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Introduction
Laboratories monitoring pesticides and herbicides by gas
chromatography/mass spectrometry (GC/MS) frequently
use selected ion recording (SIR, also called SIM) techniques to maximize analytical sensitivities for quantification. This comes at the expense of qualitative information,
providing a definite reference spectral match. When realworld samples are analyzed, contaminates with similar
ions can interfere with the quantification of individual
target compounds, requiring additional runs with a dualcolumn GC. In addition, high concentrations of pesticides and herbicides may exceed calibration curves for
dual-column or SIR methods.
This Field Application Report (FAR) outlines a SIFI™
(Selected Ion Full Ion) method that allows for the
quantification of low-level pesticides and herbicides
using SIR mode with ion ratios for confirmation, while
performing quantification of higher concentrations using
full-scan mode simultaneously. This will increase the
laboratory’s productivity by eliminating the need to run
confirmatory analysis on dual-channel GCs and provide
a larger dynamic range that will cover trace (low ppb)
level concentrations up to high ppm levels.
Calibration curves for 40 pesticides and herbicides
with one internal standard were obtained from running
standards prepared by serial dilution on the Clarus 500
GC/MS in SIFI mode. MDLs (minimum detection limits)
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were calculated for all compounds using both SIR and
full-scan mode. Real environmental samples were then
run and compared to check the validity of the method.
The environmental samples were run with and without
column cleanup, a technique typically employed to
remove contaminates that may interfere with the analysis
and/or quantification.
Experimental
The PerkinElmer® Clarus® 500 GC/MS with programmable split/splitless injector was used for this analysis.
The experimental parameters for the GC are outlined
in Table 1. Sample volumes of 1.0 µL were injected into
the Clarus 500 GC programmable split/splitless injector
incorporating a 1-mm i.d. Siltek® liner. The injectionport temperature was set at 275 ˚C (isothermal). The
capillary column was a 30 m x 0.25 mm x 0.25 df,

Table 1. GC Parameters.
Injector:

275 ˚C isothermal
1-mm i.d. liner
1.0 µL volume
Split off at -0.5 min, on at 0.5 min

GC Oven:

80 ˚C
20 ˚C/min to 145 ˚C
3 ˚C/min to 240 ˚C
35 ˚C/min to 290 ˚C for 2.9 min

Elite-CLPesticides column (PerkinElmer part no. N9316662).
The oven temperature program was initially set at 80 ˚C
for 0.75 min, ramped to 145 ˚C at 20 ˚C/min, then to 240 ˚C
at 3 ˚C/min, and finally to 290 ˚C at 35 ˚C/min for 2.9 min.
The MS parameters are outlined in Table 2. It is important to note that the full-scan mode and the SIR modes
operate simultaneously. The full-scan mode is continuous during the entire chromatographic run, while the
individual SIR modes have definitive start and stop
times. The actual start/stop times for the individual SIR
modes are listed in Table 3 along with the individual
ions being scanned.

Table 2. MS Parameters.
Temperatures:

Transfer line:
Source:

275 ˚C
250 ˚C

Full-Scan Mode:

m/z 45 to m/z 400
Scan time:
Inter-scan Delay:

0.20 sec
0.01 sec

SIR Mode:

3 to 7 ions per SIR function
0.04 sec dwell
0.01 sec delay

Table 3. SIR Mode Settings.
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Function
Number

Start
Time

Stop
Time

Ions (Da)

Compounds

1

5.0

38.0

full scan (45-400)

full compound list

2

5.0

5.5

235, 237, 239

hexachlorocyclopentadiene

3

6.6

7.1

183, 185, 211

etridiazole

4

7.7

8.2

91, 193, 207

chloroneb

5

10.3

10.8

142, 284, 286

hexachlorobenzene

6

11.1

11.8

77, 120, 176, 181, 183, 219

alpha-lindane, propachlor

7

12.5

13.1

68, 173, 181, 183, 201, 219

gamma-lindane, simazine

8

12.9

13.4

58, 142, 173, 200, 237, 249

pentachloronitrobenzene (IS), atrazine

9

13.1

13.6

109, 181, 183

beta-lindane

10

13.3

14.0

137, 153, 179, 199

diazinon

11

13.5

14.1

248, 264, 306

trifluralin

12

13.9

14.4

181, 183, 219

delta-lindane

13

14.8

15.5

57, 74, 100, 198, 272, 274

heptachlor, metribuzin

14

16.3

16.8

66, 101, 263

aldrin

15

16.7

17.2

264, 266, 268

chlorothalonil

16

17.2

17.7

76, 152, 312

dibromophenyl

17

17.7

18.2

45, 160, 188

alachlor

18

18.5

19.1

109, 125, 263

methyl parathion

19

19.5

20.2

81, 162, 163, 238, 353, 355

heptachlor epoxide, metalochlor

20

19.8

20.3

299, 301, 303

DCPA

21

20.2

21.4

373, 375, 377

gamma-chlordane, alpha-chlordane

22

21.4

22.1

68, 170, 207, 212, 225, 241

endosulfan I, cyanazine

23

21.8

22.3

246, 248, 318

p,p-DDE

24

22.8

23.3

79, 108, 263

dieldrin

25

23.9

24.4

67, 81, 263

endrin

26

25.0

25.6

162, 195, 207, 235, 237, 241

p,p-DDD, endosulfan II

27

25.3

25.8

111, 139, 251

chlorobenzilate

28

26.5

27.0

165, 235, 237

p,p-DDT

29

27.5

28

67, 250, 345

endrin aldehyde

30

29.6

30.3

212, 227, 228, 272, 274, 387

methoxychlor, endosulfan sulfate

31

34.8

36.1

163, 165, 183

cis-permethrin, trans-permethrin

32

37.4

38.0

163, 165, 181

cypermethrin

Results
Twenty-five of the 40 pesticides/herbicides were calibrated from 1 ppb (pg/µL) to 50 ppm (ng/µL) using SIR
and full-scan modes simultaneously. Seven pesticides
were calibrated from 5 ppb, while another five were
calibrated from 10 ppb. Three of the pesticides required
50-ppb standards to calibrate. These varying levels and
corresponding MDLs are due to the degree of fragmentation occurring during electron ionization (EI). SIR
calibration curves were used from the lowest level
standard through 0.5 ppm. The full-scan calibration
was used from 0.1 ppm (for 33 of the 40 pesticides/
herbicides – 0.5 ppm for the other 7) through 50 ppm.
Method detection limits were calculated as three times
the standard deviation of seven replicates. Using SIR
data, MDLs for the 25 pesticides/herbicides that were detected at 1 ppb were calculated to be from 0.3 to 0.5 ppb.
The seven pesticides calibrated from 5 ppb had MDLs
from 2.0 to 2.4 ppb. Five pesticides had MDLs at 4.2 to
6.0 ppb and three pesticides had 18 to 24 ppb MDLs.

Using the full-scan data, MDLs were typically from 30
to 60 ppb.
Figure 1 shows a screen capture of the quantified results in the interactive data-review environment of
TurboMass™ GC/MS software. The top-left window
shows a summary by compound of the standards used
in the SIR calibration. The top-right window displays
the calibration curve for the compound (i.e. chloroneb).
The lower-left window shows a raw, background subtracted and reference spectrum for the compound. The
bottom-middle window shows the integration of the
analyte peak and the internal standard. Finally, the
bottom-right window shows the quantify-trace ion and
the qualifier ions used to determine if the peak satisfies
the ion ratios. Notice the two ‘Pass’ words to the far
right, indicating that the qualifier ions match the
necessary ranges. Linear correlation coefficients for
all pesticides/herbicides for the SIR data were between
0.990 and 0.999. For the full-scan data, linear correlation coefficients were between 0.997 and 0.999.

Figure 1. Example of interactive data review in TurboMass operating software.

w w w. p e r k i n e l m e r. c o m

3

To validate the SIFI method, five real environmental
samples were run and quantified using the calibration
curves constructed from the 40-analyte pesticide/herbicide mix. One sample was an extracted fat sample. The

Table 4. Summary of results for environmental samples.

Sample

Concentration Results
Expected (ppm) Using SIFI
(ppm)
(% Recovery)

Fat
Trifluralin
Methyl Parathion
Dieldrin

0.14
0.30
0.26

0.15 (107%)
0.26 (87%)
0.25 (96%)

Feed – with cleanup
Alachlor
0.54
Diazinon
0.42
Cypermethrin
0.38

0.24 + 0.15 + 0.11 = 0.50 (93%)
0.32 + 0.12 + 0.00 = 0.44 (105%)
0.24 + 0.10 + 0.00 = 0.34 (89%)

Feed – without cleanup
Alachlor
0.54
Diazinon
0.42
Cypermethrin
0.38

0.58 (107%)
0.44 (105%)
0.40 (105%)

other four were extracted feed samples. Three of the feed
samples had additional cleanup performed to remove
interferences, while the other feed sample had no cleanup.
Table 4 summarizes the results. The cleanup of the
feed samples distributes the pesticides into different
fractions that need to be analyzed separately and summed. This, by itself, creates three times the analytical
work compared to running the sample without cleanup.
Note the apparent loss of cypermethrin using the cleanup
numbers. In addition, comparison of a sample with
cleanup versus a sample without cleanup (Figures 2 and
3 respectively) shows a major difference of the diazinon
peak. The sample where cleanup was performed shows
a dominating interference adjacent to the diazinon peak
(having the same ions as the SIR for diazinon). This
could have greatly influenced the results if the chromatographic resolution was any less. Without cleanup,
the diazinon peak is dominant. The potential for erroneous results from the cleanup (which is performed to
directly minimize this phenomenon) cannot be ignored.

Figure 2. SIR chromatograms showing peaks of diazinon, alachlor and cypermethrin of a cleanup sample.
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Conclusions
A data-acquisition method is demonstrated, which
allows the user to quantify from 1 ppb to 50 ppm on a
single set of 40 pesticides and herbicides standards run
only once. It uses the TurboMass SIFI method of simultaneous SIR and full-scan data acquisition. The linear
correlation coefficients were above 0.990 for the SIR
portion of the calibration curve and above 0.997 for the
full-scan portion of the calibration curve. MDLs were
found to be a function of the degree of fragmentation.
For pesticides with limited fragmentation, MDLs were
as low as 0.3 ppb in SIR mode and 30 ppb in full-scan

mode. Five real environmental test samples were run on
this calibration curve to assess the quality of the data.
Results were generally within 10% of expected values.
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Figure 3. SIR chromatograms showing peaks of diazinon, alachlor and cypermethrin of the sample without cleanup.
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