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GC-APCI-MS background

« Atmospheric Pressure Chemical lonisation in Gas Chromatography-
Mass Spectrometry

e optional ion source for MS systems to provide sensitive GC-MS,
MS/MS & HRMS capability

« lonisation by APCI is soft and molecular ions should be readily
detected — possibility for tandem mass spectrometry

« easy to switch between GC and LC inlets on MS systems (or other
lon source) without venting

« system: Agilent 7890 GC soupled to Waters Xevo TQ-S MS, APGC
source
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GC-APCI-MS background
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GC-APCI-MS background
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GC-APCI-MS lonization

Charge Transfer

Corona Pin )C ‘X ‘X‘ “Dry” source conditions

* Non- -polar compounds
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Applications: drin pesticides

« larger group of selected organochlorine pesticides

« many being phased out, but residues are still present in the
environment

« various national and international regulations on use and limits set in
food safety

« GC-EI-MS: strong fragmentation, often providing same major
fragments

« GC-NCI-MS: favorable, but need of use of reagent gas, ion source
getting dirty fast
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Applications: drin pesticides
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MName: Chlordane
Formula: CqgHEClg

Mw': 406 Exact Mazs: 405737771 CASH: 57-74-9 NISTH: 53875 |D4: 207303 DB: mainlib
Other DB ATECS, EPA, MIH, EINECS, IRDE

Belated CASH: 33400-30-1; 53637131
10 largest peaks:

A75993] 3F3930] IFFEET| 23752E(| 371 505

5414 272411 239365 235350 274 3300

Synonyrms:
1.4, 7-Methano-1H-indene, 1,245 6.7 8 B-octachloro-2,3 34,4, 7.7 a-hexahydio-
2.4 7-Methancindan, 1,2.4,5,6,7.8.8-octachloro- 32,47 .7 a-tetrahydro-
3.Chlardan
4 Chlarindan
5. Cortilan-reu
£.CD 68
7 Dichlorochlardene
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9EMNT-3532
10.HCS 3260
11.04 140
12.0cta-Flor
13.0ctachlor
14 Octachloro-4, 7-methanatetrabydroindane
15.0ktaterr
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Contributor; CATALOGUE OF MASS SPECTRA OF PESTICIDES. APRIL, 1975; J. FREUDENTHAL & L. G. GRAMBERG. NAT'L
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Applications: drin pesticides

compound
heptachlor
heptachlor epoxide (A)
heptachlor epoxide (B)
aldrin
dieldrin
endrin
endrin aldehyde
endrin ketone
isodrine
oxychlordane
g-chlordane
a-chlordane
a-endosulfan
b-endosulfan
endosulfan sulfate
methoxychlor

mirex

range
1-1000 pg/uL
1-1000 pg/uL
1-1000 pg/uL
1-1000 pg/uL
1-1000 pg/uL
1-1000 pg/uL
1-1000 pg/uL
1-1000 pg/uL
1-1000 pg/uL
1-1000 pg/uL
1-1000 pg/uL
1-1000 pg/uL
1-1000 pg/uL
1-1000 pg/uL
1-1000 pg/uL
1-1000 pg/uL
1-1000 pg/uL
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MRM1
336.7 > 265.8
352.7>252.8
352.7>252.8
262.7 > 227.8
382.7>278.8
381.7 > 280.9
380.7 > 280.8
380.7 > 244.8

365.7 > 195
388.7 > 288.8
374.7 > 265.8
374.7 > 265.8
407.8 > 252.8
407.8 > 252.8
421.8 >228.8

228 > 169
271.8>236.8

MRM2
338.7 > 267.8
354.7 > 252.8
354.7 > 252.8
260.7 > 225.8
380.7 > 278.8
379.7 > 280.9
382.7 > 280.8
382.7 > 245.8

363.7>193
386.7 > 286.8
372.7 > 265.8
372.7 > 265.8
406.8 > 252.8
406.8 > 252.8
423.8 > 228.8

227 > 212
270.8 > 236.8

LOQ (pg on-column)

0.073
0.475
0.256
0.035
0.044
0.088
0.405
0.120
0.009
0.114
0.020
0.020
0.223
0.218
0.041
0.022
0.003

R2
0.999
0.997
0.999
0.999
0.999
0.999
0.999
0.999
0.999
0.996
0.999
0.998
0.998
0.999
0.999
0.999
0.999



Applications: PAHs derivates (nitro-, oxy-)

 ubiquitous persistent environmental pollutants, 2 and more
condensed aromatic rings

« different structures — linear, clusters, angular, derivates (alkyl-, nitro-,
hydroxy-, oxy- ...), heteroatoms (S, N)

« classified as priority pollutants by US EPA (16 indicator compounds)

 adverse toxic effect on living organisms, many are potential
carcinogens, BaP classified as Group 1 human carcinogen (IARC)

* long environmental half lives, on going sources (combustion, traffic),
atmospheric reactions

GC-EI-MS: possible interference with native PAHs

GC-NCI-MS: favorable, in NCI disadvantageous MS/MS as the
freagment is NO,-
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Applications: PAHs derivates (nitro-, oxy-)

10 165

0130116-2 1831 (29.791) Cm [1849:1833)

MS2 API+ O O
. 223 55 4 1487

151

110 115 122 128 3

w
o

1
10 120 130 140 180 160 170 180 150 200

9-nitrophenanthrene

177.05

pel

178.59

s

phenanthrene, 5ci Fofal Emaron, 7421994, 11-21.
205.06
163.00 206,94
1511 93
15903 2515
15797, 184.01 260,98
90.98 1453 MY 857 24559
242 94
a0y | 9501 186 0 283.07 206,96
(A e L ) \
N 5..1. iy A |H s .| n\| INMIRY ‘I‘ Ly .L‘ ‘I' | 1 \‘“' |\ Pl |H ‘ / I| ‘| Iy ‘\{:HLI“ I\ll i ‘“II”J\ “ ||‘ L |||I||M‘ 1 |||I||mn||\| ‘mhl. ‘ |.\|.|.. ! |.| |:|.\ iz
BD BU 100 120 140 160 180 200 220 240 260 280 300

Research Centre
for Toxic Compounds
in the Environment

MAN TECHNOLOGY
ENVIRONMENT
RESEARCH CENTRE



Applications:

PAHSs derivates (nitro-, oxy-)
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Mame: 3.10-4nthracenedione
Formula: Cq4Hg0 2
w208 Exact Maszs: 208.052429 CASH: 94-65-1 NISTH: 152564 |DH: 148126 DE: mainlib
Other DB Fine, TSCA, RTECS, EPA, HODOC, MIH, EINECS, IRDE
Contributor; Chemical Concepts
Felated CASH: 730240-52-7
10 largest peaks:
180999 208983 152780 764421 151 339]
0194 TFRIEE| 20971458| 150146] 181 144]
Senonyms:
1. Anthraguinore
2 Anthradione
3 Hoelite
4 Morkit
5.9.10-4mthraquinane
B.Anthracene, 9,10-dihydra-9,10-dioxko-
7.9.10-Dicxoanthracene
8.9.10-Anthrachinon
9 Corbit
10.Anthracene-3,1 0-quinone
11.Anthia-9.10-quinone #
12.M5C 7357

E stimated non-polar retention index [H-alkane scale):

il T |']- 1 L | 153 A ; ; ; ; ; . .
120 150 180 210 240 270 300 330 360 390 420
[mainlib] 9.10-4nthracenedione

Walue: 1956 iu
ﬁonfidence interval (K.etonesl. 57150%] 24IE[95‘Z] iu
1
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Applications: nitroPAHs

compound
1-nitronaphthalene
2-nitronaphthalene
3-nitroacenaphthene
5-nitroacenaphthene
2-nitrofluorene
9-nitroanthracene
9-nitrophenanthrene
3-nitrophenanthrene
2-nitrofluoranthene
3-nitrofluoranthene
1-nitropyrene
2-nitropyrene
7-nitrobenzo(a)anthracene
6-nitrochrysene
1,3-dinitropyrene
1,6-dinitropyrene
1,8-dinitropyrene

6-nitrobenzo(a)pyrene

Research Centre
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range

0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
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MRM1
174 > 127
173 > 127
200 > 153
199 > 169
211 >164
223 >193
223 > 167
223 >176
247 > 201
247 > 217
247 > 217
247 > 201
273 > 215
273 > 215
292 > 188
292 > 176
292 >176
297 > 239

MRM2
173> 145
174 > 127
199 > 169
200 > 153
212 >195
223 >178
223 >178
223 >193
248 > 202
247 > 189
247 > 201
248 > 202
274 > 257
274 > 226
292 >176
292 > 232
292 > 232
297 > 224

LOQ (pg on-column)

0.076
0.007
0.032
0.004
0.033
0.034
0.013
0.025
0.005
0.008
0.006
0.004
0.014
0.008
0.009
0.024
0.010
0.006

R2
0.999
0.999
0.999
0.997
0.994
0.999
0.999
0.999
0.999
0.999
0.999
0.999
0.999
0.999
0.999
0.998
0.998
0.999
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Applications: oxyPAHSs

compound
1,4-naphthoquinone
naphthalene-1-aldehyde
9-fluorenone
9,10-anthraquinone
1,4-anthragquinone
benzo-a-fluoren-11-one
benzo-b-fluoren-11-one
benzanthrone
benzo(a)anthracene-7,12-dione

5,12-naphthacenequinone

range

0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
0.1-100 pg/uL
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MRM1

158 > 102
156 > 128
180 > 152
208 > 152
208 > 152
230 > 202
230> 202
230 > 202
258 > 202
258 > 202

MRM2

159 > 103
157 > 128
181 > 153
209 > 153
209 > 153
231> 203
231> 203
231> 203
259 > 203
259 > 203

LOQ (pg on-column)

0.049
0.027
0.010
0.015
0.011
0.013
0.012
0.009
0.010
0.010

R2
0.999
0.999
0.994
0.999
0.999
0.999
0.999
0.999
0.997
0.999
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Applications: PCBs and OCPs

» legacy anthropogenic compounds, ubiquitous in the environment
 various national and international regulations

« seasonal cycling in atmosphere, global transport toward colder
regions (polar)

GC-EI-MS: commonly used, acceptable detection limits
GC-NCI-MS: provides lower detection and quantitation limits

Research Centre
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Applications: PCBs and OCPs
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Applications: PCBs and OCPs
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Applications: PCBs and OCPs

compound range MRM1 MRM2 LOQ (pg on-column) RRF RSD%
PCB 28 0.1-400 pg/uL 255.9>185.9 257.9>185.9 0.003 12.245
PCB 52 0.1-400 pg/uL 289.8>219.9 291.9>221.9 0.002 10.037
PCB 101 0.1-400 pg/uL 325.8 > 255.8 327.8 > 255.8 0.006 11.302
PCB 118 0.1-400 pg/uL 325.8 > 255.8 327.8>255.8 0.009 12.445
PCB 153 0.1-400 pg/uL 359.7 > 289.8 361.7 > 289.8 0.006 11.729
PCB 138 0.1-400 pg/uL 359.7 > 289.8 361.7 > 289.8 0.007 12.258
PCB 180 0.1-400 pg/uL 393.6 > 323.7 395.6 > 325.7 0.003 11.293
PeCB 0.1-400 pg/uL 247.8>212.8 251.8>216.8 0.004 10.931
HCB 0.1-400 pg/uL 283.7 > 248.7 285.7 > 250.7 0.008 16.218
a-HCH 0.1-400 pg/uL 216.8>144.8 218.8 > 146.8 0.073 14.397
b-HCH 0.1-400 pg/uL 216.8>144.8 218.8 > 146.8 0.086 26.557
c-HCH Lindane 0.1-400 pg/uL 216.8>144.8 218.8 > 146.8 0.077 20.114
d-HCH 0.1-400 pg/uL 216.8>144.8 218.8 > 146.8 0.102 12.815
e-HCH 0.1-400 pg/uL 216.8>144.8 218.8 > 146.8 0.158 10.581
0,p-DDE 0.1-400 pg/uL 317.8>245.9 319.8 > 247.9 0.005 12.159
p,p'-DDE 0.1-400 pg/uL 317.8>245.9 319.8>247.9 0.006 10.532
o,p'-DDD 0.1-400 pg/uL 234.9> 165 236.9 > 165 0.012 15.967
p,p'-DDD 0.1-400 pg/uL 234.9 > 165 236.9 > 165 0.013 18.776
0,p'-DDT 0.1-400 pg/uL 234.9 > 165 236.9 > 165 0.016 15.099
p,p'-DDT 0.1-400 pg/uL 234.9 > 165 236.9 > 165 0.016 15.246

Research Centre
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Applications: PBDEs

« flame retardants present in electronics and furnishing
« obsolete, but still present in environment
 GC-EI-MS: commonly used, acceptable detection limits

GC-NCI-MS: provides lower detection and quantitation limits

o 958.8
109 | 960.8
} BDE209 9548 \962 8
ol
- 952.8 ‘
429.1 |l964.9
' 504.0

l
[¢ o 577.0 680.4724.9 892.9
olibhL. L% i 2I0 saen 799.0 812.0 Messe

y OIS .., T

400 450 500 550 600 650 700 750 800 850 900 950

100+ 970.9
DBDPE e T
th |
405.0 498.6 964.9 i977Ao
. 2710, 5511 esrogsozeszs 762 38105 88999631 | o787
M# Prrrrra e .L.m L. Tt e :

m/z
400 450 500 550 600 650 700 750 800 850 900 950

Research Centre
for Toxic Compounds
in the Environment —t

NNNNNNNNNNN
EEEEEEEEEEEEEE

19



GC-APCI-MS, decaBDE separation

DL-14-002: std2 H pbdefpest

TQ5-1406805-17 6 MREM of 4 Channels AP+
23 66 TIC
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GC-APCI-MS early version issues
 uneven heat distribution in the transfer line, causing late eluting
(high boiling point) compounds to broaden peaks

« charred outer layer (polyimide) of capillary columns — charred
particles”getting through source into analyzer

« selected BDE209 as benchmark compound for transfer line tests
* need to use high interface temperatures (350°C or higher)
» tested selected available capillaries (length ~80 cm) in the interface

Research Centre
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GC-APCI-MS early version issues

« deactivated capillary — no improvement

« Siltek (Restek) coated high temperature capilalry — improvement,
but after some time the outer layer is still getting charred

« Ultimetal tubing (Agilent) with ultimate metal unions — so far the best
solution — long lifetime, no charring

11111

DDDDDDDDDDD

Research Centre
for Toxic Compounds
in the Environment 22

NNNNNNNNNNN
EEEEEEEEEEEEEE

©)




Applications: PBDEs

compound range MRM1 MRM2 LOQ (pg on-column) RRF RSD%
BDE 28  0.1-100 pg/uL 407.8 > 248 405.8 > 246 0.0003 6.987
BDE 47  0.1-100 pg/uL 485.7 > 325.8 483.7 > 325.8 0.0016 10.493
BDE 66  0.1-100 pg/uL 485.7 > 325.8 483.7 > 325.8 0.0018 12.318
BDE 100  0.1-100 pg/uL 563.6 > 403.7 565.6 > 405.7 0.0012 11.524
BDE 99  0.1-100 pg/uL 563.6 > 403.7 565.6 > 405.7 0.001 9.366
BDE 85  0.1-100 pg/uL 563.6 > 403.7 565.6 > 405.7 0.0013 9.007
BDE 154 0.1-100 pg/uL 643.5 > 483.6 641.5>481.6 0.0047 11.86
BDE 153  0.1-100 pg/uL 643.5 > 483.6 641.5>481.6 0.0054 9.751
BDE 183  0.1-100 pg/uL 723.4 > 563.6 721.4>561.7 0.0057 13.776
BDE 209 1-1000 pg/uL 959.2 > 799.3 961.2 >801.3 0.004 18.903
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Applications: PBDEs, Interlab results

/5 TXN
L%\ 1 IR Ay
PBDE - Air extract (TOL)
Region WEQG WEQG  WEOG  WEOG  WEOG WEOG  WEOG WEQG WEOG  WEOQG  WEOG
Air extract (TOL)
PEDE
BDE 17 -0.08 MA -0.38 MA -0.83 1.16 MA 0.73 MA MNA MA
PBDE - Sediment
Region WEDG WEDG WEDG  WEOQG WEOQG WEODG WEDG WEOG WEOG WEODG WEDGI
Sediment
PEDE
BDE 47 MA MNA MA MNA MA MNA MA NA MA MNA MA
BDE 595 MA MNA MA MNA MA MNA MA NA MA MNA MA
BDE 100 1.45 MNA MA MA MNA -0.74 MA -0.04 MA MNA -1.30
BDE 153 1.00 MNA MA MNA MA MNA MA NA MA MNA -0.74
BDE 154 0.51 MNA MA MA MA -1.02 MA MNA MA MNA -0.33
BDE 183 0.22 MNA MA MA MNA 6.72 MA NA MA MNA 0.76
Sum PBDE Lower Bound (ND=0) NA NA NA NA NA NA NA NA NA NA NA
Sum PBDE Upper Bound (ND=LOD) NA NA NA NA NA NA NA NA NA NA NA
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GC-APCI-MS Summary

« promising technique providing good detection and quatitation limits

« favorable use in combination with tandem mass spectrometry for
targeted analysis

« good linearity of responses, ease of use
« provides good accuracy for quantification

« robust technigue after solving interface issues
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Thank you for attention
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