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Nitrosaminy: Vznik a vyskyt v masnych vyrobcich Woaters

= Nitrosaminy vznikaji reakci dusitanu a dusi¢nan
(pouzivanych jako konzervanty) s aminy

[Cured bacon] [Dry sausage} [ Ham J [Smoked fish [Pickled vege!ables}
. J e '.. 2
= K tvorbé dochazi za kyselych podminek, pfi tepelném iﬁ A ' ' g( Wl e

zpracovani (peceni, smazeni) nebo pfi uzeni masa )
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O + \
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e “The formation mechanism of nitrosamines
(@) (o8
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N—OH +H*— N—\}) H,— N + H,0
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= Typické zdroje: fermentované a susené salamy, slanina,
klobasy, uzené maso

| 0 0 i

| 0% N N |

= NejCastéjsi nitrosaminy: NDMA, NDEA, NPIP, NPYR, : R—NQ’I\!! D_, R_,lp_H H R ' :
NMOR a NDBA | | | I f

\ S SecondaBy amines R N-Nitroso compounds i /

= Studie z r.2023 udava prumérné koncentrace v
uzeninach:

— NDMA = 0.7 — 2.7 ug/kg; NDEA = 0.04 — 0.9 pg/kg ™

(1) Xie et al. 2023
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Nitrosaminy: Toxicita a zdravotni dopady Waters®
= V organismu mohou tvofit reaktivni
diazoniove soli, které reaguji s DNA
- poskozeni genetického | Toxicity Of Nitrosamines 7
matel’lélu a mutace(1) \, : ~7" & Livercancer
* E:&Z’,,‘:,"ii’:.‘élﬁi’é’i‘:ﬁ v NDMA wor_ /N
= NejCasteji posSkozuji jatra, ale také ‘
jicen, zaludek, tlusté stievo, i
slinivku(@ o ) \ ot -»>
\(V' @ Esoph !
sophageal cancer

@ Gastric cancer

= Vroce 2015 IARC (mezinarodni
agentura pro vyzkum rakoviny)
zaradila zpracované masné vyrobky
do kategorie 1 (prokazatelné
karcinogenni), mimo jiné kvuli riziku D
vzniku nitrosamin((?) S ONAmismatchesand mtations Y. -

€ Additional genetic material damage

Ty
') Wy =
X V)

(1) Xie et al. 2023 (2) FoodSafety.Institute. 2024
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Nitrosaminy: Legislativa Waters
= EU:
- Neni stanoven pfimy limit pro nitrosaminy - regulace pfidavku dusitant a dusi¢nanu
o 120 mg/kg NaNO, — vétSina tepelné opracovanych masnych vyrobku
o 82 mg/kg NaNO, — vybrané neopracované/kratce opracované produkty

— Stanoven akceptovatelny denni pfijem (ADI)
o Dusitan sodny: 0-0.07 mg/kg télesné hmotnosti/den (JECFA/EFSA)

= USA:
— Stanoven limit pro sumu tékavych nitrosamint - 10 ug/kg pro slaninu (pumped bacon)

= Kanada:
- 10 ug/kg — NDMA, NDEA, NDPA, NDBA, NPIP
- 15 ug/kg — NPYR

= Cina:
— NDMA v masnych vyrobcich: max 3 ug/kg

- uzené masné vyrobky
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LC-MS/MS analyza Nitrosaminu v masnych vyrobcich

~eVO

TQ ABSOLUTE

Waters:

Nitrosaminy se v masnych vyrobcich vyskytuji ve velmi nizkych
koncentracich - nutna vysoka citlivost MS instrumentace

Xevo TQ Absolute umozriuje dosazeni velmi nizkych limita kvantifikace

Nutna selektivni analyza > MRM mod pro spravnou kvantifikaci a

N-Nitrosodimethylamine
N-Nitrosomethylethylamine
1-Nitrosopyrrolidine
N-Nitrosodiethylamine
1-Nitrosopiperidine
Nitrosomorpholine
N-Nitrosodipropylamine

N-Nitrosodibutylamine

konfirmaci
Masné vyrobky = komplexni matrice - Jednoducha a rychla
QUEChERS extrakce
NDMA
NMEA
NPYR
NDEA
NPIP
NMOR
The 9 nitrosamines analyzed were NDPA
from the commercially available NDBA
EPA 8270 Nitrosamine standard
mix NDPhA

N-Nitrosodiphenylamine
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Sample Preparation — based on QUEChERS

6@6 5 g of homogenised sample + 10 mL H,O
<C8 g
O_\) Add 10 mL 1% FA in ACN
Y

Add QUEChERS salts (p/n 186006813) and shake 30 min

(1 g Trisodium Citrate Dihydrate, 0.5 g Disodium Hydrogencitrate
Sesquilhydrate, 1 g NaCl and 4 g MgS0O4)

L

Centrifuge for 10 min at 6000 rpm at room temperature
y
Put in freezer (-20°C) overnight
)
Centrifuge for 10 min at 6000 rpm at -5°C
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Waters:

Acetonitrile layer (+ Analytes)

Solid sample

Aqueous layer (+ saturated
buffer salts + ionic/polar
components)



Sample Preparation — based on QUEChERS

5 g of homogenised sample + 10 mL H,O
¢C '}
O_\) Add 10 mL 1% FA in ACN
v

Add QUEChERS salts (p/n 186006813) and shake 30 min

trV’

(1 g Trisodium Citrate Dihydrate, 0.5 g Disodium Hydrogencitrate

Sesquilhydrate, 1 g NaCl and 4 g MgSO4) © ‘N

Il/ s

Centrifuge for 10 min at 6000 rpm at room temperature -
0

Put in freezer (-20°C) overnight
)
Centrifuge for 10 min at 6000 rpm at -5°C
4
Transfer 1 mL of supernatant into dSPE (p/n 186004832)
| |/ -
Vortex for 1 min

)

Centrifuge for 10 min at > 6000 rpm

)
Dilute 200 pL supernatant with 800 pL of H,O

L

Filter through 13 mm 0.45 um PTFE syringe filter directly into LC vial
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o Waters:

Acetonitrile layer (+ Analytes)

dSPE
\ 150 mg MgS0O4

k 25 mg PSA
25mg C18

Conversion factor between ng/mL
and pg/kg:

ng 10mL 1000 uL
—_—% —— %
mL 5g 200 pL

=10 ng/g



UPLC Conditions

UPLC Conditions

ACQUITY UPLC CSH Phenyl-Hexyl,

Sl 1.7 um, 3.0 x 100 mm
Column Temp 40 °C
Sample Temp 10 °C

Injection volume 4.0 yL sample
Flow Rate 0.6 mL/min

Mobile Phase A
Mobile Phase B

Water + 0.1% formic acid

Methanol + 0.1% formic acid

Isolator column:

Atlantis Premier BEH C18 AX,
5um, 4.6 x 50 mm -

Intensity

Composition (%)

without Isolator column

| o blank

Waters:

A HE B — Flowrate[mimin)

100 0

Flow rate [ml/min}

400 500

Time (min}

with Isolator column

/ 0.005 ng/mL

r A

0.005 ng/mL

blank
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Waters:

Optimization of MS parameters in waters_connect

®Cone voltage optimisation per precursor ion

 Cone votage s Incensity Mass v inencty (e G

MRM Optimization Tool

\ —
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Waters:

Optimization of MS parameters in waters_connect

m:]* Acquisition Method Editor Ak LC-MS Toolkit
A

Cone gas flow

L UL —— 200 Lthr
- 250 L/hr
y 300 Lihr
—— 350 Lthr

44444

nnnnnn

NDPhA

—— 200°C

''''' n 250 °C
300 °C

—— 350°C

—— 400°C

nnnnn

555555
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MS Settings — APCI

H@VO MS Conditions
TaABSOLUTE APCI - Current Mode (positive) 1.4 YA
APCI Probe Temp 300°C
Source Temp 130 °C
Desolvation Gas Flow 1000 L/hr
Cone Gas Flow 400 L/hr
Nebuliser Gas Flow 300 L/hr
N
- S
|
3.00e+6+ QY. QS.
z Q Q Q
£ Ng Qx < <
- N | |
200e+6 O% Q/ | : v_
S | Q ' <
S |' < ‘ Q
X ‘ | Q
1.00e+6 - § ] ; ] | %
< e | ‘I ‘ |
| ‘ |‘ ||
J_f\_\ ALY \ — | # - I

Retentien Time (min)
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Compound Parent Daughter C(?/n)e C?I(Iai\s/i)on transsrr?if;sion
NDMA 74.9 42.9 30 9
NDMA 74.9 57.9 30 9
NMEA 89.1 28.9 25 12 |
NMEA 89.1 60.9 25 10 ]
NPYR 101.1 40.9 25 18
NPYR 101.1 54.9 25 14
NDEA 103.0 28.9 25 11 |
NDEA 103.0 75.0 25 9 ]
NPIP 115.1 40.9 25 17
NPIP 115.1 69.0 25 14
NMOR 1171 44.9 25 14
NMOR 117.1 56.9 25 13
NMOR 1171 87.0 25 11
NDPA 131.1 42.9 25 13 ]
NDPA 1311 89.0 25 10 (|
NDBA 159.3 57.0 25 12 ]
NDBA 159.3 103.0 25 9 o
NDPhA 199.2 65.9 30 24 ]
NDPhA 199.2 169.1 30 10 o




MS Settings — APCI

Waters:

Hevo MS Conditions Compound  Parent  Daughter Cone  Collision Soft
To ABsoLUTE = V) (eV) transmission
APCI - Current Mode (positive) 1.4 pA BT 74.0 42.9 30 N
APCI Probe Temp 300°C NDMA 749 57.9 30 9
Source Temp 130 °C NMEA 89.1 28.9 25 12 |
Desolvation Gas Flow 1000 L/hr NMEA 89.1 60.9 25 10 “
Cone Gas Flow 400 L/hr NPYR 101.1 40.9 25 18
Nebuliser Gas Flow 300 L/hr NPYR 101.1 54.9 25 14
NDEA 103.0 28.9 25 11 o
NDEA 103.0 75.0 25 9 o
NPIP 115.1 40.9 25 17
NPIP 115.1 69.0 25 14
. Soft transmission Soft transmission NMOR 117.1 44.9 25 14
el NDEA A/ NDPA / ' NMOR 117.1 56.9 25 13
A Standard setting. NMOR 117.1 87.0 25 11
/ Standard setting . | NDPA 131.1 429 25 13 o
. ‘: \ NDPA 131.1 89.0 25 10 o
‘." ' i NDBA 159.3 57.0 25 12 i}
Frree | . ‘; NDBA 159.3 103.0 25 9 o
| " | ' NDPhA 199.2 65.9 30 24 i}
A o = o NDPhA 199.2 169.1 30 10 o
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Solvent calibrations

| Waters:
Chromatograms at LOQ levels in solv?nt NDMA | NMEA NPYR

e sasendt
E 24

I SIN 12.1
Loa Calibration . p S/N 14.3 S/N 8.6 -

(ng/mL) (;Z';l?]i) coefficient = -

NDMA 0.25 0.25-50 0.9998 N\/\"\/\W '\/\/\’\f\/\/\xﬂ”"‘“‘

Compound

a
z .

5218 LI
am! az a1 a4 s aser W7

NMEA 0.05 0.05 - 50 0.9999
NDEA NPIP NMOR
NPYR 0.1 0.1-50 0.9998

NDEA 0.025 0.025 - 50 0.9998 SIN104 S/N 11.4 S/N 20.1
NPIP 0025  0025-50 09998 -
NMOR 0.025 0.025 - 50 0.9998

sar as 47 7] w5

"

NDPA 0.005  0005-50  0.9998 e
NDPA NDBA NDPhA

NDBA 0.01 0.01-50 0.9997
NDPhA 0.01 0.01-50 0.9993 SIN101 = SIN12.7 = S/IN9.8

F-

8w 7

s a7 o 80 7 718
Ratersion Tene (min) Retentan Tens ()
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Solvent calibrations
Linearity up to 50 ng/mL

Cals & QCs

Exception ier

NDBA R3=0.9997 ‘L NDEA R3=0.9998 i‘ NDMA Ri=0.9998 i‘
. . : ~ / // tes] //’}
LoQ Calibration Correlation i . _ ) - ///’
Compound range L ' - ] X
(ng/mL) coefficient T I ;
(ng/mL) ' 8 - =
’ x"/ sest }_// y- s
NDMA 0.25 0.25 - 50 0.9998 ,,./ ,,X"/

NMEA

NPYR

0.05

0.1

0.05-50

0.1-50

0.9999

0.9998

= T ®
NDEA 0.025  0.025-50  0.9998 PP TP T ITFP|| FFFPFITPPee || g g is g s s

NPIP 0.025

0.025 - 50 0.9998 NDPhA R2=0.9993 & NMEA R2=0.0999 & T

» ‘ R2=0.9008 [+ I
NMOR 0.025 0.025 - 50 0.9998 e // |

f": //// // /
NDPA 0.005 0.005 - 50 0.9998 | B o i =T P Il

i = - =t - e
NDBA 0.01 0.01-50 0.9997 = ‘(/‘/ e /

NDPhA 0.01 0.01-50 0.9993 T Concenssion ramt)

»
g =
g
e x e x ¢ T . I X x
x x ¥ 0
Rl S o X % x o il R PR B
&= x
-30
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S S P S R BRI
& d
i
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Nitrosamines in salami samples

Recovery Extrapolated = Testovany dva druhy fermentovanych salamu WO -I-ers
Compound Sample o LOQ in salami . Lo,
(%) samples pg/kg = Dosazeno nizkych LOQ od 0.08 ug/kg
Salami 1 % 25 = Vytéznosti metody v rozmezi 89 — 101%
NDMA
Salami 2 89 25 Matri¢ni efekty
Salami 1 92 05 NDPhA
NMEA
Salami 2 90 0.5 B NDVA
: 0.17 ppb
Salami 1 100 2.5 n
NPYR g NMEA
Salami 2 94 1
B N\PYR
Salami 1 100 0.35 NDPA
NDEA -
Salami 2 97 0.35 R TS m N\DEA
Salami 1 100 0.25 n NPIP
NPIP 0.1 ppb
Salami 2 99 0.25 o \ VOR
i [
Salami 1 9 0.28
NVOR Salami 2 97 0.28 E noPA
alami .
NMOR
Salami 1 99 0.08 | NDBA
NDPA il
Salami 2 100 0.08 S NDPhA
0.25 bob I
Salami 1 101 0.15 i
NDBA -50 -40 -30 20 -10 0 10
Salami 2 97 0.15 -
Salami 1 100 0.17 E Salami 1 m®Salami 2
NDPhA P g N e Lo
Salami 2 97 0.17 e
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