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B TD, NP DRI 5 Bl 72 SRIERME 1L, HoO2& Fe
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HARENS. F2C, FTAELHBRIZEELLTW
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2g/l, Fe(ID A # »72%0.33 g/l DRMEDLKHETD
WEt 2 1To 7. EBI 25COEBENIZBNT, HE
FRIMLZERE 120rpm THRES L, 0,0.5,1,3,6
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®—1 TKHELFRBRDO NP, ELBERVCV
vOEEE (BfI:mg/kgdry sludge)

NP Al As [ Cd Cr Cu Fe
45 | 14000 | 68 | 1.7 48 300 | 18000

Mg Mn Ni Pb Zn P
8800 | 390 38 24 | 850 | 34000
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WHRER, As:50, Cd: 5, Cr:500, Hg: 2, Ni:
300, Pb:100) ® % WBT A DIE %L, HATAE
HEMORAET— 4 (i meg/kg-FRELRER, &
TEOHEE hREZNZN, Asin.d.~266 & 3.1,
Cd:n.d.~10 &£ 1.2, Cr:n.d.~1115 & 17, Cu:
19~3190 & 251, Hg : n.d.~10 & 1.2, Pb:
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L, 7= FYEIBIZBIT S HyOzk Fe(I) DiE 4
BHEENELESATVSI0ERB LI ICEREN]
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X512, B- 212R & 91220ml @ 0.1M NaOH #
Wx &t CORINARRNIC Lk o KISELRHN O KM
BarrxERXE, [MEAFO COxEINL 72 EEIZ
25COERBHNTIT - 72, EBRFHE 6 B ICRE
BaNOFEE E NaOH Bz 2NN 2ml §o8
WL, ERWABICYrFL—Yarhrzsn
(PerkinElmer, Aquasol-2) 18 ml Z{B& L, MWk >~
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Mz, HBiRPTHO00Z & B Fe(Il) 4 7 » OBAL
BRI, T P RIBPELTHWE EEZLNS,
NP X Fe(l) [ 4 YBEXFBL 2512 0NBIT
AP H SNT=25, EHIZEV FedD) 4 F VigkE
(1.2g/1, 2.4g/l) Ti¥, NP OG@EMEIShBZ L
PR ENT. 2D ERD, H0:0ZH L Fe(ID) 4
T UBARLIEEE, ERT A -OHOER %L,
NP S E ST, F72, Fe(ll) % BEIZHRM
LS 72y bR HAEL S - OH 2, BE
WlmanzFeD) 4+ Y OBLICHEShTLE
3 7o DI NP O RSHRl SN/ EZ 5.

R— 712 Fe(ID A & Y RMEIZX$ 5 NP frk®
2ARY. BREREZ, UTIERTRTRD .

oy = P AN

Bk (%) = (?ﬂ%ﬁNPai?qu\?gflﬁE%@NPaﬁé)

HzOzc‘: Fe(IDA + Y 2% MY 5 L, FBIER»
AT L2720, EERBIGSH 6 Fef B OB ER CHE
292 kE Lz HOimME S5g/1 2% LT Fe
(ID 4 & Y iRIMEA0.82 g/l DT, NP BRERL
BRKRMEZRL72AS, 0.33 g/l D&M LIZIZRBE R
E, p=0.72) DBRERTH-72720, 0.33g/1 D&
HEEEELE L. & - T, HzOzk Fe(II)/f * v
EWRIMLLSE, AEBToORBENVEIZ2B THY,
KREBHZHN, BVHERT H0:% RIS 5 LENDH
BT EDNGhoTl.

x 100
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81,0, (5 g/l)
—*-H,0, (2 g

80
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40 r

NPRREE (%)
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0 1 1 Il 1
0 0.5 1 15 2 25

Fe(l) A4 > Bmik (g/1)
K—7 Fe(l)q1F>2RMEICHTS NP BRER

(3) TRWELIBRAD NP OEIC RIZT HyOxk Fe

(IID) £ + Y mMEORE

B — 82 Fe(Il) £ # ¥ 2N L7235HETD Fe (1)
A4 VBEORREZRT. FelIDDAZRFML
&b cid, LB X 512 Fe(ll) MBI L Y Fe
(ID A & Vg EAERBBEZICEZFICHEML T 5.
—7%, Fe(lD) & He0:0WF % TN L7254 Tid, Fe
(IDA 4 VBEOHMEZ FeID OARZHRML 724
BIZHERT/HEW, D ehd, Fe(lD) 4 F v A%
BLENTHEL S Fe(dD) 4 F ¥ & HyO2 % K It
L, " OHPEREINEZ EIRBEINS.

B— 91z HoO:DME % 2g/1 ICEZE L, Fe(lD)
A4V ORMEBEZ T ER-LETOHR, NP &4

RAEBRILEZ B2 TRELERTOAEWEORERICHE T 555

~O~Fe(IIl) (0.82 g/l) —M-H,0, (2 g/l) + Fe(1II) (0.82 /l)
——Fe(ll) (12 g/l) —a=H,0, (2 g/l) + Fe(I) (1.2 g/])

0.06
0.05
0.04
0.03
0.02
0.01
0.00

Fe(I) 17>/ BEE (/1)

#EREEM (h)
Fe(lll)1 # > B&ERTD HO& Fel(lll) 1
FoREERZMUEZBESTO Fe(ll)1F
ViREDEIFEL

—~—033gl —-12g/
—0-082g1 —»—16g/1

NPEHE (mg/ke)

0 1] 1 1 1 1
0o 1 2 3 4 5 6
#2:BF M (h)

H—9 HO& Fe(ll)1 &2 RAZRML 245
ABTONP EREOERBENL (H0R
Bzb g/l &L, RAIOHE Fell)1
*VREERTY.)

BORBELEZRT. HO& Fe(lD) 4 F > DERMT
&, EBRBAMAH 0.5 RERT B LI NP O 45 3447 L 7
ol Fe(l)4 4 v DOEEH0.82g/, 1.2g/1&
ELRBIZoNT, NPEARIIBA Lz Lal, &
LICIBERZ LR EELHE, Fe(DAF yE2HMLEE
£ LFERRIC NP OGBSI SNG Z L5007z,

B — 10 i Fe(IIl) £ F »#RME & NP BEE O MK
Y. HpOxk Fe(IDA 4 Y &2MT 5 &, @Mt
0.5 B B Tk T 5 7-0, FEREIGHE 0.5 B
HOBRERTHEZITHIZ L E LA Fel)A 4~
TINEAT0.82 g/l TOEMIZB VT NP BRERIFHRD
B, ZOBEO H0xk Fe(lIDA A DTNV 4 T
Hote. Tz, EROK - 8ITR L7z HoO2%% 2 g/],
Fe(I) 4 + ¥ #0.33g/l DRMEDSEHTORER
& Hy02%% 2 g/1, Fe(Ill) 4 F ¥ #$0.33 g/l DFRMED
EUTORERZEBTLE, Fe(IDA Ay 28ML
RBAICHRTFeID A4 v 2 M L725ETIR
15 BEREORERIIL -/

INLDFERNE, REHTOHFRAEICBITS
NP =ik, HyO2&k Fe 4 + Y OFEMEIZL > TE
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100
~ 80 |
g
W 60 |
#
& 40 |
z
20 |
0 L 1 Il
0 0.5 1 15 2

Fe(i)q 4> BmEk (/)

B—10 Fe(ll) A RMEICHT S
NP BRER

{fLL, NPBRFICHEELRAERMEIFLET LI LA
St FOEBORMENVEIE, FedDZ@EMLA
BATIZ25 2 Kk&L, —F, FelD) ZiRkm L7256
T4 NS BB e holz. T, REEIL
HToBRERIIFe(D) Z2RMLEEIX 65%, Fe
(MDD A2RML725E1348% TH Y, Fe(IDAf + > &
WML REL Y, KABORBEENED 10
LIZBER B LS Dol

—7, & Fe 4 #+ Y IRIMERICBIT 5 Ho0BH7/-0) T
BE L NP OHEEIE (B— 1), FeDA F ¥ 2K
U724 T 12 ug-NP/g-H,05, Fe(lID A 4 ¥ %R
MU7Z284 25 ug-NP/g-HoO2& 72 1), Fe(IDA # ~
ERML7Z2BEOHEPEL o7z, Thid, Fe(lD
AF UM OEEYERILT S LITED, HOxD
HBEMERE N DEELZOND,

I =T, Ho0& Fe 4 4 ¥ DIRIE NV D fd St
IZBWTNP % 1 g T 5 DICHER HO&EIZD
WTEZBTHE, MOoERYEEE LVAKRETIX
0.83kg®TH v, —H, Fel) A & > #HM L
RABOBETIE Al kg 2 Y, ASESHFLT, 50
ERED 02 WMMT AUENDLI LB Tho
72, ST, BRBETCREMLA HoOAdS7 =~ b
VRIS TR L, MoABBOSRICHEESNS

—3-H,0,(5 /) + Fe(T)
—A—H;0,(2 g/l) + Fe(IIl)

w
o

=B =2 NN
u o un

o

H,0,%7-Y ONPH R I
(1 g-NP/g-H,0,)

o w

0 0.5 1 15 2 25

Feq7 > ik (g/V)
B—11 FeAAHRMEBICNT S H0.74)
DHHEE

Tk E W&

HEEZONE. T, HOxk Fe(IDA 4+ v DR
MTIZ HoQo b BB OBLIZ X DICTHE S NS
72012 HoOsDEWE L & 575, Ho02& Fe(lID 4 A
YOBRMTIE, B LAHITH B FellD A A »i2X i
OB INDE72DIZ Ho0:2 M % {THZ L
NTEBLEEZOLNS. 58I, DRI NP %
RETHFEERET L LERDS.
(4) TREALBERPOEERFEOEBM

&®— 212 NP 2§ 2 Bl &M BT 5 ERHA
6 BME COESRELY Y OBERERT. &
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Abstract

Removal of toxic substances in anaerobically digested sewage sludge using advanced oxidation process

Satoru ABE, Kota TODA, Ayumi ITO, Nao ISHIKAWA and Teruyuki UMITA

Simultaneous removal of nonylphenol (NP) and heavy metals from anaerobically digested sewage sludge using
H203 and Fe ion at pH 2 was investigated at different amounts of the reagents added. When both HyO2 and Fe (II)
ion or both H20z and Fe (I11) ion were added, the optimum amounts were respectively 5 g/1 HyO2 and 0.33 g/1 Fe
(II) ion or 2 g/1 HoO2 and 0.82 g/1 Fe (II1) ion for NP degradation, which resulted in the degradation efficiencies of
65% and 48%, respectively. Under these optimum conditions, heavy metals were effectively removed from the
sludge solid, whereas phosphorus was retained. In addition, the mineralization of the benzene ring forming NP was
investigated utilizing NP labeled with radiocarbon. It was found that no mineralization by degradation of the

benzene ring in NP occurred in the Fenton process.
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