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1. Zusammenstellung der Screening-Analyten

2. Auswahl der Messmethode und Messbedingungen
» Nano-Chip-LC/QTOF-MS
» negativer Elektrospray-Modus
» Berechnung von exakten Massen (lokale Datenbank)

3. Durchfuhrung der Analyse
4. Auswertung der lonenspuren

5. Verifikation der Ergebnisse
» mittels absolutem Score
> mittels MS/MS



Zusammenstellung der Screening-Analyten

- Target-Substanzen
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Nr. Substanz [M-H]-
1,3,5-Trinitrobenzol 211.99491
1,3-Dinitrobenzol Nicht mit ESI | 167.00983
2,4,6-Trinitrotoluol (TNT) lonisierbar 226.01056
2,4-Dinitrotoluol 181.02548
Nitrobenzol 122.02475
p-Nitrotoluol 136.04040

1 2,4-Diamino-6-nitrotoluol 166.06220

2 2-Amino-4,6-dinitrotoluol 196.03638

3 Diphenylamin 168.08187

4 HMX 295.03923

5 Nitroglycerin 225.99530

6 N-Nitrosodiphenylamin 197.07204

7 PETN 315.00660

8 RDX 221.02761

9 Tetryl 286.00654




Zusammenstellung der Screening-Analyten
- ,Non-Target“-Substanzen
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10 | 2,4,6-Trinitrobenzoesaure 255.98474
11 2,4,6-Trinitrophenol 227.98982
12 | 2,4-Dicarboxy-3,3',5,5'-tetranitroazoxybenzol 464.99201
13 | 2,4-Dihydroxy-1,3,5-trinitrobenzol 243.98474
14 | 2,4-Dinitrobenzoesaure 210.99966
15 | 2,4-Dinitrophenol > Lokale Datenbank 183.00474
16 | 2,4-Dinitrotoluol-3-sulfonséaure 260.98229
17 | 2-Amino-4,6-dinitrobenzoeséaure 226.01056
18 | 2-Hydroxy-4,6-dinitrobenzonitril 207.99999
19 | 2-Methyl-4-nitrophenol 152.03532
20 | 2-Nitro-4-aminotoluol 151.05130
21 | 4-Carboxy-2'-methyl-3,3',5,5'-tetranitroazoxybenzol 435.01783
22 | 4-Carboxy-5-hydroxylamino-2'-methyl-3,3',5'-trinitroazoxybenzol 421.03856
23 | 4-Methyl-3,5-dinitrophenol 197.02039
24 | 5-Amino-2',4-dicarboxy-3,3',5'-trinitroazoxybenzol 435.01783
25 | MNX 205.03269
26 | Mononitroso-HMX 279.04432
27 Nitrophenol 138.01967
28 | o-Nitrobenzoesaure 166.01458
29 SEX 292.06472
30 | Trimer 644.02510

il
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Einsatz der Quadrupol-Time-of-Flight-Massenspektrometrie (QTOF-MS)
nach Nano-Flussigkeitschromatographie (Nano-Chip-LC)

 Trennsaule: C18,5 pum, 75 x 50 uym, 43 mm Lange
e Eluent A: Wasser, 5 mM Ammoniumacetat
e Eluent B: Methanol, 5 mM Ammoniumacetat

* lonenquelle: Elektrospray

e Modus: negativ

e Scan: MS-only (Resolution 10.000 bei m/z 100)
* Bereich: 50 — 1000 m/z



Analyse von Extrakten ausgewahlter
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Wasserproben* (N = 18) mittels TOF-MS Landeswasserversorgung — eas—r
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Kriterium far positiven Befund: Am/m < 10 ppm
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c At 9
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* zur Verfigung gestellt vom GBL, Bern



Anzahl der Positivbefunde

Bewertung mit Hilfe des absoluten Scores

10 -

2-Amino-

4 6-dinitrotoluol

/

10 | 2,4,6-Trinitrobenzoes&ure 255.98474
11 2,4,6-Trinitrophenol 227.98982
12 | 2,4-Dicarb ,3',5,5" 464.99201
13 | 2,4-Dihydroxy-1,3,5-trinitrobenzol 243.98474
14 | 2,4-Dinitrobenzoeséure 210.99966
15 | 2,4-Dinitrophenol 183.00474
16 | 2,4-Dinitrotoluol-3-sulfonséure 260.98229
17 2-Amino-4,6-dinit Zoesaure 226.01056
18 | 2-Hydroxy-4,6-dinitrobenzonitril 207.99999
19 | 2-Methyl-4-nitrophenol 152.03532
20 | 2-Nitro-4-aminotoluol 151.05130
21 | 4-Carboxy-2"-methyl-3,3',5,5tetranitroazoxybenzol 435.01783
22 | 4-Carboxy-5 ino-2'-methyl-3,3",5-trinif 421.03856
23 | 4-Mel lhyl -3,5-dinitrophenol 197.02039
24 | 5 2" y-3,3",5"-trinif 435.01783
25 | MNX 205.03269
26 | Mononitroso-HMX 279.04432
27 | Nitrophenol 138.01967
28 | o-Nitrobenzoesdure 166.01458
29 | SEX 292.06472
30 | Trimer 644.02510
L} L} L} L} L} L} L}

2-Amino-4,6-dinitro-

benzoesaure

N
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2,4'-Dicarboxy-3,3',5,5'-
tetranitroazoxybenzol

5-Amino-2',4-
dicarboxy-

3,3',5'-trinitro-
azoxybenzol

1 2 3 45 6 7 89 101112131415161718192021222324252627282930

Substanz
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e Mass Match
e Abundance Match
e Spacing Match

» maximaler Score ist 100

Mass Match
196.0362
(M-H)- 2-Amino-4,6-dinitrotoluol

x105
32, Spacing Match
28 (Abstand zw. Isotopenpeaks)
2.4:
2.0:

] P o 197.0391 P _ 198.0411

1.6: < g (M-H)- h " (M-H)-

1.2
08 Abundance Match
04- J\} (Isotopenverhaltnis)

0: - : - : : \\\'% - ‘ ‘ - ‘ ‘ - : : - ‘ - : - : : — - - :

195.6 195.8 196.0 196.2 196.4 196.6 196.8 197.0 197.2 197.4 197.6 197.8 198.0 198.2 198.4

Counts vs. Mass-to-Charge (m/z)



Bestatigung mittels absolutem Score
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2-Amino- 2-Amino-4,6- 2’4;)%,(:?28)(3/' 5-Amino-2'.4 di-
Substanz 4,6- dinitro- o carboxy-3,3",5'-tri-
. . tetranitro- .
dinitrotoluol benzoesaure nitroazoxybenzol
azoxybenzol
Masse [u] 197,0437 227,0178 465,9993 436,0251
Masse [u] 197,0435 227,0176 465,0994 436,0280
(gemessen)
Am [ppm] 0,82 1,13 -0,27 -6,6
Score 99,73 99,38 99,92 65,64
exakte Masse
Score
Isotopen- 99,85 72,42 96,92 82,12
muster
Score 99,94 31,22 89,73 15,01
Spacing
Score




Anzahl der Positivbefunde

Einsatz von Referenzsubstanzen

10

2-Amino-
4 6-dinitrotoluol

/

2,4-Dinitrophenol
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10 | 2,4,6-Trinitrobenzoesaure 255.98474
11 2,4,6-Trinitrophenol 227.98982
12 | 2,4"-Dicarb ,3',5,5" 464.99201
13 | 2,4-Dihydroxy-1,3,5-trinitrobenzol 243.98474
14 | 2,4-Dinitrobenzoeséure 210.99966
15 | 2,4-Dinitrophenol 183.00474
16 | 2,4-Dinitrotoluol-3-sulfonséure 260.98229
17 2-Amino-4,6-dinitrobenzoesaure 226.01056
18 | 2-Hydroxy-4,6-dinitrobenzonitril 207.99999
19 | 2-Methyl-4-nitrophenol 152.03532
20 | 2-Nitro-4-aminotoluol 151.05130
21 | 4-Carboxy-2'-methyl-3,3",5,5"-tetranitroazoxybenzol 435.01783
22 | 4-Carboxy-5-| ino-2'-methyl-3,3',5"trinit 421.03856
23 | 4-Methyl-3,5-dinitrophenol 197.02039
24 | 5 ino-2', y-3,3",5"-trinif 435.01783
25 | MNX 205.03269
26 | Mononitroso-HMX 279.04432
27 | Nitrophenol 138.01967
28 | o-Nitrobenzoesdure 166.01458
29 | SEX 292.06472
30 | Trimer 644.02510
2,4,6-Trinitrophenol
I L} L} L} L} L} L} L} L} L} ‘ L} L} I L} L} !

1 2 3 45 6 7 8 9 10111213 14151617 18 19 20 21 22 23 24 25 26 27 28 29 30

Substanz
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. CH
Messbedingungen:

3
o L
HPLC: Agilent 1200 Series O

MS: Applied Biosystems APl 5000

Quelle: Elektrospray, negativer Modus NO

2

Eluent A:  Wasser, 2,5 mM NH, acetat

Eluent B: Methanol, 2,5 mM NH_ acetat

Saule: Phenomenex Synergi Fusion
50 x 2 mm, 4 um

l NO, O,N l NO,

NO NO

2 2
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W V52 (182.94) CE (50): 26 MCA Sample 1( ) of 2,4-Din I_InitProduct_Neg.wiff (Turbo Sray) Max. 5.6e6.cps| W -VB2(27.90) CE(50): 26 MCA Sample 1(Tur Pk of 2,4,6-Trinitrgphenol_InitProduct Negwiff (Turbo Spray) Mex 12€7 ops|
1828 2276
5566 1157
1.10e7
5.066 1087 . .
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B 2,4-Dinitrophenol - ,4,0- 1TINIropneno
9.00e6
4066 8.50e6
8.0026
3566 7.50e6
7.00e6
6.50e6
3.0e6
6.00e6
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2.5¢6
5.00e6
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2086 4.00e6
3.50e6
1566 %0 30086 26.0
2.50e6
1.0e6 10838 2.00e6
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510 ns 1370 A 5005 632 1818
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Analyse im negativen Elektrospray-Modus lu
mlt MS/MS-Detektlon Landeswasserversorgung il G~

1.00e6
¢ =10 ug/L 2-Amino-
4 6-dinitrotoluol

8.00e5 196 > 46 m/z

9.00e5 -

7.00e5 -

6.00e5 -

1ISuaU|

2,4-Dinitrophenol » Abspaltung von NO,
183 > 46 m/z

' 5.00e5 -

4.00e5 -

20065 | 2,4,6-Trinitrophenol
228 > 46 m/z

2.00e5 -

1.00e5

0.00 Frrrrmr ‘ ‘ , ‘ ‘ , ‘ , ‘
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 55 6.0
Time, min



rel. Konzentration [%)]

Verifizierung der Identitat mittels MS/MS-Detektion lu
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100% =
O RB 4 neutral CH,
90% = B RB 8 neutral 02N NH2
OH ORB 11 neutral
80% = O,N NO, ORB 15 neutral
B RB 16 neutral
70% @ERB 17 neutral NO,
B BS 7 neutral
60% = NO, OW 5 neutral
B\W 7 neutral
50% = B BL neutral
40% = OH
NO2
30% =
20% =
NO2
10% =
0% = T

2,4,6-Trinitrophenol 2,4-Dinitrophenol 2-Amino-4,6-dinitrotoluol



Zusammenfassung Zweckverband I lu
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« Einsatz der Time-of-Flight-Massenspektrometrie
nach Nano-Flussigkeitschromatographie

» Screening nach TNT-Transformationsprodukten

 Verifikation der Ergebnisse

» mittels absolutem Score
> mittels MS/MS

e Literatur:

» Miller et al. (2008), GIT Labor-Fachzeitschrift 10, 899-902
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Jean-Daniel Berset
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