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Abstract : Recently, 1,4-Dioxane is known as the contaminant in water plants in Korea. Owing to its
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toxicity and potential health effect, 1,4-Dioxane must be determined at very low levels in drinking water.
Studies on the removal of 1,4-Dioxane in drinking water were performed by using multi filtration system

with activated carbons and membrane filter. For extraction of 1,4-Dioxane, methyl-t-butyl ether (MTBE)
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was used and then analyzed using gas chromatography-mass selective detection (GC/MSD). Removal

experiment was proceeded for 300 L with a sample volume of 30 L. At first. The removal was 70%,

95% and 100% after using activated carbon, membrane and second activated carbon respectively. At

larger accumulated water fluxes, the removal rate decreased at each filter. After the flow volume was

300 L, the removal rate was 30%, 88% and 99% through the first activated carbon, membrane and

second activated carbon respectively.
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Aol AHEE  14-dioxane FFEELS  Supelcor}

(Bellefonte, PA, USA)oIA Y32, methyl t-butyl
ether> Sigma-AldrichA} (St. Louis, MO, USA)9] Al&F<
methanol < J.T. BakerA} (Phillipsburg, NS, USA)<] 2+
FH AS ARSI B ERT dshE
F2 Junseir} (Tokyo, Japan)®] SJFAIFS T3t
ARt om  ZAG AMEE  14-dioxane TCIA}
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(ug/mL) €48 T § Q8 FTof g3 st A
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1-chloropropane &-%1-3- 100 pg/mLO. 2 3]2)5ta] A9
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ST 7683 auto injector F controllerS ARS8t FI3}
Atk A7 BAHE 9ste] AgilentAle] KAYAKPCS}
G1701CA MS Chemstation¥} printerS AFE-3}3c). &2
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ANt on 7F HE S A2 Table 17} 2Tt

Table 1. Filtration system conditions for the removal
of 1,4-dioxane

Membrane filter Specification

Micro filter Nominal pore size 16 pm

Dow filmtech TW Grade
( 30 GPD, 50 GPD)

Reverse Osmosis
Membrane

Specification
Carbon filter

Mesh Todine value
Pre carbon 12 x 30 1100
Post carbon 20 x 40 1300
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Fig. 1. Filtration system.

1. Stirrer 2. STD spiked solution (I mg/L) 3.
Sediment filter 4. Pre-carbon filter 5. RO membrane
(30 GPD/ 50 GPD) 6. Post carbon filter 7. Waste
water 8. Final purified water 9. Pressure gauge.
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Sample 10 mL

ISTD (1-Chloro-2-Bromopropane)
100mg/L 10 uL
B nac

MTBE 10 mL

Extraction

Aqueous layer
(Discard)

Organic layer

1 Sample 10 mL

B stoanac
Extraction

Organic layer
] |
Evaporate to 200 4L

Fig. 2. Schematic diagram of sample preparation proce-
dure of 1,4-dioxane.
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mass range 40 - 700 amu

Table 2. GC/MS operating conditions for the analysis
of 1,4-dioxane.
Column : Ultra 225 mx020 mm ILD.x033 um
film thickness)
- Carrier gas : He at 0.8 mL/min.
- Split ratio : 1/20
- Injection port temp. :

250 C
- Transfer line temp. : 250 C
- Oven temp. program :

Initial temp. Initial time Rate Final temp. Final time

(0) (min)  (C/min)  (C) (min.)
35 7 30.0 150 15
- Run Time : 15.0 min.

- Solvent delay : 3.5 min.
Group Start Time (min.)
1 3.50

Selected Ions (m/z)
43, 58, 77, 79, 88
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* ISTD : 2-bromo-1-chloropropane
STD concentration : 100 ppb

Fig. 3. GC/MS/SIM total ion chromatograms and mass
spectra of 1,4-Dioxane.
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Fig. 4. Calibration curve of 14-dioxane in the range of
0.5 ~ 100 pg/L.
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Table 3. 1,4-Dioxane concentrations (ug/L) of samples
at the end of each filter. (At the operating
pressure 60 psi.)

Accumulated

volume (L) Pre carbon RO membrane Post carbon
30 306.1 373 0.0
60 392.1 65.6 0.0
90 538.8 725 0.83
120 746.6 102.8 1.80
150 771.0 734 3.34
180 785.0 172.7 4.07
240 882.3 138.1 12.3
270 973.6 136.8 12.6
300 882.5 139.8 15.0

Concentration of spiked 1,4-Dioxane ; 1 mg/L

Table 4. Removal efficiencies of 1,4-dioxane (%) in
continuous filtration. (At the operating pressure

60 psi.)
Accumulated
volume (L) Pre carbon RO membrane Post carbon
30 75.3 97.0 100.0
60 68.4 94.7 100.0
90 56.6 94.2 99.9
120 39.8 91.7 99.9
150 379 94.1 99.7
180 36.7 86.1 99.7
240 289 88.9 99.0
270 215 89.0 99.0
300 289 88.7 98.8
33. 22 20 psi(flow 300  mL/min)oi[A{
o MHEE
FXEE 600 Lo 1,4-dioxane ¢ 600 mgs H7Fs)
o ¢H EFE F P Axgoz FIA17) A A
5E 3 W AgEt] 27] 2AFY] =S SASIH
A2l $H2AE 20 psiZ2 24 3 Aol
ZAFE T 30 LE 55 9 vtk 1 A &
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Table 5. 1,4-Dioxane concentrations (ug/L) of samples
at the end of each filter. (At the operating
pressure 20 psi.)

Accumulated
Volume (L) Pre Carbon RO membrane Post Carbon
30 139.9 34.7 0.1
60 196.3 93.3 0.1
90 3574 132.6 0.8
120 381.7 171.4 1.1
150 499.4 2134 2.6
180 5224 1785 6.0
210 594.4 2189 9.3
240 581.1 268.3 14.4
270 715.6 300.8 204
330 783.1 2234 29.1
360 666.2 280.8 374
390 824.0 322.0 45
420 7514 320.5 45.8
450 930.2 306.4 40.7
480 886.7 318.7 49.3
510 944.8 313.0 80.4
540 905.5 322.0 82.2
570 910.0 311.1 102.9
600 960.0 316.6 139.1

Concentration of spiked 1,4-Dioxane ; 1 mg/L
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Table 6. Removal efficiencies of 1,4-Dioxane (%) in
continuous filtration. (At the operating pressure

20 psi.)
ii)cllﬁzlsgd Pre carbon RO membrane Post carbon
30 85.4 96.4 100.0
60 79.6 90.3 100.0
90 62.8 86.2 99.9
120 60.3 82.2 99.9
150 48.0 77.8 99.7
180 45.6 814 99.4
210 38.1 772 99.0
240 395 72.1 98.5
270 255 68.7 979
330 109 74.6 96.7
360 242 68.1 95.7
390 6.3 63.4 952
420 14.5 63.5 94.8
450 -5.8 65.1 95.4
480 -0.9 63.7 94.4
510 -1.5 64.4 90.8
540 -3.0 63.4 90.6
570 3.5 64.6 88.3
600 92 64.0 84.2
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Table 7. Removal efficiencies(%) of 1,4-dioxane in each filter at 60 psi.

Accumulated Pre carbon RO membrane Post carbon
volume Conc. Removal Conc. Removal Conc. Removal
@) (ug/L) efficiency(%) (ug/L) efficiency(%) (ug/L) efficiency(%)
60 392.1 68.4 65.6 83.3 0.0 100.0
90 538.8 56.6 725 86.6 0.83 98.9
120 746.6 39.8 102.8 86.2 1.80 98.3
150 771.0 379 734 90.5 3.34 95.5
180 785.0 36.7 172.7 78.0 4.07 97.6
240 882.3 289 138.1 84.4 12.3 91.1
270 973.6 215 136.8 86.0 12.6 90.8
300 882.5 289 139.8 84.2 15.0 89.3
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Table 8. Removal efficiencies(%) of 1,4-dioxane in each filter at 20 psi.
Accumulated Pre carbon RO membrane Post carbon
volume Conc. Removal Conc. Removal Conc. Removal

L) (ug/L) efficiency (%) (ug/L) efficiency (%) (ug/L) efficiency (%)
30 139.9 85.4 34.7 752 0.10 99.6
60 196.3 79.6 93.3 525 0.10 99.9
90 3574 62.8 132.6 62.9 0.81 99.4
120 381.7 60.3 1714 55.1 1.09 99.4
150 499.4 48.0 2134 573 2.62 98.8
180 522.4 45.6 178.5 65.8 5.99 96.6
210 594.4 38.1 2189 63.2 9.27 95.8
240 581.1 39.5 268.3 53.8 14.4 94.7
270 715.6 25.5 300.8 58.0 204 93.2
330 783.1 109 2234 71.5 29.1 87.0
360 666.2 242 280.8 579 374 86.7
390 824.0 6.26 322.0 60.9 425 86.8
420 7514 14.5 320.5 57.3 45.8 85.7
450 930.2 -5.8 306.4 67.1 40.7 86.7
480 886.7 -0.9 318.7 64.1 493 84.5
510 944.8 -15 313.0 66.9 80.4 74.3
540 905.5 -3.0 322.0 64.5 82.2 74.5
570 910.0 -35 311.1 65.8 102.85 66.9
600 960.0 9.2 316.6 67.0 139.1 56.1
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