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A study of dioxins analysis by GC/MS/MS with hydrogen carrier gas

Product used : Mass spectrometer(MS)

Introduction

Dioxins are primarily analyzed by using a gas chromatograph/double-focusing magnetic sector high-
resolution mass spectrometer (GC/HRMS) [1, 2]. Recently, however, the EU and China have
recognized the use of GC-tandem mass spectrometer (GC/MS/MS) for the analysis of dioxins in
food and feed [3, 4]. GC/MS/MS is also being considered by the EPA for measurement. Against this
background, Japan is exploring the use of GC/MS or GC/MS/MS as alternatives to GC/HRMS, and we
have also reported the results of dioxins analysis by GC/MS/MS [5, 6]. Recently, the dioxins analysis

<~/
has been also conducted using alternative carrier gases that is similar to water quality analysis and - NE— 2
pesticide analysis. However, the number of reports of this analysis is very small compared to that of
water quality analysis and pesticide analysis. In this study, we report a comparative analysis of
dioxin analysis by hydrogen carrier gas with helium carrier gas using GC/MS/MS “JMS-TQ4000GC Figure 1JMS-TQ4000GC UltraQuad™ TQ

UltraQuad™ TQ” (Figure 1).

Method

The measurement was performed using GC triple quadrupole mass spectrometer JMS-TQ4000GC UltraQuad™ TQ. The measurement condition is
shown in Table 1, and the selected reaction monitoring (SRM) transitions are shown in Table 2. The Japanese industrial standa rds (JIS) dioxin/furan
calibration solution in nonane(Cambridge Isotope Laboratories, Inc.) was used as the standard sample. The concentration range is shown in Table 3.
Measurement conditions were created based on results of 1) Change in mass spectrum, 2) Change in chromatographic peak, and 3) Optimization of

flow rate by S/N value and column separation. And then, the measurement was performed using both splitless the pulsed splitless modes.

Table 1 Measurement condition

[GC condition]
. 1 pL(Splitless

Inj. volume: 2 tLElesed s)plitless)

Inlet type: Split/Splitless

Inj. mode: Splitless (Purge time 1 min, Purge flow 50 mL/min)
Pulsed splitless (Pulsed pressure 210 kPa, Pulsed time 0.9 min)

Gas saver: 15 mL/min, 3 min

Inlet temp.: 280°C

Column flow: 1 mL/min (Constant flow)

GC column: BPX-DXN(60 m x 0.25 mm)
130°C (1 min) > 15°C /min = 210°C

Oven temp.: 210°C > 3°C/min > 310°C

310°C - 5°C/min - 320°C (8.5 min)

[MS condition]

lonization: El+
lonization energy: 70 eV
lon source temp.: 280°C
ITF temp.: 280°C
Measurement mode: SRM

Table 2 SRM transition

Quantifier ion Qualifier ion 1
Compound name 3 Y] CE(V) o Y] CE(V)

PCDDs

TACDD 319.9 256.9 25 321.9 258.9 25
P5CDD 355.9 292.9 25 357.9 294.9 25
H6CDD 389.8 326.9 25 391.8 328.9 25
H7CDD 423.8 360.8 30 425.8 362.8 30
08CDD 457.7 394.8 30 459.7 396.8 30
PCDFs

T4CDF 303.9 240.9 30 305.9 242.9 30
P5CDF 339.9 276.9 30 341.9 278.9 30
H6CDF 373.8 310.9 35 375.8 312.9 35
H7CDF 407.8 344.8 35 409.8 346.8 35
O8CDF 441.8 378.8 35 443.8 380.8 35
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Table 3 Standard sample for calibration curve

Isomer CS1 CS2 CS3 CS4 CS5
2378-TACDD 0.2 1 5 20 100
12378-P5CDD 0.2 1 5 20 100
123478-H6CDD 0.4 2 10 40 200
123678-H6CDD 0.4 2 10 40 200
123789-H6CDD 0.4 2 10 40 200
1234678-H7CDD 0.4 2 10 40 200
12346789-08CDD 1.0 5 25 100 500
2378-TACDF 0.2 1 5 20 100
12378-P5CDF 0.2 1 5 20 100
23478-P5CDF 0.2 1 5 20 100
123478-H6CDF 0.4 2 10 40 200
123678-H6CDF 0.4 2 10 40 200
234678-H6CDF 0.4 2 10 40 200
123789-H6CDF 0.4 2 10 40 200
1234678-H7CDF 0.4 2 10 40 200
1234789-H7CDF 0.4 2 10 40 200
12346789-08CDF 1.0 5 25 100 500
IS: PCDD/Fs 10 pg/uL(O8CDD and O8CDF are 20 pg/pL) Unit: pg/uL

Result

® Changing chromatogram peak by hydrogen carrier gas

The SRM chromatogram peaks were created by averaging the SRM data for the quantitation ion and reference ion. The average SRM
chromatogram peak of TACDF at CS3 using both carrier gases are shown in Figure 2. Only one peak was observed by helium carrier gas, while a lot
of peaks were observed by hydrogen carrier gas. Generating low-chlorinated isomer by the reduction reaction of high-chlorinated isomer was

suggested. The reduction reaction was also observed in other chlorinated isomers, especially in samples with high concentration.
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Figure 2 Average SRM chromatogram peaks of T4ACDF

® Comparison of the Av-S/N values by hydrogen carrier gas and helium carrier gas
The average S/N (Av-S/N) values of three repeated measurements of CS3 obtained in splitless mode using both carrier gases are shown in Table 4,
and the corresponding bar graph is shown in Figure 3. Av-S/N values by hydrogen carrier gas were 0.6 times lower than Av-S/N values by helium

carrier gas.

Table 4 Av-S/N value by each carrier gas

Isomer He H,
2378-TACDD 3414.0 2260.4 4500.0 -
12378-P5CDD 1769.0 1085.3 ° 4000.0
123478-H6CDD 2958.9 1835.0 = 3500.0 u
N < 3000.0
123678-H6CDD 2885.2 1809.6 ; 2500.0
e - -
= - - % 1500.0
12346789-08CDD 3030.3 1703.4 1000.0
2378-TACDF 4010.7 1065.9 500.0 I I I II I
12378-P5CDF 1664.8 1016.1 0.0
23478-PSCDF 1051.8 1073.2 N RNRNRRRRORORNRNONORNRRR
FLEEIREFLIREELE L
123478-H6CDF 3895.5 1334.5 *FS2IEECFIEIASESE
123678-H6CDF 3957.5 1410.6 20 A > B 220 PRI
234678-H6CDF 3668.6 1336.3 S & § § § 2833 § § § § ¥
123789-H6CDF 1266.0 1108.8 588838 T T U g ogooo0®
o o o O o m M M M O O 0O
1234678-H7CDF 3001.4 1414.2 © g nhog
1234789-H7CDF 1573.6 1341.8
12346789-08CDF 4215.4 2305.8 Figure 3 Comparison of Av-S/N value by each carrier gas
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® Peak detection status of CS1
The average SRM chromatogram peaks of CS1 using splitless mode with hydrogen carrier gas are shown in Figure 4. All target components were

detected with good peak shape.
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Figure 4 The average SRM chromatogram peaks of PCDDs and PCDFs

® Comparison by the RSD of average RRF

The RSD values of average RRF (Av-RRF) are shown in Figure 5, and were calculated using the measurement data from CS1-5 in accordance with Japanese
regulation (JIS). For splitless mode with helium carrier gas, all target components met the reference value (10% or less). For splitless mode with hydrogen
carrier gas, four components exceeded the reference value. For pulsed splitless mode with hydrogen carrier gas, one component showed a value above the
reference value. This is presumed to be due to the reduced sensitivity with hydrogen carrier gas and the reduction reaction occurring during injection, which

results in the formation of low-chlorinated isomers from high-chlorinated isomers.
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Figure 5 RSD of Av-RRF
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® Comparison by the IDL

The IDL for each Injection mode/carrier gas combination is shown in Table 5. The IDL was calculated using measurement data from CS1 in accordance with

JIS. For splitless mode with helium carrier gas and pulsed splitless mode with hydrogen carrier gas, all target components were less than the reference value.

For splitless mode with hydrogen carrier gas, only 1234789-H7CDF was over the reference value.

Table 5 The IDL by each measurement

Isomer Reference value He, Splitless H,, Splitless H,, Pulsed splitless

2378-T4ACDD 0.1 0.04 0.06 0.07
12378-P5CDD 0.1 0.07 0.06 0.03
123478-H6CDD 0.2 0.11 0.15 0.05
123678-H6CDD 0.2 0.15 0.15 0.10
123789-H6CDD 0.2 0.10 0.16 0.16
1234678-H7CDD 0.2 0.13 0.09 0.11
12346789-08CDD 0.5 0.08 0.48 0.26
2378-TACDF 0.1 0.03 0.02 0.05
12378-P5CDF 0.1 0.09 0.04 0.07
23478-P5CDF 0.1 0.07 0.05 0.04
123478-H6CDF 0.2 0.12 0.16 0.07
123678-H6CDF 0.2 0.07 0.10 0.05
234678-H6CDF 0.2 0.04 0.07 0.07
123789-H6CDF 0.2 0.06 0.14 0.07
1234678-H7CDF 0.2 0.12 0.20 0.09
1234789-H7CDF 0.2 0.07 0.21 0.09
12346789-08CDF 0.5 0.10 0.31 0.11

Conclusion

Verification based on JIS K0311 and JIS K0312 showed that while the RSD of the Av-RRF met the reference value with helium carrier gas, it did not

achieve the reference value for some components when using hydrogen carrier gas. Additionally, IDL results suggests that hydrogen carrier gas

appeared to reduce high-chlorinated isomers, producing low-chlorinated isomer. For splitless mode with hydrogen carrier gas, all target

components in CS1 were detected; however, four components in the RSD of Av-RRF and 1234789-H7CDD in the IDL exceeded the reference value.

For pulsed splitless mode with hydrogen carrier gas, the RSD of the Av-RRF exceeded the reference value only for 12346789-08CDD, while the IDL

for all target components remained within the reference value. In the future, we plan to conduct further studies focused on 1) chromatographic

separation of each isomer, 2) reduction of byproduct formation, and 3) improvement of stability while controlling the amount of hydrogen gas.
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