
Dioxins analysis in fly ash samples by using GC/MS/MS

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. In this

application note, we report the measurement result of polychlorinated dibenzo-p-dioxins (PCDDs)

and polychlorinated dibenzofurans (PCDFs) in fly ash sample by using a gas chromatograph triple

quadrupole mass spectrometer JMS-TQ4000GC (Figure 1). In addition, the obtained measurement

results were compared with those of GC/HRMS JMS-800D.
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Method

Table 1 Measurement condition

Figure 1 JMS-TQ4000GC UltraQuad TQ

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 standards (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.

[GC condition]

Inj. volume: 1 µL

Inlet type: Split/Splitless

Inj. mode: Splitless (Purge time 1 min, Purge flow 50 mL/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)

Oven temp.:
130  ̊C (1 min) → 15  ̊C /min → 210  ̊C
210  ̊C → 3  ̊C /min → 310  ̊C
310  ̊C → 5  ̊C /min → 320  ̊C (8.5 min)

[MS condition]

Ionization: EI+

Ionization energy: 70 eV

Ion source temp.: 280  ̊C

ITF temp.: 280  ̊C

Measurement mode: SRM

Compound
Quantifier ion

CE(V)
Qualifier ion 1

CE(V)
Q1 Q3 Q1 Q3

PCDDs

T4CDD 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

O8CDD 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

Table 2 SRM transition



⚫ Peak detection status of CS1

The SRM chromatogram peaks created by averaging the SRM data for the CS1 quantitation ion and reference ion are shown in Figure 2. For the

average SRM chromatogram peak, all isomers, including 2378-T4CDD, which is considered to be the most toxic isomer, were observed with good

peak shape.

Result

Table 3 Standard sample for calibration curve

Isomer CS1 CS2 CS3 CS4 CS5

2378-T4CDD 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-O8CDD 1.0 5 25 100 500

2378-T4CDF 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-O8CDF 1.0 5 25 100 500

IS: PCDD/Fs  10 pg/μL(O8CDD and O8CDF are 20 pg/μL) Unit： pg/μL

Figure 2 Average SRM chromatogram peaks of CS1

TCDDs TCDFs

2378-T4CDD 2378-T4CDF12378-P5CDD
12378-P5CDF

23478-P5CDF

123478-H6CDD

123678-H6CDD

123789-H6CDD 1234678-H7CDD

12346789-O8CDD 12346789-O8CDF

1234678-H7CDF
1234789-H7CDF

123478-H6CDF

123678-H6CDF
123789-H6CDF

234678-H6CDF



⚫ RSD of Av-RRF from CS1-5

The relative standard deviation (RSD) of the average relative response factor (Av-RRF) using the measurement data of CS1-5 (CS1: 5 times, CS2-5: 3

times each repeat measurement data, 17 points in total) is shown in Table 4. The JIS for GC/HRMS requires that a total of 15 or more data points

over the entire concentration range be used to construct a calibration curve, and further specifies that the RSD of the Av-RRF should be less than

10%. The RSD obtained in this measurement ranged from 3.8 to 8.7%, and it was confirmed that all isomers met the reference value (10%) of the

JIS for GC/HRMS.

Compound Isomer Av-RRF SD %RSD Judgment

T4CDD 2378-T4CDD 1.1361 0.0735 6.5 OK(10)

P5CDD 12378-P5CDD 1.1160 0.0810 7.3 OK(10)

H6CDD 123478-H6CDD 1.2419 0.0770 6.2 OK(10)

H6CDD 123678-H6CDD 1.2686 0.0848 6.7 OK(10)

H6CDD 123789-H6CDD 1.1806 0.0801 6.8 OK(10)

H7CDD 1234678-H7CDD 0.9973 0.0761 7.6 OK(10)

O8CDD 12346789-O8CDD 0.9932 0.0437 4.4 OK(10)

T4CDF 2378-T4CDF 1.0500 0.0545 5.2 OK(10)

P5CDF 12378-P5CDF 1.0701 0.0930 8.7 OK(10)

P5CDF 23478-P5CDF 1.0789 0.0880 8.2 OK(10)

H6CDF 123478-H6CDF 1.2049 0.0734 6.1 OK(10)

H6CDF 123678-H6CDF 1.0964 0.0553 5.0 OK(10)

H6CDF 234678-H6CDF 1.0863 0.0530 4.9 OK(10)

H6CDF 123789-H6CDF 1.1117 0.0473 4.3 OK(10)

H7CDF 1234678-H7CDF 1.1641 0.0705 6.1 OK(10)

H7CDF 1234789-H7CDF 1.1090 0.0422 3.8 OK(10)

O8CDF 12346789-O8CDF 1.0303 0.0564 5.5 OK(10)

⚫ IDL

The instrument detection limit (IDL) is shown in Table 5. The JIS for GC/HRMS specifies that the IDL is calculated by tripling the standard deviation of the 

quantification value obtained from five replicate measurements of the lowest concentration. The IDLs obtained in this measurement ranged from 0.033 to 

0.148 pg, and it was confirmed that all isomers met the reference values of the JIS for GC/HRMS.

Isomer CS1-1 CS1-2 CS1-3 CS1-4 CS1-5 IDL
Reference 

(pg)

2378-T4CDD 0.207 0.177 0.201 0.207 0.211 0.041 0.1

12378-P5CDD 0.159 0.212 0.206 0.199 0.175 0.067 0.1

123478-H6CDD 0.368 0.417 0.353 0.418 0.434 0.106 0.2

123678-H6CDD 0.405 0.358 0.446 0.327 0.428 0.148 0.2

123789-H6CDD 0.411 0.377 0.392 0.33 0.415 0.103 0.2

1234678-H7CDD 0.322 0.404 0.344 0.402 0.426 0.133 0.2

12346789-O8CDD 0.987 0.968 1.011 0.937 0.965 0.082 0.5

2378-T4CDF 0.209 0.206 0.202 0.189 0.219 0.033 0.1

12378-P5CDF 0.197 0.185 0.182 0.164 0.24 0.086 0.1

23478-P5CDF 0.206 0.208 0.237 0.205 0.171 0.070 0.1

123478-H6CDF 0.353 0.416 0.43 0.35 0.431 0.123 0.2

123678-H6CDF 0.389 0.399 0.399 0.427 0.361 0.071 0.2

234678-H6CDF 0.38 0.358 0.383 0.396 0.372 0.042 0.2

123789-H6CDF 0.419 0.384 0.403 0.366 0.385 0.061 0.2

1234678-H7CDF 0.45 0.365 0.344 0.405 0.408 0.124 0.2

1234789-H7CDF 0.4 0.368 0.395 0.434 0.389 0.072 0.2

12346789-O8CDF 0.976 0.942 1.007 1.002 0.937 0.098 0.5

Table 4 RSD of average RRF

Table 5 IDL by CS1

⚫Dioxins detection status in fly ash samples

The average SRM chromatogram peaks detected by the JMS-TQ4000GC and the average selected ion monitoring (SIM) chromatogram peaks detected by the 

JMS-800D are shown in Figure 3. The obtained peak pattern of 4-10 chlorinated isomers of JMS-TQ4000GC was almost the same as the peak pattern of JMS-

800D. Next, the quantitative values obtained by JMS-TQ4000GC and JMS-800D are shown in Table 6, and the comparison results are shown in Figure 4. The 

correlation coefficient R2 was 0.999, confirming that the quantitative values obtained by JMS-TQ4000GC are equivalent to those of JMS-800D.



In this application note, the dioxins analysis using the GC/MS/MS “JMS-TQ4000GC” was investigated. As a result, all isomers are detected even in

CS1, which is the lowest concentration standard sample. The RSD of Av-RRF in CS1-5, and the IDL in CS1 also met the reference value of the JIS for

GC/HRMS. In addition, the quantitative values of dioxins in the fly ash samples were almost equivalent to those of the JMS-800D. These results

confirm that the JMS-TQ4000GC is effective in the analysis of dioxins.

Conclusion
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2378-T4CDD 0.011 0.010

12378-P5CDD 0.068 0.066

123478-H6CDD 0.160 0.157

123678-H6CDD 0.575 0.558

123789-H6CDD 0.294 0.287

1234678-H7CDD 1.744 1.760

12346789-O8CDD 1.011 0.963

2378-T4CDF 0.066 0.064

12378-P5CDF 0.029 0.025

23478, 12369-P5CDF 0.051 0.049

123478-H6CDF 0.036 0.036

123678-H6CDF 0.056 0.052

234678-H6CDF 0.098 0.098

123789, 123489-H6CDF 0.023 0.028

1234678-H7CDF 0.115 0.119

1234789-H7CDF 0.034 0.040

12346789-O8CDF 0.058 0.062

Figure 3 Comparison average SIM chromatogram peaks by JMS-800D with average SRM chromatogram peaks by JMS-TQ4000GC

Figure 4 Comparison of quantitative values

Table 6 Quantitative values of 2378-substituted each isomers 
by JMS-TQ4000GC and JMS-800D

JMS-800D

JMS-800D

PCDDs

PCDFs

JMS-TQ4000GC

JMS-TQ4000GC

Unit： pg/μL
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