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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%,

second activated carbon respectively.

Key words :

88% and 99% through the first activated carbon, membrane and

1,4-Dioxane, removal, Activated carbon, membrane
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2.1, Alg

Ao AMEE  14-dioxane FFEZ-L  Supelcor}

(Bellefonte, PA, USA)ollA F435}312.M, methyl t-butyl
ether2 Sigma-AldrichA} (St. Louis, MO, USA)9] A|&&
methanol2 J.T. BakerA} (Phillipsburg, NS, USA)2] #7F
TUE AFS ARSI FSUERT dshE
F-2 Junseir} (Tokyo, Japan)®] EFAIFS FYsted]
AHEeglen 2Algel AR 14-dioxanee TCIAL
(Tokyo, Japan)®] Aok Fate] AR&-aFITh
EFEZ 10 mgs 10 mL methanolell ¢4 1000 ppm
Ggl) £ DE T, B o] 2 3Hele] A
ol ARSIt WEEFEEZL 2000 pg/mL 2-bromo-
1-chloropropane &2 100 pg/mLO.2 3]X35le] g

AHE-3HSAT

2.2. 717| ¥ &K

B Ao AMEE B47)7]1% GCMSE AgilentAl
(Palo Alto, CA, USA)® 6890N GC%} 5973N mass
selective detector2 direct inletC.E A3 HAOFEA] A

= 7683 auto injector 2 controllerE A}-8-3F] Fs}
Aok AR BAS 9ste] AgilentAl] KAYAKPCS}
G1701CA MS Chemstation®} printerS AHE-3}c} &2
o AF&3F columne DB-5MS (30 mx 02 mm LD. X
0.25 film thickness)S A3} Th

AALZ A3 ZElE F WAL micro filter,
reverse osmosis membrane (G5 = FAEr HE S
AHEEo ™ 7 HE| 9] ALYS Table 13} ZTh

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

Membrane filter Specification

Micro filter Nominal pore size 16 um

Dow filmtech TW Grade
( 30 GPD, 50 GPD)

Reverse Osmosis
Membrane

Specification

Carbon filter

Mesh Iodine value
Pre carbon 12 x 30 1100
Post carbon 20 x 40 1300

B = E EAAE AERF
3] Tt TYgt 14-dioxane 1 mg/L &S
Atk o] §4S FIHANA AARESS U T
Al

%2 300 Lol 14-dioxane Y9 300 mg 7k F
%

>

28 Fig. 13} 7+°] micromembrane - activated carbon
filter - reverse osmosis membrane - activated carbon .2
A ARl AR BE AlREe] g 20
psi (flow : 300 mL/min) $} 60 psi (flow : 650 mlL/min)
T GEdA AAEAT AAE gels A APE
< 29I QAF o SddlA 24zt 30 Lettt ¢F 50
mL AF3k5i

»
L

16}l JUBLIDES W J
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N
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Fig. 1. Filtration system.

1. Stirrer 2. STD spiked solution (1 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.

2.3.2. N= ®Xz|
60 mL &< Zd7]d AR 10 mLE FH3to Wi
FEZZ 2-bromo-1-chloro-propane 100 pg/mL £ 10
ILE A7k & E3lUEF 3 g& ¥ol St
t-butyl methyl ether 10 mLE 231 200 pmol|A] &F 8&
I EEY FEF T E FE WL o7ld A2
H

o
N
oo
2
ofjr
o
o
N

AAR 7180 Fe s
Zoo] o 200 WHE PES F

I vialo] 74 GC/MSDE #3519tk
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Sample 10 mL

ISTD (1-Chloro-2-Bromopropane)
100mg/L 10 pL

B nac

MTBE 10 mL

Extraction

Aqueous layer
(Discard)

Organic layer

l Sample 10 mL

B 1570 & Nac
Extraction

Organic layer

Evaporate to 200 4L

Fig. 2. Schematic diagram of sample preparation proce-
dure of 1,4-dioxane.

233 Z2M XA U HEEH Tl

o X O
T AR WRREEES A F iEed £
. _

£AS FEHEE 0.1-200 pg/L7kR

o] wel A 248k SN HI7F 3 o4t H
AN EEES AEIAZ sk
2.3.4. BAEH

AR A AN A2 SNE Table 2 o HERD
7171270l w2} 24938}tk mass range 40 - 700 amu

Table 2. GC/MS operating conditions for the analysis
of 1,4-dioxane.
Column : Ultra 2(25 mx020 mm ID.x0.33 pm
film thickness)
- Carrier gas : He at 0.8 mL/min.
- Split ratio : 1/20
- Injection port temp.

1250 C
1250 C
-+ Oven temp. program :

- Transfer line temp.

Initial temp. Initial time  Rate  Final temp. Final time

(T) (min.)  ('C/min.) (C) (min.)
35 7 30.0 150 1.5
- 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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£ AFdN AAS FRE F
oo ZEA 2" o gt AART AF
2t} o] Wl microfilters
AA} 7] g HEE ARE-EA
X AAEE FAS g A5

1,4-dioxane®l] |3k
A o
pore size 7} A3 HHES
7] W&ol o] Y ¢

= oHA ekt

3.1 A
B0 EA5= 1 4-dioxane FEo|e AA-AH F
WS ARgEen o) dAaARE S8 FSUEF
& 7Rt FEAAL FEEMEE 50 FL N
2 (MTBE)Z A3}t GCMSDE AR
O 2 33Ee EAZCl HAFAHEHAS Ay M9
2HAEHS o83l e WA FolaE AA
= HEAEE P4+ A GOMSE ©]
2 total ion chromatogram¥} 14-dioxane %
i iﬁEE“’ Fig. 39 Yeh Atk
2, HEE ARL AF =99
FE Qe AFds e
~100 pg/L %E‘%‘dﬂﬂ]’ﬂ FBAST
d

12
[0_,
Hﬂ

ug/L Ak

3.2. &3 60 psi (flow : 650 mL/min) GIA
o| MH&ES
F5E 300 Lol 1,4-dioxane ¥ 300 mgS 75k
HERG F 2 A=doE T A AEE
of 27] ZAFY] =& S48 T
o $H2AE 60 ps& Z4 3 Aol 2AF
8w Witk 1 2} A F
22 X } $9e gE] SN 7+ J
E5 9F 50 mL¥ A3k 1,4-dioxane
S 29, 27] F5E 1.24 mg/L ©]
£ T4 F $%= 30 LoA
300 L7HA E38l] 71 59t 306.1 ~ 8825 pngLE A
Z5o] 1 2 BA4e 5 A 753 ~289%°) AA &
S Yeriddeh 1 AF 24 2 GRS S AR
T 373 ~1398 pgLE AZEE o] 97.0 ~88.7%°] AA
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Abundance B
28000 |1/4- Dioxane

24000

ISTD Total Ion Chromatogram

20000
16000
12000

8000

4000 l\
Ah Bl M A MM
Time-0-> 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00

1,4- Dioxane (3.825 min) 88

58
43

Table 3. 1,4-Dioxane concentrations (ng/L) of samples
at the end of each filter. (At the operating
pressure 60 psi.)

35 40 45 50 55 6 6 70 75 8 8 9 95

77
ISTD (5.793 min): 1-Cl-2-Br-propane

79

35 40 45 50 55 60 65 70 75 8 8 90 95

* ISTD : 2-bromo-1-chloropropane
STD concentration : 100 ppb

Fig. 3. GC/MS/SIM total ion chromatograms and mass
spectra of 1,4-Dioxane.

0.18 ¢ y = 0.0002x + 0.0005
0.16 R? = 0.9999

0.14
0.12
0.1 r
0.08
0.06
0.04
0.02

Conc. ratio

1] 200 400 600 800 1000 1200
Area ratio

Fig. 4. Calibration curve of 14-dioxane in the range of

0.5 ~ 100 pg/L.
&S Uepien, 3 A9 ZHE BT FHA
o] Al ME 0~ 150 pglel 52 HEHo] 100
~98.8%] AAR %

%

.0

£ YeRATE 60 psi +AZA
E ]

%

A A1 g AT Table 39 ZF BE] STl A
29 52 YL, Table 49 JEE B33
o] 74 AAES YERA

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
240 882.3 138.1 123
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.)
ii)clllﬁllzl?gd Pre carbon RO membrane Post carbon
30 753 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 28.9 88.9 99.0
270 21.5 89.0 99.0
300 28.9 88.7 98.8
3.3. &3 20 psi (flow : 300 mL/min)GIA

QI WP k=x=3
= 600 Loﬂ 1,4-dioxane ¥ 600 mgS H7}sk
T B AzFHog 3717 A A
3 W Aste] 27] 2AF9] RS ST
2de] $AZRAE 20 psiZ 2 T AEolA
AsE TFA71AL 30 LE 552 o vigk 1 A &
T 32 A 24" dE Fddl
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NELIESES

20 psi +HZANA

A Kel

N

o 5% Al 854 ~
ojmj AAEEC] &

o] WolAHA 1 2 &4
1,4 doxaneO] giatro] WEHe Ao
2 *}EQUP 1 2 249 3 iEers g Al
34.7 ~ 3166 ngLZ AEE 96.4 ~ 64.0%2] Al

&5 Uehiglen, 3 719 ZEE
|

BE A F

0.1 ~139.1 pg/Lel HE=2 AZEo]
100.0 ~ 84.2%<] AAEES Ve SUTh

Ag @

2YZ3st 72 A

&2 247} Table 5% Table 69 VFERASATH

Table 5. 1,4-Dioxane concentrations (ug/L) of samples
at the end of each filter. (At the operating

pressure 20 psi.)

zilc:rnnnlja;f;i Pre Catbon RO membrane Post Carbon
30 139.9 34.7 0.1
60 196.3 933 0.1
90 357.4 132.6 0.8
120 381.7 1714 1.1
150 499.4 2134 2.6
180 522.4 1785 6.0
210 594.4 2189 9.3
240 581.1 268.3 14.4
270 715.6 300.8 20.4
330 783.1 2234 29.1
360 666.2 280.8 374
390 824.0 3220 425
420 751.4 320.5 45.8
450 930.2 306.4 40.7
430 886.7 318.7 49.3
510 944.8 313.0 80.4
540 905.5 3220 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

Vol.18, No.2, 2005

Table 6. Removal efficiencies of 1,4-Dioxane (%) in
continuous filtration. (At the operating pressure

20 psi.)
éfi)cllﬁzlzllid 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 81.4 99.4
210 38.1 7712 99.0
240 395 72.1 98.5
270 25.5 68.7 97.9
330 10.9 74.6 96.7
360 24.2 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 -71.5 64.4 90.8
540 -3.0 63.4 90.6
570 -3.5 64.6 88.3
600 -9.2 64.0 84.2

4. 2L OE MHES

durz oz §tee] Frtel| wet fFo] Frketa ®
Bl M AAZHR} AAE AR 2
£ A AN E U F& TFAHE BE &
ol B 2 ZAA WEHR XY AAREE
g 2 Aoz AFEHAT 30 ~240 LS FFARE 7
S 20 psi ANE HEE B398 7o) wel 752 % ~
632%7} AAERLY, 60 psi ZAAM= 247t 87.8 ~
844% 71 AA= ] st wWE AAEEY Ao
I 5 ATk 2EY F AR BF 55
| S74FE AAEC] A Zaston 53] AY
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F7hee] weEl fEol FUVeHAl Ha gARe] HE
AlZbo] Zhaste] EAdge A9 F2F A|A o] THade
232 JeE Ao AlEg. ZAFE 30 LoA
240 L 7HA] BHAIZIEA 1 2} 848 EH oA
9] 14-dioxane F=E FH3 A3, 60 psiolA 753%
~289% AAFIJLY 20 psi oA 85.3% ~ 38.1% 7}
AA=] =& FHAA AAEC] U F2 Aoz I

3.5. EE{0| WE NHES
e A9 14-dioxaned] TZA|AEZEE
o]

Sl wet AasE & A
L SAES et U 2AFE 60 psi X
30 L ~240 L % 753% ~ 289% 714 AAE
o] ZAHI 20 psi®] A$- 854% ~ 38.1%7HA T
stqich ol Wil SAAE wom {FYEo] of7]eA
AAE 14-dioxane 60 psi 27114 30 L ~240 L &
QF 87.8% ~ 84.4%7M A A|AEC] THAFHUI 20 psig
785 152% ~ 53.8%7HA At AiHQ A AL
gk opzt SAg] Bl Agith 2 2 24
gl 9% 1,4-Dioxane®] FE+= +AUE 60 psiclA]
37.3 ugL~138.1 uglLYx AY 53 F 0~123
ug/Lo2 ZA50] 100% ~91.1%<) AAELS Ve
Ak ®=3 20 psidlHE 347 ugL~268.3 ug/LY &
Ag B3 & 0.1~144 ugLe2 ZHH| 99.6% ~
94.7%9 AAZES JERSITE 1 2 2498 2 2
S4e T Al AARSEC] Fkle e fYE

L4-dioxane®] F=7} Ztom T, WHFQl 57 Al f

Ares

Atk GAE =] Ae 1
14-Dioxane®] =7 H2F F7kste] FAHIUIL o]
2 AAEL 60 ~ 0% FEE FAEAT
ge] 79 300 ~ 600 L 744 BdhE 9t
56.1% 7HA 7Fraste] SA'A 9 AAEo] A 7
2SI Aok 28y 3 e gEE BF
EFRPE 4 AA E8L 30 ~600 L 7HA 100% ~
842%% YUERITE 60 psiolAe] 2+ E TS AEF
So} 7 gAolA ] AIAEES Table 79 YERGIOH,
20 psidl MY F=} AAES Table 89 e ST

w
(o))
40
i)
4>
ok
G
2
i

.6. MNAH=E

7} FejoAe AMALEL g Sl w4
WA 7 AHE FYEE 5 (AADH et
Ao Alg gty 5Ao] & WHyls
et "o A9 1,4-dioxaned] EZHA|A
T gEERA g2 {59 2ol &
o] o= & Abo|7} Utk ek

3] o Al A& L

o o |

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 73.4 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

Analytical Science & Technology
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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 75.2 0.10 99.6

60 196.3 79.6 933 52.5 0.10 99.9

90 357.4 62.8 132.6 62.9 0.81 99.4

120 381.7 60.3 171.4 55.1 1.09 99.4

150 499.4 48.0 2134 57.3 2.62 98.8

180 5224 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

270 715.6 255 300.8 58.0 20.4 932

330 783.1 10.9 2234 715 29.1 87.0

360 666.2 242 280.8 57.9 374 86.7

390 824.0 6.26 3220 60.9 425 86.8

420 751.4 145 3205 57.3 45.8 85.7

450 930.2 5.8 306.4 67.1 40.7 86.7

480 886.7 09 318.7 64.1 493 84.5

510 944.8 75 313.0 66.9 80.4 74.3

540 905.5 30 322.0 64.5 822 745

570 910.0 35 3111 65.8 102.85 66.9

600 960.0 92 316.6 67.0 139.1 56.1
e £4S 517 ol fu F dEEUAA frdEEdd 4. 2 =2
ek AAEEA TR de TS F2L F ASATh
Z 60 psi ZA 1 2 A FYE FEE 1240 1,4-Dioxane ¢} 1 mgL ¥%¢ ZAFE 4 /MY o
ug/L 2 30 L ~240 L 5 F9¥ 753% ~289%7tA @A ¥H A]”ﬂlOﬂ SHAA 7 2H A, 4%
AAE] adtAar 2 2 g i == 373 9 A3t

~138.1 uglL & 100 ~ 9L.1%7+A AAEAE 20 psiol
A 1 2} B4 FUE FEE 9603 ugl =
85.4 ~39.5% 7HA AR 23 EAdE] fYE T
TE 347 ~ 2683 ugl £ 99.6 ~ 94.7%7A AAHA

o 2 Aseld RaAE veh 2o| #3lHE Ewo}
42 A% 2, YR PHAE 2L Yol AL
= GAdelq o) AAEEE S Aoz ekt

£

olol] wiaf A4HE Hro® flE]o] of7jo A A|AH
1,4-dioxane- 60 psi 27104 30 L ~ 240 L 52t 306.1
~ 8823 ug/L7} +4= 0] 87.8% ~ 84.4%7+A AAE U
320 psi®l 739 139.9 ~ 581.1 ug/L7} Fr9E o] 75.2%
~ 538%71A 7HAdte] frgEsme] FAglel x4
o ot o] & Aoz FAHUH
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H AAEESS B
49 23 & 4%"5‘1 (TrEs) 3 s e,
7k gEjol weh AAREC 2olt o] kol F
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