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Abbreviations:  

GC: gas chromatography 

MS: mass spectrometry 

SIM: selective ion monitoring 

FID: flame ionization detector 

NPOC: non-purgeable organic carbon 

ALK: alkalinity 

UV254: ultraviolet absorbance at a wavelength of 254 nm 
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Table S1. Summary of analytical methods for determining aqueous 1,4-dioxane concentrations 

Reference Sample preparation Sample 

volume 

Quantification 

method 

Environmental 

sample tested 

Calibration 

range (μg/L) 

Detection 

limit 

(μg/L) 

Minimum reporting 

limit / limit of 

quantitation  (μg/L) 

USEPA 

Method 

8260 

Direct injection, 

azeotropic 

distillation or 

vacuum distillation 

5 or 25 

mL 

GC-MS Designed for 

liquid and solid 

waste, but no 

method 

validation data 

shown 

1-100 

(azeotropic 

distillation) 

12 

(azeotropic 

distillation) 

Not available  

USEPA 

Method 

8270* 

Liquid-liquid 

extraction 

1 L GC-MS Designed for  

solid waste 

matrices, soils, 

air sampling 

media and 

water samples, 

but no data 

shown  

Not available  Not 

available  

Not available  

USEPA 

Method 

1624 

Purge-and- trap 5 mL GC-MS, with 

isotopic 

dilution 

Designed for  

waters, soils, 

and municipal 

sludges, but no 

data shown 

Not available  50  Not available  

USEPA 

Method 

522 

Solid phase 

extraction 

500 or 

100 mL 

GC-MS with 

SIM 

Drinking water 0.04-20  0.020-0.026  0.036-0.047  

USEPA 

Method 

541 

Solid phase 

extraction 

50 mL GC-MS with 

SIM 

Drinking water 0.2-16 Not 

available  

0.074-0.090  
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Reference Sample preparation Sample 

volume 

Quantification 

method 

Environmental 

sample tested 

Calibration 

range (μg/L) 

Detection 

limit 

(μg/L) 

Minimum reporting 

limit / limit of 

quantitation  (μg/L) 

Kadokami 

et al (1990) 
1 

Solid phase 

extraction on 

activated carbon 

with acetone and 

dichloromethane as 

the elution solvents 

1 L GC–MS in SIM 

mode 

River water and 

seawater 

Not available  0.024  Not available  

Grimmett 

& Munch 

(2009) 2 

Solid phase 

extraction on 

activated 

carbon columns 

with 

dichloromethane as 

the elution solvent 

0.5 L GC–MS in SIM 

mode 

Drinking water, 

surface water, 

groundwater 

2-1000  0.036 or 

0.047, 

depending 

on 

extraction 

methods 

0.020 or 0.026, 

depending on 

extraction methods 

Kawata et 

al. (2001) 3 

Solid phase 

extraction on 

activated carbon 

fiber felt cartridges 

with acetone as the 

elution solvent 

0.5 L GC–MS  Groundwater, 

surface water 

Not available  0.02  Not available  

Isaacson 

(2006) 4 

Solid phase 

extraction on 

activated 

carbon disks with 

acetone as the 

elution solvent 

50-150 

mL 

GC–MS/MS  Groundwater 0.31-3100  0.13  0.31  
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Reference Sample preparation Sample 

volume 

Quantification 

method 

Environmental 

sample tested 

Calibration 

range (μg/L) 

Detection 

limit 

(μg/L) 

Minimum reporting 

limit / limit of 

quantitation  (μg/L) 

Stepien & 

Püttmann 

(2013) 5 

Solid phase 

extraction on 

activated coconut 

charcoal cartridges 

with 

dichloromethane as 

the elution solvent 

0.5 L GC–MS in SIM 

mode 

Surface water 0.040-20  0.010 in 

ultrapure 

water and 

0.016 in 

environme

ntal 

samples 

0.034 in ultrapure 

water and 0.052 in 

environmental 

samples 

Shirey and 

Linton 

(2006) 6 

Solid phase 

microextraction on 

carboxen–

polydimethylsilo-

xane fibers in heated 

headspace or direct 

immersion in 

solution 

5-8 mL GC–MS  None 0.5-100  2.5 without 

backgroun

d 

subtraction

, 0.5 μg/L 

with 

backgroun

d 

subtraction 

0.5  

Nakamura 

and 

Daishima  

(2005) 7 

Headspace solid 

phase 

microextraction at 

60 °C on three types 

of fibers 

10 mL GC–MS in SIM 

mode 

Tap water, river 

water 

 

5-100  1.2  Not available  

Jochmann 

et al.  

(2006) 8 

Headspace solid-

phase dynamic 

extraction on four 

types of fibers 

10 mL GC–MS  Alcoholic 

beverages  

Not available  0.8 - 1.2 

depending 

on 

extraction 

materials 

Not available  
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Reference Sample preparation Sample 

volume 

Quantification 

method 

Environmental 

sample tested 

Calibration 

range (μg/L) 

Detection 

limit 

(μg/L) 

Minimum reporting 

limit / limit of 

quantitation  (μg/L) 

Shin & 

Lim (2011) 
9 

Heated headspace 

sampling for 30 min 

at 90 °C 

5 mL GC–MS in SIM 

mode 

Drinking water 

(raw and 

finished) 

0.1-20  0.02  Not available  

Li et al.  

(2011) 10 

Frozen liquid–liquid 

micro-extraction 

with methylene 

chloride 

0.2 mL GC–MS in SIM 

mode 

Groundwater 25-1600  1.6  Not available  

Yoo et al 

(2002) 11 

Purge-and-trap for 

20 min 

25 mL GC-MS/MS Drinking water, 

surface water, 

groundwater, 

wastewater 

1-30  0.2  Not available  

Michigan 

SOP (2009) 
12 

Heated purge-and-

trap for 11 min at 

40 °C 

25 mL GC–MS in SIM 

mode 

Designed for 

drinking water, 

surface water, 

groundwater, 

wastewater, but 

no data shown  

0.5-200  Not 

available 

Not available 

Teledyne 

Tekmar 

application 

note (2009) 
13 

Heated purge-and-

trap for 5 min at 

60 °C 

25 mL GC–MS in SIM 

mode 

None 1-100  Not 

available  

0.275  

Epstein et 

al.  (1987) 14 

Heated purge-and-

trap for 11 min at 

50 °C with sodium 

sulfate 

5 mL GC–MS in SIM 

mode 

None 2-200  Not 

available  

Not available  
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Reference Sample preparation Sample 

volume 

Quantification 

method 

Environmental 

sample tested 

Calibration 

range (μg/L) 

Detection 

limit 

(μg/L) 

Minimum reporting 

limit / limit of 

quantitation  (μg/L) 

Epstein et 

al.  (1987) 14 

Solid phase 

extraction on 

charcoal tube with 

carbon disulfide and 

methanol as the 

elution solvent 

4 L GC-FID None 260-5180 in 

organic 

solvents, 

aqueous 

concentratio

n not 

available 

<1  Not available  

Park et al 

(2005) 15 

Liquid–liquid 

extraction by 

methylene chloride 

and sodium 

chloride. 

10 mL GC–MS in SIM 

mode 

Drinking water 

(raw and 

finished) 

1-100  0.2  Not available  

Park et al 

(2005) 15 

Heated purge – trap 

for 11 min at 40 °C 

5 mL GC–MS in SIM 

mode 

Drinking water 

(raw and 

finished) 

25–500  25  Not available  

Park et al 

(2005) 15 

Solid phase 

extraction on 

activated carbon 

cartridge with 

acetone as the 

elution solvent 

200 mL GC–MS in SIM 

mode 

Drinking water 

(raw and 

finished) 

0.1–50  6  Not available  

Draper et 

al (2000) 16 

Heated purge – trap 

for 11 min at 30 °C  

25 mL GC–MS in SIM 

mode 

None 10–5000  8.6  Not available  

Draper et 

al (2000) 16 

Direct aqueous 

injection 

~1 μL GC–FID None 2,000-500,000  2,000  Not available  
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Reference Sample preparation Sample 

volume 

Quantification 

method 

Environmental 

sample tested 

Calibration 

range (μg/L) 

Detection 

limit 

(μg/L) 

Minimum reporting 

limit / limit of 

quantitation  (μg/L) 

Draper et 

al (2000) 16 

Continuous liquid–

liquid extraction 

with 

dichloromethane 

1 L GC–MS with 

ion trap 

Surface water, 

groundwater, 

tap water 

Multiple 

calibration 

ranges 

0.2-3.1, 

depending 

on 

analytical 

methods 

Not available  

*: Method 8270 does not list 1,4-dioxane as an analyte, but it is often used to quantify 1,4-dioxane. 
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Table S2. Settings for purge and trap system 

 Variable  Value 
  

Variable  Value 

Purge 

Valve Open Temp 150°C 
 

Desorb 

GC start Start of desorb 

Transfer Line Temp 150°C 
 

Desorb Preheat 

Temp 
245°C 

Sample Mount Temp 90°C 
 

Desorb Time 1.00 min 

Purge Ready Temp 35°C 
 

Desorb Temp 250°C 

Condenser Ready 

Temp 
40°C 

 
Drain Flow 300 mL/min 

Condenser Purge 

Temp 
20°C 

 

Bake 

Bake Time 6.00 min 

Standby Flow 20 mL/min 
 

Bake Temp 280°C 

Sparge Vessel Heater ON 
 

Condenser Bake 

Temp 
200°C 

Pre-Purge time 0.5 min 
 

Bake Flow 200 mL/min 

Pre-Purge Flow 40 mL/min 
 

AQUATek 

100 

Pressurize Time 0.5 min 

Preheat Time 2.00 min 
 

Sample Transfer 

Time 
0.35 min 

Sample temp 60°C 
 

Rinse Loop Time 1.00 min 

Purge Time 12 min 
 

Sweep Needle Time 1.00 min 

Purge Temp 20°C 
 

Bake Rinse ON 

Purge Flow 40 mL/min 
 

Bake Rinse Cycles 3 

Dry Purge Time 6.00 min 
 

Bake Rinse Drain 

Time 
0.35 min 

Dry Purge Temp 20°C 
 

Presweep Time 0.25 min 

Dry Purge Flow 100 mL/min 
 

Water Temp 90°C 
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Table S3. Error, response factor and relative response factor for 1,4-dioxane calibration curve 

in Figure 2.  

Concentration Spiked 

(μg/L) 

Concentration back calculated  

through regression (μg/L) a 
Error % b RF c RRF d 

0.14 0.15 5% 1430 2.47 

0.25 0.24 -2% 1208 2.31 

0.58 0.48 -18% 1464 1.94 

1.46 1.63 12% 1731 2.67 

4.9 5.19 6% 1414 2.54 

9.86 9.67 -2% 1338 2.37 

24.5 25.6 4% 1732 2.53 

58.6 62.8 7% 1420 2.61 

291.9 263.9 -10% 1271 2.22 

RSDe / / 13% 9% 

a: Calculated using the log linear regression equation shown in Figure 2. 

b. �����	(%) =
��
��
����	������������� − �ℎ��������
	�������������

�ℎ���������
	�������������
× 100% 

c:	Response	factor, () =
*��+	����

�ℎ���������
	�������������
 

d:	Relative	response	factor, (() =
()	�0	���
1��

()	�0	23
 

e: Relative standard deviation of RF and RRF 
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Table S4. Data for Figure 3 (comparison of 1,4-dioxane concentration data obtained with the 

analytical method described herein and standard methods) 

Sample 

# 

Measured concentration 

(μg/L) 
RSD  

Sample 

# 

Measured concentration 

(μg/L) 
RSD 

 
This 

method 

EPA 

method 

8270 

EPA 

method 

522 

   
This 

method 

EPA 

method 

8270 

EPA 

method 

522 

 

1 21.7 24.9 19.0 10%  33 99.1 74.4  20% 

2 10.7 12.6 9.6 11%  34 60.8 38.3  32% 

3 10.7 10.7  0%  35 42.1 30.2  23% 

4 11.0 11.2  1%  36 75.6 53.2  25% 

5 13.8 15.3  7%  37 8.3 6.2  20% 

6 14.4 15.1  4%  38 3.8 3.8  1% 

7 14.5 18.0  15%  39 5.9 4.3  22% 

8 3.1 3.1  0%  40 6.3 5.6  8% 

9 3.5 3.4  2%  41 6.1 5.3  10% 

10 8.6 9.0  3%  42 5.9 4.7  16% 

11 7.4 9.1  15%  43 9.7 7.0  23% 

12 13.1 14.1  5%  44 35.7 27.8  18% 

13 17.8 20.2  9%  45 26.8 20.9  18% 

14 4.6 4.3  5%  46 19.5 14.1  23% 

15 5.5 5.1  6%  47 3.3 3.3  0% 

16 3.6 3.4  5%  48 3.3 3.2  1% 

17 3.4 3.4  0%  49 3.4 4.1  13% 

18 9.4 9.1  2%  50 3.7 4.1  8% 

19 19.9 18.3  6%  51 3.9 4.4  9% 

20 31.5 24.7  17%  52 32.5 29.7  6% 

21 79.0 63.6  15%  53 73.7 67.1  7% 

22 75.5 62.2  14%  54 36.0 32.6  7% 

23 11.0 9.3  12%  55 18.2 18.6  1% 

24 3.9 3.3  12%  56 2.9 3.3  9% 

25 5.8 5.2  8%  57 6.0 3.9  30% 

26 10.0 7.9  17%  58 5.5 5.9  5% 

27 6.0 4.8  16%  59 6.1 6.0  1% 

28 5.1 4.5  9%  60 5.1 4.7  6% 

29 436 543  15%  61 22.6 19.8  9% 

30 4.0 3.9  1%  62 12.6 12.2  3% 

31 3.1 4.5  26%  63 177 149  12% 

32 3.0 3.1  2%  64 21.7 25  10% 
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Table S5. Water quality characteristics of matrix spike samples 

 NPOC 

(mg/L) 

pH ALK  

(mg/L as CaCO3) 

UV254 Conductivity 

(μS/cm) 

Drinking water A 1.6 7.65 27 0.033 240 

Drinking water B 1.9 7.55 37 0.031 145 

Groundwater A  1.6 8.16 278 0.033 552 

Groundwater B 0.08 7.92 153 0.004 662 

Surface water A 6.4 7.39 47 0.226 133 

Surface water B 3.8 7.44 27 0.168 160 

Wastewater A 6.8 6.77 77 0.116 552 

Wastewater B 19.7 7.54 114 0.597 1035 

 

 

 

 

Figure S1. Bridge sampler for collecting river samples in this study. Glass sample bottles (500 

mL) were placed into the perforated pipe and secured with a steel rod. 
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