, CZE a ITP (organicke k.)

0 . Q :
" Dusi¢énan ” Dusitan
NT ,
‘O O Nat sodny Nat N sodny
o
O
O OR
O
1o “V“ﬁ
OH
D#HDH
Benzoova k. Sorbova k. OH
a benzoaty a sorbaty Parabeny (p-hydroxybenzoaty)
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http://upload.wikimedia.org/wikipedia/commons/6/6e/Paraben-2D-skeletal.png
http://upload.wikimedia.org/wikipedia/commons/1/1c/NaNitrate.png

T
ADITIVA - KONZERVACNI LATKY

HPLC/UV (254 nm) stanoveni v dzemech a ovoci:
BA - benzoova k., SA - sorbova k., MP - methylparaben, PP - propylparaben

\")
F B.508

SA
5.0E+04
4 0E+04-

MP PP
3.0E+04+
1217 0867
BA

2 NE+044

ABT
1.0E+047
n_cE_'_m__'—F,f"\\____ : J J ‘ //"‘H—\__/——‘_.__/-..__I__,nl :

5.00 10000 1500 20000 25,00 [min]
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ADITIVA - BARVIVA

1. Prirodni - karotenoidy, flavonoidy, anthrachinony,
betalainy, pyrrolova barviva

2. Synteticka - azobarviva, fenylmathanova barviva, nitrobarviva, pyrazonova,
xanthenova, antrachinonova, chinolinova a indigoidni

a) hydrofilni - povolena x nepovolena (resp. kde, kolik, kombinace)
piima extrakce a analyza
nebo klasicky adsorpce na vlakno a uvolnéni
(vinéné vlakno, polyamid, kozni prasek apod.,
pak alkalické uvolnéni - roztok NH,
nebo MeOH roztok NaOH)

b) lipofilni - nepovolena (barveni oball)

zmydelnéni, 1zolace nezmydelnéného podilu

Stanoveni: ptima SPFM, TLC, HPLC/VID, (U)HPLC/MS/MS

VYSOKA SKOLA CHEMICKO-TECHNOLOGICKA V PRAZE Specialni analyza potravin 2019 - Jan Poustka
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ADITIVA - BARVIVA

Priklad: stanoveni nepovolenych azobarviv

Nepovoleny piidavek - napt. do koteni (paprika) nebo do vyrobki
- cilové hladiny 10-100 pg/kg
Prima extrakce smési 1% octova k. : acetonitril (5:95, v/v)

HO
(A) Sudan |
QN:N O (B) Sudan Il
(C) Sudan Il
Sudan | O (D) Sudan IV
I (E) Sudan Red 7B

(F) Para Red
w Ny P (G) Sudan Orange G
Q N H\D_ (H) Tropaeolin 000

) Rh ine B
Para Red () Rhodamine
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5 —————
ADITIVA - BARVIVA

Zaznam z analyzy azobarviv — MS? v prostoru (tandemova MS)

°LE Sudan Orange I 215 > 93 MS? - 1 (kvantifikace)
Sudan I K249 > 93

“Z/zi Sudan LAY 277 > 121

“;Ei I Sudan i i 353 > 77

1‘22: Sudan Red YB A 380 > 183

ot I Sudan /\ 381 > 91

"] Sudan Orange || 215 >122  MS?-2 (identifikace / konfirmace)
“;Ei Sudan | /L 249 > 156

.“ZE: Sudan II /\ 277 > 156

Sudan 1l /\ 353 > 156

“f,,zi Sudan Red 7B &380 > 169

o0y S Sudan A 381> 225

Fakulta potravinarské a biochemické technologie i .
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ADITIVA - SYNTETICKE ANTIOXIDANTY

OH H o)
?_ﬂ CH; OH CHs NN
‘f CHs HsC CHs
CHs ch CHB
BHA BHT HO oH PG
OCHs CH3 OH

Nepolarni matrice (prostiedi) - oleje, tuky, margariny
- emulgace, izolace spolecné s lipidy a nasledna separace (GPC)
- ptima izolace alkoholy

Stanoveni.
Prima SPFM - UV (232, 241, 252, 300 nm apod.)

- VID po reakci (400, 520, 580 nm - FeSO,)
TLC - ¢inidla: AgNO3 + NH3, k. fosfomolybdenova + NH3 apod.
GC - ptimo nebo po derivatizaci (methylderivaty), FID, MS
HPLC - reverzni faze, UV 280 nm, RID, ECD
Dale elektroanalytické a elektromigracni metody (MECC)

Fakulta potravinarské a biochemické technologie i .
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ADITIVA - SYNTETICKE ANTIOXIDANTY

Abundance 1370
4

2

3000004
1 1- 1633
16.65

250000+ 1342
200000

1500004 3
1430

1000004

0000 \J
L : . — _ —_— .
24.00

R T 2000 200

Times R
GC-MS analyza (TIC zaznam) standardni smési 5 antioxidanti - 5 mg/I

(1) BHA; (2) BHT; (3) TBHQ); (4) ethoxyquin; (5) lonox-100

X + 100% A
150 | R
i, nA \ JI
\ | Chromatogram z HPLC(C,g) / ECD
' | (amperometrickéa detekce)
3 ! - smés (2 mg/ml) PG (1), BHA (3), BHT (4),
| 4 5 mg/ml TBHQ (2).
+ 100%B
0 5 0 15 »
-50 t, min
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ADITIVA - UMELA SLADIDLA

Coo-
H O
ch Oe Na 0

//\\ Aspartam
Acesulfa’m K Sacharin Cyklamét Aspartyl-phenylalanine methyl ester
(draselny)
I
Polarni extrakce dle rozpustnosti .
» ) oo CI OH
- fedéni, &ifeni, filtrace, odtu¢néni, SPE < OH cl
Stanoveni. HPLC/UV/VID (popft. derivatizace) 1,6-dichioro-1,6-dideoxy-
eta-D-fructofuranosyl-
4-chloro-4-deoxy-
RN RP (C18) kOIOny alpha-D-galactopyranoside
MECC Sukraloza
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ADITIVA - UMELA SLADIDLA

Ptiklad HPLC/UV analyzy

I Dulein
1 2 Methyl-PHBA
I DHA-Na
4 Sorbic acid
4 5 Ethyl-PHBA
& Benzoic acid
7 TEHO
B lsopropyl-PHBA
& 9 Propyl-FHBA
10 Saccharin-MNa
11 Acesulfame-K
12 1soburyl-FHBA
13 Butyl-FHBA
2 14 BHA

Absorbance (233 am)

’ :
JL A

u.m'! 12.50 25,00 1750 50.00
Retention time (min)

Figure 6

Chromatogram of additives in sugared fruit extracted by a Sep-Pak
Cyz cartridge, Mobile phase, acetonitrile/50 mM agueous o-hy-
droxyisobutyric acid solution (pH 4.5) (2.2 : 3.4, v/v) containing
2.5 mM HTA with a flow rate of 1.0 mL'min. Detection was at

233 nim. Az sugared fruit only; B: sugared fruit spked with additives
at a concentration of 25 mg/g each.

! Dulcin

2 Methyl-PHEA

31 DHA-Na

4 Sorbic acid

5 Ethyl-PHBA
% & Benroic acid
4 . T TBHQ
B Isopropyl-FPHBA
9 Propyl-PHBE A
10 Saccharin-MNa
Il Acesulfame. K
12 lzebulyl-PHEA
13 Butyl-PHEA
14 BHA

n

Absorbance (233 nm)

A
JL,_L_ A

ﬂ.ﬂﬂl 12.50 25.00 1750 S0.00

Retention time {min)

Figure 7

Chromatogram of additives in dried roast beef extracted by a
Sep-Pak Cog cartridge. Mobile phase, acetonitrile/50 mM agueous
e-hydroxyisobutyric acid solution (pH 4.5) (2.2 : 3.4, viv) contain-
ing 2.5 mM HTA with a flow rate of 1.0 mL/min. Detection was
at 233 nm. A dried roast beef only; B: dried roast beef spiked with
additives at a concentration of 25 mg/g each.
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e
NANOCASTICE

Definice — legislativa
Nanocastice v potravinach
Legislativa

Analyza — prehled metod

Metoda field flow fractionation
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e
NANOCASTICE

Nanocastice (nanoparticles) — odlisne definice — vyvoj
1. Aktualné duraz na rozmeér: 1 - 100 nm ve vsech dimenzich

2. Odlisnost vlastnosti od celkového materialu

Vazba C-C Hemoglobin Limit rozliZen] Cervena krvinka

{0,145 nm) (6,5 nm) sv&telného {7 um)
mikroskopu
Glukéza Viry Bakierie
(0.9 nm) (10—100 nm)

0.1 nm 1 nm 10nm 100 nm 1um 10 um

Fakulta potravinarské a biochemické technologie i .
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NANOCASTICE

Oblast pouziti

Produkt/funkce

Nanomaterial

Prostiedek proti spékani / hrudkovaténi

Sio,, MgO, TiO,

Povlak ¢okoladovych produktt
pro delsi trvanlivost

Si0,, MgO, TiO,, Ca0, ZnO, MnO

Aditiva Zapouzdfovani vitamini, sekundarnich | Micely, lipidy
rostlinnych produktt
Lykopen, antioxidanty Lykopen
ZlepsSeni pfijmu mineralnich latek Ktemik, hot¢ik, vapnik
V nano-rozmeérech
Dopliiky stravy Efekt proti starnuti ? Koloidni zlato, stfibro (sporné je, zda se
jedna o nano-rozmeéry)
Antimikrobialni u¢inek Ag, SiO,, TiO,
Bariéra proti plyniim, proti UV zafeni, |Barevné latky polymerech,
Obalovy materidl |zlepSeni udrznosti nanokompozity - kovy nebo jejich oxidy
Zlepseni tepelnych vlastnosti Cin
Hlinikova folie s povlakem K urychleni | Uhlik, za¢lenény do sklovité matrice
Materialy peceni
v kontaktu Antimikrobidlni povlak Ag
S potravinami na kuchynském nadobi, v chladnickach ?
Protiptilnavy povlak Keramika

VYSOKA SKOLA CHEMICKO-TECHNOLOGICKA V PRAZE
Fakulta potravinafské a biochemické technologie
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NANOCASTICE

* Narizeni 178/2002/ES - do obéhu nesmi byt uveden material
ohroZujici bezpecnost

* Naftizeni 258/97/ES - o potravinach noveho typu
» Narizeni 1333/2008/ES - o aditivech

* Narizeni 1935/2004/ES - pro piedméty prichazejici do styku potravinami

* Natizeni 450/2009/ES - zamé&fené na aktivni a inteligentni materialy

* Smérnice 10/2011/EC (Plastic Implementation Measure - PIM) —
o plastovych materidlech a predmétech ptichdzejicich do styku
s potravinami; tyka se 1 migraci, popt. 1 nanocastic do potravin
— schvalovani jednotlivych ptipadi

Fakulta potravinarské a biochemické technologie i .
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NANOCASTICE

Nanometrologie — véda o méfeni na nanometrové urovni; poskytuje udaje o délce
nebo velikosti pro rozméry dané v nanometrech s nejistotou méfeni méné nez 1 nm
a dale méfeni sily, hmoty, elektrickych a dalSich vlastnosti.

Elektronova mikroskopie - SEM (Scanning Electron Microscopy)
- TEM (Transmission Electron Microscopy)

EDX (Energy Dispersive X-ray Spectroscopy)

Field-flow fractionation (FFF) nebo Asymetricka FFF (AFFF)
- detekce: absorpce v UV/VID oblasti
méfeni indexu lomu svétla

méreni statického rozptylu svétla
(MALS — Multi Angle Light Scattering,
rozdilny rozptyl svétla malymi a velkymi ¢asticemi)

Atomova absorpcni spektrometrie: AAS - anorganicke ¢astice
Hmotnostni spektrometrie: ICP-MS - anorganické Castice

Hmotnostni spektrometrie: LC-MS (ESI) - organické materialy

Fakulta potravinarské a biochemické technologie i .
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e
NANOCASTICE

Field-flow frakcionace (FFF) — ..frakcionace tokem pole‘

Typ externiho pole: elektrické, tepelné, centrifugacni, magneticke, kiizny tok, duté vlakno,

gravitaCni-splitové
External field
Sample Qutlet 1

o (i
l:..¢' 8 80,0,

5 .--.'.'.'__o 5, S a & = 5% aam .
Splitter — e ———— «— Splitter
o © o T o
¢ a00 2o = o f8p O g000
----------------o-.-u-q'd"s.;o;OOo ooaoo oo
UO
o8
ot
o
Carrier Outlet2

Asvymetrickd FFF (AFFF)

Typ externiho pole: vysokoteplotni, polopropustnd membrana pouze na spodni stran¢ kanalu

Solid Channel Top

-

Fakulta potravinaiské a biochemické technologie
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e
NANOCASTICE

Vysledek méteni: fraktogram

90" Light Scattering Signal
Uv @ 530 nm

Au
’ N D =20nm
0 e - Ag
D =20nm
2 )
@ 0E -
5
£
v ) A 5 A 4:.
Retention Time [min]
Ps-latex 309 nm [b]
— # silica 280 nm + PS-latex 309 nm
— ' PS-latex 70 nm /
Channel Botlom
2 .
o silica 280 nm
=
Z \
) _;J
T L

0 20 30 40 50 60 70
Retention time (min)
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KONTAMINANTY

Pesticidy — rezidua

Organické primyslové kontaminanty
Kovy

Farmaka

Migranty z plasti

VYSOKA $KOLA CHEMICKO-TECHNOLOGICKA V PRAZE Specidlni analyza potravin 2019 - Jan Poustka
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PESTICIDY

Cilen¢ pouZivane¢ slouceniny k hubeni Sktidct (pest = Skiidce)
= ruznych nezadoucich rostlin (pleveli) a Zivocichu

Pojmy: reziduum(a) - mnozstvi zbylé po uplynuti ochranné lhiity
wincurred residues® - slouCeniny zabudované do matrice
perzistentni pesticidy (rezidua) - pretrvavaji desitky let

(vCetné degradacnich produktli / metabolith)
multi(rezidualni) analyza - sledovani desitek az stovek
sloucenin jednou metodou

Vyskyt: primarné na osetfenych plodinach (+ dalsi slozky ZP)
nasledné viechny soucasti ZP (uniky z vyroby, skladovani)

Legislativa: MRL, vyhlasky, smérnice

VYSOKA SKOLA CHEMICKO-TECHNOLOGICKA V PRAZE Specialni analyza potravin 2019 - Jan Poustka
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5 —————
PESTICIDY

Klasifikace podle uc¢elu pouziti: herbicidy, fungicidy, insekticidy ...
Klasifikace podle mechanismu piisobeni: kontaktni X systémoveé
Klasifikace analyticka: polarita, tékavost, stabilita, formy vyskytu ...

- vyskyt v rostlinnych / zivo¢iSnych matricich, ptida, obaly, stavby ...

p,p’- DDT o,p’- DDT p,p’ - DDE p.p’- DDD
S 0
0 Sas =l PPN
OCHs H‘©—< oI 0
H,C o
Fenitrothion Isoproturon Permethrin

Fakulta potravinarské a biochemické technologie i .
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PESTICIDY

Analyza: multi analytova/matricova (MA/MM),
single analytova/matricova (SA/SM) — specialni metody
celkova rezidua — definice zahrnutych degr. produkti / metaboliti
(n¢kdy je matetska latka nestabilni a nelze stanovit)
Cilena: seznam sloucenin (standardy), piedpokladané hladiny a kombinace
Necilena: screening, monitoring, nco¢ekavané hladiny a kombinace

Primarni MA/MM: GC-MS(/MS), LC-MS(/MS)
Specifické SA/SM: sledovani obtizn¢ stanovitelnych sloucenin -
vétSinou vyzaduji specialni (atypickou) pripravu vzorku

Rutinni metody: GC-ECD/NPD/MS, (U)HPLC-UV/FLD/MS
Dalsi metody: CZE, ITP, MECC, CEC

Fakulta potravinarské a biochemické technologie i .
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PESTICIDY

Columns:

GC/2XECD - paralelni analyza OCP .

DB-5
30 m x 0.32 mm 1.D., 0.25 pm

DB-1701F
J0m x 0.32 mm LD, 0.21 pm

Guard Column: 10 m x 0.53 mm 1.D.

JEW PiN:
Carrier:
Cven:

Injectar:

Detector:

Etridiazole

Chloronet

Propachlor
Tetrachloro-m-xylene (15)
Trifluralin

a-BHC
Hexachlorohenzene
E-BHC

w+BHC
Pentachloronitrobenzene
. p.p-Dichlorobiphenyl

. &BHC

. Heptachlor

. Alachlor

Aldrin

—
=R e e

s s
D P LR =

J-way union
009-5007

Helium at 29.2 cmifsec, measured at 150°C

G0°C for 0.5 min
G0-140°C at 20°/min
140-280°C at 11°/min
280°C for 23 min
Splitless, 200°C

2.0 pL, 20-200 pafuL
ECD, 325°

Mitrogen makeup gas at 30 mL/min

16. Chlorpyrifos 31.
17. DCPRA 32.
18. Isodrin 33.
19. Heptachlorepoxide 34,
20. Captan 35
21, y-Chlordane 36.
22. o,p-DDE 37
23. Endosulfan | 38
24, w-Chlordane 38
25, Dieldrin 40,
26. p,p-DDE 41,
27. o,p-DDD 42,
28. Endrin

29, Endosulfan Il
30. Chlorobenzilate

pp’-0D0D0D
o,0-00T
Endrinaldehyde
Cartophenathion
p.p'-00T

Endosulfan sulfate

Methasychlar
Mlirex
cis-Permethrin
trans-Permethrin

Decachlomobiphenyl (15

gl (12 | % an u
15

Ell

[
10 b
Time (min)

T

2

8 30 33

26 ™ m,25
B 6,18 x

21055
32
7 19 3 ,;
23 *
18 %%
15 o7
0 py
1 13
2 20 thl - o
- -,_._L\J L Js.l u ""U“_L.._\_‘Lu_ﬁ_ o
|

30
T ey
2 | 2
1 jlv| s P &
B K 4
22
28
1219

Hexabromobenzene (HBE) 7 24 L
P
B

an
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PESTICIDY

SASAZ 0% 1 TOrMIES .
' aes 297.050.100a
q /\ Imazall -
- LJ L | ] ] Ll b | L) | feeb o B L) ] L) ] L} L) L | | | | | L] | | L) ] ] ] ] |
SASAZ_ 088 1 T OPMSES.
" a7 308,150,100
214
Tebuconazok
SASAZ 0% ’ 17T CPMSES.

450
Fenconazok
SASAR otz 1 TOrSES.
' a5 2047040
e
q /L reneams
a R
0& L L Ll Ll L L L L L L Ll LA Ll Ll Ll L v L L L L L Ll Ll L Ll v ' “'

' 4 912040
-3
q J\A Mycbutant
b v v v v n’ v v v v v v v v v v v v v
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T
ORGANICKE PRUMYSLOVE KONTAMINANTY

Polychlorované slou¢eniny (napt. PCB, PCDD/F, chloralkany)

Polybromované slouceniny (napt. PBB, PBDE)
Polycyklické aromatické uhlovodiky (napt. PAU, NPAU)

Perfluorované¢ slouceniny (napt. PFAS)

Strategie analyzy: podobna jako pro pesticidy
- vétSinou skupiny sloucenin s podobnymi vlastnostmi
— jednodussi optimalizace metody
- nékdy kombinované postupy pro vice skupin
- kazda skupina ma jiné kritické hladiny podle typu Gcinkl

- pro nékteré slou€eniny se sleduji degr. produkty / metabolity

Fakulta potravinarské a biochemické technologie i .
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POLY-CHLORO/BROMO-VANE SLOUCENINY

mata artha ortha meta
=]
56
E
C I d meta C Iy

x meta orthe orthe

PCB - polychlorované bifenyly “x

2 2
3 3
4 B [ -
Br, Iy
PBDE — polybromované difenylethery Chloralakany (chlorparafiny) — C,.15

Priprava vzorku: izolace nepolarniho podilu: LSE, LLE
separace - ¢isténi: LLE, GPC, SPE, LSC, dialyza (oddéleni lipidii)
zahusténi: RVO, N,, zména rozpoustédla, ne do sucha
Frakcionace: LC - pyrenylova k. (0 °C) - vyssi retence planarnich kongenert, PCDD/F
Instrumentalni koncovka: GC/ECD nebo MS (EI a NCI), n¢které¢ analyty (U)HPLC/MS
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e
POLYCHLOROVANE SLOUCENINY

Typicky chromatogram z rutinni GC/ECD z analyzy indikatorovych PCB

L o =
2 z 58 -
y =2
2o . - -
— o o,
17,500 & B pB 8
b5 N % |3 X
15,000 % |~
~ 2
2 12500 ‘ 5
10,000 = o
is0fe = 2 & o
Cle = = 3
5,000 g E E SR
g = 2, 1
0 175 20 225 2% 275 0 325 3
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POLYBROMOVANE SLOUCENINY

Ukadzka chromatogramii 1007 564 m/z 405.803
~ Mass window: 0.02 Da
18}
/4 a
Analyza PBDE: GC-TOF/MS l 3XBr
[} L EE;E ﬂ]r ] L) 1 T 1 1 [
1007 oo m/z 485.711
mﬁ A LA Mass window: 0.02 Da
3 Sl AXBr
. 31118
- 2
E 100 . Hﬁ ,;'"3 m/z 563.622
= ] 2 9 Mass window: 0.02 Da
E b0 5 I 7.49 763 5XBr
8 N
— Or=r i
2 3
1007 m/z 483.696 ‘§ %
" Mass window: 0.02 Da B2 Ei? 6XB r
D-‘rﬁ—v—ﬁv—mr——wh—*n—h*vjwl—h—rwh—ﬁ—n

1007 m/z 561606 2
Mass window: 0.02 Da w 7XBr
% 2
848
e L i L -
&.00 T.00 8.00 500 Time (min)
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PCCD/F

Stanovem PCDD/F 2 Layer Cleanup Cartridge
[ (25mL Reserver)

| hdatrice
F m s " ‘ E
* 4_ Vmutini standard znadeny C| PE Filter (1ea)

Sodium Sulfate (1.0g)

' Extrakee H.S0 ,, NaOH
| Extrakee & 0 I _[10% Silver Nitrate Silica Gel (3.0g)

~ Eluce sihkagelem o
Impregnovanym |e—44% Sulfuric Silica Gel (4.5g)
H,S0 ,, NaOH Silica Gel (0.5g)

PE Filter (1ea)
Chromatografie na
g y. alumume |, sihkagelu
Cisténi -, L & 4 Layer Cleanup Cartridge
Florisilu 1 (75mL Reserver)
* Chomatografie na
| .. . [e— PE Filter (1ea)
- aktivnim uhli ! le— Sodium Sulfate (6.0g)
[®—10% Silver Nitrate Silica Gel
® (3.09)
. Rotacém odparka o224 Sulfuric Silica Gel (6.0g)
Zakoncentrovam . .
Kudema Daish Silica Gel(0.5g)
® 23 Potassium Hydroxide Silica Gel
4— - 209
Standard pro stanoveni o
) *— PE Filter (1ea)
‘ 30 -MS vytéimosh IJ
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PCCD/F

Column: DB-Dioxin
G0 m x 025 mm LD, 0.15 pm
JEW PIN: 122-2481
Cammer: Helium at 34.3 cmis=c, measured at 250°C
Cwen: 180°C for 1 min
180-270°C at 2.5%min
270°C for 40 min
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PAU - POLYCYKLICKE AROMATICKE UHLOVODIKY

Naphthalene Acenaphthylene Acenaphthene Fluorene .
fi
¢ sUyee

Phenanthrene Anthracene Fluoranthene Pyrene

CLC ¢

Benz[a]anthracene Chrysene Benzo[b]fluoranthene Benzo[k]fluoranthene Il NO,

000‘0 O ‘% O e Oee 1-nitropyrene

Benzo[a]pyrene Indeno[1,2,3-c,d]pyrene Benzo[g,h,i]perylene Dibenz[a,h]anthracene

3-nitrophenanthrene

16 PAU dle USEPA:

naftalen, acenaftylen, acenaften, fluoren, fenantren, antracen, fluoranten, pyren,
benz(a)antracen, chrysen, benzo(b)fluoranten, benzo(k)fluoranten, benzo(a)pyren,
indeno(123cd)pyren, dibenz(ah)antracen, benzo(ghi)perylen
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PAU - POLYCYKLICKE AROMATICKE UHLOVODIKY

Priprava vzorku: izolace nepolarniho podilu

saponifikace (MeOH roztok NaOH)

separace - Cisténi: LLE, GPC, SPE, LSC

zahusténi: RVO, N,, zména rozpoustédla

Specidlni podminky: ochrana pied svétlem (fotolabilita)

Instrumentalni koncovka: GC/MS (diskriminace v nastiiku, pokles odezvy M)
HPLC/UV/FLD (niZsi separacni rozliSeni)
alternativné LC-MS s APPI
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T
PAU - POLYCYKLICKE AROMATICKE UHLOVODIKY

NORMAL - 0.25mm ID
Chromatogram using a conventional (30m = 0.25mm 1D} GC
BFXE column with a 0.25um film.
2 J 4 -
1
? 8 - &
6 a 10 HP LC Priority Pollutant PAHs
" 2. acenaphthylens 44 u.nzo(b)fiuoranthene
13 2 3. acenaphthens 12. benzo(kjllucranthene
A Buichbi 13. benz(a)pyrene
e 5. phenanthrene 44  gibanz(a,hjanthracens
14, 16 6. anthracene 15, benzo{g,h.ijperylene
1 8. pyrena
: s 1Y VT 1 e SR =SS, B B a. Mnﬁmmmr‘mr
0 min 26 5
FAST - 0.10mm ID Components
Chromatogram using a FAST (10m = O.1mm D) BFXG 1. Maphthalens 4
column with a 0.10pm film. 2. Acenaphthylens 10
3. Acenaphthena 7 a9 12
22 4 4. Fluorens 3 13 14 16
5 5. Phenanthrene 8 15
1 s '8 10 . 6. Anthracens
2 7. Fluoranthens
s IS 8. Pyrens - —
9. Benzolalanthracens
16 10, Chrysena Q & min
14 11.  Benzolbflucranthens
12.  Benzolkflucranthene
13, Benzolalpyrena
_ 14, Indenoil 2 2 -cdipyrens
; —— — e — 15. Dibenzola,hianthracene
0 min 12 16. Benzalg,h, iperylena
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PERFLUOROALKYLOVANE SLOUCENINY (PFAS)

F O F_F _F F_F_F_FO
_H\‘/’\‘/}\‘/'_ﬁo F_IH\T/’\‘F/}\T_(O FF AN 5-0 - NH,
FO FTEFEFE O FFLFLFLFO
PFOSA

PFOS PFOA
(perfluorooktansulfonat) (kyselina perfluorooktanova) (perfluorooktansulfonamid)

Priprava vzorku: d-SPE (QUEChERS)
Specialni podminky: kontrola kontaminace z materiala

Instrumentalni koncovka: U(H)PLC/MS/MS
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___________________________________.".".-.-.-_-—-—-—-—OnOnOOOO__________________.-..-........ ...
PERFLUOROALKYLOVANE SLOUCENINY (PFAS)

tn  Comc. Precursor Product

Peaks (min) (ng/mL) lon lon
1. Perfluorobutanesutfonic acid (PFBS) 198 10 29910 79.99
2. Perfluoro-n-[1.2-BCz]hexancic acid
(BC-PFHXA) 292 10 A513 27013
3. Perfluorohexanoic acid (PFHxA) 293 10 31310 269.12
&. Perfluoroheptanoic acid (PFHpA) 4.00 5 36316  319.09
5. Perfluorohexanesulfonic add (PFHxS) 414 10 399.13 79.98
6. Perfluoro-[1.2-BCzJoctanoic acid (BC-PFOA) 483 5 415.13 370.10
1. Perfluorooctanoic acid (PFOA) 483 5 41316 36910
8. Perfluorononanoic acid (PFNA) 5.50 5 46316  419.19 s
9. Perfluoro-1-[1,2.3 4-"CsJoctanesutfonic acid
(B3C-PFOS) 5.54 5 503.13 79.98
10. Perfluorooctanesulfonic acid (PFOS) 5.54 10 49917 79.98 151617 s o
11. Perfluoro-n-[1.2-2CzJdecancic acid (°C-PFDA)  6.06 5 51517 47007
12. Perfluorodecanoic acid (PFDA) 6.07 5 51317  469.16
13. N-deuteriomethylperfluoro-1- 112
octanesulfonamidoacetic acid (d3-NMeFOSAA)  6.28 5 S1323 419.15 ~
14. N-methyl perfluorooctanesutfonamidoacetic
acid (NMeFOSAA) 6.28 5 57020 41917
15. N-deuterioethylperfiuoro-1- or
octanesulfonamidoacetic acid (d5-NEtFOSAA)  6.52 5 589.27 41911 nn
16. N-ethyl perfluorooctanesulfonamidoacetic
acid (NEtFOSAA) 6.52 5 58420  419.18
17. Perfluoroundecanoic acid (PFUnA) 6.56 5 563.23 519.24 23
18. Perfluorododecanoic acid (PFDoA) 6.98 5 61323 569.19
19. Perfluorotridecanoic acid (PFTrDA) 135 5 663.23 619.21 4
20. Perfluorotetradecanoic acid (PFTA) 167 5 23 669.23
1
5
910
i PFOS
RESTEK =0 st
L | all L A UL LT |

00 0S50 L00 150 200 250 300 A% A00  AS  S00 S5 600 GS0  TO0 750 600 850 460
Time (min)
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KOVY

Toxické 1 v malém mnozstvi - Pb, Hg (org. forma CH;-Hg), Cd - akumulace
- Ba, Sr, Be, Sb, Cr(IV)

Toxicke v prebytku - Sn, As

Esencialni, ale toxicke v prebytku - Cu, Zn, Fe

A dalsi ... Al, Se, Ni ...

Analyticke postupy

a) priprava vzorku: odstranéni/rozklad matrice — mineralizace (mikrovlnna)
popf. chelatace (dialkylkarbonaty ...)
b) stanoveni: celkovy obsah ...X... formy vyskytu — speciace
ICP-MS(/MS)
voltamperometrie — polarografie, AAS, AES, enz. metody
HPLC/UV
GC - tekavé formy

Fakulta potravinarské a biochemické technologie i .
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5 —————
FARMAKA

Veterinarni - povolena ... X... zakazana: chloramfenikol, sulfonamidy

Kontaminanty ZP (pitné vody) - prinik z odpadi (ptes COV)

popi. zpét pres upravnu vody, studny

- paracetamol, ibuprofen, antikoncep¢ni .
Vyskyt: napt. med, maso, ryby, krevety (farmy, klecovy chov)

NO, N—
—

HoN SO,—NH—R N

SULFONAMIDY CHsy
SULFADIMIDIN
NH _O
/
HO = S ‘H—[ N— —
j\ | \N J\ Q /> N /) C
HO™ CI Cl N O CHs N N—N

CHLORAMFENIKOL SULFATHIAZOL SULFAMETHOXAZOL SULFADIAZIN SULFACHLORPYRIDAZIN
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FARMAKA

Analyticke postupy

Priprava vzorku:

- pfima analyza popi. po nafedéni: (ultra)filtrované extrakty

- SPE: zkoncentrovani a ¢iSténi vzorkl (popt. Iimunosorbent)
Instrumentalni koncovka:

- HPLC-UV: robustni, méné citliva

- HPLC-FLD: stiedn¢ robustni, vysoce selektivni a citliva (derivatizace)
- U(H)PLC-MS/MS: (velmi robustni, vysoce selektivni a citlivd)

«»1 Sulfachlorpyridazin: 285 > 156

«] Sulfadimidin: 279 > 186

Sulfathiazol: 256 > 156

“1 Sulfamethoxazol: 254 > 156

Sulfadiazin: 251 > 156

,,,,,
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MIGRANTY Z PLASTU

CH,CH,
|
COOCH,CH{CH; ), OCgH,q
COOCH,CH{CH; ), HO OH

OC_H _
Bisfenol A

9" 19
CH,CH,

O
Di(2-ethylhexyl) ftalat (DEHP) DINCH

AT T g

BADGE

Vyskyt: balen¢ potraviny - lahve, konzervy, vicka - tésnéni
VétsSinou lipofilni, mirné polarni:
extrakce organickymi rozpoustédly, SPME, d-SPE
Analyza: UH)PLC-UV/FLD/MS, GC-ECD/MS (popft. po derivatizaci)
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MIGRANTY Z PLASTU

Name CAS No. Retention
Time (min.)
Dimethyl phthalate (DMP) 131-11-3 553
Diethyl phthalate (DEP) 84-66-2 6.16
Diisobutyl phthalate (DIBP) 84-69-5 7.56
Di-n-butyl phthalate (DnBP) 84-72-0 8.12
Bis(2-methoxyethyl) phthalate (BMEP) ~ 117-82-8 837
Bis(4-methyl-2-pentyl) phthalate (BMPP) 146-50-9 8.84,8.87%
Bis(2-ethoxyethyl) phthalate (BEEP) 605-54-9 9.11
Diamyl phthalate (DAP) 131-18-0 935
Dihexyl phthalate (DHP) 84-75-3 10.67
Butyl benzyl phthalate (BBP) 85-68-7 1081
Bis(2-n-butoxyethyl) phthalate (BBEP) 117-83-9 11.60
Dicyclohexyl phthalate (DCP) 84-61-7 12.05
Di(2-ethylhexyl) phthalate (DEHP) 117-81-7 12.11
Di-n-octyl phthalate (DOP) 117-84-0 13.69
Dinonyl phthalate 84-76-4 16.00

* Two isomers

Abundance
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GC-MS analyza ftalath (standard) -

6.16
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9.35 i
1081 1205
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B.37/9.11 11.60 13.69
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N T el . A\
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