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Abstract

Low level detection of 1,4-dioxane is required. The detection limits vary with regula-
tory requirements from state to state and country to country. As instrument sensitiv-
ity has improved, it has become possible to detect compounds at lower and lower
levels. This application note investigates the detection of 1,4-dioxane down to a
0.02 ug/L level using an Agilent 240 lon Trap in the EI/MS/MS mode.

Introduction

The US EPA has classified 1,4-dioxane as a probable human carcinogen. This com-
pound is associated with a number of other health concerns ranging from skin, lung,
and eye irritation, to headaches and anorexia. There are several exposure pathways,
namely inhalation of vapors, ingestion of contaminated food and water, or dermal
contact. 1,4-Dioxane has also been classified as an emerging contaminant.

Because of its widespread use as a chlorinated solvent stabilizer, 1,4-dioxane may
be found in the presence of high concentrations of 1,1,1-trichloroethane.

In 2008, the EPA developed EPA Method 522 for the analysis of 1,4-dioxane in water
to improve detection limits, precision, and accuracy. It describes a solid phase
extraction of sample, followed by extract concentration to 1 mL, and injection into a
GC/MS in selected ion monitoring (SIM) mode.

This application note shows the use of MS/MS easily meets the demands of
EPA Method 522.
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Experimental

Calibration standard solutions

A series of calibration standards to encompass the desired
calibration range were prepared. The calibration standards
contained varying amounts of 1,4-dioxane, with fixed amounts
of both the Surrogate and the Internal Standard, prepared in
DCM. The number of standards required was determined by
the calibration range. Three standards were required for one
order of magnitude, six standards for two orders of magnitude
and nine standards for three orders of magnitude.

The calibration curve associated with this application note
data contained nine standards with concentrations of
1,4-dioxane ranging from 0.001 pg/mL to 0.50 pg/mL. (This
corresponds to a concentration range of 0.02—10 pg/L in the
drinking water samples.) The lowest standard is % the level
of the lowest concentration required by EPA Method 522.

The concentrations of both 1,4-dioxane-d8 (SUR) and
THF-d8 (IS) were 0.200 pg/mL in each standard.

Calibration

Calibration curve

The GC/MS MassHunter Software was used to create a cali-
bration curve for 1,4-dioxane using the Internal Standard cal-
culation technique. Concentrations were determined through
the use of a linear calibration curve. Because the surrogate is
added to all samples and standards at a single concentration,
the calibration for the surrogate was accomplished using the
average response factor.

Calibration acceptance criteria

When quantitated using the calibration curve, each calibration
point, except the lowest point, should quantitate within
80-120% of its true value. The lowest point should quantitate
within 60-140% of its true value.

Experimental conditions

All analyses were performed on an Agilent 7890A GC System
equipped with an Agilent 7693 Automatic Sampler and an
Agilent 240 lon Trap GC/MS in Electron lonization (EI) mode.
MS/MS was used to enhances selectivity and sensitivity.

lon trap setup parameters for 522

lon Trap temperature 200 °C
Manifold temperature 60 °C
Transferline temperature 250 °C
Autotune

Scan type El/MS/MS

GC setup parameters for 522

Column 20 m x 150 pm, 0.84 pm VF-624
Flow column 0.5 mL/minute
Oven 35 °C hold for 1.0 minutes

7 °C/min to 90 °C no hold,
50 °C/min to 280 °C

Equilibrium/stabilization time 2 minutes

MS/MS setup

Precursor Isolation Excitation Excitation Production Production
Compound ion window Waveform storage amplitude  start end
THF-d8(IS) 78 1 Resonant  29.7 0.2 40 78
1-4 dioxane 88 1 Resonant  33.5 0.21 50 88
1-4 dioxane d8 96 1 Resonant  36.6 0.21 50 96



GC setup parameters for 522

* MMI Injector operated in the pulsed splitless mode
* Insert - 2 mm dimple liner (p/n 5190-2297)

* 200 °C isothermal

 Purge flow to split vent 60 mL/min at 0.5 minutes

* 2 pLinjection volume

Results and Discussion

Calibration from 1-500 ng/mL
1-4 dioxane, shown is the 1.0 ng/mL level

Sample 1-4 Dioxa... 1-4 Dicwane Results |Qualifier..| THF ¢-8 {(ISTD)..|
T | ¥ |Name Data File Type |Leve| Acqg. Date-Time Exp. Conc.| RT | Resp. |MI|Calc. Conc. |Final Conc. |Accuracy | Ratio| MI| RT | Resp.
¥ (100 | 100 1-31-51 PM 3-20-2013.5M.. [ Cal & 32072013 1:31 PM 100.0000| 86.| 37465| 101.0984| 101.0984 101.1] 389|[ | 7.033 233394
¥ | 500 | 500 1-53-30 PM 3-20-2013.5M.. | Cal g 32002013 1:53 PM 5000000 85.| 174582\ | 512.1234| 512.1234 1024| 352\ | 7.020 215387
¥ | 300 | 300 2-15-08 PM 3-20-2013.5M. | Cal 7 32002013 215 PM 3000000 85.| 103332|[| 292.3664| 2923664 975| 357|[| 6993 223174
¥ |50 50 2-36-52 PM 3-20-2013.5MS.D | Cal 5 J20/2013 2:36 PM 50.0000| B86..| 16861 46.6974| 466974 934 363[[ | 7.027 222337
¥ [20 20 2-58-43 PM 3-20-2013.5MS.D | Cal 4 3/20/2013 2:58 PM 20.0000) B6. 6934| 18.6492 18.6492 932| 368[[ | 7.020 230147
¥ [10 10 3-20-38 PM 3-20-2013.5MS.D | Cal 3 2002013 3:20 PM 10.0000| B5. 3275 8.8085 8.8085 88.1] 36| | 7.023 224850
¥ |5 53-42-24 PM 3-20-2013.5M5D | Cal 2 Y20/2013 3:42 PM 50000 85. 1714| 4 6876 4 6876 938| 317(| 7.003 212885
¥ [2 24-25-51 PM 3-20-2013.5MS.D | Cal 1 Y20/2013 4:25 PM 20000 85. 981{™ 25275 25275 1264| 298| | 6993 211761
¥ |1 17-19-11 PM 3-20-2013.5MS5D | Cal 0 3202013 7:19 PM 1.0000| 86.. 444 1.0417 1.0417 1042] 273|7| 7.037 194419
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Surrogate 1-4 dioxane d-8
Green squares are IS THF d-8 response

Sample 1-4 Dioxane d-.. 1-4 Dicxane d-8 Results Qualifier..| THF d-8 (15TD)..
@ % |Name Data File Type |Level| Acg. Date-Time Exp. Conc. RT |Resp.|MI|Calc. Conc. | Final Conc. |Accuracy| Ratio nlﬂ RT Resp.
¥ 100 | 100 1-31-51 PM 3-20-2013.5M.. | Cal & 3202013 1:31 P.. 200.0000| 8.540| 107.[" | 210.9725| 210.9725 1055] 635 | 7.033] 23334
¥ |[500 | 500 1-53-30 PM 3-20-2013.5M.. | Cal 2 2072013 1:53 P. 200.0000] 8533| 983 || 203.3096| 208.20% 1042| €82| | 70200 215387
¥ 300 |[300 2-15-08 PM 3-20-2013.5M.. | Cal 7 3/20/2013 2.15 P.. 200.0000] 8518) 100.[I"| 205.6744] 2056744 102.8) 647 | 6993 223174
¥ |BD B0 2-36-52 PM 3-20-2013.5M5.D | Cal 5 2072013 2:36 P 200.0000] 8537| 980, || 201.2815] 201.2815 1006] 649| | 7.027] 222337
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¥ [B B 3-42-24 PM 3-20-2013.5M5.D | Cal 2 2072013 342 P 200.0000] 8526 636. | | 1363853 136.3852 62.2| 638 | 7003] 212885
¥ |2 2 4-25-51 PM 3-20-2013.5M5.D | Cal 1 2072013 425 P 200.0000] 8519| 960..|[" | 2069926 2069926 1035| 630]| 6993 211761
¥ [1 17-19%-11 PM 3-20-2013.5MS.D | Cal 1] 320/2013 718 B 200.0000] 8541 918 |1 | 2156300 2156300 107.8] 666 | 7.037] 194419
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Modified 1 1-4 Dioxane ¢-8 9 Samples (9 total)

Eight replicates at 1.0 ng/mL to determine the method detec-
tion limit (MDL), limit of quantitation (LOQ), and limit of
detection (LOD) values

+ MDL - 0.2353 ng/mL

+ L0Q-0.7849 ng/mL

* LOD - 0.2355 ng/mL

+ Signal-to-noise (S/N) - 120.88

+ Calculations were automatically done from the
MassHunter Software
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Conclusion

This application note presents a sensitive, selective, and
robust method to determine 1-4 dioxane in samples using
THF d-8 as an internal standard. For the analysis of

1-4 dioxane, the benefits of Agilent GC Quadrupole lon Trap
MS/MS capability cannot be underestimated.

In terms of reducing sample matrix interference, improving
S/N, and coupling its high selectivity and sensitivity, the GC
Quadrupole lon Trap MS/MS provides a more confidence
driven solution for the analysis of 1-4 dioxane.

GC Quadrupole lon Trap MS/MS analysis has the potential to
reduce false positive and negatives as well as providing an
additional degree of confidence in the results obtained.

Using the optimized method listed above, a fast, targeted
GC/MS/MS method can be used to solve the current analysis
problem facing laboratories today.
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For More Information

These data represent typical results. For more information on
our products and services, visit our Web site at
www.agilent.com/chem.
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