Ajection

ia Chrematographic Zone as
Inlet System for GC/MS

Jeffery S. Hollis
APEX Technologies - Silicon Valley,

Innovations in Gas Chromatography ...
T TR [N



1 5 b —~ . " . 3 T L = e
eElAnualVWestierin CanadaNiiccereigenicyAREsicide RESIdUE Analysts’ Workshop - Saskatoon, Saskatchewan, Canada

mponents is of analytical interest;
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orns become IN

Large Volume Injection (LVI)!
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‘ons]st o'f 4 @{5‘& poenents, the pre-column module which

At Injection, Prosep™ s N split mede. Because ProSep™ provides
SOIME Separationy JrJe d components are organized in the pre-column

ACCC rrJJfU o golligief o here selvent, analyte and matrix are ordered in
the port andithelow boiling olvgt rapidly vented (Step 2).

After solvent elimination, the Pre-separation Column Module temperature is
ramped andi the split vent closed transferring analytes into the analytical
column (Step 3).

After transfer of the last analyte of interest, the split vent is again opened and
the Pre-separation Column Module temperature ramped to bake off
uninteresting matrix components (Step 4).

Software controls all aspects of the pre-separation module condition.
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Split Went
Opean

ProSep Pre-Column Separation Inlet

Q Solwent o Arahyte Q hidatrix

G2 Split Mode Splitless Mode FroSep Split Mode

Split “ent e, Split ent Split hwent
Open Closed Open

Pre-Calumn Pre-Calumn Pre-Calumn
Temperature Temperature 2 Tempersture
Holds Ramp Program ;:f Ramps to Bake
Izathermal :

Step 1:
Inject solvent, analyte,
matrix sample mixdture.

Step 2: Step <4
Separation of injected Split went closes to transfer Split went is reopened and
sample occurs in the target analyte band to the high Pre-Calumn flow rate
Pre- Column. Solvert G.C. capillary column. is added. The matrix band
is =plit to the went. is diluted by high split flow
and wented.
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Expe"rr:ﬁ alflpstrument Configuration

Agjlenifiechneleries 6890 GC - 5973 Mass Selective Detector
WItRRAREXSPreSep ™ 800 X Plus Precolumn Separation Inlet
PShHrand controller moedules

Agilent 5973 MSD Agilent 6890 Plus GC

Pre-separation APEX ProSep™
@fellV[aalgN\ilele[Bi[sM PSI Control Modules
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Ll o INEIONIHBINGLRIOSEP™ Parameters

NEWIGator Seitwane

R Apex ProSep 800[1] : New Method M= E3
ProSep “iew Instrument  Conbrol
I | —
Frecolumn Temperature 5 Temperature 5 P neum atic

ot = plitless

vo2En £

v zop £

= = . .

2 180 £ GC Shit GO Splt

o =

o 100 £ |

i 50 -E

1.5 25 2.0

Time (minutes) {Precalumn Run Time | 5.00)

Precolumn Mode Program Precolumn Temperature Program

Mod Mode Time Rate T arget Duration
ade [minutes) [*C/min] [*C) [minutes)
Initial | GC Split (=] 0.00 & || Initial go: 0.00:
1 Sphitless (=] 015 |1 100 280 1.00 [
2 _|GC Splht (=] 2580 |2 0.00
3 (=] 0.00 3 0.00
4 (=] 0.00 - 4 0.00
[= —1 Fal a1
FroSep Frogram ,-'-rL ProSep Limits ,-'L_EE Program J-"
Instrument Onel1]. Mot Connected Actual | --*C

Enter duration for target temperature.

Target | - - *C
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—
EAOCII ntal

A SOy A1) QD 0. 25 Clgq) nlm r\JJJg nt Technologies-5MS was used as
e Agilent Technologies 5973 MSD was operated in
O if rm) Withrtie: JHJ/ hange between small volume (SV)
2Njecions being & ncrg'a.\se in threshold (500-5000) to
Ks fromiiimpurities 1

P orcc,ol Uimn was phase coated with HT-5, contained HT-5
nd apltg of silica wool in the upper 4-7 cm of the column.

Before applying LV SV 1 ul injection of the 4 component mixture in
hexane solvent we e to establish relative abundances of the
compounds, Figure 3. The ProSep™ precolumn was held isothermal at
275° C to elute all components and maintained in the splitless mode to
transfer all analytes to the GC column.
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cjie iElatverasiindances and composition

Efile Method Chromatogram  Spectrum Calbrate  Quantitate Tool: Wiew Help

1000000 Biphenyl 4-chlorobiphenyl

Q50000

hexane b.p. =69°C
ProSep Start Temp =275°C

9000
Ga0000 4
00000 4
Fs0o00 4
TO0000 4
&s0000 ] Methyl Palmitate
GO0000 4 &84
=] Dodecane
S00000 4
450000 4
400000 4
350000
J00000 4
2a0000 4
200000 4

130000 4

100000
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geriments

NEXt, the Prose
orsgoJllrr IRt mperail

from LUl te 10 ul injections. The
|I|ng point of the hexane ( ) at

j o=

(D ) @
2 ugh “2

NjECHBIINE:1 L o) and th held for about 6 seconds to vent the
NEXANE: By OPUMIZING se Pros parameters a nearly ten-fold

Q =
(D

(=1~ (==
(=

ncrease in signal isielet igure 4 (The high value for the MS threshold
ipl S the gainyuist unrle‘ 1or of ten).

Consider the dodecane cc mpom (peak #1) as an uninteresting solvent
Impurity. By delaying the transition to splitless mode, ProSep™ is capable of
selectively attenuating jUSt this first peak, Figure 5. While this is still a 10 ul
Injection, dodeca é s been attenuated by a factor of 20 fold; less than in
the initial 1 ul injection.

Selectively removing dodecane implies separating dodecane (
) from biphenyl ( ) in the precolumn.
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e window #2 N [m]
Abuncance

1ev7 § 10 uL ProSep™ injection
Q300000 ]

5000000 hexane b.p. =69°C
8500000 ] ProSep Start Temp =80°C

3000000 4

7500000 4

Precolumn Mode Program

Mode Time
[minutes]

1 _li5Splitless E_ """"""""""""""" 1%
52 0.

4500000 4

Mode

4000000 4

3300000 4

3000000 4

2300000 4

2000000 4

1500000 4

1000000 4

1 ulL injection
a00000 4

o i A A .’1 Iy
T T T | T T T T | T T T T | T T | | | |
Time--= 6.00 5.50 700 7.0 g.00 3.50 .00 8.50




e Window #2

Abuncance
1e+07

——10 ulL injection

2500000

Precolumn Mode Program

Mode Time
[minutesz]

Mode

- —— 1 uL injection
Splitless

G:500000 4

GO00000

4500000 4
4000000 4 .
j—— Prior Abundakce
3500000 4
3000000 4
2500000 4
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1500000 4
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|npretefipieinie |
ojoJilinlef; naretifEl
PEOIMARCE. Of

ProSep™ is also of applying additional purge gas to the pre-
lon columniin a mode known as “ProSep™ Split”. Essentially this
implements very hi

glhnlne' split ratios, e.g., ratios >1:250, and very high
reductions of matrix contaminants are possible. Applying “ProSep™ Split”
mode to the methyl palmitate reduces its response below the threshold,
Fig. 7. Combining this mode with a high Pre-separation Column Module
temperature flushes matrix contaminants from the precolumn and
prevents matrix accumulation during LVI.
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ANERNEbRENUstthe first and last peak

il m—

|
¥ Efile Method Chromatogram  Spectrum Calbrate  Quantitate Tool: Wiew Help
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| ,LJ, res IEEIIMENNEF the last peak:
Fgure 7 “ WOSGDTM Spllt” MOde

EEile Method  Chromatogram  Spectrum  Calbrate  Quantitate Tools Yiew Help -2 x]
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9 Solvent Q Analyte @ Matrix AUX flow

Split Mode Splitless Mode High Split Flow Mode

]

Vent Open -: Vent Open * @ Vent Closed __ Vent Open @

Precolumn Precolumn Precolumn
Temperature Temperature Temperature

Holds Ramp Program Ramps to Bake
Isothermal

AUX EPC line pressure AUX EPC line pressure AUX EPC line pressure /‘ AUX EPC line pressure
is greater than the total Is greater than the total Is equal to the total is greater than the total
column pressure. column pressure. column pressure. column pressure.

GC Column filll GC Column GC Column

<1 GC ae
Detector Detactor

Step 1: Step 2: Step 3: Step 4:

Inject solvent, analyte,
matrix mixture.
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Separation of injected sample
occurs in wall phase coated
and/or packed precolumn.
EPC pressure blocks flow to
GC column. Solvent exits split
vent.

Split vent closes and EPC
pressure drops to deposit
the target Analytes onto the
GC capillary column.

Split vent is reopened and high
precolumn flow rate is added.
AUX EPC pressure blocks flow
to GC column. Diluted matrix
band is vented.
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EesSwWitch Configuration:
Iir@watioﬂ'of dodecane

2] TIE: ATO0-B. D
Abhundance
S000000 —

4000000

2000000

ren 1] TIC: ATO-PEK1D_D
Abundance
SO00000  —

4000000

2000000
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4

Solvent r/ Jes ~ Sample Preparation

SOIVERIIAAY lisition B GC/MS Analysis

SeIVERPEXTAaction Data Reduction and Reporting

30%

Laboratory Operation

60%
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: G(m'med EPANVIethods 8140 and 8141 Pesticides and
pPYAEESEpN GC/MSD

Norrriztlhy e GC/NPD, t onfiguration combines two methods into a single run
ziglel gfevie /VISispectral confirmation at low levels.
: C:\HPCHEM\1\METHODS\81410010.M {RTE Integrator
Title : Bl41 + 8140 by gco/ms
: Mon Jan 03 13:02:25 2000 25 ul SmgIeRapld Injectlon

Last Update
| Response via : Initial Calibration 200 ppb- -

TIC: 0201002.D
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o b |Lm,,_¢..,.J_JL 0 N «Jh‘ H |J Nw“ lll'\,‘_,\,\__,_IHLJLIU‘\‘U” ol e
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v § .‘I".,,.nw ‘ky“ .

‘ ; B L‘A I
. Tl e
|| o] Lt S ot
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LJ apexd —°
ey F;,Heﬂ |

/ nisEllealibration Curve — 200 PP to 2 ppm.

Response Factor Report GC/MS Ins Response Factor Report GC/MS Ins

Method : C:\HPCHEM\1\METHODS\81410010.M (RTE Integrator) Method : C:\HPCHEM\1\METHODS\81410010.M (RTE Integrator)
Title : 8141 + 8140 by gc/ms Title : 8141 + 8140 by gc/ms

Last Update : Mon Jan 03 13:02:25 2000 Last Update : Mon Jan 03 13:02:25 2000

Response via : Initial Calibration Response via : Initial Calibration

Calibration Files
0.6 =0301003.D 0.2 =0201002.D 1 =0401004.D
1.4 =0501005.D =0601006.D

Calibration Files
0.6 =0301003.D 0.2 =0201002.D 1 =0401004.D
=0501005.D =0601006.D

Compound

Compound

Carbofenothion 1 1 1 1 1 1 3.

1) I Tributylphosphate =  ---------------- fFDcccccssooossosooooooeo 44) Phosmet 3.924 3.914 4.118 4.093 4.309 4.072 3.99
2) Dicholvos 0.530 0.545 0.499 0.507 0.490 0.514 4.41 45) EPN 1.508 1.231 1.663 1.698 1.884 1.597 15.30
3) s 1-Bromo-2-nitrobenzen 0.499 0.574 0.449 0.445 0.394 0.472 14.38 46) Leptophos 1.146 1.407 1.134 1.133 1.158 1.196 9.91
4) Mevinphos 0.415 0.407 0.400 0.372 0.372 0.393 5.18 47) Azinphos Methyl 1.312 1.455 1.358 1.363 1.448 1.387 4.45
5) Trichlorfon 0.061 0.056 0.063 0.065 0.069 0.063 7.76 48) Azinphos ethyl 1.159 1.192 1.222 1.234 1.295 1.220 4.15
6) TEPP 0.093 0.075 0.099 0.101 0.109 0.095 13.37 49) Coumaphos 0.377 0.399 0.390 0.387 0.403 0.391 2.68
7) Thionazin 0.120 0.121 0.119 0.11% 0.124 0.120 1.66
8) Demeton-S 0.139 0.135 0.146 0.151 0.157 0.145 6.25
9) Ethoprophos 0.137 0.142 0.142 0.145 0.147 0.142 2.48

10) Naled 0.186 0.173 0.190 0.197 0.205 0.190 6.29

11) Dicrotophos 0.322 0.306 0.340 0.342 0.344 0.331 4.90

12) Monocrotophos 0.595 0.557 0.610 0.610 0.628 0.600 4.44

13) Sulfotep 0.117 0.112 0.115 0.116 0.121 0.116 2.70

14) Phorate 0.341 0.348 0.360 0.358 0.370 0.355 3.20

15) 2?2?2727 0.154 0.143 0.164 0.165 0.172 0.160 7.15

16) Dimethoate 0.352 0.352 0.357 0.368 0.370 0.360 2.42
7) Dioxathion 0.021 0.024 0.022 0.022 0.026 0.023 8.79

-18) Terbuphos 0.194 0.193 0.203 0.209 0.215 0.203 4.59

19) Fonofos 0.449 0.440 0.469 0.471 0.496 0.465 4.69

20) Diazion 0.158 0.165 0.164 0.169 0.171 0.165 3.02

21) Disulfoton 0.348 0.339 0.370 0.374 0.398 0.366 6.32

22) Phosphamidon 0.207 0.197 0.222 0.219 0.225 0.214 5,538

23) Dichlofenthion 0.155 0.155 0.159 0.164 0.170 0.161 4.11

24) Methyl Parathion 0.271 0.239 0.297 0.312 0.320 0.288 11.42

25) Chlorpyriphos methyl 0.198 0.192 0.210 0.211 0.216 0.206 4.83

26) Ronnel 0.249 0.252 0.262 0.268 0.276 0.261 4.19

27) Fenitrothion 0.198 0.176 0.209 0.215 0.217 0.203 8.30

28) Malathion 0.242 0.234 0.242 0.244 0.252 0.243 2.63

29) Aspon 0.301 0.301 0.311 0.310 0.315 0.307 2.06

30) Fenthion 0.305 0.302 0.314 0.312 0.321 0.311 2.47

31) Chlorpyrifos 0.053 0.058 0.056 0.057 0.056 0.056 3.99

32) Ethyl Parathion 0.096 0.081 0.107 0.109 0.112 0.101 12.38

33) Trichoronate 0.116 0.120 0.120 0.124 0.125 0.121 3.00

Triphenylphosphate = ---------------- fideecosscssssossscocomos
35) Clofenvinfos 0.631 0.601 0.653 0.658 0.678 0.644 4.56
36) Crotoxyphos 1.693 1.665 1.829 1.830 1.948 1.793 6.42
37) Stirofos 0.653 0.662 0.677 0.687 0.718 0.680 3.73
38) 2?2222 0.449 0.484 0.483 0.477 0.515 0.482 4.89
39) Fensulfothion 0.559 0.407 0.591 0.601 0.655 0.563 16.65
40) Ethion 1.186 1.216 1.243 1.254 1.287 1.237 3.10
41) ?2?2?°? 0.805 0.854 0.853 0.834 0.892 0.848 3.74
:2) Famophos 2.129 2.213 2.212 2.200 2.294 2.209 2.65

(#) = Out of Range (#) = Out of Range

81410010.M Thu Feb 03 15:45: 81410010.M Thu Feb 03 15:45:21 2000
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-_ G@m'med ERANVIEHIEES 6140 and 8141 Pesticides and
pPYAEESEpN GC/MSD

_ -
’[IOWVGS i@ Fonofes and TEPP - 200 ppb to 2

Fonofos
Responge Ratio

— —— ! — —
1 . ‘ . 1
Amount Ratio Amount Ratio

Resp Ratio 4.65e-001 * Amt Resp Ratio 9.55e-002 * Amt
RF Rel sStd Dev 4.7% Curve Fit: Avg RF RF Rel 8td Dev 13.4% Curve Fit: Avg RF

Method Name: C:\HPCHEM\1\METHODS\81410010.M Method Name: C:\HPCHEM\1\METHODS\81410010.M
Calibration Table Last Updated: Mon Jan 03 13:02:25 2000 Calibration Table Last Updated: Mon Jan 03 13:02:25 2000
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RIWAIEVEINDEIECHoNfeiRioxaphene by ProSepl] GC/MSD
10M|e Injection at 1. ppm

Abundance

lonNn 197.00 (196.70 to 197.70): TOXO0O026.D

il

10 OO
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toxaphene terphenyl-dl4
Response Ratio

0.

0.2 . ] . 0.2
Amount Ratio Amount Ratio

Resp Ratio 1.47e+001 * Amt Resp Ratio 1.82e+000 * Amt
RF Rel Std Dev 16.5% Curve Fit: Avg RF RF Rel Std Dev 5.9% Curve Fit: Avg RF

Method Name: C:\HPCHEM\1\METHODS\TOX100.M Method Name: C:\HPCHEM\1\METHODS\TOX100.M
Calibration Table Last Updated: Thu Jan 20 11:51:08 Calibration Table Last Updated: Thu Jan 20 11:51:08 2000
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o4

o BNEResedimethylamine

PROBLE:

(14}
(]
C
1]
ral
c
=

Losses Inerease wiih sample evaporation
using either SPE @r Liguid/Liguid extraction.

The electron iImpact ienization spectrum; for
NDMA is not very favorable.

Innovations in Gas Chromatography ...




Y
al Westernn Canada i eResidue Analysts” Workshop — Saskatoon, Saskatchewan, Canada

E—

o Jn NREXS NDT\/IA geeleditsing Positive Chemical lonization
/; MEEIECEsNBRIVIBNItoring using ProSep™ PSI

‘l
UEMOINERaSIPEINEA0eEnt gas, NDMA produces [NDMA+H]*and [NDMA+NH,]*
IBRSIEEriEspending to m/z = 75 and 92.

PCI-
chromea S

of 50! Ul injections O NDIMIA
standardsin CH;El5).

Applying a coenceniration
& recovery factor off500...

200 fg/ul => 0.4ng/l (0.4 ppt)
20 fg/ul => 0.04ng/l (40 ppa)
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=

Hesponse

Z2.00e+003
Amount

4.00e+003
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d PCI Iinearith'-eproducibility

NDMA quantitation curve
fream 20 fg/ul to 4000 fg/ul
- =0.999

Reproeducipiity in 75/92 m/z ratio and response (n=5)
fior concentrations of NDMA from 20 to 4000 fg/ul

Concentration
20
40

Innovations in Gas Chromatography ...

RSD Ratio
2.9%
2.2%

0.7%
0.7%
0.3%

75/92 RSD Response
2.4%
3.2%
0.8%
1.7%
0.9%



f"”h e S Sep LVI With ECNI/MS

T AT TS, (NG

¥
Hﬂ'q

=10] x|

20 zittoje|rzinns/Ll of
Octafluef@phthalene
acqured usiENB I Withr ECNI —
MS on the Agllent: 5973 MSD

(44,000 molecules/pl ) !
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PCB 169
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ConRElusions

Slas aChromategraphic Zone Inlet System

modes

alntenance; etc...

;
>\Nork vith authentic samples and a wide variety of matrices
has shown the Progp“" to be very reproducible and robust.

» Injection (1 to 125 ul) is rapid so sample throughput is high.
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. »

radditi EJ m' drmatlon...

AREXSECHNOIo0IC: Ierm——— ' (Prime) Technologie:

1095 NimitzZviewsphHve i Innovating the HP Way M RSICIO AR ICIVANVIST o[]S

suite 100 = Edmonton, Alberta T5T 5R4
"Q]nc]nnat], @IEM5230 m Canada

U.S.A.

780-481-8284 tel
780-487-6536 fax

513-233-2739 tel
513-233-0902 fax

solutions@Apex-TechNet.com kprime@connect.ab.ca.com

http://www.Apex-TechNet.com http://www.kprime.net
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