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Outline

The US Environmental Protection Agency developed a method for
the analysis of Semivolatiles using GC-MS/MS. This allows the
determination of on-column amounts of target compounds to be
detected at orders of magnitude lower concentrations than
conventional single quadrupole mass spectrometers. New column
requirements include enhanced robustness, thermal stability,
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Enhanced SVOC Performance

Surface Deactivation Polymer
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EPA 8270E GC-MSMS analysis with 150+ compounds

Good performance at the lowest levels for
benzidine and pentachlorophenol.
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New Surface Deactivation:

* Improved Inertness
« Enhanced Ruggedness

New Polymer:

Compounds such as pyridine or acrylamide
showed retention time shift

Exceptionally low LODs — more than 60%
of compounds were below 20 pg on column.

* Optimized PAH Selectivity
 Increased Thermal Stability

Benzofluoranthene isomers are still sufficiently resolved after
removing ten meters of from a 30 m x 0.25 mm x 0.25 ym Rxi-SVOCms

Benzo[B]fluoranthene - Benzo[K]fluoranthene Benzo[B]fluoranthene - Benzo[K]fluoranthene

Valley= 87.20% Valley= 57.86%
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300 SRM 1975 samples analyzed
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No Changes to temperature program or flow rate

particulate extract (NIST SRM

1975)

« Calibration Verification (CCV) performed

every 10 SRM injections
« Maintenance (2 loops removed, new

liner, new seal) every 30 SRMinjections

After 300 injections, CCV still

meets expected peformance
targets
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Number of Compounds Failing CCV

* 6.4% of targets analytes fall outside the
+ 20% recovery window
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New Manufacturing Process: LODs Benzidine at 4 pg on-column Pyridine, SRM 79 — 51 @26 CE
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N-Nitrosodimethylamine 1-120 L.70% Bis(2-chloroethoxy)methane 1-120 3.60% 2,6-Dinitrotoluene 1-120 180% Anthracene 1-120 4.80%
.Pyridine “ 1-120 6.10% 2,4-Dichlorophenol 1-120 4.10% Acenaphthylene 1-120 4.10% -Calbazole 1-120 530% IR e
-[SS)Z-Fluomphenol 1-120 170% 1.2 4-Trichlorobenzene 1-120 2.80% :IZ-Dinitmbenzene 1-120 8.10% di—n-But).r!_;.uNhalale 1-120 1.90% Quant Ion Qual Ions Qua nt |0n Qual Ions Qua nt Ion Qual Ions
‘-::“T"d'ds :Ez ;1:: :ac":::::m :Ez i:t :z:::::; jzz i:: ::;:::e"e :zz :;:: Name RT Prc Prd CE Prc Prd CE Prec Prod CE Name RT  Prc Prd CE Prc Prd CE Prec Prod CE Name RT  Prc Prd CE Prc Prd CE Prec Prod CE
e — T — . o e prm— o o 1,4-Dioxane 2.79 88 28 14 58 28 6 838 57 8 1,4-Phenylenediamine 9.77 108 80 20 80 53 12 108 81 10 Hexachlorobenzene 14.37 288 216 26249 214 12 284 249 14
Bp-choetplethr i - et — i e | - [re— L o N-Nitrosodimethylamine 3.08 74 42 16 74 43 12 74 44 6 4-Chloro-3-methylphenol 10.04 142 77 26 107 77 12 142 107 12 Dimethoate 14.51125 47 14 93 63 8 125 79 8
-E—Eh!orophenol 1-120 280% :-Z-Meﬂwﬂnaphthalene 1-120 340% Fr— 1-120 350% .(SS]p-Ierphenyl-dlﬁ 1-120 180% Pyridine 3.20 79 51 26 52 26 18 79 52 12 Isosafrole | 10.16 162 104 12 131 103 8 162 131 12 Atrazine 14.70215 58 10200 122 8 215 200 8
:1,34'-cmombemene 1-120 260% | LMethyaphitslne 1120 360% _'z,a.mnmuene 1120 T160% r:&,}’-Dimethylbenzidine 1-120 950% Ethyl methacrylate 362 99 43 14 69 41 6 99 53 12 2-Methylnaphthalene 10.28 141 89 30 115 89 16 141 115 16 Pentachlorophenol 14.77 270 169 22228 165 14 266 167 22
i Diconbene rw | o oot | 120 . ‘ N eyt L | e 2-Picoline 3.96 93 65 18 66 39 18 93 66 12 1-Methylnaphthalene 10.46 141 89 30 115 89 14 141 115 16 4-Aminobiphenyl 14.79 169 141 22168 141 8 168 167 10
b rw | s 24 Tioperl 1 Berzo[ghilperylene i b40% 5% bt wo | s N-Nitrosomethylethylamine 412 88 42 16 88 43 8 88 71 6 Hexachloropentadiene 10.59 272 237 12 237 119 20 237 143 22 Pentachloronitrobenzene 14.81295 237 14237 143 20 295 265 8
:;Dmlh“"l :iz ;:: ;:;Hh'vj:ll iiﬁ @%nsnz e.m.) ;:[[’]“‘h‘; iizz :z‘; Methyl methanesulfonate 452 80 48 28 65 48 18 80 65 8 1,2,4,5-Tetrachlorobenzene 10.61 216 108 36 179 143 8 216 181 14 Propyzamide 15.00 254 191 16173 145 14 254 226 10
T mpm:mw R — — o o 2-Fluorophenol 473112 63 22 92 63 14 112 92 6 lIsosafrolell 10.73 162 104 12 131 103 10 162 131 12 Octadecane 15.10 99 4114 8 43 6 99 57 6
e | 12 — — — i — v — Acrylamine 4.80 71 44 22 55 27 6 71 55 6 2,3-Dichloroaniline 10.83 163 90 18 161 90 16 161 99 18 Phenanthrene-d10 15.10 188 160 20184 154 32 184 156 22
Naioso-dinproplmine. | 1-120 390% e — R prr— 2520 1510% | Divoctphtie K B20% N-Nitrosodiethylamine 5.05102 44 10 102 56 12 102 85 6 2,4,6-Trichlorophenol 10.83 196 97 24 132 97 10 160 97 16 Phenanthrene 15.16 178 151 32176 150 20 178 152 20
Vet i o — T [ A bt | 10 \ S04 Ethyl methanesulfonate 5.51109 45 10 79 48 34 109 79 6 2,4,5-Trichlorophenol 10.88 196 97 24 132 97 10 196 132 12 Dinoseb 15.21240 117 24163 116 14 240 211 8
(9] Nirabenzene-05 1120 160% | L3 Dinobenzene 1120 1080% Bieicoi-n SO L60% | Beroltfcrmthene il Benzaldehyde 6.01105 51 26 77 51 14 105 77 10 2-Fluorobiphenyl 10.99 172 151 22 172 170 22 172 171 12 Disulfoton 15.22 97 6516 88 60 6 97 79 12
Niberze 1w | e ' SuSThogeo Ny 120 S s v I Phenol 6.13 94 39 30 94 65 16 94 66 10 Safrole 11.16 162 77 30 131 103 10 162 127 16 Anthracene 15.26 178 151 32177 151 18 178 152 18
e, e ik . L longregiplenieier | 0 SN | el dpyene — N Phenol-d6 6.14 99 69 18 71 42 16 99 71 8 2-Chloronaphthalene 11.20 162 77 32 127 77 16 162 127 16 Carbazole 15.60 167 139 24 166 140 14 167 166 12
2-Nitrophenol 1-120 100% Be NZoIC AC|d IS the Hexachlorobenzene 1-120 N30% Dibenz]a,fanthracene 1-120 150% - . .
L | | | % — - Aniline 6.17 93 65 20 66 39 18 93 66 10 Biphenyl 11.20 153 126 32 154 115 24 154 152 22 Methyl Parathion 15.95263 79 24125 47 12 263 109 10
e e ™~ only compound > e N Pentachloroethane 6.26 167 95 32 117 82 30 167 132 14 1-Chloronaphthalene 11.25 162 77 30 127 77 16 162 127 16 di-n-Butyl phthalate 16.41149 65 20149 93 14 149 121 12
Benzoic acid 25-120 25.00% Phenanthrene 1-120 3.70% \ | Average %RSD: p y p
20% RSD " : : . L — bis-(2-Chloroethyl)ether 6.28 93 27 22 63 27 10 93 63 6 o-Nitroaniline 11.41 138 65 22 108 80 8 138 92 12 4-Nitroquinoline-N-oxide 16.69190 77 20101 75 10 190 160 8
2-Chlorophenol 6.35128 63 24 64 38 12 128 64 14 Diphenyl ether 11.42 170 141 16 141 115 14 170 142 10 Ethyl Parathion 16.73291 81 26109 81 10 291 109 10
Decane 6.49 85 41 12 71 43 6 85 43 6 1,4-Naphthoquinone 11.56 158 102 14 102 76 12 158 130 8 Methapyrilene 16.90190 97 14 97 53 16 190 157 8
New Poly mer 1,3-Dichlorobenzene 6.61146 75 24 111 75 12 146 111 12 1,2-Dinitrobenzene 11.70 168 75 20 122 75 12 168 122 8 Isodrin 17.19 261 191 28193 123 28 261 226 16
1,4-Dichlorobenzene-d4 6.71 150 76 38 150 78 26 150 115 14 1,3-Dinitrobenzene 11.83 168 75 22 76 50 10 168 122 8 Fluoranthene 17.47 202 152 30200 174 22 202 176 26
1,4-Dichlorobenzene 6.74 146 75 24 111 75 12 146 111 14 Diphenyl phthalate 11.83 163 77 20 163 92 24 163 133 8 Benzidine 17.80 184 130 26184 156 18 184 166 16
s ; . Benzyl alcohol 6.94 108 77 22 79 51 20 108 79 12 1,6-Dinitrotoluene 11.91 165 63 20 148 90 10 165 148 8 Pyrene-d10 17.84 212 208 36212 210 20
The polymer used for the Rxi-SVOCms has a Designed to be a drop-in replacement 1,2-Dichlorobenzene 6.98 146 111 12 111 50 36 111 75 10 Acenaphthylene 11.98 152 76 36 152 102 26 152 126 24 Pyrene 17.88 200 149 34200 150 26 200 174 24
silphenylene backbone, like the Rxi-5Sil MS for the DB-5ms and DB-Sms Ul Indene 7.12 116 89 28 115 63 26 115 89 16 1,4-Dinitrobenzene 11.99168 51 14 76 63 6 168 63 26 p-Terphenyl-d14 18.30 244 226 18244 240 22 244 242 14
o o 2-Methylphenol 7.14 108 77 24 79 51 20 108 80 8 3-Nitroaniline 12.21138 65 20 92 65 8 138 92 12 Aramite 1 18.33319 123 10175 107 14 319 185 6
= - — Similar phase chemistries 2,2'-oxybis(1-chloropropane) 720121 45 6 77 51 12 121 77 8 Acenaphthene-d10 12.24 164 160 32 162 160 18 164 162 14 Aramite 2 18.49 319 107 36185 63 12 319 185 6
§H3 (‘:H3 (|3H3 DB-UI 8270D for Semivolatiles N-Nitrosopyrrolidine 7.34100 43 8 100 55 6 100 68 8 Acenaphthene 12.32 153 77 38 153 126 36 154 127 34 p-Dimethylaminoazobenzene 18.57 225 120 10120 77 16 225 148 6
L o—s; O Si O—S;i 2B.Semivolatiles Acetophenone 7.37105 51 26 77 51 14 105 77 12 2,4-Dinitrophenol 12.41 184 107 10 154 79 12 184 154 6 Chlorobenzilate 18.71251 111 30139 111 12 251 139 12
| | | SLB-5ms Semivolatiles 3- and 4-Methylphenol 7.41107 51 26 70 43 6 107 77 12 4-Nitrophenol 12.57139 81 14 109 81 8 139 109 6 Famfur 19.17 218 109 14125 47 14 125 79 6
CH; CH; CH; N-Nitrosomorpholine 7.42 116 56 10 86 56 6 116 86 6 Pentachlorobenzene 12.60 250 142 38 215 179 10 250 215 16 3,3'-Dimethylbenzidine 19.21212 180 22211 195 16 211 196 8
— -x L —y Other Silphenylene type phases o-Toluidine 7.44 107 77 26 106 77 16 106 79 8 2,4-Dinitrotoluene 12.66 165 63 22 89 63 12 165 119 6 Kepone 19.24 272 237 12237 119 24 237 143 22
RyESi| MS Hexachloroethane 7.56 201 131 30 117 82 24 201 166 12 Dibenzofuran 12.66 168 139 22 139 63 30 139 89 18 Benzyl butyl phthalate 19.31206 149 8149 65 20 149 121 10
DB-5ms Nitrobenzene-d5 7.63128 54 28 82 54 12 128 82 12 1-Naphthylamine 12.81 143 115 22 115 89 16 143 116 10 Bis(2-ethylhexyl) adipate 19.55129 55 14111 83 6 129 83 8
Application specific formulation changes optimized DB-5ms Ul Nitrobenzene 7.68123 51 30 77 51 12 123 77 10 2,3,56-Tetrachlorophenol  12.83 234 133 26 232 131 26 232 168 12 2-Acetylaminofluorene 19.69 223 180 26181 152 34 223 181 10
the PAH separations and improved thermal stability ;EXmSS N-Nitrosopiperidine 7.94 114 41 10 114 84 6 114 97 6 2,3,4,6-Tetrachlorophenol 12.91 234 131 24 232 133 26 232 168 12 Benz[a]anthracene 20.23 228 202 24226 199 36 226 200 28
7B B Isophorone 812138 82 8 82 39 12 82 54 6 2-Naphthylamine 12.97 143 115 24 115 89 16 143 116 10 Chrysene-d12 20.23 240 212 22240 236 30 240 238 14
New maximum temperature of 340C CP-Sil 8 CB LB/MS 2-Nitrophenol 825139 81 12 109 81 8 139 109 8 Diethyl Phthalate 13.21177 149 8 149 65 20 149 93 12 3,3'-Dichlorobenzidine 20.25 252 154 26252 181 24 252 182 20
Optima-5ms 2,4-Dimethylphenol 8.36 122 77 26 107 77 14 122 107 12 Hexadecane 13.29 99 41 14 85 43 6 99 57 6 4,4'-Methylenebis(2-chloroaniline) 20.28 266 195 28231 195 16 266 231 12
gf;g“nis 0,0,0-Triethyl phosphorothioate 8.51 198 114 12 121 65 10 198 121 8 Fluorene 13.31 167 166 14 165 115 24 165 139 26 Chrysene 20.30 228 202 22226 200 28 228 201 36
Benzoic acid 8.53122 77 20 105 77 10 122 105 8 Zinophos 13.36 143 79 10 107 52 20 107 79 14 Bis(2-ethylhexyl) phthalate 20.49 167 149 8149 93 16 149 121 14
Bis(2-chloroethoxy)methane 85593 63 6 63 26 36 63 27 12 4-Chlorophenyl phenyl ether 13.37 204 77 22 141 115 14 204 141 12 6-Methylchrysene 21.19 242 226 28239 213 26 239 237 32
Phentermine 8.64 134 91 20 58 42 22 134 115 12 4-Nitroaniline 13.37 138 80 18 108 80 10 138 108 8 Di-n-octyl phthalate 21.86149 65 22149 93 16 149 121 12
m m m m 2,4-Dichlorophenol 8.68162 63 24 98 63 8 162 98 12 5-Nitro-o-toluidine 13.37 152 77 24 106 77 12 152 106 10 7,12-Dimethylbenz[a]anthracene  22.45 256 239 38241 226 14 256 241 12
O ptl m Ized PAH Se I eCtIVIty 1,2,4-Trichlorobenzene 8.84 180 109 24 145 109 10 180 145 12 4,6-Dinitro-2-methylphenol  13.45 198 121 10 168 121 6 198 168 6 Benzo[b]fluoranthene 22.46 252 226 24250 223 38 250 224 24
Naphthalene-d8 8.91 136 84 20 136 108 18 136 134 14 Diphenylamine 13.60 169 66 22 169 77 30 170 66 22 Benzo[k]fluoranthene 22.53 252 226 22250 223 38 250 224 26
Naphthalene 8.97 129 103 14 128 78 20 128 102 16 Azobenzene 13.67 182 77 12 77 51 14 182 105 6 Benzo[a]pyrene 23.21 252 226 26250 223 38 250 224 26
a-Terpineol 9.04 136 93 10 121 93 8 136 121 8 2,4,6-Tribromophenol 13.77 332 143 34 330 141 36 330 222 20 Perylene-d12 23.33 264 236 24264 260 34 264 262 20
Improved Benzofluoranthene and Indeno[123-cd]pyrene — Dibenz[ah]anthracene Separations on the Rxi-SVOCms 4-Chloroaniline 9.09 127 65 20 65 39 12 127 100 10 Sulfotep 14.00 322 146 24 202 146 10 322 202 10 3-Methylcholanthrene 24.16 268 252 32252 226 22 268 253 14
2,6-Dichlorophenol 9.11 164 63 26 162 63 26 162 126 8 1,3,5-Trinitrobenzene 14.14 213 74 38 213 120 22 213 167 8 Dibenz(a,h)acridine 25.55 279 252 34278 250 24 278 275 36
Hexachloropropene 9.15 215 119 18 213 119 18 215 121 18 Diallate 1 14.20 234 150 16 86 43 6 234 192 12 Dibenz[a,j]acridine 25.74 279 250 38278 250 26 279 277 30
Hexachlorobutadiene 9.23 260 190 26 225 190 14 260 225 12 Phorate 14.22121 47 26 75 47 8 121 65 8 Indeno[1,2,3-cd]pyrene 26.16 276 250 30276 274 34 138 125 12
Quinoline 9.60 129 76 26 102 76 12 129 102 16 Phenacetin 14.25 179 109 14 108 80 12 179 137 8 Dibenz[a,h]anthracene 26.24 278 252 26139 113 14 139 126 8
Caprolactam 9.70113 56 10 85 67 6 113 85 6 4-Bromophenyl phenyl ether 14.31 250 141 16 141 115 12 248 141 14 Benzo[ghi]perylene 26.88 276 274 38138 124 28 138 125 12
Rxi-5Sil MS o Rxi-SVOCms N-Nitrosodibutylamine 9.76116 74 8 84 56 14 116 99 6 Diallate 2 14.37 234 150 16 86 43 6 234 192 10
Valley= 80.87% Valley = 86%
i Diesel Particulate Extract Injections
1 Valley = 87% j
&.Jl,h_mJ UL Standard inlet maintainence every 30 sample injections restores column performance.
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