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Fast Analysis of Landfill Gas by Agilent
Micro 3000 GC with Performance-Enhanced

System

Application Note

Hydrocarbon Processing

Abstract
A fast and accurate solution is provided for landfill gas component analysis by the

Agilent 3000 Micro GC configured with two performance-enhanced modules. The indi-
vidual components are baseline separated in less than 30 seconds by a two-channel

configured Micro GC. With this solution, landfill gas can be monitored and controlled

easily.
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Introduction

Throughout the world, millions of tons of waste are deposited
into landfills. That waste in landfills should be monitored for
many years. The waste within the landfill will consist of a
wide variety of substances, but a large proportion will be
biodegradable, including animal and vegetable matter, paper,
and wood. Landfill gas is a complex mixture of gases, but a
few gases predominate. Generally, methane, carbon dioxide,
and nitrogen are the main components that contribute more
than 90 percent of landfill gas. Many other gases can be pro-
duced in trace amounts and the exact composition of the
landfill gas will vary between different landfill sites, different
parts of the same site, and over time. Clearly this gas has to
be monitored and controlled. A level of 5 percent of methane
in air is explosive. Some other components of landfill gas are
dangerous to the health of people living nearby the landfill
sites. Landfill operators are also legally required to monitor
and control landfill gas on their site.

The Agilent 3000 Micro GC is a powerful tool for the fast
analysis of gaseous analytes [1-3], and its robust construc-
tion and multiple channel configurations make analyzing com-
plex samples quick and easy. The Agilent 3000 Micro GC with
its newly developed performance-enhanced module is spe-
cially designed for the analysis of low-concentration compo-
nents. In this application, an efficient solution is developed to
analyze gas components in landfill gas by the Agilent 3000
Micro GC with performance-enhanced modules.

Experimental

Sample

The landfill gas standard was provided by Beijing AP BAIF
Gas Industry Co. Ltd. (Beijing, China). The compositions and
concentrations are shown in Table 1.

Table 1. Standard Compositions and Their Concentrations
Component Concentration (pL/L)

CH, 399.5

C,Hg 1745

co, 1325

0, 100

H,S 254

N, Balance gas

Configurations and Analytical Conditions

The Agilent 3000 Micro GC configured with two performance-
enhanced modules is used for the fast analysis of landfill gas.
The PLOT U column channel (PLOT U, 8 m x 0.32 mm x

30 um) is responsible for the separation of C0,, C,H;, and
H,S. The second channel is a molecu!ar sieve (MS) column
(PLOT-U, 3 m x 0.32 mm/MolSeive 5A PLOT, 10 m x 0.32 mm)
for the separation of 0,, N,, and CH,. The injectors used are
the variable-volume type for PLOT U channel and backflush
mode for MS channel; helium was used as the carrier gas.
The analytical conditions are shown in Table 2.

Table 2. Analytical Conditions of Two-Channel Micro GC

Channel Molecular sieve PLOT U
(PLOT-U, 3 m x 0.32 mm/ (8 m x 0.32 mm
MolSeive 5A PLOT, x 30 pm)
10 m x 0.32 mm)

Sample inlet temp. (°C) 60 60

Injector temp. (°C) 80 80

Column temp. (°C) 70 70

Inject time (ms) 100 100

Run time (s) 100 100

Column pressure (psi) 30 30

Results and Discussion

CO,. C,Hg, and H,S were separated within 60 seconds. The
analytical time for separation of 0,. N,, and CH, was also less
than 60 seconds. Figure 1A shows the chromatogram of chan-
nel A, and Figure 1B shows the chromatogram of channel B.
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Figure 1. Chromatograms of landfill gas on PLOT U channel (A) and MS channel (B).

Table 3 shows the run-to-run repeatability by relative standard Conclusions
deviations (RSDs) of the peak height. The RSDs of separated
components are all less than 1%, showing that the Micro GC The Agilent 3000 Micro GC with performance-enhanced mod-

is stable and reliable.

Table 3.

Compound Avg.RT.

02
NZ
co,
CH,
H,S

Reproducibility of Two-Channel Micro GC Solution

0.443
0.553
0.447
0.807
0.811

ules provides a fast and reliable method for the analysis of
landfill gas samples. Six key components can be separated in
less than

60 seconds with good repeatability, H,S, the sulfur compound
existing in landfill gas, can also be detected on such a two-

Avg. peak Peak height R. S.D. module micro GC with the detection limit of 20 ppm (V/V).

height S.D. (N=10)

193963.28 1671.26 0.86% References
0,
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133620 1835 137% 5988-5296 EN

2. M. Feeney and P. Larson, “ Complete Analysis of Refinery
Gases in Seconds Using the Agilent 3000 Micro Gas
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Ultra-Fast Total Petroleum
Hydrocarbons (TPH) Analysis with
Agilent Low Thermal Mass (LTM) GC
and Simultaneous Dual-Tower
Injection

Application Note

Environmental

Abstract

This application note is targeted for ultra-high productivity of total petroleum hydro-
carbons (TPH) analysis in environmental laboratories. Agilent's Low Thermal Mass
(LTM) technology is employed here to perform ultra-fast gas chromatographic (GC)
separations. The LTM technology uses a column module combining a fused silica cap-
illary column with heating and temperature-sensing components wound around it,
which can be heated and cooled very efficiently. In this application note, the speed of
analysis for the hydrocarbon group eluting between C,, and C,, can be dramatically
increased to about 13 times faster than a conventional method. In addition, the ultra-
fast cooling function of an LTM module can reduce the total GC cycle time to

5.1 minutes. The simultaneous dual-tower injection from Agilent is used to further
double productivity. The final result for TPH analysis productivity is 5.1 minutes per

two samples.
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Introduction

Total petroleum hydrocarbons (TPH) is a term used to
describe a large family of several hundred chemical com-

pounds that originally came from crude oil. Many environmen-

tal laboratories in the world are analyzing the total amount of
TPH at a site to evaluate the water or soil contamination by
TPH, such as oil, gasoline, diesel fuel, etc.

The Agilent Low Thermal Mass (LTM) system (except for an
external power supply) is built into a replacement GC oven
door, which is mounted as an add-on to an Agilent 7890A GC.
A version is also available for the Agilent 6890 GC. The key
component of LTM system is the LTM column module com-
bining a fused silica capillary column with heating and tem-
perature-sensing components wound around it. The LTM sys-
tem can heat and cool the column very efficiently for signifi-
cantly shorter analytical cycle times as compared to conven-
tional air bath GC oven techniques involving much higher
thermal mass.

The GC method translation software from Agilent is a calcula-
tor used to scale a method between different column dimen-
sions with equal or increased speed. In this application note,
a 40-minute separation with a 30-meter column is translated
into a 20-minute separation with a 15-meter column at first,
without LTM technology. Then the method is further translat-
ed for LTM use with a 5-meter column within 3.1 minutes.

As a base for the LTM system, the Agilent 7890A can provide
dual complete analysis channels. With a configuration of dual
injection towers, single sample tray, dual split/splitless inlets,
and dual detectors, the simultaneous TPH analysis can be
accomplished to double lab productivity, in addition to the
speed gains realized with LTM.

Experimental

Standard Preparation

The custom alkanes mix (cus-908) from Ultra Scientific
(North Kingstown, Rhode Island, U.S.) contains n-alkanes
from n-decane (C,) to n-tetratetracontane (C,,) in hexane at
the concentration listed in Table 1. Dilutions in dichloro-
methane are made up at 1.0, 5.0, 10.0, 50.0, and 100.0 pg/mL
concentrations.

Table 1. Custom Alkanes Mix
Concentration, Concentration,

Component mg/mL Component mg/mL
n-decane 0.2 n-tetracosane 0.1
n-dodecane 0.1 n-hexacosane 0.1
n-tetradecane 0.2 n-octacosane 0.1
n-hexadecane 0.1 n-triacontane 0.1
n-octadecane 0.1 n-dotriacontane 0.1
n-eicosane 0.1 n-hexatriacontane 0.1
n-docosane 0.1 n-tetracontane 0.1
n-tricosane 0.2 n-tetratetracontane 0.1

Sample Preparation

Soil samples are mixed with sodium sulfate to remove excess
moisture and then sonicated with 60-mL aliquots of dichloro-
methane, three times. Water samples are placed in a 2-L sep-
arate funnel. A 100-mL aliquot of dichloromethane is added
and the mixture is shaken automatically for about 2 minutes.
The liquid-liquid extraction is repeated two more times. For
both matrices, the extract is concentrated on a steam bath

to either 5 mL for a soil sample or 1 mL for a water sample.
The extracts are not routinely treated with silica gel, unless
specified.

Instrumentation and Conditions
Agilent 7890A GC with LTM system, consisting of:

G3440A 7890A Series GC system
#112 Split/splitless inlet with EPC (2)
#211 Capillary FID with EPC (2)
Autoinjector modules (2)
Autosampler tray module
G6579A LTM system bundle for 2-channel LTM operation, for use

with standard size LTM column modules (100-2000LTM
DB-55M x 0.32 mm id, 1.0 pm standard 5-inch LTM
column module)

ChemStation 32-bit version B.04.01



Table 2. Gas Chromatograph Conditions

GC
Agilent Technologies 7890A

Inlet

Mode

Injection type

Injection volume (pL)
Inlet temp (°C)
Pressure, nominal (psig)

Liner

Split ratio
Gas saver
Gas type

Sample overlap

Oven

Initial oven temp (°C)
Initial oven hold (min)
Ramp rate (°C/min)
Final temp (°C)

Final hold (min)

Run time (min)
Cooldown time (min)

Cycle time (min)

Column

Type

Length (m)
Diameter (mm)

Film thickness (um)

FID

Telperature (°C)

H, flow (mL/min)

Air flow (mL/min)
Makeup flow (mL/min)
Sampling rate (Hz)

Original 1X Method

EPC split/splitless
Constant pressure
Split

1.0

300

30

Helix liner, open ended,
deactivated (p/n 5188-5396)

2:1
20 mL/min after 2 min
Helium

2 min after end of GC run

GC Oven

40

1

10
320
n
40
5.4
454

DB-5 (p/n 123-5032)
30

0.32

0.25

300
30
400
25
50

2X Method

EPC split/splitless
Constant pressure
Split

1.0

300

14.319

Helix liner, open ended,
deactivated (p/n 5188-5396)

2:1
20 mL/min after 2 min
Helium

2 min after end of GC run

GC Oven

40
0.5
20
320
6.5
21
5.4
25.4

DB-5 (p/n 123-5012)
15

0.32

0.25

300
30
400
25
50

LTM Method

EPC split/splitless
Ramp pressure
Split

1.0

300

13.1 (0.1 min), 11.27 psi/min to 30
(1.5 min)

Helix liner, open ended,
deactivated (p/n 5188-5396)

2:1
20 mL/min after 2 min
Helium

2 min after end of GC run

LTM module (p/n G6579A)
with GC oven 300 °C for 3.1 min

40
0.1
200
340
15
3.1
2

5

DB-5 (p/n%)
5

0.32

1.0

300
30
400
25
50

*100-2000LTM DB-5 5M x 0.32 mm id, 1.0 pm standard 5-inch LTM column module



Results and Discussion

Ultra-Fast Separation of n-alkanes Mixture with LTM
System and Scale-Up Using the GC Method Translator

The application is started with the analysis of a standard mix-
ture of n-alkanes, containing n-C,;, n-C,,, up to n-C,,. Figure 1
compares the chromatogram of the standard mixture using
three different methods in the same time scale. With the LTM
system, the GC run time can be more than 10 times faster
than conventional methods. In terms of cooling down, the
classical GC oven such as 7890 fast oven will take about

5.4 minutes from 320 to 40 °C. Relatively, the LTM system has
a much lower thermal mass, which can perform ultra-fast
cooling. In this case, the LTM system will take about 2 min-
utes from 340 to 40 °C, for dual parallel LTM modules. In addi-
tion, sample overlap of the 7890 sample tray can prepare the

GC Run Time

sample after the end of the last GC run parallel with GC oven
cooldown. The resulting cycle time for LTM is 5.1 minutes,
which means about nine times faster than the conventional
method.

Resolution is also a concern with fast analysis. Figure 2 is the
expanded view of Figure 1 with the nominal time scale, which
demonstrates that all the peaks of n-alkanes are baseline sep-
arated, even with the nine-times-faster LTM method (speed
calculated by total cycle time). The result is calculated by total
amount of TPH, not by the individual peak amount; peak-
grouping of ChemStation is employed here. The calibration is
checked by injecting the standard mixture in different concen-
tration levels, ranging from 1 to 100 pg/mL. The calibration
curve of the LTM method is displayed in Figure 3, with aver-
age n-alkanes response factor by peak-grouping.

Cool Down

40 min + 5.4 min

1X

21 min + 5.4 min

2X

3.1 min + 2 min

LTM

Figure 1. Comparison of conventional method and LTM method.
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Area H Simultaneous Dual-Channel Analysis with Agilent Dual-
5000 Tower Injection
R Area =20.8345428"Amt-22.916629 ) ]
] Agilent 7890A and 6890 GCs make dual-channel analysis pos-
4000 ]  Rel. Res%(1):67.258 sible, with the configuration of a single sample tray and dual
] injection towers, inlets, columns, and detectors. Typically, a
3000 dual-channel configuration is used to identify target com-
] pounds in one GC run, using different retention time in
2000 columns of different polarity. The purpose here is to double
] lab productivity using dual identical channels at a much lower
1000 | cost compared to two single-channel instruments.
q ChemStation can provide different choices for final data file
04 Correlation: 0.99928 generation. Figure 4 shows one option of detection signal set-
0 100 A ting for separating the dual-tower injection into two individual
Amount [ng/uL] data files. Figure 5 is the chromatogram of two real samples
with simultaneous dual-tower injection.
Figure 3. Calibration curve of LTM method after peak-grouping.
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Figure 5. Chromatogram of two real samples with simultaneous dual-tower injection.




Quantitative Analysis of TPH with Peak-Grouping and Peak-
Summing

Peak-grouping is used to average each n-alkane response fac-

Another requirement for TPH analysis is quantitation across
the whole eluting time range between n-C,; and n-C,, to cal-
culate all petroleum hydrocarbons not only n-alkanes.

Baseline-holding and peak-summing in the ChemStation inte-
gration events table are necessary to meet this requirement;
the related setting can be seen in Figure 7. For example, the
integration result of real sample is shown in Figure 8.

tor. With this average response factor, the nominal calibration
curve can be used for quantitation of each peak, including
unidentified peaks eluting between n-C,, and n-C,,. In this
case, the compound peak-grouping details and unidentified
peak calibration settings can be seen in Figure 6.

Compound Group Details: no wei B Calibration Settings: no wei

Group #: 1 Title |
Group Name: Detfault AT Windows Defaui Calibration Curve
: Mirtes X T 3
(TPH_F R Liveu
; Refecence Pesks 000 | +[500 o =
Siep Meabuts OthwPests (00 | [190 | e Equa 3
1: nlC10 ] -
2nl12 r

3 nC1d Amount Unts | ng/ul
| 4: nC16 v Calculate Uncalibrsled Pesks

ForSignst | FID1 A, Front Signal v/
ONo
] Geoup Amourt Caleudation © Usig Conpound. | XTI ~ |
Group Calibeation Settings O Wik Rp Fackx - -
Lv  Amount ] Group s ISTD ”
..... L
3 L

e Sample Defout S—

: : |25 [ Comect ANRT: [] Pastial Calibwation

5 _|[so

& 100

IOKI[WJ[H*J Lok | [ (Cancel | [(Heo |
Figure 6. Peak-grouping (left) and unidentified peak calibration setting (right) in ChemStation.

Time Integration Events Value
Initial Slope Sensitnily 10
Iritsal Peak Width 0.04
Initsal fArea Regect 1
Initial Height Reect 1
Initial Shoulders OFF
0.000 Integation OFF
4,560 Baseline Hold OM
4 560 Integation ON
39100 Integration OFF
39100 Area Sum OFF

Baseline-holding and peak-summing setting in the ChemStation integration
events table.

Figure 7.
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Figure 8.

Integration result of real sample after baseline-holding and peak-summing.

Real Sample Analysis

After calibration by peak-grouping and integration through
peak-summing, the quantitation result can be reported as the
total amount of TPH in a real sample. As a comparison of
quantitation results with three different acquired methods,
Table 3 demonstrates that the real sample analysis result by
the ultra-fast LTM method is comparable with conventional
methods.

Table 3. Comparison of Quantitation Result with Three Different Acquired Methods

TPH Concentration

(ng/mL)
Original method (30 m) 1097
2X method (15 m) 920
LTM method (5 m) 909

Conclusions

The low thermal mass of the Agilent LTM system can perform
very efficient column heating and cooling, and is used here to
develop an ultra-fast TPH analysis to meet the requirement
for high lab productivity. Dual-tower injection is also used to
further double the productivity with much less cost. The final
solution with the LTM system and dual-tower injection can
perform TPH analyses at a rate of 5.1 minutes per two sam-
ples. The total productivity increase is 18x compared to a
conventional analysis on a single-channel system.

Agilent Technologies
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Improving GC-MS Method
Robustness and Cycle Times Using
Capillary Flow Technology and
Backflushing

Application Note

Environmental

Abstract

This application note demonstrates the customer benefits from using Capillary Flow
Technology to provide backflushing of high-boiling materials in GC and GC/MS analy-
ses. Benefits include reduction in chromatographic cycle times, a reduction in system
column maintenance, and extended GC column life. If a GC/MS system is utilized, the
author has experienced an increase in the number of samples analyzed before ion

source maintenance is required.

Agilent Technologies



Introduction

A critical component of the GC/MS analysis of any sample
that contains large amounts of matrix material is the sample
preparation. Environmental samples such as soils and
sediments require not only extraction, but may also require
multiple cleanup steps in order to present as clean an extract
as possible for injection in to the GC/MS system.

Any remaining matrix in the sample extract can have deleteri-
ous effects on the GC sample inlet, column, and the ion
source of the mass spectrometer. Traditionally, these high-
boiling matrix materials are removed from the capillary col-
umn by a long bake-out period after the analytes of interest
have eluted. This long bake-out process causes thermal
stress to the column and also drives the matrix material
towards the ion source, where it will eventually affect system
performance. Moreover, should any material remain in the
column after the bake-out process, it can cause loss of chro-
matographic peak shape and retention time shifting of target
analytes. This shifting of retention time is particularly trouble-
some if the mass spectrometer is being used in the selected
ion monitoring (SIM) mode (as with a single quadrupole
GC/MS) or in the multiple reaction monitoring (MRM) mode
(as with a triple quadrupole GC/MS).

This paper demonstrates how high-boiling matrix materials
can be removed from the column quickly and effectively —
between sample injections — by using capillary flow technology
and capillary column backflushing.

Figure 1 shows a schematic diagram of the GC/MS system
used. The 15-m analytical column was connected to the EPC
split/splitless inlet and a capillary flow technology two-way
splitter (p/n G3180B or G1540 option number 889).

Auto- Two-way capillary
sampler flow splitter
with makeup
e AUX EPC
ssEE 4.0 psig /
5975C
MSD O 0
O
15m x 0.25 mm id x 0.25 ym HP-5MS o
0.80 m x 0.15 mm id UDFS
7890A
Figure 1. Schematic diagram of GC-MS system.

A short length of uncoated, deactivated fused silica (UDFS)
capillary column is used as a restrictor between the splitter
and the MS. Note carefully how the connections are made at
the splitter. The X represents a port on the splitter plate that
is closed off with a SilTite metal ferrule and stainless steel

wire plug.

Backflushing in this example was accomplished during a
post-run period by a combination of increasing oven tempera-
ture, reducing the inlet pressure of the analytical column, and
increasing the pressure applied to the splitter plate.

Experimental

The full analytical conditions, both with and without post-run
backflush set-points, are shown in Table 1.

Table 1.

GC/MS Analysis Conditions

Gas chromatograph
Columns

Carrier gas
Carrier gas mode
Flow rate
Injection port
Autosampler

Injection mode

Injection volume
Injection port liner
Oven program °C (min)

Mass spectrometer

MS interface

MS source

MS quad 1

Backflush conditions (1)
Backflush conditions (2)
Detection mode

El tune

Agilent 7890A

(1) 15.0 m x 0.25 pm id x 0.25 pm HP-5MS
Ultra Inert (19091S-431SI) Inlet Front split/
splitless, outlet 2-way Capillary Flow Device

(2) 0.80 m x 0.15 mm id uncoated deactivated
fused silica inlet two-way capillary flow device
at 4.0 psig outlet vacuum

Helium

Constant pressure
17.18 psi

EPC split/splitless
Agilent 7683A

Splitless, purge delay 0.5 min
Purge flow 50.0 mL/min at 0.5 min

2.0 uL
4 mm single-taper splitless liner (5181-3316)

70 (1) =50 °C /min — 150 (0) 6 — 200 (0) -
16— 280 (0) °C

Agilent 5975C MSD

280 °C

230°C

150 °C

Post-run, 10 min, AUX 60 psig, oven 320 °C
Post-run, 6 min, AUX 80 psig, oven 320 °C
El full scan; mass range 40:550 amu

Gain factor =1



Results and Discussions

Experiment 1: No Backflushing Employed

In the first experiment, an extracted sediment sample was
analyzed in full-scan mode to show the extent of the matrix
problem. No backflushing was employed.

Before any sediment was injected, a system blank (no injec-
tion) followed by a 2-pL solvent blank was made. In the
absence of the actual hexane solvent used to prepare the

TIC SYST

L;;O‘D‘ﬂ.ﬂ :
340000
320000 -
300000 +
280000 -
760000 -4
240000
220000 3
200000
180000
160000 o
140000
120000
100000
80000
BOD0D
40000

20000

o

sediment extract, hexane that was not particularly clean was
used. The TICs are shown overlaid in Figure 2, system blank
in black, and solvent blank in gray. These chromatograms
show that the system is free from high-boiling matrix materi-
al.

Following the blanks, a single injection of the sediment
extract was made without backflushing; the TIC is shown in
Figure 3. Note the very high abundance of the matrix and that
when the analysis finishes, there is still a significant amount
of matrix material to elute from the column.
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Figure 2. System blank and solvent blank TICs.
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The sediment extract injection was followed by a series of
hexane blank injections. The first seven hexane blank TICs

are shown overlaid in Figure 4 with the solvent blank before
the sediment was injected into the GC/MS system.

Figure 5 shows that after the eighth solvent blank injection,
the system has almost recovered to the level of background
before the sediment sample was injected.
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Figure 4. Successive solvent blank injections.
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Experiment 2: Backflushing Employed

Backflushing was enabled during a post-run period by
increasing column oven temperature, reducing the inlet pres-
sure of the analytical column, and increasing the gas pressure
applied to the splitter plate.

The 7890A instrument control software includes simple and
easy-to-use screens to help set up post-run backflushing con-
ditions. Figure 6 shows the configuration of columns and con-
nections with the GC oven.

Figure 7 shows the actual backflushing conditions, namely
the post-run oven temperature (320 °C), post-run inlet pres-

B GC Edit Parameters

Clven Tempaeature: 70.0 °C

Backflush - Front Backfkush - Back |

3
i
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Restrickor: 320 C: 0,8 m x 150 ym x 001 pm

Aglent 190915-421; 325 *C: 15 m x 250 Jm x u.cu pan ‘:; ;:,

sure for the analytical column (1 psig), post-run pressure
applied to the splitter device (60 psig), and post-run time
(10 minutes). The figure also shows the number of column-
volumes of carrier gas that will backflush the analytical
column.

Note that using the backflushing conditions shown in

Figure 7 (320 °C, column pressure 1 psig, and splitter pressure
60 psig for 10 minutes), that 59.4 column volumes of carrier
gas was used to backflush the column during the post-run
period. This backflush time may have been more than neces-
sary. Alternate conditions were also investigated and are pre-
sented later.
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Figure 6.  Post-run backflushing screen number 1.
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Figure 7. Post-run backflushing screen number 2.



Before applying the backflush conditions to the method the
user is presented with a convenient summary of the back-
flush conditions. See Figure 8.

Review Backflush Settings B ﬁl

The Backflush Calculations indicate setting the Following Postrun Conditions:

Duration: 10 min

Oven Temperature: 320 °C
PCM C-1 Pressure: 60 psi
Back - 55 Inlet Pressure: 1 psi

Choose 'OK' to make changes to method
Choose 'Cancel' to reconsider changes

Figure 8.  Post-run backflushing screen number 3.

Another injection of the sediment including backflush was
made followed by a blank injection of solvent. Figure 9 shows
the overlaid TIC of the original solvent blank (black) overlaid
on the solvent blank after the sediment injection (gray).

No evidence of any matrix material is indicated, demonstrat-
ing that all the high-boiling matrix material had been effec-
tively removed by backflushing.
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Figure 9. Original solvent blank TIC and solvent blank after sediment injection with post-run backflush (1).




Experiment 3: Backflushing Employed

In order to reduce cycle time for the method, the backflush
conditions were modified by increasing the backflush
pressure to 80 psig and holding for 6 minutes.

Note that using the backflushing conditions shown in
Figure 10 (320 °C, column pressure 1 psig, and splitter pres-

sure 80 psig for 6 minutes), that 46.6 column volumes of carri-

er gas was used to backflush the column during the post-run
period.

Summary of Backflush Calculations B
Owven Temperature
|32El |
; Flow at Chosen
Detector ‘ I aximum Flow . &llowable Pressure Braiilds
75 | 130.98 3692
Backflush Pressure
|30 psi
Irlet Pressure during Backflush Backfiush Flow to rdet Yoid Time
|1 psi |‘|2.539 mL/min |I1128?5min
Void Volumes Backflush Time
|4B.5I31 |B min
ok | Cancel | Hep |

Another injection of the sediment was made, followed by a
blank injection of solvent. Figure 11 shows the overlaid TIC of
the original solvent blank (black) overlaid on the solvent blank
after the sediment injection (gray).

No evidence of any matrix material is indicated, demonstrat-
ing that all the high-boiling matrix material has been removed
by backflushing with the more aggressive conditions as well.
These conditions reduced the cycle time for this method

4 minutes compared to the backflushing conditions used in
Experiment 1.

Figure 10. Post-run backflushing screen conditions number 2.
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Figure 11. Original solvent blank TIC and solvent blank after sediment injection with post-run backflush (2).



Conclusions

Post-run backflushing was shown to effectively eliminate high-boiling sample matrix
in a short amount of time. The major benefits of GC capillary column post-run back-
flushing include:

+ Agilent’s capillary flow technology and GC software enable easy and robust
setup of GC backflushing.

+ Compared to long bake-out periods with flow in the forward direction, a short
period of backflushing can remove high-boiling matrix materials more effectively
without contaminating the MS ion source.

+ Chromatographic cycle time is reduced, columns stay clean, and the integrity of
target analyte peak shapes and retention times are maintained.

* For this particular sediment extract the GC column was free of sample matrix
after a backflush period of 6 minutes.

+ Less system maintenance (ion source cleaning) is required.

For More Information

For more information on our products and services, visit our Web site at
www.agilent.com/chem.
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Abstract

Normal-phase liquid chromatography (NPLC) and capil-
lary gas chromatography with mass spectrometry are
employed to evaluate the total petroleum hydrocarbon
(TPH) in the soil contaminated by crude oil. In this paper,
paraffins and mono-aromatic and multi-aromatic com-
pounds present in the sample were first separated by
NPLC into different classes of compounds according to
their individual polarities, and fractions were collected for
subsequent analysis by GC/MS, separated by boiling
point, and identified by their unique mass spectra.

Introduction

Pollution due to oil spills happens frequently all
over the world. Positive identification of the source
is a critical part of establishing liability for cleanup
costs and environmental damages. Because the
spill is subject to time-based alteration by weather-
ing (dissolution or evaporation), chemical degrada-
tion (effects of sunlight, heat, air, and soil
chemistry), and biological alteration (impact of
microorganisms) it has become more and more
important to map these effects. Scientists have
developed diverse technologies to perform the
comprehensive evaluation analysis of TPH in
environmental matrices. DIN 38 409 H18 [1] is the
official method using infrared spectrometry.
Robert [2] introduced a comprehensive two-dimen-
sional gas chromatography to track the weathering
of an oil spill. A portable GC/MS method was pre-
sented to determine the concentration of TPH from
unresolved signals in short test runs in the field.

Sjaak [3] introduced group-type characterization
of mineral oil samples by two-dimensional compre-
hensively coupled LC x GC-ToF MS. The interface
between LC and GC/MS consisted of a 100-uL
syringe, with two side entrances/exits in the upper
part of the barrel, installed in an injection robot. A
stop-flow mode of LC was adopted during the
GC/MS analysis.

In this paper, we employed a fraction collector to
replace the complex interface between HPLC and
GC/MS and applied a combination of NPLC and
GC/MS to evaluate the TPH in the soil contami-
nated by crude oil.

Agilent Technologies



Experimental

Instrumentation and Conditions
Agilent 1200 Series LC, consisting of:

G1379B Micro vacuum degasser

G1312B Binary pump SL

G1367C High-performance autosampler SL

G1316B Thermostatted column compartment SL
with 6- or 10-port 2-position switching
valve

G1315C UV/VIS diode array detector SL

G1364C Fraction collector (analytical scale)

ChemStation 32-bit version B.02.01-SR1
Agilent 6890GC with 5975B MSD, consisting of:

G1540N 6890N network GC system with options:
201 MSD interface

G3243A 5975B inert MSD/DS perf turbo El
bundle

G3397A lon gauge/controller for use with
5975 MSD

G2913A 7683B autoinjector module

G2614A 7683 autosampler tray module

MSD Chemstation version D.03.00 with NIST 05 MS Library ver-
sion 2.0d

The LC and GC/MS operating conditions are listed in Table 1.

Sample Preparation

The crude oil sample was from the Daqing, China,
oil field and contributed by Sinopec Shanghai Gao-
qiao Petrochemical Corporation.

The sample was prepared by mixing a 1 g oil
sample with a blank soil sample and depositing the
mixture in a fume hood for 2 days. Next, 50 mL of
hexanes was added and the sample was extracted
in an ultrasonic water bath for 1 hour. The extract
was filtered, and 10 mL of filtrate was pipetted
and then evaporated under a nitrogen stream to
less than 1 mL. The extract was then made up with
hexanes to 1 mL, and the solution was injected
into NPLC for analysis.

Operation of Column Switching Valve and Fraction
Collector of NPLC

The crude oil sample was so complex that a
column switching valve was employed to back-
flush the analysis column in the NPLC system. To
approximately evaluate the retention time of every
group of compounds, a system calibration stan-
dard was used, which was composed of cyclo-
hexane, o-xylene, dibenzothiophene and
9-methylanthracene, as generally outlined in ASTM
Methods D6379 and D6591. The separation of the
system calibration standard is shown in Figure 1.
To minimize the total analysis time, the LC eluate
of the first 3 min was sent to waste. Afterwards,
fractions were collected every 0.5 min by the frac-
tion collector. After collecting the fractions that
contained the compounds of interest, the column
was switched to backflushing mode for cleaning
and the LC run was closed after the baseline stabi-
lized.

Results and Discussion

The soil sample extract was separated into differ-
ent groups by normal phase liquid chromatography
according to their polarities, as displayed in

Figure 2. A total of 23 fractions were collected,
which were injected into the GC/MS system for
subsequent separation according to their boiling
point and identification according to their charac-
teristic mass fragments. A total ion chromatogram
(TIC) of typical paraffins and mono-aromatic, bi-
aromatic, and tri-aromatic compounds is depicted,
respectively, in Figure 3. Through the identification
by mass spectra, the first group with a retention
time range of 3.7 to 4.7 min in LC chromatography
contained paraffins; the second group, with a
retention time range of 4.7 to 6.2 min, contained
mono-aromatic compounds; the third group, with a
retention time range of 6.2 to 11.2 min, contained
bi-aromatic compounds; and the fourth group, with
a retention time range of 11.2 to 13.7 min, con-
tained tri-aromatic compounds. No aromatic com-
pounds eluted at the retention time range from
13.7 min to the end.



Table 1. LC and GC/MS Operating Conditions

LC Agilent Technologies 1200SL Inlet EPC
Mobile phase Hexanes Injection type Splitless
Flow rate 0.8 mL/min Inlet temperature 250 °C
Wavelength 210 nm Pressure 7.61 psi
Injection volume 100 pL Purge flow 50.0 mL/min
Mode Isocratic Purge time 0.75 min
Column Agilent ZORBAX NH, Total flow 54.0 mL/min
4.6 mm x 250 mm, 5 pm Gas saver On
Analysis time 30 min Saver flow 20.0 mL/min
Column temperature 35°C Saver time 2.00 min
Column switching valve Backflushing off Gas type Helium
Column switching timetable Time Column Oven
15.00 min Backflushing on Initial temperature 50°C
30.00 min Backflushing off Initial time 1.00 min
Fraction trigger mode Use timetable Ramp rate 30.00 °C/min
Final temperature 300°C
Fraction collector timetable Time Trigger mode Time slices Final hold 2.00 min
3.70 min Time-based 0.5 min Total run time 11.33 min
15.00 min Off - Equilibration time 0.5 min
GC Agilent Technologies 6890N Column
7683 autoinjector and tray Type HP 5-ms
Autoinjector Length 30m
Sample washes 3 Diameter 0.25 mm
Sample pumps 6 Film thickness 0.25 pm
Injection volume 1uL Mode Constant flow
Syringe size 5L Initial flow 1.0 mL/min
Preinjection solvent A 0 MSD Agilent Technologies
Preinjection solvent B 3 5975B inert
Post-injection solvent A 0 Solvent delay 4 min
Post-injection solvent B 3 Tune file Atune.U
Viscosity delay 0s Mode Scan
Plunger speed Fast Solvent delay 3.00 min
Preinjection dwell 0 min EM voltage Atune voltage
Post-injection dwell 0 min Low mass 45.0 amu
Sampling depth Disable High mass 450.0 amu
Threshold 150
Sampling 2
Scans 3.54
Quad temperature 150 °C
Source temperature 230 °C
Transfer line temperature 280 °C




AU 3 1. Cyclohexanes 9992 pg/mL
m 2. 0-Xylene 4947 pug/mL
2500 2 3. Dibenzothiophene  500.0 pg/mL
4. 9-Methylanthracene 500.0 pg/mL
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Mobile phase Hexanes
Flow rate 0.8 mL/min
Detection DAD and RID
UV wavelength 210 nm
Analysis time 30 min (backflush @ 15 min)
Column Agilent ZORBAX NH, 4.6 x 250 mm, 5 pm
Method Follow ASTM D6379 (or D6591)
Sample System Calibration Standard
Sample size 10 pL
Column temperature 35 °C
Figure 1. Chromatogram of standard solution.
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Figure 2. Chromatogram of soil sample extract and factions collected in different vials.
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Vial Position Time Slices
1-P1-A-01 3.7t0 4.2 min

Mono-aromatic compounds 1-P1-A-04 5.2t0 5.7 min
Bi-aromatic compounds 1-P1-B-04 9.7t0 10.2 min
Tri-aromatic compounds 1-P1-B-08 11.7 t0 12.2 min



Conclusions For More Information

The separations by NPLC and GC are based on For more information on our products and services,
polarity and boiling point, respectively. Mass spec- visit our Web site at www.agilent.com/chem.
tra could provide the information on the molecular

structure; therefore, the combination of NPLC and

GC/MS could be used to evaluate the complex

matrix. In this work, an LC with a fraction collec-

tor performed the separation of classes of paraf-

fins and mono-, bi-, and tri-aromatic compounds

and collected time-based fractions into individual

sample vials. The fractions were injected into the

GC/MS for identification. A soil sample contami-

nated by crude oil was analyzed by this method

and the results showed the detailed component

information of every typical class, based on frac-

tionation by polarity, to evaluate the total petro-

leum hydrocarbon in soil.
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Abstract

The analysis of volatile organic compounds in water is
normally accomplished by purge-and-trap/gas chro-
matography/mass spectrometry. U.S. EPA Method 8260B
with purge and trap sample introduction is widely used
for the analysis of aqueous samples other than drinking
water. This application note discusses problems that can
arise and some easy solutions for them. These techniques
have resulted in robust calibrations that meet Method
8260B calibration requirements over the range of

1-200 pg/L.

Introduction

U.S. EPA Method 8260B [1] is a general purpose
method for the analysis of volatile organic com-
pounds (VOCs) in matrices such as ground and sur-
face water, sludges, soils and sediments, filter
cakes, spent carbons, and spent catalysts. This
method is only used for the analyses of target VOCs
by gas chromatography with mass spectral

Using Purge-and-Trap/GC/MS

detection (GC/MS). It refers analysts to other U.S.
EPA sample introduction methods that are appro-
priate for the matrix to be analyzed. This paper
focuses on the analysis of VOCs in water using
purge and trap (P&T) sample introduction accord-
ing to U.S. EPA Method 5030C [2] coupled to
GC/MS for separation and analysis (P&T/GC/MS).
For simplicity, the combination of Methods 5030C
with 82608 is referred to as just Method 8260B.

This P&T/GC/MS procedure is widely used in envi-
ronmental laboratories for the analysis of VOCs in
surface, ground, and wastewater samples. A simi-
lar method for the analysis of drinking water is
described in EPA Method 524.2 [3]. Though well
established, P&T/GC/MS methods can be a chal-
lenge to run successfully. There are numerous
P&T, GC, and MS variables to optimize in order to
obtain good recoveries for the target VOCs without
undo disturbance from water and methanol that
are inevitably transferred to the GC during trap
desorption.

This application note describes techniques for
optimizing Method 8260B using the Agilent 6890N
GC and new 5973 inert mass selective detector
(MSD) coupled to the new Teledyne Tekmar Velocity
XPT P&T system. Included, in the paper, are sug-
gestions for MSD tuning, sample preparation,
instrument setpoints, and maintenance techniques
that lead to a robust method for the analysis of
VOCs in water. The discussion is applicable to
most other P&T/GC/MS methods.

Agilent Technologies



Experimental

Chemical Standards, Reagents, and Vials

High purity B&J brand methanol was obtained
from Honeywell Burdick & Jackson Co. (Muskegon,
MI). Standard mixtures used for the preparation of
calibration samples, spiking solutions, tune evalua-
tion, and stability test samples were purchased
from AccuStandard (New Haven, CT). These
include the following: Part no. M-502-10X-Pak con-
taining 60 VOC target analytes (54 liquids and

6 gases) at 2000 ug/mL each in methanol; Part no.
M-8260A/B-IS/SS-10X-PAK containing p-bromo-
fluorobenzene (BFB), chlorobenzene-d;, dibromo-
fluoromethane, 1,4-dichlorobenzene-d, (DCB-d,) ,
1,2-dichloroethane-dy, fluorobenzene (FBz), and
toluene-dg at 2000 ug/mL each in methanol; and
part no. M-524-FS-PAK containing BFB,

1,2-dichlorobenzene-d4, and fluorobenzene (FBz) at
2000 pg/mL each in methanol.

VOC-free water was used for the preparation of
standards and test samples. TraceClean 40-mL

(nominal volume, actual volume is 43 mL) VOA

vials (part no. 15900-022) were purchased from
VWR Scientific (West Chester, PA).

Preparation of Calibration and Spiking Solutions

Secondary spiking solutions were prepared in
methanol for each calibration level so that each
43-mL water sample could be spiked with 10 uL of
the calibration solution (containing 60 VOCs) and
10 uL of the internal standard/surrogate mixture.
Table 1 provides details on how the eight calibration
standards were prepared.

Table 1. Procedure for Preparing Calibration Samples
A B C D E
Volume of Diluted to this Results in this Amount to spike
Calibration 2000 pg/mL volume in secondary standard into 43-mL vial
level (pg/L) VOC Standard (pL) methanol (mL) concentration (pg/L)  (pL)
1 53.75 25.00 4.3 10.00
2 43.00 10.00 8.6 10.00
5 53.75 5.00 215 10.00
20 43.00 1.00 86 10.00
50 43.00 0.40 215 10.00
100 43.00 0.20 430 10.00
200 43.00 0.10 860 10.00
300 * * 2000" 6.45""

Column A. Concentration of each analyte in the final aqueous calibration solution.

Column B. Volume of the 2000 pg/mL 60-component VOC standard solution which was diluted to the volume

shown in column C.

Column C. Final volume of VOC solution after dilution in methanol.

Column D. Concentration of the calibration spiking solution prepared by diluting the amount of 2000 pg/mL

standard in column B to the volume shown in column C.

Column E. Amount of the secondary standard solution (column D) added to 43 mL of water to prepare the

calibration standard at the level shown in column A.
“The undiluted VOC standard (2000 ug/mL) was used for spiking.

**The 300 pg/L aqueous calibration standard was prepared by adding 6.45 pL of the 2000 pg/mL AccuStandard

VOC solution and 3.55 pL of methanol to 43 mL of water in a VOA vial.



As discussed below, containers for storing the sec-
ondary standards (column C, Table 1) were chosen
to minimize the headspace. Larger volumes were
transferred to 2-mL screw top vials, while smaller
volumes were transferred to crimp cap microvials
of the appropriate size.

A solution of the internal standards (ISTDs) and
surrogates was prepared at 215 ppm in methanol
by diluting 43 uL of the 2000-ug/mL AccuStandard
solution to a volume of 400 uL. Each 43-mL water
sample was spiked with 10 uL of this solution so
that all samples and standards contained 50 ug/L
of each compound.

Preparation of Solutions for Repeatability Studies

Two kinds of spiked water samples were prepared
for use in repeatability studies.

* System blanks consisted of clean water spiked
with fluorobenzene, BFB, and 1,2-dichloroben-
zene-d4 at 10 pug/L each.

¢ VOC spikes consisted of clean water with fluoro-
benzene, BFB, and 1,2-dichlorobenzene-d, at
10 pg/L and the 60 VOC target compounds at
20 pg/L each.

Replicate samples were prepared as follows.

¢ Secondary dilution standards containing fluo-
robenzene, BFB, and 1,2-dichlorobenzene-d, at
50.0 ug/mL were prepared in 2-mL autosampler
vials by diluting 25 uL of the 2000-ug/mL Accu-
Standard solution with 975 uL of methanol.

* Secondary dilution standards of the 60-compo-
nent VOC solution were prepared at 100 ug/mL
in 2-mL autosampler vials by diluting 50 uL of
the 2000 pg/mL AccuStandard solution with
950 uL of methanol.

System blanks were prepared by adding 100 uL of
the 50.0 ug/mL three component solution and
100-uL: methanol to 500 mL of water in a 1.0-L
screw-cap bottle. After inverting to mix thoroughly,
this bottle was attached to the apparatus shown in
Figure 1 and 11 VOA vials were filled by transfer-
ring the spiked water solution under nitrogen
pressure.

N2 pressure =

Figure 1. Apparatus used to fill multiple VOA vials with the

same spiked water solution.

A) 1-L liquid chromatography solvent bottle

B) Swagelok Tee with nothing connected to one
fitting

C) Finger used to cap fitting in order to pressurize
the reservoir bottle

D) VOA vial

E) 1/8-inch PTFE tubing

VOA spiked samples were prepared by adding

100 pL of the 50.0-ug/mL three component solution
and 100 pL of the 100-ug/mL 60-component VOC
standard to 500 mL of water in a 1.0-L screw cap
bottle. After inverting to mix thoroughly, this bottle
was attached to the apparatus shown in Figure 1
and 11 VOA vials were filled by transferring the
spiked water solution under nitrogen pressure.

Instrumentation and Analytical Conditions

The P&T instrumentation and setpoints are listed in
Table 2. The following P&T options were not used:
DryFlow trap, automatic ISTD addition, sample
heating, dry purging, and sample cryofocusing. The
method shown in Table 2 was derived using the
wizard that is provided in the TekLink 2.2 P&T
control software.



Table 2. Purge and Trap Instrumentation and Setpoints

P&T Instrument
Automatic sampler
Software control
Trap

P&T-GC interface

Sample size

Valve oven temperature
Transfer line temperature
Sample mount temp
Purge ready temp
DryFlow standby temperature
Standby flow
Pressurize time

Fill 1.S. time

Sample transfer time
Pre-purge time
Pre-purge flow

Sample heater

Sample preheat time
Preheat temperature
Purge time

Purge temperature
Purge flow

Purge rinse time

Purge line time

Dry purge time

Dry purge temp

Dry purge flow

GC start

Desorb preheat temperature
Desorb drain

Desorb time

Desorb temperature
Desorb flow

Bake rinse

Number of bake rinses
Bake drain time

Bake drain flow

Bake time

Bake temperature

Dry flow bake temperature
Bake flow

Focus temperature
Inject time

Inject temperature
Standby temperature

Teledyne Tekmar Velocity XPT

Teledyne Tekmar Aquatek 70

Teledyne Tekmar VOC Teklink version 2.2
Vocarb 3000

P&T transfer line spliced into the GC split/splitless inlet carrier gas

line and GC carrier gas plumbed to the Velocity XPT
5mL

150 °C

150 °C

90 °C

45°C

175°C

10 mL/min

0.25 min

0.00 (ISTDs added by hand)
0.25 min

0.00 min

40 mL/min

Off (Samples not heated)
1.00 min

40°C

11.00 min

0 °C (That is, less than the purge ready temp of 45 °C)
40 mL/min

0.25 min

0.25 min

0.00 min (Dry purge not used)
40°C

200 mL/min

Start of desorb

245°C

On

1.00 min

250 °C

200 mL/min

On

3

0.50 min

400 mL/min

3.00 min

270 °C

300 °C

400 mL/min

Not used

1.00 min

180 °C

100 °C



Table 3. GC/MS Instrumentation and Setpoints

Gas Chromatograph

Inlet

Inlet liner

Inlet temperature

Split ratio

Column

Carrier gas

Oven temperature program

Agilent 6890N

Split/Splitless

Single taper, deactivated (Agilent part no. 5181-3316)

250 °C

50:1

20 m x 0.18 mm x 1.0 pm DB-VRX (Agilent part no. 121-1524)
Helium at 1.0 mL/min constant flow

40 °C (3 min), 10 °C/min to 100 °C (0 min), 25 °C/min to 225 °C
(3 min)

Mass Spectrometer
Transfer line temperature
Quad temperature
Source temperature

EM voltage

Scan range

Threshold

Samples

Solvent delay

Software

Results and Discussion

Agilent 5973 Inert MSD
260 °C

150 °C

230°C

2035 volts

35-260 m/z

0

3

0 min

MSD Productivity ChemStation Software (Part no. G1701DA
version D.01.00)

Section 1.3 of Method 8260B can be used to quanti-
tate most VOCs that have boiling points below

200 °C. It lists 123 compounds that can be deter-
mined by the method using various sample prep
and sample introduction methods. Of these, seven
are ISTDs or surrogates, nine are not recom-
mended for P&T sample introduction, and three
must be purged at 80 °C for efficient recovery. The
remaining analytes vary considerably in their
water solubility and volatility making this a chal-
lenging method to optimize. The intent of this
application note is to share several techniques that
one can use to optimize Method 8260B or any
other P&T/GC/MSD method employed for water

analysis.

For this study, the 60 VOCs listed in EPA Method
502.2 were analyzed along with three ISTDs and

four surrogates (Table 4).



Table 4. Compound List with Average Response Factors (RF) and the RF %RSDs for Two Calibration Ranges: 1-300 and 1-200 pg/L

Maximum
Minimum %RSD of Average RF Average RF
Retention  average calibration  RF %RSD RF %RSD
time response response 1-300 1-300 1-200 1-200
Type* Compound (min) factor** factors™”* ng/L ng/L ng/L ng/L
T Dichlorodifluoromethane 1.25 15 0.283 8.21 0.289 5.44
T.SPCC  Chloromethane 1.34 0.1 15 0.324 9.62 0.328 9.38
T.CCC  Vinyl chloride 1.42 30 0.220 247 0.220 2.66
T Bromomethane 1.60 15 0.099 14.11 0.096 12.30
T Ethyl chloride 1.67 15 0.152 5.57 0.154 4.27
T Trichloromonofluoromethane 1.97 15 0.372 11.38 0.386 3.49
T.CCC 1,1-Dichloroethene 2.29 30 0.330 5.31 0.336 1.45
T Methylene chloride 2.40 15 0.299 5.02 0.301 4.95
T trans-1,2-Dichloro-ethene (E) 2.92 15 0.323 2.54 0.325 1.36
T.SPCC  1,1-Dichloroethane 3.14 0.1 15 0.444 4.93 0.446 5.22
T cis-1,2-Dichloroethene (Z) 3.68 15 0.360 1.28 0.361 117
T Bromochloromethane, 3.83 15 0.234 1.82 0.234 1.84
T.CCC Chloroform 3.89 30 0.442 0.92 0.443 0.60
T 2,2-Dichloropropane 3.96 15 0.202 9.87 0.209 419
Sur Dibromofluoromethane 4.01 15 0.248 0.83 0.248 0.89
Sur 1,2-Dichloroethane-d, 4.47 15 0.298 1.76 0.299 1.79
T 1,2-Dichloroethane 455 15 0.359 1.57 0.359 1.66
T 1.1,1-Trichloroethane 4.64 15 0.388 7.99 0.398 1.43
T 1,1-Dichloropropene 4.86 15 0.336 12.44 0.351 3.16
T Carbon tetrachloride 5.01 15 0.309 13.88 0.322 7.66
T Benzene 5.08 15 1.063 7.10 1.077 6.52
ISTD Fluorobenzene 5.34 15 1.34 1.41
T Dibromomethane 5.68 15 0.198 1.86 0.198 2.01
T.CCC 1,2-Dichloropropane 5.75 30 0.266 1.58 0.268 0.77
T Trichloroethylene 5.81 15 0.288 6.79 0.295 2.14
T Bromodichloromethane 5.85 15 0.334 5.47 0.331 5.60
T 1,3-Dichloropropene (Z) 6.64 15 0.383 5.49 0.381 5.74
T 1.3-Dichloropropene (E) 7.18 15 0.322 8.76 0.318 8.93
T 1,1,2-Trichloroethane 7.32 15 0.236 1.57 0.237 1.67
Sur Toluene-ds 1.47 15 0.945 0.50 0.945 0.51
T.CCC  Toluene 7.55 30 1.098 1.47 1.126 2.07
T 1,3-Dichloropropane 7.62 15 0.428 1.28 0.428 1.20
T Dibromochloromethane 7.86 15 0.254 12.10 0.249 11.88
T 1,2-Dibromoethane 8.15 15 0.244 1.88 0.244 2.03
T Tetrachloroethylene 8.40 15 0.307 18.72 0.327 5.07
T 1.1,1,2-Tetrachloroethane 9.15 15 0.254 8.79 0.254 9.49
ISTD Chlorobenzene-ds 9.19 15 0.98 0.81
T.SPCC Chlorobenzene 9.22 0.3 15 0.981 5.00 0.997 2.14
T.CCC Ethylbenzene 9.51 30 1.559 11.66 1.623 1.90
T.SPCC Bromoform 9.72 0.1 15 0.246 14.57 0.242 15.08
T m- & p-Xylene 9.73 15 2.510 11.97 2.614 2.75
T Styrene 10.03 15 1.008 5.68 1.022 4.25
T.SPCC  1,1,2,2-Tetrachloroethane 10.08 0.3 15 0.395 341 0.394 3.46
T o0-Xylene 10.10 15 1.289 9.27 1.330 1.89
T 1,2,3-Trichloropropane 10.21 15 0.347 2.90 0.346 2.94
Sur BFB 10.44 15 0.381 0.93 0.382 0.82
T Isopropylbenzene 10.44 15 1.474 17.44 1.562 413
T Bromobenzene 10.58 15 0.643 5.20 0.653 3.12
T n-propylbenzene 10.82 15 1.840 17.38 1.950 3.60
T 2-Chlorotoluene 10.85 15 1.124 10.66 1.166 1.93
T 4-Chlorotoluene 10.92 15 1.184 10.23 1.224 3.75



Table 4. Compound List with Average Response Factors (RF) and the RF %RSDs for Two Calibration Ranges: 1-300 and 1-200 pg/L

(Continued)
Maximum
Minimum %RSD of Average RF Average RF
Retention average calibration RF %RSD RF %RSD
time response response 1-300 1-300 1-200 1-200

Type* Compound (min) factor™ factors™* ng/L ng/L ng/L ng/L
T 1,3,5-Trimethylbenzene 11.08 15 1.275 14.63 1.340 3.02
T Tertbutylbenzene 11.26 15 1.196 18.98 1.274 424
T 1,2,4-Trimethylbenzene 11.36 15 1.353 12.22 1.411 2.35
T sec-Butylbenzene 11.43 15 1.729 21.91 1.858 5.67
T 1,3-Dichlorobenzene 11.44 15 1.529 10.75 1.579 5.61
T 1,4-Dichlorobenzene 11.49 15 1.597 9.97 1.643 5.99
ISTD 1.4-Dichlorobenzene-d, 11.47 15 1.09 1.17
T p-lsopropyltoluene 11.58 15 2.587 19.00 2.757 3.52
T 1,2-Dichlorobenzene 11.73 15 1.485 6.33 1.516 2.74
T Butylbenzene 11.87 15 2.355 20.68 2522 4.81
T 1,2-Dibromo-3-chloropropane  12.06 15 0.186 13.90 0.180 11.56
T 1.2,4-Trichlorobenzene 12.95 15 1.211 12.42 1.250 8.76
T Naphthalene 13.10 15 2.879 5.54 2.852 5.32
T Hexachlorobutadiene 13.16 15 0.750 24.53 0.809 10.56
T 1,2,3-Trichlorobenzene 13.22 15 1.196 11.09 1.226 9.06

Average %RSD of targets 9.07 4.60

Average %RSD of all compounds 8.22 4.23

*Compound designations as follows: T (target); SPCC (system performance check compound); CCC (calibration check compound); Surr (surrogate); ISTD (internal standard).
Target compounds may also be designated as SPCCs or CCCs.

**The minimum average RF that must be met for the SPCCs.

***The maximum %RSD of the RFs. If any one or more of the CCC RF RSDs exceeds 30%, instrument maintenance is required. If the RF %RSD for any target
compound exceeds 15%, other curve fits must be substituted for the average RF.

Method 8260B Requirements

Below is a summary of the most significant
requirements of Method 8260B. If you are already
very familiar with this method, you may want to
skip this section.

ISTDs and surrogates: The ISTDs and surrogates
listed in Table 4 are the recommended compounds
for this method, although other compounds may be
used instead.

Tuning requirements: Prior to running samples,
the MSD must be adjusted so as to pass Method
8260B’s BFB tuning specifications [1]. However,
the method allows users to substitute CLP [4],
Method 524.2 [3] or manufacturers’ instructions
for the specified BFB ion ratios. Table 5 lists the
BFB tuning specifications for all three EPA meth-
ods. A scan range of 35-260 m/z is recommended.



Table 5. Criteria for BFB Tuning for Three Capillary GC/MS Volatiles Methods

Relative abundance criteria

Mass (m/2) Method 524.2 Method 8260B* CLP-SOW

50 15%—40% of 95 Same** 8%—40% of 95

75 30%-80% of 95 30%-60% of 95 30%-66 % of 95
95 Base Peak, 100% Same Same™**

96 5%-9% of 95 Same Same

173 <2% of 174 Same Same

174 >50% of 95 Same 50%-120% of 95
175 5%-9% of 174 Same 4%-9% of 174
176 >95% but <101% of 174 Same 93%-101% of 174
177 5%—9% of 176 Same Same

*Alternative tuning criteria may be used (for example, CLP or Method 524.2) including manufacturer's instructions provided that method performance is not adversely affected.

**"Same" implies that this requirement is the same as that shown for Method 524.2. Note, however, that alternative tuning criteria may be used for Method 8260B (see
previous footnote).

System Performance Check Compounds (SPCCs):
The SPCCs are used to check the performance of
the system after calibration and before analysis of
samples. These compounds are known to be sensi-
tive to active sites and instrument contamination.
They must meet a minimum RF that is specified in
Table 4.

Calibration Requirements: As a minimum, Method
8260B requires a five-point calibration curve. In
order to assume linearity of the calibration curve,
the RF RSD of all target compounds must be less
than or equal to 15%. Six analytes are designated
as Calibration Check Compounds (CCCs) (Table 4).
If the RF RSDs for any of these compounds exceeds
30%, it is indicative of instrument problems and
repairs must be made. Compounds that exceed
15% RSD for their RFs can use alternative curve
fitting methods as specified in EPA Method 8000B

(5]

GC/MS Calibration Verification for Each 12-hour
Shift: The P&T/GC/MSD performance must be
re-evaluated every 12 hours. The most significant
requirements are:

The BFB tune must be rechecked and pass the
original tuning requirements.

A sample near the midpoint of the calibration
curve must be analyzed using P&T sample
introduction, demonstrating that:

— Each SPCC meets its minimum RF.

— The percent difference (between current
and original response) must be less than
20% for each CCC.

— The retention time of each ISTD must not
drift by more than 30 s.

The ISTD areas must not change by more
than a factor of 2 from the original mid-point
calibration level (50% to 200%).

A method blank must be run to show that
there is no carryover or contamination of
the system.

Calibration Results

Many laboratories employing Method 8260B gener-
ate five-point calibration curves between 5 and
200 ug/L. Knowing that laboratories often try to
extend this range at both ends, an eight-point cali-
bration was run at 1, 2, 5, 20, 50, 100, 200, and
300 pg/L. The signals for all analytes at 1 ug/L were
sufficient to allow calibration at even lower levels.
However, the lowest calibration level run for this
work was 1 ug/L. Figure 2 shows a chromatogram
of the targets, surrogates, and ISTDs at 50 ug/L
each.
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Figure 2.

The average RF and %RSD of the RFs were calcu-
lated for each compound over the 1-300 pg/L and
1-200 pg/L ranges. As seen in Table 4, all five of
the SPCCs exceeded their minimum RF's by a
comfortable margin for both calibration ranges.

As mentioned above, the CCC RF RSDs must not
exceed 30%. Table 4 shows that all six CCCs were
significantly less than this for both calibration
ranges. In fact, the average %RSD of the CCCs was
only 4.90% for the 1-300 ug/L calibration and a
remarkably small 1.58% in the narrower 1-200 pg/L
range.

Only eight compounds exceeded the 15% RSD
requirement in the 1-300 pg/L calibration range.

Time

P&T/GC/MS analysis of a standard containing all of the compounds listed in Table 4, each at 50 pg/L in VOC-free water.

In all cases, the RF fell off significantly for the
300 pg/L standard, suggesting that the strong
target ion response overloaded the MSD at that
very high concentration.

In the 1-200 ug/L calibration range, the average
RF could be used for all targets except, perhaps,
bromoform which exceeded the 15% limit by 0.08%.
If one justifies only two significant figures, even
bromoform could use an average RF for calibra-
tions. The average of the %¥RSDs for all targets was
8.9% for the 1-300 ug/L calibration and only 4.5%
for the 1-200 ug/L range (Table 4). Figure 3 shows
a plot of the RF's for each target compound over
the 1-200 ug/L calibration range.
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Figure 3. Plot of the RFs from a seven-level calibration for all of the target compounds listed in Table 4.

Concentrations were at 1, 2, 5, 20, 50, 100, and 200 pg/L.

Figure 4 plots a distribution of the RF %RSD values
for the 59 calibrated peaks (m- and p-Xylene were
not resolved). It shows that most compounds have
RF's over the 1-200 ug/L calibration range with
less than six percent RSD. More than 91% of the
compounds have RSD values of 10% or less.
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Figure 4. Distribution of the RF RSDs for the 59 calibrated peaks (m- and p-xylene were not resolved).
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Response Stability

The longevity of any calibration depends upon
having a consistent response for all compounds,
even when running samples almost continuously
over the course of several days, weeks, or even
months. Some laboratories have observed a falloff
in response over time that can jeopardize the cali-
bration. Moreover, it has been observed that the
recoveries for certain compounds may be depen-
dent upon the presence or absence of other VOCs
in the sample. A complete discussion of this prob-
lem and some simple solutions for it may be found
in the “Optimization Techniques” section below.

In order to assess instrument stability over time, two
types of samples were prepared. “System Blanks”
contained only FBz, BFB, and 1,2-dichlorobenzene-
d, (DCB-dy) at 10 pg/L in water. The first
compound was used as the ISTD while the latter

two were chosen as surrogates. “Spiked” samples
were the same as the system blanks but with the
60 target VOCs added at 20 ug/L each. These sam-
ples were analyzed alternately, typically for

22 runs, but sometimes many more runs over
several days.

Figure 5 is a plot of the normalized recoveries for
FBz, BFB, and DCB-d,. It illustrates the two prob-
lems that can be observed when instrument para-
meters are not optimized. First, there is a gradual
drop in response for all three compounds as illus-
trated by the sloping arrows. Superimposed upon
this is a reduction in surrogate recovery in the
absence of added VOCs. Because system blanks
and spiked samples were alternated in the
sequence, there was a “zigzag” appearance to the
plot.

¢ FBz EBFB ADCB <100%

Blank 20 Blank 20 Blank 20 Blank 20 Blank 20 Blank

Figure 5.

Blank 20 Blank 20 Blank 20 Blank 20

Normalized recoveries for FBz, BFB, and 1,2-DCB-d,. System blanks (containing only FBz, BFB, and

DCB-d, at 10 pg/L each) were analyzed alternately with system blanks spiked with an additional
60 VOCs at 20 pg/L each. Arrows show a gradual loss of response over the course of the sequence.
The zigzag pattern arises because the recovery of BFB and DCB-d, is higher in the presence of other

VOCs.

"



The problems illustrated in Figure 5 can be
avoided rather easily by not overloading the MSD’s
electron multiplier (EM) and by ensuring that
there are no active sites in the sample flow path.
Figure 6 shows normalized recovery plots for BFB
and DCB-d, that are typical when the instrument
parameters are set correctly. Once again, system
blanks and spiked samples were alternated, but
this time there was no drop in response over time.
Surrogate recovery was independent of sample
spiking. Simple solutions for resolving these
problems are discussed below.
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Figure 6. Normalized recovery for BFB (6A) and DCB-d, (6B) using the Agilent 6890N /5973 inert GC/MS coupled to

the Velocity XPT P&T with optimized system parameters.
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Optimization Techniques

MSD Tuning: Application Note 5988-4373EN [6]
discusses three different ways to tune Agilent's
5973N MSD in order to meet BFB requirements.
With the recent introduction of the 5973 inert
MSD, these procedures still apply, though it is
helpful to turn off the variable entrance lens set-
ting when using the BFB autotune. The CLP State-
ment of Work specifications (Table 5) offers more
latitude than the 8260B tuning requirements. Most
importantly, ion 174 can be up to 120% of ion 95
(the reference ion). It is helpful to tune the MSD so
as to produce a 174/95 ion ratio that is in the
90%-120% range because this improves the signal
for bromoform (base peak = 173), which purges
with poor efficiency. For this work, the “modified
autotune” method was used and the 174/95 ratio
was about 105%. It has been our experience that
once the Agilent 5973 inert has been tuned to meet
BFB requirements, the tune is stable for many
weeks. It is impossible to say how long, because
once tuned, it never failed to pass the BFB
requirements.

MSD Parameter Optimization: When ISTD or surro-
gate responses fall off with repeated injections,
overloading the Agilent 5973 MSD’s high energy
dynode (HED) EM may be the cause. The 5973 was
designed to be significantly more sensitive than its
predecessors and incorporates an HED in the EM.
This reduces the noise and increases the signal,
especially for ions of higher mass. However, this
highly sensitive detector can be overloaded by con-
tinuous ion bombardment or by operating it at too
high a voltage. The symptom is an unusually large
loss of response over time.

Many GC/MS users erroneously believe that they
can increase the sensitivity of their MSD by
increasing the EM voltage. This can be done by
raising the target value during tuning or by adding
voltage to the tune value in the “MS SIM/Scan
Parameters” window. However, in the electron
impact mode, the noise increases at approximately
the same rate as the signal. So, the true sensitivity
(signal/noise) does not increase. The main conse-
quence is to reduce the EM’s lifetime. This can
show up as a reduced response over time that
might even be noticeable after several runs. (Note
that these statements about signal/noise ratios do
not necessarily apply to chemical ionization
techniques.)

The solution to this “problem” is relatively simple.
The easiest way is to reduce the EM voltage, which
reduces the signal and noise, but not the
signal/noise ratio. It may also be necessary to
reduce the threshold value in the “Edit Scan Para-
meters” window in order to see the smaller ions.
The default EM voltage values from an Autotune or
BFB tune are usually correct, but these can be
decreased somewhat if the above-mentioned
symptoms occur.

It is easier to overload the EM in the selected ion
monitoring (SIM) mode, because only a few ion
fragments are monitored. During peak elution in
the scan mode, there are “blank” spaces in all spec-
tra where the signal is small or zero. With SIM, the
signal is almost continuous and the ions monitored
are usually the most abundant ones. Here again,
the solution is relatively simple. One can reduce
the EM voltage, decrease the SIM dwell time,
and/or reduce the peak width by choosing the
“High Resolution” option. The latter two values are
set in the “Edit SIM Parameters” window. In any
case, it is important to remember that both signal
and noise are roughly proportional to the EM volt-
age and nothing is sacrificed by making small
reductions in its value. Just remember to lower the
threshold value or set it to 0 at the same time.

Reducing System Activity: When surrogate recover-
ies are higher in the presence of other analytes, as
illustrated in Figure 5, active sites in the sample
flow path are a likely cause. Surrogates can adsorb
on these active sites, reducing their recovery. Sur-
rogate recoveries improve when other analytes are
present that compete for the active sites. To pre-
vent such problems, one must use a highly inert
P&T/GC/MS system and maintain its cleanliness
by avoiding contamination from foaming samples.
The Agilent 6890N/5973 inert GC/MS coupled to
the Velocity XPT P&T showed no signs of sample
adsorption. As seen in Figure 6, surrogate recover-
ies were highly stable with this system. If target or
surrogate recoveries vary depending upon the
presence of other analytes, it may be helpful to
increase the temperature of the MSD source or
upgrade an older 5973A or N with the new “Inert”
source.
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The P&T Method and Water Management: The VOC
Teklink software used to control the new Teledyne
Tekmar Velocity XPT concentrator and Aquatek 70
autosampler offers a “wizard” tool to help the user
choose parameters for the method. Only minor
modifications were made to the wizard-generated
method. ISTDs were added manually to each
sample so the “Fill I.S. Time” was set to 0.00 min.
The bake time was increased to 3 minutes and the
number of bake rinses was increased to three. The
wizard chose all other parameters after the user
provided information about the system
configuration.

One of the primary concerns of P&T/GC/MS meth-
ods is the management of water that is inevitably
purged along with the analytes. Since calibration,
surrogate, and ISTD solutions are prepared in
methanol, some of this solvent is also purged and
retained by the trap. By starting the scan at 40 y,
methanol and water ions were not detected by the
MSD. Nevertheless, transferring large amounts of
water or methanol from the P&T to the GC/MS can
result in poor reproducibility for those compounds
that co-elute with them. Using the Velocity XPT
with the Agilent 6890N/5973 inert system there
were no problems that could be attributed to
water. Because the P&T was configured with a
Vocarb 3000 trap, the DryFlow trap was not
required. Various dry purge times and flow rates
were tried, but the only affect this had was to dis-
tort the peak shape of one or more early eluting
peaks. Therefore, the dry purge option was not
used. It is likely that some problems attributed to
an excess of water actually result from overloading
the MSD EM.

Standard preparation: The careful preparation of
standards for calibration cannot be overempha-
sized. As with most laboratories, the initial dilu-
tions were purchased as 2000 pug/mlL/component
concentrates, which were stored without problem
in a refrigerator. Experience in this laboratory
showed that best results were obtained when
observing the following guidelines:

* Prepare secondary dilutions used for sample
spiking from freshly opened standards.

14

* Transfer secondary dilutions to appropriately
sized glass containers so that there is little or
no headspace in the vial. Store small quantities
in microvials.

e Mininert vial closures were tried for sample
storage but were prone to leakage and their use
was discontinued. In addition, they were not
available for microvials.

* It works well to prepare calibration standards
by spiking methanolic solutions into pure water
through the septum of the VOA vial. It works
equally well to prepare standards in 50- or
100-mL volumetric flasks and pour the aqueous
solutions into VOA vials.

e If several VOA vials of the same solution are
being prepared at one time, do not prepare the
solution in a single large volumetric flask.
There will be some VOC loss by pouring repeat-
edly from the flask. Instead, spike vials individ-
ually or use the apparatus described in Figure 1
for sample transfer.

* When preparing calibration standards, transfer
the same amount of methanolic solution to
each VOC sample. This requires preparing sec-
ondary dilutions in methanol for each calibra-
tion level instead of spiking different amounts
of a single standard.

Leaks: Leaks anywhere in the system can result in
poor precision, loss of sample, and calibration fail-
ure. Leaks in the carrier gas flow path can easily
be detected by the MSD as a high background of
oxygen and nitrogen. To correct leaks, tighten or
replace the offending fittings after finding the
leaks using established techniques. A more difficult
problem to detect results from leaks in the fittings
that connect the purge vessel to the P&T instru-
ment. Even the smallest leaks during the purge
cycle can result in the loss of VOCs and cause poor
precision. Leaks that a helium leak detector might
miss, can still cause VOC loss. If all the RFs for a
given calibration level seem to be low by a similar
amount, or if the RF RSDs are all very similar (but
too large), then P&T leaks are the likely cause.
Tighten or replace the fittings associated with the
purge vessel.



Conclusions

EPA Method 8260B with P&T sample introduction
is one of the most widely used water analysis
methods. There are numerous P&T, GC, and MS
variables to optimize in order to obtain long-lasting
linear calibration curves and good analytical
results. This application note summarizes much of
Agilent’s experience in optimizing all facets of this
VOC method. Most analysts know how to prepare
calibration and check samples, tune the MSD, and
set instrument parameters; and they find this
method to be very rugged with infrequent need for
retuning and recalibration. The suggestions in this
paper are designed to help in case problems do
arise or when an analyst runs this method for the
first time. Though the focus was on Method 8260B,
these techniques apply to almost any P&T/GC/MS
method.

References

1. “Volatile Organic Compounds by Gas
Chromatography/Mass Spectrometry (GC/MS),”
U.S. Environmental Protection Agency, Office of
Solid Waste, SW-846 Method 8260B, revision 2,
December 1996
(http://www.epa.gov/epaoswer/hazwaste/test/
pdfs/8260b.pdf).

2. “Purge-and-Trap for Aqueous Samples,” U.S.
Environmental Protection Agency, Office of
Solid Waste, SW-846 Method 5030C, revision 3,
May 2003
(http://www.epa.gov/SW-846/pdfs/5030c.pdf)

3. “Methods for the Determination of Organic
Compounds in Drinking Water-Supplement II1
(EPA/600/R-95-131),” Method 524.2, revision
4.1, U.S. Environmental Protection Agency,
Office of Research and Development, National
Exposure Research Laboratory, Cincinnati, OH
(1995).

4. “USEPA Contract Laboratory Program State-
ment of Work for Organics Analysis, Multi-
Media, Multi-Concentration, OLM04.2,” USEPA
Contract Laboratory Program, Office of Emer-
gency and Remedial Response
(http://www.epa.gov/superfund/programs/clp/
olm4.htm).

”

5. “Determinative Chromatographic Separations,
U.S. Environmental Protection Agency, Office of
Solid Waste, SW-846 Method 8000B, revision 2,
December 1996
(http://www.epa.gov/epaoswer/hazwaste/test/
pdfs/8000b.pdf)

6. Philip L. Wylie, “BFB Tuning for Environmental
Analysis: Three Ways to Succeed,” Agilent
Technologies publication 5988-4373EN
(http://www.chem.agilent.com/temp/rad48994/
00031636.pdf)

For More Information

For more information on our products and services,
visit our Web site at www.agilent.com/chem.

15



www.agilent.com/chem

Agilent shall not be liable for errors contained herein or for incidental or consequential
damages in connection with the furnishing, performance, or use of this material.

Information, descriptions, and specifications in this publication are subject to change
without notice.

© Agilent Technologies, Inc. 2004
Printed in the USA

February 25, 2004
5989-0603EN

Agilent Technologies



Speciation of Volatile Selenium Species in
Plants Using GC/ICP-MS

. ° .  Application
° o °
o o
0%
e 0 @ . . ® o o
0,0
o ‘ o
® () ® Environmental
[ ] . [ ]
Author

Juris Meija, Maria Montes-Bayon, and Joseph A. Caruso
University of Cincinnati,

Department of Chemistry

Cincinnati, OH 45221-0172

USA

Danika L. LeDuc and Norman Terry
University of California Berkeley
Department of Plant and Microbial Biology
Berkeley, CA 94720-3102

USA

Abstract

Gas chromatography/inductively coupled plasma mass
spectrometry coupled with solid phase micro-extraction
can provide a simple, extremely selective and sensitive
technique for the analysis of volatile sulfur and selenium
compounds in the headspace of growing plants. In this
work, the technique was used to evaluate the volatiliza-
tion of selenium in wild-type and genetically-modified
Brassica juncea seedlings. By converting toxic inorganic
selenium in the soil to less toxic, volatile organic sele-
nium, B. juncea might be useful in bioremediation of
selenium contaminated soil [1].

Several instrumental methods can be used for the
detection and determination of volatile selenium
(Se) and sulfur (S) compounds. These rely
primarily on gas chromatography (GC) for
separation and different detection techniques,
including atomic emission detection (AED), mass
spectrometric detection (MS), and flame photomet-
ric detection (FPD). The present work addresses
the use of gas chromatography/inductively coupled
plasma mass spectrometry (GC/ICP-MS) in con-

junction with an attractive sample introduction
method for volatile species, solid-phase micro-
extraction (SPME). Sampling and preconcentration
can be combined into a single step using the SPME
technique, which allows simultaneous adsorption
and up to 1000-fold preconcentration of low molec-
ular weight analytes. To achieve the elemental spe-
ciation, an element specific detection with high
sensitivity and selectivity is necessary. The ICP-MS
meets these requirements.

GC combined with selective SPME minimizes the
possibility of co-eluting matrix-based interferences,
eliminating the need for conventional sample
preparation steps. Therefore, headspace SPME
with GC separation and ICP-MS is the hyphenated
system of choice for volatile Se and S volatiles
from plants. This system allows performing specia-
tion analysis without significant changes in ana-
lyte composition. This will be useful for the
extraction and further characterization of volatile
Se and S species formed in several plants (for
example, garlic, onion, etc.). In this application
note, the applicability of the developed approach is
demonstrated with Indian mustard, Brassica
Juncea, seedlings.

Phytoremediation and Phytovolatilization

Phytoremediation is defined as the use of living
plants to remediate contaminated soil or ground-
water through removal, degradation, or contain-
ment of the pollutants. It is an in situ technique
that is gaining public acceptance.

It is known that Se is mainly volatilized as dimethyl
selenide, which is 500-700 times less toxic than its
inorganic forms. This is beneficial in comparison
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to the biovolatilization of volatile organic
compounds (VOCs), which are released to the
atmosphere without any changes. Volatilization
studies of Se from plant tissues may provide a
mechanism of Se detoxification.

Experimental Conditions

This study was carried out with two different
Brassica juncea lines: a transgenic line transformed
with tDNA including the Se-cysteine methyl trans-
ferase (SMT) gene and wild-type plants. Homozygous
SMT and wild-type seeds were sterilized by rinsing
them on a rocking platform in 96% ethanol for

30 seconds, then in 0.65% sodium chlorate(i)
(NaOCl) solution for 30 minutes, and finally in
sterile deionized water for 5-10 minutes.

Sterilized seeds were sown in a grid pattern in
each magenta box on half-strength MS-medium
(Sigma) with 10 g/L sucrose and 5 g/L phytagar
(Sigma). After 2 days at 4 °C, the seeds were gently
placed in 20 mL vials (approximately 5 cm high
and 2 cm diameter) with half-strength hydroponic
solution and left to stand for 1 day.

The next day, Se-containing solutions were added
as NaySeOs;, Na,SeQ,, Se-methionine, and KSeCN to
a final concentration of 200 umol Se/L, and a
rubber septum was placed on the top and capped
to seal (see Figure 1). Control plants received the
same treatment, but without the Se-spike. The vials
were placed under constant light in a controlled
environment room maintained at 25 °C for 1 week.

Figure 1.

Photograph of the plant in the glass vial.

Afterwards, the SPME fiber was exposed for

10 minutes to the vial headspace (HS), then imme-
diately inserted into the GC injection port and left
to stand for 3 minutes to thermally desorb the ana-
lytes. To ensure that there was no memory effect
from previous extractions or condensation of
larger analytes inside the pores of the Carboxen
phase [2], the SPME fiber was conditioned between
runs for approximately 5 minutes in a hot injector
port.

Results and Discussion

Separation and Identification of the Se Compounds and
Stability of the Different Species

GC conditions for GC/ICP-MS were optimized by
direct injection of a daily-prepared solution of the
standards (DMeSe, DMeDSe, and DEtDSe) in
methanol and pentane. The final optimum separa-
tion conditions are summarized in Table 1. Fresh
standard solutions must be used since several-day-
old solutions stored in the refrigerator showed the
presence of a few unknown species. Figure 2 shows
the GC/ICP-MS chromatogram obtained from a
1-week-old solution containing 100 ppb each (as
individual compounds) of DMeS, DMeDS, and
DEtDS, and the corresponding Se analogs (DMeSe,
DMeDSe, and DEtDSe). Samples were introduced
using the HP-SPME technique. However, seven dif-
ferent species can be observed (in the Se trace),
one of them with the intensity comparable to the
standards. The compound eluting at about

8.5 minutes, peak 8, corresponds to the ethylmethyl
diselenide (EtMeDSe), formed from the cross-
interaction of DMeDSe and DEtDSe. This was
observed in aqueous and pentane or methanol
solutions. Further characterization of the unknown
compounds was performed using GC/MS.

Table 1. Operating Conditions for GC/ICP-MS$S
GC
Model Agilent 6890A
Column Capillary column DB-5
(5% dimethylpolisiloxane)
Split ratio 51
Column size 30 m x 0.320 mm x 0.25 pm
Inlet liner SPME injection sleeve, 0.75 mm id
Carrier gas He, 2.4 mL/min
Injection port temperature 200°C

Column temperature

ICP-MS
Model

Optional gas

RF power

Ar plasma gas flow rate
Ar carrier gas flow rate
Ar auxiliary gas flow rate
Isotope monitored

Interface

35 °C, 4 min isothermal; then
15 °C/min to 125 °C;
then 5 min isothermal

Agilent 7500s

5% Nyor 0,

1100 W

15 L/min

0.50 L/min

1.00 L/min

Se, ®Se and 3§, S

Uncoated, deactivated, approx.
1m, 0.320 mmi id, in stainless-steel
tube surrounded by Ar/N, gas
flow. Heating via two auxiliary
ports at 200 °C.



The mass spectra of Et-Se-S-Et can be easily misin-
terpreted as that of diethyl selenone, Et-Se(O,)-Et
(as observed in the literature with Me-Se-S-Me and
dimethyl selenone). However, simultaneous capa-
bilities of ICP-MS to selectively monitor S and Se
signals allow the confirmation of the compound
(see Figure 2 where both elements, S and Se, can
be observed). Other cross-products have been also
observed when S and Se volatile species are mixed
together for a certain period of time, namely
Me-S-Se-Me, Et-S-S-Me, Et-S-Se-Me, and
Me-S-Se-Et. The last two compounds cannot be
resolved chromatographically on either DB-1 or
DB-5 capillary columns.
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Figure 2. GC/ICP-MS chromatogram of mixed volatiles

containing selenium and sulfur.

Analytical Figures of Merit

Detection limits (DLs), precision for five
manual injections, and linearity up to 0.5 ppm
were evaluated for DMeS, DMeDS, DEtDS and
the corresponding Se analogs; these parameters
were evaluated using both direct injection and
HS-SPME sampling. DLs were calculated using
the following formula.

. 3s
DL = hm{d)-b \/n}
(2 AZ

&;~DL

Here, ¢; is volume fraction of analyte (ppt, ppb),

Sy is the average standard deviation of background
near the peak of analyte (~200 data points), A; is
the peak area of analyte corrected for the back-
ground signal, and n is the number of data points
in the analyte peak (usually n = 20-100). Observe
the results in Table 2 that were obtained for
optimal conditions of RF power and carrier gas
flow using 5% N, as optional gas. This table also
illustrates retention time (RT), peak width at
half-height, and precision of the isotope ratio
(78/77 for Se and 34/33 for S). As seen in the table,
because of the preconcentration on the SPME
fiber, the increase in detection capability for all
the species when using SPME as sample introduc-
tion is dramatic (about three orders of magnitude).
This shows high promise for detection of volatile
Se species at sub-picogram and S species at
picogram levels, a significant improvement over lit-
erature values for S [3]. The precision in both
cases (five manual injections and fiber exposure to
five different vials) is adequate for this approach
(see Table 2). The responses indicate linearity of up
to 4000 ppb in the case of SPME. Note that due to
the traces of #Kr present in the Nj, 82Se could not
be monitored, and the results expressed in the
table correspond to the ""Se isotope (although "Se
was always simultaneously monitored to be sure of
the presence of Se).



Table 2. Analytical Performance Characteristics for Test Compounds by SPME/GC/ICP-MS

Peak width Method Precision of

at half precision™* the isotope
Compound DL RT, min height, s (RSD) ratio™*
DMeS 300 ppt 1.94 +0.02 1.8 % 2.1%
DMeDS 80 ppt 456 +0.02 2.3 12% 1.7%
DEtDS 25 ppt 7.78 £ 0.02 1.7 10% 2.2%
DMeSe 7 ppt (65 ppb)* 2.21+0.01 24 % 1.1%
DMeDSe 1 ppt (7 ppb)* 7.13+0.01 20 8% 2.3%
DEtDSe 1 ppt (7 ppb)* 9.58 + 0.01 1.6 13% 2.2%

*DL for direct injection (1 pL solutions in pentane)
**Evaluated at the level of 100DL (n = 4)
***34/33 for S and 78/77 for Se

Detection of Volatile Species in Brassica
juncea

Brassica juncea plants were grown hydroponically
in nutrient solutions inside a glass vial with a
rubber septum cover through which the SPME
needle was pierced. Two main Se compounds are
present from Brassica juncea: DMeSe and
DMeDSe. Due to the ultratrace DLs available with
this instrumentation (GC/ICP-MS), it was possible
to observe minor additional Se containing species
that were not identifiable at that level by GC/MS.
Enrichment of samples with different Se sources:
NaySeOs;, NaySeQ,, Se-Methionine, and KSeCN did
not provide any significant difference in terms of
the species released by the plants (mainly DMSe
and DMDSe), but important differences were
observed in the concentration of these species.
Previous studies in this field have shown that wild
type Indian mustard treated with selenate accumu-
late Se mainly as inorganic forms in root and shoot
tissues, whereas selenite and Se-methionine
treated plants accumulate Se in the form of
Se-methyl selenocysteine. The Se-methionine is
volatilized much more readily than selenate or
selenite to form mainly DMSe through an interme-
diate selenonium compound (Se-methyl-selenome-
thionine). On the other hand, DMDSe could be
produced through Se-methyl-selenocysteine, but to

a much lesser extent than DMSe in Brassica tis-
sues. Very little literature exists describing the
presence of this species. This could be ascribed to
the lack of highly sensitive/selective techniques for
the determination of this species at very low levels.

According to the results previously published, the
production of DMeSe is dramatically increased
when the Se source is Se-methionine, described
above.

The enrichment with KSeCN did not produce any
significantly different species to those obtained
with any of the other Se enrichments (mainly
DMeSe and minimum amount of DMeDSe). Further
identification studies by GC/MS indicated that the
main volatile species present in the Brassica
Juncea headspace are allyl isothiocyanate and
3-butenyl isothiocyanate. The ratio of these two
isothiocyanates is found to be 2:1, and the ratio is
not affected by the different Se treatment proce-
dures. Allyl isothiocyanate is the volatile S com-
pound released during the decomposition of leaf
tissues of Brassica juncea. These isothiocyanates
have been observed on each one of the plants ana-
lyzed, and their levels have proved to be constant
despite the treatment or modification used. There-
fore, these species could be used as an in vivo
internal standard for normalization of the

Se signal for day-to-day variations.



When the plants are left unrefrigerated and nat-
ural decomposition starts to occur, the production
of HsS and DMeS seems to increase. Figure 3
shows the comparison of the Se and S traces in the
fresh plant and in the old one.
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Figure 3. S- and Se-containing volatile species in wild-type
Brassica juncea treated with SeCN . Fresh and
decomposing plants are compared.

Conclusions

The coupled technique of HS-SPME/GC-ICP-MS
has proven suitable for the speciation of volatile
Se species in plants. The ultratrace DLs achieved
permits the speciation of these compounds at very
low levels in biological samples, such as plants,
and requires minimal sample treatment.

Use of auxiliary gases, such as oxygen and nitro-
gen, increases the sensitivity of GC/ICP-MS for Se.
Maximum sensitivity for volatile Se species can be
achieved by mixing 5% nitrogen with the argon car-
rier gas. Although the use of oxygen or nitrogen
leads to spectral interferences, the “Se minor iso-
tope is not affected and, therefore, can be used for
quantification. Monitoring xenon, which is a
common impurity in the argon plasma gas, may be
used for ICP-MS optimization studies, as the
behavior of *'Xe in the plasma is similar to that of
“Se.

The use of GC/MS in combination with SPME
allows the identification of several unknown
species found as decomposition products in the
standards and also as volatilization products from
the Brassica seedlings.
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Abstract

Gas chromatography with purge and
trap analysis using their HP-1 capil-
lary column and the Agilent 5890
Series II gas chromatograph/flame
ionization detector was done to
determine gasoline components in
contaminated water and soil in
accordance with modified EPA
Methods 8015/8020. Purge and trap
and gas chromatograph parame-
ters were optimized for accurate
quantitation of gasoline range
organics (aliphatics, aromatics,
and oxygenates) and to increase
analysis speed.
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Introduction

Modified EPA Methods 8015/8020
are used to determine gasoline
and gasoline components in water
and soil by capillary gas chromatog-
raphy (GC) with a flame ionization

Optimized Analysis of Gasoline
(BTEX) in Water and Soil Using
GC/FID with Purge and Trap

Application Note
228-324

detector (FID) or photo-

ionization detector (PID). The hydro-
carbons in gasoline encompass a
wide range, from butane to decane
and benzene to naphthalene, and
cover a boiling point range of 50°C to
281°C. For such complex mixtures,
an efficient purge and trap (P and T)
system is required to concentrate
samples for high-resolution gas chro-
matography. Detection is achieved
using an FID, and quantitation is
based on FID response to a gasoline
standard. Other light petroleum prod-
ucts that can be determined in the
same manner include paint stripper,
Stoddard solvent, mineral spirits,
petroleum naphtha, and aviation jet
fuels using the pattern recognition
technique.

The analysis of gasoline components,
e.g., gasoline range organics (GROs),
and benzene, toluene, ethylbenzene,
and xylenes (BTEX) in particular is
of great importance because BTEX is
frequently used as a marker in the
identification of gasoline-type prod-
ucts. Subsequently, the analysis of
BTEX is often used to determine the
composition and the origin of such
products including weathered fuels
leaking from underground storage
tanks (LUST), spills in pipe lines, and
run-off from surface transportation.

For the analysis of gasoline with
BTEX, the sample is introduced into
a sparge tube on the P and T auto-
sampler or purge vessel or the

P and T unit. The Pand T
concentrates the volatiles in the

sample and transfers them onto the
capillary column.

Parameters affecting the efficiency of
P and T sample concentration include
time and temperature for sample
purge, dry purge, desorption of
trapped volatile organics and trap
baking. Most P and T system manu-
facturers recommend 11 minutes of
purge or a total of 440 ml purge gas
through the sample. Many laborato-
ries use the manufacturer’s set purge
flow of 40 ml/min which corresponds
to 11 minutes of purge time, to
achieve a minimum of 440 ml purge
gas through the sample. In this study
a Vocarb-3000 trap was used because
it can provide higher trapping effi-
ciency and allow for higher desorp-
tion and baking temperature.

A typical analysis can usually be com-
pleted in 35 to 40 minutes. In this
application both P and T parameters
and GC conditions were optimized
for accurate quantitation and analysis
speed.

Experimental

Samples were concentrated using an
Agilent 7695A P and T system with a
Vocarb-3000 trap (part no. 5182-0775)
and a 5-ml frit sparger (part no. 5182-
0852). Using an HP-1 column (30 m x
0.53 mm x 5.0 pm, (part no. 19095Z-
623), hydrocarbons were analyzed on
an Agilent 5890 Series II GC with
EPC and FID. Instrument require-
ments and optimal GC and P and T
conditions are listed in Table 1.
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Working solutions were prepared
from diluting commercial gasoline,
LUST-modified GROs (part no. 5182-
0860), and internal standard and sur-
rogate (part no. 8500-6007) with GC-
grade methanol (Burdick and
Jackson). Concentrations of GROs,
gasoline, and jet fuel standards are
listed in Table 2.

Samples were prepared from spiking
5 ml of organic-free reagent water
using a 5-ml sample syringe with a
luer connector (part no. 9301-1185)
with standard solutions using

5-nl to 100-pnl fixed needle syringes
(HP part nos. 9301-0810, 9301-0818,
9301-0059, 9301-0063, respectively).

Results and Discussion

To obtain accurate and reproducible
results, complete sample purging,
managing water adequately from the
P and T system, and preventing carry-
over from the trap are essential.
Many environmental laboratories ana-
lyze gasoline with BTEX using long
sample purge (11 to 15 minutes), dry
purge (2 to 4 minutes), trap desorb (2
to 4 minutes), and trap bake (10 to 20
minutes) times. Therefore, a typical
run usually takes 40 to 48 minutes
including 3 to 5 minutes for trap
cool-down.

Figure 1 shows a GC/FID analysis of
a gasoline standard and a GC/PID
chromatogram of a GROs standard
using an OI 4460A P and T system
with a BTX trap and DB-1 column
(30 m x 0.53 mm x 5 pm). GC and

P and T conditions are listed in
Table 3. Although the GC runs were
completed in 27 minutes, the actual
cycle time for each run was 37 to 40
minutes.

Table 1. Instrument Requirements and Optimized Conditions

A. Recommended Instrumentation

Gas chromatograph: 5890 Series Il

Injection port: Split/splitless inlet

Column: HP-1, 30 m x 0.53 mm x 5.0 pm (Part no. 19095Z-623)
Detector: FID

Injection technique: 7695A P and T

Data system: 3365 ChemStation and HP Vectra 486/100MX

B. Experimental Conditions

GC Parameters

Inlet: 220°C, split injection (split ratio 5:1)

Carrier: Helium, 10 ml/min, constant flow (6.5 psi at 40°C)

Oven parameters: 40°C (3 min) at 7°C/min to 125°C to 250°C (3 min) at 35°C/min
Detector: FID, 300°C; nitrogen makeup gas, 25 ml/min; Hp, 30 ml/min; and air,

350 ml/min PID, 250°C
P and T Parameters

Line temperature: 200°C Purge time: 11 min
Valve temperature: 200°C Dry purge time: 1 min
Mount temperature: 40°C Desorb time: 2 min
MCS line temperature: 100°C Bake time: 5 min
Purge ready temperature: 30°C BGB time: 2 min
MCS desorb temperature 40°C
Desorb preheat temperature:  245°C
Desorb temperature: 250°C
Bake temperature: 265°C
MCS bake temperature: 300°C
Gasoline, 1,000 ppb
(FID)
3 5
1
6
2SS 4
U
2 3 4

BTEX, 100 ppb
(PID)

0

1
K Ll
UL L
2 4 6 8 10 12 14 16 18 20 22 24 min

Figure 1. Typical chromatograms of gasoline and GROs standards using a DB-1
column under the GC and P and T conditions (Table 3) used in environmental testing
laboratories (see Table 2 for peak identification).



Optimized GC Run Time

With the HP-1 column (30 m x 0.53
mm id x 5 pm) and a faster oven
temperature, the GC run time was
initially reduced to 21 minutes for
GROs and gasoline (see Figure 2).
Good baseline separations and sharp
symmetric peaks (Figure 2B) were
obtained for all GROs, including
surrogate (o.,0,0-trifluorotoluene)
and internal (4-bromofluorobenzene)
standard. The oven temperature pro-
gram used was 40°C (3 min) at
7°C/min to 125°C to 250°C (3 min) at
35°C/min and a constant carrier flow
of 10 ml/min. Under these conditions
(Table 1), both pentane and MtBE
were clearly separated from the large
solvent peak (menthanol).

Even though the last GROs compo-
nent (naphthalene) eluted below
200°C at 17.8 minutes, the oven tem-
perature was increased to 250°C to
bake out the high-boiling material
purged from the sample. As a result,
no carryovers were found even with
repeated injections of gasoline
standard in the 23,000-ppb level.

GC run times were further lowered
by using a thinner-film HP-1 column
and/or faster oven temperature pro-
grams. Table 4 shows the benefits of
using various column thicknesses,
temperature ramps, and carrier flows
to achieve the optimal GC run time of
17 minutes. Analytes generally elute
faster from a thin-film column
(Figure 4). In Figure 3, the thick-
film column retained hydrocarbons
longer initially until the faster oven
temperature ramp (15°C/min) sped
up the elution of all GROs compo-
nents from the column. To avoid
potential coelution (peaks 4 and 5), a
comparative smaller carrier flow (4.5
ml/min) was used instead of the opti-
mal 10 ml/min carrier flow. Reducing
the GC run time, however, would be
counterproductive because the total
run time is dependent on the P and T
cycle.

Table 2. Analytes in Working Standards

Standards Peak No. Components Concentration

GROS mix MtBE

Benzene

Toluene

Ethylbenzene

m-/p-Xylene

0-Xylene
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
Naphthalene

o, 0,0 Trifluorotoluene (SS)
4-Bromofluorobenzene (IS)
Gasoline

Gasoline

Aviation jet fuel

100 ppm each

—_ O W0 O O s WN —

—_

Gasoline standard
Gasoline
Jet fuel

500 ppm
2,500 ppm
1,000 ppm

A. Gasoline, 1,000 ppb

0 5 10 15 20 min

0 5 10 15 20 min

Figure 2. Chromatograms for gasoline and GROs standards using an HP-1 column
under the optimal GC and P and T conditions listed in Table 1. (See Table 2 for peak
identification.)

L. —
0 5 10 15

2'0 min
Figure 3. Chromatogram of GROs standards using a thick-film HP-1 (30 m x 0.53 mm x
5 pm) column. (See Table 2 for peak identification and Table 4 for GC conditions.)



Table 3. Typical GC and P and T Conditions for Gasoline and BTEX Analysis

GC Parameters

Injection: Direct injection
Carrier flow:

Oven temperature:

Detector:

P and T Parameters

Trap: BTX trap
Purge temperature: Ambient
Dry purge temperature 22°C
Desorb preheat temperature 150°C
Desorb temperature 180°C
Bake temperature: 200°C

Initially 10 ml/min, constant pressure mode
50°C (hold 3 min) to 125°C at 5°C/min to 240°C (5 min) at 45°C/min
PID (250°C) in series with FID (300°C)

Purge time: 11 min
Dry purge time: 2 min
Desorb time: 4 min
Bake time: 15 min

Figure 4. Chromatogram of GROs standards using a thin-film HP-1 (30 m x 0.53 mm x 3
pm) column. (See Table 2 for peak identification and Table 4 for GC conditions.)

0 5

Optimized P and T Cycle Time

Further optimization of the run was
dependent on obtaining the most effi-
cient parameters for the P and T
cycle. Each aspect of the cycle was
optimized as follows.

Sample Purge

Experimentation showed 11 minutes
of purge time, or 440 ml of helium
purge gas, to be the most efficient
time for analyses of gasoline and
GROs because shorter purge times
(8 minutes or 320 ml of purge gas)
were not sufficient to purge all GROs
from the sample solution. Figure 5
shows a comparative analysis of the
same GROs standard shown in
Figure 2B using 8 minutes of purge
time instead of 11 minutes of purge
time. The conditions for both analy-
ses were the same and are shown in
Table 1. By comparison, hydrocar-
bon recoveries (including aromatics)
for the GC runs with 8 minutes of

10 15 20 min

sample purge were not as good par-
ticularly for the high-boiling frac-
tions, such as trimethylbenzenes and
naphthalene (compare peaks 7, 8,
and 9 in Figure 5 and Figure 2B).
The naphthalene peak in Figure 5

(8 minutes of purge) was remarkably

small, and area counts were lower
than 1% of that recovered in Figure
2B. Based on this finding, 11 minutes
is the optimal sample purge time for
the determination of gasoline with
BTEX.

Dry Purge

During sample purge, a larger
amount of water is purged along with
the volatile organics and is collected
on the trap sorbent. Sorbent material
in the Vocarb-3000 trap is designed to
minimize water trapping and reduce
the release of excessive water onto
the GC column during the thermal
desorption process. A 1-minute dry
purge of the Vocarb trap was selected
because the early-eluting peaks (such
as pentane, MtBE, and benzene in
Figure 2) were not skewed by water
released from the trap onto the
column.

Desorption

According to Kleel, a fast and repro-
ducible desorption temperature is the
key to good chromatography using
the P and T concentration technique.
The higher the desorption tempera-
ture and desorption rate, the faster
the volatile analytes can be moved to
the GC column, and the narrower the
peak widths of the early-eluting ana-
lytes. Therefore, a short desorption
time is preferred. In addition,

Figure 5. Chromatogram of GROs standard using an 8-minute sample purge. (See Table
2 for peak identification and Table 1 for GC and P and T conditions.)
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Doherty? reported that peak heights
and peak areas of volatile organics,
including those in the GROs mix,
were virtually unchanged when the
desorb time changed from 4 minutes
to 1 minute. Several manufacturers
of P and T systems also recommend
a l-minute desorb time for the rou-
tine analysis of volatile organics.
However, experimentation (Figure
2) using a 2-minute desorb time at
250°C accommodated sharp initial
peaks as well as good separation.
This study applied a 2-minute des-
orption time at 250°C to all analyses.

Trap Baking

Three different bake times were eval-
uated for the Vocarb-3000 trap (used
a bake temperature of 265°C, recom-
mended for the Vocarb-3000 trap):
10, 8, and 5 minutes. At each bake
time, the gasoline sample (1000-ppb
concentration) was run using an 11-
minute purge time followed by a run
of reagent water with no sample
purge. Chromatograms of these two
runs were evaluated for carryover. In
all three cases (bake times of 5, 8,
and 10 minutes), no carryover was
observed for any gasoline compo-
nent. Therefore, a 5-minute bake
time at 265°C was selected as an
optimal bake time for the analysis of
gasoline and GROs aromatics.

For samples containing 46,000 ppb
of gasoline, no carry over from the
trapped analytes was observed at the
5-minute bake time. This is based on
the comparison of chromatograms of
reagent water (0-minute purge) run
immediately after each sample.
However, carry over from the purge
vessel was found. Repeated rinsing
of the purge vessel with reagent
water reduced the amount of carry
over but did not eliminate it. There-
fore, after a high level sample is run,
it is advisable to remove and clean
the purge vessel prior to the next
run.

Heavier petroleum products, such as
diesel and jet fuel (Figure 6), that
often contain volatile components
are also detectable by this method.
Again, carry over is a problem. Carry

Table 4. GC Run Time of 17 Minutes

HP-1 Column Thickness  Oven Ramp

Carrier Flow Time

30 mx 0.53 mm x5 pm

30 mx 0.53 mm x 3 pm

40°C (3 min) at 15°C/min to 250°C

40°C (3 min) at 7°C/min to 95°C

4.5 ml/min (see Figure 3)

10 ml/min (see Figure 4)

to 250°C (2 min) at 45°C/min

over was observed in the reagent
water (used an 11-minute purge) run
immediately after the jet fuel sample.

Carry over ranged from 10 ppb to 60
ppb jet fuel and was high enough to
cause a false-positive identification in
subsequent runs.

As demonstrated by Figure 7B (a
chromatogram of reagent water,
0-minute purge, run immediately after

a jet fuel sample), carry over from
the Vocarb trap was found to be
negiligible. Clearly the carry over was
the result of contamination from the
purge vessel (see Figure 7A).
Although repeated rinsing reduced
the amount of carry over, it did not
eliminate it completely. Purge vessel
carry over was eliminated completely
when the purge vessel and the purge
needle were removed and cleaned
(see Figure 7C).

Figure 6. Chromatogram of 1,000-ppb aviation jet fuel standard. (See

Table 1 for GC and P and T conditions.)

Jet Fuel (1,000 ppb)

0 5 10

15 20 min

Figure 7. Chromatograms of reagent water following the analysis of the 1,000-ppb
aviation jet fuel sample. (See Table 1 for GC and P and T conditions.) Note: The
chromatograms were plotted on the same FID response scale.

A. 11-Minute Purge

0 5 10 15 20 min
B. 0-Minute Purge
_.-J"\u__
0 5 10 15 20 min

C. 11-Minute Purge, Cleaned Purge Vessel

0 5 10 15 20 min



Conclusion

Determination of optimized P and T
parameters is critical in establishing
optimized run times for the analysis
of gasoline/BTEX. By reducing the P
and T bake time to 5 minutes and
selecting shorter dry purge (1 minute)
and desorption times (2 minutes), the
overall P and T cycle was shortened
to 25-26 minutes. This is compatible
with the run time of 21-22 minutes
established for optimized GC condi-
tions. When carry over from the
purge vessel is controlled, this same
application can be used successfully
for the analysis of samples containing
in excess of 46,000 ppb of gasoline
and other volatile organics in light
petroleum products.
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Abstract

Polybrominated diphenyl ethers (PBDE) are used as flame
retardants in such diverse products as textiles, circuit
boards, and computer covers. Through the disposal of
those products in landfills, PBDEs have found their way
into the environment. Studies have shown that PBDEs
have detrimental health effects.

Detection and quantitation of these compounds is compli-
cated by their intrinsic properties: high boiling points and
low thermal stability. This application note describes

development of suitable gas chromatography/mass
spectrometry, gas chromatography micro electron cap-
ture detection, and gas chromatography inductively cou-
pled plasma mass spectrometry methods to analyze
PBDEs. The Agilent DB-XLB is the column of choice for
this demanding analysis. The detection limit with micro
electron capture detector was 100 ppt for most congeners.

Introduction

The presence of polybrominated diphenyl ethers
(PBDE) throughout the environment has attracted
the attention of scientists around the world.
PBDEs are used as flame retardants in many com-
mercial products, such as textiles and furniture,
and in circuit boards in consumer electronics, such
as TVs and computers. As more and more of these
abundant consumer products find their way into
landfills, PBDEs have been found in our drinking
water supplies [1]. One alarming study predicts
that the levels found in human breast milk of
North American women appear to double every

2 to b years [2]. Exposure of personnel working
with computers is also a concern [3]. While the
toxicology of PBDE is still under investigation,
research has established that it is persistent,
bioaccumulative, and toxic. There is evidence that

Agilent Technologies



PBDE can cause neurotoxic effects similar to the
now-banned polychlorinated biphenyls (PCB). As
a result, California has just signed legislation ban-
ning the use of PBDEs [4]. Like PCBs, there are
209 PBDE congeners (Figure 1), and they are
named in analogy to PCBs [5]. However, only seven
congeners comprise about 95% of all detected
peaks [6]. These major congeners are (by IUPAC
number): 28, 47, 99, 100, 153, 154, and 209.

BAD

Bri-io

Figure 1. Structure of PBDE.

Until recently, the lack of available standards and
individual congeners has made accurate quantita-
tion difficult [ 7]. Now, practically all individual
congeners are commercially available. For analysis
by GC, several different stationary phases have
been used. However, analysis times are generally
quite long, and often not all critical congeners are
sufficiently resolved. This study investigates two
different columns and three detection modes.
DB-XLB (Agilent Technologies, Folsom CA), a pro-
prietary low-polarity stationary phase and DB-35ms
(Agilent Technologies, Folsom CA), a mid-polarity
phase, are both columns that have very low bleed
and high thermal stability. DB-XLB has shown to
be an excellent choice for detailed, high-resolution
analysis of PCB congeners by GC/MS [8]. The
structural similarities between PCBs and PBDEs
suggest that DB-XLB should be an excellent choice
for separation of PBDEs as well. DB-35ms has
shown to be a suitable confirmatory column to
DB-XLB [9]. The detection modes evaluated were
mass selective detector (MSD), micro electron cap-
ture detector (UECD), and inductively coupled
plasma mass spectrometry (ICP-MS). Method opti-
mization efforts for speed, sensitivity, and resolu-
tion included different column dimensions, inlet
conditions, detector settings, and temperature
programs.

Results and Discussion

Baseline separation of all 14 critical congeners
(Table 1) in a standard mixture including deca-
bromodiphenylether (BDE-209) could be accom-
plished by DB-XLB in about 20 minutes with
excellent peak shape and response of the
decabromodiphenylether [10].

Table 1. PBDE Congeners in Test Mix E0-5103 Elution Order on
DB-XLB

Peak Congener (2.5 mg/mL)

1 2,2' A-TriBDE (BDE-17)

2 2,4,4'-TriBDE (BDE-28)

3 2,3'4',6-TetraBDE (BDE-71)

4 2,2',4,4' TetraBDE (BDE-47)

5 2,3'.4,4'-TetraBDE (BDE-66)

6 2,2'4,4' 6-PentaBDE (BDE-100)

7 2,2'4,4' 5-PentaBDE (BDE-99)

8 2,2',3,4,4'-PentaBDE (BDE-85)

9 2,2'4,4'5,6'-HexaBDE (BDE-154)

10 2,2'4,4'55'-HexaBDE (BDE-153)

1 2,2'3,4,4'5'-HexaBDE (BDE-138)

12 2,2'34,4'5',6-HeptaBDE (BDE-183)

13 2,3,3'4,4'5,6-HeptaBDE (BDE-190)

14 DecaBDE (BDE-209) (12.5 mg/mL)

A more demanding mixture (Table 2a,b) containing
39 of the most common and important congeners at
very low concentration could be separated by
DB-XLB in about 14 minutes (Figure 2a, b). This is
much faster than analysis times typically reported
with other columns. Although two of the tetra iso-
mers are very close with this column, they were
baseline resolved with DB-35ms. By contrast, there
were two co-elutions with the DB-35ms, which were
both baseline resolved on DB-XLB. This demon-
strates that these two stationary phases are an
excellent choice as a pair of confirmation columns.
For baseline resolution of all congeners on a single
column, as well as for separation of more complex
mixtures, a column with more theoretical plates
and/or a higher phase ratio may be necessary. Using



a DB-XLB, 30 m x 0.18 mm % 0.18 um gave complete
baseline separation of the tetra isomers, as did a
DB-5ms, 60 m x 0.25 mm X 0.25 um. However, the
higher substituted isomers, in particular BDE-209,
showed relatively low response. The lower phase
ratio results in longer retention times for all con-
geners. This longer residence time on the column at
high temperature may lead to on-column break
down of these thermally labile compounds.

Table 2a. PBDE Congeners in Test Mix EQ-5113 Elution Order on DB-XLB

2-MonoBDE (#1)
3-MonoBDE (#2)
4-MonoBDE (#3)

2' 3,4-TriBDE (#33)
2,4,4' TriBDE (#28)
3,3 4-TriBDE (#35)

. 3,4,4'TriBDE (#37)
2,6-DiBDE (#10)

2,4-DiBDE (#7)
3.3’ -DiBDE (#11)
2,4’ -DiBDE (#38)
3.4-DiBDE (#12)
3.4’-DiBDE (#13)
4,4'-DiBDE (#15)

2,44 6-TetraBDE (#75)
2,2' 4,5' TetraBDE (#49)
2,3 4 6-TetraBDE (#71)
2,2' 4 4' TetraBDE (#47)
2,3 4,4 TetraBDE (#66)
3,3'.4,4' TetraBDE (#77)

24" 6-TriBDE (#32)
2,4,6-TriBDE (#30)
2,2' A-TriBDE (#17)
2,3’ A-TriBDE (#25)

2,2' 4,4’ ,6-PentaBDE (#100)
2,3'.4,4',6-PentaBDE (#119)
2,2' 4.4 5-PentaBDE (#99)

2,3.4,5,6-PentaBDE (#116)
2,344’ 5-PentaBDE (#118)

2,2'4,4'6,6'-HexaBDE(#155)

2,2',3,4,4'-PentaBDE (#85)
3.3'.4,4' 5-PentaBDE (#126)

2,2',4,4' 5,6'HexaBDE(#154)
2,2'.4,4'5,5'-HexaBDE(#153)
2,2'.3,4,4'5'-HexaBDE(#138)
2,3.4.4' 5,6-HexaBDE (#166)

2,2'.3,4,4'5',6-HeptaBDE (#183)
2,2'34,4'5,6-HeptaBDE(#181)
2,3,3'4,4'5,6-HeptaBDE (#190)

Table 2b. PBDE Congeners in Test Mix E0-5113 Elution Order on DB-35ms

3-MonoBDE (#2)
2-MonoBDE (#1)
4-MonoBDE (#3)

2,6-DiBDE (#10)
2,4-DiBDE (#7)

3,3'-DiBDE (#11)
2,4'-DiBDE (#8)

3,4-DiBDE (#12)
3,4'-DiBDE (#13)
4,4'-DiBDE (#15)

2,4’ 6-TriBDE (#32)
2,4,6-TriBDE (#30)
2,3 A-TriBDE (#25)
2,2' A-TriBDE (#17)

2,4,4' TriBDE (#28)
2',3,4-TriBDE (#33)
3,3" 4-TriBDE (#35)
3,4,4'TriBDE (#37)

2,2' 45" TetraBDE (#49)
2,4,4' 6-TetraBDE (#75)
2,3’ 4" 6-TetraBDE (#71)
2,2' 4,4 TetraBDE (#47)
2,3' 4,4 TetraBDE (#66)
3.3'.4,4'TetraBDE (#77)

2,2'4,4" 6-PentaBDE (#100)
2,3' 4,4 6-PentaBDE (#119)
2,2'4,4' 5-PentaBDE (#99)

2,3' 4,4’ 5-PentaBDE (#118)
2,3.4,5,6-PentaBDE (#116)

2,2'4,4'6,6'-HexaBDE(#155)

3.3'.4,4' 5-PentaBDE (#126)
2,2°.3,4.4'-PentaBDE (#85)

2,2'4,4'5,6'HexaBDE(#154)
2,2'4,4'5,5'-HexaBDE(#153)
2,2'.3,4,4'5'-HexaBDE(#138)
2,3.4,4' 5,6-HexaBDE (#166)

2,2'.3,4,4'5',6-HeptaBDE (#183)
2,2'.3,4,4'5,6-HeptaBDE(#181)
2,3.3'4,4'5,6-HeptaBDE (#190)
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Instrument: Agilent 6890 Gas Chromatograph with ALS and ChemStation Software
Column: DB-XLB, 30 m x 0.25 mm id x 0.1 pm (Agilent Technologies, part number 122-1231)
Carrier gas: Helium at 38 cm/s at 100 °C (1.2 mL/min), constant flow mode
Oven: 100 °C for 1 min; 100 °C to 340 °C at 20 °C/min , 340 °C for 12 min
Injector: Cool-on-column, oven-track mode, 0.5 pL
Detector: Agilent 5973 MSD:; transfer line at 325 °C, El
SIM: (lons monitored: 231.8, 248.0, 327.9, 398.6, 400.5, 405.8, 845.7, 563.6, 643.5, 721.4, 799.3)
Note:

Mono-through octa-substituted homologs detected using selected ion
monitoring (SIM) at the most intense of the M*, (M+2)*, (M+4)*, (M+6)*, or
(M+8)* masses, with a data acquisition rate of approxroximately

3 cycles/second. Monitoring the molecular ion was not possible above
octa-substituted PBDEs due to the limitations of the mass range of the
Agilent 5973 instrument (maximum of m/z 800). Decabromodiphenylether
was detected by monitoring significant fragments of high abundance:
m/z231.8, 398.6, 400.5, and 799.3.

Figure 2a. Gas chromatography/mass spectrometry (GC/MS) of PBDE congener mixture (E0-5113).
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Instrument: Agilent 6890 Gas Chromatograph with ALS and ChemStation Software
Column: DB-XLB, 30 m x 0.25 mm id x 0.1 pm (Agilent Technologies, part number 122-1231)
Carrier gas: Helium at 38 cm/s at 100 °C (1.2 mL/min), constant flow mode
Oven: 100 °C for 1 min; 100 °C to 340 °C at 20 °C/min, 340 °C for 12 min
Injector: Cool-on-column, oven-track mode, 0.5 pL
Detector: Agilent 5973 MSD; transfer line at 325 °C, El
SIM: (lons monitored: 231.8, 248.0, 327.9, 398.6, 400.5, 405.8, 845.7, 563.6, 643.5, 721.4, 799.3)
Note:

Mono-through octa-substituted homologs detected using SIM at the most
intense of the M*, (M+2)*, (M+4)*, (M+6)*, or (M+8)* masses, with a data
acquisition rate of approxroximately 3 cycles/second. Monitoring the mol-
ecular ion was not possible above octa-substituted PBDEs due to the limi-
tations of the mass range of the 5973 instrument (maximum of m/z 800).
Decabromodiphenylether was detected by monitoring significant fragments
of high abundance: m/z 231.8, 398.6, 400.5, and 799.3.

Figure 2b. GC/MS of PBDE congener mixture (E0-5113).



Figure 3 shows a chromatogram of a commercial
flame retardant mixture. While commercial samples
are typically classified as “penta”, “octa”, or “deca”,
they contain other congeners as well. Again, the
congeners in this mixture are well resolved, and the

run time is very short (13 minutes).
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Instrument: Agilent 6890 Gas Chromatograph with ALS and ChemStation Software

Column: DB-XLB, 30 m % 0.25 mm id x 0.1 pm (Agilent Technologies, part number 122-1231)
Carrier gas: Helium at 38 cm/s at 100 °C (1.2 mL/min), constant flow mode

Oven: 100 °C for 1 min; 100 °C to 340 °C at 20 °C/min , 34 °C for 12 min

Injector: Cool-on-column, oven-track mode, 0.5 pL

Detector: Agilent 5973 MSD; transfer line at 325 °C, El

SIM: (lons monitored: 231.8, 248.0, 327.9, 398.6, 400.5, 405.8, 845.7, 563.6, 643.5, 721.4, 799.3)

Figure 3. Commercial flame retardant penta DE71-R.



Analysis times could be reduced even further

by using hydrogen carrier gas and an Electron
Capture Detector (ECD). This combination allows
for faster flow rates, while improving sensitivity
and lowering the detection limit. With the same
column dimensions as above, run times of around
15 minutes are possible. With a custom-made
column (DB-XLB, 15 m x 0.18 mm id X 0.07 um)
the run time was less than 12 minutes (Figure 4),
with no signs of degradation of the 209 congener.
Break down of the higher congeners was, however,
dependent on the run conditions. An inlet

temperature of 250 °C worked best, while the
LECD gave best results at 300 °C. At higher detec-
tor temperature, degradation was noticeable,
while lower ECD temperatures resulted in tailing
peaks (likely due to cold trapping). As expected,
sensitivity for PBDEs with a uECD is excellent
(Figure 5). In the splitless injection mode, the
detection limit under those run conditions for the
tri and higher substituted PBDEs was around

100 ppt, with a signal-to-noise ratio of >20. The
calibration curve for 2,2'4,4',6-PentaBDE (BDE-100)
was linear from 1 ppm to 100 ppt.

HZE ECD1 A, (ERK\XLBCCS23.D) 1 1

E 7
] 2 45 9
B 6

2000 3 g
] 1 12
] 13 See Table 1 for Peak ID

1500

1000
] BDE-209
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:J L. T ) T T T s T T ‘
0 2 4 6 8 10 12 min

Instrument: Agilent 6890 Gas Chromatograph with ALS and ChemStation Software
Column: DB-XLB, 15 m x 0.18 mm id x 0.07 pm (Agilent Technologies, custom column)
Carrier gas: Hydrogen at 72 cm/s at 100 °C (4.0 mL/min), constant flow mode

Oven: 100 °C for 0.5 min; 100 °C to 300 °C at 30 °C/min, 300 °C for 5 min

Injector: 250 °C, split 20:1, 1 pL

Detector: ECD at 300 °C

Figure 4. GC-pECD of PBDE congener mixture (E0-5103).
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Instrument: Agilent 6890 Gas Chromatograph with ALS and ChemStation Software

Column: DB-XLB, 30 m x 0.25 mm id x 0.1 ym (Agilent Technologies, part number 122-1231)
Carrier gas: Hydrogen at 72 cm/s at 100 °C (4.0 mL/min), constant flow mode

Oven: 100 °C for 1 min; 100 °C to 300 °C at 25 °C/min, 300 °C for 10 min

Injector: 300 °C, splitless, 1 pL

Detector: ECD at 300 °C

Figure 5. GC-pECD of PBDE mixture E0-5103 at 500 ppt.

The same sensitivity could be achieved with
GC-ICP-MS. Figure 6 shows congener mixture
EO-5103 diluted to 10 ppb. Calibration curves of
individual congeners from 1 ppm to 1 ppb were
linear (R? = 1.000), and the lower detection limit is
calculated at 150 ppt. The system setup conditions
for the ICP-MS, such as torch position, may not be
fully optimized yet, so detection limits may be even
lower.
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Instrument: Agilent 6890 Gas Chromatograph with ALS and ChemStation Software

Column: DB-XLB, 30 m x 0.25 mm id x 0.1 pm (Agilent Technologies, part number 122-1231)
Carrier Gas: Helium at 36 cm/s at 100 °C (1.5 mL/min), constant flow mode

Oven: 100 °C for 1 min; 100 °C to 300 °C at 20 °C/min, 320 °C for 13 min

Injector: 320 °C, splitless, 1 pL

Detector: Agilent 7500cs ICP-MS, monitoring Br at m/z = 81

Figure 6. GC-ICP-MS of PBDE mixture E0-5103 at 10 ppb.



Conclusions

DB-XLB is the column of choice for GC analysis of
PBDEs. The high upper temperature limit and very
low bleed characteristics of this column make it
ideal for this class of large molecules. While the
high upper temperature limit allows for fast run
times - complete analyses, including BDE-209, can
be run in about 20 minutes, the extremely low
bleed at those temperatures increases sensitivity,
thus providing lower detection limits. The DB-35ms
is an excellent secondary column that has the
same outstanding bleed and thermal properties as
DB-XLB, yet a different selectivity required for a
confirmation column. In general, short columns
with a high phase ratio (thin film) yield better
response for the higher congeners, since the
shorter residence times on the column reduce the
exposure to high temperatures, therefore reducing
on-column break down.

Due to the high bromine content of PBDEs, sensi-
tivity on an ECD is very high. With splitless injec-
tion, the lower detection limit that we achieved is
approximately 100 ppt. This limit might be pushed
even lower with a programmable temperature
vaporization (PTV) inlet, where larger injection
volumes are possible. However, in real samples, for
example, marine wildlife, other halogenated com-
pounds, like PCBs, may be present. Since an ECD
cannot distinguish between halogens, it is impossi-
ble to determine if a PCB co-elutes with a PBDE,
thus quantitation may not be accurate. GC/MS
offers secondary confirmation of the identity of
the eluted peak, but sensitivity is not as great. In
SIM mode, the detection limit for PBDEs is esti-
mated at about 10 ppb. GC-ICP-MS offers both —
high sensitivity and ion selectivity. It can be tuned
for CI or Br. Thus, by monitoring for example

m/z 81, only PBDE would be detected, and PCB
would not interfere with quantitation.
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Abstract

Generally used as flame retardants, polybrominated
diphenylethers (PBDE) have become chemicals of signifi-
cant environmental concern. While little toxicological
information is available, PBDEs have been determined to
be persistent and bio-accumulative substances, similar to
well-known environmental contaminants such as poly-
chlorinated biphenyls (PCBs). Therefore, environmental
laboratories are asked to analyze polybrominated
diphenylethers (flame retardants) in sediment and
sewage sludge. This application note describes the suc-
cessful separation of all PBDEs, including the most diffi-
cult, decabrominated diphenylether. Examples include
standards as well as real samples of sewage sludge with
quantitative data.

Introduction

With increasing frequency, environmental labora-
tories are asked to analyze PBDEs (flame retardants)
in sediment and sewage sludge. See Figure 1.

0

Brs.19

Figure 1.  Structure of PBDEs.

Brominated flame retardants (BFRs) are a group
of chemicals added to many products, including
computers, TVs, and household textiles, in order to
reduce fire risk. Two substances, decabro-
modiphenyl ether (DecaBDE) and tetrabromo-
bisphenol A (TBBP-A), account for about 50% of
world use of brominated flame retardants. Two
other polybrominated diphenyl ethers (PolyBDE) -
octabromodiphenyl ether (OctaBDE) and
pentabromodiphenyl ether (PentaBDE) - are used
commercially, but in much smaller quantities than
DecaBDE.

Heating (for example, during manufacture of plas-
tics) and burning of materials containing PBDEs
and other BFRs can produce polybrominated
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dibenzo-p-dioxins and dibenzofurans, which have
similar toxicological effects to chlorinated dioxins.
Research has shown that low-level exposure of
young mice to PBDEs causes permanent distur-
bances in behavior, memory, and learning
(Eriksson et al., 1998) [1]. PBDEs have also been
shown to disrupt the thyroid hormone system in
rats and mice; these systems are a crucial part of
the development of the brain and body (Darnerud
and Thuvander, 1998 [2]; Hallgren and Darnerud,
1998) [3].

The release of these organic pollutants can be
revealed by analyses of sewage sludge produced by
municipal waste-water treatment plants. There-
fore, the European community has given a direc-
tive (2000/60/CE) [4] for water to analyze four
PBDEs (BDE-99, BDE-100, BDE-205, BDE-209) and
is now working on an ISO norm ISO/CD 22032 to
analyze eight PBDEs (BDE-47, BDE-99, BDE-100,
BDE-153, BDE-154, BDE-183, BDE-205, BDE-209).

This analysis starts with an extraction of bromi-
nated diphenyl ethers (BDEs) from the dried
sample of sediment or sewage sludge by a solvent
(for example, hexane or other solvents suitable to
get high extraction rates). The extract is cleaned,
with silica, for example, if necessary. After concen-
tration, the BDEs are separated by capillary gas
chromatography (GC) and detected with a suitable
system. A calibration over the total procedure
using an internal standard (ISTD) mix is used to
calculate the concentration in the sample.

When analyzing PBDE with GC, a number of
problems arise: [5]

* Adsorption to glass surfaces

* Discrimination of high molecular weight

* Degradation of the heavier congeners
e Irreproducible results

* Disappearing peaks

This application note gives analysts the necessary
tools to attempt low-level detection of PBDE by gas
chromatography/mass spectrometry (GC/MS).

Materials and Methods

Samples

All sewage sludge and sediment samples were pro-
vided by municipal waste-water treatment plants.
Ten grams of sediment or 1 g of sewage sludge is
liquid extracted. The extract is cleaned on silica
and the clean extract is concentrated in 1-mL
hexane prior to GC analysis.

Standards and ISTDs

The project for the European norm 22032
(2000/60/CE) is requesting analysis of four PDBE
(BDE-99, BDE-100, BDE-205 and BDE-209) and
recommends TetraBDE (BDE-77) as ISTD.

(See Table 1.) These standards were purchased
commercially and were of the highest grade avail-
able. A test mixture of pentaBDE (BDE-99,
BDE-100), octaBDE (BDE-205), and decaBDE
(BDE-209) was used for the evaluation in order to
obtain a GC analysis with little or no discrimina-
tion. BDE-77 was used as ISTD. Standard solutions
containing 0.01; 0.05; 0.1; 0.2; 0.25; 0.5 ng/uL of
pentaBDE, 0.5; 1; 2; 3; 4; ng/uL of decaBDE and
octaBDE, and 0.2 ng/uL of ISTD were prepared in
hexane.

compounds
Table 1. Selected BDEs
Name Formula Abbreviation Molar mass g/mol
3.3'.4,4'-tetraBDE Ci,H¢Br,0 BDE-77 481.715
2,2'4,4' 5-pentaBDE Ci2HsBrs0 BDE-99 564.6911
2,2'4,4' 6-pentaBDE Ci2HsBrs0 BDE-100 564.6911
2,3,3'4,4'5,5' 6-octaBDE Ci2H,Br;0 BDE-205 801.3804
DecaBDE Ci,Bry0 BDE-209 959.1714



GC Conditions

The selection of column and injection parameters
is of great importance for the GC analysis of PBDE,
especially for the high molecular weight congeners.
See Table 2.

The temperature of the GC is of great importance
since some congeners decompose at temperatures
just above 300 °C. Thermal degradation is a func-
tion of temperature and time; thus, by choosing a
column with as little retention for the BDE
congeners as possible and shortening the column
to the minimum length required for the separation,
thermal degradation can be minimized. In addi-
tion, pulsed injection allows shorter injection time
and also helps to minimize risk of thermal
degradation.

A pulsed splitless injection and a DB-1 30 m,
0.32 mm, thin film, 0.1 um, really minimizes the
time each PDBE stays in both the injector and in
the column and avoids degradation.

Table 2. Optimized Run Conditions

Column:
Part number:

Length:
Diameter:

Film thickness:
Carrier:

Injector:
Oven:

Detector
Agilent 5973 inert MSD
SIM mode

Quad temperature
Source temperature
Transfer line temperature

DB-1

123-1031

30m

0.32 mm

0.1 ym

Helium at 58 cm/s

Flow rate 2.5 mL/min

2 plL Pulsed splitless at 250 °C

60 °C for 2 minutes

60 °C-200 °C at 10 °C/min
200 °C for 2 minutes

200 °C-300 °C at 20 °C/min
300 °C for 25 minutes

MS

Group 1/ 3 min/ m/z 486; 484; 326
Group 2 / 20 min / m/z 406; 564; 566
Group 3 / 24 min / m/z 642; 644; 562
Group 4 / 28 min / m/z799; 7197

150 °C
230°C
300°C



Results and Discussion

The chromatograms (Figures 2 and 3) show very
good peak shapes for each PBDE and a high
response for the most critical decaBDE (BDE-209)
(see Figure 4) using the optimized run conditions
listed in Table 2.
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Figure 4. EIC of BDE-209 in a standard mixture at 5 ng/pL.
In order to have a precise quantitation, five point
calibration curves from 0.01 to 0.25 ng/uL for
pentaBDE and from 0.5 to 4 ng/uL of octa and
decaBDE were achieved with ISTD BDE-77 at
0.2 ng/uL. (See Figure 5.) For all components,
the R? values range from 0.996 to 1, meeting the
AFNOR requirements for valid quantitation
(See Table 3).
Table 3. Calibration Curve Summary Using Optimized Analysis Conditions with GC/MS
Compound Calibration range (ng/pL)  Targetion m/z Qualifier ion m/z R?value
BDE-77 ISTD-0.2 486.0 326.0 ISTD
BDE-99 0.01-0.25 405.8 563.6 1
BDE-100 0.01-0.25 405.8 563.6 1
BDE-205 0.5-4 641.6 643.6 0.990
BDE-209 0.5-4 799.4 797.4 0.996
X

BDE 209
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Figure 5. Calibration curve for decaBDE
(BDE-209) by GC/MS.

32.00 min



Concerning the limit of detection (LOD), the lower
level at 1 ug/kg (10 ug/kg for sewage sludge\) for
pentaBDE and 50 ug/kg (500 pg/kg for sewage
sludge) for octaBDE and decaBDE in sediment,
which is 10 pg/uL of pentaBDE or 0.5 ng/uL of
octa and decaBDE in solution, is easily achieved.
This is the case even for decaBDE because a very
good signal-to-noise ratio was achieved, as shown

in Figure 6.
280
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Figure 6. EIC of BDE-209 in a standard mixture at 0.5 ng/pL, which is the required LOD 50 pg/kg of
sediment.

Real sewage sludge samples were analyzed using
the run conditions listed in Table 2. Figure 7
shows one example. The EICs of the different
PDBE show that only one pentaBDE and the
decaBDE are present in this sample, and they were
quantified in a quantitation report showed on
Table 4.
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Figure 7. Overlaid EICs for BDE-77, 99, and 209 from sewage sludge.



Table 4. Quantitation Report of Real Sewage Sludge

ISTDs RT Qlon Response Conc units Dev(min)
BDE 77 19.43 486 823207 0.20 ng/pL 0.02
Target compounds Qvalue
BDE 100 20.14 406 22687 0.0072 ng/pL "

BDE 99 20.48 406 107372 0.0405 ng/pL 87

BDE 205 23.91 642 17336 0.3417 ng/pL 57

BDE 209 28.31 799 64526 5.2530 ng/pL 90
Summary Acknowledgements

By combining the highly inert thin film DB-1 with
the Agilent 6890 gas chromatograph and the
Agilent 5973 inert MSD, laboratories can achieve
accurate quantitation of PBDE in sediments and
sewage sludge.
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Abstract

The analysis of semivolatiles using EPA Method 8270 pre-
sents challenges due to the simultaneous measurement of
acids, bases, and neutrals over a wide concentration
range. Due to productivity demands, laboratories want to
run faster while maintaining linearity and sensitivity for
even the most active compounds. The 6890/5973 inert
GC/MSD system with Performance Electronics is
designed to meet the criteria for fast analysis, while
minimizing activity and maintaining linearity.

Introduction

USEPA Method 8270 for semivolatiles analysis is
used to concurrently measure a mixture of acids,
bases, and neutrals. Most laboratories analyze for
70-100 compounds with a chromatographic run
time of 25-40 min. Laboratories want to reduce
this run time for productivity increases. The cali-
bration range required for the analysis varies

of work (SOW). Historically, a range of 20-160 ng
has been used. With the increased sensitivity of
newer gas chromatograph/mass spectrometer
(GC/MS) systems, laboratories are moving toward
lower minimum detection limits (MDLs) and
pushing the calibration range down to 1 ng.

The Agilent 6890/5973 inert GC/MSD (Gas Chro-
matograph/Mass Selective Detector) system with
Performance Electronics was designed to meet the
demand for faster runs and lower MDLs. Faster
scan rates without loss of signal are now possible.
This allows the use of smaller diameter columns,
such as 0.18-mm id, resulting in shorter runs while
maintaining sufficient data points across narrower
chromatographic peaks.

The inert source allows for less material injected
onto the column while maintaining mass spectrom-
eter performance. Injection volume, therefore, can
be matched to the 0.18-mm column. Performance
comparisons using the inert source were published
previously [1, 2].

This application note will demonstrate the use of
the Agilent 6890/5973 inert with Performance
Electronics for USEPA Method 8270. Smaller id
columns with faster scan rates yield run times of
15 min while meeting Method 8270 criteria.

Agilent Technologies



Experimental

The recommended instrument operating parameters
are listed in Table 1. These are starting conditions
and may have to be optimized.

Table 1. Gas Chromatograph and Mass Spectrometer
Conditions

GC Agilent Technologies 6890

Inlet EPC Split/Splitless

Mode Pulsed splitless, 0.5 pL injection

Inlet temp 250 °C

Pressure 21.48 psi

Pulse pres 40.0 psi

Pulse time 0.20 min

Purge flow 50.0 mL/min

Purge time 1.00 min

Total flow 54.0 mL/min

Gas saver off

Gas type Helium

Inlet Liner Agilent splitless, single taper, 4-mm id,

p/n5181-3316

Oven 240V

Oven ramp °C/min Next °C Hold min

Initial 55 1.00

Ramp 1 25 100 0.00

Ramp 2 30 280 0.00

Ramp 3 25 320 4.60

Total run time 15 min

Equilibration time 0.5 min

Oven max temp 325°C

Column Agilent Technologies DB-5.625, p/n 121-5622
Length 20.0m

Diameter 0.18 mm

Film thickness 0.36 pm

Mode Constant Flow = 1.0 mL/min

Inlet Front

Outlet MSD

Outlet pressure Vacuum

MSD Agilent Technologies 5973 inert with

Performance Electronics

Drawout lens 6-mm Large Aperture Drawout lens,

p/n G2589-20045

Solvent delay 1.90 min

EM voltage Run at DFTPP tune voltage - 153V =1012V
Low mass 35 amu

High mass 500 amu

Threshold 10

Sampling 1

Scans/s 5.92

Quad temp 150 °C

Source temp 230 °C

Transfer line temp 280 °C

Emission current  DFTPP tune @ 25 pA

Calibration Standards were obtained from Accus-
tandard, New Haven, CT, (p/n M-8270-IS-WL-0.25x
to 10x). They contain 74 target compounds at nine
concentration levels with six ISTDs at 40 ppm.

Pulsed splitless injection was used to minimize res-
idence times of analytes in the liner, thereby reduc-
ing loss of active compounds. The column flow rate
alone, without using a pulsed injection, would take
too long to sweep the 900-uL liner volume.

The inlet liner (p/n 56181-3316) is the most com-
monly used liner for Method 8270 analysis. It does
not contain glass wool which would contribute to
active compound degradation. Other liners can be
used and a detailed discussion of these can be
found in Reference 1.

The Agilent 6890 240 V oven was necessary for the
25 °C/min Ramp 3 used.

A 120 V oven will achieve 20 °C/min at higher tem-
peratures and could be used, resulting in slightly
longer run times.

The DB-5.625 column was recently introduced in
the dimensions listed. A 0.5-uL injection volume is
well suited to this column. The excellent resolution
from this column allows a higher than normal ini-
tial temperature, 55 °C vs 40 °C. This higher
temperature shortens cool-down time by more



than 5 min, resulting in productivity increases for
the laboratory. Benzo[b]fluoranthene and
benzo[k]flouranthene met Method 8270 resolution
requirements at the 80-ppm calibration level and
lower, using the operating parameters in Table 1.

Previous work has shown improved linearity
across a wide calibration range using a 6-mm
drawout lens instead of the standard 3-mm lens
[1]. Although not shown here, that comparison was
repeated on this Performance Electronics system
and is still valid. The 6-mm lens is also included in
Agilent Kit p/n G2860A.

The 5973 inert was tuned using the automatic
DFTPP target tune. The following steps were taken
before executing DFTPP tune to insure that
Method 8270 DFTPP criteria were met on injection.

1. Using the Tune Wizard, set the Mass 50 Target
Abundance to 1.3% and the Emission Current to
25, as shown in Figures la-1f.

2. Edit the tuning macro as follows:

a Copy atune73.mac from the
MSDChem\msexe folder.

b Paste the copy of atune73.mac into the
MSDChem\msexe folder. The file name
should be Copy of atune73.mac. This
preserves an original copy of the file.

¢ Open atune73.mac in Notepad. Refer to
Figures 2a-2h.

d Click Edit>Find and type samples in the Find
What box.

e Click Find Next.

[

Change the samples value from 3 to 1.

Change the averages value from 3 to 6.

= 0

Save the file and Close Notepad.

Tune - El mode - DFTPP.A S [

Figure 1a. Starting the Tune Wizard.

Set Tune Masses

Tune Mass 1

B9

Tune Mass 2

|219
Tune Mass 3

[502

Ok | Cancell

Figure 1b. Accept these masses.

Tune Targets mass 69=100%

Mass 50 target (0.3-5%);

1.3

Mass 131 target (20-120%):
45

Mass 213 target (20-120%);
[55

Mass 414 target (0.3-10%):
2.4

Mase 502 target (0.3-10%):
[2

0K | Cancel |

Figure 1c. Set Mass 50 target to 1.3.
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Figure 1d. Set Emission Current to 25.

Data Filter x|

Response Filter (Mass)

(" Enhanced Resolution

oK Cancel | Help

Figure 1e. Accept Standard.
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Figure 2a. Select File>0pen in Notepad.
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Figure 2b. Select atune.73.mac and click Open.
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Figure 1f.
to save.

Type in DFTPP.U if not present and click Select

Figure 2c. Select Edit>Find.
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Figure 2d. Type samples into the Find What box, then click
Find Next.

& atune73.mac - Notepad

Fle Edt Format Help

profparm showabund,, 1 al
checkuser out
if instriupper$(tunetyped) "LOVW MASS")=0 =

masses 63,131,219
scanparm HIMASS | 250
else
masses 59,219,502
scanparm HMASS 700
endif
samplesiel
averages 3
masswindow 3
scalemode 2
SETUSER 2 IFOCMAX
setramp [ONFOCUS 40 IFOCMAX,1
setramp ENTR 0,127 5,1
setuser 3 emis #

Figure 2e. Results of Find samples.

& atune73.mac - Notepad Hmﬁ I

profparm showabund,,1 |
checkuser out
if instr(upper$tunetype$) "LOW MASS")>0 o

masses 69,131,219

scanparm HIMASS ,,250
else

masses 639,219,502

scanparm HIMASS 700
endif
samples |1
averages 6
masswindow 3
scalemode 2
SETUSER 2 IFOCMAX
setramp IONFOCUS 40 IFOCMAX.1
setramp ENTR,0,127.5,1
setuser 3. emis =

=

Figure 2f. Change samples from 3 to 1 and averages from
3to6.
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Figure 2g. Select File>Save (do not use Save as).
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endif
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masswindow 3

scalemode 2
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setramp ENTR,0,127 5,1

setuser 3 .emis

Figure 2h. Select File>Exit to close Notepad.



Previous work has shown improved linearity
across a wide calibration range using a 25-uA
emission current instead of the 35-uA default. The
tuning macro was changed so that the sampling
rate during tuning matched the sampling rate
during data acquisition. The system was tuned at
271 and data were collected at 2"1. These changes
resulted in reliably passing Method 8270 criteria
on injection of DFTPP.

Remember that the tune macro changes are also
reflected if an Autotune is done. The copy of
atune73.mac contains the macro without the
changes.

The sampling rate for data acqisition was changed-
from the usual 2”2 to 2*1, while preserving suffi-
cient sensitivity. The resultant 5.92 scans/s
typically yield 10 data points across the peaks that
have a width of 1.8 s.

Results

The system was calibrated at nine levels: 1, 2, 5,
20, 50, 80, 120, 160, and 200-ppm. The TIC (Total
Ion Chromatogram) for the 5-ppm level is shown
in Figure 3. The peak shape is excellent and the

run time is less than 15 min. The benzo[b]fluoran-
thene and benzo[k]flouranthene resolution can be
seen at about 11.4 min. Each calibration level con-
tained 74 compounds together with 6 ISTDs at

40 ppm.

The RRF (relative response factor) was calculated
automatically for each compound by the GC/MSD
ChemStation software. Linearity was determined
by calculating the %RSD (percent relative standard
deviation) of the RRF's across the calibration range
for each compound. This is also done automatically
by the software in conjunction with Excel.

USEPA Method 8270D specifies criteria for suitable
RRFs and %RSD. Minimum system performance is
determined by four active compounds, the SPCCs
(system performance check compounds) and is
measured by the average RRF.

Table 2 lists the Method 8270D SPCC criteria and
the performance of the 56973 inert. The 5973 inert
data easily exceeds the 8270D criteria, and are
very good considering the low end of the calibra-
tion range. This performance margin allows more
samples to be run before system maintenance is
necessary.

L

_ LU LML
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4 5 6 7 8 9 10 n 12 13 14
Time (min.)

Figure 3. TIC for 5 ppm Method 8270 Semivolatiles.



Table 2. SPCCs and Comparison of Average RRF

8270D 1-200 ng

Criteria 5973 inert
N-Nitroso-di-n-propyl amine 0.050 0.963
Hexachlorocyclopentadiene 0.050 0.216
2,4-Dinitrophenol 0.050 0.133
4-Nitrophenol 0.050 0.139

Linearity is shown in Table 3. Method 8270D speci-
fies that this group of Calibration Check Com-
pounds (CCCs) meet a 30% RSD criteria. The %RSD
is calculated across the RRF's determined at each
calibration level. All CCCs pass criteria using a cal-
ibration range of 2-200 ppm. Across a 1-200 ppm
range, pentachlorophenol does not pass due to its
known activity.

Table 3. CCC %RSD of RRFs from 1-200 ppm and 2-200 ppm

1-200 2-200

Phenol
1,4-Dichlorobenzene
2-Nitrophenol
2,4-Dichlorophenol
Hexachlorobutadiene
4-Chloro-3-methylphenol
2,4,6-Trichlorophenol
Acenaphthene
Diphenylamine
Pentachlorophenol
Fluoranthene
Benzo[a]pyrene

D

—_
—_ .

w
WooO oMo —= NoITooTo N O

N
WNPpPOOOCOCT S PO

The excellent system linearity shown here is due to
many factors including tuning, the large aperture
drawout, and the Performance Electronics. The
new electronics allow using a scan rate of 21,
while maximizing sensitivity. This improved
signal/noise together with more data points across
a peak yields easier and more reproducible peak
integration.

Conclusions

The Agilent 6890/5973 inert with Performance
Electronics shows improved sensitivity at faster
scan rates. The faster scan rates allow using
0.18 mm id columns for faster runs and shorter
cool-down times. Analysis of 74 analytes and 6
ISTDs can be accomplished in less than 15 min.
EPA Method 8270D tune criteria can be routinely
achieved. SPCC performance and CCC linearity
can be met over a wider calibration range than
that historically used. Productivity increases are
possible through shorter runs, faster cool-down,
easier peak integration, and use of a wider
calibration range.
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Abstract

An approach to the difficult task of quantifying trace
quantities of perfluorooctanoic acid (PFOA) and perfluo-
rooctane sulfonate (PFOS) in complex matrix was devel-
oped using liquid chromatography and tandem mass
spectrometry (LC/MS/MS). The technique uses isotopi-
cally labeled analytes for accurate quantitation (0.4 to
400 pg on column). It is important to recognize that if
using the linear chain sample as standard for calibration,
the quantitation results of real-world samples (branched
and linear isomers mixed) will be off by as much as 40%.

Introduction

Perfluorooctanoic acid (PFOA) is an industrial
surfactant and a necessary processing aid in the
manufacture of fluoropolymers [1]. Fluoropoly-
mers have many valuable properties, including fire

resistance and the ability to repel oil, stains, grease

Application

o . Food, Environmental

and water. One of the most common uses of PFOA
is for processing polytetrafluoroethylene (PTFE),
most widely known as Teflon®. PFOA is also a
by-product from direct and indirect contact with
food packaging (for example, microwave-popcorn
bags, bags for muffins or french fries, pizza box
liners, boxes for hamburgers, and sandwich wrap-
pers), and in the fabrication of water- and stain-
resistant clothes.

Perfluorooctanesulfonic acid (PFOS) is usually
used as the sodium or potassium salt and is
referred to as perfluorooctane sulfonate. See
Figure 1.

F
OH
F FF FF FF F
PFOA
F FF FF FF F
E 0
S—g

PFOS

Chemical structures for PFOA and PFOS. Note that
both have C8 chains.

Figure 1.
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Analytical Methodology for PFOA/PFOS

e LC/MS/MS is the preferred detection methodol-
ogy due to its high sensitivity and specificity in
complex matrices.

¢ Multiple reaction monitoring (MRM) is used to
quantitate, using two or more product ions for
confirmation.

* The detection limit is typically in the range
1 to 100 pg/mL (ppt), requiring high-sensitivity
detection.

*  On-column or off-line solid-phase extraction
(SPE) and concentration are needed to achieve
low-level detection (1 pg/mL).

Measuring PFOS and PFOA

Issue 1: What transitions should be used to give
the best accuracy when quantifying with a linear
standard?

Quantification of PFOS and PFOA is usually based
on a linear standard, but actual samples show a
series of branched isomers together with the linear
isomer. The ratio of these isomers varies based
upon biodegradation and industrial processes in
their formation; therefore, it is unlikely that a stan-
dard can be formulated to mimic the actual
sample. The relative intensities of the MRM transi-
tions will vary based upon branching, making
some transitions better than others. Branching
impacts ionization efficiency and CID energy;
therefore, it affects the accuracy of analytical mea-
surement [2].

Issue 2: Can isotopically labeled standards in
matrix be used to measure nonlabeled PFOS and
PFOA?

Most biological and environmental matrices have
background levels of PFOS and PFOA; although
matrix-matched calibrations are providing good
results, the accuracy can be enhanced. The method
of standard additions is a protocol to address this
issue, but it adds several additional injections to
the analysis. Matrix may have varying amount of
background. Standard addition is not practical in
analyzing many different matrices. Solvent calibra-
tions do not correct for matrix effects.

Experimental

Sample Prep

¢ All solvent standards were prepared in
methanol.

* Plasma extracts were prepared by acetonitrile
precipitation and centrifuging, with the upper
layer taken and spiked with known concentra-
tions of PFOA or PFOS.

LC
* Agilent 1200 Rapid Resolution LC system

e ZORBAX Eclipse Plus C18 Rapid Resolution HT
column 2.1 ecm x 50 mm, 1.8-um particles
(P/N 959741-902)

e 20-uL injection, 0.4 mL/min column flow

e 0to 100% B in 10 min, A = water with 2 mM
ammonium acetate; B = MeOH

MS/MS
e Agilent QQQ
* Negative-ion detection

* 3500 V., drying gas 9.5 L/min at 350 °C,
nebulizer 45 psi

* Fragmentor voltages, collision energy (CE), and
ion transitions are experimentally determined

Multiple Reaction Monitoring (MRM)

Figure 2 displays a cross-section of the Agilent
6410 QQQ above a hypothetical sequence of spec-
tra characteristic of ion transitions within the
instrument.

The ions are generated in the source shown at the
far left of the figure. The precursor ion of interest
is then selected from this mixture and isolated
through the Q1 quadrupole, which acts as a mass
filter. This is similar to selected ion monitoring
(SIM). After Q1, characteristic fragments that are
specific to the structure of the precursor ion are
generated in the collision cell (Q2, although not a
quadrupole). By using the Q3 quadrupole, these
fragments are then selected for measurement at
the detector. This is a selective form of collision-
induced dissociation (CID), known as tandem
MS/MS. By setting Q3 to a specific fragment ion
existing in the collision cell, the chemical or back-
ground noise is almost totally eliminated from the
analyte signal, therefore, significantly increasing
the signal-to-noise ratio. Ion 210 is called the pre-
cursor ion and ions 158 and 191 are product ions.
Each transition (210-191 or 210—>158) is a reac-
tion for a particular target. Typically, the QQQ is
used to monitor multiple analytes or mass transi-
tions, therefore, the term MRM. The 158 could be
considered the quantitation ion, because it is the
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A cross-section of the Agilent 6410 QQQ above a sequence of spectra characteristic of ion transitions within the instru-

ment for a hypothetical sample (not PFOA or PFOS). Note that the final spectrum is very clean, containing only the
desired target ions. (HED = high-energy dynode electron multiplier)

most intense, and 191 could be used for confirma-
tion by using the area ratio of the 191 qualifier to
the 158 quantifier ion as a criterion for confirma-
tion. With MRM, most chemical noise is eliminated
in Q1, and again in Q3, allowing us to get ppt
detection.

The fragmentor is the voltage at the exit end of the
glass capillary where the pressure is about 1 mTorr.
Fragmentor and collision energies need to be opti-
mized. A fragmentor that is too small won’t have
enough force to push ions through the gas. A frag-
mentor that is too high can cause CID of precursor
ions in the vacuum prior to mass analysis, thereby
reducing sensitivity. The actual voltage used is
compound-, mass-, and charge-dependent, and
therefore needs to be optimized to get the best sen-
sitivity. The CE in the collision cell needs to be
optimized in order to generate the most intense
product ions representative of each target com-
pound. Collision cell voltage will depend on the
bond strength, the molecular weight of the com-
pound, and the path by which the ion is formed
(directly from the precursor ion or through a
series of sequential intermediates). Typically each
product ion will exhibit a preferential collision
energy that results in the best signal abundance.

The experimental operations required to arrive at
optimal conditions are exemplified by the series of
experiments shown in Figures 3 to 5.

Optimization of the fragmentor voltages for the
[M-H] ions of PFOA (m/z 413) and PFOS (m/z 499)
are shown in Figure 3.

Note that there is little signal detected for PFOA at
the optimal fragmentor voltage for PFOS (200 V).
Ions 413 and 499 are called precursor ions. PFOA
is relatively fragile; its precursor signal drops off at
160 V. PFOS shows that it is harder than PFOA to
break apart; the best fragmentor voltage for PFOS
is 200 V.

The appropriate collision energies for product ions
m/z 369 [M-CO.H] and m/z 169 [C;F;]" are experi-
mentally determined and used to quantify PFOA.
See Figure 4.

In each case the collision energy producing the
most intense peak for each ion is chosen for the
analysis. PFOA takes little collision energy to break
into ion m/z 369 (6 V for highest intensity).
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Figure 3. Determination of optimal fragmentor voltage using sequential plots of signal intensity versus applied voltage.

To maximize the intensity of the ion at m/z 169, In the same manner, the appropriate collision

the collision energy needs to go to 16 V. energies for PFOS product ions at m/z 169, 99, and
80 are experimentally determined and used for its

The QQQ software can switch collision energies quantitation. The optimal collision energies for the

very rapidly. So in a method, the optimal collision three ion transitions are 45, 50, and 70 V. See

voltage can be selected for each ion transition. Figure 5.
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Figure 4. Signal intensity as a function of collision energy for PFOA product ions m/z 369 [M-CO,H]- and m/z 169 [C;F;]*.



Notice the big difference in collision energy These five ion transitions exhibit linear correlation

between PFOA (6 to 16 V) and PFOS (45 to 70 V). coefficients > 0.998, and are good for quantitation
We have seen from fragmentor optimization that over three orders of magnitude. Notice that the
PFOA is relatively fragile compared to PFOS, in lowest amount on column is 0.4 pg.

which the optimum fragmentor voltages are 120 and

200 V for PFOA and PFOS, respectively. The CE Regarding issue 1: What transitions should be

reinforces that aspect. used to give the best accuracy when quantifying
with a linear standard?

Example calibration curves for the specified prod-

uct ions used to quantitate PFOA and PFOS are This is addressed using Figures 7 to 9.

shown in Figure 6. The analyst can also sum the
intensities of these MRM transitions to get a cali-

bration curve.

Figure 7 exhibits chromatograms from these repre-
sentative transitions for PFOA and PFOS for the
linear standard and samples containing branches
(10-min gradient).
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Figure 5.  Signal intensity as a function of collision energy for PFOS product ions at m/z 169, 99, and 80.
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Figure 6. Calibration curves for the product ions used to measure PFOA and PFOS.

Real-world samples have been detected with
branched isomers due to manufacturing processes,
metabolism, and degradation processes. The top
chromatogram of Figure 7 shows only linear chain
compounds from a standard. The bottom chro-
matogram is an actual sample from the environ-
ment. It shows additional peaks (shoulders) in the
chromatogram resulting from branched isomers.

We examine those peaks in greater detail in
Figure 8.
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Figure 7. MRM chromatograms for PFOA and PFOS for both linear and branched samples.

The relative abundances for each MRM transition
are dependent on the branching locations and

the specific mass transitions. Figure 8 shows a
10-minute run. The chromatography can separate
the linear from the branched isomers. The
branched sample is typically a C7 chain with a
methyl side group (isooctyl isomer). The most
interesting part of the analysis is that the ion
ratios for the branched compounds are very differ-
ent from the linear chain compounds [3, 4, 5]. For

linear PFOA, the ion at m/z 169 is about 30 to 40%
of ion 369. The branched isomer shows that the
ratio changed to 90 to 100%. For linear PFOS, the
ion at m/z 99 is about 50% of ion 80 and is 500% of
ion 169. The branched isomer shows that ion 99 is
only 20 to 30% of ion 80, and 100% of ion 169. This
is a cause of concern in terms of quantitation accu-
racy. This shows that CID stability is very different
when the analyte is branched.
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Figure 8. MRM chromatograms for PFOA and PFOS for both linear and branched samples.

Another variable in the analysis is the gradient
time. Figure 9 compares the effect of a 3-min
versus 10-min gradient.

In the fast gradient case (on the right), the
branched isomers (dashed lines) are not resolved
from the linear isomers (solid lines), resulting in a
significant error in the measured value (most
noticeable for PFOS).

The two chromatograms on the left are the same
two that are shown in Figure 8. They are used here
for comparison against the unresolved analytes
shown on the right (3-min run). Although we
would like to cut down on the analysis time, the
branched and linear isomers need to be resolved in
order to get accurate quantitation results.

Two samples of the same concentration. One
sample is the pure linear isomer; the other sample
has a mixture of branched isomers. If their MRM
responses (ion ratios) are the same, they would
show the same results as when the isomers are not
resolved. This example shows that the responses
are not the same when the isomers are not
resolved. If you add the responses of the side chain
analyte and the linear chain analyte of the same
sample, the area of each ion transition is different
from the pure linear chain analyte ion transition,
as seen in the two chromatograms on the right,
most apparent is for PFOS. If using the linear
chain sample as standard for calibration, the
results of real-world samples (branched and linear
isomers mixed) will be off by as much as 40% (see
Table 1). The quantitation falls apart.
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gradient chromatograms are on the right.

The effect of measurement accuracy (not ion
ratios) of total PFOA and PFOS in branched sam-
ples against a linear standard for each MRM
transttion is shown in Table 1.

Table 1. Measurement Accuracy (Target Is 100%) as Function
of Compound, Transition, and Run Time
Compound MRM transition  Percent response (n = 8)
10-minrun  3-min run
PFOA 413->369 105.9 108.2
413->169 96.4 89.4
PFOS 499->169 102.5 112.2
499--99 75.0 733
499--80 59.3 61.1

The best MRM ions are in bold type. The best results for PFOA can be obtained by
averaging the results for the two MRM ions together.

Ion ratios can cause quantitation failure. For
PFOA, it does not matter if it’s a 3-min run or a
10-min run: the ion 369 transition response is
always higher and the ion 169 transition response
is always lower. The errors are larger for the 3-min
run. The variations are greater for PFOS. In litera-
ture, PFOS analysis monitors the ion 80 transition,
but it exhibits a large variation. It can be as low as
60%, as seen in Table 1. 499 - 169 is a good transi-
tion for quantitation. It is much more accurate, but
it is less sensitive compared to 499 - 80 transition.

33 34 35 36
Abundance vs. acquisition time (min)

Comparison of PFOA and PFOS MRM chromatograms produced using both 10- and 3-minute gradients. The 3-minute

Regarding issue 2: Can isotopically labeled
standards in matrix be used to measure non-
labeled PFOS and PFOA?

This is addressed using Figures 10 to 12.

Observations regarding the effect of different
matrices on signal responses are shown in Figure 10.
The taller trace represents the response of PFOA
in methanol. The response is lower as the same
amount of PFOA is added into a plasma extract.

The matrix effect (common using electrospray
ionization) can lead to signal suppression or
enhancement; therefore, matrix-matched calibra-
tions are required for accurate quantitation. Due
to varying background levels of PFOS and PFOA in
matrix, it may not be feasible to use matrix-matched
calibrations for quantitating PFOS or PFOA con-
centrations in study samples. Also, the method of
standard additions is not a practical alternative for
many matrices with varying levels of target ana-

lytes.

As a practical alternative, measuring PFOA using
isotopically labeled matrix-matched standards was
examined. Results are shown in Figures 11 and 12.

Figure 11 shows that isotopically labeled standards
can provide a good linear calibration curve over the
quantitation range of 0.02 to 20 ng/mL (0.4 to

400 pg on column). Excellent linear correlation coef-
ficients (= 0.9994) were obtained.
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Figure 10. PFOA responses in MeOH and plasma extract at the same concentrations.
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10



- MRM (417.0 — 372.0) 61-r001.d

PFOA [1,2-13C] (1 ng/mL)

Isotopically labeled standard
415-370 - - -~ Unlabeled PFOA

415-169

5 5.5 6

- MRM (417.0 — 372.0) 61-r002.d

PFOA [1,2,3,4-13C] (1 ng/mL)

417-372
417-169

5.2 5.4 5.6 5.8 6 6.2
Abundance vs. acquisition time (min)

Figure 12. Both isotopically labeled PFOA compounds show good correlation to the unlabeled PFOA. The same transitions for the

labeled and native forms of the PFOA were used.

Table 2. Comparison of Different Matrix-Matched Calibrations for Measuring PFOA in Plasma

Calibration standard Matrix for calibration Plasma sample response (Std Dev)
1 PFOA MeOH 71 (£33 %)
2 PFOAT[1,2-3C] Plasma 100.4 (£ 3.1 %)
3 PFOA[1,2,34-3C] Plasma 97.3 (£ 5.1 %)

Matrix-matched calibrations using isotopically labeled PFOA work well.

For row 1, the calibration standard used MeOH as
the solvent, and the plasma sample exhibited a 71%
response due to matrix suppression. Therefore, we
cannot use a calibration standard in MeOH to
quantitate samples in matrix; the variation can be
as large as 30%. Rows 2 and 3 show that if the cali-
bration is done using an isotopically labeled com-
pound in matrix, the actual plasma sample yields
accurate results: 100 and 97%.

"



Conclusions

¢ The Agilent LC/QQQ is an excellent instrument
for quantifying trace target compounds in com-
plex mixtures.

* The best ion transitions for analysis need to be
determined experimentally.

* Fragmentor voltages and collision energies
require experimental determination and opti-
mization.

¢ Using MRM in the QQQ helps achieve the lowest
detection limits in complex matrices.

¢ Branched PFOA/PFOS can affect quantitation
accuracy as much as 40% unless it is corrected.

e Matrix suppression can cause the quantitation
to be off by as much as 30%. Isotopically labeled
analytes work well for accurate quantitation in
spite of varying background levels of
PFOA/PFOS in matrices.
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Abstract

The analysis of semivolatiles at very low levels presents
challenges due to analyte activity, background contami-
nation, and instrument sensitivity. Method requirements
vary worldwide, with the least sensitive specifying 1-pL
injections and full-scan data acquisition. The lowest
detection limits can be achieved using a programmable
temperature vaporizing (PTV) inlet, trace ion detection
(TID), and a triple-axis detector (TAD) with the MSD
operating in SIM mode.

Introduction

Low-level semivolatiles analysis is used to concur-
rently measure a mixture of acids, bases, neutrals,
and pesticides in drinking water or source water.
Most laboratories analyze for > 100 compounds,
with a chromatographic run time of 25 to 40 min-
utes. Sample extraction is accomplished using
liquid-solid extraction (LSE) with C;s disks or car-
tridges. Liquid-liquid extraction with a solvent
such as dichloromethane is an alternative tech-
nique. Extract injection is typically 1 uL hot split-
less with the MSD operating in full-scan mode, as
specified in some commonly used methods such as
USEPA Method 525.2 [1].

@® o o - Application

Environmental

Environmental Semivolatiles Using a
. . Triple-Axis Detector

Sensitivity is an area where laboratories are seek-
ing improved performance; it can be affected by
sample preparation, extract volume injected,
instrument tuning, signal acquisition, and overall
system activity. Sensitivity is also a confusing
term, with all of the following used interchange-
ably: maximum sensitivity, minimum sensitivity,
best sensitivity, lowest detection limit, instrument
detection limit (IDL), and method detection limit.

Previous publications have focused on activity/lin-

earity, speed, productivity, and large-volume injec-

tion [2-5]. Sensitivity is a factor in all of these, and
many times is a trade-off.

This application addresses the parameters that
affect the IDL, that is, the “sensitivity” of the
GC/MSD system. There are statistical ways to cal-
culate the IDL, but these may not answer the ques-
tions, “How much can I actually see?” or “What is
the lowest amount that will produce a peak I can
integrate?”

Instrument Operating Parameters

The recommended instrument operating parame-
ters are listed in Table 1. These are starting condi-
tions and may have to be optimized. For the best
sensitivity, parameters should be chosen that
transfer the maximum amount of analyte onto the
column. Furthermore, the entire system must be
inert, as sensitivity is almost always lost on active
analytes first.

Many analysts associate the use of PTV only with
large-volume injection (LVI) in solvent vent mode
[4]. LVI will allow lower levels of calibration, but

Agilent Technologies



Table1.

Gas Chromatograph and Mass Spectrometer Conditions

GC

Inlet
Mode

Temperature ramp
Initial

Ramp 1

Ramp 2

Cryo

Cryo use temperature
Cryo timeout

Cryo fault

Pressure

Purge flow

Purge time

Total flow

Gas saver

Gas type

PTV Liner

Oven
Oven ramp
Initial
Ramp 1
Ramp 2

Total run time
Equilibration time
Oven max temperature

Column

Length

Diameter

Film thickness
Mode

Pressure

Nominal initial flow
Inlet

Outlet

Outlet pressure

RTL

Agilent Technologies 7890A or 6890N

EPC PTV
Splitless

°C/min Next °C Hold min
20 0.05
600 350 0.90

10 250 0.00

On

100 °C

10.00 min (On)
On

11.40 psi (On)
30.0 mL/min
1.50 min

34.4 mL/min
off

Helium

Agilent multi-baffle liner, no packing,
p/n 5183-2037

120V

°C/min Next °C Hold min
40 2.50

50 110 0.00

10 320 1.10

26 min

0.5 min

325°C

Agilent Technologies HP 5 MSi,
p/n 19091S-433i
30.0m

0.25 mm

0.25 pm
Constant flow
11.40 psi

1.4 mL/min
Front

MSD

Vacuum

System retention time locked to
phenanthrene-d10 at 12.700 min

method development is necessary to optimize
recovery of compounds while eliminating the sol-
vent. LVI also injects more matrix and may not
improve Signal-to-Noise (S/N) due to chemical
noise. The PTV has other operating modes; “cold”
splitless mode was used here. Splitless injection
into a cold inlet instead of a typical hot splitless
inlet offers these advantages:

1. Solvent expansion is minimized; analytes do
not travel outside the liner and contact metal
surfaces, thereby minimizing degradation.

2. Analytes vaporize at the lowest temperature,
also minimizing degradation.

Front Injector

Sample washes
Sample pumps
Injection volume
Syringe size

Prelnj Solv A washes
Prelnj Solv B washes
Postlnj Solv A washes
Postlnj Solv B washes
Viscosity delay
Plunger speed
Prelnjection dwell
Postlnjection dwell

MSD

Drawout lens
Solvent delay
Low mass
High mass
Threshold
Sampling
Quad temp
Source temp
Transfer line temp
Tune type
EMV mode

MSD-SIM

0 seconds
Fast

0 minutes
0 minutes

Agilent Technologies 5975C, Triple-Axis
Detector

3 mm standard aperture drawout lens
4 min

45 amu

450 amu

0

2

180 °C

300 °C

280 °C

Autotune

Gain factor =1

AutoSIM was used to pick ions, groups and switching times

Number of groups
Compounds/group
lons/group

Dwell time, msec
Cycles/peak

Calibration Standards

25

Varied 1 to 22
Varied 2 to 45
Varied 5 to 50
Minimum 10

Ultra Scientific, North Kingstown, RIl. p/n DWK-5252. Four mix-
tures, co-diluted in dichloromethane, resulting in 108 compounds
at 7 concentration levels: 10,4, 1, 0.4, 0.1, 0.04, and 0.01 ppm.
Each level spiked with 3 Internal Standards at 2 ppm and 4 surro-
gate standards at 2 ppm. Each level then diluted 1:100 in
dichloromethane, resulting in 7 concentration levels: 100, 40, 10,
4,1,0.4, and 0.1 ppb (pg/ulL) with IS/SS at 2 ppb.

3. Volatile solvent is transferred onto the column
first; analyte peak shape is improved for
injections of 2 to 5 uL.

Figure 1 shows the PTV temperature and flow pro-
grams together with the oven program. The PTV is
held at 20 °C, a temperature below the boiling
point of the solvent dichloromethane, 39.8 °C,
during the fast injection period, 0.05 min. At the
end of the injection period, the PTV is rapidly
heated to 350 °C, transferring analyes onto the
column. At the end of the splitless time, 1.5 min,
the inlet is purged at 30 mL/min. The PTV is
allowed to cool during the run.
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Figure 1.  PTV cold splitless temperature and flow programs.

The PTV program ramp can be adjusted and multi-
ple ramps are possible. The PTV inlet liner (p/n
5183-2037) is multi-baffled and deactivated. It
does not contain glass wool, which could con-
tribute to active compound degradation. This liner
has sufficient capacity to accommodate a 2- to
5-uL injection volume at fast speed. A 2-uL injec-
tion was used for all data presented here.

The oven program relationship to the PTV parame-
ters is shown in Figure 1. The oven starts at 40 °C
and is held there during the injection cycle and
splitless transfer of analytes onto the column. The
oven then programs rapidly to 110 °C, followed by
a slower ramp for compound separation. There is
an extra 1 min of oven hold time at 40 °C, which is
between 1.5 and 2.5 min. This maintains the reten-
tion time locked (RTL) times for analytes while
providing room for the injection to be scaled up to
LVI, if desired. The 240V oven was used, but a 120V
oven can also achieve the ramp rates found in
Table 1.

The HP-5MSi column is designed for inertness and
is well suited to this method. This is the latest ver-
sion of the most popular column in environmental
laboratories, the HP-5MS. The column was run in
constant-flow mode at 1.4 mL/min to maintain
peak shape and sensitivity.

Minute

The system was RTLocked to phenanthrene-d10 at
12.700 min. The primary benefit of RTL for this
analysis is maintaining constant switching times
for SIM groups. After clipping the column, a rerun
and analysis of the locking standard is all that is
needed to restore shifted peak times. Quantitation
database and integration events times also do not
have to be changed. Additional RTL applications
detailing the numerous benefits of RTL are avail-
able at www.agilent.com/chem. It is almost impos-
sible to use a method with this many SIM groups
without RTL, in a productive laboratory.

The standard 3-mm drawout lens was used for best
sensitivity. Previous work has shown improved lin-
earity across a wide calibration range using the
optional 6-mm lens [1]. Using the 6-mm lens will
show a typical loss of 2 to 5x in the IDL.

The 5975C MSD was equipped with a Triple-Axis
Detector (TAD) [6]. The TAD presents several
advantages to the user, one of which is, “Although
signal is enhanced, neutral noise is substantially
reduced through the off-axis design.” This increase
in S/N for clean samples with minimal chemical
noise can help reach a lower IDL. Trace ion detec-
tion (TID) was switched on during all data acquisi-
tion [7]. TID is a filtering routine to minimize noise
and is selectable in the software.



Scan parameters are listed and data were collected
in either scan mode or in SIM mode. None of the
runs was made in synchronous SIM/scan mode. A
sampling rate of 2 was used, as it is typical of most
methods on a 250-um id column. This sampling
rate, with a 45 to 450 mass range, resulted in at
least 10 scans across each peak.

AutoSIM setup was used in combination with the
scan quantitation database to pick ions, groups,
and switching times. The SIM acquisition table
from AutoSIM was used directly with only two
modifications. Tebuthiuron (ion 156) and tricycla-
zole (ion 189) are known for poor peak shape.
Their ions were manually added to the groups
across which the peaks eluted. A target ion plus
one qualifier ion were used for all internal (ISTDs)
and surrogate standards (SSs). A target ion plus
two qualifier ions were used for all other analytes,
if they were present in sufficient abundance in the
spectra. A minimum of 10 SIM data points were
acquired across each peak.

A source temperature of 300 °C was used instead
of the typical 230 to 250 °C range. This higher tem-
perature has been used to minimize peak tailing,
and therefore improve sensitivity for PAHs [5].

The compound list was taken from USEPA 525 and
is typical of the analytes that laboratories world-
wide are interested in analyzing at low levels. The
USEPA 8270 list was not used, as it is targeted at
higher concentrations of compounds in waste sam-
ples that contain high levels of matrix and are not
comparable here. The best way to improve sensitiv-
ity for solids and waste samples is through extract
cleanup. The standards were prepared in
dichloromethane only for the single component
analytes, except disulfoton sulfoxide and disulfo-
ton sulfone, which were not included in the com-
mercially available mixture. Standards were not
prepared for multicomponent toxaphene or the
Aroclors.

A typical calibration range for low-level semivola-
tiles is 0.1 to 10 ppm as defined in USEPA 525.
Standards were made from 0.01 to 10 ppm, con-
taining 2 ppm of ISTDs and SSs. A dilution of
1:100 of each of these yields a range of 0.1 to

100 ppb, with ISTDs and SSs at 20 ppb, for a lower
working range. Atrazine and alachlor are present
in two of the stock mixes, so their concentrations
are twice that of other analytes. Pentachlorophenol
is present at four times the other analyte concen-
trations, as described in USEPA 525.

Results

The standard solutions from 0.1 to 100 ppb were
run in both SIM and scan modes. Data from the
0.1-ppb scan injections showed insufficient
response or were too noisy to reproducibly inte-
grate. The SIM data at 0.1 ppb were significantly
improved compared to the scan data and could be
routinely used. A listing of selected analytes with
S/N measured from 1.0 ppb scan runs (2 pg) are
shown in Table 2, together with data from 0.1-
(0.2-pg) and 1.0-ppb SIM runs. Each value is an
average of three acquisitions on one system, using
peak-to-peak noise.

Table 2. Signal-to-Noise for Selected Analytes, SIM and Scan

Modes
pg= 02 20 20
SIM SIM Scan
Compound lon RT S/N S/N S/N

Hexachlorocyclopentadiene 237  7.960 6.3 77 15

Trifluralin 264 11608 4.4 49 1.1
Simazine 201 12274 1.0 16 24
Atrazine 200 12385 31 30 13

Pentachlorophenol 266 12492 24 20 3.7
Chlorothalonil 266 13.146 26 26 2.9
Aldrin 66 14.661 16 15 1.9
Heptachlor epoxide 353 15429 62 49 34
4,4'-DDE 246 16557 7.0 72 17

Carboxin 143 16.696 2.4 22 4.0
Endrin 263 17.003 23 22 4.1
4,4'-DDD 235 17323 75 76 15
4,4'-DDT 235 18.000 59 60 5.9

There is excellent agreement between the SIM S/N
values at the two levels for most compounds. This
shows that the responses are real and that the
entire system is inert. There is a slight loss of
simazine and minimal interference for pen-
tachlorophenol and heptachlor epoxide at the
lowest level, 0.2 pg. At the 200 femtogram level,
this is no surprise.

The scan S/N at 2.0 pg is lower than SIM, as
expected, by 3- to 15-fold. The gains in S/N moving
from scan to SIM are related to the dwell time
versus the original sampling rate.

Extracted Ion Currents (EICs) from the 1.0-ppb
level for both SIM and scan are shown in

Figures 2a to 2d. It can clearly be seen that either
the SIM or scan signals could be used for quantita-
tion based on S/N and peak shape. Of particular
note is the response and very good peak shape for
pentachlorophenol, even at an 8-pg full scan.
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Figure 2a. Atrazine — Extracted lon 200, RT 12.350 min.

Figure 2b. Pentachlorophenol — Extracted lon 266, RT
12.445 min.
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z

SIM
10 msec
2.0 pg
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Scan
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Figure 2c. Aldrin — Extracted lon 66, RT 14.616 min.

Although linearity is not the focus of this applica-
tion, it is a measure of inertness, reproducibility,
and sensitivity. Linearity can be determined by the
percent relative standard deviation (%RSD) of the
relative response factor (RRF) for each compound
across the calibration range. The %RSD and the

Figure 2d. 4,4'-DDT - Extracted lon 235, RT 18.00 min.

RRF calculations are done automatically by the
GC/MSD ChemStation software in conjunction
with Excel. There is no correct %RSD, as it is
method dependent. The %$RSDs of the RRFs for
selected compounds are shown in Table 3.



Table 3. Linearity of Selected Analytes
Calibration range pg »> 0.2-200 2-200
SIM Scan
Compound %RSD %RSD
Dichlorvos 1.9 7.0
Mevinphos 10.1 7.0
2,3-Dichlorobiphenyl 5.3 3.0
Atrazine 14.2 14.5
Pentachlorophenol 6.3 33.0
Anthracene 2.2 3.0
Chlorothalonil 7.6 25.0
Heptachlor epoxide 6.6 13.0
4,4'-DDE 45 9.0
4,4'-DDD 14 8.0
4,4'-DDT 4.0 5.9

At first glance some of the %RSD values appear
high, such as pentachlorophenol (PCP) and
chlorothalonil. These are calibrated, however, from
2 to 200 pg in scan mode, which is 50-fold lower
than USEPA 525 mandates. The SIM data are
calibrated from 0.2 to 200 pg, which is 500-fold

lower and a 10-fold wider range. This demon-
strates both inertness and detectability at the
femtogram level.

As an additional overall measure of system linear-
ity, the average of all ¥RSDs was calculated at 8%
for SIM data and 13% for scan data. Not all com-
pounds were calibrated to the 0.1-ppb level, as
they did not have a signal that could be reliably
measured. The phthalates, easily detected at low
levels, were excluded from these averages due to
common laboratory contamination.

EICs at the 200-femtogram level, from SIM, are
shown for six different compounds in Figures 3.
All are easily seen and measured against noise. As
an analyst’s measure of sensitivity, the question
from the introduction was “How much can I actu-
ally see?” The answer: very low picogram levels for
most environmental semivolatiles in scan mode.
The IDL using SIM is even lower, in the femtogram
range.

Dichlorves, ion 109

A B

Hexachlorobenzene, ion 284

200 femtograms

200 femtograms

C

2,3-Dichlorobiphenyl, ion 222
200 femtograms

D

Phenanthrene and anthracene, ion 178
200 femtograms

E

4,4'-DDE, ion 246
200 femtograms

F

4,4'-DDT, ion 235
200 femtograms

Figure 3. EICs at the 200 femtogram level.
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Conclusions

Traditional semivolatiles methods can be altered
to achieve better instrument detection limits.
There have been advancements in hardware, such
as the Triple-Axis Detector (TAD), that improve
sensitivity. Signal handling using Trace Ion Detec-

tion (TID) provides better S/N through lower noise.

The PTV, used in “cold” splitless mode, maximizes
the amount of sample on the column, while vapor-
izing analytes at the lowest possible temperature.
Coupled with an inert column and source, the PTV
provides an easy way to improve sensitivity. Meth-
ods that require only a target ion and a few quali-
fier ions for identification can often be changed to
SIM from scan, improving S/N by 3- to 50-fold.
Combining all of these hardware, software, and
operating parameters can result in femtogram
instrument detection limits (IDLs) and sensitivity
you can use.
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Abstract

Agilent Technologies Inc. has implemented new testing
procedures to more effectively evaluate GC column inert-
ness performance. The new testing procedure uses delib-
erately aggressive probes to thoroughly investigate
column inertness quality. The value of using probes such
as 1-propionic acid, 4-picoline, and trimethyl phosphate
to establish a column inertness baseline is discussed.
This baseline inertness profile is then extended to a real-
world application example with challenging analytes in
the semivolatile sample set. Inertness performance with
analytes such as 2,4-dinitrophenol, benzoic acid, and
benzidine clearly shows the advantage of using the
Agilent J&W DB-5ms Ultra Inert columns for semivolatile
analysis.

Introduction

Semivolatile analyses using methods similar to
USEPA method 8270 [1] are important in environ-
mental laboratories worldwide. A number of very
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active analytes presents significant challenges for
analysts, equipment providers, and column manu-
factures in terms of inertness. Acidic compounds
such as benzoic acid or 2,4-dinitrophenol and
strong bases such as pyridine or benzidine are
examples of active species found in the semi-
volatile sample set. These chemically charged
species are particularly susceptible to adsorption
onto active surfaces in the sample flow path,
including the column itself. Both system and
column inertness are critical for effective analysis
of these active chemical species.

For many years Grob’s mix [2] has been the stan-
dard mix to evaluate capillary GCs and columns.
This mix consists of a series of alkanes, a substi-
tuted phenol (acidic component), an amine (basic
component), an alcohol, and a diol. Virtually all
capillary column manufactures have used Grob’s
or a very similar test mix to evaluate column per-
formance historically. These mixtures work well to
evaluate column efficiency, system suitability
against solute discrimination during injection, and
potential solute absorption in the chromatographic
flow path. Inertness evaluation based on single
acidic and basic species in these mixes, though
valuable, falls short of the rigorous requirements
for inertness that applications on modern capillary
GC columns require [3-4]. Modern GC applications
demand a more comprehensive approach to prop-
erly investigate column inertness performance.

Agilent Technologies



Experimental

Baseline inertness testing of columns was on an
Agilent 6890N GC equipped with a 7683B
autosampler and an FID. Semivolatile application-
specific chromatograms were generated using an
Agilent 6890N GC/5975B MSD equipped with a
7683B autosampler.

Tables 1 and 2 list the chromatographic conditions
used on each of the chromatographic systems.
Table 3 lists flow path consumable supplies used
in these experiments.

Table 1. Chromatographic Conditions 6890N/FID System

The flow path supplies used in these experiments
are listed in Table 3.

GC: Agilent 6890N

Sampler: Agilent 7683B, 0.5-pL syringe
(Agilent p/n 5188-5246), 0.02-pL split
injection, 1 ng each component on column
Carrier: Hydrogen constant pressure 38 cm/s

Inlet: Split/splitless; 250 °C, 1.4 mL/min
column flow, split flow 900 mL/min, gas-
saver flow 75 mL/min. on at 2.0 min

Inlet liner: Deactivated single taper w/glass wool
(Agilent p/n 5183-4647)

Column: Agilent J&W DB-5ms Ultra Inert, 30 m x
0.25 mm x 0.25 pm
(Agilent p/n 122-5532Ul)

Oven: 65 °C isothermal

Detection: FID at 325 °C, 450 mL/min air,

40 mL/min hydrogen, 45 mL/min
nitrogen makeup

Table 2. Chromatographic Conditions 6890N/5975B MSD

System
GC: Agilent 6890N/5975B MSD
Sampler: Agilent 7683B, 5.0-pL syringe
(Agilent p/n 5181-5246), 1.0-pL splitless
injection, 5 ng each component on column
Carrier: Helium constant flow 30 cm/s

Inlet: Split/splitless; 260 °C, 53.7 mL/min
total flow, purge flow 50 mL/min on at
0.5 min, gas-saver flow 80 mL/min on at
3.0 min

Inlet liner: Deactivated single taper w/glass wool
(Agilent p/n 5183-4647)

Column: Agilent J&W DB-5 ms Ultra Inert, 30 m x
0.25 mm x 0.25 pm
(Agilent p/n 122-5532Ul)

Oven: 40 °C (1 min) to 100 °C (15 °C/min),
10 °C to 210 °C (1 min), 5 °C/min. to
310 °C (8 min)

Detection: MSD source at 300 °C, quadrupole at

180 °C, transfer line at 290 °C, scan
range 50-550 AMU

Table 3. Flow Path Supplies
Vials: Amber screw cap (Agilent p/n 5182-0716)
Vial caps: Blue screw cap (Agilent p/n 5282-0723)
Vial inserts: 100-pL glass/polymer feet
(Agilent p/n 5181-1270)
Syringe: 5 pL (Agilent p/n 5181-1273)
Septum: Advanced Green (Agilent p/n 5183-4759)
Inlet liners: Deactivated single taper w/glass wool
(Agilent p/n 5183-4647) for FID
Deactivated single taper direct connect
(Agilent p/n G1544-80730) for MSD
Ferrules: 0.4 mm id short; 85/15 Vespel/graphite

(Agilent p/n 5181-3323)

20x magnifier: 20x magnifier loupe (Agilent p/n 430-1020)

Sample Preparation

Test probes for baseline inertness evaluation were
purchased from Sigma Alrich (Milwaukee, WI
53201, USA). Dichloroethane used was Burdick
and Jackson spectral grade purchased thorough
VWR International (West Chester, PA 19380, USA).
semivolatile standard (USEPA 8270) solutions
were obtained either from Ultra Scientific (North
Kingstown, RI 02852, USA) or AccuStandard

(New Haven, CT 06513, USA).

Solutions were prepared using dichloroethane sol-
vent and class A volumetric pipettes and flasks.

Results and Discussion

Baseline Inertness Profile for the Ultra Inert Columns

One means of quickly evaluating the suitability of a
chromatographic system and the column compo-
nent of that system is the deliberate injection of
challenging analyte mixes on the system. Good
sample recoveries and peak shapes quickly show
that the injection system is functioning properly
and establish a baseline inertness profile for the
column. The baseline inertness profile then serves
as a predictor for successful analysis of chemically
active species like those in the semivolatile sample
set. The use of more demanding test mixes to
certify column inertness performance is the
approach taken for every column offered in the
Ultra Inert series of capillary GC columns.



This application illustrates the implementation of
more rigorous testing procedures to certify GC
capillary column inertness. The baseline test mix
selected for inertness contains 1-propionic acid, 4-
picoline, trimethyl phosphate, and 1-heptanol. Key
column evaluation criteria include efficiency of n-
decane elution at a k' of 5, probe peak shapes, and
peak height ratios of 4-picoline and trimethyl phos-
phate relative to closely eluting alkanes. The peak
height ratio of active analytes, such as 4-picoline
and trimethyl phosphate, relative to less active
alkanes indicate the degree of surface activity for
the reactive analyte. A higher ratio indicates better
inertness. Testing with these aggressive probes
provides more probative tools for evaluating inert-
ness with problematic acidic and basic species.
This testing procedure raises the bar for column
inertness QC testing and sets a new industry stan-
dard for consistent column performance.

Figure 1 shows a baseline inertness chromatogram
for an Ultra Inert DB-5ms column. Please note the
peak shapes for trimethyl phosphate. This com-
pound exhibits minor peak tailing in this example
chromatogram and, for this analyte, represents

1 1-Propionic acid

2 1-Octene

3 n-Octanol

4 4-Methylpyrimidine

5 n-Nonane 1
6 Trimethyl phosphate

7 1,2-Pentanediol

8 N-Propylbenzene

9 1-Heptanol

10 3-Octanone
11 n-Decane

very good peak shape. The observable peak tailing
for this analyte is what makes it an excellent tool
for evaluating column inertness. On a lesser
column this peak may not be seen at all.

Semivolatile Challenging Analytes

The evaluation of column performance went
beyond the new baseline testing for inertness and
looked at an abbreviated list of compounds specific
to the USEPA Method 8270 sample set. The semi-
volatiles mix [5] contained N-nitrosodimethy-
lamine, aniline, benzoic acid, 2,4-dinitrophenol,
4-nitrophenol, 2-methyl-4,6-dinitrophenol,
pentachlorophenol, 4-aminobiphenyl, benzidine,
3,3'-dichlorobenzidine, benzo [b] fluoroanthene,
benzo [k] fluoroanthene as well as recommended
internal standards. These species were selected to
range in polarity from basic to acidic species and
from very early eluting nitrosamine to late eluting
polynuclear aromatic hydrocarbons (PAHs). Figure
2 is a total ion chromatogram of the challenging
analyte mix with a 5-ng on-column loading of each
component.

Figure 1.

Baseline inertness test chromatogram, 1 ng/component load on the Agilent J&W DB-5ms Ultra Inert

column (Agilent p/n 122-5532Ul), chromatographic conditions as in Table 1, flow path supplies as in

Table 3.



N-nitrosodimethylamine
Aniline
1,4-Dichlorobenzene-D4
Benzoic acid
Naphthalene-D8
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2-Methyl-4,6-dinitrophenol
Pentachlorophenol
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Figure 2.

Abbreviated semivolatile test chromatogram, 5 ng/component load on the Agilent J&W DB-5ms Ultra Inert

column (Agilent p/n 122-5532Ul), chromatographic conditions as in Table 2, flow path supplies as in Table 3.

One key assessment criterion for USEPA 8270
system suitability is the response factor for
2,4-dinitrophenol and its most closely eluting
internal standard acenaphthene-d10. The mini-
mum acceptable average response factor (over the
entire concentration range) is 0.050 and the typical
range is between 0.1 to 0.2. This response tends to
decrease at lower concentrations and as the chro-
matographic system or the standard starts to dete-
riorate. In Figure 2, response factors for
2,4-dinitrophenol were greater than 0.1, and for
4-nitrophenol, they were greater than 0.2, each at a
concentration of 5 ug/mL. These values are indica-
tive of excellent column performance even at low
standard concentration.

The recovery of benzidine is another key indicator
of inertness performance for semivolatile analysis.
This particular base is subject to thermal break-
down in the inlet and to oxidation from standing in
solution. Injection temperatures above 260 °C
caused benzidine recoveries to drop dramatically.
It was necessary to balance benzidine recoveries
with the elution of heavier PAHs when setting

injection port temperatures. An injection port tem-
perature setting of 260 °C gave good recoveries for
benzidine and was still hot enough for higher mole-
cular weight PAHs to volatilize.

Semivolatile Large Mix

Figure 3 shows a 5-ng on-column loading of a
broader range of semivolatile analytes. This large
mixture was prepared by combing AccuStandard®
semivolatile mixes 1, 2, 3, 4a, 4b, 5, and 6 all at a
nominal concentration of 5 ug/mkL. In total, 93
semivolatile compounds were included in this mix,
ranging in boiling points from very low-boiling
N-nitrosodimethylamine to high-boiling benzo
(g,h,i) perylene. In addition, a wide diversity of
analyte polarities was represented in this mix. The
highlighted area in Figure 3 shows the elution and
peak shape of highly basic benzidine and its
response relative to the nearest eluting peak,
flouranthene. Even in this large mix, benzidine
gave good relative response and peak shape.



N-nitrosodimethylamine
2- Methyl pyridine
Benzidene
Fluoranthene
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Figure 3. Semivolatile (large mix) test chromatogram, 5 ng/component load on the Agilent J&W Ultra Inert
DB-5ms column (Agilent p/n 122-5532Ul), chromatographic conditions as in Table 2, flow path sup-
plies as in Table 3. Several peaks of interest are labeled to indicate early- and late-eluting species.
Benzidine (peak 3) and fluoranthene (peak 4) peaks are shown in the highlighted section.
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Abstract

Trace and ultra trace-level polybrominated diphenyl ether
(PBDE) analyses are important tools for understanding
food supply and environmental quality worldwide. In this
application, trace-level PBDE analysis is demonstrated
using electron impact single quadrupole scanning mass
spectrometry. For these challenging separations, knowing
that each GC column has been thoroughly tested for
column inertness gives the analyst higher confidence in
the accuracy of the resulits.

Agilent Technologies Inc. has implemented new testing
procedures to more effectively evaluate GC column inert-
ness performance. This new testing procedure employs
deliberately aggressive probes to thoroughly investigate
column inertness and quality. These extremely active
probes, including 1-propionic acid, 4-picoline, and
trimethyl phosphate, are used to verify each column's
inertness performance.

Introduction

Polybrominated diphenyl ethers (PBDEs) are both
persistent and increasingly common in the environ-
ment. These chemicals are typically used as flame
retardants in textiles and electronic products such
as televisions and computer equipment. There are
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209 possible PBDE congeners that vary in the
degree of bromination from mono to fully bromi-
nated decabromodiphenyl ether. Each of the indi-
vidual congeners is assigned both an IUPAC name
and bromodiphenyl ether (BDE) number, by con-
vention. For example, fully brominated decabro-
modiphenyl ether is assigned the number
BDE-209.

PBDEs as a class of molecules tend to undergo
degradation on exposure to heat and light. BDE-
209’s long retention and susceptibility to thermal
breakdown make it a particularly challenging
analyte.

BDE-209 Structure

Br Br

Br
Br Br Br

Br

Br Br

Unfortunately, these chemicals continue to find
their way into food supplies and common house
dust. [1-5] Similarities between PBDEs and poly-
chlorinated biphenyl (PCBs) compounds include
their tendency to persist in the environment and
to bioaccumulate in adipose tissues.

The chief routes of human exposure to PBDEs
appear to be ingestion of contaminated foods and
inhalation of contaminated house dust. Measurable
levels of PBDEs have been found in fish, meats,

Agilent Technologies



dairy products, eggs, and vegetables. Higher levels
of PBDEs are found more often in fish than in
other food sources. House dust studies in the U.S.,
Belgium, and Singapore have all shown apprecia-
ble levels of PBDEs. The need for reliable, sensi-
tive, and robust analytical methods for the analysis
of PBDEs is of global concern.

Long-term human toxicities for PBDEs are not well
understood, even though a number of studies have
found appreciable levels in breast milk and human
adipose tissue. These studies suggest a link
between long-term exposure of the mother to spe-
cific BDEs and neurological effects in the growing
fetus. Human heath concerns led to a ban on the
use of penta-BDE and octa-BDE within the
European Union in 2004.

This application highlights the value of using a
15-m Agilent J&W DB-6ms Ultra Inert capillary GC
column for challenging PBDE analysis. Agilent
Technologies Inc. has implemented new testing
procedures to more effectively evaluate GC column
inertness performance. This new testing procedure
employs deliberately aggressive probes to thor-
oughly investigate column inertness and quality.
These extremely active probes, including 1-propi-
onic acid, 4-picoline, and trimethyl phosphate, are

used to verify each column’s inertness perfor-
mance. Capillary GC column activity as a potential
source of result uncertainty has been all but elimi-
nated with the Ultra Inert series of columns.

Experimental

An Agilent 6890N GC/5975B MSD equipped with a
7683B autosampler was used for this series of
experiments. Table 1 lists the chromatographic
conditions used for these analyses. Table 2 lists
flow-path consumable supplies used in these
experiments.

Sample Preparation

A seven-level eight-component BDE calibration
curve set was purchased from AccuStandard (New
Haven, CT). These solutions were transferred
directly to amber glass autosampler vials and used
as supplied. Concentration ranges were 0.5 to 250
ng/mL for BDEs -47, -100, -99, -154, -153, -183, and
-205. BDE-209 concentration ranged from 2.5 to
1,000 ng/mL. The isooctane used was Burdick and
Jackson Ultra Resi Grade purchased through VWR
International (West Chester, PA, USA). Isooctane
was used as a reagent blank and syringe wash
solvent.

Table 1. Chromatographic Conditions
GC Agilent 6890N/5973B MSD
Sampler Agilent 7683B, 5.0-pL syringe (Agilent p/n 5188-5246), 1.0-pL splitless injection,
5 ng each component on column
Carrier Helium 72 cm/s, constant flow
Inlet Pulsed splitless; 325 °C, 20 psi until 1.5 min, purge flow 50 mL/min at 2.0 min
Inlet liner Deactivated dual taper direct connect (Agilent p/n G1544-80700)
Column Agilent J&W DB-5ms Ultra Inert 15 m x 0.25 mm x 0.25 pm (Agilent p/n 122-5512Ul)
Oven 150 to 325 °C (17 °C/min), hold 5 min
Detection MSD source at 300 °C, quadrupole at 150 °C, transfer line at 300 °C, scan range
200-1000 amu
SIM program
SIM ions
Time PBDE Confirmation
(min) Group bromination [Mm]* [M-Br.,]* [M-Br,]*? ion
3.00 1 3 405.8 246 247.9
4 485.7 325.8 162.9
5.75 2 5 536.6 403.8 565.7
6 643.6 483.7 2418
8.00 3 1 1215 561.6 563.6
9.25 4 8 801.5 641.5 320.8 643.6
11.50 5 10 959.3 799.4 399.7 797



Table 2.  Flow Path Supplies

Vials Amber glass vials
(Agilent p/n 5182-0716)
Vial caps Blue screw cap (Agilent p/n 5282-0723)
Vial inserts 100 pL glass/polymer feet
(Agilent p/n 5181-1270)
Syringe 5 pL (Agilent p/n 5181-1273)
Septum Advanced Green (Agilent p/n 5183-4759)
Inlet liners Deactivated dual taper direct connect
(Agilent p/n G1544-80700)
Ferrules 0.4 mm id short; 85/15 Vespel/graphite

(Agilent p/n 5181-3323)

20x magnifier 20x magnifier loupe (Agilent p/n 430-1020)

Results and Discussion

Baseline Inertness Profile for Ultra Inert Columns

The basic approach for inertness verification for
the Agilent J&W Ultra Inert series of capillary GC
columns is testing with highly active probes at low
concentration and low temperature. [6] This is a
new rigorous approach that establishes consistent
baseline inertness profiles for each column in the
Agilent J&W Ultra Inert GC column series. The
baseline inertness profile then serves as a predic-
tor for successful analysis of chemically active
species that tend to adsorb onto the column’s
active sites, particularly at trace levels, like the
BDEs in this application example. A detailed
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description of the test mix and additional applica-
tion examples are available in references 7
through 9.

PBDE Analyses

PBDE-209 is a particularly challenging analyte due
to its long retention and tendency to degrade with
high-temperature exposure. High-temperature
thermal stability is an issue for this class of com-
pounds, but is more pronounced for BDE-209, as it
is highly brominated and well retained. One key to
successful BDE analysis is to limit the time that
these compounds are exposed to high tempera-
tures. A 15-m long column, as opposed to a typical
30-m long column was used in this case to limit
residence time for BDE-209. [10,11] Fortunately,
the BDEs resolve well, with symmetrical peak
shapes, when using Agilent J&W DB-5ms phase,
enabling successful separation on the shorter
column. Figure 1 shows a total ion chromatogram
of the eight BDEs investigated in this study.

In this application a seven-level eight-component
BDE calibration curve set was evaluated over the
concentration range of 0.5 to 250 ng/mL for BDEs
-47,-100, -99, -154, -153, -183, and -205 and the
range of 2.5 to 1,000 ng/mL BDE 209 on an Agilent
J&W Ultra Inert DB-5ms 15 m x 0.25 mm % 0.25 um
(p/n 122-5512U1) column. Sensitivity was excel-
lent, even for the more challenging BDE-209 with a
0.025 ng on-column loading, yielding a 3.28 signal-
to-noise level. The exploded view of the BDE-209
peak in Figure 2 illustrates the sensitivity observed
for a 0.025-ng on-column loading of BDE-209.

11 1 BDE-47 5 BDE-153
120 2 BDE-100 6 BDE-183
] 3 BDE-99 7 BDE-205
® 100*: 4 BDE-154 8 BDE-209
S
< 60~
40—?
zo—f/ﬁw
0 S e S R S — — —r ‘
6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
Time
Figure 1. Total ion chromatogram (SIM mode) of a 0.005-ng (BDEs -47, -100, -99, -154, -153, -183, -205, and -209) and

0.025-ng (BDE-209) on-column loading on an Agilent J&W DB-5ms Ultra Inert 15 m x 0.25 mm X 0.25 pm

capillary GC column (p/n 122-5512Ul).
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Figure 2. Enlarged section of the total ion chromatogram (SIM mode) of a 0.025-ng BDE-209 on-column loading. The

large peak in the figure is BDE-209, a particularly challenging BDE due to its long retention and thermal
instability.

Linearity was excellent across the range studied,
giving R? values of 0.997 or greater in all cases.
Figure 3 indicates the correlation coefficients for
each of the individual analytes and shows an
example linear regression plot for BDE-209.

BDR R?

47 0999
100 0.999

99 0.999
154 0.999
153 1.000
183 0.999
205 0.999
209 0.997
Figure 3.
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Correlation coefficients for the eight components over the 0.5 ng/mL to 1,000 ng/mL concentration
range (BDE-209 2.5 to 1,000 ng/mL) used in this study. An example linear regression plot of particu-
larly challenging BDE-209 is also shown.



Conclusions

This application successfully demonstrates the use
of a 15-m Agilent J&W DB-5ms Ultra Inert capil-
lary GC column for trace-level BDEs in a 15-minute
analysis. Linearity was excellent for all eight BDEs
studied, yielding 0.997 or greater R? values down
to a 0.005 ng (0.025 ng for BDE-209) on-column
loading of each component. One of the reasons for
the excellent linearity and high R? values is the
highly inert surface of the column. The lack of
chemically active sites makes these columns an
excellent choice for trace-level applications.

The Agilent 6890/5975B GC/MSD (SIM mode)
equipped with an inert electron impact source had
excellent sensitivity with even the most challeng-
ing BDE in this set, PBD-209. The signal-to-noise
ratio for a 0.025-ng on-column loading of BDE-209
was greater than three to one with this system.
This result shows clearly the power of using an
Agilent J&W DB-6ms Ultra Inert column for trace-
level BDE analysis. Lower limits of quantification
are expected when using one of Agilent’s latest
GC/MS offerings, such as the 7890/5975C GC/MSD
Triple-Axis Detector coupled with an Agilent J&W
DB-6ms Ultra Inert GC capillary column.
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Abstract

An analytical methodology for screening and confirming the presence of 65 pharma-
ceuticals in water samples was developed using the Agilent G6410A Triple
Quadrupole mass spectrometer (QQQ). The method was developed following the
guidelines in EPA Method 1694. Four distinct chromatographic gradients and LC con-
ditions were used according to the polarity and extraction of the different pharmaceu-
ticals. Positive and negative ion electrospray were used with two multi-reaction moni-
toring (MRM) transitions (a quantifier and a qualifier ion for each compound), which
adds extra confirmation in this methodology compared with the EPA method. Linearity
of response of three orders of magnitude was demonstrated (r2 > 0.99) for all the
pharmaceuticals studied. The analytical performance of the method was evaluated for
one wastewater sample collected from Boulder Creek, Colorado; positive identifica-
tions for carbamazepine and diphenhydramine were found for this sample using the

methodology developed in this work.
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Introduction

The analytical challenge of measuring emerging contaminants
in the environment has been a major research focus of scien-
tists for the last 20 years. Pharmaceuticals and personal care
products (PPCPs) are an important group of contaminants
that have been targeted, especially in the last decade. In the
area of PPCPs there are several methods addressing the
analysis of these analytes, including EPA Method 1694 [1],
which was recently published (December 2007). This EPA pro-
tocol uses solid-phase extraction (SPE) for water sample
preparation [1]. The extracts are then analyzed directly by a

Table 1. Analytes Studied in This Work

List of Group 1 Compounds EPA 1694: 46 Analytes

tandem mass spectrometer using a single transition for each
compound. This application note describes the Agilent solu-
tion to this method, which is demonstrated with the Agilent
model 6410A LC/MS QQQ. The Agilent initial implementation
for EPA Method 1694 consists of 65 analytes (of 75 total ana-
Iytes) and 17 labeled internal standards (of 20 total), which
are a mixture of PPCPs that are analyzed each by a single
MRM transition. (Note that the other compounds and internal
standards could not be obtained at this time.) The method
also uses Agilent C-18 and Hydrophilic Interaction
Chromatography (HILIC) columns for all analytes. To provide
additional confirmation, a second MRM transition was added
for 60 of the 65 analytes analyzed. This gives an even greater
assurance of correct identification than prescribed by the
EPA. Table 1 shows the list of pharmaceuticals studied here.

Acetaminophen Codeine Flumequine
Ampicillin Cotinine Fluoxetine
Azithromycin Dehydronifedipine Lincomycin
Caffeine Digoxigenin Lomefloxacin
Carbadox Diltiazem Miconazole
Carbamazepine 1,7-Dimethylxanthine Norfloxacin
Cefotaxime Diphenhydramine Ofloxacin
Ciprofloxacin Enrofloxacin Oxacillin
Clarithromycin Erythromycin Oxolinic acid
Cloxacillin Erythromycin anhydrate Penicillin G

*Compound formed intractable Na adduct with current conditions.

List of Group 2, 3, and 4 Compounds: EPA 1694: 19 Analytes

Sulfanilamide
Thiabendazole
Trimethoprim

Penicillin V
Roxithromycin
Sarafloxacin

Sulfachloropyridazine Tylosin
Sulfadiazine Virginiamycin
Sulfadimethoxine Digoxin*

Sulfamerazine
Sulfamethazine
Sulfamethizole
Sulfamethoxazole

Anhydrotetracycline (2) Doxycycline (2)

Chlorotetracycline (2)  4-Epianhydrotetracycline (2)

Demeclocycline(2) 4-Epitetracycline(2) Gemfibrozil (3)
Ibuprofen (3)

Naproxen (3)

List of Labeled Internal Standards

Minocycline (2)

Tetracycline(2)
Meclocycline (2)

Triclocarban (3)
Triclosan (3)
Warfarin (3)
Albuterol (4)
Cimetidine (4)
Metformin (4)
Ranitidine (4)

13C,-15N-Acetaminophen 13C,-Erythromycin
13C,-Atrazine

1303—Caffeine

Fluoxetine-dg

Gemfibrozil-dg

13C,-15N-Ciprofloxacin 13C,-Ibuprofen

Cotinine-d, 13C-Naproxen-d,

13'CB—Squamethazine
13C-Sulfamethoxazole

13(36—2,4,5—Tricloro—
phenoxyacetic acid

13C,Trimethoprim
Warfarin-dg

Carbamazepine-d,,
(Extra compound, not EPA list)

13C¢Triclocarban

13C,, Triclosan



Experimental
Sample Preparation

Pharmaceutical analytical standards were purchased from
Sigma, (St. Louis, MQ). All stable isotope labeled compounds
used as internal standards were obtained from Cambridge
Isotope Laboratories (Andover, MA). Individual pharmaceuti-
cal stock solutions (approximately 1,000 pg/mL) were pre-

pared in pure acetonitrile or methanol, depending on the solu-

bility of each individual compound, and stored at
—18 °C. From these solutions, working standard solutions
were prepared by dilution with acetonitrile and water.

Water samples were collected from the wastewater treat-
ment plant at the Boulder Creek outfall (Boulder, CO) and
extracted as per the EPA method. Agilent has introduced a
polymeric SPE sorbent with hydrophilic/lipophilic properties
that may also be appropriate for this application. “Blank”
wastewater extracts were used to prepare the matrix-
matched standards for validation purposes. The wastewater
extracts were spiked with the mix of pharmaceuticals at dif-
ferent concentrations (ranging from 0.1 to 500 ng/mL or ppb)
and subsequently analyzed by LC/MS/MS.

LC/MS/MS Instrumentation

The analytes were subdivided in groups (according to EPA
protocol for sample extraction) and LC conditions for the
chromatographic separation of each group are as follows.

LC Conditions for Group 1-acidic extraction, positive
electrospray ionization (ESI+) instrument conditions

Column Agilent ZORBAX Eclipse Plus C18

2.1 x 100 mm, 3.5 p (p/n 959793-902)

Column temperature 25°C

Mobile phase 10% ACN and 90% H,0 with 0.1% HCOOH
Flow rate 0.2-0.3 mL/min
Gradient ty =10% ACN, 0.2 mL/min

t; = 10% ACN, 0.2 mL/min
t; = 10% ACN, 0.3 mL/min
t,, = 60% ACN, 0.3 mL/min
tz = 100% ACN

Injection volumes 15 pL

LC conditions for Group 2-acidic extraction, positive electrospray
ionization (ESI+) instrument conditions

Column Agilent ZORBAX Eclipse Plus C18

2.1 x 100 mm, 3.5 p (p/n 959793-902)
Column temperature 25°C

Mobile phase 10% ACN and 90% H,0 with 0.1% HCOOH
Flow rate 0.2 mL/min
Gradient t; = 10% ACN
t;p=10% ACN
t3p = 100% ACN
Injection volumes 15 pL

LC conditions for Group 3-acidic extraction, negative electrospray
ionization (ESI-) instrument conditions

Column Agilent ZORBAX Eclipse Plus C18

2.1 x 100 mm, 3.5 p (p/n 959793-902)

Column temperature 25°C

Mobile phase 40% MeOQH and 60% H,0 with
5 mM ammonium acetate, pH 5.5
Flow rate 0.2 mL/min
Gradient ty5 = 40% MeOH
t; = 100% MeOH
Injection volumes 15 uL

LC conditions for Group 4-acidic extraction, positive electrospray
ionization (ESI+) instrument conditions

Column Agilent ZORBAX HILIC Plus
2.1 x 100 mm, 3.5 pm (p/n 959793-901

custom order until November 1, 2008)

Column temperature 25°C

Mobile phase 98% ACN and 2% H,0 with 10 mM
ammonium acetate, pH 6.7

Flow rate 0.25 mL/min

Gradient t; = 98% ACN
t; =70% ACN
t;, =70% ACN

Injection volumes 15 uL



The mass spectrometer conditions were general to all groups
and are as follows.

MS Conditions

Mode Positive and negative (depending on
group) ESI using the Agilent G6410A
Triple Quadrupole mass spectrometer

Nebulizer 40 psig

Drying gas flow 9 L/min

V capillary 4000V

Drying gas temperature 300 °C

Fragmentor voltage 70-130 vV

Collision energy 5-35V

MRM 2 transitions for every compound as shown
in Table 1

Dwell time 10 msec

Results and Discussion
Optimization of LC/MS/MS Conditions

The initial study consisted of two parts. First was to optimize
the fragmentor voltage for each of the pharmaceuticals stud-
ied in order to produce the largest signal for the precursor ion.
Typically the protonated molecule was used for the precursor
ion. Each compound was analyzed separately using an auto-
mated procedure (MassHunter Optimizer software, Agilent
Technologies, Santa Clara, CA) to check the fragmentor at
each voltage. The data was then selected for optimal frag-
mentor signal and each compound was optimized again to
determine automatically the collision energies for both the
quantifying and qualifying ions. Optimal collision energies var-
ied between 5 and 35 V. The MRM transitions and optimized
energies used for this study are shown in Tables 2A to 2D.

Table 2A. MRM Transitions and MS Operating Parameters Selected for the Analysis of the Pharmaceutical Compounds in Group 1 (The

labeled standards are bold.)

Fragmentor MRM Collision energy
Compound voltage transitions (m/2) (eV)
Acetaminophen 90 152 - 110 15
152 — 65 35
13¢,-"5N-Acetaminophen 90 155 — 111 15
155 — 93 25
Ampicillin 70 350 — 160 10
350 — 106 15
13¢,-Atrazine 120 219 > 177 15
219 — 98 25
Azithromycin 130 7495 — 5914 30
7495 — 158 35
Caffeine 110 195 — 138 15
195 — 110 25
13¢,-Caffeine 110 198 — 140 15
198 — 112 25
Carbadox 80 263 — 231 5
263 — 130 35
Carbamazepine 110 237 — 194 15
237 —> 179 35
Carbamazepine-d,, 110 247 — 204 15
247 — 202 35
Cefotaxime 90 456 — 396 5
456 — 324 5
Ciprofloxacin 110 332 — 314 20
332 — 231 35
13¢,-15N-Ciprofloxacin 110 336 — 318 15
336 — 235 35



Table 2A. MRM Transitions and MS Operating Parameters Selected for the Analysis of the Pharmaceutical Compounds in Group 1
(The labeled standards are bold.) continued

Fragmentor MRM Collision energy
Compound voltage transitions (m/2) (eV)
Clarithromycin 110 7485 — 158 25
748.5 — 590 15
Cloxacillin 90 436 — 160 15
436 — 277 15
Codeine 130 300 — 215 25
300 — 165 35
Cotinine 90 177 — 98 25
177 — 80 25
Cotinine-d, 90 180 — 80 25
180 — 101 25
Dehydronifedipine 130 345 — 284 25
345 — 268 25
Digoxigenin 90 391 — 355 15
391 — 337 15
Digoxin No response, Na adduct
Diltiazem 130 415 - 178 25
415 — 150 25
1,7-Dimethylxanthine 90 181 —> 124 15
181 — 99 15
Diphenhydramine 70 256 — 167 15
256 — 152 35
Enrofloxacin 130 360 — 316 15
360 — 342 15
Erythromycin 90 7345 — 158 35
7345 — 576 15
13C,-Erythromycin 90 736.5 — 160 25
736.5 — 578 15
Erythromycin anhydrate 90 716.5 — 158 25
7165 — 116 25
Flumequine 90 262 — 174 35
262 — 244 15
Fluoxetine 90 310 — 148 5
Fluoxetine-d; 90 316 — 154 5
Lincomycin 110 407 —> 126 25
407 — 359 15
Lomefloxacin 130 352 — 308 15
352 — 265 25
Miconazole 90 415 — 159 35
415 — 69 25
Norfloxacin 70 320 — 302 15
320 — 276 15
Ofloxacin 110 362 — 318 15
362 — 261 25



Table 2A.  MRM Transitions and MS Operating Parameters Selected for the Analysis of the Pharmaceutical Compounds in Group 1 (The
labeled standards are bold.) continued

Fragmentor MRM Collision energy
Compound voltage transitions (m/2) (eV)
Oxacillin 70 402 — 160 15
402 — 243 5
Oxolinic acid 90 262 — 244 15
262 — 216 25
Penicillin G 90 335 — 160 5
335 — 176 5
Penicillin V 70 351 — 160 5
351 > 114 25
Roxithromycin 130 8375 — 679 15
837.5 — 158 35
Sarafloxacin 130 386 — 299 25
386 — 368 25
Sulfachloropyridazine 90 285 — 156 10
285 — 92 25
Sulfadiazine 110 251 — 156 15
251 — 92 25
Sulfadimethoxine 80 311 — 156 20
311 - 92 35
Sulfamerazine 110 265 — 156 15
265 — 92 25
Sulfamethazine 90 279 — 156 15
279 — 186 15
‘3CG-SuIIamethazine 90 285 — 186 25
285 — 162 25
Sulfamethizole 80 271 — 156 10
2711 — 92 25
Sulfamethoxazole 110 254 — 156 15
254 — 92 25
13(:6-Sulfamethoxazole 110 260 — 162 15
260 — 98 25
Sulfanilamide 70 173 — 156 5
173 — 92 15
Thiabendazole 130 202 — 175 25
202 — 131 35
‘3(:6-2,4,5-TrichIorophenoxyacetic acid 110 259 — 201 5
259 — 165 25
Trimethoprim 110 291 — 230 25
291 — 261 25
13C,-Trimethoprim 110 294 — 233 25
294 — 264 25
Tylosin 110 9165 —> 174 35
916.5 —» 772 35
Virginiamycin 110 526 — 508 5
526 — 355 15



Table 2B. MRM Transitions and MS Operating Parameters Selected for the Analysis of the Pharmaceutical Compounds in Group 2

Fragmentor MRM Collision energy
Compound voltage transitions (m/z) (eV)
Anhydrotetracycline 90 427 — 410 15
427 — 154 25
Chlorotetracycline 110 479 — 462 15
479 — 197 35
Demeclocycline 130 465 — 430 25
465 — 448 15
Doxycycline 110 445 — 428 15
445 — 154 25
4-Epianhydrotetracycline (EATC) 90 427 — 410 15
427 — 105 35
4-Epitetracycline (ETC) 110 445 — 410 15
445 — 427 5
Minocycline 90 458 — 441 15
Tetracycline (TC) 110 445 — 410 15
445 — 427 5

Table 2C. MRM Transitions and MS Operating Parameters Selected for the Analysis of the Pharmaceutical Compounds in Group 3

Fragmentor MRM Collision energy
Compound voltage transitions (m/2) (eV)
Gemfibrozil 100 249 — 121 5
Gemfibrozil-dg 100 255 > 121 5
Ibuprofen 75 205 — 161 5
13C,-Ibuprofen 75 208 — 163 5
Naproxen 75 229 — 169 25
229 — 170 5
13C-Naproxen-d, 75 233 — 169 25
233 - 170 5
Triclocarban 100 313 — 160 10
313 — 126 25
13(:G-Triclocarban 90 319 — 160 5
319 5132 25
Triclosan 75 287 — 35 5
13C,,-Triclosan 75 299 — 35 5
Warfarin 125 307 - 117 35
307 — 161 15
Warfarin-d; 90 312 - 161 15
312 — 255 25



Table 2D. MRM Transitions and MS Operating Parameters Selected for the Analysis of the Pharmaceutical Compounds in Group 4

Fragmentor MRM Collision energy

Compound voltage transitions (m/2) (eV)
Albuterol (Salbutamol) 90 240 — 148 15

240 — 166 5
Cimetidine 100 253 — 159 10

253 — 95 25
Metformin 80 130 — 60 10

130 > 71 25
Ranitidine 110 315 — 176 15

315 — 130 25

Chromatographic separation was done independently for each
group and a dwell time of 10 msec was used for every MRM
transition. Figures 1A to 1D show the chromatograms corre-
sponding to 100 ppb standard on column for all the pharma-
ceuticals studied. Extracted ion chromatograms are overlaid
for each one of the target analytes according to their respec-
tive protonated molecule and product-ion MRM transitions.
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Figure TA.  MRM extracted chromatogram for pharmaceuticals in Group 1. Three time segments were used in this chromatographic separation.
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Figure 1B.  MRM extracted chromatogram for pharmaceuticals in Group 2. Only one transition shown. See Table 2B for compound identification.
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Figure 1C.  MRM extracted chromatogram for pharmaceuticals in Group 3. Only one transition shown. See Table 2C for compound identification.
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Figure 1D.  MRM extracted chromatogram for pharmaceuticals in Group 4.

Application to Wastewater Samples

To confirm the suitability of the method for analysis of real
samples, matrix-matched standards were analyzed in a
wastewater matrix from an effluent site, at eight concentra-
tions (0.1, 0.5, 1,5, 10, 50, 100, and 500 ng/mL or ppb concen-
trations). Figure 2 shows an example standard curve for
acetaminophen in the wastewater matrix. In general, all com-
pounds gave linear results with excellent sensitivity over
three orders of magnitude, with r? values of 0.99 or greater.
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Figure 2. Calibration curve for acetaminophen in a wastewater matrix using a seven-point curve from 0.1 to 100 ng/mL (ppb) using a linear fit with no origin

treatment.

Finally, a “blank” wastewater sample was analyzed and the
presence of two pharmaceuticals, carbamazepine and diphen-
hydramine, could be confirmed with two MRM transitions.
Figure 3 shows the ion ratios qualifying for these two com-
pounds in a wastewater extract. As shown in Figure 3 in the
two ion profiles, both pharmaceuticals were easily identified
in this complex matrix due to the selectivity of the MRM tran-
sitions and instrument sensitivity.
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Figure 3. MRM chromatograms of a wastewater sample for carbamazepine and diphenhydramine using two transitions.

Conclusions

The results of this study show that the Agilent 6410A Triple Quadrupole is a robust,
sensitive, and reliable instrument for the study of pharmaceuticals in water samples,
using high throughput methods. The Agilent 6410A Triple Quadrupole has been

shown to be a successful instrument for the implementation of EPA Method 1694.
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Improving GC-MS Method
Robustness and Cycle Times Using
Capillary Flow Technology and
Backflushing

Application Note

Environmental

Abstract

This application note demonstrates the customer benefits from using Capillary Flow
Technology to provide backflushing of high-boiling materials in GC and GC/MS analy-
ses. Benefits include reduction in chromatographic cycle times, a reduction in system
column maintenance, and extended GC column life. If a GC/MS system is utilized, the
author has experienced an increase in the number of samples analyzed before ion

source maintenance is required.
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Introduction

A critical component of the GC/MS analysis of any sample
that contains large amounts of matrix material is the sample
preparation. Environmental samples such as soils and
sediments require not only extraction, but may also require
multiple cleanup steps in order to present as clean an extract
as possible for injection in to the GC/MS system.

Any remaining matrix in the sample extract can have deleteri-
ous effects on the GC sample inlet, column, and the ion
source of the mass spectrometer. Traditionally, these high-
boiling matrix materials are removed from the capillary col-
umn by a long bake-out period after the analytes of interest
have eluted. This long bake-out process causes thermal
stress to the column and also drives the matrix material
towards the ion source, where it will eventually affect system
performance. Moreover, should any material remain in the
column after the bake-out process, it can cause loss of chro-
matographic peak shape and retention time shifting of target
analytes. This shifting of retention time is particularly trouble-
some if the mass spectrometer is being used in the selected
ion monitoring (SIM) mode (as with a single quadrupole
GC/MS) or in the multiple reaction monitoring (MRM) mode
(as with a triple quadrupole GC/MS).

This paper demonstrates how high-boiling matrix materials
can be removed from the column quickly and effectively —
between sample injections — by using capillary flow technology
and capillary column backflushing.

Figure 1 shows a schematic diagram of the GC/MS system
used. The 15-m analytical column was connected to the EPC
split/splitless inlet and a capillary flow technology two-way
splitter (p/n G3180B or G1540 option number 889).

Auto- Two-way capillary
sampler flow splitter
with makeup
e AUX EPC
ssEE 4.0 psig /
5975C
MSD O 0
O
15m x 0.25 mm id x 0.25 ym HP-5MS o
0.80 m x 0.15 mm id UDFS
7890A
Figure 1. Schematic diagram of GC-MS system.

A short length of uncoated, deactivated fused silica (UDFS)
capillary column is used as a restrictor between the splitter
and the MS. Note carefully how the connections are made at
the splitter. The X represents a port on the splitter plate that
is closed off with a SilTite metal ferrule and stainless steel

wire plug.

Backflushing in this example was accomplished during a
post-run period by a combination of increasing oven tempera-
ture, reducing the inlet pressure of the analytical column, and
increasing the pressure applied to the splitter plate.

Experimental

The full analytical conditions, both with and without post-run
backflush set-points, are shown in Table 1.

Table 1.

GC/MS Analysis Conditions

Gas chromatograph
Columns

Carrier gas
Carrier gas mode
Flow rate
Injection port
Autosampler

Injection mode

Injection volume
Injection port liner
Oven program °C (min)

Mass spectrometer

MS interface

MS source

MS quad 1

Backflush conditions (1)
Backflush conditions (2)
Detection mode

El tune

Agilent 7890A

(1) 15.0 m x 0.25 pm id x 0.25 pm HP-5MS
Ultra Inert (19091S-431SI) Inlet Front split/
splitless, outlet 2-way Capillary Flow Device

(2) 0.80 m x 0.15 mm id uncoated deactivated
fused silica inlet two-way capillary flow device
at 4.0 psig outlet vacuum

Helium

Constant pressure
17.18 psi

EPC split/splitless
Agilent 7683A

Splitless, purge delay 0.5 min
Purge flow 50.0 mL/min at 0.5 min

2.0 uL
4 mm single-taper splitless liner (5181-3316)

70 (1) =50 °C /min — 150 (0) 6 — 200 (0) -
16— 280 (0) °C

Agilent 5975C MSD

280 °C

230°C

150 °C

Post-run, 10 min, AUX 60 psig, oven 320 °C
Post-run, 6 min, AUX 80 psig, oven 320 °C
El full scan; mass range 40:550 amu

Gain factor =1



Results and Discussions

Experiment 1: No Backflushing Employed

In the first experiment, an extracted sediment sample was
analyzed in full-scan mode to show the extent of the matrix
problem. No backflushing was employed.

Before any sediment was injected, a system blank (no injec-
tion) followed by a 2-pL solvent blank was made. In the
absence of the actual hexane solvent used to prepare the
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sediment extract, hexane that was not particularly clean was
used. The TICs are shown overlaid in Figure 2, system blank
in black, and solvent blank in gray. These chromatograms
show that the system is free from high-boiling matrix materi-
al.

Following the blanks, a single injection of the sediment
extract was made without backflushing; the TIC is shown in
Figure 3. Note the very high abundance of the matrix and that
when the analysis finishes, there is still a significant amount
of matrix material to elute from the column.
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Figure 2. System blank and solvent blank TICs.
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The sediment extract injection was followed by a series of
hexane blank injections. The first seven hexane blank TICs

are shown overlaid in Figure 4 with the solvent blank before
the sediment was injected into the GC/MS system.

Figure 5 shows that after the eighth solvent blank injection,
the system has almost recovered to the level of background
before the sediment sample was injected.
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Figure 4. Successive solvent blank injections.
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i, [\t ma |

T T
win L0
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Experiment 2: Backflushing Employed

Backflushing was enabled during a post-run period by
increasing column oven temperature, reducing the inlet pres-
sure of the analytical column, and increasing the gas pressure
applied to the splitter plate.

The 7890A instrument control software includes simple and
easy-to-use screens to help set up post-run backflushing con-
ditions. Figure 6 shows the configuration of columns and con-
nections with the GC oven.

Figure 7 shows the actual backflushing conditions, namely
the post-run oven temperature (320 °C), post-run inlet pres-

B GC Edit Parameters

Clven Tempaeature: 70.0 °C

Backflush - Front Backfkush - Back |
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Restrickor: 320 C: 0,8 m x 150 ym x 001 pm
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sure for the analytical column (1 psig), post-run pressure
applied to the splitter device (60 psig), and post-run time
(10 minutes). The figure also shows the number of column-
volumes of carrier gas that will backflush the analytical
column.

Note that using the backflushing conditions shown in

Figure 7 (320 °C, column pressure 1 psig, and splitter pressure
60 psig for 10 minutes), that 59.4 column volumes of carrier
gas was used to backflush the column during the post-run
period. This backflush time may have been more than neces-
sary. Alternate conditions were also investigated and are pre-
sented later.
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Figure 6.  Post-run backflushing screen number 1.
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Figure 7. Post-run backflushing screen number 2.



Before applying the backflush conditions to the method the
user is presented with a convenient summary of the back-
flush conditions. See Figure 8.

Review Backflush Settings B ﬁl

The Backflush Calculations indicate setting the Following Postrun Conditions:

Duration: 10 min

Oven Temperature: 320 °C
PCM C-1 Pressure: 60 psi
Back - 55 Inlet Pressure: 1 psi

Choose 'OK' to make changes to method
Choose 'Cancel' to reconsider changes

Figure 8.  Post-run backflushing screen number 3.

Another injection of the sediment including backflush was
made followed by a blank injection of solvent. Figure 9 shows
the overlaid TIC of the original solvent blank (black) overlaid
on the solvent blank after the sediment injection (gray).

No evidence of any matrix material is indicated, demonstrat-
ing that all the high-boiling matrix material had been effec-
tively removed by backflushing.
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Figure 9. Original solvent blank TIC and solvent blank after sediment injection with post-run backflush (1).




Experiment 3: Backflushing Employed

In order to reduce cycle time for the method, the backflush
conditions were modified by increasing the backflush
pressure to 80 psig and holding for 6 minutes.

Note that using the backflushing conditions shown in
Figure 10 (320 °C, column pressure 1 psig, and splitter pres-

sure 80 psig for 6 minutes), that 46.6 column volumes of carri-

er gas was used to backflush the column during the post-run
period.

Summary of Backflush Calculations B
Owven Temperature
|32El |
; Flow at Chosen
Detector ‘ I aximum Flow . &llowable Pressure Braiilds
75 | 130.98 3692
Backflush Pressure
|30 psi
Irlet Pressure during Backflush Backfiush Flow to rdet Yoid Time
|1 psi |‘|2.539 mL/min |I1128?5min
Void Volumes Backflush Time
|4B.5I31 |B min
ok | Cancel | Hep |

Another injection of the sediment was made, followed by a
blank injection of solvent. Figure 11 shows the overlaid TIC of
the original solvent blank (black) overlaid on the solvent blank
after the sediment injection (gray).

No evidence of any matrix material is indicated, demonstrat-
ing that all the high-boiling matrix material has been removed
by backflushing with the more aggressive conditions as well.
These conditions reduced the cycle time for this method

4 minutes compared to the backflushing conditions used in
Experiment 1.

Figure 10. Post-run backflushing screen conditions number 2.
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Figure 11. Original solvent blank TIC and solvent blank after sediment injection with post-run backflush (2).



Conclusions

Post-run backflushing was shown to effectively eliminate high-boiling sample matrix
in a short amount of time. The major benefits of GC capillary column post-run back-
flushing include:

+ Agilent’s capillary flow technology and GC software enable easy and robust
setup of GC backflushing.

+ Compared to long bake-out periods with flow in the forward direction, a short
period of backflushing can remove high-boiling matrix materials more effectively
without contaminating the MS ion source.

+ Chromatographic cycle time is reduced, columns stay clean, and the integrity of
target analyte peak shapes and retention times are maintained.

* For this particular sediment extract the GC column was free of sample matrix
after a backflush period of 6 minutes.

+ Less system maintenance (ion source cleaning) is required.
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Semivolatile Organics Analysis
Using an Agilent J&W HP-5ms Ultra
Inert Capillary GC Column

Application Note

Environmental

Abstract

Trace-level semivolatile organics analyses using methods such as USEPA Method
8270 are important tools for assessing environmental contaminants worldwide. The
wide-ranging chemical diversity of target semivolatiles can prove chromatographically
challenging. This application note demonstrates the benefits of using an Agilent J&W
HP-5ms Ultra Inert Capillary GC column with electron impact single quadrupole scan-

ning mass spectrometry for trace-level semivolatiles analysis.

Agilent Technologies has implemented new testing procedures to more effectively
evaluate GC column inertness performance. These new testing procedures employ
deliberately aggressive probes to thoroughly investigate column inertness and quality.
These aggressive probes, including 1-propionic acid, 4-picoline, and trimethyl

phosphate, are used to verify each column's inertness performance.
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Introduction

USEPA Method 8270 [1] is a commonly used method for
detecting semivolatile organic compounds in environmental
samples by GC/MS. This method encompasses several class-
es of analytes, including amines, alcohols, polycyclic aromatic
hydrocarbons, and phenols. The acidic and basic nature of
many of the analytes makes minimizing any column or instru-
ment activity critical to good chromatography and reliable
results.

Minimizing activity in the GC column is essential in maximiz-
ing an analyte's response. Nitrophenols are among the most
active compounds in semivolatiles series. 2,4-Dinitrophenol in
particular is notorious for showing low response through
adsorption onto active sites in the flow path during analysis.
At low concentrations, the response factor (RF) for 2,4-dini-
trophenol can fall below the minimum average RF of 0.050
required by USEPA 8270 due to interaction between the ana-
lyte and sample flow path. Capillary GC column activity as a
potential source of result uncertainty has been effectively
eliminated with the Ultra Inert series of columns.

A custom standard containing an abbreviated list of analytes
specific to USEPA Method 8270 was analyzed to evaluate col-
umn performance. This semivolatiles “short mix” contained n-
nitrosodimethylamine, aniline, benzoic acid, 2,4-dinitrophenol,
4-nitrophenol, 2-methyl-4,6-dinitrophenol, pentachlorophenol,
4-aminobiphenyl, benzidine, 3,3'dichlorobenzidine,
benzo[b]fluoranthene, and benzo[k]fluoranthene, along with
the recommended internal standards. These target analytes
were chosen based on their chemical activity, as well as their
poor chromatographic behavior. The short mix is particularly
useful for rapid evaluation of system performance for semi-
volatiles analysis. Challenging analytes from early-eluting
nitrosoamines through late-eluting PAHs are represented in
this mix and chromatographic performance can be assessed
quickly.

A second “large mix” standard containing a broader selection
of semivolatiles was also evaluated to show the Ultra Inert's
performance when analyzing a more complex sample. This
standard contained a variety of acidic, basic, and neutral
groups, which ranged from very low-boiling components to
high-boiling polycyclic aromatic hydrocarbons.

Experimental

An Agilent 6890N GC/5975B MSD equipped with a 7683B
autosampler was used for this series of experiments. Table 1
lists the chromatographic conditions used for these analyses.
Table 2 lists flow path consumable supplies used in these
experiments.

Table 1. Chromatographic Conditions for EPA Method 8270 Calibration
Standards

GC: Agilent 6890N/5975B MSD

Sampler: Agilent 7683B, 5.0-pL syringe
(Agilent p/n 5181-1273) 1.0 pL splitless injection

Carrier: Helium 30 cm/s, constant flow

Inlet: Splitless; 260 °C, purge flow 50 mL/min at 0.5 min
Gas saver 80 mL/min at 3 min

Inlet liner: Deactivated dual taper direct connect
(Agilent p/n G1544-80700)

Column: Agilent HP-5ms Ultra Inert 30 m x 0.25 mm x 0.25 pm
(Agilent p/n 19091S-433U1)

Oven: 40 °C (1 min) to 100 °C (15 °C/min),
10 °C/min to 210 °C (1 min), 5 °C/min to 310 °C,
hold 8 min

Detection: MSD source at 300 °C, quadrupole at 180 °C, transfer
line at 290 °C, scan range 45 to 450 amu

Table 2. Flow Path Supplies

Vials: Amber screw top glass vials (Agilent p/n 5183-2072)

Vial caps: Blue screw caps (Agilent p/n 5182-0723)

Vial inserts: 100 pL glass/polymer feet (Agilent p/n 5181-8872)

Syringe: 5 pL (Agilent p/n 5181-1273)

Septum: Advanced Green (Agilent p/n 5183-4759)

Inlet liners: Deactivated dual taper direct connect
(Agilent p/n G1544-80700)

Ferrules: 0.4 mm id short; 85/15 Vespel/graphite

(Agilent p/n 5181-3323)

20x magnifier: 20x magnifier loupe (Agilent p/n 430-1020)

Sample Preparation

A 12-component custom semivolatiles mix was purchased
from Ultra Scientific (Kingston, Rl) and used to prepare a
seven-level calibration standard set. The stock semivolatiles
solution as delivered had a nominal concentration of

2,000 pg/mL. An internal standard mix as recommended by
USEPA Method 8270 was purchased from AccuStandard (New
Haven, CT). The internal/surrogate solution as delivered had a



nominal concentration of 4,000 pg/mL. The calibration stan-
dards were prepared with component and internal standard
concentrations of 80, 40, 20, 10, 5, 2, and 1 pg/mL. All solu-
tions were prepared in dichloromethane using class A volu-
metric pipettes and flasks. The dichloromethane used was
Burdick and Jackson spectral grade purchased thorough VWR
International (West Chester, PA). Dichloromethane was used
as a reagent blank and syringe wash solvent.

The EPA 8270 Calibration Level 2 standard set was purchased
from AccuStandard containing 83 semivolatile components
and internal standards. The large mix calibration standard
was prepared at an analyte concentration of 5 pg/mL.

Results and Discussion

Baseline Inertness Profile for Ultra Inert Columns

The basic approach for inertness verification for the Agilent
J&W Ultra Inert series of capillary GC columns is testing with
aggressive active probes at low concentration and low tem-
perature. This is a rigorous approach that establishes consis-
tent baseline inertness profiles for each column in the Agilent
J&W Ultra Inert GC column series. The baseline inertness
profile then serves as a predictor for successful analysis of
chemically active species that tend to adsorb onto active
sites, particularly at trace level like the semivolatiles in this
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application example. A more detailed description of the test
mix and additional application examples can be found in
references 2 through 7.

Semivolatiles Analysis (USEPA 8270)

In this application note a seven-level semivolatile calibration
curve set was evaluated over the concentration range of

1 to 80 pg/mL on an Agilent J&W Ultra Inert HP-5ms 30 m x
0.25 mm x 0.25 pym (p/n 19091S-433Ul). An example chro-
matogram of a 1-pL injection of the 1 pg/mL short mix cali-
bration standard is shown in Figure 1. Scanning mode was
used exclusively for this analysis.

Pentachlorophenol and benzidine are two components that
are used to verify inlet and column inertness. Excessive peak
tailing of these components would indicate column activity.
Analysis of the short mix standard yielded sharp, symmetrical
peak shapes for the problematic analytes as shown in

Figure 2. Good separation was obtained in the analysis of the
5-ng on-column 8270 large mix standard for each of the
semivolatiles, which is shown in Figure 3.

Semivolatile analysis by USEPA Method 8270 requires a mini-
mum average RF of 0.050 for a system performance check
compound such as 2,4-dinitrophenol. 2,4-Dinitrophenol is a
highly active analyte that has proven to be one of the most
challenging compounds, often yielding lower than expected

1. n-Nitrosodimethylamine 10.4-Aminobiphenyl
2. Aniline 11. Pentachlorophenol
3. 1,4-Dichlorobenzene-d4 (IS)  12.Phenanthrene-d10 (IS)
4. Benzoic acid 13.Benzidine
5. Naphthalene-d8 (IS) 14.Chrysene-d12 (1S)
6. Acenaphthene-d10 (IS) 15.3,3"-Dichlorobenzidine
7. 2,4-Dinitrophenol 16.Benzo[b]fluoranthene
8. 4-Nitrophenol 17. Benzo[k]fluoranthene
9. 2-Me-4,6-dinitrophenol 18.Perylene-d12 (IS)

14 16 7
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Figure 1. Total ion chromatogram (SCAN mode) of the 1-ng on-column EPA8270 short mix standard solution loading on an Agilent J&W HP-5ms

Ultra Inert 30 m x 0.25 mm x 0.25 pm capillary GC column (p/n 19091S-433Ul). Chromatographic conditions are listed in Table 1.
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Figure 2. Enlarged section of the total ion chromatogram for a 1-uL injection of 1.0 ug/mL EPA 8270 short mix standard. The peaks of interest noted in the
figure are two semivolatiles that are prone to peak tailing. Chromatographic conditions are listed in Table 1.

1. n-Nitrosodimethylamine 32. 4-Chloro-3-methylphenol 63. Anthracene
2. Pyridine 33. 2-Methylnaphthalene 64. Carbazole
3. 2-Fluorophenol 34. Hexchlorocyclopentadiene 65. Dibutylphthalate
4. Phenol-d5 35. 2,4,6-Trichlorophenol 66. Fluoranthene
5. Phenol 36. 2,4,5-Trichlorophenol 67. Benzidine
6. Aniline 37. 2-Fluorobiphenyl 68. Pyrene
7. Bis(2-chloroethyl)ether 38. 2-Chloronaphthalene 69. p-Terphenyl-d14
8. 2-Chlorophenol 39. 2-Nitroaniline 70. Benzyl butyl phthalate
9. 1,3-Dichlorobenzene 40. Dimethyl phthalate 71. 3.3-Dichlorobenzidine
10. 1,4-Dichlorobenzene-D4 41. 2,6-Dinitrotoluene 72. Benzo[a]anthracene
11. 1,4-Dichlorobenzene 42. Acenaphthylene 73. Chrysene-D12
12. Benzyl alcohol 43. 3-Nitroaniline 74. Chrysene
13. 1,2-Dichlorobenzene 44, Acenaphthene-d10 75. Bis(2-ethylhexyl)phthalate
14. o-Cresol 45, Acenaphthene 76. Di-n-octyl phthalate
15. Bis(2-chloroisopropyl)ether 46. 2,4-Dinitrophenol 77. Benzo[b]fluoranthene
16. p-Cresol 47. 4-Nitrophenol 78. Benzo[k]fluoranthene 71-75
17. n-Nitroso-di-n-propylamine 48. Dibenzofuran 79. Benzo[a]pyrene
18. Hexachloroethane 49. 2,4-Dinitrotoluene 80. Perylene-d12
19. Nitrobenzene-db 50. Diethyl phthalate 81. Indeno[1,2,3,cd]pyrene
20. Nitrobenzene 51. Fluorene 82. Dibenzo[a,h]anthracene
21. lIsophorone 52. 4-Chlorophenyl phenyl ether 83. Benzo[g,h.i]perylene
22. 2-Nitrophenol 53. 4-Nitroaniline
23. 2,4-Dimethylphenol 54. 2-Me-4,6-dinitrophenol 68
24. Benzoic acid 55. n-Nitrosodiphenylamine 7778
25. Bis(2-chloroethoxy)methane 56. Azobenzene 66
26. 2,4-Dichlorophenol 57. 2,4,6-Tribromophenol 69
27. 1,2,4-Trichlorobenzene 58. 4-Bromophenyl phenyl ether
28. Naphthalene-d8 59. Hexachlorobenzene 79
29. Naphthalene 60. Pentachlorophenol
30. 4-Chloroaniline 61. Phenanthrene-d10 76
31. Hexachlorobutadiene 62. Phenanthrene 70
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Figure 3. Total ion chromatogram (SCAN mode) of 5-ng on-column loading of EPA 8270 calibration (large mix) standard solution on an Agilent J&W HP-5ms
Ultra Inert 30 m x 0.25 mm x 0.25 pm capillary GC column (p/n 19091S-433UI). Chromatographic conditions are listed in Table 1.
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response factors at lower concentrations. In the analysis of
the short mix calibration standard, the response for 2,4-dini-
trophenol was greater than 0.1 at the 1-ng level. The average
response was 0.15 over the concentration range studied. An
example chromatogram for the signal-to-noise ratio for a 1-ng
on-column loading of 2,4-dinitrophenol is shown in Figure 4.
The signal-to-noise ratio for this difficult analyte was greater
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than 16 to 1. This demonstrates the excellent performance of
the HP-bms Ultra Inert GC column.

Linearity was excellent across the range studied, giving R?
values of 0.990 or greater for even the more difficult phenols.
Figure 5 indicates the correlation coefficients for several of
the more active analytes.
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Figure 4. Enlarged section of the total ion chromatogram (scan mode) for a 1-pL injection of 1 ug/mL EPA Method 8270 short mix standard on an Agilent J&W

HP-5ms Ultra Inert 30 m x 0.25 mm x 0.25 pm capillary GC column (p/n 19091S-433Ul). The peak in the figure is

2,4-dinitrophenol, one of the more

demanding semivolatiles. This injection represents an on-column loading of 1 ng per component. Chromatographic conditions are listed in Table 1.

Benzidine

R? Response |
n-Nitrosodimethylamine 0.995 1.00e+007 ~
2,4-Dinitrophenol 0.990 1
4-Nitrophenol 0.995
Pentachlorophenol 0.995

5.00e+006
Benzidine 0.995
0
0
Figure 5.

T
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Correlation coefficients for some of the more challenging analytes in the EPA Method 8270 short mix standard over the 1 to 80 pg/mL
range of this study and an example linear regression plot for benzidine.



Conclusions

This application successfully demonstrates the use of an Agilent J&W HP-bms Ultra
Inert capillary GC column for low-level semivolatile organics. Linearity was excellent
for all semivolatiles studied, yielding 0.99 or greater RZ values down to a 1-ng col-
umn loading of each component. One of the reasons for excellent linearity and high
RZ values is the highly inert surface of the column. The lack of chemically active
sites makes these columns an excellent choice for semivolatiles analyses.

This study was done using SCAN mode on an Agilent 6890N/5975B GC/MSD
equipped with an inert electron impact source. The signal-to-noise ratio for a 1-ng
on-column loading of 2,4-dinitrophenol was greater than 16 to 1 with this system.

This result clearly shows the power of using an Agilent J&W HP-bms Ultra Inert col-

umn for low-level semivolatile organics analysis. Lower limits of quantification are
expected when using one of Agilent's latest GC/MS offerings, such as the
7890A/5975C GC/MSD Triple-Axis Detector coupled with an Agilent J&W HP-5ms
Ultra Inert GC capillary column.
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Fast Analysis of Polynuclear Aromatic
Hydrocarbons Using Agilent Low
Thermal Mass (LTM) GC/MS and
Capillary Flow Technology QuickSwap
for Backflush

Application Note

Environmental

Abstract

Cycle time for GC-MS analysis of polynuclear aromatic hydrocarbons (PAHs) in soil
and sediment samples was improved dramatically through the combined use of a nar-
row-bore (180-pum id) column installed in an LTM module and capillary column back-
flushing with QuickSwap. Improvements were achieved while maintaining resolution.
Agilent Capillary Flow Technology enabled column backflushing to remove low-volatili-
ty material from the capillary column, reducing bakeout and maintenance time. The
method resulted in increased sample throughput and lab productivity, while maintain-

ing analytical performance.
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Introduction

The analysis of polycyclic (polynuclear) aromatic hydrocar-
bons (PAHs) by GC-MS is one of the most important applica-
tions in environmental analysis. In most reference methods,
16 target PAHs of particular toxicity and carcinogenicity are
monitored, ranging from naphthalene (eluting first, MW =
128) to benzo(ghi)perylene (eluting last, MW = 276). Typically,
PAH analyses are performed with a 30 m x 0.25 mm id x

0.25 um 5% phenyldimethyl siloxane columns (for example,
Agilent J&W HP-5MS or J&W DB-5MS) using a temperature
program from 40-50 °C to 300—-320 °C in 20 to 30 minutes of
analysis time. The analysis of PAHs, therefore, covers the
whole boiling point range of semivolatiles as typically covered
in U.S. EPA Methods 525, 625, and 8270. These methods
include compounds such as polychlorinated biphenyls (PCBs),
phthalates, phenols, and most GC-amenable pesticides (for
example, organochlorine, triazines, and organophosphorous).
Any combination of these compounds is potentially present in
PAH samples, in addition to hydrocarbon fuels and oils, com-
plicating analysis of target PAHs. The use of mass spectrome-
ters is required to facilitate reliable identification and quanti-
tation.

Most labs are interested in maximizing lab efficiency and out-
put. To this end, decreasing method analysis time and
increasing sample throughput is often of interest. For this,
columns of smaller diameter in combination with fast oven
programming are an important option. However, a key chal-
lenge in PAH analysis is sufficient separation of key isomers
(for example, benzo(b)fluoranthene and benzo(k)fluoranthene)
since mass spectrometry is not able to differentiate them.
Therefore, these isomers should be chromatographically sep-
arated, which requires columns of sufficient separation power
and some careful choice in column flow and temperature
ramp rates. Hence, it is important to use a tool like method
translation software [1] to scale reference conditions
appropriately.

Higher molecular-weight PAHs are potentially sensitive to
cold spots and adsorption in the sample flow path. Problems
with column connections, transfer line, source temperature,
or activity in the inlet or column rapidly lead to peak tailing
and loss of sensitivity. Although the compounds are consid-
ered apolar, PAH analysts find that frequent inlet, column, and
source maintenance are needed when analyzing dirty sam-
ples (for example, sediment extract). A high source tempera-
ture (for example, = 300 °C) and capillary column backflush-
ing can greatly reduce the need for maintenance, thereby
improving data quality and further increasing lab productivity.

In this application note, translation of a standard PAH method
to a fast method using a 180-pm id column is demonstrated.
To maximize sample throughput, fast column heating and
cooling were further improved by using a low thermal mass
(LTM) oven module. An Agilent Capillary Flow Technology
QuickSwap capillary flow module was chosen for its ability to
improve column replacement and system maintenance time,
while providing the means to backflush the capillary column
after the elution of the last PAH. As a result, low-volatility
matrix compounds were efficiently removed, and mainte-
nance interval greatly increased.

Experimental

Solutes and Sample

Tests were performed using a PAH standard mixture contain-
ing 16 PAHs in dichloromethane. The test mixture was
obtained by dilution of a mixture in CH,Cl,/benzene (for
example, Supelco, Bellefonte, PA, USA, cat no 48905,

2000 mg/mL) to 1 ng/pL (1 ppm) in dichloromethane.

A soil sample contaminated with mineral oil and PAHs was
obtained from an environmental laboratory. 1 g of the soil was
extracted in 20 mL dichloromethane (30 min ultrasonic treat-
ment). This extract was filtered and analyzed directly as is
typical in most high-volume environmental laboratories. The
mineral oil concentration in the sample was approximately

5 g/kg. The concentrations of the PAHs were around

150 mg/kg for pyrene and fluoranthene and 5 to 10 mg/kg for
the higher molecular-weight PAHs (for example, 9 mg/kg for
benzo(a)pyrene). In the extract, the concentrations are

20 times lower (for example, 0.45 ng/ L for benzo(a)pyrene,
assuming 100% extraction efficiency).

A sewage sludge sample (BCR-088, IRMM, Geel, Belgium)
was also analyzed. 1 g of sludge was extracted in 20 mL of
dichloromethane. The extract was filtered and analyzed
directly. The sample contained concentrations of approxi-
mately 1 mg/kg of the higher molecular-weight PAHs
(0.05 ng/pL benzo(a)pyrene in extract).

GC-MS Conditions

Analyses were performed on an Agilent 7890A GC — Agilent
5975C Series MSD system. The GC was equipped with an
S/Slinlet, a QuickSwap device using a 17 cm x 110 pm id
deactivated fused silica restrictor (G3185-60363), an AUX EPC
module, and a LTM column module. The system configuration
is diagrammed in Figure 1.
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System configuration for fast GC analysis of PAHs using an LTM
module and QuickSwap device for backflush.

Figure 1.

Reference analyses were performed on a 30 m x 0.25 mm id

% 0.25 pm Agilent J&W DB-5MS column, installed in the GC
oven. For the fast method, a 20 m x 0.18 mm id x 0.18 pm
J&W DB-5MS was used in LTM column format (p/n 121-
5522LTM). Two pieces of 50 cm x 250 pm id deactivated fused
silica tubing were used to connect the S/Sl inlet to the col-
umn and from the column to the Quick-Swap device.

The final conditions for the 180-pum id column with backflush-
ing are listed in Table 1.

Table 1. GC-MS Setpoints for Fast PAH Analysis Using a Low Thermal
Mass Oven and QuickSwap Device for Backflush
Injection 1 pL, splitless mode, 280 °C

S/8l pressure program (He)
(column inlet)

213 kPa (0.9 min), 60 kPa/min — 351 kPa,
7.5 kPa/min — 392 kPa (1.5 min),
600 kPa/min — 10 kPa (6 min)

AUX 1 (QuickSwap device, He) 28 kPa (10 min), 600 kPa/min — 250 kPa
(column outlet) (6 min)

GC oven temperature 300 °C isothermal (17 min)

LTM oven program
(translation of reference)

40 °C (0.9 min), 87 °C/min —> 240 °C,
11 °C/min — 300 °C (8.35 min)

MS SIM/Scan mode

Scan 50 to 300 m/z, samples = 2!
SIM See Table 2

Transfer line 280 °C

Solvent delay 2.70 min

MS temperatures Source =300 °C, Quad = 150 °C

Run table events MS off at 10 min

Table 2. SIM Table
Start time Dwell time

Group (min) lon (m/2) (msec)

1 2.70 128 50

2 3.00 152, 153, 154, 165, 166 25

3 3.65 178 50

4 4.20 202 50

5 5.00 228 50

6 6.50 252 50

7 8.50 276, 278 50

Results and Discussion

For reference, a mixture containing 16 PAHs at 1 ppm in
dichloromethane was analyzed using the typical 30 m x

0.25 mm id x 0.25 pm J&W DB-5MS column. The column
temperature was programmed from 40 °C (2 min) at

40 °C/min to 240 °C and then at 5 °C/min to 300 °C (11 min
hold). A low initial temperature is typically applied when a
low-boiling solvent such as dichloromethane is used in order
to allow recondensation (solvent focusing) in the column.
Higher initial temperatures can be used if higher-boiling sol-
vents are used. With higher initial temperatures, both the run
time and the cool-down time of the GC are reduced; however,
method translations are only valid with the same starting
temperature used in the reference method.

The reference chromatogram of the standard mixture is
shown in Figure 2. The critical pair benzo(b)fluoranthene/
benzo(k)fluoranthene (peaks 11 and 12), eluted at 15 minutes,
with sufficient resolution for quantification. The last solute,
benzo(ghi)perylene, eluted at 19.7 minutes.

Next, the method was translated using GC Method
Translation software [1] for the 20 m x 180 pm id x 0.18 pm
column. Since separation power scales with length/diameter,
the separation power of this column is very similar to that of
the reference column. Through method translation, the inlet
pressure and oven temperature program were scaled for the
new column in fast analysis mode (one of the possible pre-
sets in the software). The resulting conditions are listed in
Table 1. The predicted speed gain was a factor 2.17.
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Figure 2. Reference total ion chromatogram for conventional system configuration and method conditions. Peak identities are
listed in Table 3.

The resulting chromatogram is shown in Figure 3. Comparing utes (19.7/2.17). As expected, the resolution of benzo(b)fluo-
this chromatogram with the one in Figure 2, one can see that ranthene and benzo(k)fluoranthene was similar to the separa-
very similar resolution is obtained in about half of the reten- tion obtained on the standard column. Resolution was main-
tion time. Benzo(ghi)perylene elutes at 9.3 minutes, which tained, while analysis time was reduced by a factor of 2.
corresponds well to the predicted retention time of 9.1 min-
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Figure 3. Fast PAH method using 20 m x 0.18 mm id % 0.18 ym Agilent J&W DB-5MS LTM column and BF at 10 minutes. SIM
chromatogram shown.




Using these conditions, a backflush can be initiated at

10 minutes. To accomplish backflush, inlet pressure was
dropped to 10 kPa and outlet pressure (AUX 1, QuickSwap
device) was raised to 250 kPa while the column temperature
was maintained at 300 °C. These conditions resulted in effi-
cient backflush of solutes in about 7 minutes. This time was
found to be required (under the stated pressure conditions)
for effective removal of sample contamination (mineral oil).
During backflush, the mass spectrometer detector was
switched off.

Retention time and peak area repeatability were tested by
analyzing a series of six standard samples using the fast
GC-MS (SIM/Scan) method in combination with backflushing.
The results are given in Tables 3 and 4. The repeatability of
retention times was excellent, with an average standard devi-
ation of 0.001 minute (typically < 0.01% RSD). This confirms
that the heating of the capillary column in the LTM oven is
uniform. Also, the peak area repeatability was excellent

(2% RSD on average) and similar to results obtained using
splitless injection in combination with standard GC-MS
conditions.

Table 3. Retention Time Repeatability of Target PAH Compounds Using the

Fast Analysis Method

Order Mean t;

of elution Compound name (min) o % RSD
1 Naphthalene 2.850 0.000 0.00
2 Acenaphthylene 3.280 0.000 0.00
3 Acenaphthene 3.326 0.000 0.00
4 Fluorene 3.481 0.000 0.00
5 Phenanthrene 3.825 0.000 0.01
6 Anthracene 3.846 0.000 0.00
7 Fluoranthene 4.429 0.001 0.01
8 Pyrene 4583 0.001 0.01
9 Benz(a)anthracene 5.654 0.001 0.02
10 Chrysene 5.693 0.001 0.01
1" Benzo(b)fluoranthene 6.979 0.001 0.02
12 Benzo(k)fluoranthene 7.016 0.002 0.02
13 Benzo(a)pyrene 7.405 0.002 0.02
14 Indeno(123-cd)pyrene 8.910 0.002 0.02
15 Dibenz(ah)anthracene 8.968 0.002 0.02
16 Benzo(ghi)perylene 9.278 0.002 0.02

Average 0.001 0.01

Table 4. Area Repeatability for Target PAHs
Order Mean
of elution  Compound name peak area o % RSD
1 Naphthalene 2145022 45438.72 212
2 Acenaphthylene 2531734 57007.60 2.25
3 Acenaphthene 3410703 76081.85  2.23
4 Fluorene 3108369 66651.55  2.14
5 Phenanthrene 2341505 50290.78 2.15
6 Anthracene 2304885 4677462  2.03
7 Fluoranthene 2598819 57961.99  2.23
8 Pyrene 2678698 5847160 2.18
9 Benz(a)anthracene 2264966 58416.06  2.58
10 Chrysene 2597444 50507.12  1.94
" Benzo(b)fluoranthene 2245073 50491.19 225
12 Benzo(k)fluoranthene 2954729 71902.33 2.43
13 Benzo(a)pyrene 2239967 5743491  2.56
14 Indeno(123-cd)pyrene 1616395 56133.34  3.47
15 Dibenz(ah)anthracene 3065828 86273.62  2.81
16 Benzo(ghi)perylene 2511598 65387.08  2.60
Average  2.37

Next, a real sample extract was analyzed with the fast

method, applying backflushing at 10 minutes after elution of
benzo(ghi)perylene. The chromatograms obtained in scan and
SIM mode are shown in Figures 4 and 5. The chromatogram
(Figure 4) shows the high background from mineral oil conta-
mination of the sample. At 10 minutes, the drop in signal
clearly signals the initiation of the backflush. Tests would
later show that the mineral oil "hump" extends well after

24 minutes (ending temperature of 300 °C) when backflush is

not used.

The SIM chromatogram in Figure 5 clearly shows the pres-

ence of PAHs in the sample (high concentration of phenan-
threne through pyrene, lower concentrations of later-eluting
PAHs; see inset).
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Figure 4. Sample (soil extract) with fast method and backflush at 10 minutes. Scan TIC shown.
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Figure 5. Sample (soil extract) with fast method and backflush at 10 minutes. SIM chromatogram shown with later portion expanded for
better visibility.




A blank run was performed after the sample analysis with
backflush. The resulting chromatogram in Figure 6 shows that
no significant peaks were detected and that the background
is flat, indicating that remaining mineral oil contamination
was effectively removed with backflush.

One might question if the fast GC analysis (especially with
temperature programming at 87 °C/min) in combination with
SIM/Scan MS data acquisition mode results in enough data
points per peak for accurate identification and quantification.
The repeatability of peak areas, shown in Table 4, clearly
demonstrates that the speed and repeatability of the Agilent
5975C Series MSD detection is excellent.

This is further illustrated in Figure 7, the AMDIS report for the
detection of benzo(a)pyrene in the environmental sample. For
this exercise, the scan data (as in Figure 3) were analyzed
using AMDIS [2]. The upper window in Figure 7 shows over-
laid TIC and extracted ion (m/z 252) chromatograms. The
middle window confirms > 10 scans across the peak. The
lower two windows show the raw spectrum and deconvolved
spectrum, allowing unequivocal confirmation of the presence
of benzo(a)pyrene in the sample. Even with the high back-
ground level, trace-level PAHs were reliably detected and
confirmed.
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Figure 6.
contamination.

Blank SIM/Scan run after sample extract analysis using backflush. Scan chromatogram shows clean baseline free of
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Figure 7. AMDIS report on the detection of benzo(a)pyrene in soil extract in the presence of mineral oil.

An additional sequence of multiple runs without backflush
was performed to illustrate the benefits of backflushing for
elimination of sample carryover. Sample extract was analyzed
with the LTM oven module programmed to 300 °C and held
for 11 minutes (17 minutes total run time). An example TIC
chromatogram is shown in Figure 8. It can be seen that the
mineral oil envelope extends to 17 minutes (and beyond).
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Figure 8. Soil extract analyzed without backflush. Scan chromatogram shows contribution of high mineral oil content in the extract.

Next, a blank run was performed. The chromatogram in
Figure 9 shows that a significant portion of the mineral oil
remained in the column even after the extended hold at the

higher temperature. Comparing the upper and lower chro-
matograms in Figure 9 (plotted with the same scale) clearly
illustrates the efficacy of backflushing.
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Figure 9. Blank run following the soil extract run without backflush (Figure 7). The upper TIC chromatogram shows high background
carryover of matrix remaining on column after run. Bottom chromatogram is from Figure 6 (blank after method with backflush).



The standard mixture was then run after an analysis of sam-
ple extract without backflush. The resulting TIC chromato-
gram of the standard in Figure 10 shows several potential
interferences from sample carryover in and among the PAH
peaks. These contaminants are absent when backflushing is
included in the method.

The extract of a sewage sludge was also analyzed. The
sludge was contaminated with low-volatility plant material,
phthalates, and linear alkyl sulphonates (LASs). A sequence
was programmed wherein a 1-ppm PAH reference standard
was analyzed first followed by 10 runs of the sewage sludge
extract using backflush, one reference standard, another

10 runs of the sewage sludge extract without backflush, and
a final reference standard. The chromatograms of the refer-
ence samples are overlaid in Figure 11. The two chro-
matograms of the references before and after the sample

analyses using backflush match perfectly and show a low
baseline without ghost peaks. The last reference sample
chromatogram (after 10 runs of sample without backflush)
shows a significantly higher background, including ghost
peaks.

From this test, it is clear that low-volatility material is not
removed by the standard process of keeping the column at
300 °C for 7 minutes. By backflushing, this material is effec-
tively removed. This improves not only the quality of the data,
but also reduces or eliminates the need to trim the column
due to accumulation of contaminants, a typical maintenance
procedure for those running extracts without backflush. This
demonstration should serve to assuage concerns about the
use of LTM modules with dirty samples. This had been a con-
cern in the past because the format does not accommodate
column trimming.
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Figure 10. GC-MS scan chromatogram of 1-ppm PAH standard after sample extract analysis with no backflush.
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Figure 11. Standard analyses before and after analyzing sewage sludge extract with backflush and after analyzing sewage sludge extract
without backflush.

A final review of improvements in analysis time revealed that References

the LTM column module provides an additional advantage of

approximately 30% faster cooldown time compared to the 1. GC Method Translation Software available at
conventional 7890A GC (even with fast cooling on). This fur- http://www.chem.agilent.com.

ther improves overall cycle time by one minute in addition to . . .
P ¥ y o 2. AMDIS is an add-on to NIST Mass Spectral libraries.
the savings from fast temperature ramp conditions and poten- o X
Information is available at

tial truncated run time from backflush. http://chemdata.nist.gov/mass-spc/amdis/

Conclusions For More Information

A standard 25-minute method for the analysis of PAHs was
translated to a fast GC-MS method using a narrow-bore col-
umn in an LTM column module. The resulting fast GC method
decreased analysis time with elution of all PAHs within

10 minutes while maintaining resolution of critical isomers
and method performance metrics.

For more information on our products and services, visit our
Web site at www.agilent.com/chem.

The backflush capability afforded by using a Capillary Flow
Technology QuickSwap capillary flow module resulted in effi-
cient removal of high molecular-weight sample matrix and
addresses prior concerns about column trimming with LTM
columns. Faster run time, backflush, and faster cooldown
combined in the new fast GC method with LTM significantly
increase sample throughput and lab productivity while main-
taining or improving data quality.
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Introduction

U.S. EPA Method 8270 is broadly applicable for analysis of semi-
volatiles using capillary gas chromatography with mass spectral
detection. EPA 8270 is widely used in both contract analytical and
government environmental laboratories. The method is capable of
concurrently measuring a mixture of 70 to 100 acidic, basic, and neu-
tral species. Shifting these important analyses from 0.25-mm id to
0.18-mm id or high efficiency GC columns is a viable means of
obtaining faster results and improving laboratory productivity.

In this example, 77 compounds of interest and six internal standards
are resolved on a 0.18-mm id high efficiency GC column using

7 minutes of analysis time. The same compounds and internal stan-
dards were also resolved using a 0.25-mm id column where 25 min-
utes of analysis time was required. Analysis speed using the high
efficiency column was 8 minutes faster, resulting in a 32% reduction
in analysis time.

Experimental

Method translation software available from Agilent Technologies
translates chromatographic parameters from an existing method to
the new column format with a few simple keystrokes [1].

Column dimensions, flow, and temperature parameters from an
existing method are entered into a table along with the desired new
column dimensions. The software then generates flow and tempera-
ture setpoints for the new translated method. Often these new set-
points yield a successfully translated method with the same
separation and elution order with no additional method develop-
ment. In this example, one-to-one phase-ratio correspondence was
maintained between the 0.25-mm and 0.18-mm id column formats,
enhancing the reliability of the software's predicted conditions.
Keeping the phase ratio constant helps maintain peak elution order
on the new column.

Instrument conditions are described in Table 1, and Figures 1 and 2.

High Efficiency Capillary GC Columns

Highlights

0.18-mm id, also known as
high-efficiency GC columns,
deliver faster results for U.S.
EPA 8270 analyses.

32% reduction in analysis
time when translating
0.25-mm id column method to
the 0.18-mm id format.

Resolution of 77 peaks of
interest is maintained for the
faster 0.18-mm id separation.

DB-5.625 column: Agilent
DB-5.625 column in 0.18-mm
id provides faster sample
analysis without loss of reso-
lution.

Agilent Technologies



Table 1. Experimental Conditions

Figure 1.30 m x 0.25 mm x 0.50 pm DB-5.625
column, Agilent Technologies part number
122-5632

Figure 2. DB-5.625 20 m x 0.18 mm x 0.36 ym
column, Agilent Technologies part number
121-5622

He constant-flow mode 1.1 mL/min

40 °C for 1.00 min, 25 °C/min to 320 °C
4.80 min hold

Splitless 0.5 pL injected at 300 °C, Quick-
Swap pressure 5.0 psi during acquisition,
80.0 psi during backflush with inlet set to
1.0 psi during backflush

Column:

Carrier:

Oven:

Injection:

Detector: Agilent Technologies 5975C Performance
Turbo MSD equipped with a 6-mm large-
aperture draw-out lens, Agilent Technologies

part number G2589-20045

4.00 8.00 12.00 16.00 20.00 24.00

Figure 1.  Figure 1. U. S. EPA Method 8270, 5 ng/mL System
Performance Check Compounds Chromatogram
using a 30-m x 0.25-mm x 0.50-pm DB-5.625
column, Agilent Technologies part number 122-5632.

Please refer to Table 1 for instrument conditions.

NIRRT

8.00 10.00 12.00 14.00

Figure 2. U.S. EPA Method 8270, 5 ng/mL System Perfor-
mance Check Compounds Chromatogram using a
20-m x 0.18-mm x 0.36-pm DB-5.625 column Agilent
Technologies part number 121-5622. Please refer to

Table 1 for instrument conditions.

Discussion of Results

Figures 1 and 2 depict the resolution of 77 com-
pounds of interest along with six internal stan-
dards first on a 30 m x 0.25 mm x 0.5 um (Agilent
part number 122-5632) standard-bore capillary
column (Figure 1) and second on a 20 m x 0.18 mm
x 0.36 um (Agilent part number 121-5622) high
efficiency column (Figure 2). Peak resolution and
quantification are comparable, and in both cases
meet EPA 8270 criteria for System Performance
Check Compounds (SPCCs) and Continuous Cali-
bration Compounds (CCCs) over a calibration
range from 1 to 200 ppm; 5 ppm SPCC chro-
matograms were selected for visualization pur-
poses.

Significant improvement in analysis time was
achieved by shifting the column used from a
0.25-mm id standard-bore capillary to a 0.18-mm
id high efficiency GC column example; the
0.25-mm id column required 25 minutes of run
time, and the 0.18-mm id column required 17 min-
utes. In this semi-volatile analysis example, 25
minutes of run time were required for the 0.25-mm
id column, and 17 minutes were required on the
0.18-mm id column. Moving the analysis to a
0.18-mm id column yielded 8 minutes in time sav-
ings or 32% faster sample analysis.

Typical run time for EPA 8270 analysis using
0.25-mm id or standard-bore capillary columns is
25 minutes, excluding post-analysis bakeout and
system cooldown time often required for dirty
samples. When bakeout and subsequent system
cooldown periods are accounted for, the overall
cycle time climbs to 57 minutes. As shown above, a
time saving of 8 minutes was achieved by using a
high efficiency column. Further improvements in
the cycle time for EPA 8270 analysis are achieved
through the use of several advanced features on
the Agilent 7890A GC. A QuickSwap device
installed in a 7890A can be used to backflush
heavy material matrix contaminants back out of
the inlet, dramatically reducing matrix bakeout
time [2]. Faster cooldown and thermal isolation
features available on the 7890A GC also reduce
system cycle times for dirty samples. The combina-
tion of a high efficiency column and the unique
features of the 7890A reduce sample analysis time
from 57 minutes to 24.3, a 32.7-minute time saving
per sample run.



Conclusions

High efficiency GC columns provide a straightfor-
ward way to obtain faster results for EPA 8270
analysis without compromising resolution.
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Abstract

ZORBAX Extend-C18 columns separate the explosive
compounds in EPA method 8330, and the variety of column
configurations available allows customized HPLC meth-
ods based on resolution, speed, and even solvent usage.
For example, a fast method for the explosive-materials
standard (EPA 8330) uses 1.8-pm, short length columns.
The method was then customized using two other Extend-
C18 column configurations. Each column highlights a
combination of resolution, speed, and/or solvent savings.
The advantage is being able to choose which combination
of resolution, speed, and solvent usage is needed by
simple column substitution.

Introduction

The ZORBAX Rapid Resolution High Throughput
(RRHT, 1.8 um) LC column line has over

120 column choices, including 11 bonded phases
and silica, three column diameters, and six lengths.
In addition, there are another 150+ Rapid Resolu-

Column Choices Optimize Speed, Resolu-
. tion, and Solvent Use

tion (3.5 um) column choices, allowing customiza-
tion of HPLC methods to meet the analyst’s tai-
lored objectives. Many ZORBAX column choices
are available because the stationary phase chem-
istry (both silica support and bonded phase)
between 5-, 3.5- and 1.8-um particles is uniform.

EPA 8330 explosives residues are typically ana-
lyzed by a 4.6 mm x 250 mm, 5 um C18 column [1]
but can be improved by newer technology: smaller
1.8-um or 3.5-um ZORBAX particles and Extend-
C18 bonded phase. Many different Extend-C18
columns can be chosen (the combination of
column length, diameter, and particle size) to pro-
vide a satisfactory separation, and each separation
exemplifies a newer column technology’s benefit
and supports the end user’s choice of speed,
resolution, and solvent usage.

High-efficiency 1.8-um particles in 100-mm length
columns reduce analysis time and have about the
same efficiency compared to 5-um particles in
250-mm columns. Therefore, they are helpful by
saving time in method development or generating
more data in a limited amount of time. But these
columns will generate a higher back pressure that
some people may not desire. It is still possible to
obtain the same resolution but using a longer
3.5-um column. The end result is an analysis time
still shorter than that achieved with a 250-mm,
5-um column.

Agilent Technologies



Experimental

The Agilent 1200 Rapid Resolution LC (RRLC)
system:

* G1312B binary pump SL with mobile phase
A: 5 mM ammonium formate in water,
B: methanol

* G1376C automatic liquid sampler (ALS) SL

¢ G1316B Thermally Controlled Column (TCC)
Compartment SL using the low-volume heat
exchanger kit (PN G1316-80003)

¢ (G1365C multiwavelength detector (MWD) at
254 nm, with a G1315-60024 micro flow cell
(3-mm path, 2-uL volume), response time set-
ting of 0.5 s

ZORBAX columns:

* Rapid Resolution High Throughput (RRHT)
Extend-C18, 4.6 mm x 100 mm, 1.8 um,
PN 728975-902

¢ Rapid Resolution (RR) Extend-C18,
4.6 mm x 100 mm, 3.5 um, PN 764953-902

¢ Solvent Saver Plus Extend-C18,
3.0 mm x 100 mm, 3.5 um, PN 764953-302

The sample is a 1:1 mix of EPA 8330 Mix A (cat. no.
47283) and EPA 8830 Mix B (cat. no. 47284) from
Sigma-Aldrich (Bellefonte, PA), diluted in
methanol:water.

Results and Discussion

Selectivity, or the relative band spacing between
two peaks, is different among C18 columns. In
many cases the difference is small, so adjusting
mobile phase organic strength can fine tune the
retention to achieve comparable resolution
between one C18 column and an alternative C18
column. Temperature may also influence selectiv-
ity, and small adjustments in temperature can fine
tune the resolution.

For complex mixtures, fine tuning organic strength
and temperature could be used to improve resolu-
tion and ultimately make a method more robust.
Determining the combination of temperature,

% organic, and what column (stationary phase) is
best is frequently discovered by experimentation.
This is time consuming at the very least and often
daunting. Fortunately, research narrows the test-
ing.

Consider an explosive residue standard of

14 nitroaromatic and nitramine compounds. Trace
residues of these explosives were analyzed by time-
of-flight LCMS by Kinghorn et al. using an Extend-
C18, 4.6 mm x 250 mm, 5-um column and a
methanol/water gradient at a temperature of 40 °C
[2]. Additionally, EPA method 8330 describes an
HPLC method for the 14 compounds using an
isocratic methanol/water mobile phase and a C18
column. Temperature is not specified, but the
method states, “If column temperature control is
not employed, special care must be taken to
ensure that temperature shifts do not cause peak
misidentification.” [1]

In both methods a lack of selectivity required a
TOF detector or additional analysis by an orthogo-
nal stationary phase to confirm peak identity.

We separated the 14 compounds with enough reso-
lution to make the MS detector or secondary analy-
sis by a different stationary phase redundant.

The above methods narrowed our method-develop-
ment starting conditions to:

* Extend-C18 (from successful Kinghorn method)

e Isocratic mobile phase A: 5 mM ammonium for-
mate, B: Methanol (so new method is similar to
EPA 8330). The ammonium formate was
selected based on recommendations from a pre-
existing method. The difference between water
and 5 mM ammonium formate was not
investigated.

* 40 °C controlled temperature (to ensure
constant selectivity)

* RRHT column configuration 4.6 mm x 100 mm,
1.8 um (for rapid analyses with efficiency com-
parable to the 4.6 mm x 250 mm, 5-um columns
used in the Kinghorn and EPA methods)

The methanol composition of the mobile phase was
lowered incrementally from 50 to 25% until all 14
were reasonably resolved. A critical pair (peaks 6
and 7) persisted as partially resolved. Further
decreasing organic strength would result in exces-
sive retention of peaks 12, 13, and 14. Temperature
was then optimized. A one-degree temperature
increase (41°C) provided enough selectivity to
resolve the critical pair. Figure 1 demonstrates
temperature’s selectivity effect on these compounds.
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Figure 1. Temperature optimizes critical pair resolution.

Extend-C18 provides ample selectivity for the

14 nitroaromatics and nitramines identified in the
EPA 8330 method; excellent resolution is obtained
in a reasonable time. Figure 2 shows the separa-
tion using a RRHT 4.6 mm x 100 mm, 1.8 um,
Extend-C18. Resolution of all peaks is baseline or
better (Rs > 1.5). High resolution makes it easier to
quantify the analytes. For example, the EPA 8330
method warns, “2,4-DNT and 2,6-DNT elute at
stmilar retention times (Rs < 1.5) and a large

concentration of one isomer may mask the other;
therefore, if it is not apparent that both isomers
are present, an isomeric mixture should be
reported” [1]. When baseline resolution is
obtained, retention times differ significantly,
avoiding peak masking. If higher resolution is the
most important objective, then the Extend-C18
4.6 mm x 100 mm, 1.8-um column using the condi-
tions in Figure 2 is an excellent choice.

mAU 3 HMX

70 3 35T Rs,;:2.27

60 é Tetryl Rs,,:1.58

50 E RDX 13DNB 2ADNT Rs, ,:2.31

E TNT

30 é 4ADNT 24 DNT

20 3 NB 26DNT

10 | [\ M}\J\ INT 4NT  3NT

El N
0 B
T T T T T T
0 5 10 15 20 25 min
Column: Rapid Resolution HT Extend-C18, 4.6 mm x 100 mm, 1.8 ym
Mobile phase: A:5mM NH,COOH (ph 6)
B: MeOH (75A:25B)
Flow rate: 1.7 mL/min
Temperature: 41°C
Injection: 2pL x (0.5pg ea/mL)
Pressure: 520 bar
Figure 2. EPA 8330 explosive standard high-resolution separation on Extend-C18.



Table 1 names the 14 explosives and their abbrevi-
ations used in the figures.

Table 1.  EPA 8330 Explosives and Their Abbreviations
Name Abbreviation
Cyclotetramethylene-tetranitramine HMX
Cyclotrimethylene-trinitramine RDX
1,3,5-trinitrobenzene 135TNB
1,3-dinitrobenzene 13DNB
Nitrobenzene NB
2,4,6-trinitrophenyl-N-methylnitramine tetryl
2,4 6-trinitrotoluene TNT
2-amino-4,6-dinitrotoluene 2A DNT
4-amino-2,6-dinitrotoluene 4A DNT
2,4-dinitrotoluene 24 DNT
2,6-dinitrotoluene 26 DNT
2-nitrotoluene 2NT
4-nitrotoluene ANT
3-nitrotoluene 3NT

If higher throughput is important, isocratic meth-
ods can be sped up by increasing flow rate. The
25% methanol mobile phase flowing 1.7 mL/min
through the 4.6 mm x 100 mm, 1.8-um column gen-
erates a system pressure of about 500 bar, leaving

a small range to increase flow rate. An alternative
is to substitute the 1.8-um column with a 3.5-um
column. Pressure decreases substantially, allowing
faster flow rates.

Figure 3 overlays two Extend-C18 chromatograms.
The top chromatogram is a 4.6 mm x 100 mm
column with 3.5-um particles at a 2.5 mL/min flow
rate. Compared to Figure 2, the 32% increase in
flow rate reduces analysis time by roughly 40%.
The price for the considerable time savings is less
resolution of closely neighboring peaks. Resolution
is still sufficient, as a resolution factor (Rs) of 1.25
for equally sized peaks means 99.4% of peak area is
not overlapped. If one peak is 1/32 as tall as the
other, an Rs of 1.0 still means 99.2% of the peak
areas do not overlap [3].

Figure 3’s bottom chromatogram is a different
column substitution, replacing the 4.6-mm-id
column with the Solvent Saver 3.0-mm-id column.
Flow rate was reduced from 2.5 to 1.1 mL/min. for
equivalent mobile phase linear velocity. The out-
come is similar retention and resolution, but only
half of the solvent is consumed.

Table 2 summarizes the customization benefits.

Column: Rapid Resolution HT Extend-C18, 4.6 mm x 100 mm, 3.5 ym
Mobile phase: A:5mM NH,COOH (pH 6)
mAU HMX B: MeOH (75A:25B)
40 Flow rate: 2.5mL/min
i 135TNB Temperature: 41°C
3 Tetryl Solvent used: 44.2 mL
30 1 13DNB 2ADNT Pressure: 280 bar
] RDX
20{ TNT
] NB 4ADNT
] 24 DNT
107 “ J\ 26DNT INT 4NT  3NT
. M
0 '[
10
T T T T T T T T I
0 2 4 6 8 10 12 14 min
mAU
160 5
140 7 Column: Solvent Saver Plus Extend-C18, 3.0 mm x 100 mm, 3.5 pm
120 1 Mobile phase: A:5mM NH,COOH (pH 6)
] B: MeOH (75A:25B)
100; Flow rate: 1.1 mL/min
80 Temperature: 41°C
60 Solvent used: 17.6 mL
] Pressure: 220 bar
404
20
0 L NN\
T T T T T T T T 1
0 2 4 6 8 10 12 14 min
Figure 3. Rapid resolution options for EPA 8330 explosive standard on Extend-C18.



Table 2. Column Dimensions Highlight Resolution, Speed, and Solvent Savings

RRHT
(4.6 mm id, 1.8 pm)
Resolution: Rs 7,6 2.3
Resolution: Rs 8,7 1.6
Resolution: Rs 9,8 2.3
Analysis time 26 min
Solvent consumption 44.2 mL/analysis

Table 2 suggests that another column configura-
tion could be valuable for this analysis: Solvent
Saver HT Extend-C18, 3.0 mm x 100 mm, 1.8-um
column (PN 728975-302). This would produce high
resolution like the RRHT column and produce time
and solvent savings from the smaller column diam-
eter. The Solvent Saver HT Extend-C18 column was
not evaluated in this work.

Conclusions

Highly efficient (1.8 um) short columns (100 mm)
are ideal for method development compared to
5-um, 150-mm or 250-mm columns because shorter
analysis time increases productivity and allows
more analyses to be performed in a fixed time
frame.

Selectivity is manipulated by changing stationary
phase, mobile phase, and temperature.

An isocratic HPLC method for complex mixtures of
explosive materials was quickly created from
highly efficient 100-mm columns, Extend-C18’s
unique selectivity, and temperature optimization.
The selectivity and column configurations make
Extend-C18 a compelling choice for the analysis of
explosive substances named in EPA method 8330.
Extend-C18’s selectivity provides ample resolution
with negligible peak coelution; this may eliminate
an additional analysis to confirm peak identity.

RR Solvent Saver Plus
(4.6 mm id, 3.5 pm) (3.0 mm id, 3.5 pm)
1.3 1.3

1.6 1.4

15 1.6

16 min 16 min

40 mL/analysis 17.6 mL/analysis

The ZORBAX column family, including Extend-
C18, has consistent stationary-phase chemistry
between 3.5- and 1.8-um particles, enabling simple
column substitution for method customization. The
high-resolution 4.6 x 100, 1.8-um configuration,
however, requires flexibility to work at operating
pressures above 400 bar. The chromatographer can
choose benefits such as higher resolution, faster
analysis time, or less solvent usage based on
column dimensions.
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Abstract

The analysis of Polynuclear Aromatic Hydrocarbons
(PAHSs) presents challenges due to the tendency of the
PAHs to adsorb on surfaces in the chromatographic
system. Selected lon Monitoring (SIM) analysis is needed
for low-level analysis, while scan data are desired for
confirmation. The 6890/5975 inert GC/MSD system is
designed for improved PAH analysis using synchronous
SIM/scan while maintaining linearity across a wide
calibration range.

Introduction

PAHs are produced during combustion of organic
material and are suspected carcinogens. The high
amounts and widespread occurrence of these com-
pounds in our environment requires reliable,
sensitive, and very robust analytical methods.

6890/5975 inert GC/MSD

PAHs tend to be adsorbed on any active or cold
site in a GC/MSD system, such as inlets and ion
sources. The 6890/5975 inert includes the inert
source with high temperature filaments described
previously [1]. Using the proper inlet liner also
improves chromatographic peak shape and
sensitivity.

Many laboratories calibrate for PAHs from 0.1 ppm
to 10 ppm using SIM for low-level work. Histori-
cally, SIM has been necessary because of instru-
ment sensitivity and loss of PAHs at the lower
concentration levels. Full scan data is preferred for
further confirmation of the compounds. The 5975
inert can acquire both SIM and scan data in a
single run.

This application note will show the performance of
the 6890/5975 inert for PAHs using a calibration
range of 0.01 ppm-10.0 ppm in synchronous
SIM/scan mode with linearity equal to that of
many SIM only methods.

Instrument Operating Parameters

The recommended instrument operating parame-
ters are listed in Table 1. These are starting
conditions and may have to be optimized.

Agilent Technologies



Table 1. Gas Chromatograph and Mass Spectrometer Conditions

GC

Inlet
Mode
Inlet temp
Pressure
Pulse pressure
Pulse time
Purge flow
Purge time
Total flow
Gas saver
Gas type

Inlet Liner

Oven 240V
Oven ramp
Initial
Ramp 1

Total run time
Equilibration time
Oven max temp

Column

Length
Diameter

Film thickness
Mode

Inlet

Qutlet

Outlet pressure

RTL

MSD

Drawout lens
Solvent delay
EM voltage

Low mass scan
High mass scan
SIM

Threshold
Sampling
Cycles/s

Quad temp
Source temp
Transfer line temp
Emission current

Agilent Technologies 6890

EPC Split/Splitless
Pulsed Splitless, 1 pL injected
300 °C

13.00 psi

40.0 psi

0.20 min

30.0 mL/min

0.75 min

34.6 mL/min

Off

Helium

Description
Direct connect, dual-taper, 4-mm id
or Splitless liner, single-taper, 4-mm id

°C/min Next °C Hold min
55 1.00
25 320 3.00

14.60 min
0.5 min
325°C

Agilent Technologies HP-5MS
300m

250 pm

0.25 pm

Constant Flow = 1.5 mL/min
Front

MSD

Vacuum

System Retention Time Locked to
Triphenyl phosphate at 10.530 min

Agilent Technologies 5975

6-mm ultra-large aperture

4.00 min

Run at Autotune voltage = 1294 V
45 amu

450 amu

12 groups, 3—6 ions/group, 10 ms dwell/ion
0

1

5.55 each, SIM and scan

180 °C

300 °C

280 °C

Autotune value = 34.6 pamp

Agilent part number
G1544-80700
5181-3316

190918-433

G2589-20045

Calibration Standards

Calibration standards were diluted in dichloromethane from a stock mix of 16 PAHs. The 10 levels made were
10,5,2,1,0.5,0.2,0.1,0.05, 0.02 and 0.01 ppm. The perylene-d12 internal standard and the three surrogate stan-
dards, 1,3-dimethyl-2-nitrobenzene, pyrene-d10 and triphenylphosphate, were added to each calibration level

at 1.0 ppm.



The 6890 inlet temperature was set to 300 °C,
instead of the typical 250 °C, to minimize com-
pounds adsorbing on the liner surface. Pulsed
injection was used to facilitate quantitative trans-
fer of the heavier PAHs onto the column, minimiz-
ing inlet discrimination. Pulsed injection
parameters are easily set in the ChemStation soft-
ware and are automatically controlled by the EPC
(Electronic Pneumatic Control) module.

The Direct Connect inlet liner allows for complete
transfer of analytes onto the column. The column
inlet end attaches to the liner and minimizes ana-
lyte exposure to the stainless steel annular volume
in the inlet. The splitless liner, 5181-3316, yields
better peak shapes for early eluters at the expense
of lower amounts of analytes transferred to the
column. Neither of these liners is well suited for
split injections. Higher concentration samples
requiring split injection would need a cyclosplitter-
type liner, also suitable for splitless.

The 6890N 240V oven was necessary for the

25 °C/min ramp used up to the final temperature
of 320 °C. A 120 V oven will achieve 20 °C/min at
these higher temperatures and could be used,
resulting in slightly longer run times.

The HP-5MS column is the most widely used
column for environmental analysis. It has excellent
lifetime and stability at elevated temperatures.

The system was Retention Time Locked to Triph-
enyl phosphate at 10.530 min. See the fundamen-
tals of Retention Time Locking (RTL) for GC/MSD
systems [2]. The primary benefit of RTL for the
environmental laboratory is the ability to maintain
retention times after clipping or changing the
column. Quant database and integration events
times do not have to be changed. For laboratories

performing PAH SIM analyses, reproducible reten-
tion times are a must so SIM group times remain
constant. Additional RTL application notes are
available at www.agilent.com/chem, detailing the
numerous benefits of RTL.

The 5975 inert was tuned using Autotune. The
automatic DFTPP target tune, as required by some
government methods, can also be used. The ultra-
large aperture drawout lens was used to maintain
linearity across the wide calibration range of
0.01-10.0 ppm. Source temperature was set to

300 °C, which is now possible with the high tem-
perature filaments. This higher source temperature
in combination with the new source material
produces better peak shapes for the PAHs.

Data were collected using the synchronous
SIM/scan mode available with the 5975 inert. A
quant database is first setup using full scan data.
SIM ions and groups are then determined automat-
ically using Generate AutoSIM Method. A checkbox
in data acqusition is used to acquire SIM and scan
data in the same run. For details of synchronous
SIM/scan, see reference 3.

Results

The system was calibrated at 10 levels: 0.01, 0.02,
0.05, 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, and 10.0 ppm using
the SIM data from SIM/scan acquisition. The cali-
bration table allows the user to choose either the
SIM or scan data. The TIC (Total Ion Chromatogram)
for the 0.2 ppm level is shown in Figure 1, both
SIM and scan traces. Each calibration level con-
tained 16 PAHs, perylene-d12 (ISTD) and the three
surrogate standards, 1,3-dimethyl-2-nitrobenzene,
pyrene-d10, and triphenyl phosphate.
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Figure 1.  Sixteen PAHs at 0.2 ppm each with surrogates and ISTD at 1.0 ppm each, using synchronous

SIM/scan mode.

The RRF (relative response factor) was calculated
automatically for each compound at each level by
the GC/MSD ChemStation software. Linearity was
determined by calculating the %RSD (percent rela-
tive standard deviation) of the RRFs across the cal-
ibration range for each compound. This is also
done automatically by the software in conjunction
with Excel.

Linearity is excellent with the average of all
%RSDs = 6 %. This compares favorably with other
methods that are SIM only or those that only
calibrate down to 0.1 ppm.

There were 5.55 SIM cycles/s and 5.55 scans/s
acquired throughout the run. This yields 11 SIM
data points and 11 scan data points across a
typical peak.

Full scan data are also available for further PAH
confirmation using library searching. Figure 2
shows a full scan spectrum from benzo[ghi]pery-
lene, together with its library match. Unknown
peaks for which SIM data were not acquired can
also be library searched. A more reliable, faster
method for identifying all the peaks is the use of
Deconvolution Reporting Software [4].
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Conclusions

The 6890/5975 inert shows much improved
response and peak shape for PAHs due to the inert
source material and higher allowable source tem-
perature. This improved response gives better lin-
earity across the calibration range. Analysis of
PAHs can be accomplished using synchronous
SIM/scan data acquisition over a calibration range
of 0.01 ppm to 10 ppm, while maintaining perfor-
mance similar to SIM methods. Sensitivity of SIM
is achieved while providing full scan data for con-
firmation of PAHs and identification of unknowns
in a single run.
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Abstract

A previous application note presented results for analysis
of the polybrominated diphenyl ethers (PBDEs) in poly-
mers using the 5973N inert MSD [1]. Mass spectra were
presented and interpreted for all of the important PBDEs.
The new 5975 inert MSD provides many new features and
improvements with expanded mass range to 1050 u being
but one. This note presents the full spectra of the octa-,
nona and decabrominated biphenyls ethers including ions
that appear beyond the mass range of the previous

5973 MSD platform.

Introduction

PBDEs have become the “new PCBs” due to their
widespread detection throughout the ecosystem.
They have some structural and consequently mass
spectral features in common with the polychlori-
nated biphenyls (PCBs) as well. The series of frag-
ments formed by loss of chlorines (M-nCl,)
generates a number of intense ions useful in their
determination. The PCBs also show relatively
intense molecular ion clusters that assist in distin-
guishing the congeners. Similar attributes are
expected and hoped for the PBDEs which show
much more analytical difficulty than the PCBs.

Molecular Weight Polybrominated
Diphenyl Ethers (PBDEs)

L4 Environmental, Component Testing

This note presents the full scan spectra obtained
for the PBDEs over the extended mass range of
the 5975 inert MSD. The polymeric sample prepa-
ration and extraction protocols are cited elsewhere
and supply two approaches to PBDE
determinations [1].

Experimental

PBDE standards were acquired from Cambridge
Isotope Laboratories (Andover, MA) and
AccuStandard (New Haven, CT).

Instrumental Configuration and Conditions

The 6890 GC configuration and conditions are
given in the previous application note [1]. The
5975 inert MSD system was operated in scan mode
for acquisition of the PBDE spectra. The MSD scan
operating parameters are cited in Table 1.

Table 1. 5975 inert MSD Configuration and Parameters

Mass spectrometer parameters

lonization mode Electron impact

lonization energy 70eV

Tune parameters Autotune
Electron multiplier voltage Autotune + 400V
Scan mode 200-1000 u
Quadrupole temperature 150 °C

Inert source temperature 300 °C

Full conditions and parameters, as appropriate to
the polymer analysis cited in reference 1, are avail-
able in the eMethod for this analysis
(www.agilent.com/chem/emethods).

Agilent Technologies



Results

El Spectra of the Higher Molecular Weight PBDEs

Figures 1, 2, and 3 present the full-scan spectra of
an octa-, nona- and the decabromodiphenyl ether.
Note that most intense ions in all cases are the
[M-Br;]" and the corresponding to [M-Br:]*? ions.
The relative abundance of the molecular ion
clusters [M]" are under 30%. Figure 4 compares the

theoretical isotopic pattern to that experimentally
obtained by the 5975 inert MSD. Agreement is
good in both the abundance of the isotopes and the
mass accuracy using the standard system
Autotune. Mass accuracy agrees to within 0.2 m/z
of the theoretical and experimental values. Table 2
presents the important ions for the PBDEs greater
than the dibromoDE. These ions are those most
important to characterizing the technical mixtures
used as additives to polymers.

100 641
1 [M-Br,]*
90
80
70
60; [M'B’z]+2
50{ 321
40{ 562
] (my*
SOE 232 801
] 482
207 375 -
b 281
i 723
10 404 457 m
0—: IR ‘H‘““‘
200 250 300 350 400 450 500 550 600 650 700 750 800
Figure 1.  Electron impact ionization spectrum of an octabromodiphenyl ether (PBDE-203) from 200 to 810 m/z.
100{ 719
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80*: [M-Br2]+2
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1221
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] 453
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1 330 482
10 266 390 533 799
200 250 300 350 400 450 500 550 600 650 700 750 800 850

Figure 2.

Electron impact ionization spectrum of a nonabromodiphenyl ether (PBDE-208) from 200 to 890 m/z.
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Electron impact ionization spectrum of the decabromodiphenyl ether (PBDE-209) from 200 to 1000 m/z.
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Figure 4. Experimental spectrum of the decabromodiphenyl ether (PBDE-209) molecular ion cluster [M]*

versus theory.
Table 2. Important lons for the PB,DEs (n>2)
PBDE The user should note the ion source and quadru-
bromination [(m]* [M-Br,]* [M-Br,]* pole temperature settings in Table 1. Figure 5 pre-
3 405.8 246.0 123.0 sents SIM acquisitions of several higher molecular
4 4857 3259 162.9 weight PBDEs at source temperatures of 300 °C
5 563.6 403.8 201.9 and 230 °C. Notice the signal height roughly dou-
6 643.5 483.7 241.9 bles on average for the PBDEs at the higher ion
7 7215 561.6 (280.8™) source temperature. The insert in the figure shows
g g%g 3?;2 g;gg the improvement in the peak shape for the hexa-
10 959.2 799.3 3997 brominated diphenyl ether. This peak sharpening

**The 280.8 and 281.8 m/z ions can be compromised by column bleed interferences
so these have not been used in acquisition although they provide a useful
diagnostic for column degradation.

accounts for the increase in signal height. Since
these compounds elute at higher temperatures



among other high boiling components that belong
to the matrix, heating the quadrupole is important
for robust and low maintenance operation in
samples.

www.agilent.com/chem

—— 300 °C
| i — 230 °C
. . 300 °C

T T T
f — 230°C
| —230°C

—230°C

—230°C —230°C

Hexa-BDE Hepta-BDE Octa-BDE Nona-BDE Deca-BDE

Figure 5.
expanded view of hexa-BDE overlays near baseline.

Conclusions

The new 5975 inert MSD has an expanded set of
features including mass range. High mass accuracy
under standard autotuning is obtained even at the
high masses typical of the brominated diphenyl
ethers. As users survey higher mass compounds,
the heated quadrupole and high temperature capa-
bilities of the 5975 inert MSD will become even
more important to rugged and robust analyses in
complicated samples.

More details on the other relevant instrumental
parameters are available in the eMethod
(www.agilent.com/chem/emethods).
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Abstract

Due to their ubiquitous appearance in the ecosphere,
various polybrominated diphenyl ether formulations have
been banned. A major application of PBDEs is to impart
fire retardancy to plastics used in electronics and electri-
cal applications. This application note details an approach
to determining the PBDEs present in the technical formu-
lations in polymers. The instrumental analysis uses
GC/MS with selected-ion monitoring (SIM) to determine
tri-BDEs through the decaBDE in 15 minutes. Full scan
spectra are presented for the PBDEs with interpretation
and to provide an explanation of the choices in SIM ions.
To insure correct identification of the PBDE isomers and
allow rapid and convenient implementation in the labora-
tory, Retention Time Locking is applied to an internal
standard. A sample preparation scheme referenced in this
document provides two flexible and simple approaches to
processing polymeric materials for this instrumental
technique. PentaBDE, OctaBDE and DecaBDE technical
formulations are characterized under the method and
results for a typical high-impact polystyrene sample are
also presented.

Polybrominated diphenyl ethers (PBDESs) are a
major issue in discussions of persistent organic
contaminants. The detection of PBDEs in essen-
tially all compartments of the ecosystem, including
human serum and breast milk, has resulted in a
ban of the manufacture and use of certain PBDE
formulations by the European Union (EU). Some
companies have made it a policy not to allow these
compounds in their components and have insisted
their suppliers comply. Because the PBDEs are
added at percent concentrations (as w/w), the
usage of these formulations has been prodigious.
Global consumption in 2001 was estimated at
7500, 3790, 56100 metric tons, for the PentaBDE,
OctaBDE and DecaBDE technical formulations,
respectively.

PBDE analysis even at these relatively high con-
centrations is challenging in several respects. The
PBDEs are a complicated class of compounds and
their utility in suppressing combustion also makes
them relatively fragile and subject to degradation
in GC analysis. This was demonstrated by using
shorter GC columns to improve PBDE responses,
the most significant improvement being for the
deca-BDE (BDE 209) [1]. The loss in congener
resolution is less important in this application
because the technical mixtures most frequently
applied in polymers predominantly consist of iso-
mers extending from the tri-BDEs to the deca-BDE
and far less than the 209 possible congeners. Dis-
tinguishing congeners on the basis of their electron
impact (EI) mass spectrum may be possible since
there appears to be some differences in their spec-
tra, however the most reliable index remains
retention time (RT). For this reason, compound

Agilent Technologies



Retention Time Locking (RTL) is used to simplify
identification and reproduction of the method in
the user's laboratory.

Another complication is in sample preparation.
There are several methods for extracting PBDEs
from polymers each with advantages and disad-
vantages [2]. Of the many methods, the two
approaches applied in processing samples for this
application note are relatively inexpensive, simple,
universal in application and in their acceptance,
and allow for high sample throughput with mini-
mal polymeric interferences. They are polymer
dissolution and soxhlet extraction.

Experimental

Polymer samples were obtained from Agilent cus-
tomers in the electrical and electronic component
industries. Specific details of the polymer dissolu-
tion and soxhlet extraction methods are presented
elsewhere [3]. In summary, the methods extract
PBDEs from the sample via solvent, a dilution is
made into toluene and PCB 209 is added to follow
the dilution factor. Prior to injection, PCB 207 is
added as an internal (injection) standard. Stan-
dards were made taking into account the potential
percent concentration range of the PBDEs in poly-
meric samples and dilution factors used in the
method.

PBDE standards were acquired from Cambridge
Isotope Laboratories (Andover, MA) and AccuStan-
dard (New Haven, CT). PCBs 209 and 207 were
acquired from AccuStandard (New Haven, CT).
Solutions were made in toluene of Burdick & Jack-
son solvent (VWR Scientific, San Francisco, CA).

Instrumental Configuration and Conditions

The 6890 GC and 5793N-inert MSD (mass selective
detector) system configuration and conditions are
given in Table 1. The GC is operated under
constant flow conditions developed by applying
RTL to lock the PCB 209 internal standard RT at
9.350 minutes. The 5973N inert MSD was equipped
with the new Performance Electronics upgrade
and allowed a single SIM group containing 24 ions
to be used. The SIM ions are listed in Table 1 and
were acquired with a dwell of 10-ms. This single
SIM group method can be used to develop a pre-
liminary method that can be further refined into
multiple SIM groups by applying the AUTOSIM util-
ity if the user wishes [4]. This is recommended for
5973-MSDs using standard electronics and target-
ing only congeners known to predominate in the
particular technical mixture.

Table 1.

Injection parameters

GC and MSD Configuration and Parameters

Injection mode Pulsed splitless

Injection volume 1L

Injection port temperature 320 °C

Pulse pressure and time 15.8 psi 1.80 min
Purge flow and time 50.0 mL/min 2.00 min
Gas saver flow and time 20.0 mL/min 3.00 min

DB-5ms Column and oven parameters
GC column DB-5ms (15 m x 0.25 mm id,
0.1 pm film) (p/n: 122-5511)

Flow and mode 1.8 mL/min  Constant flow
RTL parameters 9.350 min RTL compound PCB 209
Detector and outlet MSD Vacuum

pressure

Oven temperature 90 °C 1.00 min

program 20°C/min  340°C  2.00 min
Oven equilibrium time 1.0 min

Total program time 15.5 min

MSD transfer line temp 320 °C

Mass spectrometer parameters

Tune parameters Autotune

Electron multiplier voltage Autotune + 400V
Solvent delay 6.5 min
Quadrupole temperature 150 °C

Inert source temperature 300 °C

Mass spectrometer SIM ions for single group

405.8 246.0 123.0
485.7 325.9 162.9
563.6 403.8 201.9
643.5 483.7 241.9
1215 561.6 320.8
799.4 641.5 360.7
7194 461.7 399.7
463.7 497.7 499.7

*Optional addition of m/z 280.8

Miscellaneous parts

Septa 5182-0739 BTO septa (400 °C)

Liner 5181-3315 Deactivated 4-mm id double
taper

GC column 5181-3323 250 pm Vespel/Graphite

ferrule

MSD interface  5062-3508 0.4-mm id preconditioned

ferrule

vespel/graphite



Results Table 2. Prominent PBDE Congeners and their Locked RTs
Chromatography Compound name RTL RT (min)
PCB 207 8.69
After evaluating a series {)f columns the.DB.-5ms ' PCB 209 (locking compound) 9.350
phase seems tbe best choice over.all, which is consis- PBDE 17 (tri Br) 6.89
tent with the literature [1]. The ¥1teratu.re shows PBDE 28 (tri Br) 708
that the shorter columns and thinner films are of
. . . . PBDE 71 (tetra Br) 1.97
benefit to improving the PBDE responses, especially
deca-BDE (PBDE-209) [1] and this approach is PBDE 47 (tetra Br) 8.09
applied here. The benefit appears in both response PBDE 66 (tetra Br) 8.25
and also in shorter analysis times; elution of deca- PBDE 100 (penta Br) 8.82
BDE occurs in less than 15 minutes. The separation =~ PBDE 99 (penta Br) 9.06
on the DB-5ms phase seems sufficient for character- PBDE 85 (penta Br) 9.43
izing PBDE additives in polymers since the desire is PBDE 154 (hexa Br) 9.62
not so much the complete separation as it is the PBDE 153 (hexa Br) 9.93
overall composition and contribution of the various PBDE 138 (hexa Br) 10.31
isomers [5]. Noneth'el.egs, the short analysis timg ‘ PBDE 183 (hepta Br) 10.73
makes RT reprodqc1b1hty and accuracy more criti- ? hepta PBDE 11.07
cal for correct assignments of the various PBDE PBDE 190 (hepta Br) 1123
isomers and this is greatly enhanced by applying PBDE 204 (octa) 11.62
RTL. A list of the Retention Time Locked elutions of '
the most prominent PBDEs is presented in Table 2. PBDE 203 {octa) 11.78
For reference, Figures 1, 2 and 3 present chro- 7 PBDE 196 (octa) 11.84
matograms of PentaBDE, OctaBDE, and DecaBDE PBDE 205 (octa) 12.00
technical mixtures with approximate elution PBDE 208 (nona) 12.56
windows of the various isomers. PBDE 207 (nona) 12.64
PBDE 209 (deca Br) 13.60

Note - tentative identification of PBDE 196 was based on reference [1]
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Figure1  Reconstructed ion chromatogram (RIC) for the GC/MS EI-SIM acquisition of a PentaBDE technical

mixture (Cambridge Isotope Laboratories).
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PBDE Spectral Interpretation

The EI ionization mass spectra of the PBDE con-
geners are rich in details and partially described in
the literature [7]. Among the isomers the spectra
are expected to be approximately identical in pat-
tern and fragmentation pathway. Figure 4 presents
a full scan spectrum of a hexabrominated-DE,
PBDE-138, obtained at a source temperature of
300 °C. The spectrum shows the isotope cluster
due to the molecular ion (643 m/z) and an intense
cluster (484 m/z) consistent with the loss of Brs.
The mass assignment of the m/z 484 cluster is con-
sistent with the result of [M-Br;]*, that is,
[C12H4OBr4]*, and shows the tetrabrominated pat-
tern (18 : 69 : 100 : 65 : 16 ). The next highest abun-
dance isotope cluster appears around 242 m/z.
Figure 4 shows this cluster and the cluster at

m/z 484, [M-Br;]". The isotope cluster patterns are
similar, which suggests the same degree of

100
90
80
70—
60—

50—

Abundance

40+ [M-Brz]+z

242

bromination, but the fragment mass assignments
are half those of the 484 cluster and mass spacing
is not 2 but 1 m/z unit. While it is possible this is
due to overlapping fragments, the close correspon-
dence in patterns lead the authors to propose that
this isotope cluster is due to double-charged frag-
ments; that is, [M-Brz]". Recently, this assignment
was confirmed by high-resolution MS and the
results will be published elsewhere [8]. This
[M-Br:]"? fragment is common among the PBDEs
congeners and grows in relative abundance as the
degree of bromination increases: approximately in
10% tetraBDEs; 15% in pentaBDEs; 20%-25% in
hexaBDEs and heptaBDEs; 45% in octaBDEs; 60%
in nonaBDEs; and > 80% in decaBDE. Figures 5, 6,
7, 8 and 9 show spectra for several PBDEs. We have
also observed the same phenomena for the poly-
brominated biphenyls (PBBs). We also find the
ratios vary within an isomeric series more than in
PCBs.

[M-Br,]*

484

my*

643

563

150 200 250 300 350 400

Figure 4
temperature of 300 °C.

450 500 550 600 650 700 750

m/z

Normalized El mass spectrum of a hexabrominated-DE, PBDE-138, obtained in scan from 150-800 m/z at a source
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In considering the EI spectrum of the decabro-
modiphenyl ether, PBDE-209, the same observa-
tions apply, Figure 10. Although the cluster of the
molecular ion at 959 u, eludes the mass range limi-
tation of the 5973N-MSD, the loss of Br; forms an
intense isotope cluster at m/z 799, [M-Br:]" and the
doubly charged fragment(s) for the [M-Br:]*? at
my/z 400 (399.6) as shown in Figure 11. Other data
has shown that the intensity of the molecular ion
cluster (959 u) is far less than that of the frag-
ments at m/z 799 as is the trend for the PBDEs.

[M-Bry]*
1004 [M-Br2]+2 799
90+ 400

232

Abundance
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o
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690 “‘Hr
Il Il
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150 200 250 300 350 400 450 500 550 600 650 700 750
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Figure 10 Normalized El mass spectrum of the decabrominated-DE, PDBE-209, obtained in scan from
150-800 m/z at a source temperature of 300 °C.
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Figure 11 Normalized El mass spectrum of the decabrominated-DE, PDBE-209, obtained in scan from 150-800 m/z
at a source temperature of 300 °C.



Therefore these ions (that is, [M-Br:]*, [M-Br:]*
and [M]" where available), and compound RTs,
identify and allow determination of the deca-BDE
and other PBDEs to the ability of the 15-m column
to separate the isomers, which appears quite effec-
tive and sufficient for characterizing additives. The
monitored ions are given in Table 3 with the ions
for the internal standards used in this analysis.
Obviously, the bromines provide other ions dis-
placed in mass by two units (except for the doubly-
charged ions) that offer other additional ions for
quantitation or confirmation.

Using the ions listed in Table 3 to identify the
PBDE isomers, the regions in the chromatograms
presented in Figures 1, 2 and 3 were labeled with
the isomer elution windows. These ions and their
ratios were also used to characterize PBDEs not
available in the standards but found to occur
within the samples and technical mixtures (for
example, PBDE 196).

Results for Polymeric Samples

Extracting PBDEs from polymers requires that the
entrained PBDEs permeate the polymer into the
extracting medium. Apparently “melting” the poly-
mer closes the transport corridors in the polymer
and impedes extraction. However, “swelling” the
polymer with a proper solvent, greatly improves
the kinetics of extraction. Beyond deciding the
proper solvent, the optimal time of the extraction
must be experimentally determined for each plas-
tic based on its consistency and response to the
solvent. For the polymer dissolution and soxhlet
extraction methods used here, solvent contact

times or the number of soxhlet cycles for near com-
plete extraction was determined by serial extrac-
tion. Other concerns are described in the sample
preparation protocols [3].

Figure 12 shows the chromatogram for an
extracted HIPS (high-impact polystyrene) polymer
sample supplied by an Agilent customer and

Table 4 shows the results for replicate extractions
and analysis. Note the chromatogram and its major
components closely resembles the chromatogram
for the OctaBDE technical mixture (Figure 2) and
indicates the specificity of the selected ions and
most importantly, the lack of polymeric interfer-
ences. The reproducibility of the component com-
positions is a testament to the reproducibility of
the total method. A good portion of the variance is
introduced by the high dilution factors used in the
method to bring the polymer extract concentra-
tions with the scale of the PBDE standards and
therefore discriminates against the lower abun-
dance components producing a higher degree of
variation and absolute detection. A series of

25 replicate injections of an extracted sample
showed negligible degradation in response or
chromatography. The robust performance is
largely due to the high MSD ion source and
quadrupole operating temperatures of 300 °C and
150 °C, respectively. These high temperatures miti-
gate the effect of co-extracted polymeric residues
on the ion source optics to render robust perfor-
mance. The high operating temperature of the
quadrupole provides a very long lifetime without
cleaning or maintenance even when analyzing very
dirty matrices such as these.

Table 3. Quantitation and Confirmation lons for the PB,DEs (n>2)

PBDE bromination [M]* [M-Br.]* [M-Br,]*2 Confirmation ion
3 405.8 246.0 123.0 403.8
4 485.7 325.9 162.9 483.7
5 563.6 403.8 201.9 561.6
6 643.5 483.7 241.9 641.5
7 7215 561.6 (280.8 %) 563.6/719.4
8 799.4 641.5 320.8 643.5
- 7194 360.7 7215
10 - 799.4 399.7 -
PCB 207 463.7 461.7 - -
PCB 209 497.7 499.7 - -

“*The 280.8 and 281.8 m/z ions can be compromised by column bleed interferences so these were not used in acquisition although they

provide a useful diagnostic for column degradation.
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Figure 12 RIC of the GC/MS SIM acquisition of an extracted HIPS polymer sample.

Table 4. Extraction Results for Replicate Analysis of a Polymer Sample for PBDE Composition Using the
Two Extraction and Sample Preparation Protocols [3]

Soxhlet polymer extraction protocol results

Replicate 1 Replicate 2 Replicate 3 Replicate 4 Replicate 5
Sums (%) (%) (%) (%) (%) SD
HexaBDEs 9.1 9.5 8.9 8.7 9.1 0.3
HeptaBDEs 53.3 52.5 51.7 53.1 53.1 0.7
OctaBDEs 295 29.5 30.7 29.5 29.8 0.5
NonaBDEs 8.0 8.4 8.6 8.7 8.1 0.3

Polymer Dissolution Extraction Protocol Results*

Replicate 1 Replicate 2 Replicate 3
Sums (%) (%) (%) SD
HexaBDEs 9.9 10.0 9.7 0.2
HeptaBDEs 55.3 56.2 55.9 0.5
OctaBDEs 34.8 33.8 34.4 0.5

SD standard deviation
No tri-DEs, tetraBDEs, pentaBDEs, or decaBDE were detected.

*A difference in analyte lists used to quantitate the soxhlet extracts slightly skews the results, specifically the addition of the nona-BDE analytes.
Removing this group, the results agree within 3%.
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Remarks

Figure 13 presents two overlaid reconstructed ion
chromatograms of the SIM acquisitions of two
splits of a single PBDE standard. One of the splits
was contained in a clear vial and was exposed to
laboratory light for about a week and the other
split was stored in amber vial and in a freezer as a
reference. The most impressive feature is the
dramatic loss of the decaBDE and the possible
appearance of another intense nonaBDE (around
11.8 minutes). Note the nonaBDEs in the standard
showed no degradation while the octaBDEs and
heptaBDEs showed varying degrees of loss in con-
centration. A number of small peaks appear in the
baseline that suggest, on the basis of their frag-
ments, ion ratios, and proximity to existing PBDEs
in the standard, the presence of other BDE iso-
mers. Assigning any identification in SIM without
a standard reference compound to confirm RT and
fragment ratios, or a full scan acquisition, must be
considered highly speculative. However, the data
does indicate a degradation of the decaBDE and
some other PBDEs, and suggests possible isomer-
ization of the some PBDEs under the influence of
typical laboratory fluorescent lights. Time and
resources do not allow us to pursue this matter,

Abundance

Tmpb

but we provide these observations since there are
implications in sample handling and standard
preparation and storage.

Conclusions

The 5973N inert MSD equipped with performance
electronics allows a single SIM group to survey for
PBDE isomers important to characterizing the
technical formulations of the PBDEs. Using a
single group has the advantages of allowing many
formulations to be studied without regard to the
particular elution of the congeners (which would
require careful maintenance of SIM windows),
simplified setup and very rapid analysis. Imple-
menting RTL allows specific congeners to be char-
acterized and quantitated with high confidence.
The intense fragmentation of the PBDEs and their
universal propensity to form [M-Br.]" and [M-Br;]™
ions provides a unique fingerprint for each degree
of bromination. The 15-m column used here pro-
vides rapid analysis and sufficient class separa-
tion. The method is universally applicable
regardless of the sample preparation scheme as
demonstrated here by replicate polymer analysis
by two techniques, soxhlet extraction and polymer
dissolution.

Abundance

10.40 11.00 11.60
Time (min)

12.20

Figure 13. PBDE standard unexposed (green) and exposed to laboratory light. Delta (A) indicates change in
response as Exposed-Unexposed (with negative signs indicating loss in response and positive an

increased response).
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Abstract

The analysis of polynuclear aromatic hydrocarbons pre-
sents challenges due to the tendency of the polynuclear
aromatic hydrocarbons to adsorb on surfaces in the chro-
matographic system. This results in calibrations that are
not linear and the need to run selected ion monitoring for
low-level analysis. The Agilent Technologies 6890/5973
inert gas chromatograph/mass selective detector system
is designed for improved polynuclear aromatic hydrocar-
bons analysis using full scan while maintaining linearity
across a wide calibration range.

Introduction

Polynuclear aromatic hydrocarbons (PAHs) are pro-
duced during combustion of organic material and
are suspected carcinogens. The high amounts and
widespread occurrence of these compounds in our
environment requires reliable, sensitive, and very
robust analytical methods.

. Technologies 6890/5973 inert Gas
o Chromatograph/Mass Selective Detector

PAHs, especially the high molecular weight ones,
tend to be adsorbed on any active or cold site in a
gas chromatographic system. Additionally
occurring inlet discrimination often further
reduces the number of compounds with higher
boiling points that are transferred onto the
column. Therefore, typical PAH analyses on a gas
chromatography (GC) or gas chromatography/
mass selective detector (GC/MSD) system show
decreasing response and sensitivity with
increasing molecular weight.

The Agilent 6890/5973 inert GC/MSD system has
features to overcome this negative trend, including
a new uncoated solid-source material and higher
temperature filaments. Using a direct-connect inlet
liner also improves chromatographic peak shape
and sensitivity.

Many laboratories calibrate for PAHs from 0.1 to
10 ppm using Selected Ion Monitoring (SIM) for
low level work. Historically, SIM has been neces-
sary because of instrument sensitivity considera-
tions and loss of PAHs at the lower concentration
levels, although full scan data is preferred for
further confirmation of the compounds.

This application note will show the performance of
the Agilent 6890/5973 inert for PAHs using a cali-
bration range of 0.1 to 10.0 ppm in full scan mode
with linearity equal to that of many SIM methods.

Agilent Technologies



Table 1. Gas Chromatograph and Mass Spectrometer Conditions

GC

Inlet

Mode

Inlet temperature
Pressure

Pulse presssure
Pulse time
Purge flow
Purge time
Total flow

Gas saver

Gas type

Inlet liner

Oven

Oven ramp
Initial
Ramp 1
Ramp 2

Total run time
Equilibration time
Oven max temp

Column
Length
Diameter

Film thickness

Mode
Flow
Initial pressure

Inlet
Outlet
Outlet pressure

MSD
Drawout lens
Solvent delay
EM voltage
Low mass
High mass
Threshold
Sampling
Scans/s
Quad temp
Source temp

Transfer line temperature

Repeller voltage
Emission current

Agilent Technologies 6890

EPC split/splitless
Pulsed splitless, 1 pL injected
300°C

12.64 psi

30.0 psi

0.30 min

30.0 mL/min

1.0 min

34.6 mL/min

off

Helium

Direct Connect, deactivated, 4-mm id, Agilent part number G1544-80700

°C/min Next °C Hold min
50 1.00

25 200 0.00

8 316 0.00

21.50 min

0.5 min

325°C

Agilent Technologies HP-5MS part number 19091S-433
30.0m

250 pm

0.25 pm

Constant flow
1.5 mL/min
12.64 psi

Front
MSD
Vacuum

Agilent Technologies 5973 inert
6-mm ultralarge aperture, Agilent part number G2589-20045
3.00 min

Run at DFTPP tune voltage = 1000 V
45 amu

450 amu

0

2

3.58

180 °C

300 °C

280 °C

DFTPP tune value

DFTPP tune value = 34.6 pamp

Calibration standards

Calibration standards were diluted in dichloromethane from a stock mix of the 13 PAHs. The seven levels made
were 10,5, 2,1, 0.5, 0.2 and 0.1 ppm. The perylene-d12 internal standard (ISTD) and the two surrogate standards,
1.3-dimethyl-2-nitrobenzene and triphenylphosphate, were added to each calibration level at 2.0 ppm.



Instrument Operating Parameters

The recommended instrument operating parame-
ters are listed in Table 1. These are starting
conditions that may have to be optimized.

The Agilent 6890 inlet temperature was set to

300 °C, instead of the typical 250 °C, to minimize
compounds adsorbing on the liner surface. Pulsed
injection was used to facilitate quantitative transfer
of the heavier PAHs onto the column, minimizing
inlet discrimination. Pulsed injection parameters
are easily set in the ChemStation software and are
automatically controlled by the electronic pneumatic
control (EPC) module.

The Direct Connect inlet liner allows for complete
transfer of analytes onto the column. The column
inlet end attaches to the liner and minimizes ana-
lyte exposure to the stainless steel annular volume
in the inlet.

The Agilent 5973 inert was tuned using the auto-
matic DFTPP target tune, as required by some
Government methods. The ultralarge aperture
drawout lens was used to maintain linearity across
the wide calibration range. Source temperature
was set to 300 °C, which is now possible with the
high temperature filaments. This higher source
temperature in combination with the new source
material produces better peak shapes for the
PAHs.

1,3-Dimethyl-2-nitrobenzene
Triphenylphosphate

Fluorene

Acenaphthylene
Phenanthrene

hrysene
Benz[a]anthracene

;

Anthracene
Pyrene

Results

The system was calibrated at seven levels, 0.1, 0.2,
0.5, 1.0, 2.0, 5.0, and 10.0 ppm using full scan data
acquisition. The total ion chromatogram (TIC) for
the 0.2-ppm level is shown in Figure 1. Each cali-
bration level contained 13 PAHs, perylene-d12
internal standard (ISTD) and the 2 surrogate stan-
dards, 1,3-dimethyl- 2-nitrobenzene and
triphenylphosphate.

The relative response factor (RRF) was calculated
automatically for each compound by the GC/MSD
ChemStation software. Linearity was determined
by calculating the percent relative standard devia-
tion (%RSD) of the RRFs across the calibration
range for each compound. This is also done auto-
matically by the software in conjunction with
Microsoft® Excel.

Linearity is shown in Table 2. The %RSD of the
RRFs are shown for each of the PAHs. All RSDs
are less than 5%. This level of performance is
equal to that of most SIM methods for PAHs.
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Thirteen PAHs at 0.2 ppm each with surrogates and ISTD at 2.0 ppm each.



As further proof of system inertness and sensitivity,
a 0.01-ppm level spike was analyzed. This sample
was quantitated against the seven level calibration
curve using average response factor. The results are
shown in Table 2. These results are excellent con-
sidering this is full scan data and the spike level
was 10x lower than the lowest calibration point.

Table 2. %RSD of RRF from Seven Level Calibration and
0.01-ppm Spike Results
%RSD 0.01 ppm Spike

Perylene-d12 3 -
1,3-dimethyl-2-nitrobenzene 1 2.100
Acenaphthylene 3 0.011
Fluorene 3 0.010
Phenanthrene 3 0.010
Anthracene 3 0.011
Pyrene 3 0.010
Triphenylphosphate 1 1.940
Chrysene 2 0.009
Benz[a]anthracene 3 0.010
Benzo[b]fluoranthene 2 0.009
Benzo[k]fluoranthene 4 0.010
Benzo[a]pyrene 2 0.010
Indeno(123-cd)pyrene 4 0.010
Dibenz(ah)anthracene 2 0.007
Benzo(ghi)perylene 3 0.011

Conclusions

The Agilent 6890/5973 inert shows much improved
response and peak shape for PAHs due to the inert
source material and higher allowable source tem-
perature. This improved response gives better lin-
earity across the calibration range. Analysis of
PAHs can be accomplished using full scan data
acquisition over a calibration range of 0.1 to 10 ppm,
while maintaining performance similar to SIM
methods.

For More Information

For more information on our products and services,
visit our Web site at www.agilent.com/chem.
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Abstract

The analysis of semivolatiles presents challenges due to
the simultaneous measurement of acids, bases, and neu-
trals over a wide concentration range. Due to productivity
demands, laboratories want to run faster while maintain-
ing linearity and sensitivity for even the most active com-
pounds. The Agilent Technologies 6890/5973 inert gas
chromatography/mass selective detector system is
designed to meet the criteria for fast analysis, while
minimizing activity and maintaining linearity.

Introduction

Semivolatiles analysis concurrently measures a mix
of acids, bases, and neutrals. This mix presents a
challenge for instrument design due to the interac-
tion of the analytes with the instrument and con-
sumables. Most laboratories analyze for 70-100
compounds with a chromatographic run time of

25-40 minutes. The calibration range required for
the analysis varies dependent on a particular labo-
ratory’s statement of work. Historically a range of
20-160 ng was used. With the increased sensitivity
of newer gas chromatography/mass spectrometry
(GC/MS) systems, laboratories are moving toward
lower minimum detection limits (MDLs) and pushing
the calibration range down to 5 ng.

The Agilent 6890/5973 inert gas chromatograph/
mass selective detector (GC/MSD) system was
designed to meet the demand for these lower
MDLs. A new uncoated solid source material has
shown improved performance for the most active
compounds, such as 2 4-dinitrophenol.

This inert source allows for less material injected
onto the column while maintaining mass spectrom-
eter performance. Split injections are possible
where only splitless would suffice before. The abil-
ity to do split injections matches very well with
smaller diameter columns such as 100 um. These
smaller columns provide for run times of

10 minutes or less.

This application note will show the performance of
the Agilent 6890/5973 inert for semivolatiles using
a 100-um id column with a run time of 7.5 minutes
and a calibration range of 5-200 ng.

Agilent Technologies



Instrument Operating Parameters

The recommended instrument operating parame-

ters are listed in Table 1. These are starting
conditions and may have to be optimized.

Table 1. Gas Chromatograph and Mass Spectrometer Conditions

GC

Inlet
Mode
Split ratio
Inlet temp
Pressure
Split flow
Total flow
Gas saver

Inlet liner

Oven

Oven ramp

Initial

Ramp 1

Total run time
Equilibration time
Oven max temp

Column
Length
Diameter

Film thickness

Mode

Flow

Initial

Ramp 1

Inlet

Outlet

Outlet pressure

MSD

Solvent delay
EM voltage
Low mass
High mass
Threshold
Sampling
Scans/s
Quad temp
Source temp

Transfer line temp

Repeller voltage
Emission current

Agilent Technologies 6890

150 psi EPC split/splitless
Split, 1 pL injected

10:1

250 °C

118 psi

22.8 mL/min

26.9 mL/min

Off

Siltek™ Cyclosplitter, 4-mm id,
Restek part number 20706-214.1

240V

°C/min Next °C Hold min
40 0.20

45 320 1.58

8.0 min

0.5 min

325°C

Agilent Technologies HP-5MS Custom
125m

100 pm

0.1 pm

Ramped flow

mL/minZ  mL/min Hold min
2.3 0.10

10 0.8 0.00

Front

MSD

Vacuum

Agilent Technologies 5973 inert
0.95 min

Run at DFTPP tune voltage = 1200 V
35amu

500 amu

0

1

5.92

150 °C

230°C

280 °C

DFTPP tune value

DFTPP tune at 35 pamp, run at 25 pjamp

Calibration standards

Accustandard, New Haven, CT. Part number M-8270-1S-WL-0.25x
to 10x, 77 compounds at eight concentration levels with six ISTDs
at 40 ppm.

The Agilent 6890 with a 150 psi inlet (option) is
necessary for both the initial high flow during
injection and to maintain constant flow during the
run. A 10:1 split is used to match the column
capacity to the calibration concentration range.
Higher splits can be used but splitting less or using
splitless will cause peak overload and too much
distortion for good integration.

The inlet liner was found to be of low activity, as it
does not contain glass wool. Proper mixing for
split injections is done by the internal liner geome-
try. This liner was also found to perform ade-
quately for higher split ratios and for splitless.

The Agilent 6890 240 V oven was necessary for the
45 °C/min oven program ramp used.

The custom order HP-56MS column was obtained in
a 20 m length and cut down to 12.5 m. The ramp
flow allows for faster transfer of analytes onto the
column to minimize exposure to the inlet liner.
Ramp flows are easily set by the software and are
accomplished with electronic pneumatic control
(EPC).

The Agilent 5973 inert was tuned using the auto-
matic DFTPP target tune, as required by some
Government methods. After tuning, the emission
current was manually set to 25 pyamp. This was
done to maximize linearity for easily ionized com-
pounds. The sampling rate was changed from the
default of 2 to 1, while preserving sufficient sensi-
tivity. The resultant 5.92 scans/s yields a minimum
of eight data points across the narrowest peaks.

Results

The system was calibrated at eight levels, 5, 10, 20,
50, 80, 120, 160, and 200 ppm. The total ion chro-
matogram (TIC) for the 5-ppm level is shown in
Figure 1. Each calibration level contained 77 com-
pounds together with six internal standards (ISTDs)
at 40 ppm.

The relative response factor (RRF) was calculated
automatically for each compound by the GC/MSD
ChemStation software. Linearity was determined
by calculating the percent relative standard devia-
tion (%RSD) of the RRFs across the calibration
range for each compound and was performed auto-
matically by the software in conjunction with
Microsoft® Excel.
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Figure 1.  Five ppm each 77 semivolatiles and six ISTDs at 40 ppm each.

There are published Government Methods, such as
USEPA Method 8270D for Semivolatiles, that spec-
ify criteria for suitable RRFs and %RSD. In Method
8270D, minimum system performance of four
active compounds, the system performance check
compounds (SPCCs) is measured by the average
RRF.

Table 2 lists the Method 8270D SPCC criteria, and
performance of the Agilent 5973 inert together
with an Agilent 5973 system. The Agilent 5973
inert data exceeds the 8270D criteria. The
Agilent 5973 inert also shows exceptional results
compared to the Agilent 5973. These results are
superior because they were run 10:1 split, putting
10x less compound on column than those run on
the Agilent 5973.

Table 2. SPCCs, Comparison of Average RRF

8270D Criteria Agilent 5973 inert Agilent 5973
Calibration range, ppm 0.5-20 5-160
N-Nitroso-di-n-propyl amine 0.050 1.146 0.970
Hexachlorocyclopentadiene 0.050 0.284 0.253
2,4-Dinitrophenol 0.050 0.188 0.075

4-Nitrophenol 0.050 0.236 0.162



Linearity is shown in Table 3. The 77 compounds
were grouped as indicated. The RSDs of the RRFs
were averaged to show performance for entire
compound classes, not just a few selected analytes.
The linearity of the Agilent 5973 inert is signifi-
cantly better than the Agilent 5973 across the
same concentration range and across an extended
range.

Table 3. Average RSDs of RRFs by Compound Class

www.agilent.com/chem

Agilent 5973 inert Agilent 5973 inert Agilent 5973

Calibration range, ppm 0.5-20 2-16 20-160
Miscellaneous base neutrals (19) 8 5 1"
Acids (17 phenols, dinitrophenols) 8 5 "
Bases (12) 8 6 12
Phthalates, ethers (13) 9 6 12
PAHs (16) 7 5 8
Conclusions

The Agilent 6890/5973 inert shows improved
response for active compounds such as nitrophe-
nols at low levels. This improved response gives
better linearity across the calibration range. Split
injections are now possible while maintaining suffi-
cient response and fast analysis can be done using
100-um columns. Analysis of 77 analytes and six
ISTDs can be accomplished in less than 8 minutes
over an extended calibration range of 0.5 ppm to
20 ppm.
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For more information on our products and services,
visit our Web site at www.agilent.com/chem.
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Carbazole is an environmental pollutant of some concern. Sensitive detection of
carbazole and related metabolites provides a means of following its breakdown in
various sources. The postulated pathway is: carbazole — 2,3-aminobiphenyl diol —»

anthranilic aciq - catgchol. (Thg 2nd intgrmediate is not commercially available and Highlights
was replaced with 2,3-dihydroxybiphenyl diol, to act as a related marker.)
4 + The resolution of peaks 1 and 2, not

previously obtained, was achieved using
the ZORBAX 300SB-C18 at low pH.

3
1. Catechol
2. Anthranilic Acid
3. 2,3 Dihydroxybiphenyl Diol « The steric protecting groups of the
4. Carbazole ZORBAX SB-C18 stabilize the bonded

phase, permitting stable and reproducible
chromatography at pH < 1.
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Courtesy of Phillip Gibbs, Energy Biosystems Corp. The Woodlands, TX;
Rich Willson, University of Houston, Dept. Chemical Engineering, Houston, TX
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Conditions:

ZORBAX 300 SB-C18 (4.6 x 150 mm) (Agilent P/N: 883995-902)

Mobile Phase: Gradient 5-60% in 20 min., Wash, 95%B for 2 min.

A) H,0 with 0.1% TFA to pH3 with TEA; B) ACN with 0.085% TFA
Injection 15pL, 250-500 pg/mL each, 1 mL/min, 65°C, Detect. UV (233 nm)
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Abstract

Comprehensive retention time locking, gas
chromatography-mass spectrometry methods for more
than 50 phenols and their common internal standards are
available. Retention time locking makes the phenol reten-
tion times on DB-XLB and DB-5ms columns universal and
permanent. "Universal" means that any analyst using an
Agilent 6890 Plus Gas Chromatograph and 5973N Mass
Selective Detector can reproduce the retention times of
every listed phenol. "Permanent" means that the phenol
retention times will remain unchanged with typical
column maintenance such as column trimming or
replacement. This is particularly useful in making defini-
tive assignments of phenol identity from among the many
possible isomers that may be present in the samples but
may not be on hand in the laboratory standards. A high
resolution method and a more rapid "Fast Quant" method
were developed for both columns. The high resolution
programs have analysis times of

31 and 21 minutes while the "Fast Quant" method
runtimes are reduced to 16 and 14 minutes for DB-XLB
and DB-5ms columns, respectively. Both columns pro-
duce minimal column bleed resulting in improved mass
spectral determinations. They also provide excellent sep-
aration of the phenols, the DB-XLB column achieving
slightly better separation than the DB-bms.

Introduction

Phenols are widely used compounds and their sub-
stituted derivatives are manufactured for use in
plastics, drugs, dyes, preservatives, insecticides,
fungicides, antiseptics, and disinfectants. They
also occur as by-products of various industrial
activities such as paper and pulp processing, coal
gas liquification, and coke production. This multi-
industry use has lead to widespread environmen-
tal contamination by phenolic compounds.

Use of chlorine as a bactericide in water treatment
results in chlorinated species that rapidly react
with phenol to form various substituted
chlorophenols. As the degree of substitution
increases, acidity, lipophilicity and tendency to
bioaccumulate and become toxic to aquatic life
increases. These chlorophenols are also added to
provide or enhance anti-bacterial properties of
various products. Recently, representatives of the
German, Danish and Swedish environmental
ministries have advised consumers against use

of anti-bacterial soaps, many of which contain
chlorophenols, in part because of their
environmental effects.

Agilent Technologies



Nitrophenols tend to be among the most toxic of
the phenols and their alkylated derivatives are
commonly used as herbicides and pesticides. It is
a startling and disturbing fact that 60 years ago
2,4-dinitrophenol was ingested to cause weight
loss. Reputedly, it is becoming popular again
despite well documented risks.

As a family, phenolic compounds exhibit a wide
range of properties due to the numerous substitu-
tion derivatives possible, the most common of
which are chlorinated, alkylated or nitro-group
derivatives. Consequently, a variety of methods
have been developed to test the presence of this
important class of compounds in water, soil, sedi-
ment, and biota. Recently, a U.S. EPA method
(528) has been promulgated that is dedicated to
the analysis of 12 common phenols in drinking
water. One of the limitations of this method and
others is the lack of characterization of other
phenol isomers that may be present and
undetected or improperly identified.

This work details a gas chromatography-mass
spectrometry (GC-MS) approach to the analysis of
underivatized phenols. Retention time locking
(RTL) is used to make this method universally
applicable [1,2]. In other words, any laboratory
analyzing samples for phenols can use this method
to confidently identify phenolic compounds. This
is important because many of the substituted
phenols exist as multiple isomers, which exhibit
very similar mass spectra and therefore require
retention time information for confirmation. This
retention time locking (RTL) method allows for the
identification of phenols that might otherwise be
undetected or possibly misidentified, simply
because they are not present in the particular set
of standards in use. Obviously, quantification
requires standards, but estimating concentrations
is possible using the response factors for related
phenol isomers via standards on hand.

Experimental

Phenols were obtained from Ultra Scientific
(North Kingstown, RI) and AccuStandard (New
Haven, CT) as neat compounds and mixtures.
Isotopically labeled phenols were acquired from
Cambridge Isotope Laboratories (Andover, MA).
Dilutions were made in acetone and in
dichloromethane (Burdick and Jackson Grade,
VWR Scientific).

The configuration and operating parameters of the
Agilent 6890 Plus GC (“fast ramping” 220 V
option), 7683 Automatic Liquid Sampler, and
5973N MSD with CI option used for acquiring the
data are given in Table 1. The relatively recent
EPA Method 528 for determination of phenols in
drinking water via GC-MS suggests the DB-5ms
column [3]. This column is widely used due to its
versatility, robustness and low bleed. For similar
reasons, the DB-XLB column is also very popular,
particularly for the analysis of PCBs and other
organochlorine compounds. Method parameters
and compound elutions were explored for both
columns under the criteria of resolution and total
analysis time. This led to the development of two
methods for both the DB-XLB and DB-5ms
columns. The method details of the GC and MSD
programs are given in Table 1.

Phenols are included in a number of U.S. EPA
methods including 604, 1625, 1653, 528, 8270,
8041 and others. Each method utilizes different
surrogates and internal standards. Method

528 uses 1,2-dimethyl-3-nitrobenzene and
2,3,4,b-tetrachlorophenol as internal

standards and 2-chlorophenol-3,4,5,6-d ,
2,4-dimethylphenol-3,5,6-d, and
2,4,6-tribromophenol as recovery surrogates.

All these are included in this study. Isotopically
labeled phenols, both deuterated and
BC-substituted, provide the most reliable
recovery (surrogate) information and have also
been included. A variety of internal standards
have been applied in the various methods, such
as pentafluorophenol, 2,5-dibromotoluene,

and 2,2'5,5'-tetrabromobiphenyl. The
tetrabromobiphenyl standard requires extending
both the GC oven program slightly and the mass
scan range beyond the mass range pertinent to the
phenols if measuring the molecular ion(s) is
desired (as an example, from 50 to 350 m/z to

50 to 476 m/z). However, the tetrabromobiphenyl
method can be used with the “phenol” scan range
if one assigns the intense 150 and 310 m/z frag-
ments to identify the internal standard. (Techni-
cally, if the phenols alone were of interest, the
scan range could be confined from 50 to 275 m/z,
which has the advantage of more scans over the
peak.)

The 2,4-dibromophenol was chosen as the locking
compound because of its elution in the middle of
the oven program, easily distinguished mass
spectrum, and low cost.



Table 1.

GC Injection, Oven and MSD Parameters for Both

Fast Quant and High Resolution Methods Using the
DB-XLB and DB-5ms Columns

Injection Parameters

Injection Mode

Inlet Temperature

Pulse Pressure and Time
Purge Flow and Time
Gas Saver Flow and Time

Pulsed splitless

200 °C
25.0 psi 1.00 min
50.0 mL/min 0.25 min
20.0 mL/min 3.00 min

DB-XLB Column and Oven Parameters:

Fast Quant Method
GC column (P/N: 122-1232)

Flow and Mode
Detector and Outlet Pressure
Oven Temperature Program
40 °C/min
2°C/min
30 °C/min
Oven Equilibrium Time
Total Program Time
MSD Transfer Line Temp

DB-XLB 30 m x 0.25 mm

DB-XLB Column and Oven Parameters:

High Resolution Method
GC column (P/N: 122-1232)

Flow and Mode
Detector and Outlet Pressure
Oven Temperature Program
40 °C/min
2°C/min
30 °C/min
Oven Equilibrium Time
Total Program Time
MSD Transfer Line Temp

1.D., 0.25 ym
1.2 mL/min Constant Flow
MSD Vacuum
40 °C 2.00 min
100 °C 0.20 min
110°C 0.00 min
340 °C 0.00 min
0.50 min
16.37 min
320°C
DB-XLB 30 m x 0.25 mm
I.D.,0.25 pm
1.2 mL/min Constant Flow
MSD Vacuum
40°C 2.00 min
100 °C 0.50 min
140 °C 0.00 min
340 °C 0.00 min
0.50 min
30.67 min
320°C

DB-5ms Column and Oven Parameters:

Fast Quant Method
GC column (P/N: 122-5532)

Flow and Mode
Detector and Outlet Pressure
Oven Temperature Program
40 °C/min
2°C/min
30 °C/min
Oven Equilibrium Time
Total Program Time
MSD Transfer Line Temp

DB-5ms 30 m x 0.25 mm

1.D.,0.25 ym
1.2 mL/min Constant Flow
MSD Vacuum
40°C 2.00 min
100 °C 0.20 min
105°C 0.00 min
340°C 0.00 min

0.50 min

14.03 min

320°C

DB-5ms Column and Oven Parameters:
High Resolution Method

GC column (P/N: 122-5532) DB-5 ms 30 m x 0.25 mm

1.D.,0.25 ym
Flow and Mode 1.2 mL/min Constant Flow
Detector and Outlet Pressure MSD Vacuum
Oven Temperature Program 40 °C 2.00 min
40 °C/min 100 °C 0.50 min
2 °C/min 120 °C 0.00 min
30 °C/min 340°C 0.00 min
Oven Equilibrium Time 0.50 min
Total Program Time 21.33 min
MSD Transfer Line Temp 320°C
Mass Spectrometer Parameters
Tune Parameters Autotune
Electron Multiplier Voltage Autotune +400 V
Solvent Delay 4.20 min
Scan Parameters 50 to 340 m/z
Quadrupole Temperature 150 °C
Source Temperature 230 °C
Miscellaneous Parts
Septa 5182-0739 BTO septa (400 °C)
Liner 5181-3315 deactivated 4 mm |.D.
double taper
GC column ferrule 5181-3323 250 pm Vespel/graphite
MSD interface ferrule  5062-3508 0.4 mm I.D.
preconditioned
Vespel/graphite

Results and Discussion

Table 2 presents the locked retention times of the
phenols using the DB-5ms and DB-XLB columns
under the parameters presented in the experimen-
tal section. The absolute retention times of the
phenols result as a consequence of locking the
2,4-dibromophenol elution time on both columns
under all methods. The Fast Quant methods are
intended for customers whose analyte list is a
subset of the entire phenol list presented here. The
High Resolution methods are given for customers
with more extensive lists or concerns over possible
coelutions or assignments of phenol identity. Both
methods are intended for quantitative work.

Method 528 for phenols states that “Any capillary
column that provides adequate resolution, capac-
ity, accuracy, and precision can be used. Medium
polarity, low bleed columns are recommended ...”
Both the DB-XLB and DB-5ms columns meet these
criteria. Bleed is extremely low from the DB-XLB



column making it well suited for many GC-MS
analyses. The remarks concerning “adequate
resolution” are apparently limited to the list of

17 compounds in the method and further qualified

by “complete resolution is not necessary ... if

unique ions with adequate intensity are available
for quantitation.” They do not cite potential fail-
ures among the many possible isomeric phenols
that lack unique ions. Coelutions are difficult to
avoid due to the many possible phenol isomers.

Table 2. Phenol names, CAS numbers, retention times and identifying ions under the acquisition methods are presented in Table 1.
All compound absolute retention times are determined by locking the 2,4-dibromophenol retention time to the specified
time under each method. On DB-XLB, dibromophenol is locked at 11.320 and 16.220 minutes in the "Fast Quant" and High
Resolution methods, respectively. On DB-5ms, dibromophenol is locked at 8.950 and 13.850 minutes in the "Fast Quant"
and High Resolution methods, respectively. Tetrabromobiphenyl is listed twice to emphasize the use of different
identifying ions appropriate to different scanning ranges; entry #70 is for the scan range 50 to 340 m/z.
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Compound Name
2-fluorophenol
pentafluorophenol

d.-phenol

phenol
2-chlorophenol-3,4,5,6-d,
2-chlorophenol
2-methylphenol (o-cresol)
4-methylphenol (p-cresol)
3-methylphenol (m-cresol)
2-chloro-5-methylphenol
2,6-dimethylphenol
2-ethylphenol (o-ethylphenol)
2,4-dimethylphenol-3,5,6-d,
2,4-dimethylphenol
2,5-dimethylphenol
2-nitrophenol-d,
2-nitrophenol

4-ethylphenol (p-ethylphenol)
3-ethylphenol (m-ethylphenol)
3.5-dimethylphenol
2,3-dimethylphenol
2,4-dichlorophenol-d,
2,4-dichlorophenol
2,5-dichlorophenol
2,3-dichlorophenol
2-isopropylphenol
3-chlorophenol
4-chlorophenol
3,4-dimethylphenol

CAS #
367-12-4
771-61-9

108-95-2

95-57-8
95-48-7
106-44-5
108-39-4
615-74-7
576-26-1
90-00-6

105-67-9
95-87-4

88-75-5

123-07-9
620-17-7
108-68-9
526-75-0

120-83-2
583-78-8
576-24-9
88-69-7

108-43-0
106-48-9
95-65-8

Retention Times

DB-XLB DB-5ms DB-XLB High DB-5ms High

Fast Quant Fast Quant Resolution Resolution

(min) (min) (min) (min)
4.345 4135 4.370 4125
5.205 4.940 5.360 4.940
5.315 5.070 5.455 5.085
5.350 5.085 5.490 5.100
5.590 5.270 5.730 5.285
5.620 5.300 5.775 5.315
6.405 6.025 6.605 6.050
6.775 6.320 7.005 6.370
6.815 6.345 7.045 6.375
7.425 6.715 7.690 6.870

.630 6.840 7.905 7.035

7.980 7.120 8.265 7.550
8.400 7.240 8.720 1.770
8.425 7.255 8.740 7.795
8.520 1.275 8.850 7.830
8.500 7.135 8.825 7.545
8.560 7.155 8.885 7.585
8.750 7.425 9.080 8.170
8.825 7.440 9.170 8.205
9.030 7.445 9.410 8.270
9.085 7.550 9.505 8.455
9.060 7.505 9.475 8.305
9.110 7.530 9.545 8.350
9.155 7.550 9.610 8.410
9.190 7.600 9.660 8.530
9.340 7.740 9.900 8.980
9.360 7.710 9.935 8.910
9.400 7.715 10.020 8.915
9.440 7.700 10.100 8.865

Identifying lons
(m/2)

112; 64; 92; 63
183.9;135.9; 116.9
99; 7

94; 66; 65
132;133.9; 68; 96
127.9;129.9; 64
108;107;79; 77
107;108;77; 79
108;107;79; 77
141.9;107;143.9; 77
122;107;121; 77
122;107;77
125;124;110; 109
122;107;121; 77
122;107;121; 77
143; 69; 85; 113
138.9; 64.95; 81.1; 108.9
122;107; 77
122;107; 77
122;107;77:121
122;107; 77121
164.9; 166.9; 66; 101
161.9;163.9; 97.9; 63
161.9;163.9; 63; 98.9
161.9;163.9; 125.9; 63
136;121;103; 91
127.9;129.9; 65; 99.9
127.9;129.9; 65; 99.9
122;107;121; 77



Table 2. Continued

Retention Times
DB-XLB DB-5ms  DB-XLB High DB-5ms High
Fast Quant Fast Quant Resolution Resolution  Identifying lons

# Compound Name CAS # (min) (min) (min) (min) (m/2)

30 1,2-dimethyl-3-nitrobenzene 83-41-0 9.490 7.675 10.175 1.675 151;134;77; 106

31 2,6-dichlorophenol 87-65-0 9.700 7.850 10.585 9.215 161.9;163.9; 63; 125.9
32 2-n-propylphenol 644-35-9 9.720 7.940 10.645 9.585 136;107; 77

33 2,4,6-trimethylphenol 527-60-6 9.765 7.845 10.750 9.275 136; 121; 135; 91

34 4-chloro-2-methylphenol 1570-64-5  10.470 8.345 12.730 11.105 141.9;107;77;143.9

35 2,3,5-trimethylphenol 697-82-5 10.535 8.375 12.980 11.215 136;121;91; 135

36 4-tertbutylphenol 98-54-4 10.615 8.515 13.300 11.905 150; 135; 107

37 4-chloro-3-methylphenol-d, 59-50-7 10.670 8.480 13.500 11.745 143.9;109; 143.9; 79

38 4-chloro-3-methylphenol 10.670 8.480 13.500 11.740 141.9;107;77;143.9

39 2,5-dibromotoluene 615-59-8 10.990 8.680 14.640 12.410 249.7;251.8; 168.8; 170.9
40 2,3,5-trichlorophenol 933-78-8 11.180 8.845 15.605 13.340 195.8; 197.8; 159.8; 199.8
41 2,4-dibromophenol (lock compound) 615-58-7 11.320 8.950 16.220 13.850 251.7; 253.7; 249.7; 63
42 2.4.6-trichlorophenol-d, 11.390 8.960 16.760 14.075 197.9;199.9; 201.8; 133.9
43 2,4,6-trichlorophenol 88-06-2 11.405 8.975 16.825 14.120 195.8;197.8;131.9; 199.8
44 2.45-trichlorophenol-d, 11.390 8.990 16.760 14.200 97.9;199.9; 201.8; 133.9
45 2,4,5-trichlorophenol 95-95-4 11.405 9.005 16.825 14.250 195.8;197.8;131.9; 199.8
46 2,3,5,6-tetramethylphenol 527-35-5 11.400 9.000 16.950 14.375 150; 135; 91; 151

47 2,3,4-trichlorophenol 15950-66-0 11.465 9.075 17.105 14.510 195.8;197.8; 159.8; 199.8
48 3,5-dichlorophenol 591-35-5 11.495 9.135 17.775 15.040 161.9; 163.9; 98.9; 63

49 2,3,6-trichlorophenol 933-75-5 11.625 9.180 18.125 14.900 195.8;197.8; 159.8; 199.8
50 3,4-dichlorophenol 95-77-2 11.700 9.280 19.005 15.410 161.9;163.9; 98.9; 63

51 3-nitrophenol 554-84-7 12.140 9.600 22.565 16.150 138.9; 65; 93; 81

52 1-naphthol 90-15-3 12.390 9.850 24.175 16.520 143.9;114.9; 116; 89

53 4-nitrophenol-d, 12.450 9.865 24.920 16.625 143;113; 69

54 A4-nitrophenol 93951-79-2 12.470 9.875 24.960 16.640 138.9; 65; 109; 81

55 2,5-dinitrophenol 329-71-5 12.500 9.605 24.995 16.045 183.9; 63; 53

56 2,3,4,5-tetrachlorophenol 4901-51-3  12.655 10.040 25.320 16.790 231.8; 229.8; 233.8; 130.9
57 2,3,5,6-tetrachlorophenol 935-95-5 12.655 10.025 25.370 16.775 231.8; 229.8; 233.8; 130.9
58 2,3,4,6-tetrachlorophenol 58-90-2 12.710 10.065 25.550 16.845 231.8; 229.8; 233.8; 130.9
59 2.4-dinitrophenol-d, 12.710 9.800 25.745 16.420 186.9; 156.9; 110; 54

60 2.4-dinitrophenol 51-28-5 12.730 9.810 25.785 16.445 183.9; 153.9; 106.9; 91
61 3,4,5-trichlorophenol 609-19-8 12.910 10.315 26.285 17.305 195.8;197.8;199.8; 132.9
62 2.4,6-tribromophenol 118-79-6 13.155 10.485 26.650 17.450 329.7; 331.7; 327.6

63 2-methyl-4,6-dinitrophenol-d, 13.280 10.305 27.045 17.235 199.9;123;107; 170

64 2-methyl-4,6-dinitrophenol 534-52-1 13.290 10.310 27.055 17.245 197.9;120.9; 104.95; 167.9
65 pentachlorophenol-'3C; 13.660 10.930 27.595 18.045 271.8;273.8; 269.8; 169.8
66 Pentachlorophenol 87-86-5 13.665 10.930 27.595 18.045 265.7; 267.7; 263.7; 164.8
67 Dinoseb 88-85-7 13.920 11.090 28.065 18.265 210.9; 239.95; 162.95; 146.9
68 2-cyclohexyl-4,6-dinitrophenol 131-89-5 15.620 12.380 29.625 19.660 230.95; 266; 184.95; 192.9
69 2,2'5,5"-tetrabromobiphenyl 59080-37-4 15.625 12.875 29.995 20.165 469.6; 388.7; 471.6; 390.7
70 2,2'5,5'-tetrabromobiphenyl (2) 59080-37-4 15.625 12.875 29.995 20.165 149.9; 309.8; 311.8; 307.8



The DB-XLB method results

Using the DB-XLB column, a single coelution is
apparently unavoidable for reasonable oven
programs. The 2,4,6-trichlorophenol and
2,4,6-trichlorophenol isomers completely coelute
on the DB-XLB under both the Fast Quant and
High Resolution methods. Closely eluting
peaks in the DB-XLB High Resolution method
are the meta and para cresols (= 40% resolved),
the 2,5-dichlorophenol, 2,4-dichlorophenol and
2,3-dichlorophenol (= 50% resolved) the
2,3,4,5-tetrachlorophenol and
2,3,5,6-tetrachlorophenol (> 50% resolved).

The DB-XLB Fast Quant Method oven

program sacrifices resolution of the
2,3,4,5-tetrachlorophenol and
2,3,5,6-tetrachlorophenol. Additional close
elutions occur between 3-chlorophenol and
4-chlorophenol, 3,4-dimethylphenol and
2,3-dimethylphenol, and 2-n-propylphenol and
2,4,6-trimethylphenol.

The DB-5ms method results

Using the DB-56ms High Resolution method,
complete coelutions are apparently unavoidable
for the 3-methylphenol and 4-methylphenol
(meta- and para-cresol), and 3-chlorophenol and
4-chlorophenol for reasonable oven programs.
Only partial resolution of 3-ethylphenol,
4-ethylphenol and 3,5-dimethylphenol,
2,4-dimethylphenol and 2,5-dimethylphenol,
2,4-dichlorophenol and 2,5-dichlorophenol,

and 2,3,4,5-tetrachlorophenol and
2,3,b,6-tetrachlorophenol can be obtained. This
last coelution is particularly troublesome in view
of the critical role of the 2,3,4,5-tetrachlorophenol
as an internal standard in Method 528. Shortening
the oven program in the DB-XLB Fast Quant
Method tightens the window between a few com-
pounds such as 2,4,5-trichlorophenol and
2,3,4-trichlorophenol.

General Considerations

Regardless of which column and oven method are
used, there are overlapping ions that can affect
quantitation ratios, therefore, the user must

exercise caution. Table 2 also suggests ions for
each of the phenols, although the exact ratios and
choices depend on the choice of tuning criteria.
This table shows that some confirming ion ratios
must be affected by the presence of closely

eluting phenols. For example, using the deuterated
trichlorophenols as surrogates produces a 198 m/z
fragment, which is common to the native
trichlorophenols. There are similar concerns for
other components such as the native and
deuterated dichlorophenols.

Two noteworthy deviations from recommendations
in Method 528 exist in these methods. The oven
programs begin at 40 °C as opposed to the recom-
mended 35 °C. The method states "...GC conditions
may be modified, if all performance criteria...are
met." Raising the initial temperature to 40 °C
avoids the difficulties associated with trying to
reach an oven equilibrium temperature of 35 °C
when ambient laboratory temperatures are high
and so greatly reduces the oven cycle time. This
temperature of 40 °C was also demonstrated to
work well with standards in dichloromethane

as a concession to the continued use of
dichloromethane solvent in methods like Method
528 (despite the mandate to reduce the use of
chlorinated solvents).

Method 528 also suggests a constant head
pressure of 12 to 15 psi. By using constant flow at
1.2 mL/min, the peak shape of the later eluting
peaks is dramatically improved, resulting in
increased sensitivity and reduced overall runtime.
Method 528 contains a peak tailing factor (PTF)
performance criteria that requires the acidic and
poorly behaving phenols, the 2,4-dinitrophenol,
4-nitrophenol, pentachlorophenol, and
2-methyl-2,4-dinitrophenol, to demonstrate a tail-
ing factor of less than 5 at a concentration of

5 to 10 ug/mL. Figures 1 through 4 show these fac-
tors for two of the difficult compounds, the
2,4-dinitrophenol and pentachlorophenol, using
the Fast Quant methods for the DB-XLB and
DB-5ms columns. Excellent PTFs are achieved for
these compounds under these methods. PTFs were
less than 1.5 which is much smaller than the
required PTF of 5.
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Figure 1. Peak tailing factor 2,4-dinitrophenol at 5 ng/pL on the DB-XLB column with the Fast Quant Method.
The PTF is 0.81 (much smaller than the required 5) on a column that had over 100 injections.
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Figure 2. Peak tailing factor for pentachlorophenol at 5 ng/pL on the DB-XLB column with the Fast Quant Method.
The PTF is 1.41 (much smaller than the required 5) on a column that had over 100 injections.
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"Active" Compounds

The phenols containing nitro-group substituents
are well-known to be “active” or difficult com-
pounds that are easily degraded or “lost” in the GC
inlet, column, mass spectrometer or GC to MS con-
nection. If the customer wishes to improve the
response for these compounds, Agilent supplies
liners that directly connect to the GC capillary
column and improves the response of the nitro-
phenols and related poorly performing com-
pounds. These single and double taper direct
connect liners (part numbers G1544-80730 and
G1544-80700, respectively) have shown a large
increase in 2,4-dinitrophenol response over the
standard single taper liners. At the minimum, a
double taper liner should be used for the phenols.
Improvements in response and peak shape are also
possible through pressure or flow programming at
injection.

Similarly, the new “Ultra” source (part of applica-
tions kit G2860A) for the Agilent 5973 and 5973N
MSD shows improvement in response and peak
shape for the active phenols, especially the
dinitro-series. The discussions in the recent
Agilent 8270 application note are very pertinent
to the analysis of phenols or other active
compounds [4].

Conclusions

These methods are completely adaptable to any of
the numerous methods requiring phenol quantifi-
cation. All the phenols and their internal stan-
dards used in the U.S. EPA methods, including the
recent 528 Method, are listed. A number of phenols
not found in any method are also included to offer
analysts an opportunity for more complete charac-
terization of phenols and to avoid misidentifica-
tion. It is apparent that without this precaution
there may be mistakes in phenol identifications
which will be misleading in environmental studies

and limit the usefulness of the data in toxicity
assessments. The Fast Quant methods developed
on both the DB-XLB and DB-5ms columns are
particularly useful when surveying and quantitat-
ing a limited number of compounds. The signifi-
cantly reduced runtimes of 16 minutes (DB-XLB)
and 14 minutes (DB-5ms) are quite attractive for
rapid, target compound analysis. Obviously, the
longer, high-resolution methods provide the best
separation. In general, better resolution for the
phenols is achieved with the DB-XLB column as
compared to the DB-5ms column. Both columns
exhibit excellent low bleed characteristics, inert-
ness and robustness, which makes them
well-suited to these and related analyses.
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Abstract

Solid-phase extraction offers a simplified approach to

the concentration of compounds present at trace levels

in water. Polymeric resins, such as polystyrene-
divinylbenzene, offer advantages over the commonly used
octadecyl and similar silica-substrate solid-phase extrac-
tion adsorbents, especially for more polar compounds.
Recently Agilent Technologies has expanded its offering
of solid-phase extraction products to include a
polystyrene-divinylbenzene solid-phase extraction mater-
ial specifically for environmental applications, the
AccuBond" ENV cartridge. Using the retention time locked
gas chromatography/mass spectrometry analytical
method previously described [1], this note makes an ini-
tial demonstration of the accuracy and precision that can
be achieved for selected phenols at 10 ppb in water using
this polystyrene-divinylbenzene solid-phase extraction
material. The solid-phase extraction procedure is rapid,
uses reduced drying times, and requires only two
surrogates. The cartridge design has been optimized to
provide increased recoveries for phenol, which

Analysis of Selected Phenols

typically has low and irreproducible recoveries. Recover-
ies for phenol exceeded 70% and other phenols were
greater than 90%. Precision was better than 5% and
accuracy, as indicated by average absolute deviation as
percent, was better than 8% for all phenols except
2-cyclohexyl-2,4-dinitrophenol. Sample delivery rate is
high (20 to 25 mL/min) so a 1-liter sample can be
extracted in less than an hour.

Introduction

Solid-phase extraction (SPE) has evolved to be a
powerful tool for isolation and concentration of
trace analytes in a variety of sample matrices. SPE
has grown to replace liquid/liquid extraction due
to the minimal use of solvent, the simplicity and
flexibility of the approach, and the increased selec-
tivity for analytes available. Beginning in and
throughout the last decade, a large number of SPE
applications were developed for compounds in
matrices of environmental interest. The major
focus of these applications was the collection and
concentration of trace analytes from water. Most of
the analytes were non-polar and strongly
hydrophobic in nature such as polychlorinated
biphenyls (PCBs), the organochlorine pesticides,
polynuclear aromatic hydrocarbons (PAHs), for
example, as these were relatively easy candidates
for the technique and of widespread concern. More
polar compounds like the phenols offer particular
challenges.

SPE exploits the similarity in physicochemical

properties of a class of analytes, their interaction
with the SPE material, and their differences from
the matrix. The phenols encompass a wide range
in polarities and solubilities as shown in Table 1.
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The pKa values indicate that the dinitrophenol
and the tetra- and penta-chloro phenols are fairly
acidic and therefore are predominately dissociated
in water at near-neutral pHs. Acid-base equilib-
rium considerations require that the water sample
be acidified to at least 2 pH units below that of the
lowest pKa value(s) to generate phenols primarily
in their non-ionized form. Octanol-water partition
constants (K,y) and water solubilities of the undis-
sociated compounds range over a factor of more
than several thousand. The high aqueous solubili-
ties and low K, s of phenol and the monosubsti-
tuted phenols make these the most difficult
phenols to capture and retain.

Table 1. Physicochemical Properties of Some Phenols

Solubility,,q
Compound logw K.w  pKa g/L
Phenol 1.46 9.89 0.0884
4-chlorophenol 24 9.18 .027
4-methylphenol 1.96 10.26 .02
3-methylphenol 1.98 10 .022
4-nitrophenol 1.91 7.08 .013
2,A-dichlorophenol 3.2 7.68 .0045
2,4-dimethylphenol 2.35 10.6 .0088
2,4-dinitrophenol 1.67 4.09 .00034
2,4,6-trichlorophenol 3.69 7.42 .00043
2,3,4,6-tetrachlorophenol ~ 4.45 5.38 .00018
Pentachlorophenol 5.05 492 0.000014

Polymeric resins were used early in the history of
solid-phase extraction. These early materials
needed extensive cleanup prior to use to avoid
interferences obscuring analytes of interest. New
generations of these polymers such as polystyrene-
divinylbenzene (PS-DVB) have much lower back-
grounds due to improvements in manufacturing
processes. The use of PS-DVB polymers as an
absorbent material has been demonstrated to
provide improved recoveries for phenolic com-
pounds as compared to the traditional and more
commonly applied C18 material [2]. The details
provided here ensure that analysts will observe
less breakthrough of phenol, greatly improving
overall recoveries.

The objective of this work was to develop a simple
approach to SPE extraction and gas chromatogra-
phy/mass spectrometry (GC/MS) analysis for
selected phenols and perform a preliminary
demonstration of accuracy and precision. A previ-
ous application note describes the retention-time
locked GC/MS method in detail [1].

Experimental

The phenols were obtained from Ultra Scientific
(North Kingstown, RI) and AccuStandard (New
Haven, CT) as mixtures. Dilutions were made in
acetone and in dichloromethane (Burdick and
Jackson Grade, VWR Scientific, San Francisco, CA)
for surrogates or spiking and standards, respec-
tively. Sodium sulfate (analytical grade, VWR
Scientific, San Francisco, CA) was kilned at 500 °C
and stored in a desiccator.

Empty 6-mL cartridges and frits were obtained
from Agilent Technologies Inc. (Wilmington, DE)
for use as drying cartridges. AccuBond" ENV
PS-DVB cartridges containing 1000 milligrams of
PS-DVB sorbent in a 6-mL cartridge were obtained
from Agilent Technologies Inc. (Wilmington, DE).
A summary of the equipment and consumables is
given in Table 2.

Table 2. Equipment and Consumables Summary
Description Part Number
Silanized amber vials 5183-4496
Vial crimp caps 5181-1210
AccuBond" ENV PS-DVB polymeric resin as 188-3060
1000 mg / 6-mL cartridge, box of 30

Empty SPE Cartridges Reservoirs, 6 mL, box of 50  700-4006
Frits for 6 mL cartridges reservoirs, 100/pk 700-4031
Stopcock valves, 10/pk 5185-5758
SPE Manifold, 10-port 5185-5754
SPE Manifold, 20-port 5185-7565

Spike and Recovery Experiments

For the initial demonstration of the accuracy

and precision of the approach, 1.0 L of deionized
RO water was spiked with 21 phenols at 10 pbb
each. Deuterated phenol, 2,4-dibromophenol, and
2,4,6-tribromophenol were added at 10 ppb as
recovery surrogates. Three “calibrators” were also
made at that time by adding the spike and surro-
gates to a silanized vial containing some
dichloromethane (DCM) as a keeper. The solution
was mixed and the pH lowered to < 2 with 5N HCI.

The PS-DVB SPE cartridge was conditioned by
sequentially rinsing with 9 to 12 mL of DCM, 9 to
12 mL of methanol, and 9 to 12 mL of 0.05N HCl.
At no time after the initial addition of DCM was
the column allowed to run dry.



The 1-L water sample was then pulled through the
SPE cartridge at a flow between 20 and 25 mL/min
such that the sample was processed in less than

1 hour. The SPE cartridge was dried briefly by
drawing clean laboratory air through the cartridge
for about 2 minutes while tapping the cartridge
body to dislodge bound water. The SPE cartridge
was then eluted with 9 mL of DCM. The DCM
eluant was dried using a cartridge filled with
anhydrous sodium sulfate.

The dried DCM eluant was evaporated under dry,
filtered nitrogen and transferred to a silanized
amber vial. At this point, the volumes of the
sample and the three calibrators were brought to
approximately 0.9 mL and 100 uL of a solution
containing 2,5-dibromotoluene and 2,2',5,5'-tetra-
bromobiphenyl at 0.05 ug/uL in DCM was added as
internal (injection) standards. A solvent blank, the
three calibrators and the sample were then

analyzed using an Agilent 6890 Plus GC and 5973N
MSD according to operating parameters given in a
previous note [1].

Results and Discussion

Corrected and uncorrected results of inter-day
replicates for selected phenols are shown in Table 3.
Phenol values were corrected to the deuterated
phenol while all other compounds were corrected
to 2,4-dibromophenol recoveries. With the excep-
tion of the 2-cyclohexyl-2 4-dinitrophenol, all RSD
values and deviations are under 5% and 8%, respec-
tively. The average RSD and absolute deviation for
all the compounds are 4% and 6%, respectively.
These indicate very good reproducibility and accu-
racy. An anomalously high value in the third trial
seems to have inflated the deviation for
2-cyclohexyl-2,4-dinitrophenol.

Table 3. Spike and recovery results for accuracy and precision at 10 ppb using the AccuBond" ENV SPE cartridge. The average
deviation is calculated as the relative average of the absolute deviations from 10 ppb and expressed as percentages. RSD

represents the relative standard deviations.

Trial Number: Trial #1 Trial #2 Trial #3 RSD  Average
Compound Uncorrected Corrected Uncorrected Corrected Uncorrected Corrected % Deviation
Phenol 7.8 10.7 1.2 10.3 1.7 11.0 3% 7%
2-chlorophenol 9.8 9.3 9 8.9 10.3 9.3 3% 8%
2-methylphenol 9.9 9.4 9.1 9.0 10.5 9.5 3% 7%
3- & 4-methylphenol 9.8 9.3 9.2 9.1 104 9.4 2% 7%
2,4-dimethylphenol 9.9 9.4 9.4 9.3 10.5 9.5 1% 6%
2-nitrophenol 10.0 9.5 9.1 9.0 10.7 9.6 4% 6%
2,4-dichlorophenol 9.9 9.4 9.1 9.0 10.5 9.5 3% 7%
2,6-dichlorophenol 9.7 9.2 9.1 9.0 10.4 9.4 2% 8%
4-chloro-3-methylphenol 10.1 9.6 9.3 9.2 10.7 9.6 3% 5%
2,4-dibromophenol 10.5 10.1 1.1

2,4,6-trichlorophenol 9.7 9.2 9.1 9.0 10.6 9.5 3% 7%
2,4,5-trichlorophenol 9.8 9.3 9.1 9.0 10.4 9.4 2% 8%
4-nitrophenol 10.0 9.5 9.8 9.7 1.5 10.4 4% 4%
2,3,4,5-tetrachlorophenol 9.7 9.2 9.3 9.2 10.7 9.6 3% 6%
2,3,5,6-tetrachlorophenol 9.9 9.4 9.1 9.0 10.4 9.4 2% 7%
2,3,4,6-tetrachlorophenol 9.8 9.3 9.3 9.2 10.6 9.5 2% 6%
2,4-dinitrophenol 10.6 10.1 9.8 9.7 11.9 10.7 5% 4%
2,4,6-tribromophenol 9.7 9.2 9.6 9.5 10.7 9.6 2% 5%
2-methyl-4,6-dinitrophenol 10.1 9.6 9.5 9.4 1.4 10.3 5% 4%
Pentachlorophenol 9.8 9.3 9.5 9.4 1.1 10.0 4% 4%
Dinoseb 10.2 9.7 9.4 9.3 1.5 10.4 5% 4%
2-cyclohexyl-4,6-dinitrophenol 11.2 10.7 10.6 10.5 144 13.0 12% 14%
2,2'5,5'-tetrabromobiphenyl 10.5 10.0 10.5 10.4 12.3 1.1 5% 5%



Typically, a 1-gram sorbent cartridge is considered
an excessive use of material. However, work with
500-mg cartridges showed recoveries for phenol
near and below 50%. Tandem cartridges revealed
substantial phenol on the second cartridge.
Increasing the polymer mass to 1 gram reduced
breakthrough and consequently increased phenol
recoveries. The methylphenols also demonstrated
this behavior to a lesser degree and supported the
change in sorbent bed mass.

Using a single surrogate to correct all the substi-
tuted phenols seems a tremendous simplification
since the behavior and chemistries of the phenols
differ widely. It is likely that this will become
apparent at lower concentrations and most likely
for the nitrophenols. Data does imply that the
tetrabromobiphenyl (included in Table 3) may
allow a better correction of the injection volume
for the late eluters.

Conclusions

These preliminary results show that phenols can
be extracted from aqueous samples accurately and
precisely using AccuBond™ ENV PS-DVB polymeric
resin. Coupled with a gas chromatographic analy-
sis and retention time locking GC/MS [1], extrac-
tion, identification and quantitation of phenolic
compounds can be done confidently, accurately
and reproducibly. This method is a modification of
U.S. EPA Method 528 [3]. The procedure here for
the extraction of phenols from drinking water by
polymeric SPE results in improved recoveries and
greatly reduced drying times (2 minutes compared
to 20 minutes), which increases sample through-
put. The next steps in developing a full method

www.agilent.com/chem

would be an exploration of detection limits which
will require extraction of replicates at lower con-
centrations. It is expected that the behavior of the
more “active” compounds may suggest an
expanded suite of surrogates.
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Abstract

Method 8270 presents challenges due to the simultaneous
measurement of acids, bases and neutrals over a concen-
tration range that varies from lab to lab. Laboratories
want GC/MS instruments that are linear and inert over a
wide concentration range. Changes have been made to
the 6890/5973 GC/MSD system in the inlet, column, and
source areas based on feedback from our customers.
System performance has been improved by maximizing
linearity and minimizing activity.

and D) is used to determine the concentration of
semivolatile organic compounds in extracts
prepared from many types of solid waste matrices,
soils, air sampling media and water. The

January 1998, revision 4, 8270D lists 240 possible
analytes that can be measured. Most laboratories
analyze for a significantly smaller number of
compounds, usually 70 to 100.

Regardless of the number of analytes, there is usu-
ally a mix of acids, bases and neutrals that must be
measured concurrently. This mix presents a chal-
lenge for instrument design due to the interaction
of the analytes with the instrument and
consumables.

The calibration range required for the analysis
varies depending on a particular laboratory's
statement of work. Method 8270 does not specify

a calibration range, yet traditionally a range of

20 to 160 ng (nanograms) has been used as a carry-
over from the USEPA Contract Lab Program
(CLP). With the increased sensitivity of newer
GC/MS systems, laboratories are moving toward
lower minimum detection limits (MDLs) and push-
ing the 8270 calibration range down to 5 ng.

Agilent Technologies



The 6890/5973 GC/MSD (Gas Chromatograph
/Mass Selective Detector) system was designed to
meet demand for these lower MDLs. To further
enhance performance, two main areas of improve-
ment were identified in communications with
users.

The first was improving the linearity of the
GC/MSD system at the high end of the calibration
range where roll off or flattening out of the calibra-
tion was observed. The relative response factors
(RFs) were lower than they should have been at
higher concentrations. This was seen for phtha-
lates and for PAHs (Polyaromatic Hydrocarbons).

The second area for improvement was recovery
at the low end of the calibration range for active
compounds. The most active compounds, the
nitrophenols, showed lower RF's at the low end
of the calibration range than what was expected
on some systems. The most active of these,
2,4-dinitrophenol, showed RFs below method
requirements on some systems.

A study was undertaken to address the high end
linearity and the low end activity. The primary
goals of the study were to meet the following 8270
requirements:

1. Minimum Average RF of 0.050 for the System
Performance Check Compounds (SPCCs)
(Method 8270D, section 7.3.4.2)

2. Maximum Relative Standard Deviation (RSD) of
30% for the Calibration Check Compounds
(Method 8270D, section 7.3.5.2)

3. Maximum Mean Relative Standard Deviation of
15% across all compounds (Method 8000B,
section 7.5.1.2.1)

Additional study goals to ensure maximum pro-
ductivity for the user were:

1. Minimize activity in the entire GC/MSD system
to maximize RFs for active compounds—this
gives the user a greater margin for system
degradation when analyzing dirty samples.

2. Maximize linearity in the GC/MSD system at the
high end without losing significant sensitivity at
the low end—this improves overall RSDs.

3. Preserve method resolution requirements for
benzo[b]fluoranthene and benzo[k]fluoran-
thene when using thinner film columns for
shorter analysis times.

Experiments were done to meet the study goals by
dividing the system into three main sections :

GC column, GC inlet, and MSD. Each of these
areas is treated separately in a following section of
this note.

Column

Column test system

To reduce the complexity of the chromatographic
system and to provide the best possible sample
introduction and detection, a COC/FID
(Cool-On-Column/Flame Ionization Detector)
system was used to test column performance.
On-column injection eliminates any inlet activity
while FID gives sensitive and essentially universal
response for the analytes. The FID also provides
directly comparable response information that can
be used to validate analyte introduction between
systems.

Test mix

To establish a test mix for evaluating the column
and other components in the system, both anecdo-
tal information and suggestions in the method
were reviewed. Section 1.4 of 8270D points out the
following compounds as potentially troublesome:

1.4.1 Benzidine may be subject to oxidative losses
during solvent concentration and its chromato-
graphic behavior is poor.

1.4.4 N-nitrosodimethylamine is difficult to sepa-
rate from the solvent under the chromatographic
conditions described.

1.4.6 Pentachlorophenol, 2,4-dinitrophenol,
4-nitrophenol, benzoic acid, 4,6-dinitro-2-
methylphenol, 4-chloro-3-methylphenol,
2-nitroaniline, 3-nitroaniline, 4-chloroaniline,

and benzyl alcohol are subject to erratic chromato-
graphic behavior, especially if the GC system is
contaminated with high boiling material.

Furthermore, the method cites several mixes of
compounds for evaluating system performance.
The DFTPP (decafluorotriphenylphosphine) mix
adds 4,4'-DDT to the previously cited compounds.
The system performance check compounds add
N-nitroso-di-n-propylamine and hexachlorocy-
clopentadiene. Finally, the calibration check com-
pounds add six more phenols as well as seven
base/neutral compounds.



From anecdotal information, the phenols pre-
sented the greatest challenge. If the phenols cited
are combined, the list is essentially all the phenols
in EPA Method 604. While more test solute infor-
mation was being collected, the phenols were run
by COC/FID. Table 1 shows the RSD values for rel-
ative response factors from 5 to 160 ng on column.
The last four compounds prove to be the most
troublesome with 2,4-dinitrophenol being notice-
ably worse. Even so, the RSD values are all below
8%, indicating that COC/FID can be used to evalu-
ate column performance. When done with unopti-
mized conditions/consumables in splitless sample

Table 1. Cool-on-column FID, RSD of RFs from 5 to 160 ng

on column

introduction, the RSD values become unusable for
these difficult compounds. With this information
and the anecdotal performance data, a more com-
prehensive mix was devised.

The “short mix” is comprised of the four phenols
from above, several bases, several neutral com-
pounds, and the internal standards at 40 ng/uL.
The compounds were selected so that they were
easily resolved and unambiguously detected by
COC/FID. Figure 1 shows a sample chromatogram
of the short mix on a 0.5 um column.

Column testing

8270D states that a 30 m X 0.25 mm X 1 um silicone
coated capillary column be used in the analysis.

Solute RSD However, the method also makes provisions for
Phenol 3.0 split injections, allowing a thinner film to be used.
2-Chlorophenol 3.1 Because of the obvious time pressure to perform
2-Nitrophenol 3.2 environmental analyses, thinner film columns are
2,4-Dimethylphenol 33 widely used. From customer inputs, film thickness
2.4-Dichlorophenol 3.1 ranged from 0.25 to 1 um; consequently, 0.25, 0.5,
4-Chloro-3-methylphenol 32 and 1 pym film thickness columns were evaluated.
2,4,6-Trichlorophenol 33 Each of the columns had already passed the
2,4-Dinitrophenol 6.9 Agilent 5MS column checkout and were used as
4-Nitrophenol 3.8 received. In addition, columns from another sup-
4,6-Dinitro-2-methylphenol 43 plier were also tested, yielding similar results to
Pentachlorophenol 45 the Agilent columns.
1 N-Nitrosodimethylamine 7 Pentachlorophenol ISTD1  Dichlorobenzene-d4
2 Aniline 8 Benzidine ISTD2  Naphthalene-d8
3 2,4-Dinitrophenol 9 3,3-Dichlorobenzidine ISTD3  Acenaphthene-d10
4 4-Nitrophenol 10 Benzo[b]fluoranthene ISTD4  Phenanthrene-d10
5 4,6-Dinitro-2-methylphenol 11 Benzo[k]fluoranthene ISTD5  Chrysene-d12
6 4-Aminobiphenyl ISTD6  Perylene-d12
2
0] n
9
6
ISTD 2 ISTD 5

ISTD 1

ISTD 3

ISTD 4

VL

ISTD 6

Figure 1. COC-FID Chromatogram and identification of short mix compounds.



The instrument parameters followed the 8270

method operating conditions as closely as possible.

The COC inlet was run in oven track mode, the
column flow was constant at 1.3 mL/min, and the
FID was set to 300 °C. The oven program followed
the 8270 method except that the program rate

(10 °C/min) was adjusted for the different film
thickness to resolve the test compounds.

Numerous columns from each film thickness

were tested. It is important to remember that all
of these columns passed the standard column
testing protocol. An arbitrary metric was set for
pass/fail criteria. This value was 10% RSD for the
2,4-dinitrophenol RFs from 5 to 160 ng on column.
Of all the columns tested, only a fraction gave
results below this metric. Film thickness was not a
factor since the same fraction of columns passed
for each film thickness. Some of the columns were
so active that the column alone could cause the
system to fail the method qualifying criteria. For
this reason, it is imperative that a stringent test
protocol be utilized for evaluating columns and
that only specifically tested columns be used for
8270D. A comparison of a column that passed and
one that failed the arbitrary criteria is shown in
Table 2.

Table 2. COC-FID Results on a "Pass" and a "Fail" 0.5 pm
Column, 5 to 160 ng

"Pass" "Fail"
Solute RSD Avg RF RSD Avg RF
N-Nitrosodimethylamine 0.78 0.54 0.30 0.52
Aniline 1.2 1.45 0.59 1.43
2,4- Dinitrophenol 15 0.33 21. 0.28
4-Nitrophenol 0.49 0.52 29 0.50
4,6-Dinitro-2-methylphenol 4.7 0.40 14. 0.37
4-Aminobiphenyl 1.0 0.94 3.3 1.02
Pentachlorophenol 5.0 0.34 15. 0.26
Benzidine 26 0.74 2.8 0.72
3.3'-Dichlorobenzidine 7.9 0.57 0.58 0.62

Column selection

Since all the film thicknesses studied can meet

the method objectives, the column selection is
typically based on other analysis needs. As in all
chromatographic systems, there is a balance
between speed of analysis, resolution, and column
capacity. The 0.25 um film thickness columns offer
the fastest analysis possible but with a compro-
mise in resolution and capacity. Conversely, the
1.0 um columns provide the best capacity but at a
cost of time. Using the Agilent method translation
tool, the 0.5 um film column is only a factor of two
slower than the thin film column while providing a
twofold increase in capacity. The 0.5 um film

thickness column offers a good compromise
between speed and capacity.

Inlet

There are many inlet related factors that affect
8270 performance. These include: split vs. splitless
injection, syringes, injection volume, septa, inlet
temperature, inlet seal, liners, using wool or not in
the liner, and using a pulsed (flow programmed) vs
a normal injection. Some of these parameters were
studied to determine their contribution to low end
activity and to high end linearity.

Split injection is allowed if the MSD has enough
sensitivity. Split injections put less material on
column, making it easier to meet resolution
requirements on thinner film columns and at the
same time improving peak shapes. However less
material on column results in noticeable losses of
active compounds due to column or MSD activity.
High end linearity could be improved using split
injections but the issue was solved as described in
the source section of this note. Splitless injection is
almost universally used and will be the focus of
this inlet section.

A syringe experiment was not done as part of this
study. Previous data show better reproducibility
when using a 5 uL syringe in an ALS (Automatic
Liquid Sampler). All injections were made using a
5 uL syringe with a tapered needle.

Injection volume was always 1 uL for the study.
8270 allows for 1 to 2 uL injection volumes, but
previous data show worse reproducibility when
using 2 uL injections. This is most likely due to
expansion outside the liner and subsequent loss of
analytes. Additionally, more residue is introduced
with larger injection volume, negatively impacting
instrument uptime.

Septa types were not studied and green septa were
used. Inlet temperature was held at 250 °C. A new
gold inlet seal was fitted with each liner, although
changing the seal for a direct connect liner may
not be necessary. Stainless steel (SS) seals were
not used.

The inlet study focussed on liner types, carrier gas
flow through the column during injection and the
presence or absence of glass wool. The five differ-
ent liner types that were used are described in
Table 3. Two of the liners, the G1544-80700 and
G1544-80730 are new designs. The column makes a
direct connection into the liner bottom, similar to
a capillary column connector.



Table 3. 2,4-Dinitrophenol Average RFs Using Various Inlet Liners, COC-FID

Splitless time 0.2 min
Column flow 1 mL/min
ng Avg
Part number  Liner injected RF RSD
5062-3587 Single taper 5 0.007 63
with glass wool 160 0.122
5181-3316 Single taper 5 0.092 37
160 0.279
5181-3315 Dual taper 5 0.203 14
160 0.285
G1544-80730  Single taper 5 0.287 5
direct contact 160 0.311
G1544-80700  Dual taper 5 0.289 5
direct contact 160 0.331
coc 5 0.311 3
160 0.331

All liner experiments were performed using an FID
to eliminate any affect an MSD would have on the
results. RFs are not identical for MSD and FID due
to inherent response differences. An approximate
conversion is RF, x 0.7=RF__ . Cool-on-column
injection was done as a baseline for inlet
performance.

The short mix was injected at the 5, 20, 80 and

160 ng levels, four replicates at each level. This
series of 16 injections was made on each liner at
each set of inlet conditions. There were four sets of
inlet conditions. The splitless time was either

0.2 minute or 0.75 minute. The carrier flow
through the column was either 1.0 mL/min or

3.0 mL/min held for the splitless time

+ 0.05 minute, then reduced to 1.2 mL/min. This is
similar to a “pulsed splitless” injection, however
flow programming gives the analyst control over
the depressurization rate. The COC injections were
made at a fixed column flow and the splitless time
is not relevant.

Table 3 shows the results of these analyses. The
average RFs for 2,4-dinitrophenol at the 5 ng and
160 ng levels are shown together with the RSD of
all 16 RF's for each liner type/inlet conditions.

0.2 min 0.75 min 0.75 min

3 mL/min 1 mL/min 3 mL/min

Avg Avg Avg

RF RSD RF RSD RF RSD
0.023 b5 0.017 58 0.072 38
0.198 0.187 0.228

0.136 21 0.105 33 0.125 22
0.232 0.261 0.207

0.215 1" 0.201 15 0.216 12
0.255 0.296 0.287

0.269 7 0.272 6 0.229 9
0.316 0.310 0.285

0.280 6 0.275 7 0.278 7
0.330 0.327 0.328

0.311 3 0.331 3 0.311 3
0.331 0.331 0.331

The 3587 liner shows the worst performance.
2,4-dinitrophenol has been eaten by the glass wool
and low end activity is at its worst. Unfortunately
most analysts use glass wool in the liner to prevent
solids from contaminating the column.

The 3316 liner is the same as the 3587 but without
the wool. Loss of 2,4-dinitrophenol can be attrib-
uted to contact with the gold inlet seal, the poly-
imide coating on the column outside and the
stainless steel at both the top and bottom of the
inlet. There could also be analyte contact with the
stainless steel in the annular volume outside the
liner.

The 3315 liner is the same as the 3316, but with
a narrower opening at the top. This minimizes
contact with the top of the inlet and there is an
increase in 2,4-dinitrophenol response.

The new 80730 liner minimizes analyte contact
with the polyimide on the column outside, the gold
inlet seal and the inlet annular volume. Response
for 2,4-dinitrophenol was significantly improved
using this liner, even though it has a wide top
similar to the 3316.



The new 80700 liner has the advantages of the
80730 and has a narrower top opening similar to
the 3315. An additional increase is seen in
2,4-dinitrophenol response because analyte con-
tact with inlet surfaces is minimized at both the
top and bottom. Performance with this liner is
nearly equal to that of COC and low end activity is
minimized for the inlet only.

Figure 2 shows performance of the five liners and
COC with one set of conditions that was used. The
splitless time was 0.75 minute and the column flow
was 3 mL/min during the injection. Each of the

bars shows the average RF for 2,4-dinitrophenol of
the four replicate injections at each level. The
order is 5 ng at the top increasing to 160 ng at the
bottom. Above each bar is listed the average RF
and RSD across all 16 injections. The 3587 liner
with the wool shows the worst performance and
the new 80700 liner with the direct connect bottom
and narrow top shows the best performance. The
COC data show column performance isolated from
a hot splitless inlet. There is a slight drop-off in
COC RFs comparing 5 ng to higher levels. Data for
the other three sets of experimental conditions
show similar trends and are not presented.

2, 4-Dinitrophenol RFs Using
0.75 min Splitless Time, 3 mL/min Column Flow During Injection

W 160 ng [0s8ng [J20ng [@5ng
14007 0.325,3
Average RF and RSD of 0.310,7
16 Injections

1.200

0.260, 12 0.263,9
1.000

0.216 0.229
0,800 0.191,22 0316 0.332
0.167, 38
RF 0.125 0.253 0.261
0.600 4
0.214
0.318 0.328
0400 0.277
0.200 4
0.285
0.000 — T T T 1
3587 3316 3315 80730 80700 coc
Liner Type

Figure 2. 2,4-Dinitrophenol RFs using five different liners.




Figure 3 shows performance of the 3587 liner at
the four sets of experimental conditions. These
data are shown as liners with wool are widely
used. Comparing the first two bars shows the dif-
ference between a column flow of 1 mL/min and
3 mL/min during injection, both with a 0.2 minutes
splitless time. Higher flow sweeps the inlet faster
minimizing contact with the wool resulting in
better 2,4-dinitrophenol performance. The higher
column flow also means a higher inlet pressure.
Previous work has shown that higher inlet pres-
sures can keep the expanded solvent vapor con-
tained in the liner. This holds true comparing the
third and fourth bars with a 0.75 minute splitless
time. The longer splitless time also results in a
more complete transfer of 2,4-dinitrophenol onto
the column at a fixed flow. In all cases perfor-
mance suffers compared to COC.

In addition to 2,4-dinitrophenol, RFs and RSD
were tracked for the other analytes in the short
mix. Similar improvements were seen for the other
active compounds although the liner effects were
not as dramatic due to better performance of these

compounds initially. No adverse effects were seen
for the neutral or basic compounds when the
acidic compounds improved.

Another factor that was monitored was ISTD
(internal standard) reproducibility. Using the new
direct connect liners showed variability in ISTD
areas on some test systems greater than that using
the standard liners. These systems still met the
-50%/+100% 8270 ISTD criteria. Using a column
flow of 3 mL/min during the injection period mini-
mized this ISTD variability.

The high end linearity issue is not caused by the
inlet although inlet parameters can affect it. The
low end activity issue is directly related to inlet
activity, including liner, seal, wool and stainless
steel. Activity can be minimized by using pressure
programmed flow and optimized splitless time.
The liner and the presence of wool have the largest
affect on low end activity. The liner must be
chosen based on sample type, allowing for a trade-
off of activity vs dirtiness of extract.

2, 4-Dinitrophenol RFs Using a 3587 Liner at Two Splitless Times and Two Column Flows

B 160 ng [ 80 ng
1.400 1
Average RF and RSD of
16 Injections
1.200 1
1.000 1
0.800 4
RF
0600 0.130, 55
0.023
04004 0.075, 63
0.007
0.066
0.200
0.000 -

[ 20ng & 5ng
0.325,3
0.332
0.167, 38
0.120, 58 0.072
0.017 0.170 0328
———
0.113

0.162

0.75,1

0.75,3 coc

Splitless Time (min), Column Flow During Injection (mL/min)

Figure 3. 2,4-Dinitrophenol RFs using a 3587 liner.



Source

The position of the column in the ion source, ion
source materials, dimensions of the ion source,
and parameters used for operation all affect the
response of the system in this method.

In general, the column should be positioned
beyond the end of the interface but not too far into
the ion source. If the column tip is positioned
inside of the interface guide tube, compounds are
exposed to the hot metal surface of the interface
and may decompose. On the other hand, if a signif-
icant length of column is exposed inside the ion
source, the polyimide coating of the column can
take on a static charge due to the ions and elec-
trons in the ion source, and this charge interferes
with the ejection of ions from the ion source cham-
ber. In practice, a 2 to 3 mm extension of the
column out of the interface has been found to yield
the best results. This position may be set by one of
two methods:

1 Put the column nut and ferrule on the column,;
open the analyzer door; push the column
through the interface until 2 to 3 mm is sticking
out of the end; then tighten down on the
column nut; or

2 Put the column nut and ferrule on the column,;
open the analyzer door; push the column
through the interface until it is just beyond the
end of the interface. Tighten the nut only finger
tight. Hold the MSD analyzer door closed, and
then slide the column in until it just bottoms
out (stops). You have now hit the left side of the
source. Mark the column with typewriter cor-
rection fluid in the oven next to the nut. You
can release the MSD analyzer door. Back the
column out 12.5 mm (the source i.d.). Tighten
the column nut. There should be 2 to 3 mm of
column visible at the MSD end of the transfer
line. You have now positioned the column just
inside the source.

Method 1 above has the advantage that you can see
what is happening, but a disadvantage is that it is
difficult to measure the 2 to 3 mm column length
inside the vacuum manifold. Method 2 has a few
more steps but gives reproducible results, if
followed exactly.

The material used for the standard MSD ion source
may decompose some analytes under some condi-
tions, especially when the source temperature is
high. The Ultra source (patent applied for) has
been found to reduce low end activity under the
conditions typically used for this method. Table 4
shows a comparison of RFs for 2,4-dinitrophenol
using different source materials. It also shows that
the new Ultra source can be abrasively cleaned
with minimal loss in performance.

The high end linearity is a function of the density
of ions produced in the ion source. Reducing the
ion source pressure improves the high end linear-
ity. Therefore, increasing the size of the holes in
the ion source improves the high end linearity,
attended by some loss in sensitivity. To improve
high end linearity, the hole in the drawout lens is
made 6 mm in diameter rather than the standard
3 mm diameter. The change in dimension allows
for a better match between the instrument's linear
working range and the requirements of the
method.

Another way of improving the high end linearity

is to alter the operating parameters used in the
method. A combination of a lower emission cur-
rent (20 uA) and a high repeller setting (25 V) was
determined to improve high end linearity so that
the RSD of the analytes with strong response were
single digit values. These analytes are the PAHs
and phthalates. The emission current of 20 pA is
set by the analyst. The revised tuning macros auto-
matically set the repeller voltage to 25 V.

Table 4. 2,4-Dinitrophenol Average RFs Using Various lon Sources

COC-MSD Avg RFs of 2,4-dinitrophenol, n=4

ng Injected 5

Ultra source 0.121
Ultra source air baked at 150 °C 0.120
Ultra source cleaned with 400 grit SC paper 0.119
Ultra source cleaned with metal polish 0.107
Standard source B 0.036
Standard source A 0.025

20 80 160 Avg

0.185 0.229 0.244 0.194
0.185 0.228 0.244 0.194
0.181 0.220 0.231 0.188
0.169 0.209 0.221 0.177
0.073 0.132 0.152 0.098
0.036 0.063 0.086 0.052



Data

As aresult of this study, the G2860A 8270
Semi-Volatiles Applications Kit has been devel-
oped. The kit provides modified and/or pretested
components to improve system performance for
USEPA Method 8270. The kit includes an Ultra
source, specially tested column, inlet liners and
tune macros. The data in Table 5 are an average
result of four Ultra source/column combinations.
These can be considered typical of a 6890/5973
system with the applications kit installed.

The data in Table 5 are from calibrations at 5, 10,
20, 50, 80, 120 and 160 ng. This extended range
exceeds the typical range of 20 to160 ng. The data
meet the 8270 criteria listed in the Introduction
section of this application note. The minimum
average RF is well above the required 0.050 for all
of the SPCCs. The RSDs for all the CCCs are signif-
icantly less than 30% required. The mean RSD of
7% across all compounds easily meets the mini-
mum criteria of 15%.

Table 5. Typical results from a 6890/5973 GC/MSD System with the G2860A Applications Kit Installed, 5 to 160 ng,

1 pL Splitless Injection

Avg
RF RSD

ISTDs

1,4-Dichlorobenzene-d4 8
Naphthalene-d8 7
Acenaphthene-d10 7
Phenanthrene-d10 8
Chrysene-d12 9
Perylene-d12 9
Analytes

Pyridine 1.436 6
N-Nitrosodimethylamine 0.799 6
2-Fluorophenol 1.189 4
Aniline 1.576 6
Phenol-d5 1.639 6
Phenol (CCC) 1.783 4
bis(2-chloroethyl) ether 1.280 5
2-Chlorophenol 1.293 4
1,3-Dichlorobenzene 1.320 3
1,4-Dichlorobenzene (CCC) 1.371 3
1,2-Dichlorobenzene 1.275 3
Benzyl alcohol 0.895 7
bis(2-chloroisopropyl)ether 2.273 9
2-Methylphenol 1.356 7
Hexachloroethane 0.615 3
N-Nitroso-di-n-propylamine (SPCC) 1.508 5
4-Methylphenol 1.243 7
Nitrobenzene-d5 0.489 3
Nitrobenzene 0.452 3
Isophorone 0.770 3
2-Nitrophenol (CCC) 0.188 7
2,4-Dimethylphenol 0.309 8
bis(2-Chloroethoxy)methane 0.407 4
Benzoic acid 0.154 39
2,4-Dichlorophenol (CCC) 0.282 7
1,2,4-Trichlorobenzene 0.289 4
Naphthalene 0.919 4
4-Chloroaniline 0.340 9
Hexachlorobutadiene (CCC) 0.191 5
4-Chloro-3-methylphenol (CCC) 0.341 6
2-Methylnaphthalene 0.606 4
Hexachlorocyclopentadiene (SPCC) 0.267 Il
2,4,6-Trichlorophenol (CCC) 0.370 8
2,4,5-Trichlorophenol 0.368 6
2-Fluorobiphenyl 1.222 4
Continued

Avg
RF RSD
2-Chloronaphthalene 1.003 5
2-Nitroaniline 0.482 10
Acenaphthylene 1512 5
Dimethylphthalate 1.187 4
2,6-Dinitrotoluene 0.272 6
Acenaphthene (CCC) 0.958 5
3-Nitroaniline 0.265 8
2,4-Dinitrophenol (SPCC) 0.130 25
Dibenzofuran 1.421 4
2,4-Dinitrotoluene 0.364 9
4-Nitrophenol (SPCC) 0.205 1
Fluorene 1.152 5
4-Chlorophenyl-phenylether 0.566 6
Diethylphthalate 1.177 5
4-Nitroaniline 0.223 9
4,6-Dinitro-2-methylphenol 0.135 16
Diphenylamine (CCC) 0.518 6
2,4,6-Tribromophenol 0.109 8
Azobenzene 0.177 5
4-Bromophenyl-phenylether 0.206 5
Hexachlorobenzene 0.198 4
Pentachlorophenol (CCC) 0.123 9
Phenanthrene 1.064 4
Anthracene 1.017 4
Carbazole 0.734 7
Di-n-butylphthalate 1.248 7
Fluoranthene (CCC) 1.184 5
Pyrene 1.344 5
Benzidine 0.295 9
Terphenyl-d14 0.963 5
Butylbenzylphthalate 0.707 8
3,3"-Dichlorobenzidine 0.322 8
Benzo[a]anthracene 1.213 5
Chrysene 1.168 3
bis(2-Ethylhexyl)phthalate 0.906 4
Di-n-octylphthalate (CCC) 1.650 9
Benzo[b]fluoranthene 1.197 9
Benzo[k]fluoranthene 1.108 8
Benzo[a]pyrene (CCC) 0.995 7
Indeno[1,2,3-cd]pyrene 0.807 8
Dibenz[a,h]anthracene 0.689 9
Benzo[g.h.i]perylene 0.741 8
Average of analyte RSDs 7



The additional study goals were also met. Method
resolution requirements for benzo[b]fluoranthene
and benzo[k]fluoranthene can be met when using
thinner film columns depending on inlet parame-
ters used. Linearity has been maximized at the
high end without losing significant sensitivity at
the low end. This improves overall RSDs. Activity
in the entire GC/MSD system has been reduced
thereby maximizing RF's for active compounds
such as the nitrophenols. This gives the user a
greater margin for system degradation when ana-
lyzing dirty samples.

These system improvements ensure maximum
productivity for the analyst using an Agilent
Technologies 6890/5973 GC/MSD for USEPA
Method 8270.

Instrument Operating Parameters

Two sets of recommended instrument operating
parameters are listed in Table 6 and Table 7.
These are starting conditions and may have to be
optimized.

The ramped flow and splitless times in Table 6
result in less material on column, better peak
shape and resolution of benzo[b Jfluoranthene and
benzo[k]fluoranthene using a 0.5 pm column as
provided in the G2860A 8270 Semi-Volatiles Appli-
cations Kit. However, less material on column may
result in lower response factors for active com-
pounds.

The ramped flow and splitless times in Table 7
result in more material on column, resulting in
worse peak shape and benzo[b]fluoranthene and
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benzo[k]fluoranthene are not resolved. However,
more material on column may result in higher
response factors for active compounds.

The 0.5 um film thickness column is a compromise
of speed versus resolution. A 1.0 um film thickness
column is recommended in 8270 for best resolu-
tion and best peak shape at higher analyte concen-
trations. Using a 1.0 um film thickness column also
results in the longest run times. A 0.25 um film
thickness column will give shorter run times, but
capacity suffers and consequently so does peak
shape. Some laboratories meet method resolution
requirements using split injections on a 0.25 um
column.

Many users have had success keeping this method
running by clipping the front end of the column
on a regular basis, daily if needed. The first com-
pounds to suffer degradation from not clipping the
column are the phenols.

The 5181-3316 liner is also a compromise. The
absence of wool helps to preserve active analytes
but potentially subjects the column to degradation
from dirty samples. Adding a wisp of wool will
help protect the column but active analytes will
decompose. The new direct connect liners are the
best choice for clean samples or for minimizing
inlet activity.

The method operating parameters given here
should only be considered a good starting point.
Optimization of the parameters by the analyst are
dependent on the analytes and calibration ranges
required by the individual laboratory's statement
of work.



Table 6. Gas Chromatograph and Mass Spectrometer

Conditions

Table 7. Alternate Gas Chromatograph and Mass
Spectrometer Conditions

GC
Inlet Liner

Inlet
Mode

Inlet temp
Pressure
Purge flow
Purge time
Gas saver

Oven
Oven ramp
Initial
Ramp 1
Ramp 2
Ramp 3

Total run time
Equilibration time
Oven max temp

Column

Length
Diameter
Film thickness

Mode

Flow
Initial
Ramp 1
Ramp 2

Inlet
Outlet
Outlet pressure

MSD

Solvent delay
EM voltage

Low mass

High mass
Threshold
Sampling
Scans/sec

Quad temp
Source temp
Transfer line temp
Repeller voltage
Emission current

Agilent Technologies 6890
5181-3316, single taper, 4 mm i.d., deactivated

EPC Split/splitless
Splitless, 1 pL

250 °C

9.24 psi

30 mL/min

0.35 min

off

°C/min Next °C

Hold min

40 1.00
15 100 0.00
20 240 0.00
10 310 6.00

25 min
1.0 min
325°C

Agilent Technologies HP-5MS,
19091S-133, specially tested
30m

0.250 mm

0.5 pm

Ramped flow

mL/min mL/min

Hold min

12 0.00
99 2.0 0.35
10 12 0.00

Front
MSD
Vacuum

Agilent Technologies 5973 with Ultra Source
3.2 min

DFTPP tune - 75 volts

35amu

500 amu

50

2

3.25

150 °C

230°C

310°C

25V as set by new tuning macro
20 pA set by the analyst

GC
Inlet Liner

Inlet
Mode

Inlet temp
Pressure
Purge flow
Purge time
Gas saver

Oven

Oven ramp
Initial
Ramp 1
Ramp 2
Ramp 3

Total run time
Equilibration time
Oven max temp

Column

Length
Diameter
Film thickness

Mode

Flow
Initial
Ramp 1

Inlet
Outlet
Outlet pressure

MSD

Solvent delay
EM voltage

Low mass

High mass
Threshold
Sampling
Scans/sec

Quad temp
Source temp
Transfer line temp
Repeller voltage
Emission current

Agilent Technologies 6890
5181-3316, single taper, 4 mm i.d., deactivated

EPC Split/splitless
Splitless, 1 pL

250 °C

23.14 psi

30 mL/min

0.50 min

off

°C/min Next °C

Hold min

40 1.00
15 100 0.00
20 240 0.00
10 310 6.00

25 min
1.0 min
325°C

Agilent Technologies HP-5MS,
19091S-133, specially tested
30m

0.250 mm

0.5 pm

Ramped flow

mL/min mL/min

Hold min

3.0 0.55
10 12 0.00

Front
MSD
Vacuum

Agilent Technologies 5973 with Ultra Source
3.2 min

DFTPP tune - 200 volts

35amu

500 amu

50

2

3.25

150 °C

230°C

310°C

25V as set by new tuning macro
20 pA set by the analyst
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Conclusion

In this paper, we have demonstrated a process for
examining the performance of various components
on a complex analytical method composed of many
compounds. The challenges of analyzing different
classes of compounds in the shortest time while
meeting the method requirements are difficult.
This study has led to the development of a
25-minute 8270D method suitable for an extended
calibration range of 5 to 160 ng. The G2860A 8270
Semi-Volatiles Applications Kit provides the com-
ponents necessary to convert an existing
6890/5973 to perform this analysis.

For More Information

For more information on our products and services,
visit our Web site at www.agilent.com/chem.

Agilent shall not be liable for errors contained herein or for incidental or consequen-
tial damages in connection with the furnishing, performance, or use of this
material.

Information, descriptions, and specifications in this publication are subject to change
without notice.
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Abstract

Currently the analysis of dioxins uses high resolution
mass spectrometry, (HRMS); often considered a
prohibitively expensive technique. To move to a more
cost-effective approach, improvements in the analytical
method (sample cleanup and chromatographic separa-
tion) as well as improvements in sensitivity of benchtop
mass spectrometers were needed."?2

Compared to earlier generations of benchtop mass
spectrometers, the 5973 mass selective detector offers
measurably greater sensitivity for electron-impact-based
detection due to a number of innovative enhancements.’

° 6890/5973 Gas Chromatograph/Mass Selective Detector

Analysis via the GC/MSD System

This work focused on determining the detection
limit for 2,3,7,8-tetrachlorodibenzo-p-dioxin with a
GC/MSD system configured as outlined in this
note. The desired analytical goal was to detect

0.2 pg.

A submitted sample [5 pg/uL (ppb); 2,3,7,8-TCDD
in 95/5 hexane/ether] was diluted by a factor of
100 with pure hexane. (The hexane was analyzed
for response at the appropriate masses prior to
use to verify its purity with respect to this
analyte.)

For both concentrations, the mass ratio
319.9/321.9 was measured to confirm appropriate
isotopic performance. Moreover, the response
factors for m/z = 321.9 were determined for both
levels and compared to verify linearity over a large
concentration range.

Results

The mass ratio of 319.9/321.9 is 78%, correctly
reflecting appropriate isotopic abundances. Com-
paring the response ratios of 0.05 pg and 5 pg
injections (1 uL each level), we observed that those
were nearly equal: 24.6 and 23.0 (2302.6 + 100).

Agilent Technologies



The signal/noise for the 0.05 pg injection is about
4:1 peak/peak, representing an approximate detec-
tion limit on the system used.

The conclusion is that the sensitivity of a

5973 MSD operating as an electron impact instru-
ment is well-suited to trace analysis of dioxins,
making it a cost-effective instrument for use in
EPA Methods 625 and 613.* For 2,3,7,8-TCDD, the
detection limit with the 5973 is comparable to
using HRMS. Note, however, that the ultimate
method detection limits will depend on other fac-
tors — e.g., the sample matrix, type of sample
cleanup used, etc. Additional sensitivity may be

possible by using large volume injection tech-
niques.? Future experiments will aim at evaluating
the NCI (negative chemical ionization) perfor-
mance of the 5973 for further gains in sensitivity
and selectivity.

This will mean that a laboratory manager can
choose configurations of both the chromatograph
and the MSD to best match the needs of a labora-
tory workload. The work on the system described
here demonstrated greatly enhanced sensitivity
provided by cost-effective benchtop mass
spectrometry.

Figure 1. The match of the spectum for 5 pg 2,3,7,8-tetrachlorodibenzo-p-dioxin with the library
search (lower panel). The match quality was 90%.
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6890 with 5973 MSD

Injection

Column

Carrier

Temperature

Program

Pressure
Program
MSD

Autosampler
ChemStation

o Pulsed splitless single taper liner
with glass wool plug, P/N 5062-3587.

250 °C

1 pL injection volume

Viscosity delay, 1 sec

e Sample washes, 3; post-injection solvent
washes, 4

HP-5MS: 30 m x 250 pm,
0.25 pm film (crosslinked
5% Ph Me Siloxane),
P/N 19091S-433

Helium, 37 cm/sec;
vacuum compensation, on.

Initial: 70 °C for 1.50 min

Rate 1:25.00 °C/min to 150 °C
Rate 2: 10.00 °C/min to 280 °C
Final: 280 °C for 0.00 min

25.0 psi for 1.50 min; then
1.0 mL/min constant flow rate

o Temperatures
Transfer line = 300 °C
Source =230 °C
Quadrupole =106 °C

e Tune = autotune

o Emission current = 35 pamp

o SIM mode, EMV = Autotune + 400 V
e Solvent delay = 14.00 min

o Dwell per ion = 125 msec

¢ SIM lons (m/z): 319.9, 321.9

7673B

G1701AA
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Abstract

A new instrumental method for the determination of 29
phthalate esters, including six recently banned from bahy
toys by the European Union, using positive chemical ion-
ization and retention-time locking is described. Positive
chemical ionization provides a high degree of selective
ionization for the phthalates, primarily producing spectra
in which the protonated molecule (M+1) is the base peak.
This provides easy discrimination among the phthalates
on the basis of their molecular weight, while retention-
time locking increases confidence in the identification of
the various isomers.

In this approach, both pure compounds and technical mix-
tures are considered. Although this work focuses on the
more commonly used 1,2-substituted esters, the
1,3-isomers and 1,4-isomers are also characterized.

The combination of positive chemical ionization and
retention-time locking makes the method rugged, durable
and applicable to a wide variety of matrices.

The widespread use and manufacture of plastics
have made the phthalate esters one of the most
ubiquitous classes of compounds in our everyday
environment. These “plasticizers” increase
polymer flexibility due to their function as
intermolecular “lubricants”. Because they are addi-
tives and not reagents, they are not chemically
bound in the polymer and are available to leach
from the matrix. Phthalates are also components
of cosmetics, detergents, building products (floor-
ing, sheeting, films), lubricating oils, PCB substi-
tutes, carriers in pesticide formulations and
solvents. Consequently, the potential for human
exposure is very high. Toxicological studies have
linked some of these compounds to liver and
kidney damage, and to possible testicular or
reproductive-tract birth defect problems, charac-
terizing them as endocrine disruptors. Scientists at
the U.S. Centers for Disease Control have, for the
first time, documented human exposure to
phthalates by determinations of the monoester
metabolites in human urine [1]. Their work leads
to the conclusion that “phthalate exposure is both
higher and more common than previously
suspected.”

Of particular concern were the significantly
higher concentrations of the dibutyl phthalate
metabolite in urine of women of childbearing age
(20-40 years) than in other portions of the
population.

The presence of phthalate esters in polyvinyl
chloride (PVC) toys has generated the most

=y Agilent Technologies



controversy. While regulators in Greece have com-
pletely banned soft PVC toys, Austria, Denmark,
Finland, France, Germany, Norway and Sweden
have unilaterally banned phthalates in PVC toys
for children under three years old. In December of
1999, the European Union (EU), concerned with a
“serious and immediate risk” to children, placed
an emergency ban on six of the phthalate esters in
soft PVC toys and childcare products meant to be
placed in the mouths of children under the age of
three [2]. None of the six banned phthalates may
exceed 0.1% by weight.

These heightened concerns suggest the need for an
improved method of detecting and characterizing
phthalate esters which is applicable to a wide vari-
ety of matrices. This application note describes
such an analytical method.

Phthalate Structure and Mass Spectra

The three primary structures of phthalates are
shown in Figure 1. Although there are three possi-
ble positions for the ester linkages, the most com-
monly used phthalates are based on the
1,2-benzenedicarboxylic acid structure (top). There
are an infinite number of possible alkyl side
chains, (R) and an infinite number of combinations
of the side groups (R and R"). For example, the
diisononyl phthalate consists of an array of com-
pounds due to the isomeric branched-chain alkyl
groups on both side chains.

For phthalate esters with saturated alkyl side
chains (without oxygen), the most intense peak in
the electron impact (EI) ionization mass spectrum
at 70 eV is always at m/z 149 due to the rapid for-
mation and stability of the ion shown in

Figure 2. (The only exception is R=R'=CH, where
the base peak is at m/z 163).

0

AN

0
0 0
SR
0
\Rl
0
0 0
o
.
0 o

Figure 1. Phthalic ester (top) or the 1,2-benzenedicarboxylic
acid ester, isophthalic ester (middle) or the
1.3-benzenedicarboxylic acid ester, and terephthalic
ester (bottom) or the 1,4-benzenedicarboxylic acid
ester. R and R' represent alkyl side chains which may
be branched and contain oxygen.



Figure 2.

The most abundant ion in the mass spectra of the
phthalate esters with saturated alkyl side chains;
m/z 149. The exception is for dimethyl phthalate
where both R and R' are CH, and so the H on the
oxygen is replaced by CH, and consequently

m/z 163 becomes the base peak.
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Invariably, the molecular ion is very weak or alto-
gether absent; other fragments that provide infor-
mation on the phthalate identity are also of very
low abundance. As an example, consider the EI
mass spectrum of dibutyl phthalate, one of the six
banned by the EU, and bis(4-methyl-2-pentyl)
phthalate in Figure 3. Identifying fragments have
relative intensities of less than 10%. Gas
chromatography provides some separation of the
phthalates, but with the array of possible isomers
and essentially a single identifying ion (i.e., m/z
149), distinguishing the individual phthalates of
concern is difficult. More confident identification
of the phthalates is possible using chemical
ionization mass spectrometry in conjunction with
retention-time locking (RTL).
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Figure 3. Electron impact ionization mass spectra of di-n-butyl phthalate (upper panel) and bis(4-methyl-2-pentyl) phthalate (lower
panel) from m/z 50 to 350 at 70 eV. Notice the lack of intense fragments and molecular ions. The molecular weights are

278 and 334 g/mole, respectively.



Retention-time locking allows compound retention
times achieved on any one Agilent 6890 gas
chromatograph (GC) to be replicated to within a
few seconds on any other Agilent 6890 gas chro-
matograph (GC) applying the same GC method
[3-5]. RTL is a powerful approach to compound
identification. RTL allows the creation of com-
pound acquisition methods and quantitation data-
bases that can be reproduced in any laboratory,
anywhere, because a compound can have a univer-
sally fixed and reproducible retention time. It is
important that RTL be applied in conjunction with
the appropriate detection scheme and sample
reparation methods.

Chemical ionization provides a more selective
form of ionization than electron impact [6]. By
judicious choice of the reagent gases, the degree of
compound fragmentation can be controlled to a
certain extent. In positive chemical ionization,
methane reagent gas usually provides more frag-
mentation than gases of higher proton affinity
such as ammonia. Less fragmentation would be
helpful in identifying the phthalates. Instead of all
phthalates generating a single, similar ion, positive
ionization can provide phthalate ester molecular
weights.

Experimental

Phthalate esters were obtained from Ultra Scien-
tific (North Kingstown, RI), AccuStandard (New
Haven, CT), and ChemServices (West Chester, PA)
as neat compounds and mixtures. Dilutions were
made in isooctane (Burdick and Jackson Grade,
VWR Scientific).

The configuration and operating parameters of the
Agilent 6890Plus GC (standard 120V or “faster
ramping” 220V), 7683 Automatic Liquid Sampler
and 5973N MSD with CI option used for acquiring
the data are given in the following tables. PCI
reagent gas purities were 99.99% or higher.

Injection Parameters

Injection Mode

Pulsed Splitless

Injection Port Temperature 300°C
Pulse Pressure & Time 25.0 psi 1.00 min
Purge Flow & Time 20.0 mL/min 3.00 min
Gas Saver Flow & Time 20.0 mL/min 3.00 min
Oven Parameters
Temperature Program 80°C 1.00 min
50.00°C/min 200°C 0.00 min
15.00°C/min 350°C 2.00 min
Oven Equilibrium Time 0.25 min
MSD Transfer Line Temp 325°C
Column Parameters
GC column (122-5532) DB-5MS 30 m;

0.25 mmi.d.; 0.25 pm film
Initial Flow & Mode 1.2 mL/min Constant Flow
Detector & Outlet Pressure MSD Vacuum

Mass Spectrometer Parameters

Tune Parameters

Electron Multiplier Voltage
Solvent Delay

Scan Parameters

Quadrupole Temperature

Source Temperature

Ammonia Gas Flow (MFC setting)

Miscellaneous Parts

PCI Autotune (NH3)
Autotune + 400V
4.00 min

194 - 550 m/z
150°C

250°C

0.5 mL/min (10%)

Septa 5182-0739
Liner 5062-3587
GC column ferrule 5181-3323

MSD interface ferrule 5082-3508

BTO septa (400°C)

Deactivated 4 mm i.d. single taper
250 pm Vespel

0.4 mm i.d. graphitized Vespel



Results and Discussion

As expected using methane as the reagent gas, the
PCI mass spectra of the phthalates show ions cor-
responding to the protonated molecule [M+H]* and
adducts [M+C,H_]" and [M+C,H,]". Because of the
relatively vigorous fragmentation produced by
methane, the spectra of the dialkyl phthalate esters
still resemble that produced in EI. In most cases,
the fragment at m/z 149 is the base peak, however
ions at m/z M+1, M+29 and M+41 are relatively
intense with [M+H]" from 10% to 30% (Figure 5).
The dialkyl phthalate spectra also show a fragment
corresponding to loss of one of the alkyloxy side
chains to produce an ion shown in Figure 4. This is
the most intense fragment for the dimethyl and
diethyl phthalates and for the dibutyl and dipentyl
(diamyl) phthalates, about 75% of the 149 base
peak. As the length of ester alkyl chain increases,
the intensity of this fragment decreases. (Appar-
ently, in the dialkyl isophthalates, loss of the alkyl
side chain not accompanied by the oxygen may be
a preferred route.)

Although positive chemical ionization with
methane provides more information than EI on
phthalate identity, the methane reagent is still
rather unselective in ionization and will produce
more chemical noise in the background, complicat-
ing identification in complex matrices.

Figure 4. One of the most intense fragments in the methane PCI
spectra of the phthalate esters is formed by loss of one
of the alkyloxy side groups.

Applying ammonia as the reagent gas in PCI to
reduce chemical noise and enhance identification
of the phthalates is a more useful approach. The
relatively gentle ionization produces protonation of
the dialkyl phthalates, with m/z M+1 the base peak
in their spectra. When combined with retention-
time locking, identification of phthalates becomes
further simplified. Compare the spectra of the
di-n-butyl phthalate acquired using methane versus
ammonia as the reagent gas (Figure 5). The
protonated molecule is the single dominant peak in
the ammonia PCI mass spectrum of the di-n-butyl
phthalate, and the adduct at m/z 296 ([M+NH, ]") is
relatively small.



149 0
280000

260000 N
240000
220000 205 177
200000 0
180000 205
160000
140000
120000
100000
80000
60000 279

40000

123 319
20000 223
w5 | 1% || 163 189 l I 251 263 | St

80 100 120 140 160 180 200 220 240 260 280 300 320

Abundance

1300000 219

1200000
1100000
1000000
900000
800000
700000
600000
500000
400000
300000
200000
W03 ey q0g 122 136 18 166 177 194 205 22 240 252 296

0 Frrter e e

80 100 120 140 160 180 200 220 240 260 280 300 320

Abundance

m/z

Figure 5. PCI methane (upper panel) and ammonia (lower panel) mass spectra of di-n-butyl phthalate. The PCI methane mass spec-
trum shows substantial fragmentation but relative to the El spectrum in Figure 3, high abundance for the higher m/z ions
such as the protonated molecule at m/z 279. The ion at m/z 205 is generated by loss of an oxybutyl fragment; a process
described in Figure 4. The PCl-ammonia mass spectrum consists almost completely of the protonated molecule.



This implies an easy method for identification.
Whereas the EI spectra of the phthalates most fre-
quently result in a base peak at m/z 149, the dialkyl
phthalate PCI-ammonia spectra have base peaks at
m/z = M+1. All dialkyl phthalates molecular
formulas can be expressed as

CH,O 4(CH2)y (CH)..
These phthalates have (nominal) molecular masses
given by

M=166 +(x+y)14, or

M =166 + (w)-28,
where x and y are the side chain lengths, and the
second formula applies to symmetrical side chains
(i.e., x =y =w). For example, di-n-butyl phthalate
has x =y =4, and therefore a (nominal) molecular
mass of 278 which produces m/z 279 as the base

Table 1.

peak. Interestingly, the PCI-ammonia spectra of the
dialkyl isophthalates and terephthalates appear to
have base peaks at m/z M+18 due to [M+NH,]".
Because of the greater steric access to the ester
linkages, adduct formation may be preferred.

Table 1 gives the phthalate names, CAS numbers,
molecular formula, nominal molecular mass, base
peak in the PCI-ammonia spectrum and the RTL
elution times. These retention times are "locked"
relative to diphenyl phthalate, which has been
chosen as the RTL locking compound and locked to
elute at 9.450 min. Notice that the branched chain
isomers elute prior to their straight chain forms on
this column phase.

Phthalate compound names, Chemical Abstracts Services numbers (CAS), molecular weights (M. Wt.), molecular formu-

las, nominal base peak in the PCl-ammonia spectrum and retention time (RT) in minutes. Retention times are locked relative to
diphenyl phthalate (9.450 min). Retention time ranges are given for the isoalkyl phthalate technical mixtures. Phthalates banned by
the EU are indicated by an asterix*. Benzyl benzoate is included since it is used as a surrogate in U.S. Environmental Protection

Agency Method 8061.

Name CAS M. Wt. Molecular Formula Base Peak RT (min)
dimethyl phthalate 131-11-3 194 C,H,0,(CH,), 195 432
dimethyl isophthalate 1459-93-4 194 C,H,0,(CH,), 212 4.54
diethyl phthalate 84-66-2 222 C,H,0,(C,H,), 223 4.81
diethyl terephthalate 636-09-9 222 C,H,0,(C,H,), 240 5.06
benzyl benzoate 120-51-4 212 C,H,0, 230 5.62
diisobutyl phthalate 84-69-5 278 C,H,0,(C,H,), 279 5.95
di-n-butyl phthalate* 84-74-2 278 C,H,0,(C,H,), 279 6.40
bis(2-methoxyethyl) phthalate 117-82-8 282 C,H,0,(C,H,0CH,), 283 6.57
diamyl phthalate 131-18-0 306 C,H,0,(CH,,), 307 6.94
bis(2-ethoxyethyl) phthalate 605-54-9 310 C,H,0,(C,H,0C,H,), an 7.13

butyl benzyl phthalate* 85-68-7 312 C,H,0,(C,H,)(CH,C.H,) 313 8.42
diphenyl phthalate 84-62-8 318 C,H,0,(C,H,), 319 9.45
diphenyl isophthalate 744-45-6 318 C,H,0,(C,H,), 319 10.30
dicyclohexyl phthalate 84-61-7 330 C,H,0,(CH,,), 331 9.32
bis(4-methyl-2-pentyl) phthalate 146-50-9 334 C,H,0,(CH,C,H,,), 335 6.93
diisohexyl phthalates 146-50-9 334 C,H,0,(C,H,,), 335 7.55-8.28
dihexyl phthalate 84-75-3 334 C,H,0,(C,H,,), 335 8.34
dibenzyl phthalate 523-31-9 346 C,H,0,(CH,CH,), 347 10.51
hexyl-2-ethylhexyl phthalate 75673-16-4 362 C,H,0,(C,H,C,H,,)(CH,,) 363 8.84
bis(2-n-butoxyethyl) phthalate 117-83-9 366 C,H,0,(C,H,0CH,), 367 8.98
bis(2-ethylhexyl) phthalate® 117-81-7 390 C,H,0,(C,H,CH,,), 391 9.32
di-n-octyl phthalate™ 117-84-0 390 C,H,0,(C,H,,), 391 10.28
dioctyl isophthalate 137-89-3 390 C,H,0,(C,H,,), 408 10.84
diisononyl phthalates™ 28553-12-0 418 C,H,0,(CH,CH,,), 419 9.40-11.10
dinonyl phthalate 84-76-4 418 C,H,0,(C,H,,), 419 11.19
diisodecyl phthalates™ 26761-40-0 446 C,H,0,(CH,CH,,), 447 10.16 - 11.86
didecyl phthalate 84-77-5 446 C,H,0,(C,H,,), 447 12.05
diundecyl phthalate 3648-20-2 474 C,H,0,(C, H,,), 475 12.87
didodecyl phthalate 2432-90-8 502 C,H,0,(CH,), 503 13.65
ditridecyl phthalate 119-06-2 530 C,H,0,(CH,,), 531 12.01-13.81



Technical formulations of the isoalkyl phthalates
tended to contain substantial amounts of the
straight chain isomer, which may convolute quanti-
tation as well as peaks that may be construed as
originating from nonequivalent side chains i.e.,

X #Yy in equation 1). These impurities can be
detected as M*14 around the mass of the nominal
isomer. For example, technical grade diisononyl
phthalate contains compounds that generate ions
at m/z 391 (minor), 405, 433, and 447 in addition
to the nominal diisononyl phthalate compound at
m/z 419. The “gentle” ionization of ammonia
reagent gas, the elution times and the study of the

m/z419

Abundance

m/z 405 \

)

spectra of other pure isomers, such as the dinonyl
phthalate, suggest that these fragments are not
formed by the PCI process but are due to these
different alkyl side chain impurities (Figure 6). To
demonstrate the utility of the PCI-ammonia com-
pared to conventional EI analysis, consider the
chromatograms presented in Figure 7. The EI spec-
tra of the phthalates produce m/z 149 as the base
peak for all the phthalates present; distinguishing
ions are minor constituents (<10% relative inten-
sity), making identification complicated. However,
by examining the appropriate PCI-ammonia ions,
the various phthalates are easily distinguished.

m%
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Figure 6. PCI-Ammonia extracted ion chromatogram of technical diisononyl phthalate. The diisononyl appears as the major compo-
nent at m/z 419 while ions at m/z 405, 433, and 447 indicate alkyl chains shorter by one CH, unit and longer by one and
two CH, units respectively.



i EITIC
g
c
s
=]
c
s
=
<
TTrrr [ rrrr [ r1r1r [ rr1r [ 11T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T 11
9.50 10.00 10.50 11.00 11.50 12.00 12.50 13.00 13.50 14.00
3 m/z 149
&
=]
c
>
=
<
I L L L L L L L e e | L | L | L | L | L
9.50 10.00 10.50 11.00 11.50 12.00 12.50 13.00 13.50 14.00
] di-n-nonyl
E di-n-undecyl
E di-n-dodecyl
_: di-n-decyl
diisodecyl
g 3
c
s ]
2 7 diisononyl
El
< ]
] ditridecyl
] N
1 AN st - n

9.50 10.00 10.50 11.00 11.50 12.00 12.50 13.00 13.50 14.00
Time
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Conclusions

Applying GC - electron impact (EI) mass spectrom-
etry to the determination of phthalates requires
full chromatographic separation. The EI spectra of
the phthalates are distinguished only by ions of
very low intensity. In EI, the phthalates produce a
single common ion (m/z 149) as the most intense
spectral peak, regardless of the alkyl side chain
substitution. Applying tandem mass spectrometry
(i.e., EI/MS/MS) gains nothing, because there is a
common parent ion, and therefore any daughter
ions would also be non-unique. However, the com-
bination of positive chemical ionization with
retention-time locking allows even complex mix-
tures of phthalates to be characterized. Ammonia
reagent gas produces the protonated molecule as
the base peak, which immediately allows the
phthalates to be distinguished on the basis of their
substitution. PCI is also an advantage in complex
matrices, where the non selective ionization of EI
produces a high chemical background. This method
should therefore be suitable for use in phthalate
determinations in environmental media, plastics,
cosmetics and many other matrices.

“Locking” the retention time enhances confidence
in the characterization of the various phthalate iso-
mers on the basis of their definitive retention time.
This is especially helpful for determinations using
selected ion monitoring (SIM), since SIM groups
need not be edited after column maintenance [4].
The data in Table 1 facilitate the development of a
SIM method. The extension of the method to
phthalates which elute at higher temperatures
(>350°C) is also easily accomplished.
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Abstract

A new electron capture detector (ECD)
for the Agilent 6890 Series gas chro-
matograph (GC) allows very sensitive
detection of nitroaromatic compounds
at low picogram levels with a linear
response over three orders of
magnitude.

Analysis of Nitroaromatics and Nitro-Polycyclic
Aromatic Hydrocarbons by Capillary Gas
Chromatography with the Agilent 6890

Micro-ECD

Application

Gas Chromatography
March 1997

This application note describes the per-
formance of the new 6890 Series
Micro-ECD when analyzing two types of
nitro-aromatic compounds—explosives
and nitrated polycyclic aromatic
hydrocarbons (nitro-PAHs).

Introduction

Electron capture detection is most
often used for the sensitive and selec-
tive detection of halogenated com-
pounds. However, other compound
classes also have electron capturing
properties and can, therefore, be
detected at low levels using an
electron capture detector (ECD).
Compounds containing a
nitro-function—particularly nitroaro-
matics—are strong electron-capturing
molecules. The ECD provides a very
sensitive tool for trace analysis of
these solutes.

This application note demonstrates
that the 6890 Series Micro-ECD pro-
vides an extremely sensitive alterna-
tive to the typical NPD or MS
detection’ 2 for nitro-PAHs and
explosives.

Experimental

The analyses were performed on an
6890 Series GC. Injection was auto-
mated splitless using an Agilent 7673
automatic sampler. The instrument
configuration and analytical condi-
tions used for the analysis of the
nitro-PAHs and explosives are sum-
marized in table 1.

Results and Discussion

The sensitivity of the ECD depends
on the makeup flow rate. The 6890
Micro-ECD optimized the argon/5%
methane (Ar/CH,) makeup gas flow
rate for the analysis of nitro-PAHs.
Nitropyrene was used as test solute.
The makeup flow rate was varied
from 10 to 80 mL/min; at each setting,
five runs were made.

Figure 1 shows the mean peak areas
plotted versus the makeup flow rate.
The optimum flow rate was obtained
between 20 to 30 mL/min. At lower
flow rates, the peak area decreased
and the detector became less stable,
shown in the increasing standard
deviation on peak area. At higher flow

‘" Agilent Technologies
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Table 1. Instrumental Configuration and Analytical Conditions

Chromatographic System

Gas chromatograph
Inlet

Detector
Automatic sampler
Liner

Data handling
Column

Experimental Conditions

6890 Series

Split/splitless

Micro-ECD

7673 Series

Single taper deactivated (part number 5181-3316)
ChemStation (DOS Series)

30mx 0.25 mm id x 0.25 um HP-5 MS

(part number 19091S-433)

Inlet temperature
Injection volume
Injection mode
Purge time

Purge flow
Carrier gas

Head pressure
Carrier gas mode
Flow, velocity
Oven temperature
Detector temperature
Detector gases

250 °C

1ul

Splitless

0.75 min

50 mL/min

Hydrogen

58 kPa at 50 °C

Constant flow

1.4 mL/min, 40 cm/s

50 °C, 1 min initial, 20 °C/min to 320 °C, 0.5 min hold
320 °C

Argon/5% methane: 20 mL/min

500
400

300

Peak Area

200

100

T T T
40 60 80

(mL/min)

Figure 1. Peak area of 1-nitropyrene versus argon/5% methane makeup gas flow rate.

rates, the detector was stable
(exhibiting a small standard devia-
tion), but sensitivity drastically
decreased.

Nitrogen is an alternative makeup gas
for electron capture detection. It can

usually be used interchangeably with

Ar/CH,; similar results for the effect

of makeup gas flow rate are expected.

Next, the linearity of the detector
response was measured. Using
nitropyrene as the test solute, stan-
dard solutions of 1, 10, 50, 100 and
1,000 ppb were analyzed. The calibra-
tion curve for this compound, as
shown in figure 2, exhibits a very

good correlation coefficient
(r = 0.99996).

Nitrated Polycyclic Aromatic
Hydrocarbons

Nitro-PAHs are an important class of
environmental pollutants.? Polycyclic
aromatic compounds are formed
during incomplete combustion of
organic material. In the presence of
nitrogen oxides (NO ), the neutral
PAHs (such as naphthalene or
pyrene) are converted into nitro-
PAHs.>5

The nitro-PAHs have much higher
mutagenic and carcinogenic activity

than the neutral PAHs, but their
extremely low concentration (mea-
sured as pg/m?®) in environmental
samples, particularly air particulates,
makes them difficult to monitor. Very
sensitive detection is needed.

Using the optimized GC conditions, a
mixture of 11 nitro-PAHs, each having
a concentration of 40 pg/mL (40 ppb),
was analyzed. The chromatogram for
this analysis is shown in figure 3.
Good peak shapes were obtained for
all compounds. The detection limit,
which varied from 0.1 to 1 pg for the
different PAHs, is at least one order
of magnitude lower than that
obtained by nitrogen-phosphorus
detection (NPD), mass spectrometry
(MS), or MS-MS.? It can, therefore, be
concluded that the 6890 Micro-ECD
offers greater sensitivity for the
detection of these nitro-PAHs than
other methods.

Explosives

Explosives can be present as residues
at chemical waste sites or on materi-
als close to an explosion. Sensitive
and fast methods are needed for ana-
lyzing and monitoring these com-
pounds for environmental
remediation or forensic evidence.

Although explosives are often ana-
lyzed by high pressure liquid chro-
matography (EPA method 8330),
capillary gas chromatography (CGC)
can provide a good alternative for
most solutes using NPD or MS. Some
of the nitro-aromatics are included in
the target compound lists of EPA
methods 8090 and 8270 (CGC-MS).

Explosives such as TNT (2,4,6-trini-
trotoluene) contain one or more
nitro-functions. CGC-ECD can pro-
vide a very sensitive and fast screen-
ing method for detecting these
compounds.

The chromatogram in figure 4 shows
the results of a standard mixture of
explosives using the analytical condi-
tions in table 1. The concentration of
the test solutes was 100 pg/mL



1-nitropyrene, ECDT A
Area = 3.42498677* Amt -11.697537

Correlation: 0.99996

500 Amount [pg/ pL]

Figure 2. Calibration curve for 1-nitropyrene from 1 to 1,000 ppb

Peaks
1. 1-Nitronaphthalene
Hz 2. 2-Nitronaphthalene
7 3. 2-Nitrobiphenyl
1600 4. 3-Nitrobiphenyl
9 5. 1, 5-Dinitronaphthalene
1400 1 6. 1, 3-Dinitronaphthalene
1200 5 7. 2, 2-Dinitrophenyl
8.  9-Nitroanthracene
1000 1 9. 1,8-Dinitronaphthalene
10. 1-Nitropyrene
800 - 8 11. 2, 7-Dinitrofluorene
600 - 1 10
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200 1
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Figure 3. CGC-ECD analysis of nitrated polycyclic aromatic hydrocarbons (solute concentra-

tion: 40 ppb)

(100 ppb), except for 1,2-dinitroben-
zene, which was present as an impu-
rity. As the chromatogram shows, the
different nitro-, dinitro-, trinitro-, and
amino-nitro-compounds are well sep-
arated and elute with good peak
shape.

The ECD response is dependent on
the number of nitro-groups. For the
mono-nitroaromatics, the detection
limit is around 10 pg, while for the di-
and tri-nitroaromatics the detection
limit is below 1 pg. This example con-
firms that CGC-ECD can be used as a
fast screening method for the analysis
of this category of explosives.

Conclusion

The Agilent 6890 Series Micro-ECD
allows very sensitive detection of
nitroaromatic compounds. The detec-
tor was successfully used for the
analysis of nitrated polycyclic aro-
matic hydrocarbons and explosives.
Detection limits below 1 pg were
obtained, and the detector was found
to give a linear response over three
orders of magnitude.
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2. 2-Nitrotoluene 8. 2,4-Dinitrotoluene
3. 3-Nitrotoluene 9. 1,3,5-Trinitrobenzene
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Figure 4. CGC-ECD analysis of explosives (solute concentration: 100 ppb)
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Introduction

N-nitrosodimethylamine (NDMA, Figure 1)
is one of a series of nitroso compounds known to
be carcinogenic. NDMA is found in nitrate-cured
or smoked meats,! cheeses,2 tobacco smoke,?
cooked foods and in beverages such as beer*
(both foreign and domestic®~7). The presence
of NDMA in surface waters designated for use
drinking water use is of particular concern and
the U.S. Environmental Protection Agency (EPA)
has promulgated a regulatory standard for these
waters of 0.7 ng/l (700 ppq). When in 1998
NDMA was detected in California drinking water,
the source was associated with the production
and use of a rocket fuel component, unsymmetri-
cal dimethylhydrazine. In response, the California
Department of Health Services (DHS) announced
an action level in drinking water of 2 ng/l (2 ppt).
However, the best available methods in the
literature provide detection limits on the order
of 1-3 ng/l. EPA methods 625 and 1625 specify
a detection limit for NDMA of 50 ppb—25,000
times the California DHS action level and 70,000
times the EPA regulatory standard. It follows that
using existing methodologies, any detection of
NDMA represents a violation.

XN

Figure 1. N-nitrosodimethylamine, (CH3);N5O,
74 g/mole, CAS Registry No. 62-75-9

Determining NDMA at ppt or ppq concen-
trations in water is an analytical challenge. The
extraction methods that have been applied, such
as liquid-liquid or solid-phase extraction,8-10
produce concentration factors of 500 to 1000,
but overall recoveries are generally low. The high
polarity and volatility of NDMA contribute to
lowered recoveries and extensive extract concen-
tration by evaporation can lead to high losses.

To increase sensitivity and specificity, one
prevalent detection scheme involves use of the
chemiluminescent nitrogen detector. Electron
impact mass spectrometry has also been used but
the fragmentation pattern is not very favorable
(Figure 2). While the molecular ion at 74 m/z may
be a reliable quantitation ion, the confirming ions
at 42 and 43 m/z are hardly unique and are easily
compromised by fragments from interferences.

Abundance

42

ol ] |
| 1T | T TT | LB | T T
miz-> 40 50 E0 70

Figure 2. Electron impact ionization mass
spectrum of NDMA
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One approach to overcoming the unfavorable elec-
tron impact (EI) ionization mass spectrum of NDMA is to
apply positive chemical ionization (PCI). PCI can provide
enhanced analyte selectivity and sensitivity. Utilizing
large-volume injection (LVI) should lower the concen-
tration of NDMA that can be detected in an extracted
sample. This note describes the combined application
of these two techniques as a possible approach to
determining NDMA at ppt and ppq concentrations.

Experimental

NDMA standards were made by serial dilution in
1-ml of dichloromethane from a 100 ng/pl standard
(Ultra Scientific, Kingstown, RI; part number NS-100).
Dichloromethane was chosen as the solvent, because
this solvent is used in both liquid-liquid and solid-phase
extraction techniques.

Instrumental Section

The 6980 Plus GC / 5973 MSD with chemical
ionization option was operated in the selected-ion-
monitoring mode (SIM) with ammonia reagent gas.

An HP-210 GC column 50%-trifluoropropyl-50%-methyl-
siloxane (30-m, .25 mm i.d., 0.5 pm film thickness, Part
Number 19091C-733) was used with a 5-m, 0.32 mm i.d.
uncoated retention gap (Part Number 19091-60600)

joined by a press-fit connector (Part Number 5062-3555).

A 100-pl syringe was used in the integrated automated
liquid sampler 7683 injector for the 50-nl injections. GC
oven conditions and mass selective detector settings are
given in Tables 1 and 2.

Table 2. MSD parameters
Tune File * PCINH3.U
Ammonia Reagent Gas Flow 10%
EM Voltage PCI CH4 AutoTune + 400V
MS Quadrupole Temp 106°C
MS Source Temp 250°C
Acquisition Mode SIM
Solvent Delay 5.25 min
SIM lons Dwvell
75.1 amu 80 msec
92.1 amu 80 msec

* PCI Autotune parameters were used for these experiments. Autotune
provides high sensitivity over a large mass range, but even greater
sensitivity for these low molecular weight ions can be achieved by
manual adjustment of the tuning parameters.

Large-Volume Injections

The APEX ProSep™ 800 Series XT Plus Presepara-
tion System Inlet (APEX Technologies, Cincinnati, OH)
was used as the inlet for large-volume injections.!1: 12
Injections were made into a fused-silica preseparation
column packed with deactivated fused-silica wool in
the top 3 to 7 cm of the column (available from APEX).
The ProSep Precolumn Temperature Module and Flow
Module parameters that were successful for this particu-
lar preseparation column are given in Tables 3 and 4.
This is a very flexible device, and the parameters given
can be further optimized to provide better performance
for particular extracted matrices. For example, a higher
final precolumn temperature than 180°C can be applied

Table 1. GC and Injector parameters ; . .
. to remove high-boiling contaminants.

Oven Temperature Program Temp Time
Initial Temperature 45°C 3.00 min Table 3. ProSep Precolumn Temperature Program
Ramp 50°C [ min 180°C 0.50 min Target Duration
GC Oven Equilibrium Time 3.00 min Initial 45°C 0.05 min
MSD Transfer Line 225°C 250°C | min 180°C # 6.00 min
Inlet Mode Split # Higher bake-out temperatures are recommended for extracted samples.
Split Flow 50 ml [ min
Gas Saver off Table 4. ProSep Precolumn Mode Program
Column Flow (Helium carrier gas) 2.0 ml [ min Mode Duration
Mode Constant Flow Initial Split 0.05 min
QOutlet Pressure Vacuum 1 Splitless 0.07 min*
Injection Volume 50 ul 2 GC Split ** 2.50 min*
Syringe Size 100 ul *These times should be appropriately optimized.
Plunger Speed Slow ** |t is recommended that ProSep Split be implemented instead of simply
Solvent Washes A, B Methanol* Dichloromethane GC Split due to superior venting.

* A solvent that “wets” the glass bore improves syringe life.
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Results

The application of PCI with ammonia reagent gas to
NMDA produces a simplified mass spectrum consisting
only of protonated NDMA, [NDMA+H]*, and the ammo-
nium adduct, [NDMA+NH,]*, which correspond to
75 m/z and 92 m/z, respectively. PCI provides a three-
fold advantage over the EI approach. First, the relatively
non-unique 74, 43, 42 m/z ions of the EI have been
replaced by higher-mass ions. Second, PCI provides
increased sensitivity for NDMA and a reduction in
low-mass, “background” ions which enhances the signal-
to-noise ratio. Third, by manipulating the ammonia gas
flow, the abundances of the 92 m/z and 75 m/z ions can
be controlled. As the ammonia flow into the source is
increased, the abundance of the [NDMA+NH,]* adduct
also increases, allowing the ratio of 92 m/z to 75 m/z to
be controlled by the analyst. For example, at 0.4 ml/min
of ammonia—a relatively low flow setting of the reagent
gas mass flow controller (8% of the total 5-ml/min
provided by the controller)—the ratio of the protonated
form to adduct is biased toward the protonated form:
INDMA+H]* : [INDMA+NH,]* = 4 : 3. At higher flows,
the situation reverses and [NDMA+NH,]* predominates,
e.g., at 0.9 ml/min ammonia (18% flow setting)
INDMA+H]* : INDMA+NH,4]* = 1 : 5. It is therefore
possible to produce an intense confirming ion for quanti-
tative applications. A good compromise between signal
intensities and ion abundancies was achieved at a

o lon 92.00

o /
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Figure 3. Extracted ion chromatogram for NDMA at
40-fg/nl using PCI-SIM with NH3 reagent gas.

0.5 ml/min ammonia flow setting. Figure 3 shows the

75 m/z and 92 m/z SIM signals for a 40-fg/pL standard for
this flow. Under these conditions, [NDMA+H]* is 79% of
[NDMA+NH,4]* according to the integrated signal areas.

Figure 4 shows the results of a linear regression
of the response of the 92 m/z ion for 50-nl injections
of NDMA standards from 20-fg/jl to 4000-fg/pl. The
regression fit was very good, r? = 0.999, considering
the propagation of error in the dilutions. The relative
standard deviation in the response factors was less than
6% and could be improved by using a perdeuterated or
I5N-labeled NDMA surrogate.

NDMA
Response
4.00e+005
2.00e+005
04— : T T ; T T T
0 2.00e+003 4.00e+003
Amount

Figure 4. Linear regression of response of the
92 m/z ion versus NDMA concentration from 20-fg/nl
to 4000 fg/pl, r2 = 0.999.

Table 5 shows the excellent degree of reproducibility
in the ratio of 75 m/z confirming ion to 92 m/z target ion
over a wide range of concentrations. The absolute value
of the ratio was 0.79, with a relative standard deviation
of < 3%. This high precision is important to the degree
of confidence in confirming and quantitating NDMA.

Table 5. Reproducibilities of the ratio of the integrated
areas of 75 m/z : 92 m/z and the response of the 92 m/z
target ion for 5 injections at 5 concentrations.

Concentration RSD Ratio RSD Response
as fg NDMA | ul 75mz | 92 mjz by 92 m/z area
20 2.9% 2.4%
40 2.2% 3.2%
200 0.7% 0.8%
2000 0.7% 1.7%
4000 0.3% 0.9%

Table 5 also shows the excellent reproducibility
of the response of the 92 m/z ion for replicate 50-nl
injections. Even at the 20-fg/jil concentration, precision
is better than 3%.
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Conclusions

Concentration and recovery factors for NDMA using
present published methodologies suggest effective pre-
concentration of NDMA in samples to be on the order
of 500, e.g., 60-70% recovery of NDMA in extraction of
a 1-liter water sample. This implies that the low 20-fg/jl
NDMA standard corresponds to a sample concentration
of 40 pg/l, or 40 parts-per-quadrillion. Alternatively, to
quantitate NDMA at 0.5 ppt in water, which is 4 times
lower than the California DHS limit and slightly lower
than the EPA regulated limit, quantitating at 20 fg/jl is
equivalent to requiring the extraction of only 80 ml of
water even if recoveries are still only 50%. Extracting
small volumes presents a significant simplification of
the process and offers savings in solvent and related
materials, and in processing time.

With NDMA eluting in about 51/2 minutes, the
analysis is fast, and the run-to-run cycle time is short—
less than 13 minutes between injections. The method
may be further optimized for even more rapid analysis.

The 5973 MSD provides very stable ratios for
the confirming ion that can be optimized for quantitative
purposes as described. In contrast to EI, in which many
possible interfering fragment ions are possible that may
distort the ratio of the target and confirming ion(s), PCI
with ammonia is unlikely to cause fragmentation-induced
interferences because of the relatively “gentle” nature
of ammonia reagent gas. Interferences could occur
involving compounds with molecular weights of 74 or
91 g/mole eluting at the same retention time but that is
unlikely scenario.

The high degree of reproducibility in the injections,
even at very low NDMA concentrations, demonstrates
the robustness of large-volume injections using the
APEX ProSep with the 6890/5973 MSD. It should
be emphasized that the reproducibility of 2.4% for
the replicate 50-pl injections of the 20-fg/nl standard
reported here was for the absolute response. Use of an
internal standard should further lower the deviation in
response and improve quantitation.

Using this approach it should now be possible to
satisfy the 2 ppt action level for NDMA set by the State
of California and the 700 ppq regulatory standard
promulgated by the U.S. EPA.
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Abstract

Contract Laboratory Program (CLP) pesticide analysis

is demonstrated on high-efficiency GC columns (20 m x
0.18 mm id x 0.18 pm film thickness) with helium carrier
gas. DB-17ms stationary phase is used for primary analy-
sis and DB-XLB stationary phase for confirmation. Primary
analysis and confirmation of 22 CLP pesticides in the pro-
tocol is achieved in an 11-minute analysis, a 35% reduc-
tion in analysis time versus 0.32 mm id columns.

Method translation software is successfully employed to
translate an original set of conditions with hydrogen car-
rier gas to a new set of conditions using helium carrier
gas. Elution order and degree of separation are shown to
translate precisely from the original method to the new
method through use of this software (available for free
download) [1].

Introduction

The determination of organochlorine pesticides
(OCPs) in environmental remediation samples are
important, high-volume analyses in the competitive
contract laboratory marketplace. A standard Con-
tract Laboratory Program (CLP) pesticide method is
used for these analyses. In many cases a lab will ana-
lyze large numbers of samples over the course of a
given project, adding costs to both the lab and its

@® o o - Application

Pesticide Analysis with 0.18 mm ID
o . High-Efficiency GC Columns Utilizing
Helium Carrier Gas

client. Here, 0.18 mm id high-efficiency GC columns
are demonstrated as a means of enhancing labora-
tory productivity. These columns are fully compati-
ble with standard gas chromatographs and helium
carrier gas operation. The high efficiency these
columns offer coupled with their full compatibility
with existing GCs provide laboratories with a pow-
erful tool for enhancing sample throughput. When
analysis times for 30 m x 0.32 id and 20 m x

0.18 mm id columns were compared, a 17-minute
analysis was reduced to only 11 minutes and with
improved resolution [2].

Helium carrier gas was selected as a means to show
the utility of 0.18 mm id columns in doing CLP pes-
ticide analyses and to demonstrate the full compati-
bility of these columns with standard gas
chromatographs. The operating gas pressures for
these 20 m x 0.18 mm id columns range from 33 psi
initially to 50 psi at the high point of the tempera-
ture program. The gas pressure range used with
helium carrier gas with these 0.18 mm id columns
was well within the operating range for standard
chromatographs.

Experimental

This work was accomplished using an Agilent
6890N GC equipped with dual uECDs and a 7683B
autosampler. A single split/splitless injection port
was used for sample introduction at the head of a
retention gap column connected through a Y-splitter
with two analytical columns. Details of the chro-
matographic conditions are presented in Table 1.
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Table 1. Chromatographic Conditions

GC Agilent 6890N
Sampler: Agilent 7683B, 5 pL syringe
(Agilent p/n 5181-1273), 0.5 pL injection

Inlet Split/splitless; 250 °C pulsed splitless
(35 psi for 0.5 min)

Inlet liner Deactivated single taper direct connect
(Agilent p/n 1544-80730)
Carrier Helium (constant flow, 49.5 cm/sec at

120 °C, purified through big universal trap
Agilent p/n RMSH-2)

5 m x 0.25 mm id deactivated
(Agilent p/n 160-2255-5)

Retention gap

Y-splitter Quartz deactivated (Agilent p/n 5181-3398)
Columns:
1 20m x 0.18 mm x 0.18 ym DB-17ms
(Agilent p/n 121-4722)
2 20m x 0.18 mm x 0.18 ym DB-XLB
(Agilent p/n 121-1222)
Oven 120 °C (0.49 min); 85 °C/min to 160 °C;
20 °C/min to 260 °C (0.20 min);
25 °C/min to 285 °C; 40 °C/min to 300 °C
(3.5 min)
Detection WECD 325 °C; nitrogen makeup; constant

column + makeup flow 60 (mL/min)

The flow path supplies used in these experiments
are listed in Table 2 below.

Table 2. Flow Path Supplies
Agilent p/n
Vials Amber screw cap 5182-0716
Vial caps Blue screw cap 5282-0723
Vial inserts 100 pL glass/polymer feet 5181-1270
Syringe 5uL 5181-1273
Septum Advanced green 5183-4759
Inlet liner Deactivated single taper 1544-80730
direct connect
Ferrules 0.4 mm id short; 5181-3323
85/15 Vespel/graphite
Y-splitter Quartz deactivated 5181-3398
Sealing resin Polyimide sealing resin 500-1200
20x magnifier 20x magnifier loop 430-1020

Tubing cutter Ceramic wafer column cutter 5181-8836

Sample Preparation

CLP pesticide standard solutions were purchased
from AccuStandard, New Haven, CT 06513-USA.
ULTRA RESI ANALYZED grade 2,2,4 trimethylpen-
tane was purchased from J. T. Baker, Phillipsburg,
NJ 08865-USA. CLP-023R-160X and CLP-024R-160X
concentrates were diluted separately into two

2

100-mL volumetric flasks in 2,2/4 trimethylpentane
and then combined in subsequent serial dilutions.
Volumetric flasks and pipettes used were all class A.
Standard concentration range for low-level target
compounds in the protocol was from 1.6 to

40 ng/mL. On-column loading ranged from 0.4 to

10 pgs for low-level target compounds when a 0.5-uLL
injection over both columns is considered.

Column Installation Tip on Using Y Splitters

Installation of the Y splitter was accomplished by
coating the outside of the fused silica tubing to be
inserted into the Y splitter with a thin film of poly-
imide sealing resin prior to cutting the tubing. The
cut was then made through the coated section of
tubing. The cut end was then checked with a 20x
magnification loop to make sure that the cut was
clean and that excess sealant had not diffused
inside the column. Once a clean cut was obtained,
the fused silica with the polyimide sealant on the
outside only was inserted into the desired branch of
the Y and held for approximately 45 seconds to seal.
Good sealing was indicated by a thin ring of sealant
at the point of contact. The process was done first
with the analytical columns and then repeated for
the trunk of the Y into the retention gap. This
approach gave tight, reliable connections that

have lasted without any difficulty for more than

2 months (to date) and hundreds of oven tempera-
ture program cycles.

Results and Discussion

The starting point for this application was a set of
conditions for CLP pesticide analyses using hydro-
gen carrier gas and 0.18-mm high-efficiency
columns developed by Wool and Decker [3]. Using
hydrogen carrier and flow programming, they were
able to achieve primary separation and confirma-
tion analysis of CLP pesticides in a 7-minute analy-
sis. The chromatographic parameters for the
hydrogen carrier separation were input as initial
setpoints in method translation software to convert
the method to use with helium carrier. Helium car-
rier was selected for use in laboratories reluctant to
work with hydrogen carrier due to site safety policy
or individual preference. High-efficiency GC
columns give the chromatographer the option to
work with either helium or hydrogen carrier gases
and still achieve faster analyses.

Wool and Decker [3] indicated in their paper that
frequent trimming of the front of the column was
necessary for use with heavy matrix samples due
primarily to the lower sample capacity of 0.18-mm
columns. In this work a 5-m 0.25-mm id retention
gap and Y connector were installed ahead of the



analytical columns to help offset the diminished
sample capacity relative to wider bore capillary
columns. Use of a retention gap will also shield the
analytical columns from deleterious matrix affects
and extend the useful lives of the columns.

Agilent’s method translation software simplifies
conversion from established laboratory GC methods
to parallel sets of conditions suitable for high-effi-
ciency GC columns. Chromatographic conditions
from the original method, along with the new
column dimensions, are entered into a menu-driven
table within the software. The software then gener-
ates a translated method table with all the new
chromatographic setpoints for the translated
method. The new translated method setpoints pro-
duced by the software are often all that is required
to successfully translate a method.

Three primary modes of method translation are
available in the method translation software: trans-
late only, best efficiency, and fast analysis. The
“translate only” mode produces a set of conditions
that most closely resembles the original method in
terms of relative position on the Van Deemter curve,
degree of separation, and elution order. The “best
efficiency” mode generates a set of conditions
where column efficiency is prioritized. The “fast
analysis” mode generates a set of conditions where
analysis speed is prioritized. By using the various
modes available a translated method specific to a
particular application can be developed quickly
with a few keystrokes and iterative passes through
the software.

The software is very useful in porting methods from
the use of one carrier gas to another. Translation
from the original method using one carrier to a
method using another carrier is accomplished by
entering the original method setpoints, the new
column dimensions, and the desired carrier. The
software then generates the translated method set-
points for the new column and carrier. For addi-
tional information on Agilent’s method translation
software, please visit this link: http://www.chem.
agilent.com/cag/servsup/usersoft/files/GCTS.htm.

Flow programming is not addressed in the method
translation software, so minor adjustments to flow
rate parameters may be required to achieve desired
results. When translating flow-programmed meth-
ods, initial or intermediate flow rates can be
entered into the original method parameters table
to visualize the effect on the other parameters’
output in the translated method table. The operator
can then collect data at several different flow rates
and select the best set of conditions for the applica-
tion.

In this CLP pesticide example, the original method
used a hydrogen carrier and flow programming. The
initial flow parameters were entered into the
method translation software, along with the new
column dimensions, specifying helium as the carrier
gas. Translate-only mode was selected in the soft-
ware and produced the translated method setpoints
that appear in Figure 1.

/4 GC Method Translation - XLB-TA.MXD
Criterion: * Translate Only  Best Efficiency ¢ Fast Analysis ¢ Mone |Speed gain: 0.63934
Original Method Translated Method
Column
Length, m 20.00 [~ | 20,00
Internal Diameter, pm 180.0 [~ 1800
Film " Unlock
Thickness, nm 0.180 " 0180
Phase Ratio 250.0 « 250.0
Carrier Gas Hydrogen j I ~|Helium j
Enter one Setpoint
Head Pressure. psi = 25.756 37.597
Flow Rate. [mLn/min =] 1.7943 1.4354
Outlet Yelocity. cmizec 155.58 124 47
Average Yelocity, cmizec F7.30 49 42
Hold-up Time, min - 0.431220 D.674472
DOutlet Pressure [absolute), psi 14 696 [~ 14.696
Ambient Pressure [absolute). psi 14.696 [~ 1 14.696
Oven Temp |3-lamp Prog ﬂ Ramp | Final | Final Ramp | Final | Final
Rate | Temp. | Time Rate | Temp. | Time
“C/min 5 min “C/min T min
Initial 0.490 120.00 [0.766
Ramp 1 59.400 [160.00 |0.000 37.977 |160.00 |D.000
Ramp 2 | §123.700 |260.00 |0.000 15.152 |260.00 |0.000
Ramp 3| §35.600 [300.00 [1.690 22 761 [300.00 [2.643
Sample Info [None B

Figure 1.

Method translation using translate-only mode.



Figure 2 shows the resulting CLP pesticide separa-
tions produced using translate-only mode in the
method translation software on the DB-17ms
column. Note that all 22 species are baseline
resolved on the DB-17ms column where there is a
partially separated triplet consisting of gamma
chlordane, alpha chlordane, and endosulfan 1 on
the DB-XLB column (Figure 3). This partially sepa-
rated triplet was also observed in the original DB-
XLB separation using hydrogen carrier.

Table 3 is a standard compound key for the num-
bered peaks in the chromatograms. Separation
characteristics such as degree of separation and elu-
tion order were maintained exactly as they were in
the original method using the new translated
method with helium carrier. The original method

was successfully translated with no additional
method development.

Unfortunately, the unresolved triplet on DB-XLB
observed in the original method remained unre-
solved in the translated method. Additional method
development attempts focused on resolving the par-
tially separated triplet on the DB-XLB confirmation
column and reduction of analysis time. Some suc-
cess was achieved; however, the trailing two peaks
in the triplet remained partially resolved on the DB-
XLB confirmation column while analysis time was
reduced to 11 minutes. The DB-17ms column
resolved all of the species in the protocol through-
out these experiments (Figure 4). Triplet resolution
on the DB-XLB (Figure 5), though not ideal, is ade-
quate for the purpose of peak confirmation of well-
resolved species on the DB-17ms.
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Figure 2. Translate-only separation (conditions as in Figure 1) on 20 m X 0.18 mm X 0.18 pm DB-17ms (Agilent p/n 121-4722)
with a 0.4 pg/component loading for low-level target compounds.
Table 3. CLP Standard Compound List Key
1. Tetrachloro-m-xylene 12. 4,4' DDE
2. Alpha BHC 13. Dieldrin
3. Gamma BHC 14. Endrin
4. BetaBHC 15. 4,4° DDD
5. Delta BHC 16. Endosulfan Il
6. Heptachlor 17. 4,4 DDT
7. Aldrin 18. Endrin aldehyde
8. Heptachlor epoxide 19. Endosulfan sulfate
9. Gamma chlordane 20. Methoxychlor
10. Alpha chlordane 21. Endrin ketone
11. Endosulfan | 22. Decachlorobiphenyl



320

4 22
300 20

280 |
260 12
] 13 21
240 18

] 10 18
220
] 56 1 117
200

160 | \ s UL J.JLJUL “‘JJ T

T T T T T 1
4 6 8 10 12 min

Figure 3. Translate-only separation (conditions as in Figure 1) on 20 m x 0.18 mm x 0.18 pm DB-XLB (Agilent p/n 121-1222)
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Figure 4. Optimized separation (conditions as in Table 1) on 20 m x 0.18 mm x 0.18 pm DB-17ms (Agilent p/n 121-4722)
with a 0.4 pg/component loading for low-level target compounds.



w

N

o
|

w
o
o

N
=3
o

N
=2
o

N
=~
o

9m

N
N
o

N
o
o

180 -]

160

1u L,_L_J buuu

20

22
21

T 1 T
3 4 5 6

Figure 5.

Optimized separation (conditions as in Table 1) on 20 m x 0.18 mm x 0.18 pm DB-XLB (Agilent p/n 121-1222)

with a 0.4 pg/component loading for low-level target compounds.

Detector Sensitivity and Linearity

The 0.5-uL injections were split between two columns
for an on-column loading of 0.4 pg per component of
the low-level target compounds. The data suggest
that detection limits of at least an order of magnitude
lower are possible. Sensitivity and linearity measure-
ments conducted with these chemical species using
UECD detection support this assertion [4]. Analyte

concentration range investigated here was from

1.6 — 40 ng/mL. This range meets the 16-fold low- to
high-check standard criteria for the protocol and
appears to cover only the middle of the dynamic
range the detector is capable of fielding. Figure 3
shows the DB-17ms separation where low-level com-
ponent loading was 0.4 pg. Figure 6 shows the same
separation with a 10-pg loading for the same compo-
nents.
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Figure 6. Optimized separation (conditions as in Table 1) on 20 m % 0.18 mm X 0.18 pm DB-17ms (Agilent p/n 121-4722)

with a 10-pg/component loading for low-level target compounds.



Conclusions

Complete separation and confirmation of all 22
species in the CLP pesticide protocol were accom-
plished in an 11-minute analysis with helium car-
rier gas. These results demonstrate the utility of
these 0.18-mm id high-efficiency GC columns for
CLP pesticide analysis. Using a 0.5-uL injection of
pesticide standard solutions over a concentration
range of 1.6 — 40 ng/mL gave excellent results. These
results easily meet the 16x high/low dynamic range
requirement for the protocol and suggest that
expanding the range to both lower and higher con-
centrations is certainly possible with these 0.18-mm
columns.

Full compatibility for use of these columns with
standard GC equipment and helium carrier was also
established by this successful separation. Operating
pressure for use of these columns at the high point
of the temperature program (300 °C) was 50 psi,
well within the operation pressure range for stan-
dard GC equipment.

Method translation software successfully translated
the original method using hydrogen carrier to the
new method using helium carrier. Separation char-
acteristics from the original method, such as elution
order and degree of separation, were matched
exactly in the translated method. This exercise
served once again to validate the simplicity of

method translation using the software. Method
development beyond the translated method setpoint
only became necessary when improvements to the
original separation were attempted.
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Abstract

Agilent J&W High Efficiency GC columns with internal
diameter of 0.18 mm for Contract Laboratory Program
(CPL) pesticide analyses gave superior results for CPL
pesticide primary analysis and confirmation. Chro-
matograms depicting peak shape characteristics, peak
resolution, and baseline stability for two sets of 0.18-mm
id columns are presented in a head-to-head comparison.
Complete primary and confirmatory analysis of the 20
pesticides in the protocol is accomplished in less than

6 minutes using hydrogen carrier gas and flow program-
ming. Successful primary and confirmatory analyses were
achievable only on Agilent J&W High Efficiency GC
columns.

Introduction

The analyses of organochlorine pesticides (OCPs)
in environmental remediation samples are impor-
tant, high volume, analyses in the competitive con-
tract laboratory marketplace. A standard Contract
Laboratory Program (CLP) pesticide method is
used for these analyses. In many cases a lab will
analyze large numbers of samples over the course
of a given project, accumulating costs to both the
lab and its client. Use of Agilent J&W 0.18-mm id
High Efficiency GC columns is a means of enhanc-
ing laboratory productivity [1-3].

@® o o - Application

for Rapid Contract Laboratory
o . Program (CLP) Pesticide Analysis

Wool and Decker [3] reported their findings at the
U.S. Environmental Protection Agency (Region VI,
Houston, TX) laboratory and described the value
of columns in the 20 m x 0.18 mm format for CLP
pesticide analysis. Their suggestion to use a reten-
tion gap to protect the analytical columns from
deleterious matrix effects and to help offset the
lower sample capacity of these columns relative to
wider bore columns was incorporated into this
column comparison. Deactivated 5 m x 0.25 mm id
retention gaps were used in this series of experi-
ments on each column set used.

Columns with 0.18 mm id capable of doing CPL
pesticide analysis are available from several lead-
ing column manufacturers. Agilent’s suggested
pair for CLP pesticide analysis in the 0.18 mm id
format is a DB-17ms column for primary analysis
and a DB-XLB column for confirmation. Vendor
R’s offering is a set of proprietary phase 0.18 mm
id columns for both primary and confirmation
analysis of CLP pesticides.

Experimental

The chromatograph used was an Agilent 6890N GC
equipped with dual electron capture detectors
(LECDs) and a 7683B autosampler. Sample intro-
duction was done by a single split/splitless injec-
tion port at the head of a retention gap column
connected through a Y-splitter with two analytical
columns. Details of the initial chromatographic
conditions appear in Table 1.

Agilent Technologies



Table 1.

Chromatographic Conditions

GC:

Sampler:

Carrier:

Inlet:

Inlet liner:

Retention gap:

Y-splitter:

Columns: 1

Oven:

Detection:

Agilent 6890N

Agilent 7683B, 5 pL syringe
(Agilent p/n 5181-1273), 0.5 pL injection

Hydrogen (flow programmed, 69 cm/s at
120 °C, ramped at 99 mL/min to 106 cm/s at
4.4 minutes, purified through a Big Universal
Trap (Agilent p/n RMSH-2)

Split/splitless; 220 °C, pulsed splitless (35 psi
for 0.5 min, purge flow of 40 mL/min on at

1 minute, gas saver flow 20 mL/min on

3 minutes

Deactivated single taper direct connect
(Agilent p/n 1544-80730)

5 m x 0.25 mm id deactivated

(Agilent p/n 160-2255-5)

Quartz deactivated (Agilent p/n 5181-3398)
20m x 0.18 mm x 0.18 pm DB-17ms
(Agilent p/n 121-4722)

20 m x 0.18 mm x 0.18 ym DB-XLB
(Agilent p/n 121-1222)

120 °C (0.32 min); 120 °C/min to 160 °C;
30 °C/min to 258 °C (0.18 min); 38.81 °C/min to
300 °C (1.5 min)

HECD 320 °C; nitrogen makeup; constant
column + makeup flow (60 mL/min)

The flow path supplies used in these experiments
are listed in Table 2.

Table 2. Flow Path Supplies
Description Agilentp/n
Vials: Amber screw cap 5182-0716
Vial caps: Blue screw cap 5282-0723
Vial inserts: 100 pL glass/polymer feet 5181-1270
Syringe: bpuL 5181-1273
Septum: Advanced green 5183-4759
Inlet liner: Deactivated single taper direct ~ 1544-80730
connect
Ferrules: 0.4 mm id short; 85/15 Vespel/  5181-3323
graphite
Y-splitter: Quartz deactivated 5181-3398
Sealing resin: Polyimide sealing resin 500-1200
20x magnifier:  20x magnifier loupe 430-1020
Tubing cutter:  Ceramic wafer column cutter 5181-8836

Both sets of columns used in this comparison were
installed into the GC in the same manner. The
same retention gap and inlet liner were used for
both sets of columns. The chromatographic condi-
tions (except for the columns) in Tables 1 and 2
were used to evaluate both the proprietary
columns recommended by Vendor R and Agilent’s
columns. The primary analysis column from
Agilent was a 20 m x 0.18 mm x 0.18 pm DB-17ms.
The column from Vendor R was a 20 m x 0.18 mm x
0.18 um with a proprietary stationary phase. The
confirmatory analysis column from Agilent was a
20 m % 0.18 mm x 0.18 pm DB-XLB. The column
from Vendor R was a 20 m x 0.18 mm x 0.14 um
with a proprietary stationary phase.

Sample Preparation

CLP pesticide standard solutions were purchased
from AccuStandard (New Haven, CT 06513 USA).
ULTRA RESI ANALYZED grade 2,2,4 trimethylpen-
tane was purchases from J.T. Baker (Phillipsburg,
NJ 08865 USA).

CLP-023R-160X and CLP-024R-160X concentrates
were diluted first into 50-mL volumetric flasks in
2,2,4 trimethylpentane and then serially diluted.
Volumetric flasks and pipettes used were all class A.
The standard concentration range for low-level
target compounds in the protocol was from 3.2 to 80
ng/mL. On-column loading ranged from 0.8 to 20 pg
for low-level target compounds when a 0.5-uLi injec-
tion over both columns is considered.

Column Installation Using Y Splitters

Installation of the Y splitter was accomplished by
coating the outside of the fused silica tubing to be
inserted into the Y splitter with a thin film of poly-
imide sealing resin prior to cutting the tubing. The
cut was then made through the coated section of
tubing. The cut end was then checked with a 20x
magnification loupe to make sure that the cut was
clean and that excess sealant had not diffused
inside the column. Once a clean cut was obtained,
the fused silica with the polyimide sealant on the
outside only was inserted into the desired branch of
the Y and held for approximately 45 seconds to seal.
Good sealing was indicated by a thin ring of sealant
at the point of contact. The process was done first
with the analytical columns and then repeated for
the trunk of the Y into the retention gap. This
approach has given tight, reliable connections that
have lasted without difficulty for over 2 months and
through hundreds of oven temperature program
cycles.



Method Translation Software/Path to Successful
Conditions

The starting point for this comparison was the
conversion of a successful set of separation condi-
tions using helium carrier on Agilent’s DB-17ms
and DB-XLB 0.18 mm id columns [4] to a set of
conditions using hydrogen carrier. The chromato-
graphic parameters for the helium carrier
separation were keyed into the translation table in
the Agilent GC Method Translation software [5—6]
to convert the method to use with hydrogen car-
rier. In the software, the “Translate Only” mode
was used to convert the 11-minute helium carrier
method to a 7.3-minute hydrogen carrier method
using the same columns.

Method development effort beyond conversion
from helium carrier to hydrogen carrier gas
became necessary only when the goal of the analy-
sis shifted to emphasize speed of analysis using
flow programming. Flow programming is outside
the scope of the Method Translation software. In
this series of experiments, flow programming
helped to elute highly retained peaks faster. Fur-
ther temperature program modifications also
increased the speed of analysis with minimal loss
of resolution on the Agilent columns.

Results and Discussion

Successful separation of CLP pesticides using
hydrogen carrier was demonstrated on Agilent’s
DB-17ms and DB-XLB 0.18-mm id columns using
the conditions shown in Table 1. Vendor R’s
0.18-mm ID columns were evaluated using the fol-
lowing conditions: the conditions shown in Table 1,
the conditions obtained on Vendor R’s Web site (to
the extent practical), and with a set of conditions
optimized specifically on Vendor R’s columns for
this analysis. The goal throughout these experi-
ments was to show as fair and objective a compari-
son as possible.

To compare chromatograms, injections at a stan-
dard concentration of 3.2 ng/mL for low-level
target species in the CLP protocol were selected.
Using this concentration consistently provides a
fixed point of reference and at the same time alle-
viates the potential for masking deleterious chro-
matographic effects often seen at higher concen-
trations. Inclusion of a Y scale in each chro-
matogram provides another fixed reference within
each figure to facilitate comparison. Key aspects to

look for in the example chromatograms are peak
resolution, indications of peak tailing, and temper-
ature-dependent drift on the uECD.

An Agilent DB-17ms column was used as the pri-
mary analysis column in these experiments. An
example chromatogram from an injection at a nom-
inal concentration of 3.2 ng/mL for low target level
pesticides is shown in the upper portion of Figure 1.
This column resolved all the peaks of interest in
less than 6 minutes, gave sharp symmetrical peaks,
and had minimal background drift on the uECD. A
compound label key for the numbered peaks in the
chromatogram is located in Table 3.

An Agilent DB-XLLB 20 m x 0.18 mm x 0.18 um
column was used for confirmatory analysis on
these experiments. An injection at a nominal con-
centration of 3.2 ng/mL for low-level target pesti-
cides is depicted in the lower portion of Figure 1.
This column resolved 20 of the peaks of interest in
less than 6 minutes and gave near baseline resolu-
tion of peaks 10 and 11. Again, sharp symmetrical
peaks and minimal temperature-dependent base-
line drift were observed on the uECD. Although
complete resolution of 20 of the 22 peaks of inter-
est on the confirmatory columns is not ideal, the
observed resolution is satisfactory for peak
confirmation.

The peak identification table applies to Figure 1,
depicting CPL pesticide separation on Agilent’s
column only. Elution order for these columns with
their particular selectivity was established in pre-
vious work. To establish elution order on Vendor
R’s columns with different selectivity, injection of
individual standards or mass spectral confirmation
is required.

Table3.  CLP Standard Compound List Key

1. Tetrachloro-m-xylene 12. 4,4' DDE

2. Alpha BHC 13. Dieldrin

3. Gamma BHC 14. Endrin

4. Beta BHC 15. 4,4' DDD

5. Delta BHC 16. Endosulfan Il

6. Heptachlor 17. 4,4' DDT

7. Aldrin 18. Endrin aldehyde

8. Heptachlor epoxide 19. Endosulfan sulfate
Gamma chlordane 20. Methoxychlor

10. Alpha chlordane 21. Endrin ketone

11. Endosulfan | 22. Decachlorobiphenyl
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Figure 1. Chromatogram of 0.5-pl injection of 3.2 ng/ml low-level target pesticide standard solution injected through a

Y-splitter onto DB-17ms (Agilent p/n 121-4722) primary analysis column and a DB-XLB (Agilent p/n 121-1222)

confirmatory analysis column, conditions as in Table 1.

The primary analysis column from Vendor R was a
20 m x 0.18 mm x 0.18 um with a proprietary sta-
tionary phase. An injection at a nominal concen-
tration of 3.2 ng/mL for low-level target pesticides
is depicted in Figure 2. This column gave resolu-
tion of 20 of the 22 peaks of interest, peak tailing
for some species, and minimal temperature depen-
dent baseline drift on the uECD. The arrows within
the figure point to co-eluting and tailing peaks.

The confirmatory analysis column from Vendor R
was a 20 m x 0.18 mm x 0.14 um with a proprietary
stationary phase. An injection at a nominal con-
centration of 3.2 ng/mL for low-level target pesti-
cides is depicted in Figure 2. This column yielded
resolution of all 22 peaks of interest, indication of
peak tailing for some species, and significant tem-
perature-dependent baseline drift on the pnECD.
The arrows within the figure point to tailing peaks
and highlight baseline drift, in this case over

100 Hz.

Vendor R’s suggested separation conditions for
their column pair were unsuccessful at producing
results equivalent to those shown on their Web
site. This appears to stem from an oversight on
their part. Suggested conditions found in a figure
caption on the Web site called for a 2-min hold 10°
C above the maximum recommended temperature.
A temperature of 330 °C was called for; however,
the label on the column box listed the upper tem-
perature program limit as 320 °C for the confirma-
tion column. Vendor R’s confirmation column
demonstrated significant bleed even with a tem-
perature program that reached only 300 °C, a full
20 °C below the upper limit.

A series of attempts to resolve the co-eluting pair
of pesticides on Vendor R’s primary analysis
column gave improved but still incomplete resolu-
tion. It was necessary to substantially reduce flow
rate and modify both temperature and flow pro-
gramming parameters to achieve the results shown
in Figure 3. The chromatographic conditions used
for these injections appear in Table 4; the flow
path supplies were the same as those listed in
Table 2.
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Chromatogram of 0.5 pL injection of 3.2 ng/mL low-level target pesticide standard solution injected
through a Y-splitter onto Vendor R's primary analysis column and confirmatory columns, conditions as in
Table 1. Figure 2. Chromatogram of 0.5 pL injection of 3.2 ng/mL low-level target pesticide standard solu-
tion injected through a Y-splitter onto Vendor R’s primary analysis column and confirmatory columns,

conditions as in Table 1.

The primary analysis column from Vendor R was a
20 m x 0.18 mm x 0.18 um with a proprietary sta-
tionary phase. An injection at a nominal concen-
tration of 3.2 ng/mL for low-level target pesticides
is depicted in Figure 3. This column still gave reso-
lution of 20 of the 22 peaks of interest, indication
of peak tailing for some species, and minimal tem-
perature-dependent baseline drift on the uECD.
The arrows within the figure point to the
unresolved peaks and tailing peaks.

The confirmatory analysis column from Vendor R
was a 20 m x 0.18 mm x 0.14 um with a proprietary
stationary phase. An injection at a nominal con-
centration of 3.2 ng/mL for low-level target pesti-
cides is depicted in Figure 3. This column yielded
resolution of all 22 peaks of interest, indication of
peak tailing for some species, and significant tem-
perature-dependent baseline drift on the uECD.
The arrows within the figure point to tailing peaks
and highlight baseline drift.
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Chromatogram of 0.5-pl-injection of 3.2 ng/mL low-level target pesticide standard solution injected

through a Y-splitter onto Vendor R's primary and confirmatory analysis columns, conditions as in Table 4.

Table 4. Chromatographic Conditions

GC: Agilent 6890N

Sampler: Agilent 7683B, 5 pL syringe
(Agilent p/n 5181-1273), 0.5 pL injection

Carrier: Hydrogen (flow programmed , 45 cm/s at
120 °C, ramped at 99 mL/min to 72 cm/s at
4.4 minutes, purified through a Big Universal
Trap (Agilent p/n RMSH-2)

Inlet: Split/splitless; 220 °C pulsed splitless (35 psi
for 0.5 min, purge flow 40 mL/min on 1 minute,
gas saver 20 mL/min at 3 minutes)

Inlet liner: Deactivated single taper direct connect

(Agilent p/n 1544-80730)

5 m x 0.25 mm id deactivated
(Agilent p/n 160-2255-5)

Quartz deactivated (Agilent p/n 5181-3398)

20 m x 0.18 mm x 0.18 pym primary analysis
column

2 20 mx0.18 mm x 0.14 ym confirmatory analysis
column

120 °C (0.50 min); 60 °C/min to 160 °C;
30 °C/min to 260 °C; 40 °C/min to

300 °C (2.0 min)

HECD 320 °C; nitrogen makeup; constant
column + makeup flow 60 (mL/min)

Retention gap:

Y-splitter:

Columns: 1

Oven:

Detection:

Conclusions

Agilent’s 0.18-mm id primary analysis column is
superior to Vendor R’s offering. All 22 peaks of
interest were resolved on the DB-17ms primary
analysis column in less than 6 minutes with sharp,
symmetrical peaks and minimal baseline drift.
Vendor R’s primary analysis column resolved 20 of
22 peaks of interest and displayed evidence of
peak tailing for some of the peaks of interest.

Agilent’s 0.18-mm id confirmatory analysis column
offering is superior to Vendor R’s offering. Twenty
of 22 peaks of interest were resolved on the DB-
XLB, with the other two peaks being almost base-
line resolved in less than 6 minutes, with sharp,
symmetrical peaks and minimal temperature-
dependent baseline drift. Resolution of 20 of 22
peaks is less than ideal but should serve well for
peak confirmation. Vendor R’s confirmatory
column resolved all 22 peaks of interest but
showed evidence of peak tailing and an unaccept-
able level of temperature-dependent baseline drift.

The DB-17ms and the DB-XLB columns used in
these experiments gave very low bleed profiles on
the uECDs. The stable baselines produced by both
of these columns can lead to lower detection limits,



simpler integration and more reliable results over
time. These columns also have the versatility of use
with other analyses beyond CLP pesticides.

Reliable CLP pesticide primary and confirmation
analyses are achievable using Agilent J&W high-
efficiency GC columns in less than 6 minutes with
standard gas chromatographic equipment.
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Abstract

Agilent Technologies Inc. has implemented new testing procedures to more effective-
ly evaluate GC column inertness performance. This new testing procedure employs
deliberately aggressive probes to thoroughly investigate and verify column inertness
and quality. In challenging separations, knowing that the GC column has been thor-
oughly investigated for column inertness gives analysts higher confidence in the

accuracy of their results.

Trace- and ultra trace-level pesticide analyses are important tools for accessing food
supply and environmental quality worldwide. In this application note, trace-level
organophosphorus pesticide analysis is demonstrated using electron impact single
quadrupole scanning mass spectrometry. Agilent's J&W DB-5ms Ultra Inert capillary

GC column provides excellent peak shape for even the most problematic pesticides.
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Introduction

Pesticides are commonly used in agricultural and residential
applications throughout the world. Organophosphorus pesti-
cides make up approximately 70 percent of the insecticides
currently in use. Unfortunately, these highly toxic materials
have three main routes of human exposure: inhalation, inges-
tion, and skin penetration. Sources of these exposures
include consumption of foodstuff containing pesticide
residues, aerosol inhalation, and dermal contact during
pesticide application. [1]

Organophosphorus pesticides use the same mechanism of
action as deadly nerve agents such as sarin, soman, and VX.
These pesticides affect the nervous system of insects, mam-
mals, and wildlife by inhibiting the enzyme cholinesterase,
important in helping regulate nerve impulses. Inactivation of
cholinesterase leads to the accumulation of the neurotrans-
mitter acetylcholine in the central and peripheral nervous sys-
tem, which leads to depressed motor function and respiratory
depression. Human toxicities for this class of molecules have
shown acute as well as chronic effects from pesticide
poisoning. [2,3]

Organophosphorus pesticides tend to be difficult to quantify
due to poor peak shape, as evidenced by broad, asymmetrical
peaks. An EPA Method 525.2 standard containing organ-
ophosphorus pesticides along with a custom pesticide mix
acquired from Ultra Scientific (North Kingstown, RI) were ana-
lyzed to highlight the value of using a 30-m Agilent J&W DB-
5ms Ultra Inert capillary GC column for difficult pesticide
analysis. Many pesticides are sensitive to chromatographic
system activity and will readily breakdown. The Ultra
Scientific custom mix contains several types of these pesti-
cides, which are useful in quickly evaluating system perfor-
mance with particularly challenging pesticide analytes.
Capillary GC column activity as a potential source of result
uncertainty has been virtually eliminated with the Ultra Inert
series of columns. [4]

Experimental

An Agilent 6890N GC/5975B MSD equipped with a 7683B
autosampler was used for this series of experiments. Table 1
lists the chromatographic conditions used for these analyses.
Table 2 lists flow path consumable supplies used in these
experiments.

Table 1A.  Chromatographic Conditions for EPA Method 525.2 Calibration Standards

GC

Sampler

Carrier

Inlet

Inlet liner

Column

Oven

Detection

Agilent 6890N/5975B MSD

Agilent 7683B, 5.0-pL syringe

(Agilent p/n 5181-1273) 1.0-pL splitless
injection

Helium 44 cm/s, constant flow

Pulsed splitless; 250 °C, 40 psi until 0.75 min,
purge flow 50 mL/min at 1.0 min

Deactivated dual taper direct connect
(Agilent p/n G1544-80700)

Agilent J&W DB-5ms Ultra Inert 30 m x 0.25 mm
x 0.25 ym (Agilent p/n 122-5532U1)

40 °C (1 min) to 110 °C (50 °C/min), 7 °C/min

to 190 °C, 12 °C/min to 285 °C, hold 2 min.

MSD source at 250 °C, quadrupole at 150 °C,

transfer line at 280 °C, El mode, scan range
45-450 amu

Table 1B.  Chromatographic Conditions for Ultra Scientific Calibration Standards

GC

Sampler

Carrier

Inlet

Inlet liner

Column

Oven

Detection

Agilent 6890N/5975B MSD

Agilent 7683B, 5.0-pL syringe

(Agilent p/n 5181-1273) 1.0-pL splitless injection
Helium 52 cm/s, constant flow

Pulsed splitless; 250 °C, 40 psi until 0.75 min,
purge flow 50 mL/min at 1.0 min

Deactivated dual taper direct connect
(Agilent p/n G1544-80700)

Agilent J&W DB-5ms Ultra Inert 30 m x 0.25 mm
% 0.25 ym (Agilent p/n 122-5532U1)

75 °C to 175 °C (15 °C/min), 10 °C/min to 275 °C
(1 min)

MSD source at 250 °C, quadrupole at 150 °C,

transfer line at 280 °C, El mode, scan range
45-450 amu

Table 2. Flow Path Supplies

Vials

Vial caps

Vial inserts

Syringe
Septum

Inlet liners

Ferrules

20x magnifier

Amber crimp-top glass vials
(Agilent p/n 5183-4496)

Crimp caps with 11-mm septa
(Agilent p/n 5181-1210)

100-pL glass/polymer feet
(Agilent p/n 5181-8872)

5 pL (Agilent p/n 5181-1273)
Advanced Green (Agilent p/n 5183-4759)

Deactivated dual taper direct connect
(Agilent p/n G1544-80700)

0.4 mm id short; 85/15 Vespel/graphite
(Agilent p/n 5181-3323)

20x magnifier loupe (Agilent p/n 430-1020)



Sample Preparation

A six-component EPA Method 525.2 pesticide standard mix
and internal/surrogate standard mix were purchased from
Accu-Standard (New Haven, CT) and used to prepare a six-
level calibration standard set. The stock pesticide solution as
delivered had a nominal concentration of 1,000 pg/mL. The
internal/surrogate solution as delivered had a nominal con-
centration of 500 pg/mL. The calibration standards were pre-
pared with component concentrations of 10, 5, 2, 1, 0.5, and
0.1 ug/mL and a constant level of 5 pg/mL of internal/surro-
gate standard as per EPA Method 525.2. All solutions were
prepared in acetone using class A volumetric pipettes and
flasks. Acetone used was JT Baker Ultra Resi Grade pur-
chased thorough VWR International (West Chester, PA).
Acetone was used as a reagent blank and syringe wash
solvent.

An 11-component pesticide standard mix was purchased from
Ultra Scientific and used to prepare a seven-level calibration
standard set. The stock pesticide solution as delivered had a
nominal concentration of 1,000 pg/mL. The calibration stan-
dards were prepared with component concentrations of 10, b,
2.5,1,05,0.25, and 0.1 ug/mL. All solutions were prepared in
2,2 4-trimethylpentane using class A volumetric pipettes and
flasks. The 2,2,4-trimethylpentane used was JT Baker Ultra
Resi Grade purchased thorough VWR International (West
Chester, PA). 2,2,4-Trimethylpentane was used as a reagent
blank and syringe wash solvent.

Results and Discussion

Baseline Inertness Profile for Ultra Inert Columns

The basic approach for inertness verification for the Agilent
J&W Ultra Inert series of capillary GC columns is testing with
aggressive active probes at low concentration and low tem-
perature. [5] This is a rigorous approach that establishes con-
sistent baseline inertness profiles for each column in the
Agilent J&W Ultra Inert GC column series. The baseline inert-
ness profile then serves as a predictor for successful analysis
of chemically active species that tend to adsorb onto active

sites, particularly at trace level, like the organophosphorus
pesticides in this application example. A more detailed
description of the test mix and additional application exam-
ples can be found in references 6 through 8.

Organophosphorus Pesticide Analysis

In this application note, a multilevel pesticide calibration
curve set was evaluated over the concentration range of

0.1 to 10 pg/mL on an Agilent J&W Ultra Inert DB-5 ms 30 m
x 0.25 mm x 0.25 ym (Agilent p/n 122-5532Ul). Separate cali-
bration curves were developed for both the EPA 525.2
organophosphorus and Ultra Scientific standards. The stan-
dard levels used for the 525.2 calibration were 0.1, 0.5, 1, 2, 5,
and 10 pg/mL, while the Ultra Scientific calibration levels
were 0.1, 0.25, 0.5, 1, 2.5, 5, and 10 pg/mL. The custom pesti-
cide standard from Ultra Scientific was used to determine
system performance by analyzing difficult pesticides, such as
endrin and p,p'-DDT, which are prone to analyte breakdown.

No tailing was observed for any of the organophosphorus
pesticide peaks across the range studied in either standard
set. Sharp, symmetrical peak shapes were noted for all the
organophosphorus pesticides analyzed. Good resolution was
obtained for each of the pesticides investigated.

Linearity for the 525.2 standard components was excellent
across the range studied, giving R? values of 0.997 or greater
in all cases but fenamiphos, which had an R? value of 0.978.
This value increases to 0.991 at the midlevel concentrations
as suggested by EPA Method 525.2 Sec. 13.2.3.3. Figure 5
indicates the correlation coefficients for each of the individual
pesticides and shows an example linear regression plot for
disulfoton.

Linearity for the Ultra Scientific standard components was
also quite good across the range studied. RZ values of 0.990
or greater were obtained for the organophosphorus pesti-
cides. Figure 6 indicates the correlation coefficients for each
of the individual pesticides and shows an example linear
regression plot for mevinphos.



1. 1,3-Dimethyl-2-nitrobenzene (SS) 7. Ametryn
2. Acenapthene-d10 (IS) 8. Fenamiphos
3. Cycloate 9. Tribufos (DEF)
4. Prometron 10. Triphenylphosphate (SS)
5. Phenanthrene-d10 (IS) 11. Chrysene-d12 (IS)
6. Disulfoton 12. Perylene-d12 (SS)
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Figure 1. Total ion chromatogram (scan mode) of the 1-ng on-column EPA Method 525.2 standard solution loading on an Agilent J&W DB-5ms Ultra
Inert 30 m x 0.25 mm x 0.25 pm capillary GC column (p/n 122-5532Ul1). Chromatographic conditions are listed in Table 1A.
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Figure 2. Enlarged section of the total ion chromatogram (scan mode) for a 1-uL injection of 1.0 pg/mL EPA Method 525.2 standard pesticide mix.

The peaks noted in the figure are the three organophosphorus pesticides of interest. Chromatographic conditions are listed in Table 1A.
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Figure 3. Total ion chromatogram (scan mode) of the 0.1-ng on-column Ultra Scientific standard solution loading on an Agilent J&W DB-5ms Ultra Inert
30 m x 0.25 mm x 0.25 pm capillary GC column (p/n 122-5532Ul). Chromatographic conditions are listed in Table 1B.
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Figure 4. Enlarged section of the total ion chromatogram (scan mode) for a 1-pL injection of 0.1 ug/mL Ultra Scientific standard pesticide mix
on an Agilent J&W DB-5ms Ultra Inert 30 m x 0.25 mm x 0.25 pym capillary GC column (p/n 122-5532UI). The peak in the figure is
mevinphos, an organophosphorus pesticide of interest. This injection represents an on-column loading of 0.1 ng per component.
Chromatographic conditions are listed in Table 1B.
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Figure 5. Correlation coefficients for the EPA Method 525.2 pesticide components over the 0.1 to 10 ug/mL range of this study and an example
linear regression plot for disulfoton.
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Figure 6. Correlation coefficients for the Ultra Scientific pesticide components over the 0.1 to 10 pg/mL range of this study and an example linear regression
plot for mevinphos.
Conclusions This study was done using scan mode on an Agilent

This application successfully demonstrates the use of an
Agilent J&W DB-5ms Ultra Inert capillary GC column for
trace-level organophosphorus pesticides. Linearity was excel-
lent for all organophosphorus pesticides studied, yielding 0.99
or greater RZ values down to a 0.1-ng on-column loading of
each component. One of the reasons for excellent linearity
and high RZ values is the highly inert surface of the column.
The lack of chemically active sites makes these columns an
excellent choice for trace-level applications.

6890/5975B GC/MSD equipped with an inert electron impact
source. The signal-to-noise ratio for a 0.1-ng on-column load-
ing of mevinphos was greater than 5 to 1 with this system.
This result shows clearly the power of using an Agilent J&W
DB-bms Ultra Inert column for trace-level organophosphorus
pesticides analysis. Lower limits of quantification are expect-
ed when using one of Agilent's latest GC/MS offerings, such
as the 7890/5975C GC/MSD Triple-Axis Detector 