ooty oo

Joooodobooubtdotdonbd

O

Decomposition of Phenolic Endocrine Disrupting Chemicals by

Potassium Permanganate and y -ray Irradiation

oo o

Yasuhiro ABE

OooooDoooooKMnO,00000000D0DOCOO0000D0ODDOOO P-EDCY]phenol04-t-butylphenoll BuP 1]
bisphenol A BPADO OO OOOOOOCOOOOOOOODODODOOOOOOOOOOOOOOOOOoOoOoOy oo
goooooboobobooboooooboorPLCOOD@MODOODOODOOODOOOICODOMODODODDOD
gTocuoooookKMnO,0000O00OO0O0ODOODLOy DODOobDoROOObO-ODO0O0ODObDObOobObOOoboOonDg
000o00o0o00oooOooOoobooo0oOoonD KMnO,0y ODO0OO0DOOOOOphenolO0y OOOOODODODOOOODO
gooosgobokMnO,000000000DOO0O00BUPOBPADDLDODOOODOOOOOOOODODOODODOP-
EDCsO0O0O0O0ObOooboobooooobooboobooooooboooboono

10000

000000 DOO0OO00000 Endocrine Disrupting
ChemicaldJEDCsO0 00000 O0O0ODOODOODODO
ggobobooobbuooobbuooobbooobo
ggobobooobbuooobbuoobobboooboobo
000000000 0YW00O0000000ooooa
ggooooobobobbbooooobbTooobDO
gobooboobobooboobbE@mbooobooDnDd
gopCBOOOOOODODDOOOOOOOOOOODOO
ggobobooobbuooobbuooobbooobo
ggooobobboooooobbboAOO0oLDboDD
godobobooobbooobbooobbooooobo
ggobobooobbuooobbuouoobbooobobo
00002000%0000000%00000000
godobobooobobooobbooobbooooobo
goobbooobbuooobbuoouobbuoooobo
ggobobooobbuooobboobobboooobo
gooooooboooboboobobooobobooo

gooboooobobookMnOo,000o0obobooono
ggobobooobobooobbooobboooobo

00000000000y D000D000000000000000000 43 @————

000000000000000000000070

3CgHsOH + 28KMnO, + 5H,0
18CO, + 28KOH + 28Mn0O, [ 100

gooboooobbooobobooobooobboon
KvnOo, 000000 OO0oOO0oOoOoDoooobDOoooDD
000000000000000%1 000 KMnO,00
oooooooooooobooboAdz4000OonoO
goooooboobobooboooboobobooooo
gbooooobooboboboooooooboboog
oooobooo KMnO,0000000000O0O0ODO
000o0ooO0ooDoD >000o0oooA = 2400
gbooboo boobooooooooooboobog
00°YOo000OKMNO,0000000000D000
goooboobooboboobooobooboooooob
goooboobooboboooboooboobobooboooo
gboooooo
goooHODOoOoOoOogooooooboobooooo
gooboooobboooboboobobbooobbooon
uvviooooooooooooooobooHOoOoDooo



ggooobobbboooooobobbbuviboboooo
gooboobooooHOOOOooooooooooog
ggobooobobuooobobuooobbooooboobo
Xty ooodooooooobooobobboooa
gojodooHOOUOOUOoOooooouoooooogooo
goboobooobobooobooooo
gobooooboooKMnO,000y OOobDOoOon
0000000000 O0OOd0O P-EDCsO Phenold4-t-
butylphenold BuP 1] Bisphenol A0 BPAIOOOOOO
gogoooooooobbobbbbbobbobooo
KMnO,O P-EDCs OO0 00O O0O0O0OO0OOOOOO
gooobooobobooobo

D O

I
H,C— (lz—CH3

CH;

Phenol 4-t-Butylphenol

(BuP)

20000

2.1 OO0

OOoooOoo0o0P-EDCsOO0OOOOO Fig. 100
dbOBuPOBPADOO GLOODOODOOODOOOOOOO
000000000099 iooodDOPhenold
KMnO,O0OOODOOOOOOOODODOOODO 9%
goobooboobodPLCOOODDOODOOODO
gbobobooooobooboyPLCOObOODODOO
Oo0O0000000 MILLIPORE Milli-Q PLUST O OO
00 182 MQcemiOpH 6.50000000000000
gboboooboobobobooooobobooboooo
ooooovwdoiooooon

CH

3
WA '_</ \>_
HO Q—? _ OH

CH;

Bisphenol A
(BPA)

Fig. 1 Chemical structures of P-EDCs used in this study.

2.2 P-EDCsOUODOO0O

Phenold BuPO BPA DO 50y M1 M=mol dm300 0O
gboooboooboobbooboobouobobooo
1.5dmi0 2.0dmi0000000000O1500000
gobobooobboooobobtooobbouooobooboo
50cmi0000000000¢@ 40 x 75mmO0 00000
Ilmmb0000230000000000

2.3 P-EDCsUOUO0

KMnO,O0 000 O00ODO OO 00.2wt%12.0 wt% KMnO,4
goboooboboooboobod KMnO4O 0O DO 100 200
4000 8001 12000 18000 240y MU O DO OO KMnO,0O O
gbobooboboo200b0bgo2s000oooon
o

y 00002500000 ®Coy 000 12 x 450 mm0O
gboboboobooboooboooooboooo™y oo
0000000 FRig.2000000000 33.3066.50
1330 2670 4000J 60001 80001 2,400 Gy J 0 0 200Gy h't O
goooooooooooooooooooooon
gobooboobbz240000000000000
aoog

— @ 44 CREATIVE No5 2004

Irradiation room [ |

" E Sample

‘Water pool

“Co source I y-ray

Store position

Fig. 2 The apparatus for y -ray irradiation in Takasaki
Radiation Chemistry Research Establishment,
Japan Atomic Research Institute.

2.4 000

2.4.1 DUO0OOO0bOobDbOObOoOooHPLCOODO
000000000000 HPLCI Aglient 1100 seriesl]

UV/visOOODO280nmO0 000000 P-EDCsOONO

gogobooobbooobobuooobboooobo

000000000 Shodex d Rspak DE-61312.1mm



id. x 100mmO4000000000-000000 250
750 1.0cm® minl00 0000000000 O0O00OOODO
gboooooboboboobooobobobooobooon
gbooooobobobobooobobobooobooon
goooooo

2.4.2 DO0OO0OOOOODOOOODICOOO
JO00000oDOOO00DOO0OO00D0DOo Icd Metrohnm
761 Compact ICOOOODOODOOOOOOOOOOOO
0000000000000 O0000 ShodexO IC Sl
90-4H] 4.0mm i.d. x 250mmO 00000000 1.8
mM Na,COz;0 1.7 mM NaHCO; O OO OOOooan
000000000 12ecm® minlOO00O00O0OOOO
gooooobooboboobooobooboboooooo
gooooobooboboboooooobobooboog
ggoooooooo2omMOO0000O0O0O0OO

2.4.3 ODO00O0OO0OOOboTOCOOO

TOC O O 00 Shimadzu TOC vwpOO OO OOOO
goboobooooobooooboboooboTecm™o
gobgooooiicobooboobooooboobo
00000000 0ONaHCOs3/Na,col 00O oooond
gooooTochooooooossooooouvioon
gbooooobooboboboooboboboobooon
gbooboobooooobooboobooboobooon

3ggoon

3.1 KMnO,000 P-EDCsO OO

KMnO,O00O0ODOO0OO0OO00O024h00000000OO
oooobooooo KMnO,00000000O0O0ODO
goboooobobooobOpP-EDCsODOODOO KMNnO,
gobooH0, 00000000000 000000¢0
oo

200 MO KMNO,O0OOOO P-EDCsODODOOOO
KMnO,O0 OO0 H,O0, 00 00O O0OOOO HPLCOD
00C0O000 Fig.30000Phenold BuPOBPAO OO
goodooooOooDooo0OoOo3mnOODOODO
OaddbO0O KMNnO,OOOOOODOODOODOH,O,
oboo KvnO,U000ODOO0O0ODO0OOOODOOODOOD
000000000000 addbOd P-EDCsOOOO
gbooooooobobobobobdKMnO,O HyO,
gbooobooboboboboooboboboobooon
0000000 ooooo®dgoo00o0ond a
Ob0OO MO, 000000D0O0O0DOODOOODOOO
gbgoboboboboboBPALDOOOOODOOO eO

00000000000y D000D000000000000000000 45 @——

goooooboboboboooboboboobooon
gbooooooboobog

— UL KMnO, + H,0,

U]
(e)

BPA
d)

BuP

Phenol

1 1 1 1 1

15 20 25 30
Retention time / min

<
w
ek
(=]

Fig. 3HPLC Chromatograms of P-EDC samples
decomposed by 20y M of KMnO, and] KMnO,
and H,0,00 A = 280 nm. Peakd]aldandd bl
colloidal MnO,,00 cOPhenol,00 dOBuUP,00 fOBPA,
and eunknown.

Fig. 40 KMnO,OODOODO P-EDCsOOODODOO
OOOPhenol OO0 KMnO,O000000CCOCOOO
gbodzopMODODOODODODOOBUPOOO BPA
O0000o0ooobodOphenolD OO0 1730 KMnO,
gbooboobooboo

50

i
=]
a0 49
E_ \\ —@— Phenol
- ' —l- BuP
.§ 30 | —4—BPA
£
=
51
Sal
&)
a
=
A~ 10t
0 1 ] [

»
0 40 80 120 160 200 240
KMnO, / uM

Fig. 4 Decrease in P-EDCs with the addition of KMnO,.



Fig. 50 240y MO KMnO,0 0000 P-EDCs 00
0IcC0000000000000000000000
000000a@O0000bMOOOO00cmMOn
000d0000000KMNnO,000 P-EDCs0 000
00000000000000000

A BPA
~\ BuP
(a)

d

(b) W
(c)
Phenol
1 1 1
0 5 10 15 20

Retention time / min

Fig. 5 IC Chromatograms of P-EDC samples

decomposed by 240 y M of KMnO,.

0 al0Formic acid[d bOMalic acidd cO
Maleic acid, and] d0Oxalic acid.

Fig.60OOOODOOODOOOOODOOODOOOO
googbo Tocobooboooobooooboooboo
goTocoooooooooooooobooo

400

300 I-[_@- Organic acid (Phenol) ;

-l Organic acid (BuP)
- Organic acid (BPA)
-~ TOC (Phenol)

-E- TOC (BuP)

200 |-|—©— TOC (BPA)

60

Decrease in TOC / %

100

[~}
[(—]

Total carbon concentration of organic acids / pM

1 1 1 100
0 40 80 120 160 200 240

KMnO4 / uM
Fig. 6 Total carbon concentration of organic acids

formed by the decomposition of P-EDCs and
decrease in TOC with the addition of KMnO,.

—@ 46 CREATIVE No5 2004

Decrease in TOC =
[0 TOC,O TOC/ TOC} x 100 %0 020
TOC,: J0DOOOO0OO0OOOOmg dm30
TOC:OOOOOODOOOOODOmg dm30

KMnO,OO0O phenolOOODOOOOOOODOOO
goooooooorTocooooDooOoboboOooooon
BuPOBPAD D UOOOODOOODOOODOTOCOUODOO
souyMOODOOOoOOoOooOooOoboboooooboo
OO0 TOCOOOO phenol >BuP >BPAOOOOOODO

3.2 yuooouo p-EDCsO OO
gbo0O0400GydOO0On P-EDCsUO0D0 HPLCO
0000000 Fig. 70000y 00O0O0OO0OO
phenolJBuP OO OO0D0OOODDOe@OODOODDO
OdoooooOo0oooodOode@m@moon 4-t-00
goo0o0O000BuCa kKOOODOOOOOOODOOO
goboobooBpPAODOOODOODODOOQOODOO
gpbiobOoobOobOoobOobOOoO0bOobboobOon
gobobooooobboooobbooobobbOooBukPO
BPAOOODOOOOOMg-jO0 m-o00O0O000ODOO
goboboobooboooboooooboooboon

(q)
(m)
ﬁm) ® m\uﬁlumw”
v M
} BPA
®)

(€]
J\Mjk/ﬂ)k
() ()G
‘/\[ BuP
(a)

(e)
(d)

(b) (), (D
Phenol

0 5 10 15 20 25 30
Retention time / min

Fig. 7 HPLC chromatograms of P-EDC samples
irradiated byy -ray at 400 Gy. A = 280 nm.
Peakdll cOhydroxyhydroquinone[d dO
hydroquinone[d e(catechol[d fOphenold kO
BuCa,d IOBuP rOBPA a-bd g-j0 and

0 m-qfunknown.



Fig.80y O0O0O0OOOO P-EDCsOOOOOOOODO
O P-EDCsOO0OO0OO0O0O0OOOOOODOO800GY OO
gooooobooboobooboooboboboobooon
gbobooboobooboooboo

5083

30 ;
¥

(
)

=y
(=]

—S— Phenol
—= BuP
- BPA

Gi

P-EDC concentrations / pM

1 1 1
1200 1600 2000

4

2400

$00
Absorbed dose / Gy

Fig. 8 Decrease in P-EDCs as a function of
absorbed dose.

20 20

Fig JaldOcOO0OOOO0OOOODOOOOOOOO
oo BPAODDOUOOOOODOODOODOODOODO
OPOQ@UODDO Fig.7000D00pOOqODOOODO
O00000OFRg. 9O000D0OO0OOOOP-EDCsOOO
gboobooboobooboooboobobobBuCad
goboob Qb 2rocyononoonbooobooon
OooOoCoOoOoCOPhenol0O0O0O0O0O0O0OOOOO0OO
gbooBPAOLDDOODOOOOPOOODOLOOOODO
gboobooooQuuboo2rocydnoooonon

yoooooo IicoooookMnO,0 0000000
ggobooboboooobobbouoooobbuogy bbb
gog pP-EDCsOO0ODO0ODOODODODODODOD
O00OFig 100000000000 0ODOOODOODOODO
gdodooobooz2ooboboboboog ToCcobobom
O00Fig. 10000000000y 0000 P-EDCsO
0o00O00O0OooOoooDg ToCOOOOOFRg. 90 OO
goooobobbboboboboboboboobon 2rocy
gooobooboboobobobooooobP-EDCsOO
goopoosoocyooooogono ToCcOoOoOoo
phenol > BuP > BPAOOOOOODO

(a)

—5— Catechol

15

—=- Hydroquinone
—&— Hydroxyhydroquinone

BuCa concentration / pM

(b) (©
L —~BuC
15 —&- Product Q (peak q)
O oH L
(I__j _OH Q -5~ Product P (peak p)
I ~,

-
=]
T

/ HyC- é-cn;
p 1

CH;

n

Hydroxylated derivative concentrations / uM
=
T

Area of product P and Q / X10°

L 1 1 1 1 1 P

1200 1600
Absorbed dose / Gy

ot I L
0

2000 400 800

Absorbed dose / Gy

) 0 £
1600 2000 2400 0 400 800 1200 1600 2000 2400
Absorbed dose / Gy

1200

Fig. 9 Concentrations of hydroxylated compounds and peak area of product P and Q (attributed to peaksO pCand
O qbin Fig. 7) as a function of the absorbed dose[T] alphenold bOBuP, andd cCBPA.

0000000000y D00D000000000000000000 47 @———



-@- Organic acid (Phenol)
-l Organic acid (BuP)
—- Organic acid (BPA)
-9~ TOC (Phenol)

-5 TOC (BuP)

o
wn
<

ot
=
=]

wn
=)

Total carbon concentration of organic acids / pM

L '

-~ TOC (BPA)

20

Decrease in TOC / %

[
(=]

d ! 100

0 400 800 1200

1600 2000 2400

Absorbed dose / Gy

Fig.10 Total carbon concentration of organic acids
formed by the decomposition of P-EDCs and
decrease in TOC as a function of absorbed dose.

40000

4.1 JOOoOooo

KMnO,OODOOOOO P-EDCsO0 O HPLCOODO
gobooooBpPAODOODOODOODODDOODO
0000000 Fg 3MBPADODOODODOODOOOO
OJedDO0D00O0O0OD0ODOOOOODODOOOOODODOOO
ggobooobbooobobuooobboooboobog
0000000000 0ooDadmbOodoocooogon
goobooooboooobooooboooooo
00DbO0o0bO00O0b00o0bOO0o0Ob0bO0O0DbDO0OFRig. 6
goboobobooKMno,000DbOooobooon
goobooooboooobooobobooooobo
godoooKMnO,000 P-EDCsUUOUOOOnoOoOO
ggobooooboboooobobooobbooooboobog
00000 Scheme 1M

KMnO,O0 00O P-EDCs O 00O O Ophenol O OO BuPO
BPAOOOOODOOODOOFg 4 OOOOOODODODO
OKMNO,O0OOOOODDOOOOOODDOONP > BPA
> phenolD0 0000000000000 0O00OO
phenol 000 O0OKMnO,0 phenol DO O OOOOONO

— @ 48 CREATIVE No5 2004

goboooboooboooboooboboooo
phenol OO0 O OOOO0DOOOOO0Fg. 40O000D0DO
goTocobooboobooboooobooboobooo
OFig.600000D0O000O BuPOBPADOODOOOO
KMnO,OOOoooooobooooooooooo
BuPOBPALU DO UOOOOOOOODOOOODLOOO BuPO
BPAOODOOOOFig 4 O0O00O0DCOOOOODODODO
gobooooobbooobboooTochoooonono
0000 Fig. 6000 OBuPOBPALD phenolO OO0
O0oooDOodFrg 4 OO0OD0OOOOTOCOOOO
phenol 0 000000 Fig. 60 000000O0OBuPO
BPALUUOUOOOOOOOOODLOOOOOOODOOO
gobooobooobokMnO,000000000O0O
gbobooboobooboooooooboooboon
OO0y OOOO phenolODOO BuPOOOOOOO
goboobobogoobobobooboobBuCa N
gboboboboooboobooboobooHOOoOooo
oooo0-000oQooooo0oo0OO0000o kg 709
Dad@ bdOO0OOphenol OOOOOODOOODDOOO
gbooboooooboboboooboobobooboooo
goooobooobooooboooogoboHOODOoODOOoO



[Phenol]
OIH
~
! <
[ BuP|
(}H Organic acids
N Aromatic rin ic aci ic aci
o
HiC- ‘IIJ_CHB g xalic acid, Formic acid
CH;, Unknown compounds
[BPA]
CH,3
CH,3
Scheme 1 Oxidative pathways of P-EDCs by KMnO,.
[ Phenol| lcc]  [HQ| [HHQ)
H OH OH OH
0I I__OH | |__OH
< it 1 S 1 '
C J QO O
| |
OH OH
BuP
[ ] OIH [BuCa] OIH Organic acids
% e § s — - | Malic acid, Maleic acid
[/j | /) alic acid, Maleic acid, Co,
H,C- (:I—CH3 H,C- (:3—CH3 Oxalic acid, Formic acid
CH; CH; Unknown compounds
[BPA]
CH3 a\ CH3 /C
CH, v cH, M
a,b,c,d : OH

CC : Catechol

HQ : Hydroquinone
HHQ : Hydroxyhydroquine
BuCa : 4-t-Butylcatechol

Scheme 2 Oxidative pathways of P-EDCs by vy -ray irradiation.

gboogo-ooooooboooboooo
ybobobooooooobobobooooooo
gboodbBuCal OO0 POQUOOODOOOOODOO
gooToCcODOODOOOOOOOFg. 100000
gboooobooboboboboooboboboobooon
gooobooboooooboooobooooboy g
gbog pP-EDCsObO0ODbODOOODOHOOOOOOO
goobooobbooobobooooboooboboon
goooboobooboboobooobobooooooob
000000000 scheme 20

gobboooboooboooboobboooob-oo
00000000000 00O000 Fig. 91 aldd
BPAOODOOOODOO QO 270cynoonoonOd
OpPOOOODQDOOOOODOODOOOD Fig. 9 c
O00000Fg. YalO0OODOOOOOOOOODOO
goooboobooboboobooobooboboooooo
gbooooobooboboooboooboboboooboooo
gboobodb0y obOXoOooooooooboobooo
O000000000000000000000000YW0
gbooooobopPOO0O0OQDOBPAODLDODLOODOODOO
gooooooooopPOOonoQUuobobOoHODDO

00000000000y D000D000000000000000000 49 @———



yoooOo P-EDCsOUO0ODOOOODOOOODDOO
00000 Fg. 8MOOO0O0O0DODOODOOOODDOOO
gbobooooobooHboooooooo-ooooo
phenol 000000000000 O0O0O0O0O0O0OOOO
O0000OFg 100000D00OCO0OO P-EDCsOODO
gooooooooobooogoboTocobOOn phenol >
BuP > BPAOOOOOOOOOOOOOQOOO phenol
gbobobobooooooodsuPOBPAODOOO
goo0ooooooooDoOoooOoooooOoon Fig. 7
OHPLCODDOODODOOODODODOODOOOOO
OBuPOOMg-jOBPAO O M m-oMOOOO0OODOO
gboboobooboooboobooboon

4.2 0JO0OOOOO

KMnO,00O0O0OO0O pHOOOODOOOOODOOODOO
gbooobooboooobdoooobo =00 =000
gobobooobobooooboosgobboosgoono
00001000000000000000%®OO00
gboboooobobobooboooboboboooboo
gooobooobookKMnO,0 3000000000 OO
goboobooboon

gboboboobyobobobooboobobab
oooboooboooooboooboboooboooo
gobobooobobooooboooboboooboooo
gboboooooboboboobooobobooboooboo
oooowo

H,O == OH + H + e,y + H,0, + H"+ OH + H, [0 30
[12.8000.5500 2.711 0.7[1] 3.2[11 0.5[1 0.4501

g3 obooobooobobooooD 100eviOd
gobobooooobooboboooobobooboooo
ocimOoooooooouooogOH,0,0H"0OHD
H,O00000000O00O0ey0HOOHDOOOOOO
00000000 0LInOOODOOO0O0OO phenol O
o0oooo®Moooooos300 coooOoooon
000 phenol 000000000000 DOD e,q004 %0
HO54%00H09%42% M 000000 phenold OO0
gboboobooooboooboboboobobo oH O
000Do0oooooo™®g

gooboboooKMnO,Oy DOOOOOO P-EDCs
gboboooooboboboooooboboobogooboo
goboobooboobooon

Fig. 1100000000000 KMnO,Oy O0ODOO
OO0 P-EDCsOOODODOO0OOOFg. 11000000
OO00OKMnO,00 phenol DO OOOOOODOO 720p M

— @50 CREATIVE No5 2004

oooobooboobobboboyobobooO 240p M
Ophenol 0000000 DOODODOODOOOODOOO
yOOOoO phenolDOO0ODOOODOODODO 30
oo KMnOo,0000oooboooooboboboooooo
BuPOBPA O KMnO,Oy 00 O0OOO0O 240p MO O
goobooobobooobobuooobbooooboobg
googbobouoboobuoboo410b0boobooobo
KMnO,O OO phenolDOOOOOphenolDOOOOO
ggobooobbooobobuooobboooobo
KMnO,O OO BuPOBPAOOOOOOODODODOO
BuPOBPALDODODDOOODDOOODOUODDODOODOOO
good

50
l -{J--y-ray  Phenol

-{-F-yray BuP
= “y-ray BPA
—@— KMn04 Phenol
—- KMnO, BuP
—4— KMnO, BPA

30

20

P-EDC concentrations / pM

10

0 1 1
0 100 200 300 400 500 600 700

Number of electrons / uM
Fig.11 Decrease in P-EDCs for KMnO, and y -ray
irradiation as a function of the number of
electrons.

KMnO,0y 0000 P-EDCs00000000000
00000000000000000000000
CR,,00000000 CR,O00000000O0DODODO
000 CRoa.,c000000

CRoa= A/ Tx 100 %0 040
CRic= B/ Tx 100 %] 050
CRoa+ic = A+BLV Tx 100 %0 060

ADD0O0O0000O0O0p MO
BOOOOOOOO TOCOOOOOOOOOOMmM uMO
TOP-EDCs 000000 OO0 phenol 300y MO BuP
500p MO BPA 750p MO
Fig. 120 00000000000 CRoarc0000



00000 TablelOOOOODOOOOOODOOO 720 CRoa+ic00 100% 000000000 phenolOODO

UMOOOO CRoad CR,c0 000 CRop+)c0 000 0000000000000 000000000000
Fig.2000000000O000OC0ODOOOOODOOD OgoodKMnO,O0y OO P-EDCsO OO OO0 CRoaU
O CRop+ic000O0OO0OOOP-EDCsODOODODODODO CR,O00DOOOO Table 10000 P-EDCsO0 00O
Ogooo0ooo0oo0oooooooooooooooo od KMnO,000Oy O0OO0O0DO CR,OUDDDOOOO
goooooooo0oooooooooooooooo 0Oy ooooobooboboboHOoboDoOO KMnO,
OO0 7200pMO00000 CRopa+,c00onoon gooobbooooooooooooobbbbuooo
0 Fig. 120 Table 100 0 0 0 O O phenol O O O O oooo
100 100 —a
(b)
- - Phenol ,"'
e 80 S 80 .
i E -{z} - BuP ;7
5] © g
3 ;
zg 3 -<0--BPA
S 60} S 6ol
) S o .-
p= = ! i
£ 2 ’
g a0t S 4| /
= z o g
= Q O, =T
O 20 O 2t Lo g
g
,’m’ A
0 1 1 1 1 1 0~ ‘:@'léﬁ'ol 1 1 1 1 1
100 200 300 400 500 600 700 100 200 300 400 500 600 70
Number of electrons / uM Number of electrons / uM
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Table 1 Conversion Ratios CR,,, CR,., and CR,,,, for the Decomposition of P-EDCs with

720 uM of Electrons Using KMnO, and y-ray irradiation "

____________________ KMnO, /0 ...  ......Jyrayiradition /0]
CROA CRIC CROA +IC CR OA CRIC CROA +IC
Phenol 79 21 100 36 64 100
BuP 37 12 49 20 36 56
BPA 17 8 25 18 13 31

1) See text for the definitions of the conversion ratios.
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Abstract

The decomposition of phenolic endocrine disrupting chemicals (P-EDCs), such as phenol, 4-t-butylphenol (BuP), and
bisphenol A (BPA), in aqueous solutions by potassium permanganate (KMnQO,) was studied, and its decomposition
behavior, and efficiency were compared with those of %°Coy -ray irradiation. High performance liquid chromatography
(HPLC), ion chromatography (IC) and total organic carbon (TOC) measurements were employed for analyses of the
decomposition products. Various organic acids and inorganic carbon were formed in the decomposition of P-EDCs.
They were formed via direct aromatic ring cleavage in the case of KMnO, and via OH- addition-substitution reactions,
followed by aromatic ring cleavage, in the case of y -ray irradiation. Comparing the decrease in the P-EDCs based on
the number of electrons, the amount of KMnO, required to completely eliminate BuP and BPA was comparable to that
of y -ray irradiation, although three-times more KMnO, was needed for the complete elimination of phenol thany -ray
irradiation. Moreover, the conversion ratio of P-EDCs into organic acids and inorganic carbon in both methods was

almost the same.

goooad
ooooo oo

Yasuhiro ABE
o0 Ooogoogno

oooon

00000000000y D000D000000000000000000 53 @——



