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Abstract

The fate of two cyclic ethers,- THE(Tetrahydrofuran) and 1,4-Dioxane, in conventional biological wastewater
treatment plants was investigated using sequential activated sludge process. Removal efficiency of THF were
about 86% in average, which was greater than that of 1,4-Dioxane, 30%. However, it was not clear whether
the removal of cyclic ethers in biological system was caused by microbial activity or not. Thus treatability
tests were conducted by batch experiments. The effects of mixing, aeration and the addition of activated sludge
on the removal of cyclic ethers were investigated in batch experiments. THF was totally removed by mixing
and aeration in 24 hours while removal ratio of 1,4-Dioxane was at most 30% for the same period. This results
could be ascribed to the differences in Henry's law constants between the two chemicals. In addition, biological
degradation including biosorption was not obviously observed in these batch tests.
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7] AFA, 9280 o2 AL&-H}h 14-Dioxane
a7 &A19 GAIEA, JoFEE SAZ AL
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¥} DMT(Dimethyl terephthalate) ¥+ TPA(tereph-
thalic acid)& o] 83} &43l=4), BD= Az
oA m 3} ukgol o8 B3 THFZ Aga
1,4-Dioxane= PET (polyethylene terephthalate) )%
TR BREE Y

1,4-Dioxane- 200003 78] GF7} A oA 0.6 ~
217 pgl2 HEH A2 Bad v AP, old] F
Foll A& 1,4-Dioxane®] vl&U-& #Q18t1 A&
AE o WEF A7 =29 vgoln Ao
1,4-Dioxane A 2] 7] /Nd3t7] 93] ohokg A7)
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AVshadeh.
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21. A&3| 24 2 &2X|(SBR) M8
CEEE

o AEH g AA
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3 4 By%

322 2 FARoZ AL
frES3 0] 6.75 L] ¥Hg-71E A3 on, PLC
(programmable logic controller)E o] &3} F¢, &
3, Z7), A& 59 23L& AF583A) SBR ¥
271= 105 pmo. 2 3 Ade= HEE EF3Y
HRTE 697, 33 2 w&7)8 22t 1 hr, 2 hr2
AT HHEAZHE s 2 e 192
Astgt. AE<E e X+ THFS 1,4-Dioxane W &<
AZF AX3IL A= GAI 9 BFEA AN A
Fatgeon, 7] %7} 3,300 mg/le] HEE F
3t}

gl o] &3 FAHF =4S Table 13 2
o 13 g oezrt T3 Yo fFAR A
Aoz FAHASFE AxY]) 95| PBT 2 PET A
Z9] €89 BD(,4-Butanediol)9} EG(Ethylene
glycol), 2|9 FAAAANA A= a2 =
=35 #7599 B THFS) 1,4-dioxane®] S A]
d X3E AguFe gle AoE AGHUA,
1,4- Dioxane2 THFE ¥-3lst= VA E<) o3 35
Akl oa Eelgths A7 237 B b 3l
omg % 238 Egsd A A5
CODE ¢F 500~1,000 mg/l7} HEE slgon, o
g8 dHz ve Agxdd g 2A3Y
24 1, 2e-A ) A= THFY Z+zt 50 mg/l, 500 mg/i
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Table 1. Chemical composition of synthetic wastewater

used
Materials Concentration (mg/1)
THF 50~500
1,4-Dioxane 100
Organics Glucose 100~300
Methanol 40
Ethylene Glycol 50
1,4-Butanediol 30
NH4CI-N 353
KH,POs-P 7.5
NaHCO; 250
Nutrients Yeast extract 1
and FeCl; - 6H,0O 0.375
minerals MgSO47H,0O 50.0
MnSO4H,O 0.038
CaChL2H,0 10.0
ZnSO47H,0 0.035
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Dioxane-& 22} 100 mg/1# 7434k 1~39A 7
Xli HRT 2902 310, 484 o= HRT

T 192 @53 a8 4dA oM e ot &
81 AE AR 4F38Hd 2,500 mg/l7} H 2 st}

22. 3|2A A

& APe BA ndF ez xg9
SHHFE 1 LE Yol Igatrt A4 mukr)(2
°] 38mm, 450+30rpm)Z 3 oH, Tr)E Air
pump®} 7148 ALE-3f 0.99 [/mini FdeAct.
AAAY FEA 49 =4 Table 29} Z%"El
Run 1 ~ Run 3& z}7} g4 zﬁ AT
Fol 12y ez AA vXE A%S i/%}
7] 913 A3 o)tk Run 3 F71FATF Jae =
Absl7] 913 Ao r U182 B9 022, 0.42, 0.99 L
£ FY3 9 Run 43 Run 5% 27} 3145287
72 5 EQ 93 myE g4 H37) 128
& AEZ AA vAE TS A 5 A
L2 G4 A €8 AE 3,300 mgl H7kElg
T} Run 59 A& HgCl, 500 mg/l £403te] u] g &<
245 As)stA k. Run 2-29} Run 2-2, Run 2-4}
Run 2-4'= 22 x99 ntEAd3oltt. g4 H 4=
¥ %%, THF, 1,4-Dioxane2- z}7} 200 mg/!l A% 3

Table 2. Experimental conditions of batch removal tests
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1288 oH 2% GC-FID (DS6200A, Donam In-
strument)E AN&-3la] Ao, 1,3-Dioxane
(Aldrich, 97%)& MR EZE2 A7st9 . 6oy
SAZAL FYTF 250C, B&7) 300C, ByHe
50C(0%), 8T/E(20%), 210C(08) oz HAsY
o EE#e ZAEE#AR DB 624(L=30m, 1.D=
0.53mm, Film=3m)& AL&-3}Hom, 89 N85S
a2 F3tg ). CODE Standard methodsel] o}
g EAsgH”. 2ela Age AH&% THF, 14-
Dioxane, EG, BD¥= =% Sigma-Aldrich A}2] & o]t}

’:! ‘=2 XI(SBR)

SBR 1@}%714 COD AA 54L& Fig. 13 2t}
128 A= ZFoA THFR 50 mg/t, 500 mg/IX
H7FR 1A 9} 28 A A o] &4 CODE 2zt
22 mg/l, 44 mg/1Z el COD A AL 95% o] 4
FAHAk olE g A THFE X335t FAH)
Gl =38 Edo] Ao AAYL 2vistd, THF

Conditions THF 1,4-Dioxane

Run 1 Run 1-1 Run 1-2 Run 1-3 Run 14
Mixing x O x O

Run 2-1 Run 2-2 Run 2-3 Run 2-4
Run 2 Mixing O O O O
Aeration X (@] x @]

Run 3-1 Run 3-2 Run 2-2' Run 3-3 Run 3-4 Run 2-4'

Run 3 Mixing O O O O O ¢}

Air flow rate (V/min) 0.22 0.42 0.99 0.22 0.42 0.99

Run 4-1 Run 4-2 Run 4-3 Run 4-4
Run 4" Mixing O O o O
Aeration x O x O
Seeding O ®} O O

Run 5-1 Run 5-2 Run 5-3 Run 54
Run 51 Mixing O O @ O
Aeration X @] x O
Seeding, HgCl, O O O O

PMLSS: 3,300 mg/l, PHeCly: 500 mg/t
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Fig. 1. COD variations in sequencing batch reactors.

7} 500 mg/l FFELE FUletA R e EF 9 AA
de IFE PAA &= 2S¢+ Uk
3, 4 A9l A= THF, 1,4-Dioxane, X &3 2}2}+
100 mg/12 Z2A st 94 COD7} oF 500 mg/l7}
H%E 314 th HRTE 292 #XA3 3¢414 COD
AAEL ¢ 81% FFLE Ve YL ¥ HRTE
1°‘i Fol1 3t AE A 2F e 4D oA
WA COD AAEL 75% A= By THF
'e} b 1, 29t AI BT} 3, 4974 COD A A&
o] Y& AL 14-Dioxancd] Hiko 2 ArHAC) =,
14-Dioxaneo] A AAH A ¢Fok7] o] AnkA
©22 COD AAEge] Yol Aoz Hugrh

312 12/" og 2
394 HFRE THFS} 1,4-Dioxancd] ¥ X8 £
Astgon, 1 AFE Fig 29 2t} 394 oA

[]

Lo

Stage 3 Stage 4

200

(C)

160 4 r 80

g

o 1204 I 60 §
=) b
O

E =
w @
D:I—: 80 { —e— Influent bao 8
—O— Effluent 2

@

4

—@— Removal effi¢iency
40

4 BE I
[ T 0

100 150 200

Time (day)

1,4-Dioxane (mg/l)

QEERE LS

THFE 84% =9 AAEE B vhd 1,4-Dioxane
£ 9F 26%2] AALS BRYth HRTE 14 E &=
7 42719 THF € 1,4-Dioxane®] B MNAE&L 2
Z} 87%, 32%2 ety 39A 9 & ztelrt gt
1348 digE FoA THF= ¥a23d g2 AAE
& B o1} 1,4-Dioxane AALo] ¥S& F
t}. 3lA|Ft §25 1,4-Dioxane 35 & Z o
F5 AFAHA AAA LR o] FAEA] %2
2 gagdo. 38 Abe’= 1,4-Dioxane A A&
<8 FHEHAY A5 50 ~ 60% FEolH,
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B aAqdde ol¢t A 2R gddEn
THFE LAEL A3 F3l7t Sdsitta
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Fig. 2. Changes of THF & 1,4-Dioxane concentration in sequencing activated sludge processes.

a) THF, b) 1,4-Dioxane.
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HAES 1d xgc 1,4-Dioxaneo]| =& dloj % &3
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Fig. 3. The effect of mixing on the removal of THF and
1,4-Dioxane.
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Fig. 4. The effect of mixing and aeration on removal of
THF and 1,4-Dioxane.
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Fig. S. The effect of air flow rate on the removal of THF
and 1,4-Dioxane.
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Fig. 6. The Effects of activated sludge on the removal of THF and 1,4-Dioxane.
a) Without HgChL, b) With HgCl,.
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