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Abstract: The efficiency and mechanisn of the degradation of 2-methylisshomeol (2M B) by O; /H,0, in agueous lution is investigated The effects
of molar ratio of hydrogen peroxide o ozne, method of addition of hydrogen peroxide and ozne, pH value and water quality on the degradation of 2M B
during theO3 /H,0, oxidation process are discussed Hydrogen peroxide highly enhanced the removal efficiency of 2V B inwater. The removal efficiency
isonly 38 7% by ozonation alone, but it reaches89. 2% after 20 minuteswith the addition of H,O,. The optimum molar ratio of H,0O, /O; was about
0.6 The presence of humic substances (HS) with concentration lower than 0. 5mg L ~* enhanced the removal efficiency of 2M B fram thewater But
high concentrations of HS inhibit the removal of 2M B by O; /H,0,. Tert-butanol, a typical free radical inhibitor significantly inhibited the removal of
2M B. The intemediate oxidation productsof 2-M B were identified by GCM S and include 4-hydroxy-1, 7, 7-trimethylbicyclo[ 2, 2, 1] heptan-2-one, 1,

7, 7-trmethylbicyclo[ 2, 2, 1] heptane- 2, 5-dione, and 1, 7, 7-trimethylbicyclo[ 2, 2, 1] heptan-2 -one Based on thes reaults, the mechanisn and
possible degradation pathway for 2M B are proposed
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, 2M B , , , Q Immol L*
, (Zaitlin et al, 2006) ; Na SO,
H,O,
2M B , , H,O,
, (Lalezary et al , , :
1986; Sagehashi et al , 2005). H, 0, 15nin 5
, KM O, H,O,
NaClo CIO, H,0, 2M B 292
, O 2M B 2M B Agilent GC4890
( , 2006) , o} ; , 30m xQ 53mm x1 @ m HP5 ,
amg L', 25 3 5mL min'?, 140 ,
HgL' 2MB 0% . 240 (FD)
, 300 L 0,
: , (Bader et al , 1981) ; H,0, co”
2M B - O (M asxchelein et al , 1977).
H, O, - OH, Agilent GC6890 M D5973N  2M B
Os/ , :30m x Q 25mm x Q 25
H,O, : HO MmHP5MS , 250
- OH . ,O0; IH, 0, , YL; 40 2min,
O, 5 - min* 250 20 - min*'
H,O, pH 280 270 ;
0,/H,0, 2MB , 2M B , 1 0mL min %
, - NzOH (2mol L") pH 1Q 0;
(ecCM9 2B : Amberlite XAD- 2 (XAD-2)
2M B . Amberlite XAD-8 (XAD-8)
2 (M aterials and methods) '
, GCMS
21
>MB(Signa  ,USA) .3 (Reaults
25mg L, . 31 HO;
( ). la , H,0,
: 0, 2M B , H,0,
: 1 9NTU, TOC 3 51mg L *, 5min oM B 39 2%:
[cd"] 15mgL ", [Mg'] 1lémglL ', TOC o0.38mgL 'H,0, , 5min 2M B
10 0mgL ', pH 7 20, 28 52 1%. 0, ,
2M B L H,O, 0, 2M B
, . 1b H,O, O
(DHX-I1B 2M B :
) , ,H,0, 2M B
, , 20min 2M B
, (o} 38 7%:; 0.35 0.70
, , imL 2M B 1 00 0, H,0, ,2MB

, 2MB 2% gLt 50 5% 58 0% 59 5%.
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0, 0, —
st H,0; SR (mg-L ™) 100% 7 b H,0; $ 0k /(mg:L™)
L —x—0 —0—038 —a—0 —#—070
80% —a—0.64 —a—1.00 80% [~ —0—0.35 —x—1.00
» —x—1.50
% 60% 60%
E 40% 40%
o
20% 20%
0 0
0 50 10.0 15.0 20.0 0 5.0 10.0 15.0 20.0
#48) /min 1] /min
1 H,0, 03 /H,0, 2M 1B (IMB]y=28 gLt O 18mglL™?, (20+2) ;a
0. Immot L ~? pH 7.0, h ) =145mgL ! pH=72 [TOC] =3 5ImgL"! [C&"] =

15mgL !, [Mf*]=18ngL ! [IC]=100mgL )
Fig 1 Effect of H,0, dosage on the ramoval of 2M B by O; /H,0, ([M B]o =23 g L *!, omne initial dosage 1 8 mg L ", water tanperature
(20+2) ;a Indistllerwater, pH valuewasadjusted o 7. 0 by @ 1 mmol L ~! phogphate h In SonghuaRiverwater, [ alkalinity] =
1.45mgL"!, pH=72 [TOC] =351mgL !, [C&d*]=15mgL"* [Md*]=18mgL ! [IC]=100mgL"?')

32 H,0, , 2min 2M B
2a H,0, 2 35.5%, H, 0O, , 2M B
2M B . , , 5min 10min 15min
H,0, , 2M B , 2M B 57. 8%
, 2min  2MB 47. 2%, 70.5% 78 2%, 20min  2M B
, 2M B 89 2%, 2M B
, 18min 28 0%. 14 0%.
e e —o— ks 2ok ~o- KM
i —o— —kiEHm o\ —o— —KHEHM
80%
» r ~ 15
% ol 2
E
g < 10
T 40% | =
R %
20% O o5
0 =i | L . f. 0 1 1 I 1 e 1 M|
0 5.0 10.0 15.0 20.0 0 5.0 10.0 15.0 20.0
B ] /min Bt/ /min
2 H,0, 2M 1B O, (04 18mgL" ! H,0, 070mgL %, (20£2) , pH
7.0,a 2MB ; b O )

Fig 2 Effect of methodsof H,O, addition on 2M B removal and residual ozne (Ozone initial dosagewasl 8mg L ~ 1, H,0O, tal dosage

was0.70mg L "1, temperaturewas (20 +2) , pH valuewas7 0;a 2M B concentration; h O, concentration)

33 pH ,2M B
3 pH 0; /H, O, . 20 min , pH 28 97
2M B ) ,pH 0, /H,0, ,2M B 18 9% 78 8%:;
2M B ' pH pH 118 ,2MB

2M B ; pH
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—o— pH=28 —<v— pH=97 y O3 /H202 ZM B
80% | —o— pH=44 —»— pH=1138 ’ .0, IH,0,
L —oa— pH=6.5 1
s0% |- 2M B 64 0%, Q 5mg L
- 2M B 62 0%,
w . .
EW%- 5mg L°* 50mg L'* 2MB
& 0 60. 0% 28 0%.
20% o
0 f { A | i , 50 200
0 5.0 10.0 15.0 20.0 1
B 1] /min mgL "
0; /H,0, 2M B 4b ,
3 pH 03/H,0, 2M 1B (04 1.8mg H,O, O, a3 ,
-L° Y H,0, 070mglL%; (20 £2) 2M B _
pH )
0 .
Fig 3 Effect of pH on the oxidation rate of 2M B by O; /H,0, (The H.O, O 64 2% 2M B;
initial concentration of omne was 1 8 mg L™ *; H,0, btal 510 25mg L~ !
dossgewasQ 70 mg L ~1; water tamperaturewas (20 +2) ,2M B 63 1% 58 5% 55 1%,
pH valueswere adjusted with phosphoric acid) 50
34 mgL* 100mg L * ,2MB
4a O; /H,0, 2M B 44, 6% 32 5%.
80% — [ OmgL” Smg-l”'  EEER 10mg-L! ] Omg-L™ Sme-l”'  EEEQ 10mg-L
¢ 80%
L E=525mg-L”" [III]]) 50mg-L~' [EEEEH 100mg-L" F E==25mg-L"! [[[II1] 50mg-L~' EEHER 100mg-L™"
60% 60% L
* - *
. % ol
40% |- ; T
= o o 0%~ U
= = = (|
& ] 2 I I
20% r‘ } 20% |- ' “
: J ; |
t-BuOH NaHCO,
4 04 /H,0, 2M 1B (pH 70, 3)
Fig 4 Effect of t-butanol and HCO; on O /H,0, removal of 2M B (pH =7. 0, other conditionswere the same in Fig 3)
35
NOM & ( PA TOC it)
5 , 05 . [JOmgL?  E0.5mg-L
L 1 B0 = 2 smg-L! 10mg-L™!
mg , , L ___ zZz3wmgl!
; , O3 /H; O, 60% SR
2M B : x ¢ SR
25mg L', 0;/H,0, 2M B ié‘ 40%[ :
46 1%, 18 5%. & i RS
20% SR
4 , 0 %0 %% %
o1 I
(a5mg L) 2M B . |
-1
(5 25mgL ") 2M B 5 04/ H0, 2M IB ( 4)
Fig 5 Effectof HA on O3/ H,O,removal of 2M B (The conditions
were the sane as in Fig 4)
I © 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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36 2MB 3
GCMS 2MB , )
, 4 —1,7,7- 1
[2,2,1] —2- 2= — , 6 2MB
1,7,7- [2,2,1] —2,4 1,7,7-
[2,2,1] —2-  2-
%1 GCMSRRMY2-MB RLFTEFRE"Y
Table 1 Main cyclo products from 2-MIB oxidation; GC-MS results
Fs ZmR NFR/H TR FTERAB T (R m/z)
1. 0%0 C,H,00,/126 126, 70,56,55,42,41
2. ﬂ%/o C,oH,s0,/168 168,153,125,122,111,107,97,83,55
OH
3. &O C,oH,,0,/166 166,138,123 ,95,83,69,67,55,41
o}
4. E o C,oH 607152 152,108 ,95,83,81,69,55,41
5. OWO CoHy0,/112 112,83,69,56,43
6. %&O C,oH,,0,/166 166,123,109 ,95,83,69. 41
o
,O - OH; H,O
4 (Discussion) : 2
5 H202 . OH
41 2MB )
) HZOZ O3 l .
H,0, O, -OH (AOP) 20 4mot L"), O 0 08,
(Glaze et al , 1990; , 2000). H, 0O, 2M B '
H,0, ~HO, +H*, k =0 25mol’* L s* (1) HO 2MB :
O, + HO; -HO; +0; , k =2 2x10 mol’ * L s* H.O, - OH + OH (
2) (5)).
O;- + H,0--OH + HO +0 (OH +H.0. - H.0 + O, + HY,
.+ . + + , = i i
: L e e k=3 8x10 mol' ‘L s (5)
20 30mol - L- s (3) H,0, . 0,
0O, H, O, H,O, )
- OH. - OH
20; +H,0, »2 - OH +30, (4) , . OH 2M B, :
(4) ’ H202 03 - HO H202
Qs H, O, (Hoignéet al, 1976) , (5)



-0, IH,0,

2M B

349

6

210000

190000
180000
170000
160000
150000
140000
130000
120000
110000
100000
90000
80000
70000
60000
50000
40000
30000
20000
10000
0

Abundance

340000
320000
300000
280000
260000
240000
220000
200000
180000
160000
140000
120000
100000

80000

60000

40000

20000

Abundance

2M IB

c 1,7,7-
Fig 6 Mass pectraof sime oxidation productsof 2M B (a 4-hydroxy—1, 7, 7-trimethyl- bicyclo[ 2, 2, 1] heptan—2-one, h 1, 7, 7-trimethylbicyclo
[2,2,1] heptane—2, 5-dione, ¢ 1, 7, 7-Trimethylbicyclo[ 2, 2, 1] heptan—2-one)
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2b , H, O, B UOH ,  tBuOH
: 0; : , : :
0; H,0, -OH + tBWOH -- CH,C(CH,),0H + H,0,k =
,H,0, HO; | HO, 7.6x10 mol - L- s’ (10)
0, , - OH , O, +tBWOH - P3,k<3%x10 °mol " L- s (11)
2M B. - OH , (7) (8) (10) (11) , tBUOH
: , 0 H0, 2MB 0O, ,
0, , (Legube et al, 1999). 2M B  tBuOH - OH
5min . , r(2MB)  r(tBuOH),
0, , - OH. (12) (13)
) H,O, , r(2MB) =d[2M B]/dt=k[2MB][- OH] (12)
0, , r(tBuOH) =d[tBUOH]/dt=k [ tBUOH][- OH]
O, H,O, O, (13)
. OH. 2M B , r(tBuOH) >>r
pH (2m B), r(tBWOH) /r(2MB) 250 ,2MB
. pH 0, /H,0, (12)  (13),
, pH O; [tBUOH] = 197[2M B],
- OH : pH : B UOH 2M B
, O; OH 200 ,
OH, : pH . 4 , [tBuOH]+ 200
: [2MB] t+-B UOH ,2M B
- OH , HO, ,
HO, HO,
, pH :
H,0, +H,0 HO, +H,0" (9) ,
pH , )
 H.O; , : )
) - OH ,
pH ,H, 0, (Ma et al, 1999).
, -OH , 4 3 H,0, /0, 2M B
pH , , ,0; /H, 0, 2M B
, OH" ,H,0, O,
- OH , 3 -OH, - OH
42 - OH 2M B ,
, , 2,2- —1- 1,7,7-
, [2,2,1] —2- ;
; - OH ,
( ,2003). (tBWOH)  H,O, /O, . 0; /H,0, 2V B
2M B , 7

- OH



2 : O3 /H,0, 2M 1B 351
OH
1 BBt : Mk e ABEE 41k
* * * * »
(0] 0 0 9 o (0]
) ) OH 0
on °
MR BE : WIRG TR , BRI R J
MR B : IR, BEREHE. M. B
(o}
OH
HO
O O O
i HO OH
o OH OH
?q -
OH—C—C—~OH H—C—0H
VIFrBL: 7 4Em COH,0
X #H AKEBRNHMNHE, X EHENTEN>Y
7 03/H,0, 2M 1B
Fig 7 Possible degradation pathway of 2M B by O3 /H,0,
. 3 .2MB 0O; /H,0,
5 (Conclusions)
1) O, /H,0, 2M B ,
2M B ; O; H,0, ; ,
) 2M B
H, O,
Q6 :2M B pH
, pH 6 9
2) >MB 0, /H,0, 1239
212 , : 200092, : 021- 65982691
(0).
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