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Degradation of 1,4-dioxane by

Advanced Oxidation Processes

by
HYUN-SEUNG KIM

Department of Environmental Engmmeering, Graduate School,

Lukyvong National University

ABSTRACT

1,4-dioxane is an EPA priority. pollutant found in contaminated groundwater
and industrial effluents. The common treatment techniques are not effective for
1,4-dioxane degradation. It is required to find an efficient degradation method
and understand the degradation mechanism of 1,4-dioxane during reaction.

In this study, the effect of the parameters such as initial concentration of
1,4-dioxane, H202 and FeSOs dosages, and UV light intensity on 1,4-dioxane
degradation has been examined. Under optimal conditions, above 90% of
1,4-dioxane is degraded by a combined method(UV with H-O»> and FeSO,), while
8% of 1,4-dioxane is degraded by FeSQO, alone.

It was proposed that 1,4-dioxane was oxidized by OH radicals and
sequentially led to formation of malonic acid, formic acid and acrylic acid. Based
on the experimental results of 1,4-dioxane, the application of advanced oxidation
processes appears to be a promising alternative for 1,4-dioxane removal in

various environment systems.
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Table 1. 1,4-dioxane detection in Nakdong River, Korea

2000 2001 2002 2003

06 09 12 02 06 09 01 04 07 10 02 04

DS. | ND | 451 |6.83 | 27.7 | 164 | ND | 31.5 | 343 | 0.24 | 5.64 | 24.3 | 2.34

M.G. | ND | 141 | 14.2| 57.6 | ND | 1.88 | 35.2 |173.7| 6.3 | 24.2 | 35.0 | 0.6

DR.| ND | ND |18.2 | 70.1 | 19.8 | 0.66 | 33.6 |217.6| 2.56 | 26.9 | 47.9 | 4.29

M.C.| ND | 3.54 | ND | 39.2 | 42.0 | 1.03 | 27.5 | 72.2 | 2.1 | 10.7 | 24.6 | 4.3

ND : Not detected; Unit: pg/L

# BAE, FrEdA uF FAed 24 AF B FHAHEAHLLAL, 2003



2.1 1,4-dioxane
2.1.1 14-dioxane? °] & % S A

1,4-dioxane< cellulose acetate, ethyl cellulose, benzyl cellulose, lacquers, plastics,
varnishes, paints, dyes, resins, oils, fats, waxes, grease, polyvinyl polymers %2 &uj=
AbgE O 1985 el = 90%2] 1 4-dioxaneo]  ml=elA A H o,
1,1,1-trichloroethane® 22 H4A §ulo] FAAZ F2 AFEHJ AT, 1,4-dioxane &
oA Aud o] §& ek I AAZA TFeA AHEH =, - olu WA, A,

4% 29x ooE T Sz ARSE T oaaFeF dgASAolE 33 E 9
AzGA A FAEZ B E Frt

1,4-dioxanex 7144 AFAF= vFoez dfFo] Jded, 94 =89 oYz
UG Ao A A= tge setAFE dE FRHEHol U= AMSHe] B2 IFER
93 %= 1 4-dioxaned] o] xZx ol g}’ ko] 14-dioxaneo] ¥7|t} B& E3o 9z
of FyEW Aoy ghel E4S 7hAHSE HoE delA vt 14-dioxane V= 37
Aol osf A7t AEHEd B2E T5E AAHE AAZAA Aol FVN =EHAS W
eld ¢ de A Ao digk Rus Yo @A &0 o# 7|3+ 14-dioxaneol

] SolA AzED o A AAL A2 1991
of Azt 10,000~20,000t01’15 olar, 19943 o] 8000~10,000tons (BASF, 1996)¢]2}t12 H 1%
om? zule] QojA e Fraolfi HAARA 14-dioxanes FFtE HaA w35 A
o] &

wash AN Age ARSE ATo] Frhsa Q7] Mol

lo

2

2.1.2 14-dioxane?] Ed - 383 54

1,4-dioxane Environmental Protection Agency(EPA)ol] 4 Hazardous waste @ priority
pollutant= A A ¥ o] glom, odd As5u, 4 FE25oA £3 AR, 7} )
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Table 2. Chemical Identity and Physical/Chemical Properties of 1,4-dioxane

Characteristics / Property

Data

Reference

CAS No.

123-91-1

Common Synonyms

1,4-diethylene oxide

Budavari et al. 19897

Molecular Formula

C4HgO2

Budavari et al. 19897

Physical states

flammable liquid

faint pleasant odor

Budavari et al. 19897

Molecular Weight

88.10

Budavari et al. 19897

Melting Point

11.80C

Budavari et al. 19897

Boiling Point

101.1°C at 760 mmHg

Budavari et al. 1989'"

Water Solubility

Soluble in water

Budavari et al. 19897

Density 1.0329g/mL at 20C Keith and Walters, 1985"Y
Vapor Density 3.03(Air=1) Verchueren, 1983
Koe 1.23 Howard, 1990'
Log Koy -0.27 Howard, 1990'?

Vapor Pressure

30mmHg at 20C

Verchueren, 1 9831

Reactivity

Tends to form

explosive peroxide

Budavari et al, 1989'"

Flash Point

5~187C

Budavari et al, 1989'"

Henry's Law Constant

4.88X107% atm m*/mol

Howard, 1990'

Log Bioconcentration factor

-0.44, calculated

CHEMFATE, 1994

Odor Threshold

9.8mg/m”(2.7ppm)

Verchueren, 1983

Conversion factors

1mg/m>*=0.278ppm
1ppm=3.6mg/m®

Verchueren, 1983




2.1.3 14-dioxane® = 2"
21.31 /\g‘:’b‘]—XJ 7‘(13]

1 4-dioxane HF 2 A&sAd wHow st ogd& =dojgh= A7t e W
w220 Bernhardt®} Diekmann®, Burback®} Perry™, Parales” Sol 9& <=4 vk}
Sock™el  ojg Egtujokel s 14-dioxaned B3I - AAsEE AF7F o] Fol ATt
Burback¥} Perry*’= Mycobacterium vaccaeS =44l %3} % 31, Bernhardt®} Diekmann™-&

Brgdoz o] 43ttt Parales” &
nocardioform® actinomycete® ¢ CB1190& ©] &3} o] oA 100mg/L2l 14-dioxanes
459 whol &3] A A kT

Rhodococcus  straing 8] %3} 1 4-dioxane?

Hﬂ

2.1.3.2 8 -333 A

o Aol A= AOPs(Advanced Oxidation Processes) A A &7148 =1
A l4-dioxane? ~EI&EE7 wEYE A9 A% Safarzadeh™ %
UV/Visible-H20.ZE o] §3} 41 1,4-dioxanes X & ek E} %t FUQdE0 EAEE Y
= Ag a9k Klecka®t Gonsoir'”E Fenton Oxidation® ¢ 2o & 14-dioxane?
32 A78 9, Adams” 5 & 0s/H:0:2 o] &atke] 14-dioxane® &S Z7FA 7o),

HZol = ALl ot TiO& Ful& = FS5uol 93 1,4-dioxane wallo #3 A

LA gl

2 E o 2

2.1.3.3 Phytoremediation

Phytoremediation< &5 ©°] &3}
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A 2RFAY, ABYH SA40] 93 BAR AFEAY, U] FoR A= Aoy
0303 - F 21 0] A9 = | 4-dioxaned A A=W AUHoz 9 gupdoly

71E e wMETs Ayl MY, AEdES FHAATV] HEA Al MAES
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2.31 UVY A9

ﬂll

AgHe Bponiy Aol wdett Wo) AR A Ao 290~400nme] IS
7HA M, 300~400nmAtel o] g zhi A9 d& 229,200 300nm Aol o gz
B AAe 94 Holgt . AeA el gogo] 320~400nmel FE-& UV-AZA Black
Lightz} % &7 TiOy59 #F&u7b- 843 9 ¢ g duixgdorn A48 $ 9o 4
Zole FFuE ol & FAHY, drIAel AFEE L U

290~320nm¢l ¥-¥& UV-Beta 39, 200~280nme] &2 UV- i/ﬂ SES F E
at7] Wil HZolE UV/Ozone 5 AOPs Ao <& &
2 oAgE L g

FAP] AGHE o] § HS Bol FFE UVAEE 44 34 AAAA] T4 9
Fo AL 53, gy AR Fo| ke s-dFo AEA FaAEel 9L wop A
ghol 2ARE G 493 Folms Atk ®F Wgle Fxo we 2ol AA F4
= UVAEZE WekA "ok A9 de WeluAE WS AW JTFUOR HNT £ 9=
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EF=hrs

where, h : plank’s constant (3.9883x10 " mol/k] - s)
¢ @ velocity of light (2.9979x10° m/s)
A : wave length of light(nm)

i\ (Eq. 2.3.1)

9o HolA Aol Hol FLFE AUA ATE A% ¢ F Avh B F@

AUAES @7 galME ol FE UV-C/b fsheh,

232 %A

Kl

J %

ya
i

3

0

N

Table 3014 A=z =7

b0
A

4= e

Table 3. Comparison of conventional UV lamp and Amalgam lamp37)

Type Low Pressure Amalgam Medium pressure
UV lamp UV lamp UV lamp
Spectrum 254nm 254nm 200nm
Discharge Length 150cm 150cm 50cm(Max. 200cm)
Power Consumption 0.5W/cm 2.1W/cm 50~100W/cm
Efficiency Operating 40% 41% 15%
Temperature 40C 110TC 600~900C
233 F=Z AT ¥ A

2331 %9

UV-C= 3ol wig &7 o

of @etA M Tt o] Wojx 7

A 598 AdAA. 59
Fo E9 2%7} 18~20C
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2333 A9 A9 §71% AAEH

1% BEA AAZEE f71%0] UVIUAE F5oE §44 2 258 Fol
MR Agdth mebd UVE F54, 5 % F9A5 23 Ee 5o 253

Table 4v= APHo=z 3 9 714 F7]sFEdo s 2F3A5<t 74 249 AF
i 5 £ = 4= (Direct Photolysis Rate), 33l % s

Benzene, Toluene® 2% =F3A57 49s
Aes =9 As & F Uk 1 oolf e EFGATe AR BdF&] AAY, 22 F
Abstol]l ol A4 4

e Aoz A

LU

Table 4. Direct Photolysis Rate, Photolysis Yield, Molar Absorptivities of

organic Compounds

Compounds kv 87 €254nm Dy
TCE 1.1x10™" 3 0.12
PCE 5.7<107° 181 0.31

Benzene 5.1x10" 160 0.075
Toluene 2.5%10™" 169 0.08

kmuv © Photolysis Rate, €g5mm : Molar Absorptivity, @y . Photolysis Yield
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HyO, + hv —20H » (Eq. 24.1)
H,0, > HO, + H"' (Eq. 2.4.2)
RH+ OH » —» H,O+ R+ — further ozidation (Eq. 2.4.3)
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2.5 Fenton / Photo-Fenton Oxidation

AERGE o5 BPNERINA $Eb5H0] Eol BES FE2 wa gr AE
ol H0.9 27F Mol Mg s B Mg o] T HFo] WAsE Agodn @
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251 OHAUZ WAUEL A48 A=W

Haber?} Weiss''= sl Eukgo] H,0.7F 271 & o] &3} wrs3sle] OHIYUZAS AA
Wgolgta )49tk Walling™ell 2w oj@z WA sk OHYU AL G727 uks
F71dd S A5k, o] F71dud e H0u &84 49 wkg-3lo] 2kstdT),
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2 r1r

Fe* + HoOp —Fe” + - OH +OH (Z}A % -$) (Eq. 2.5.1)
RH + - OH —H:0 +R - (@A 3599 (Eq. 25.2)
R+ + H:O, — ROH + - OH (Eq. 25.3)
R+0» — ROO - (Eq. 2.5.4)

OH#I Y Z & H20:9 Wa-3to] HOxE A4, £255o duzd A& AT

- OH + H>0» — HO2»/O2 + H20 (Eq. 2.5.5)
- OH + HO, - /O — H,0, (Eq. 25.6)
-OH + - OH — Hy0, (Eq. 2.5.7)
-OH + Fe" — Fe’' + OH (a4 &4%%) (Eq. 25.8)

flo

Eq. 251& &8 27FE 2 37bE = Adssed, oldA 349 37HE S ofd e A3 ¢
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Fe'' + H,0, © Fe-OOH” + H'
Fe-OOH?" — HO, + Fe*'
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(Eq. 25.9)
(Eq. 2.5.10)
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Table 5. Relative Oxidizing Power of Various Oxidants

Oxidation species Oxidation power
Hydroxyl Radical 2.05
Atomic Oxygen 1.78
Ozone 1.52
Hydrogen Peroxide 1.31
Permanganate 1.24
Chlorine 1.00
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Fe” (Ho0)s + HoOs — [Fe” (HoO)g +++ H-05] (Eq. 2.5.11)

[Fe (H20)g +=- H>0,5] — [Fe (H20)g +vv - H->0-] * (Eqg. 2.5.12)
[Fe* (H.0)s - HoOol * — [Fe’ (H20)s - 202 ] (Eq. 2.5.13)
[Fe®' (H2O)g ++- - H.0, 1 — Fe’ "(H20)g w++++ H.0, (Eq. 2.5.14)
H0: — - OH + HO 4 (Eq. 2.5.15)

WA WAYZFANE Fe’'-H0, ke dAbolEo] dojudr] dol ool Az} 2o
H0.7F 288 A= 537 9490

((H:0)Fe” - OOH)" + H' (Eq. 2.5.16)
(H,0)sFe* + HOOH ((H:0)sFe” - OOH)" + H + H,O (Eq. 25.17)

((H:0)Fe” - HOOH)™ (Eq. 25.18)
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2.5.3 Photo-Fenton Oxidation® 7 &

AOPs= &4d =% EAets fF2o F78d=2 Ao 4ot us=E= &
He Eolv, sA=dE A=ddqor At E7bset7] wWiEod AOPsEs AF8§ . AOPs
A= &M OHATZ S TAANZIZIL F7ledEs wallete] HFA=A H09 CO
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Fe(Il) =& Fe(IDE o] €3 H.0.9 UVY X3S photo-Fenton HF-E-
714 HAILe iz 28353, H.O0.x= AgA= #F&3drh oJAL Fedl)/H:0, =

UV/H2009F vlwd o HFA2le] dojA] o &4l gho]l An OHtI AL AAo] B
= I Ay gekd frjedEe 7117401] o] Ba&ETE F7HA Y
Photo-Fenton HF-3-9] Ao A== pHE Ha02 F Fe(II)i‘: UVZdx T 3
Photo-Fenton FA oA OHI: Y ZE S T AYA| 7]‘“ 2= Fe(IDol] 9JsiA HAs= AS A
43 Ao v 2
Fedl) + H:0O» — Fe(ll) + OH + OH - (Eg. 2.5.19)
9 A JME HEOoZ oy dHF Aol =2 AFHE AT U aYy oA S
e zmoﬂ Agad Ae Ao dojtp”. UVERALE F7hA<el OHY U A A ®ak o}y
=7t= %

A8 2
2, Fe(lD< #9UAA Fe(Dz £3& fEdd. of2ld Fe(De]
T2 71243 A9 Photo-Fenton WFgo] = Q3 ukg
+A pH, H20:9 5%, F9%€ FHo ol o &3},
pH—c T &9 Ao oA A/ HAH o= ofFLS n Hvl Photo Fenton ¥+-3-& pH 9
E=7F wi¢- 2t pHe OHUH ZS A dFs 51, 25 Aa & JFS vt
DH4°]%}°ﬂ/‘1t E&o] H4% #ast=H ol ¥L2 pHIA= HAeol sA3E= IAS
st3, o3 AAEo] AL Akslo] el AEI} A A} 2 7] oo
H:0-9 Fx7F A= ol gl g&o] #Aaste=d o= H.0.7F k49 22 % £
HAY OHA YA AAdFst7] WEelth. 1 A3, OH o2 Ho0.9 w62 ki, OHel
)7 scavenging capacity(2E)o] 716l 2 34 . 282 H0.= wSo] 27H=
H A Fol FYHolof gt
Fe(ID¢} Fe(lDo = AP HA L Svi2A A&stAl ¥H, pH4olste] gholA &g
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31 A% " A=

oo A3 Al 22 14-dioxane(C4HsO2 99.8%, Sigma-Aldrich, Inc.)¥ A3} 4
(H202; 30% w/w, Junsei Chemical Co.)°]™, Fenton 2t3}ol A= 3AHE Y (FeSO,4 - TH-0,
>99.0% purity, Sigma-Aldrich, Inc.), pHZZESZ ¢ HAXHNO; 60% purity, DC
Chemical Co.)¥} 438G EF (NaOH, >96% purity, Yakuri Pure Chemicals Co.)S A& 3}
ATt o] A 7] 2HE 98 FPA2AYEF(NaClOy, 10% purity, Samchon Chemical Co.)
S A8 14-dioxaned FE%S ¢8 Methylene-Chloride(HPLC grade, Mallinckrodt

Baker)E& o] &3}
3.2 HbS$-7]

Fig. 12 2g AAE veEld Ao, B AFfo|A = %7] 14-dioxane (CsHsO2 99.8%,
Sigma-Aldrich, Inc)® & =% 5SppmSo =, 3] 4 (batch) ®tS7]E5 AM&3dle] Ade Ao+
th B2 A A AP A S ST, A AAE wty] Fo2 FAEH . whg7Y)
= f3o] 600mL¢l A el T3} 753 pyrex glass® A XA oW, 59 tubeo] UV
lamp(15W, Sankyo Denki Com. Blacklight Blue lamp, F15T8BLB, 3% : 315~400nm)&
FUstAL, Fdo] gR=E WEHe AS Adstal BF37] A Aol A o] FHsHA
ZAEEE BFE7] Y S AR ST 1A Ao dfze 9%

} ot A3 WS FUANA, 44T 2EE FAAA FA
=

>
I AAS ofgstl=d Aol ol OHU Y Z o] scavenger
&

g =]

rl

o &9 oy =
=2 gt w719 AE = Teflon tapes o] &3Fo] 9 F 9 xvka
A A Ao wE g dAHFY samples AFA AT, AFHIF sample

1800rpm . 2 5&7F A4 Ee A7 w, AR AR HAHA dFHEF 2g% 6N @4FE ImL
7hek & awkr|2 AojEt. daWEd 10mLE thAl 7hete] wwbzlE 3R FET H,
Gas Chromatograph(GC-FID, Hewlett-Packrd, Model 5890 with HP-
cross-linked 5% Ph Me silicon, 30m x 0.25mm x 0.25 um)® #4} dlt}. oven, injection L
2l 1 detector =%+ Z+7F 140C, 230C 2183 250CE FAAA FAch.

capillary column of

X
=<
o =
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Cooling water outlet | |
Cooling water inlet

| — inject

UV Lamp

Sampling
port

‘ rm—r Stirrer
o =

Fig. 1. Schematic diagram for experimental set—up
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Table 6. Various Methods of 1,4-dioxane analysis59

0l 2 EPA

Purge&Trap device

2 :5mL

)

P&T

— * Minimum Level — * soil
600 ° 20~25C(XH&E DA Ezg + 5mlz Isotope : 50ppb * water &
Series .+ 75~85C (B X &) “1%0l5t DA 8RS |Dilution # DX MDL
= 1,4-dioxane *1%01 & D &S Al 1 14048 / kg
1624C1) # A2 =2 % purge X clean up Hes == GC
2 100~125C -2l &8 % /
purging M S
0l =2EPA I. Purge&Trap (5030) * Purge&Trap 2% GC method 5031 * method 5031 * EQL * solid waste
SW 846 II, direct 5mL / * 25ppb:56% ‘12ppb SO E2A 2, Xat=
Series injection A(3585) MS (RSD34%) * g8 2 %*756._' | - et CHs =
IIl. azeotropic * 100ppb:58% a2l Ly 8™el ¢d
826083) distillation (5081) (RSD11%) ol ot slxEe S,
IV. vacuum * 500ppb:61%
distillation (5032) (RSD18%)
o= TAlE B¢ c AR =¥ GC = B S| — cDAaHIS
EPA Il methylene chloride extract & 2 10t ol el = / F Al -2
8270C mLE 5 T 1~2m ¢ gt MS :9F 10,000ppb
+3500(CHrsh &xel &g AH)
* 1,4-CtOl =4 g0, O st
semivolitile st & = (ethers) & &
o= purge&trap 5mL GC — B — * solid waste
EPA * 80C Ol M purge / * S, Kot
¥ poor purging efficiency 0ff 2| &t M'S =
5030C4) HgstAHE =010 2ol S purge
Modified purge&trap - GC = * 2ppb - .=
0l 2EPA * heated sparge /! ¥ PQL: 2.5ppb
82605) T improve the sensitivity MS
Modified oo =z 1L GC * 20ppb 1ppb *RSD 3.7% O
0l 2EPA * Isotope dilution, extraction / (90~105%) (2ppb,73l)
82706) * methylene chloride MS

cImLE =5
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Table 7. Accuracy of solvents

59)

_ _ _ _ _ _ RSD Accuracy
Solvent 13 23] 33] 43] 53] 63] Average | S.D %) %)
a8 | 276 | 275 | 284 | 284 | 280 - 280 | 042 | 1.49 +12.0
| PP o [ 25 | 32 | 240 | 249 | 234 - 210 | 071 | 29 40
3 . d8 | 534 | 561 | 570 | 566 | 548 - 556 | 149 | 267 1.2
& 2Br | 527 | 515 | 506 | 5l1 | 542 " 520 | 143 | 274 +4.0
T [ 100 o 811086 T1066 [ 16 [ 1091 [1087 [ 1089 | 178 | 164 189
N 2Br | 1115 | 1077 | 1084 | 1049 | 1049 | - 1075 | 276 | 256 15
oL e d8 | 11559 | 11542 | 11473 | 1142.8 | 11616 | 1136.1| 11497 | 936 | 081 -
\ 2-Br | 13277 | 14675 | 14035 | 13642 | 1390.0 | 13729 | 13876 | 46.89 | 3.38 -
- a8 | 284 | 287 | 286 | 291 | 204 | 284 | 287 | 038 | 132 E
Al st 41
| 2Br | 206 | 296 | 296 | 290 | 205 | 281 | 202 | 058 | 198 -
std2 | 2Br | 569 | 568 | 569 | 562 | 55.9 4 565 | 046 | 082 E
I prR 9% | 2Br | 188 | 182 | 191 | 188 | 192 I 188 | 039 | 207 E
DS-A4 | 2-Br | 205 | 193 | 196 | 206 | 202 £ 200 | 057 | 284 E
B a8 | 092 | 093 | 09 | 101 | 092 - 094 | 004 | 457 6.4
ve | = 2Br | 096 | 078 | 2081 | 071 | 068 - 079 | 011 | 1388 212
20mLL | & a8 | 1088 | 1071 | 1103 | 1083 | 1092 | - 1089 | 015 | 141 +8.94
o | 1P T 0 | 1077 | 96l |9 | o Y 998 | 076 | 7.63 022
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Table 8. Recovery test of solvents

59)

Rec-1 Rec-2 Rec-3 | Rec-4 | Rec-5 RSD
Solvent STD ISTD Average S.D (%)
(%) (%) (%) (%) (%) °
5ppb 2-Br | 48.06 48.18 49.14 51.7 | 48.74 49.16 1.5 3
10mL
50ppb 2-Br | 63.99 63.06 63.47 60 59.64 62.02 2.1 3.3
D8 63.47 60.27 70.56 724 | 67.11 66.76 5 75
MTBE 1ppb
2-Br | 7143 63.79 65.23 82.6 72.8 71.18 75 10.5
20mL
D8 77.03 70.94 69.88 66.5 | 77.07 72.29 4.6 6.4
10ppb
2-Br | 76.23 72.76 78.07 68.6 | 79.01 74.93 4.3 5.7
D8 86.1 79.67 89.75 91.2 | 85.71 86.49 4.5 5.2
1ppb
MC 2-Br | 82.06 79.6 87.9 86.2 | 91.43 85.44 4.7 55
20mL D8 102.5 103.59 105.33 99.7 | 97.79 101.78 3 3
10ppb
2-Br | 96.27 95.79 95.66 93.8 92.9 94.88 15 1.5
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Table 9. Accuracy of various pre-treatment

- Avera Accurac
=2 A7 7 13 | 23 | 33 | 48 | 53 | sp [RsD
e y
Sample 10mL 076 | 0.75 | 0.87 | 0.84 | 0.76 0.79 |0.05|6.85| -20.56

Sample 10mL + NaCl 2g + MC 10mL 0.83 | 091 | 0.87 | 0.90 | 0.97 | 0.89 [0.05]569| -10.58

1ppm

Sample 10mL + HCIl ImL +MC 10mL 0.80 | 0.78 | 0.78 | 0.83 | 0.76 0.79 10.02|3.14| -20.85
Sample 10mL + HCI 1mL + NaCl + MC
0.92 | 1.05 | 1.05 | 1.00 | 1.04 1.01 |0.06 | 5.70 1.24
10mL

Sample 10mL 3.61 | 354 | 3.40 | 3.49 | 347 347 10.12|332| -13.13
Sample 10mL + NaCl 2g + MC 10mL 403 | 3.90 | 3.95 | 3.88 | 3.92 392 1007118 | -1.99

4ppm

Sample 10mL + HCI ImL + MC 10mL 3.598 | 341 | 373 | 342 | 359 | 359 |0.18 496 | -10.87

Sample 10mL + HCI 1ImL + NaCl + MC
10mL

4.05 | 402 | 435 | 402 | 392 | 4.07 019|460 1.86
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Table 10. Recovery

Rate of various pre—treatment

AETE F= 1449 T 3T &
Sample 10mL 0.79 3.47
Sample 10mL + NaCl 2¢g + MC 10mL 0.89 3.92

1ppm
Sample 10mL + HCI 1mL +MC 10mL 0.79 3.59
Sample 10mL + HCI ImL + NaCl + MC 10mL 1.01 4.07
Sample 10mL 3.47 86.87
Sample 10mL + NaCl 2¢g + MC 10mL 3.92 98.01

4ppm
Sample 10mL + HCl 1mL + MC 10mL 3.59 89.73
Sample 10mL + HCI ImL + NaCl + MC 10mL 4.07 101.86
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35 TS £

1,4-dioxane®] AOPsE &3 wall=e w42 2 HFTAHES Fds7] Hs 245
AA AT W7ol A elE 14-dioxane A& g AR o2 10mLA #H§H
purge & trap< ©o] &3 WFS& Ao = BHES FFFHE T H AedE} F4
FAE o]&3te GC-MSZE FY3d = SHIMADZU GC-MSD
QP-2010AE ZHL AT-1 column(60m x 0.32mm x 0.25um crosslink) & AF-&3F %

Injection Temp.i= 2007C, detector Temp.© 250C =2 3R, AZA A% 280C, 78] o] 7F=

© BFS AHEEA &Y 272 s HBTE 10&F d7Is 5 8C/min® 120C7HA]
+EE &YW F 103 t7], Bl 12C/min 180C 744 &8 731 t71g ¥ 15C/min%
230C7HA =d F 1023 W71 @

Table 11. GC-FID oven temperature program

initial temp Initial time Rate : ) ) .
f ] Final temp.(°C) Final time(min)
(°C) (min) (°C/min)
36 7 20 90 0
30 200 15

‘ Photo—Reactor |

\ 1. 4-dioxane 600mL
Y H202 i FeSO4

[ 10mL Sample } g

NaCl 2g, BN=HCI 1TmL
Methylene chloride(MC) 10mL

A

‘ Abstraction

Y

‘ Solvent layer

‘ 3ul Sample ’

h J

e« )

Fig. 2. Diagram for 1,4-dioxane analytical procedure
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4.1 Blank Test

1,4-dioxane®] a5 HZ3A 7] YA blank tests WA AA3HTE. 27] pH
2 3,6, 98 231 14-dioxaned %7|%%Z Sppml & slo] AL AA et 1208
&9t magnetic stirrerE o] &3] wHbgk S AL 7|9 HFFsLo WHsle A9 gldor

pHS| Wl w3 o} F vAstg

oot AwkE AAste] R EHY FYo] Y& A+ 14-dioxaned] &= 719 4
Uz &e & 4 ok ou o]y 54 14-dioxaneo] #7187 E FF T EEF
pas

R
=
oz Rart & €2 &S AT Stefan¥ Boltonol osiAE wald up ol o
o

4.2 H:0: ¥4 %o @2 14-dioxaned # 3] a&

2 AP AE H028 AHE3te] HO2 FU 0] 14-dioxane®] walE & WA= FFS
orol B ottt Fig. 5ol Al B &= npef o] HoOoRbS FHek = 745 1,4-dioxaned #3)7F A
o] o] F oA A Y= AHAZ & 4 9t}

ZFS 5x10 "M, 1x10 °M, 2x10 M= ® 3} 7] ¥ A]

@43 HyOowr o 2= | 4-dioxaneS #3]8 <+ U},

|\
rot
Mo

AW A, S

Mo

)

I~

N
W
)
3
S
2
filo
S,
op
ol

8t 1,4-dioxane ¥ 3 & &

A7 2A 02 Jampol” el WM E A a&9 o]t
= Agol elthi mwmwol otk Fig 62 ¢%o the =7 glo] w74 UV light
= —“5: UER Aolth @ mel A mo]FEo] UV
G mp7EA R 0FZEe] 1 4-dioxane A A= 9l
FAE FUth oz UV light oz %=

&

14-dioxaned #| A Ak o}F wju]d HTolx Zu] glo] UV lightwtoe 2 FFA Wt
[e]

=
o] A doluA Rt AL ¢ & vk
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pH

10

Fyy— ¥ ¥ —————F—— - ¥
—a— pH3
e pHB
—¥— pHY

o
o~ 8 T - T o o
2 » -
0 20 40 B0 80 100 120

Time(min)

Fig. 3. Variation of pH during only stirring

( Experimental conditions
: bmg/L 1,4-dioxane, 1=0.05M NaClO, )
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CICq

—e— pH 3
0.8 1 v pH 6
—&— pHY
0.6 1
0.4 -+
0.2 +
00 T T T T T T
0 20 40 60 80 100 120

Time(min)

Fig. 4. Effect on initial pH on degradation of 1,4-dioxane
( Experimental conditions
. 5mg/L 1,4-dioxane, H.0.=2x10*M, 1=0.05M NaClO4 )
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Fig. 5. Degradation of 1,4-dioxane at various H>O» concentrations
( Experimental conditions

: bmg/L 1,4-dioxane, pH 3.0, I=0.06M NaClOy, )
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Fig. 6. Effect of only UV light on 1,4-dioxane conversion

( Experimental conditions
: bmg/L 1,4-dioxane, pH 3.0, I=0.0o6M NaClO, )
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Table 12. Pseudo-First Order Kinetie Data for the Light-Assisted

1,4-dioxane Degradation”

peroxide | Conc.(M) Radiation Kinetic constant(s—1) Scavenger
1 H202 0.01 >295nm 3%x10™"
2 H202 0.1 >295nm 6.67x107"
3 H202 0.1 >295nm 6.67x107"
4 H202 0.1 >295nm 7.8%107° HCO;5 (0.1M)
5 H205 0.01 full spectrum 2x107"

* 1,4-dioxane : 10 ‘M
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Fig. 8. Degradation of 14-dioxane at various pH with UV

( Experimental conditions

. 5mg/L 1,4-dioxane, H.0.=2x10 *M, 1=0.05M NaClOy4 )
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Fig. 9. Variation of pH during UV irradiation
( Experimental conditions
. 5mg/L 1,4-dioxane, H.0.=2x10 *M, 1=0.05M NaClOy4 )
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Fig. 10. Degradation of 1,4-dioxane at various Fe”' concentrations

( Experimental conditions
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Fig. 11. Degradation of 1,4-dioxane by Fenton oxidation at
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( Experimental conditions : pH 3.0, I=0.05M NaClO4 )
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Fig. 12. Degradation of 1,4-dioxane at different dosages of
Fenton’s reagents with UV irradiation
( Experimental conditions: pH 3.0, I=0.06M NaClOy )
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Fig. 13. Degradation of 1,4-dioxane by various combination processes
at constant Fe concentrations

( Experimental conditions
: Fe”'=2x10" M, pH 3.0, I=0.05M NaClOy )
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Fig. 14. Degradation of 1,4-dioxane by Photo-Fenton oxidation
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