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1.Introduction

1.1. low-pressure GC-MS (LPGC-MS)

Vam Deemter equation shows that the separation performance of chromatography depends on the diffusion coefficient of the

substance in the mobile phase. It is also established that the diffusion coefficient of a substance in a gas is inversely

proportional to the pressure. The low-pressure GC-MS (LPGC-MS) method is a technique that applies this principle and

improves the analysis speed by maintaining the column pressure at a vacuum using the vacuum system of the MS. LPGC-MS

uses a short analytical column with an inner diameter of 0.53mm to 0.32mm, with a restrictor connected to the GC inlet side

(→Figure 1). Reducing the length of the column would normally reduce the separation performance, but in LPGC-MS, we can

minimise this effect by improving the separation performance through reducing the internal pressure.

1.2. LPGC-MS using nitrogen carrier gas

Figure 1. LPGC-MS configuration
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In this report, we examined a case study of pesticide analysis using the LPGC-

MS method with nitrogen carrier gas in the JMS-Q1600GC. As mentioned

above, LPGC-MS is a method of increasing the separation performance of a

column by improving the diffusion coefficient in response to a decrease in the

internal pressure of the column. In general, GC-MS analysis using nitrogen

carrier gas improves sensitivity by reducing the flow rate of the carrier gas, so it

is thought that LPGC-MS, which improves separation performance by reducing

the internal pressure of the column, is highly compatible with this. In addition,

LPGC-MS uses columns with a large inner diameter of 0.53mm to 0.32mm, so it

is also superior in terms of column loading volume and increasing the injection

volume. The purpose of the study was to apply this method to the analysis of

pesticides in tap water. The effectiveness of this method for the analysis of

pesticides in tap water was evaluated based on performance indicators such as

detection sensitivity, calibration curve linearity, and reproducibility.

JMS-Q1600GC UltraQuad™ SQ-Zeta



2.Experiments

A gas chromatograph mass spectrometer, JMS-Q1600GC UltraQuad™ SQ-Zeta, and LPGC Rtx-5ms column kit, 0.32 mm ID

(catalog number: 11802, Restek Corporation.) for LPGC-MS were used for the measurement. Table 1 shows the measurement

conditions for the samples. The acquisition mode for the MS was set to SIM, and the monitor ions were set to the 134

components listed in Methods 5, 5-2, and 25 of the attached list of target pesticides in the list of target pesticides (Water Quality

Management Target Setting Item 15) for agricultural chemicals.

The retention time checking sample were prepared by mixing the following standard solutions of pesticides: WQ1, WQ2, WQ5,

and WQ10 (20 μg/mL each in Acetone solution, FUJIFILM Wako Pure Chemical Corporation), Endosulfan α and β, Prothiofos,

Prothiofos oxon, and CNP-amino. To prepare calibration curves and check reproducibility, we diluted a 13-type pesticide

mixture standard solution (10 µg/mL each in acetone, FUJIFILM Wako Chemical Corporation) to 1～100μg/L and added the

internal standard substances Anthracene-10, 9-Bromoanthracene, and Chrysene-d12 at a concentration of 100 μg/L.

3.Results

3.1. Comparison of TICC and EIC for measuring 134-pesticides.

Figure 2 shows the TICC and EIC of etofenprox when the retention time checking sample was measured using GC-MS under

normal conditions. Figure 3 shows the TICC and EIC of etofenprox when the sample was measured using LPGC-MS.

A comparison of analysis times revealed that a measurement that would normally require over 40 minutes using GC-MS could

be completed in approximately 20 minutes using LPGC-MS. Similarly, a comparison of peak widths using EIC for etofenprox

demonstrated that the results were comparable between GC-MS and LPGC-MS. It is difficult to separate the eluted peaks using

TICC, but it is possible to separate them using the EIC for each pesticide. The results of checking the separation behavior of

each pesticide using the EIC around the 10 minute, when the peaks elute the most, are shown in the Figure 4.

Etofenprox

Figure 2. TICC of 134 pesticides measured using the conventional GC-MS with He method and EIC of Etofenprox
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Figure 3. TICC of 134 pesticides measured using the LPGC-MS with N₂ method and EIC of Etofenprox

Total time = 20.5min
Column： LPGC Rtx-5ms Column Kit, 0.32 mm ID (Restek Corporation)

Oven： 70℃(1min) → 20℃/min → 200℃(0min) → 10℃/min → 3000℃(3min)

Total time = 40min
Column： VF-5ms 30m x 0.25mm, 0.25µm (Agilent Technologies, Inc)

Oven：70℃(1min) → 10℃/min → 200℃(0min) → 5℃/min → 290℃ → 20℃/min → 310℃(3min)

Etofenprox

Parameter Value

G
C

Column LPGC Rtx-5ms Column Kit, 0.32 mm ID (Restek Corporation) ※

Oven 70℃(1min) → 20℃/min → 200℃(0min) → 10℃/min → 3000℃(3min)

Carrier gas N₂, Constant Flow, 0.5mL/min

Inlet temp. 250℃

Injection Pulsed Splitless, 3μL

M
S Interface temp. 250℃ Ion source temp. 250℃

Ionization energy 20eV Acquisition mode SIM

※ … 10 m x 0.32 mm ID x 1.00 µm Rtx-5ms column and 5 m x 0.15 mm ID restrictor

Table 1. Measurement condition



Figure 4. EIC of pesticides that dissolve around 10 minutes

EIC
← Benfresate(𝑚/𝑧 256)

← Tolclophos methyl oxon(𝑚/𝑧 249)

← Fenitrothioni oxone(𝑚/𝑧 244)

← Diclofentione (𝑚/𝑧 279)

← Propanil (𝑚/𝑧 161)

← Metribuzin(𝑚/𝑧 198)

← Bromobutide(𝑚/𝑧 119)

← Malaoxon(𝑚/𝑧 127)

← Terbucarb (𝑚/𝑧 205)

← Chlorpyrifos-methyl(𝑚/𝑧 286)

← Simetryn(𝑚/𝑧 213)

← Simeconazole(𝑚/𝑧 121)

← Torclofos-methyl(𝑚/𝑧 265)

← Ametryn(𝑚/𝑧 227)

← Alachlor(𝑚/𝑧 188)

← Promethrin(𝑚/𝑧 241)

← Symmethylin(𝑚/𝑧 105)

← Metalaxyl(𝑚/𝑧 249)

← MPP Oxon(𝑚/𝑧 262)

← Dithiopyr(𝑚/𝑧 354)

← Pyrimiphos-methyl(𝑚/𝑧 290)

← Fenitrothion (𝑚/𝑧 277)

← Esprocarb(𝑚/𝑧 91)
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Thiobencarb(𝑚/𝑧 100) →
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Quinoclamine (𝑚/𝑧 207) →
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Isophenphosoxone(𝑚/𝑧 229) →

Tetraconazole(𝑚/𝑧 336) →

Chlorthal dimethyl (𝑚/𝑧 301) →
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3.2 Calibration curves and reproducibility checks for 13-pesticides

Samples for a calibration curve and checking reproducibility were measured using the LPGC-MS method, and the resulting

calibration curve is presented in Figure 5. The correlation coefficient (r) of the calibration curve is 0.99 or higher for all

components, indicating good linearity.

Table 2 illustrates the coefficient of variation (C.V.) of the quantitative values when the concentration of 10 μg/L was measured

continuously with n = 5 trials, among the samples utilized for the calibration curve creation and reproducibility confirmation.

Figure 6 depicts the SIM chromatograms of each pesticide for the initial repetition.

The coefficient of variation for 10µg/L is 10% or less for all components, indicating good reproducibility. Furthermore, the

chromatograms for each pesticide can be detected with sufficient intensity, thereby confirming the reliability of the results.

Figure 5. Calibration curves for each of the 13 pesticide components
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No. Name C.V.(%)

1 Dichlorvos 4.7

2 Phenobcarb 4.4

3 Shimazine 3.5

4 Propizamide 4.4

5 Diazinon 5.0

No. Name C.V.(%)

6 Chlorothalonil 1.7

7 Iprobenfos 6.2

8 Phenitrothion 6.9

9 Thiobencarb 2.9

10 Isoprothiolane 6.9

No. Name C.V.(%)

11 Isoxathion 8.4

12 Chloronitrofen 6.7

13 EPN 8.5

Figure 6. EIC for each of the 13 pesticide components

Table 2. coefficient of variation for each of the 13 pesticide components
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3.3. Comparison of sensitivity between GC-MS and LPGC-MS under normal conditions

Figure 7 shows the results of comparing the EIC of Chloronitrofen at a concentration of 0.5 µg/L using normal GC-MS and

LPGC-MS. Chloronitrofen has the lowest target value of all the pesticides in tap water. Even after pretreatment with a 500-fold

concentration in accordance with the notification method, the final concentration of the test solution is extremely low at 0.5 µg/L.

Figure 7 clearly shows that the LPGC-MS method with a nitrogen carrier gas can detect a peak for 0.5 μg/L Chloronitrofen, with

a signal-to-noise ratio that is comparable to that of the normal GC-MS method with helium.

4.Conclusion

The examination of the analysis of pesticides using the LPGC-MS method with a nitrogen carrier gas for the purpose of

application to tap water revealed that the measurement time could be reduced to approximately half that of the normal GC-MS

method. A more detailed investigation of the quantitative performance for 13-pesticide components revealed a calibration curve

with good linearity, as indicated by a correlation coefficient of 0.99 or higher, within the concentration range of 1 to 100 μg/L.

The reproducibility was found to be less than 10% C.V. at a concentration of 10 μg/L. Furthermore, in the case of chlornitrofen,

which has the lowest target value of all the pesticides in tap water, a peak was identified at 0.5 μg/L, which is equivalent to the

target value based on the concentration factor assumption of the notification method. The sensitivity achieved was

approximately equivalent to that of conventional GC-MS with helium. Based on these findings, it can be posited that the LPGC-

MS method utilizing a nitrogen carrier gas is adequately equipped to analyze pesticides in tap water.

Figure 7. Comparison of EIC for 0.5 μg/L Chloronitrofen measured using the LPGC-MS with N₂(Left) and 

conventional GC-MS with He(Right)


