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SHEHENRBON. X, POBHSBIZpHE2AE
F4 22 LT X VHIT0%ITHE LT=2, Fef A OFM
I D IS%ATICMA D Z LA TE T

L EDERND, HO L Fe)Af A & Ay I {RiERE
{LAEic kY, EREHBOETIELDH, POHK
2D TIRTARMEBERPO ) =AT7 =) — Ve ES

BELFRRICERETE D2 L8901 Y, TKIHLER
OFELERELY 2T AOHERD 7= HOILRRMER,
piet: 159 gb ol

Bi%s . ARFEO—BILISTERISELE [ —XRBHER
B B LUSHBRHAS RS R S HFHRE B)
OB RS TEBLE. iR LTBIELRTS.

BHEXR

1) Chipesa K. B: Accurmulation and fite of selected heavy metals in a
biological wastewater treatment system, Waste Manggement, Vol23, No2,
pp.135-143, 2003.

2) Karvelas M., Katsoyianmis A. and Semara C.: Ocourrence and ite of heavy
metals in the wastewater treatment process, Chemasphere, Vol53, No.10,
PR1201-1210,2003.

3) B35 5 - HyUSEERR TAGHHS : Pk 1248 TRl
181 AWIEE L TRIC S35 REE B THER), 2001

4) Andersen H, Siegrist H,, S., Halling-Serensen B. and Temes T. A.: Fate of
Estrogens in a municipel sewage treatment plant, Bnviron. Sci Technol,
Vol37,Na.18, pp4021-4026, 2003.

5) Clara M., Strenn B, Gans O, Martinez E,, Kreuzinger N. and Kroiss H.:
Removal of selected pharmaceuticals, fragrances and endocrine disupting
compounds in a membranc bioreactor end conventional wastewater
treatment plants, Wat. Res., Vol39, No.19, pp4797-4807, 2005.

6)Koh Y. K K, Chiu T. Y., Boobis A. R, Scrimshaw M. D, Bagnzll J. P,
Soares A., Pollard S, Cartmell E. and Lester J. N.: Influence of operating
parameters on the biodegradation of steroid estrogens and nonylphenolic
Technal, Vol43, No.17, pp.6646-6654, 2009.

7) Routledge E. J. and Sumpter J. P.: Estrogenic activity of surfactants and
some of their degradation products assessed using a recombinant yeast
soreen, Envion, Taxical Chem, Vol 15,No3, pp241-248, 1996,

8) Hemandez-Raquet G., Soef A, Delgenés N, and Balaguer P.: Removal of
the endocrine disrupter nonylpheno! and its estrogenic activity in shadge
treatment processes, Waz. Res, Vol41, No.12, pp2643-2651, 2007.

9) Lian J, Liu J. X. and Wei Y. S:: Fate of nomylphenol polyethoxytates and
their metabolites in four Beijing wastewater treatment plants, Sci Towal
Emviron, Vol 407, Na.14, pp4261-4268, 2009.

10) Biais J. F, Tyagi R D, Audiair J. C. and Huang C. P.: Comparison of acid
and microbial leaching for metal removal fom murticipel shudge, Wat. Sci
Technol, Vol26, No.1-2, pp.197-206,1992.

11)Kitada K., kto A, Yamada K, Aizawa J. and Umita T.: Biological leaching
of heavy metals fiom anacrobically digested sewage shudge using
indigenous sulfir-oxidizing bacteria and sulfir waste in a closed system,
Wat Sci Technol, Vol43, No2, pp.59-65, 2001

12) Yoshizzki . and Tomida T.: Principie and process of heavy metal removal
from sewage sludge, Emtron. S Technol, Vo34, No8, pp.1572-1575,

=704 -



2000.

13) o A, Umita T, Aizawa J., Takachi T. and Morinaga K.: Removal of
heavy metals firom anacrobically digested sewage studge by anew chemical
method using ferric sulfite, Wat Res., Vol.34, No3, pp.751-758, 2000.

14) ito A, Tekahashi K., Aizawa J. and Umita T.: Enhanced heavy metals
removal without phosphorus loss from anaerobically digested sewage
studge, Wat Sci Technol, VoL58, No.1, pp.201-206, 2008,

15) Kotitani S,, Koshiko M., Kudo A., Tokumura K., Ishigaki Y., Toriba A,
Hayakawa K. and Nakagaki R.: Photodegradation of 4-alkylphenols using
BiVO, photocatalyst under inadiation with visible light fiom solar simulator,
Appl. Catal, B Erviron, Vol46,No3, pp.573-586, 2003.

16) Neamfu M. and Frimmel F. H.: Photodegradation of endocarine disrupiing
chemical nonylphenol by simudated solar UV-iradiation, Sci. Total Emviron,
Vol. 369, No. 1-3, pp295-306, 2006.

17) Yim B, Yoo Y. and Maeda Y.: Sonolysis of alkytphenols in aqueous
sohutian with Fe(IT) and Fe(Ill), Chemasphere, Vol.50, No. 8, pp.1015-1023,
2003,

18) Tang W. Z. and Huang C. P.: 24-Dichlorophenol axidation kinetics by
Fenton’s reagent, Environ. Technol, Vol 17,No.12, pp.1371-1378, 199%6.
19) (#) BARTAEES : TARBSE (BHTER A
WREHALFHHER U2 YV 7 AR Y O L8 2002 4,

2002,

) (G BERTAHEES @ TAHERRSE TE5 1997465,
1997.

21) BAMTHLESICHESE & : KOs —5% 45k—, L%
FIA, 1994,

2) (D AERTAHEES : TAHREBRE B4 1997 £5RR,
1997.

BYW. R& 4, LIE—H 2 —BKREILFE T, ppS00-501, 3&57
HfgEREtE, 1974,

24)DuY,, Zhou M. and Lei L.: Role of the intermediates in the degradation of
phenolic conpounds by Fenton-like process, J. of Hazardous Materials,
VoL 136, Na:3, pp.859-865, 2006.

25) Flotron V., Deltell C,, Padellec Y. and Camel V.: Removal of sorbed
polycyclic aromatic hydrocarbons fiom soil, sudge and sediment samples
using the Fenton’s reagent process, Chemasphere, Vol 59, No.10, pp.1427-
1437,2005.

26) Dewil R, Bacyens J. and Appels L.: Enhancing the use of waste activated
shudge as bio-firel through selectively reducing its heavy metal contert, . of
Hazardous Materials 144, 703-707,2 007.

(2010.5.21 524

Simultaneous Removal of Nonylphenol and Heavy Metals from Anaerobically Digested
Sewage Sludge Using Advanced Oxidation Process

Ayumi ITO', Jyunya SUZUKI?, Kohta TOD4A3, Nao ISHIKAWA* and Teruyuki
UMITA

'Dept. of Frontier Materials and Function Engineering, Graduate School of Engineering, Iwate University
2N_ishihara Environment Technology, Inc.
*Dept. of Civil and Environmental Engineering, Graduate School of Engineering, Iwate University
* Dept. of Civil and Environmental Engineering, Iwate University

Simultaneous removal of nonylphenol and heavy metals from anaerobically digested sewage sludge
was investigated using an advanced oxidation process at pH 2. Nonylphenol in aqueous solution was
degraded in the presence of both H,0, and Fe ion, which will be due to the formation of hydroxyl radicals
through Fenton’s reaction. Degradation rate of nonylphenol was much greater in the presence of Fe(II)
ion than Fe(Ill) ion. The content of nonylphenol in the sewage sludge was significantly decreased by
addition of both H,0, and Fe ion, although no decrease in nonylphenol occurred in the presence of either
H,0, or Fe ion. More than 80% of Cd, Cu, Mn and Zn were eluted from the sludge by addition of both
H;0; and Fe ion. Acidification of the sludge eluted 70% of P, whereas addition of Fe ion more than

0.82g/1 decreased the release of P below 15%.

From these results, it was found that nonylphenol and heavy metals could be simultaneously removed
without phosphorus loss from anaerobically digested sewage sludge using the Fenton process.
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