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WFIER T OBEEE (F230) : Influences of humic acids on the catalytic oxidation of tetrabromobisphenol A
(TBBPA) using iron(l11)-porphyrin catalysts were investigated. The TBBPA was difficult to be oxidized
and dehalogenated by the catalysts, compared to chlorinated phenols that had been investigated. In the
catalytic oxidation of TBBPA, oxidative coupling reactions that can produce the oligomers were
dominant. In the presence of humic acids, coupling compounds between oxidation intermediates from
TBBPA and humic acid were mainly formed, and percents conversion of TBBPA to the coupling
compounds were from 50 to 60%. The toxicity tests of the reaction mixtures in the absence and presence
of humic acids by the inhibition of an algae (P.subcapitata) growth demonstrated that toxicity of TBBPA
was reduced in the presence of humic acids.

AT E HE
(GHEHAT - M)
B REES Y & &
20090 4EJE 7,300,000 2,190,000 9,490,000
2010 4R 2,000,000 600,000 2,600,000
2011 4FJE 2,100,000 630,000 2,730,000
2012 4EJE 1,900,000 570,000 2,470,000
AR

W =t 13,300,000 3,990,000 17,290,000

WIS RIS

P& D3R - AIE - BRBIR AT BRETEAN - BRETAMT KT
F—U— N BREEEAN, KEGE - BEGYEIIE - b, A - LR e 2 @8O

1. WML IO 5
FEULEDT T AT v 7 EHSITHER S

nNC&isbhb77nEEA72/—)V A

(TBBPA)/2 & B REIRANL, Wnhhrbig

H L, R KT OB EEIIE ppb~% ppm (2
BES, 350 BAKEREEICHH L 72 R38R
HIRA O IE oy N IRE I CE R S, S
ERE TN~ RIFT LR RESH



TW5B,TBBPA DfiRikE LT7 =2 F UK
ST EERLAER IS T DD A, RO A
ZELE L DOC AF T CHfRME T4 2
RIES R B 5, LI=28-> T, DOC ™E(EL T
HELROGSDEIT L, BB R (FIR.
JE72 EYL D EDHEBTHLRNRH D Y 7 |k
FINNVRFIERLETH D,

—J5. BRRILT 0 U R IR A A
HEFET 5 FRALEESR O TG L 2 B L 72 )
AFIAT oy 7L LTHMOEN TV,
ZE, B LIRS EEN DB THEIEY
WEEBILTEXDDT, V7 "I AN
LAl E L CoORBEMEZ D TS, BFFEER
HEolx R rmnn 7z ) —L(PCP)7 L
IR IERL S CIER SN LB
HAIZst L CBER AL 7 4 U il o3 %
K5 EIT, 8RBT ¢ U Afhlitiz k5 PCP
B MAFE T RS D B BIZ SV TRET L
TE7, TNE TOWRARER OMFFERE R
O BARNLT 4 U iz K Y PCP B LA Rk
YD 70%75, DOC ~HAHFEA LEMLT 5 2
LIV EETHZEEZHALMNIL., A
1G9 % BT X Z O BEAIZER
% L OfERmE STz, W 212, DOC 47 F Tl
FE7: TBBPA DOERLARRMW) DAL | HEE
fbansd M/ CcE 5,

2. WHEOHEM

HA® X 9 72 DOC % & ipiz Hi K D BRI %
HEPRAI L LC TBBPA 2 X7 mE7 =/ —)L
HAEMRBICL, SR T 0 U Uiz kA
TBBPA X7 a7 =/ — )LD
Z R4 % & 2 HA 545 F T TBBPA ™
LB FE IS BT DAY O FMEELEH 5
MITT D,

3. WO L

(LfilE D B Ak
ThZeReXxiT F 77 =)L AR
VBRIV T 4 U 81N (FeTPP(OH),) & HA
BETNAVEETFTTHRILLT VT B RTHE
& U 7= F-filfi FeTHP 28Rk L 7=, Z LA
Sz, B R ¥/ 2 (HQ)T HA & {Efi L 7=
HQ-SHA-FeTHP, HQ-TAH-FeTHP & &t L T
FeigRET Lz,

(2) TEMEREAMR

20mL @ L FRIRBREIZ2mL OV g |
7 T PRIEER (pH4-8)Z 4y H L. 0.01M
Na AT = ) —(HPS)T & h= UL

Wi Z 50 UM L7220 KO IZiIRn L7z, £ D1k,

200 UM FeTPPS /KiA#& % 0.05-5uM L7205
X 91Tz, 1000 mg L™ JEHERE KT Z O
HHUMTE0mg LT &b X 9 ISR LEg <
R L7 ICIR & o XIEIRKME (25°C) ~&
v b L7z, D%, 0.01 M KHSOs KiEi % 0
—1000 uM & 72 % X 912N L CROL % B4k
L7, 30 i3 nth, IS EAE L SH DI

2-Fm ) — L&A ImLENL., L<IEE,
F ORI % HPLC TIRIEFIZEFE LTV D
HPs 25 L. £ 4 v rua~ 7T 7 4—IC
THEHE Uiz e 7 oAb A A oo LT
(3) HyfiRA= iy D RFAN

BRI SO IR & A & BT T 5
HHTIMOT Za e rf2mL 2Nz,
NEEREL L TImM 7> F T o~FY
v TR by (1:1=VvV)IEATAIR 500 L %
Z 11 - 115 T3 L=, = Dk, BKEEEE 5
mL % 1mL T2 L, HE I X OV iRk
Wb D7 = ) — VMK EEFE A T F ik L
oo ZOWHRIZHRE 2 VT, n-~F 3
> C 2 (Al 21T flHR A GCIMS
~NEANL, BRI E T LT,

HA IZHLY SA E LT A o2 B8 LTI,
BOSHE DN B HA 43 & [RAL At (1 kDa) T
#E L. BT (1 kDa) MR Lfs st &8,
P RS D FEE O HA By Rk 2 157-,
Z OBARREHZ DWW T, ALHEE KPS AT
T L, TERSITIZE Y HA G
FICEENIRBELOEEGHEL RO,
F7o. HAZHES Lo a7 Ak % 3
43 1% GCIMS (py-GCIMS)IZ L v [FIE LT,
(4) EMEREAM

BRI LE LT 96 Vo LDOHIE~YA 7 1
ZU—h (U LEE 300 L) ZfEH L7,
AREBRIE 1 T = Uz X BRSS9 E 100 pub
& 50 ppm 7 2 ik 50 UL & & ek 200 pL
(ZHIIR AR (105 cells/mL) 50 pL A #45E L
Tiro7-, W7V —h ) —F—Trun”r
4 /Va DY — 7 DR S D b &
440/684 nm DL HERE 2 HIE L, 96 REfEE 4%
BOERBELZTN Lo, RBEGSHERD b %f
GG Y E O A KL E PR 2R (EC50) |
B L7 2 R 10pm 77 FI2Bi1F 5 EC50
RO ENROBEIZIZ UV-B 7 7 (¥
— 735 306 nm) AW,

4. WFFERRE

Q) ~u AL T = ) — VOB LSy fRZE )
L= ARz XA N oNe b T =
J —JL(TrXP, X = F, Cl, Br, ) D) —FR L
R LT, BUSIEIED pH %2 3—7 LB L&
B, RN e A AL EEZHIE L2, W
THD TIXP T H o fiE=1T pH 3 THRKAIZZ2 Y |
HB Sy T fillihE 2 FH N 7= 5 08 FeTHP filiie oD x D
el mL< s mE s Lc, Ll
Wi~ 7 AR TrXP OFEMEIC L 0 B2 0 |
F>Cl>Br>1 DRI 725 7=, BR{EIGIT
BT A TXP O e 7oL, ISR (FeTHP
DOEFEIT FelV=0%5)I12 L % REZIRFE DAL &
ZNADRERE(H,O) DK RIS
v EDEWBNISTH D, FHE LT ART
DM U T fRFBEOKRBEMEITE S D08, £h
e OBESKEEEICKRTFT 5, LR



ST, BREMEDORE a7 oL
ToIRFBIF EREMITHELS DD T, FTIE&E

WL F-o&ERBIHlShzEE2 bbb, —T5.

TR E DK a7 T D

KEZIOFFTHLHY . 1>Br>Cl>F DJEIC
INEL D, TRTEBRELNIER BT L,
REZIRFENTHTT 2D HO OBUENNLARBESE D

7~ WL o BT, Bionu A Ak L
B EEZLND, TIXP ~D H,0 OREZ
Mz X VB LA E LT, 2,6-Ya
VRUVF ) (2,6-DXQEMR L, BT
GCMS IZk Tz encEz, K1

1%, % TrXP Z (b L7=BR oo T4k 2,6-
e AR F ) (2,6-DXQ)DER{L R
(Q)F L O 2 BARA R DX B — 7 Wl &
LTW5, ZHSBILAERYDOAERKEDFF
IZF>CI>Br>1 & 720  EREEENKE L
JRA RIS e P DM, FAERY
2,6-DXQ XA v —H LR LN &by
7=, FETHP IXHA LB T2 T 5 &
WD TrXP T b o3 iR 2 BN & 1 5 i)
T L1223, HA ~O it D& XMt #1 b
L 2,6-DXQ X A v —DAEREITITRE

R ERFE o1, LEN-T, Hfif
PRI DL INARATFT D08, B 7w
{LITEHBEOBLEMEEICL S Z ERnb»n

ST,

(b)  wmnee
1 EzZmer
[ |mer

EEg e

n

Relative peak areas (a.u.)
=

Conversion to 2,6-DXQ (%)
e
&

FeTHP HQ-SHA- HQ-THA-
FeTHP  FeTHP

0.0

remer e oni
Figure 1. (a) Percent conversion of TrXPs to
2,6-DXQs; (b) Relative peak areas for the
produced dimers.
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Figure 2. Oxidation pathways of TBBPA in the
presence of HA
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Figure 3. EC50 values of the reaction mixtures as
a result of catalytic oxidation using FeTPPS in
the absence and presence of HA
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