AF -9 m2-2 e Ay (DEHP) 13 A48 2 Y G227 7

4%
[
¥
M
&

REFR RS B

B2 il <« BRE1RFFY T

Bt SR KR A B FER R 4 BT RS I R AT R
KBRS e @ TR ASR S AT NP X TR BT - BB L BT AE o
dFREAL YR EABREFRT > 7O el e UH > R IFR
TR wAgTE I o LB DRELRNT AR AR e KA AR F R
FETMFAESE o KRG ARSI R L2 VA FEFFRRTAL
s 4i¥ 53 DEHP %> & DEHRGER A~ G R 7 itte g AL *F
T A5 b DEHP JEA 2 B0k & o 8 27 Bt )22 23 T3 L > B RS R

Bo&a v DEHP % a2 fa) 50t sk a2 17 pr2 5% 245 o

DHRLEEHARR R AE S I B R o UIRE FRME Y 2 s

peifgsrE e Y DEHP £ 5 o 5@ 70 % 2% pFF > DEHP 275k 3

gl

1Y v 48-79% 2 A FF BT3B L3¢ DEHP 2 5% fRi F s

cH - prid 2 Ak (k) 5 0.0032-0.0111 d' 2 @ > DEHP LB % f24 %

=

¥

2

B (tos) % 63-215 = ;@ DEHP 3k 48 3 ¢ 2 " f2@d o B33 H A

-~

S

AR (tos » 232 %) 2 23EY (fgs 5 376 X )e k¥ L LXK F R
Wom A, Bard 547 DEHP JER 5 700 mglkg 5k s A 2 K
110 g/kg &3 & i ¢0 DEHP ' j2 =% (54%) c %5 4 ¢ DEHP k& i€t
365 mg/kg FF > S5 S 2 2 Bl ki DEHP 2"t 21 g B F e R

% 547 DEHP kA& % 365-1000 mg/kg P > i3 ik 45 & 2 3 blgp )30



45170 g/kg P2 3 v it 45% 121 2 DEHP ' j3 5 ;%] i3 % 4 ¢ DEHP
R 3 585-820 mglkg # BP0 5k & 2 0 F 5 85-130 glkg pF o A
DEHP * 2% f. 87 it 53% - AAfm < » 13742+ ¢ DEHP "3 2 1
EYEFEF AT E RGNS I EB L H]E 110 g/kg e Ef’f%’%’ﬁz
ol B2 3 R 2t 2 3 Ft R A FRE CRE R BT L

4 gt i pH ,’E_im,ugzag JP G 2 Pk o

B 430  DEHP ~ iRt ~ 23R « s UM ~ SR H & 23 - ¥ 4 & Aw



Biodegradation of di-(2-ethylhexyl) phthalate (DEHP) in sewage
sludge-amended soill

Student : Hung-Hsu Tu Adviser : Dr. Jih-Gaw Lin

Institute of Environmental Engineering
National Chiao Tung University

Abstract

In order to correspond with the promotion of living standard in Taiwan, as a
result of the industry and commerce are highly prosperous. Then the quantity of
sewage sludge which is discharged by families and factories is increasing
gradually. However, the huge sludge quantity comes into being due to the
sewage disposal, which will be a potential troublesome problem as well. Due to
the sewage sludge contains a_substantial amount of nutrients and organic
matter, it can act as a soil fertilizer,and conditioner. It may be disposed by
application to agricultural land, increasing the attraction at agricultural area
suitable for sludge application recentlyin European and America countries.

The presence of hazardous. organic matters would reduce the attractive
act for converting sludge into renewable resources. DEHP is one of the most
abundant and representative hazardous organic matters in sewage sludge, and
may be a widespread distribution of DEHP concentration in sewage sludge.
The objective of this study is to realize the biodegradation of DEHP in
sludge-amended soil with different amended ratios and the concentrations of
DEHP in sludge. From the results obtained in this study, we’ll get the suitable
amended ratio when the concentration of DEHP in sludge is between 110-1000
mg/kg.

The results obtained of this study showed that the indigenous
microorganism can decompose DEHP in sludge-amended soil slowly if we
support sufficient water content and turn up the soil daily. The residue
percentage of DEHP concentration in sludge-amended soil is between 48-79%
after 70 incubation days. The first-order rate coefficient range from 0.0032 to
0.0111 (d7), and the half live is from 63 to 215 days. The reduction rate of
DEHP in sludge-amended soil is faster than that in sludge cake or that in soil.



From the curve of response of central composite design > we get some
conclusions.

When the concentration of DEHP in sludge is below 365 mg/kg, the factor
of amended ratio is not important for bioreduction in this system. If DEHP
concentration in sludge is at 365-1000 mg/kg and amended ratio is at 45-170
g/kg - it would reach 45% reduction rate at least. The highest reduction rate in
this study is about 53% when DEHP concentration in sludge is at 585-820
mg/kg and amended ratio is at 85-130 g/kg. When only reduction of DEHP in
sludge-amended soil is considered, the more suitable amended ratio of 110
g/kg is obtained. In addition, the application of sludge cake to soil will enhance
the contents of total nitrogen and phosphorus, organic matter, CEC and pH of
soil.

Keyword: DEHP, recyclable, fertilizer, conditioner, sludge-amended soil,
central composite design
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Fdz-Fg e 8N 19 7 b RiRaiF RASLRAS 275k 0 &
(7 AYTE &M% 0 7] %40 PAHs ~ LAS - NPEs 2 DEHP 5 = %
BN A KESER Y ¥ Lehima L fd» ¥ 5Bk GimG hP s L5 B~
e 2 PP i (Madsen et al, 1997) » g s GR35 K2R
FATE 137 FBAEZ G T A AFRT 5 ORASE R B AR D ko B Y
B.i &t 85443 P 5 PAHs - PCBs » DEHP - PCDD/PCDF % 7 & %1%
Ao bt Schnaak (1997) 4 T @spy F2 B e ai &4 (TPH) %4 ¢~
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# @ 12 Bis (2-ethylhexyl) phthalate (* DEHP) # Frattkipl J1 ch=x #ic i & % > &2
P RERA R SRS o SR FRF LSRR b FR Y 2 BT
B3 WAy Ags SR FEEH B T SEY FRE5APLTE

BHIPHBRREAMZPEY T FLAR -

%0240 B FB EpEE HERE

Selected Organic Number of Mean Minimum  Maximum
Compound Times (mg/kg)  (mg/kg) (mg/kg)
Detected
Aldrin 8 0.029 0.019 0.046
Benzene 4 0.098 0.012 0.220
Benzol[a]pyrene 7 10.785 0.671 24.703
Bis (2-ethylhexyl) phthalate 189 107.23 0.510 891.29
Chlordane 1 0.489 0.489 0.489
4,4-DDD 1 0.391 0.391 0.391
4,4-DDE 4 0.100 0.030 0.190
4,4-DDT 7 0.051 0.015 0.121
Dieldrin 6 0.024 0.013 0.047
Dimethyl nitrosamine 0 BDL’ BDL BDL
Heptachlor 1 0.023 0.023 0.023
Hexachlorobenzene 0 BDL BDL BDL
Hexachlorobutadiene 0 BDL BDL BDL
Lindane 2 0.074 0.072 0.076
PCB-1016 0 BDL BDL BDL
PCB-1060 20 0.671 0.031 4.006
PCB-1221 0 BDL BDL BDL
PCB-1232 0 BDL BDL BDL
PCB-1242 0 BDL BDL BDL
PCB-1248 23 0.740 0.043 5.203
PCB-1254 13 1.765 0.312 9.347
Toxaphene 0 BDL BDL BDL
Trichloroethylene 7 0.848 0.024 3.302

BDL = Below detection limit.
(USEPA, 1990)



wE B ¢ 74l T rvE 2R (Directive 86/278, EU) 135 ks % 3t L | e

4

PR E IR (F 2-2) *F ML E I TSR E R T kAR
B f i 45 UE e (AOCFR503) 8 4 HE & 45 o »
PER R CAE LA BT CMRTELFE Y REFAE Y D

,\.

(Skjelhaugen, 1999) - Tyt > #-j5 L 12 4 LA Al 2 AN FE R

&

-5

= as
FHRENFRARY LI M2 3B APFTERFRFRIFFR > 10t
—HRFSERERF -T2 N P E DEHP 25k %R0 &
BA P A B DEHP 2 3@ cm 7 %% > 18 X i i3 % ¥ 8% > 2
NOEC (no observed effective concentration) 3 130 mg/kg > 14 % eupdsl g 4
wEapE? 2 NOEC % 1000 mg/kg: I *ticd 4302 NOEC ER|# L & 3%

o F B K ¥ )T ket B pr > NOEC 300 mglkg R 5 — ¥ k42X ehge ) -

% 2-2 O L R T R E R e gf; v o2 4 5 4P

AOX' DEHP2 = LAS®>'  NP/NPE* PAH® PCB® PCDD/F’
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg ng-TE/kg

EU 500 100 2600 50 6 0.8 100
Denmark - 50 1300 10 3 - -
Sweden - - - 50 3 0.4 -
Austria 500 - - - - 0.2 100
Germany 500 - - - - 0.2 100
France - - - - 1.5-4/comp - -

! adsorbable organic halogen compounds.

2 di (2-ethylhexyl) phthalate.

® linear alkylbenzene sulphonates.

4 nonylphenole and nonylphenolethoxylates with 1 and 2 ethoxy groups.
® sum of various polycyclic aromatic hydrocarbon.

® sum of some polychlorinated biphenyls.

4 polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans.



22 %8B % (Environmental hormone)
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estrogen endocrine disrupting chemicals
= H=E {bisphenol A, nonylphenaol,
5 e phthalate, DDT, etc}
.
N ol
s T %
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chemicalz to ER results in estrogenic
U- - 7 effects.
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2.3 #F = 7 fifiqsg (Phthalate esters, PAES)
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MEZ PR ELIEFRIAPFTER L MArZ AR RE XA ~IRE
y SIS S |7 SN - %t?%%’%é_ % (Giam et al., 1984; Graham, 1973)-
dONERE T R SRS B ATEIRE 2 P 50 Hepl g o Fpt R @ Y 1999

o
o~

AT ERRE SRR B T 2 R e R auml s B
Fo (don B2 s 7 BE) P R e Rk (PVC ga) ¢ it A g #
004 > B R PVC ¥ oAty fEARE - U RRfadgd B MY - TR (2-0
e 3)fy (DEHP) ~ #8¥ - " st - B I f; (DINP) -~ 8% - 9 it = 3 fiy
(DNOP)~ sit¥ - " fk = = fiy (DBP)~#8% - ? k- B %f; (DIDP)~ 8% - 7 fik

J

fa%%fa (BBP)> #2272 426 0.1% P wwp ~ 2 W2 p A2 7
MFC OV RqsE Ed ek 25 hF o H P ¥ - P (2-2 A A) Ao

MFZPRLC P Aq R MRF D TR T fge ¢ AR 88 E£d ARBEEF LG
AR

MEZ TR I W B R PR ST R EAAY BTG
k¥ 2Wi PAEs i~ 4 fikdiana A L kR (Wams, 1987; Cadogan et
al., 1993) - d 3t ptagic g g RL - R ZEBEAF AL TG EEH il

3

o BRED TRGFR R REE IR PEFRLHC L AL
SFLAREY BT 0 BF - RS AREY FARRER Y S 5 AL
IR~ 1T EEAAFRRIET ~FBHE X FR20P N AREE TREFE o T
PAEs H# 5 2 H FH M~ REX ¥ (mutagenic) & g1+ (carcinogenic) » i
AL AR R R s A gl g e B e Mr‘ﬁ’ PREMAEELELE

(Wang et al., 1997) -
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% 2-3 1%+ ¥ L PAEs 847

Abbreviation Phthalate Ester CAS Number
DMP Dimethyl Phthalate 131-11-3
DEP Diethyl Phthalate 84-66-2
DAP Diallyl Phthalate 131-17-9
DPP Dipropyl Phthalate 131-16-8
DnBP Di-n-Butyl Phthalate 84-74-2
DIBP Diisobutyl Phthalate 84-69-5
BBP Butylbenzyl Phthalate 85-68-7
DHP Dihexyl Phthalate 84-75-3; 68515-50-4
DnOP Di-n-Octyl Phthalate 117-84-0
BOP Butyl 2-Ethylhexyl Phthalate 85-69-8
610P Di (n-Hexyl, n-Octyls.n-Decyl) 25724-58-7; 68515-51-5
Phthalate
DEHP Di (2-Ethylhexyl) Phthalate 117-81-7
DIOP Diisooctyl Phthalate 2754-26-3
DINP Diisononyl Phthalate 28553-12-0; 68515-48-0
DIDP Diisodecyl Phthalate 26761-40-0; 68515-49-1
D711P Di (Heptyl, Nonyl, Undecyl) 3648-20-2; 68515-44-6
Phthalate 68515-45-7; 111381-89-6
111381-90-9; 111381-91-0
DUP Diundecyl Phthalate 3648-20-2
DTDP Ditridecyl Phthalate 119-06-2; 68515-47-9

(Staples et al., 1997)
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4 2-4 PAEs z_ 1244 °

Compound Formula® Alkyl Molecular Weight Melting  Specific
Chain (g/mole) Point Gravity
Length (°C) (20°C)
DMP C10H1004 1 194.2 5.5 1.192
DEP C12H1404 2 222.2 -40 1.118
DAP C14H1404 3 246.2 -- --
DPP C14H4504 3 250.3 -- --
DnBP C16H2204 4 278.4 -35 1.042
DIBP C16H2204 4 278.4 -58 1.050°
BBP C19H2004 4, 6° 312.4 -35 1.111
DHP Ca2oH3004 6 334.4 -27.4 1.011
DnOP Co4H3504 8 390.6 -25 0.978
BOP Ca2oH3004 6°, 8 334.4{278.4-390.6} -37 --
610P CasHs0O4 6, 8;10 404.6{334-447} -4 0.970
DEHP C24H350, 8 390.6 -47 0.986
DIOP C24H350, 8 390.6 {376.6-390.6}  -46 0.986
DINP Ca6H4204 9 418:6 {418.6-432.6} -48 0.970
DIDP CasH4604 10 446.7 {432.7-446.7}  -46 0.961
D711P CoHi2O04  7,9,11 418.6 {362.6-474.7} <-50 0.970
DUP C30H5004 11 447.7 {432.7-474.7} -9 0.960
DTDP C34H5504 13 530.8 {506.8-544.8}  -37 0.953

?(Howard et al.,1985; Howard et al., 1989; Staples et al., 1997)
® For mixtures, the formula for the most representative isomer is provided.
¢ Aromatic ring.
4{}: molecular weight range of isomer.

®At 15°C.

13



%2-5%?&”\%@?]£Bj\§511?7‘},@3‘$‘ ﬁ»ﬁq&?lub*ﬂ

# e BE U S

-

Benzyl butyl phthalate » #8 % = ® f&~ fia ¥ 7 fig
Dipropyl phthalate » # % =  pi = 5 fig
Di-n-octyl phthalate » #8% = ¥ A& - % fig

Di-n-butyl phthalate » 28 % = ¥ g = = fq
Di-(2-ethylhexyl) phthalate > #% ¥ = ® gt = (2-2 A ¢ A& ) fq
Di-lsodecyl Phthalate » #8 % = * &t = £ % fy
Dimethyl phthalate » #8 % = 7 &= 7 fig
Diethyl phthalate » #8 % = ¥ & = 2 fg
im Dipropyl phthalate » #8% = ® f& = 3 fig
Di-n-butyl phthalate > #8 % = ® f& = ~ fig
Di-(2-ethylhexyl) phthalate R F - P - (2-2 A A) P
Di-n-octyl phthalate » #8% = » f& = % fig
Benzyl butyl phthalate - ia:‘i*{: UREET A ¥ Y Ay
Diethyl phthalate: > }éﬁ‘{: fh =T fig
Dipropyl phthalate: > Z9 & 20 fig
- Di-n-butyl phthalate » ;irs?: PEAS T fg

Di-(2-ethylhexyl) phthalate P ENE - P B - (2-¢ A A fa
Dicyclohexyl phthalate s # %= ® ﬁ’x.- T ° Py

Diphenyl phthalate » #8% = ® B = % fig

Dihexyl phthalate » #8 % = ® f&= 2 fiy

3 LAY S T R A A T

P ERORA A REFRP AR 7 AL T LS AR R
M 2 PR S AR T > BB ARINB KRR ZFRE R ARRY 0
WEREE2PVREPPRZFTIG SRAENFTAST bl 2487 50
FRREL . REFDLTEMND AACRP LY BIEG - o L ERE
B iP REY F BT T Eag it &P (R RE 0 1998) . H P &
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BMEC VI ey MFC VTR E O M MEC VS R M¥CUm
ST PR MF PR (2-2 A A) o HEARFRA B ND-0.007 pg/g
ND-0.16 pg/g » ND-1.04 pg/g > 0.17-0.93 pg/g > 5.61-90.9 pg/g (7 refak %% >
1998) o ptvh o AP BiE S BIRE S KRR Y D iRz R VREY O MFE - PR
adfe FEMF - T S g~ ASE S TR g F T fig 0 ASF T B TR fig A
FoUR S (- AT A) o BMFZD YIRS TR HEARFEA Y
ND-Trace > ND-2.4 ug/g » ND-6.2 ug/g > Trace-13.9 yg/g > 13.1-37.3 pg/g (5& %
A5 2000)c P EEAHEFEFTMFIRMETEFC I SHFE RS -
FARFFERErFY O TRFLRART G 0 AL S REL E o8
TREHAMERE AT

24 WmF -V pifiasp ~ fE
241 it £ 5 ARB Y Pk RIS

PAATRBY Gl d A5 AR T A SEHEE AR (40 2001):

1. i & 4 f% (chemical breakdown): s & it &H Xk ¥ hg Hiit » &7k
R K fed @ f BEE R @A LF L EY A AR

2. 34 ¥ ¢z (biodegradation): 3 § A FFa p AR RE L EF O

BfCIREE M A I p PR hALF G A S

SR EBRE R 0§ F B ARML AR S BAARREL > T

FF AR TP AA TR E R AT PR Aot (21) &

B +0,+N+P —I— 37m% +CO,+H,0O+ # 4 4 A2 %
LR R (2.1)
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e +0p —> CO,+H,O+N+P+ 2 7 }? 2 ‘m”aﬁc’%ﬁ (22)

3. kjfzit* (photolysis): Rixp & i* &4k & 5 sTR M > i B LR

BRTRIG LR EAS > A pE L LR

2.4.2 § A 4 R

b2
Y
Iy
sl
=
=
Tk
i
3\
SR
o
A
4

&
N\
A
3\
‘ N
ol
&
e
W
g
=
g
o
'S
4y
(w
RS
™
[
-
=
v
i
e
o
A
4y
_
T
%\‘
=

- BBV MAFEHF P EL TN d S 2 EE o BlArE 4E > L 4h K

~3 ¢ > A5 % (Leahy and Colwell, 1990) st ¢4 51t & 55~ % 4 crfd

’%
trmtﬂ

S EREMA P ERRGELE R W F PR PARE AR F - TR

yﬁa

fadiiBg ? % )

4 pir g o im FIRD Ak 48 (side-chain) B ¢ B FH ki
o w3 A AnE Y S 0 AT kR 4 B s bk R

ek 5 (Ejlertsson et al., 1997) -

(@) MWBwmpE - 2 &#F 2-30°C> &g R 5 12-18°C;
(b) ¥ Riwp] - 2 & 4F 20-45°C > iz & 5 25-40°C;
(c) iR > 2 & K 45-75°C > .2 E & = 55-65°C -
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3.pH &

A R FEREE NG Ay pH & A &b pH ERET R P
FOoOVMARNEFAERL . - AT oA ALG A EE MO pH &
4]0 A3 E A3 pH S 9:?’a§u§m%%wwiapH65;185r?o
MUY M P BN Ao A0 pH EFEFIM LR TSR Z 7 Ry
Hived e
4. ¥ %@

A g s fr R F R S P Fl e o - Ak L
Fomrh g ¥ ee ggs Sy e flied ARSI RER A HIF
R i AERT O BERAEHGF R TG P KRG o AR

q\

SRE G A ATRRY 0 b 5 ) A eheriR 0 Aa # 3 & ¥ § T4l
FOFAEEE ARG o XA FRARIERY o BRUERE AN > @ § 00 g ok

ViR e AR e 2 F B S Bl B R KRR R Y R BRE & 4] SN A

13}&

/

Flt§ fopb e b TR SR BF Z Y s fR TR

FAARPEMAFOEBN S P At et £ 2 B2 5
BT AR S WE AT UEARE AfEAL Bk RHEER > 0 MY S
PO AT G E R T T AL SN A R R AR R ET AT A 2 A
38 % (Thomas etal., 1986) o Flut ¥ f 77 & B 77 € LM F - 7 ffigsgn
R
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243 MBF - PR RE P hA B L fRIFY

BORLn A TR P HR A fie (partition) £ =x*f (adsorption) I &%
S AR RGP > H Y il pleak R £ ¥ 2 PAEs Huir A AEH 3
-k & i T & (octanol-water partition coefficients, Koy) 3 4r » % 7 % & (vapor
pressure) T i@ 3 M2 W%k o PAES L5 MEF RO EFMIEME LT A
F2Arff e & 246 % 448 PAEs kfzd Az v g giw PAEs dvkfals
WS - B P Ageh 32 EFIMY S TR (2-¢ AE &) fych 2000 &
7% % ; Howard (1991) i& =z PAEs fipfpkjrz 22836 » & DEP ¢ 24
#3 DnBP 712 #p @ >a DEHP Rl5: 012 #3 1.5 2aprfl o 3F 547
Tt PAEs &4 447§ 2 RESGURGET » 7 5 2o 4 Fe ik A A R
P LFREAFEAI S NEEAFEE PAEs & 28 xp T E b 50% 2
7 % (Roslev et al., 1998) - # £  3 § ¥z 90% % f2 (Irvine et al,

1993) = Ap & ¥ > Frt - RE

=

% _(oligotrophic) ¥ &4 edk iz 2™ > R
gl Sk izl 4 dput £ (Staples et al., 1997) - #+*> PAEs & 7 >

KR fEw s kR IEE fedD (Er F 3 LU R ' fRE BBAL 0 22 JEIT g

WA e 2 R FRIRE AR E W T A e (e D ARE S P R ag
L RE S A G OKL AR ARSI e FLE G RIS Y M
B T dod 270 iGst B § 2 RF A w00 BRE U mp A &4 (7 S

R % sk (Eaton and Ribbons, 1982 ; Kurane et al., 1984 ; Nozawa and
Maruyama, 1988 ; Gibbons and Alexander, 1989 ; Jackson et al., 1996 ;
Ejlertsson et al., 1996 ; Ejlertsson and Svensson, 1997 ; Kurane, 1997 ; Roslev
et al., 1998 ; Wang et al., 2000) -
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% 2-6 %46 PAEs 2 -kjzx 4 3

Phthalate Ester Aqueous Hydrolysis
Half-Lives (years)

DMP 3.2

DEP 8.8

DAP -

DPP -

DnBP 22

DIBP -

BBP >0.3

DHP -

DnOP 107

BOP -

610P -

DEHP 2,000
DIOP 157

DINP -

DIDP -

D711P. -

DUP -

DTDP -

(Staples et al., 1997)

27 CEfRARE S U s Ll &

Bacteria strain Reference
Micrococcus sp. Eaton and Ribbons, 1982
Nocardia erythropolis Kurane et al., 1984
Pseudomonas sp. Strain P136 Nozawa and Maruyama, 1988
Mycobacterium sp. Gibbons and Alexander, 1989
Aureobacterium saperdae NRRL B-14840  Jackson et al., 1996
Rhodococcus erythropolis Kurane, 1997
Pseudomonas cepacia Kurane, 1997

Pseudomonas acidovorans Kurane, 1997
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25 ¥ - v pg-2- e Af; (DEHP)
2.5.1 DEHP e it 25

BM¥- PRz (2-¢ Ae A) fy (di-(2-ethylhexyl) phthalate, DEHP) % -
AL EREERE o A E S T i 7 fy (dioctylphthatlate, DOP)
Bpcpa - ¢ A Afg (bis (2-ethylhexyl) phthalate, BEHP) » H & & 4+ it |+ 5
B3 T E T4 2-8 it o DEHP - A& ¢ e > Bl Tk ¥ 7
PEF B AMBYANE DL “%rfé‘?lli%ﬁ%%frt‘ - DEHP 5 ® & ¢ % %%
( polyvinyl chloride, PVC) 2z 3§ % #&| » >+ ¥ E 7 & 3 245 cfed & (flexibility) »
FI AR i e 3 PVC @l moende LAY o phoh > AT TR 1 ¥ o2 gie i H
2R g Fl B AR iefaR T @R DEHP i &0 45 %] L DEHP
Be g 87 i 40% RS MEORS Rbl4ed & BE - 0 XM
)8

AR S ¢ S Renf S A et 75& #3 DEHP thi o %
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7 2-8 DEHP A &4 it {5 27 3 3 258

jF - 7 fi-2-¢ e gy (DEHP)

- 1,2-benzenedicarboxylic acid bis (2-ehtyl-hexyl) ester (CAS name)
- phthalic acid bis (2-ethylhexyl) ester (IUPAC name)

- bis (2-ethylhexyl) 1,2-benzenedicarboxylate

- bis (2-ethylhexyl) phthalate

- di (ethylhexyl) phthalate

- dioctyl phthalate

PAEs f&%

[N
T
ﬁ-m‘\

P& F

- octyl phthalate
- phthalic acid dioctyl ester
390.56 g/mole
C24H3304

|| O/\t—(/(CHZ)Q,CH3
‘f‘%’f#;\: @ CH,CH,
CH,).CH,

o N

>
4y
*h | el

S
4y

CH,CH,
log Kow 7.54
% e R (25°C) 0.4 mg/L
ZF & (1atm) 1.0 x 107 mm-Hg
v E 25°C 0.986
2 (1.atm) 384°C
%% (1atm) -47°C
ok gk 199°C
3 EE 1.71 x 10°° atm-m*/mol

2000 & (aqueous hydrolysis)

0.2-2.0 = (atmospheric photooxidation)
3z ﬁ'w(mm) 203 3R~ liiiﬁﬂm\ﬁmW
* i s agke KRR AR TR -THEFP EGH
/""p‘%?ﬁ%]ﬂ—??/lﬁfg"l’ﬂl’rr ﬁ%;\fflﬂ,

&

vaid

Hy

Hef st B3 54 T4 (hepatotoxic) ~ &k § 5% T 12
iy (nephrotoxic) ¥ it 584 Frend 78 kA A RPN B

- W EIT (bioconcentrahon)’ v g ;ﬁ d G oA fen
PO F & A % (trophiclevel) 4% > & 2 47 ¥ o
(Staples et al., 1997 ; #% > 1999) - log Kow: F #4~ >t k& 3 ek 5 vt & 5 log Kow> 3
Pt & R S SRRk B 4w (Danish Environmental Protection Agency) °
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2.5.2 % ¥ o DEHP

% DEHP ¢4 Ziffz ~ b= #5341 PVC #f*amiod 7 v 5ot i {23
BB VAT GD 1 E T BRSPS AR Y AR
FASTRATRBLY U 4§ AR VHEEARY KR ) ko F)et DEHP 4m
FREF FAREY o HEF A1 %%  2BEES - BKATERE B P A
TRCHTHF R o AR BEFEE A NGAAIESP Y 355 4 DEHP > Ak 4
BT R T e T oks T g DEHP 0 & (Facktk % 0 2000) 0 Ak
DEHP ehi % af & &P » 2 sh Afsg 5 LA - 2 Bkl iRz -
(WHO, 1992; ATSDR, 1993)- 4 DEHP 33 3 pF- 8 € v ¥ 2 skt

M3 g TiE A - §F DEHP “g-Rintcd kpr» 2 €8 33t Tk
PoEoRY o iEAR- E Y £ 5 4 DEHP B KRB 4 o

Irvine et al., (1993) 4 %% WATE T — kfllid PVC Wk ¥ 2 1 fik 7
iy #m g DEHP kR5E & 10-25,000 mg/kg ; o oHAgp > & 4w T
kst ey A% % g DEHP ik R F Rl 5 4-1700 mg/kg (325 - £) - Bp
A LA ERD ez HFWﬁ]\ PRy » FIFE® %773 DEHP (% 2-9) =
)k B 323 > 100 mg/kg (Cheng et al., 2000) - %% # k¥ ¢ DEHP F]H 4 i
BHa 2 ES o A TR EENZFY o NS PSR F
Bz 1 ivREEcd DEHP 827X /35 4428 7 * e 4r

2]
~=h
il
R
R
ek

A
DEHP vt 7 5 & keng (Frefask ix¥F > 2000)

22



% 2-9 L ?p;rsﬁmkﬁ;‘ﬁc’ DEHP E g @2 A %

Municipal sewage Sludge type DEHP concentration
treatment plants (MSTPs) (mg/kg dw)
BN ] Aerobically digested 142.9 (0.15%)
~ 2Ry Anaerobically digested 105.2 (2.11%)
W R Anaerobically digested 153.2 (1.26%)

Data in brackets were the relative standard deviation (RSD) values, n=3.
(Cheng et al., 2000)

253 ~ ¥ %k %> DEHP 23252 DEHP 2 4 g 3%
AR g 2 F ok Aol R A kAT DEHP- 2 ¢ 5d 64 ;
b Lehk BidfS > % % B 5 S L% 4025 mg < DEHP - DEHP
fa el R BAAY F RS o TR ar Lty §
DEHP > 4o 47 ~ 54 it ~ b S fRfedlidr b S5 0 o p 51 A8 {o Rty 7
wFIRBEEED 3 DEHP - st > £ 154 &4 ~ 2 5 fok @ £5§ 5
DEHP =, T34 & 25 5 0.27 mg (Oie et al., 1997 ; Jaakkola et al., 1999) -
BEARA B AP iy Vv gd A KR Z 3 DEHP e M p & 5 F &
> £ i1 DEHP » R¥p G el g (%0 o F 5 doi & 2 55 i)
2t ERBAIAE > TRAEMIS TR G o R DEHP ¢ ##

¥ o0 DEHP « g5 e cnFpner L) DRFHUSEHD
DEHP > * %7 jp b & Edrerig # eng 34 ¢ % DEHP B3t o £ TR
B F ¥ 3 DEHP > 4 g DEHP #igs 4 e @ - DEHP + ¢4
g RER AR g~ I e nd ok ¢ @ 3] DEHP ot RS g AR

k¥ 73 0.04-30 ppb 7 DEHP > 35— x ¢ ¢ & k3&P~3| 0.02 mg DEHP -
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dok AR R FAT RS A R ) P AT T g ok T G R T

G

DEHP A #ehi 3 L E 4p g M 3 53 t)}?ﬁ"ﬁﬁﬁiﬂf 5 & 10 g =
DEHP - % &7 MH® (5g) Hh4+ ) » dgagmirg ToF o L b
AR (10 g) hk ¥ &+ plig 24y 3§ (ATSDR, 1993; Woodward,
1988) - DEHP ## 4 e I j * BAfr | Rea ¥ %4 g HE ¢ DEHP
(1000 2 2000 ppm) #Z%m Bire 27 # R DEHP $+ &40 ] &8 50 4
AR E R B PR KX B %I~ DEHP 7 § i 2 pE o
EEREpT oL 2 ERFUVPFHEESL T4 o F1i DEHP gz i
Pom 2 hd A ESc Flptd A K #Ef§T] DEHP $30 A 8RR 3 R G B
Fo LARZ)ROFHY $R 2FPREE 23 kA5 DEHP ¢+ 4+
AR R PP LT s aded A F LW kBT DEHP o g T ¢4 o
BRI G  F I EY EEFAE T DEHP > Bl 2 B r* Band s 4 A
AP FLepTp kR DEHP $2iaeii2 i 4 plAS R BF - #0
BE ¥ ] Bie+ REH B kR DEHP T ¢ g3 asams v (Tyl et al,
1988; Peters et al., 1997) - F|pt § %~ ARE P F & 3 7% k& & DEHP - By

TR g BN MEEES PRGNS P AL > RieD g P

LWk % DEHP et &1 ¢33 & RS2 & il e > BB 47 i
i Fl LR Fgg"’?ﬁg% DEHP’m—\F’g"”“’*ﬁ‘Pm;zé@ﬁFﬁpli 4
A AR PR B AR TR g Y DEHP R R 2 g
T ALHMIFF 4 M o X e jcfos j3 DEHP sz < 84c | 87 -
o Tl FF EHERGIPPEI T - LEFL M > A EFEHP
s (RESE®R) L o A H B FEAEH S kB DEHP 44wy
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it % R o) RAURR AR R N o @ R Y R AR A A

Ik

-In‘n

DEHP 2 = - ¥)3* % # ¥ DEHP &3 § &3 a4 2 "Fhp b iR E— #3

v

FEznoom P i i DEHP $#A 82 g g TP4Ea Ame vy 5 wgug
9 DEHP #4882 4 KRB enBH > o DEHP 24 % 3 R 2 f &
PR AP T gl A E R R R REM
(carcinogenic) ~ 3%+ T |4 (hepatotoxic) ~ 5z ¥ 5%k 4 T 1+ (nephrotoxic) % >
{EEa I LR & B DEHP #1854 H a4 7 & 5L (Rettenmeir and
Mettang, 1997; Ejlertsson and Svesson, 1997; Huber et al., 1996) - k& » Z

Zrted g% 3 S 4544 DEHP 237 L etk fpir o 2 RiFL L 4 3ne
G- % DEHP 7|2 RB4&H > RERBEFT ¥+ ¢ 5428 DEHP 7|2 7
i eh A %34 (possible carcinogen) s @ % R IEE RE % 4 A% DEHP 7

> ¥ g N A JE R4~ (probable carcinogen) o

254 DEHP i j2ib /= g2 % 3

DEHP Z gai-kitz 3 it &y B gz 3 THREURA LA
% 4] (Rhodes etal.,, 1995) > #]5 #-kat4p% K (%5 0.4 mg/L at 25°C)
SEILPCE BB R O 3 RN KRR chp g g sk ¢ 0 @ DEHP i3 ftan
Aok PR R SO EREAER L o RS R AR Y 0 ERFE LG B
T EF A BB I 2 T okl BERG NAA T K DEHP Ak § R
iR Y A RaiE 2T o AR FRbEE A 120 RE A fRA G S o4
FER Y ALEEMF NSRS g kA S DEHP &g » 215 8H%5
it tsch DEHP 4 & Fjie 7% 3% > 0| DEHP 2 2%+ & 90% ™
(Irvine et al., 1993; Roslev et al., 1998) - k% 4 2 DEHP =z i & fpfiaz. T p|
{58 2307 A fgehier o
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ZH ¢ PAEs it &4 (¢35 DEHP) H i & chd F & 22 [S4o B 2-3 #7
7 o DEHP & » 4 # #8 p {5 € % 24 -k f2 £ * (hydrolysis) - ) =
mono-(2-ethylhexyl) phthalate (MEHP) % 2-ethylhexanol (2-EH) % = f& ¢ &
Ay o HiEF CF R BRETEREIE2ZTF B (ring cleavage products) ¥ &
AP TRMNE- HEARAAHIH B F AL FLPREP LR T Y R
A bt MERY [ TiRE- 2% ¥ 7 f (benzoicacid) & H & iEE A
(Rettenmeir and Mettang, 1997; Ejlertsson and Svensson, 1997 ) d A ig{c#
o eFT g T A #F  DEHP ehit s> 2 ¢ 5% 30 f85 § % fE4F A 3pA 4 eh-
S RF o P X R JRA % E S N E o~ MC-DEHP st H gp o
ek Blenfin ? # R 20 fB C-DEHP it o hgr 5 mshd (& 405
LI Jf'c . ’J%Hﬁ'{ S AR B ey A S i) g i@ DEHP ok jz& MEHP
2 2-BEH foppk o A9 rokiieiR g s R o - MEHP 37 ¢ J5d ipd koK iz
= phthalic acid » v& - % 44 3F %-55? r2-k 2 MEHP % = o-phthalic acid %
2-EH ehfiqspps % 0 2 R AW ARG e 5 ¢ (Albro and Lavenhar, 1989,
Albro, 1986) -

FALA N R A S D - B f2fs (esterases) it 49 ¥t
PAEs it {7-kf2F & + § ¥ 44 %% [f Nocardia erythroplis A 4t 31k f# fif
% ¥ # DEHP -kf%= phthalicacid £ 2-EH (Kurane etal., 1984)- Gibbons
and Alexander (1989) # 4+ ¥ fF ¢ 4 ix ) 54 it & (emulsifiers) = e4 3 &
(solubilizers) » i€ ¥ DEHP f-k¥® a3 2R+ 11d 04 mg/lL 3 4 3| 4.7
mg/L > =43 243t DEHP a5 f2 5 i -
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2-EH B¥ ¢ 5d § it g S SRR B R - F LR Y 2-BEH AsF
F s g ek (3l 2-ethylhexanoic acid - P2 w-2 w-1-F 0
iv* » & 4 5-hyfroxy-2-ethylhexanoic acid -~ 2-ethyl-5-ketohexanoic acid &2
2-ethylhexandioic acid » 12 2 {3 % 4 0 R-3 it = & FEpLR 2 = 3 * g (Albro
and Lavenhar, 1989) - DEHP &% i+ & ¥~ 4ore 4@ » MEHP 2 C-8 fpj4a b
PR E & REIfES T €A &2 fatty acid w- 2 w-1-hydroxylases
7 B ehimre & % (cytochrome) o K& Hfd € Ahie— H § 1 S fpag 2 s AL R Ht
PoRARBPED a-2 RB-F L IEF RS pldat Gpt R 5o H R SRg SAe ] 2-4

(B Bt %) “ror (Albro and Lavenhar, 1989; Albro, 1986) -
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COOR
@i COOR

Dialkyl Phthalate

CO CoA CoA
COO0 COOH
AEROBIC
or 4—
o -~
OH fe)
OH OH 2
3, 4 Dihydroxy 4, 5 Dihydroxy
Phthalate Phthalate
| |
I
CO CoA
Protochatechuate
OH
OH
meta | ortho
' cleavage |
COOH COOH
CHO
COOH
COOH COOH
E::gg;m_(y_“' beta - Carboxy-Cis-
y Cis-Muconate
muconic

semialdehyde

|

Acetate + CO,

2 Pyruvate + CO,
+ Succinate

Bl 2-3 P MF - "ERFCELZ 2o fRRE

H,0

ROH

COOR
@i COOH

Mono Alkyl Phthalate

H,0
ROH
[::]i:COOH ANAEROBIC
—>
CooH / “ADP
Phthalic Acid TP * CoA

CO CoA
COOH

Phthalic Acid - CoA

lCCOZ

CO CoA

Benzoyl - CoA
l [ 4 H
CO CoA

Cyclohex -1 -ene
carboxyl - CoA

l{ H,O
CO CoA

OH
2-Hydroxycyclohexane
carboxyl - CoA

Con

3 Acetate + 3H, + COp «—— CO CoA

(Ejlertsson and Svensson, 1995)
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2



GHa

CH,
— ]
coo COO-CH,-CH-(CH,)3-CHj
R=
COOH
COO-CHZ-(%H-(CHZ)3-CH3
CHj DEHP CH
| P2 COOH
CH CHs
I 2 CHs 2-ethyl hexanol
|
CH3-(CH,)3-CH-CH,0OH CH, y COOH
|
2-ethylhexanol COO-CH,-CH-(CH;)3-CHj, Phthalic Acid
COOH
MEHP
?HZOH CHj CH; (I:Hs ?Hs
] |
?Hz CHOH CH, (I3H2 cIH2
|
R-CH,-CH-(CH,)3-CH3 R-CH,-CH-(CH,)3-CHj; R-CH,-CH=(CH,);-CH,OH R-CH,-CH-(CH,),-CH-CH, R-CH,-CH-CH,-CH-CH2-CH,
| |
2-(2-hydroxyethyl)hexyl phthalate (VIl) 2-(1-hydroxyethyl)hexyl phthalate (XVIl) 2-ethyl-6-hydroxyhexyl phthalate (X) OH OH
l l l 2-ethyl-5-hydroxyhexyl phthalate (IX) 2-ethyl-4-hydroxyhexyl phthalate (VIII)
<|300H CHg e CHg CHg
| | |
§H: ¢ =0 CH, CHy EH,
| | |
R-CH,-CH-(CH,)3-CHy R-CH,-CH-(CH,);-CHjy R-CHZ-CIH—(CH2)3-COOH R-CH,-CH-(CH,),-CH-CHj R-CH,-CH-CH,-CH-CH,-CHj
)
2-carboxymethylhexyl phthalate (IV) 2-(1-oxyethylhexyl phthalate (XXVI) 2-ethyl-5-carboxypantyl phthalate (V) o
2-ethyl-5-hydroxyhexyl phthalate (VI) 2-ethyl-4-oxyhexyl phthalate (XII)
COOH M GHa
]
CH2 CH,

|
R-CH,-CH-(CH,);-CH,
2-carboxyhexyl phthalate (II)

|
R-CH,-CH-CH,-COOH
2-ethyl-3-carboxypantyl phthalate (1)

|
R-CH,-CH-(CH,)>-COOH
2-ethyl-4-carboxypantyl phthalate (lIl)

B 2-4 DEHP =z 314 (Albro, 1986)
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2.6 ®Wp ?}?K‘r‘v‘“kﬁiﬁfiiiﬁﬂﬁ’w fek 2 A%

EEE R ERAFAS R T RERE F2H/B UEFRS LI hE
Zo R EFARMEET PR L A d FoRERIIRER TR AR
Bl &g e Bk ? > W ER®a = > Smith (1977) 346 1972 &4 %
FBp 5297 429 FHMT KSRGS AE o 1 1997 @2 M5 R &4
¥ Bastian (1997) 32 & 623 F g d R PR A -kix % (Urban
Wastewater Directive, 91/271/EC) & £ » &ii¥ & BB 4R % = B g8 5 Kk

B FI A MG HE R RPN PE R AE R 1990 £ Az T dtg R B0 T B
ARDBERN > F EFFR ARG o B 2-5 5 FP L RM_ 1992 £31 1998
E5R AL R (£ 5 2000 £5 2005 Echip kAR AR) B T AL ¢h
BERREFEAD & &S DIRGeBARY > BponF BB chE R A2 2 H A
Bl 0ov AL R R RIS T - -

— M T BRI S AR s H 2 R ER S o 2 R
1972 & 3 1997 &5k @ % fy® = N4rd 2-10 #7571 ; 1972 # prid 5
20% F B ARE Y RIFEL 2 JI* > F kg 28% 7 R BRI Rl B
701997 £ 5 3 55% E R AR ALY KIEL A eI > B pEFE AL gt
il PN e HRERATS =L E kS EBRETORIEE AL - AT

|

PIRIT D 17% 0 & 1991 & 12 7 £ Ry @ #0075k B RS R
&7

AT

u3

—h

HER G FRF R AR T AR EIBER P T AER S g5 R

=4
990 #

P
4=
yal

el P N2 B P AR W 4o B (European Union, EU) 3t
ERECALE 7T AR (L) AR AL > 2 2211 Mo wE ERA
AR ? BED G ATt b AR 43 10% 2 80% 2 B > a3 B

N F“'

#’f‘]q’f’ﬁ 45% > @ FHF iy E]Jp 38% > %"%‘f']*i]‘ﬁﬁiﬁv‘i‘fi’_’% ;“é?fﬂ’? A
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% 210 R ToRFA G F 2 EE BN

Practice 1972° 1989° 1997°¢
Land application (%) 20 33.3 54.8
Surface disposal (%) - 10.3 19.2¢
Landfill (%) 40 33.9 -
Incineration (%) 25 16.1 17.3
Ocean disposal (%) 15 6.3 0
Other (%) - - 8.7°

2 (Smith, 1977); b(USEPA, 1993); © (Bastian, 1997); 4Included co-landfilling with solids
waste, and monofilling; ° Included some material to other areas for landfilling and
long-term storage.

2 2-11 ®eP 2R3 1990 & k5 R 8 % & gLl 2

Country :’otal Agriculture '« Landfill  Incineration Sea
(10° dry-try) (%) (%) (%) (%)
Belgium 35 Yo 43 0 0
Denmark 150 43 29 28 0
France 900 27 53 20 0
Germany 2750 25 65 10 0
Greece 200 10 90 0 0
Ireland 23 23 34 43 0
Italy 800 34 55 11 0
Luxembourg 15 80 20 0 0
Netherlands 280 53 29 10 8
Portugal 200 80 12 0 8
Spain 300 61 10 0 29
UK 1500 51 16 5 28

(Lue-Hing et al., 1996)
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PR RS A PR REEFO G e B - EHFEF T 1998 £ %
B0 EIR R RV R TR B fAE 2 5 (Lue-Hing et al.,, 1996) -
KR 2-6 ¢ PP RIS @avh S HhRA R RS w el fIr (2% ) S
FHOF i 2 A2 g HEF S BRER HFE AT T
e BRI an BF B R e 81990 £ 3 1998 £ H ¢
2R AR Tl ch B S E A (R 2-11 2B 2-6)NEFESE (BA)
FREA® DL > RS FE L HDFREAE A w1 (2E %) o

W ST PR Y RS g

THRFRS % 0P A5060 & 1981 &2 T RgFE M ZRE 97% ii}éfﬁﬁ
FIF AR AR SR EAT N 3428 F2 3 o (ToRE AT E R FaT
30%) > FE Mk s A TCH R E 2 N RJT S BT 80% R FA S E A
BBl o p 1974 B AT A EWIE 0 P AESETAE &Y N R
BLAEBFEAE R4t 20 BiRF IO T F AR T Rg 5k b Bl 2 5o
FREPARER R ERRY o agad 4 3 L2 B G iRl
*EATEA LA FP L TOREF AT L R ERH T e BRRAT R B RE 2 R
Fp @i e LEEFSALEH T AN R EwRE 0 1981 £3a0e
BTN LE F WL )Y 1.5% 0 1991 & E 7R E R o Ly )
£ D 86% X FiRrafA 2 4B 3 1997 & 5 0GR G o I gty
© i 33% 2+ (drk 212 #77) e BRELRITLINERFRE A B 2

BhRGEE ARG A RN R AR R A kAR o

33



% 0212 p A 1997 & T K5 A F R EE 2 & (1000 mP)

Sanitary Land Beneficial Others  Total (%)
landfill  reclamationin  reuse
marine bay

Dewatered cake 766 247 527 60 1600 (68)
Incinerated ash® 102 146 101 12 361 (15)
Dried sludge® 14 0 165 10 189 (8)
Digested sludge 0 0 0 214 214 (9)
Total (%) 882 (37) 393 (17) 793 (33) 296 (13) 2364 (100)

? Incinerated ash including slag; ° Dried sludge including compost.

e 213 S F A RRIERA R AIFEIETAE £

# i 2003 2009 2020 5 R AR

m’/day ton/day m®day =ton/day:, m*day ton/day 7 'kZF £
A2 R 3.5 3.7 - - - - 80% 1.050
witg 272 283 272 283 274 283 80% 1.040
MR 151 154 241 247 241 247 80% 1.023
~2 R 874 90 229 236 290 298 75% 1.030
&3 514 531 733 766 805 828 - -
(3 % > 2002)

PO T ORERFF 0 - LAY APE- BRRAT S RER R
- o FI A RTRES ORI RARERERIAD ;Lo Lk > 2003 £ BF
& p 531 s B o 1 2009 ER|E p sk AR HH T 766 o0 3T
72020 #isToRFRE KA DK 828 B (1 F 0 2002) . S RSk A
B idrd 213 9757 o STk AT H 2 F 3 1999 E i 6.4% 0 &R
T oRF AT 2 FE B L 3% 1 2009 &5k TR A v H R K

36% > @ EF 2RF KT ORE AT 2 F PR B > & KB 45 kR S

34



78 BR (AN N HIEZRP ISP RPE R ST BATH S e %
T B ) TR SRS 2R > A RMR T R E L TR R

#p 40,000 =g 4pg > E A2 E 14,600,000 > G5 P > S EERAE D
w Az - (% 5 1998) -

W RIZA KR X TOKF AR 0 A ER PO NEL R TR Sk
TREHTRE S RCETRLY SRR FAHESETR T LS
B R B o $N A S e BAEE R S A fhenis R RIS A T 0 5k D
FRER O ENMM ARSI G BEEAGEE XD F o RF R o Tt AR
ToRAR TR R EA TR PRFHELJI P BEH S A
Moo STI0FRTE I S AL 2tk R T B - RS ARMAR T HIERE D Ph

1o T FRE I AT

0l FHRET P WORERR S G AR 2 kg 7T
R R R FARE TR MR ERFRE I 2P e et > [TV AR
PREFRIBMSEIEING ERAEARF AL PRSP g R B

W R F R SRR o Rk apgl o
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27 ToRFIRE I g H
27135k 3 Bt 2 &

ER R RERLY 0 A S RSP AR I ERR SRR & E NE
o FEEH2ZTEHLZMTRFENIIF -FE LSRN AL
PHARB TORFR LT o TORFRE NS BT LR
FAgenRH > BT T BB FHRALDE RS o TRIFTRE A
A AP (& ZER B Zfak ) iR B RE S OEF B (B4 25
DEFIBEARSEE X)) 2 RIETFE T dNF R AR B EEZIARK

%
Wy (nitrate)» FAJF AT A FATRF FLE T RTLR % o

ToRFEEFN LR FERE B AT AEE TR A ESHE (B8 2
g dee TokERS TR FAEARED GRS Y o Y
Fes 43 {2 29 (friable) » T3t Mt LR R L F avie ~ 23

o

flvfa FFRESDLE o b

J
5
x
|
S
7@
|
P
5
3
-
&
—h
-

R F R P @Y A RS AN VR ] BRI R

BRP R ZREEFI LG TR RIS 2HAG KT R

2.7.2 T - }\/"51)?' *‘F']“}

TR R g BN S KR T B B GR TR 0 2 505 R RS i
G2 BHATRY PRJIRR - A T I EMORE 4 AFLBR
B BE T PR AR AT e A BT K ARIET I BT AJER A 2 T AP

R T T EMRABRLTRFAY /‘g%ﬁ’ﬁ”é}l@»° B 2-7 = - 453 J\/i
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BB R TORFR A A2 AR R W T RIS OKRAIEA 4 25 R B IWP

SEWAGE SLUDGE

TREATMENT
= Digestion
= Drying
WASTEWATER , » Compaosting
| TREATMENT * Lima stabilization

«» Heat reatment
= Elc.

e e Land Application
‘_-l_p_-\"'m
e EFFLUENT = » Agricuttural land
st it » Strip-minad land
TR « Forasts
PRETREATMENT « Plant nurseries
BY INDUSTRY = Cemeleres
= l DISPOSAL + Parks, gardens
+ Lewms and home
« [ncinaration gardens
» Surface disposal

B 2-7 — 355 R RJIEIRARE 5k Bd = 2
(USEPA, 1995)

Ak A2 £ (Sewage sludge quantity)

ALAAREERT I AN Ot 2 F AL & R (US.

SN

EPA, 1995) »
AR g%%iyﬁﬂw%iﬁgﬁ(%%\%ﬁﬁ‘ﬂﬁﬁﬁﬁv’ﬁ%'”

el | Rk AR HHRAEDCFERH o FR

) 2B EFEIFIL e BLAAETd ARG EN T RFEHA

(
WK KRR BROK BB R ESEARR o Bldel Eginis 2 Bk H B A4 hiE

[N

P kFE2FMyP 2 R)2 A AHNMETE o BEALZ FEOBET]F A
FEEMEFRS > AREEDTREIERIAF S €RFLEH T o T

BRI AT LRSS AMAR TR A E 50 e L BBk o R g A

bviF kA E
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B F 44 2 £ (Total solids content, TS)
FiRe TS ¢ g RIEZ BABRAMP . - a2 Al 2 ERE DFIE (R

/'5 /ﬁ. g L quﬁ;}'ﬂ 7 ﬂﬁ'{l‘{‘mfﬁ P (/; ,‘;E«/‘ﬁ /ﬁ‘) ’ ;F,T@

(3

FrRLA Y o W
RAEFAFEEP ZE S 2-12% A ok RS 7 R 5 12-40% 0 5% 2
ses2 5 4 A 5 R K A2iE 50% -

L E 7 £ (Volatile solids content, VS)

B Y VS RAEr g, - BERTRALM LR (odor) R AR
o XM RAGRET TR TG 75-85% VS (e E) e — & AIZRS doRE
Wb~ E T g AR R T RS FRY VS 2 Lrk o po
MREF P EAA BT BT LN HA ¥V A 5% 587 9 50%VS -

4.pH &

ToRFRG I EGERRRAIIE N PH B BREF A E oL E2

WA HE & Fedl~ (uptake) sy B ER @ A4 2 gl LR E R D
pH @ em Flo i pH @ (4] % 6.5) § Wit £ & ehip 4

A=

@& pH E (
A1) 27300 g AR S IR Fm)?aléqu\ﬁ i 23 pH E4830 9 Mg pH &
vl g Bad EY B o
5. 7 # % (Organic matter)
ERERERAE L I I Sk B SR PR S I RS R S

PImAF (blde: B A RBEME ZRkat F) AH AFHF g2 E

Foo T RILG R hd Bt AN o
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6. i R # (Pathogens)
WF g 5 ORAILRE 25k Y R pE F ¢ 457 ) (bacteria)
= (viruses)~ 2 &4 (protozoa) % # 2 f ¢ (eggs of parasitical worms) -
PP P R D SR TR e LR Tk 2T A MR 2
Ko ¥ Parts 503 xR HtEe v 2 AR RFEH B RME B 2
FR e EUFBRFEIFHY2ZFEFLBECER AP RA DR A I L
2-14 GARTERTCL2FAEL A pRERE o Br QWA TR
W rE 050k ¢ o R endep & Lok (Sagiketal, 1979) 0 & 2-15 Pl *

Bk Y R B el ﬂ]fﬁ}ﬁ%g °

7. ¥ %3 (Nutrients)

£

A g

B

(N)~ 2% (P)4n (K) S % B4 72 - e fide 2 £ v ff o
ME~Z > F B Ey PR AR B § LTy (TRHEY AR
AR RER AR RSB R ROTY Y B R RATHERRT §5 Ak

o g R B2 R ik B RE4AE (Reed etal., 1994) -

FABRRS AW F2ZEMENLT R FFELFFATY FRELDR
WG FlA B AR E T RAGRLF 2% o Parts503 FRE K5 AL
FASE Y Fap BETHFEF 25 R 83 B3R F0U] o HEAASIT
Pg R RN IR g BAAGE T TR ko BRI Y A £ e T
RAFARIEDM Y7 > 7 - LRFS T REL G RRSET o F UG5 R F 3 R

R % AR e 7 o
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F02-14 KRR LR 25 B L Am R

Typical Typical
concentration in concentration in
unstabilized anaerobically
sludge digested sludge
Pathogen (No./100 mL) (No./100 mL)
Virus 2,500 - 70,000 100 - 1,000
Fecal coliform bacteria® 1,000,000,000 30,000 - 6,000,000
Salmonella 8,000 3-62
Ascaris 200 - 1,000 0- 1,000

lumbricoides-Helminth

@ Although not pathogenic, they are frequently used as indications.
(Sagik et al., 1979)
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%215 iR d ¥ A Ap RAE BTG IA L A

Organism

Disease/Symptoms

Bacteria

Salmonella sp.
Shigella sp.

Vibrio cholerae
Campylobactor jejuni

Escherichia coli
(pathogenic strains)

Enteric Viruses

Hepatitis A virus

Norwalk and Norwalk-like virus

Rotaviruses
Enteroviruses

Polioviruses
Coxsackieviruses

Echoviruses

Reovirus
Astroviruses
Calciviruses

Protozoa

Cryptosporidium
Entamoeba histolytica
Giardia lamblia

Balantidium coli
Toxoplasma gondi

Helminth Worms

Ascaris lumbricoides

Ascaris suum

Trichuris trichiura
Toxocara canis

Taenia saginata

Taenia solium

Necator americanus

Hymenolepis nana

Salmonellosis (food poisoning), typhoid fever
Bacillary dysentery

Cholera

Gastroenteritis

Gastroenteritis

Infectious hepatitis
Epidemic gastroenteritis with severe diarrhea
Acute gastroenteritis with severe diarrhea

Poliomyelitis

Meningitis, pneumonia, hepatitis, fever, cold-like
symptoms, diarrhea, etc.

Meningitis, paralysis, encephalitis, fever, cold-like
symptoms;diarrhea, etc.

Respiratory infections, gastroenteritis

Epidemic gastroenteritis
Epidemic gastroenteritis

Gastroenteritis

Acute enteritis

Giardiasis (including diarrhea, abdominal cramps,
weight loss)

Diarrhea and dysentery

Toxoplasmosis

Digestive and nutritional disturbances, abdominal pain,
vomiting, restlessness

May produce symptoms such as coughing, chest pain, and
fever

Abdominal pain, diarrhea, anemia, weight loss

Fever, abdominal discomfort, muscle aches, neurological
symptoms

Nervousness, insomnia, anorexia, abdominal pain, digestive
disturbances

Nervousness, insomnia, anorexia, abdominal pain, digestive
disturbances

Hookworm disease
Taeniasis
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273 5P 2 ¢ & %
BAPVRIFARERSGELER O MERMEY R E LB P AL
REAFORR LRREFEAEHAM T2 S A2 22 USEPA4Q
CFR 503 ZRA T ALy * WA TR ERS A2 5492 L3 3 E)
20242 N (40 CFR 503 R 445k P £ £ B&g 5443 104 F 2 R £
ZERER B SAERAMEE Bk 2 i > 40 CFR 503 7| 4 38
AT A0 BEEBS A UER KPS L 2216 2 & 217 Au L EE L

BIp AR et 2 € 8B UE  FF AP NEZE RS &P AT

1. 5% )k & 'L (Ceiling Concentrations)
A BPALBRSLRPAFOELE B ERE? FREERFERUE > A 7 LR

ERNTIHDEREVRNETE A AZRHAE7 #6210 AR5 445

By Eie- 3 PR FRE IR AN T E A A FREFFEI G o

2. 54+ kR *iE (Pollutant Concentration Limits)
TRFARBEVFAFERVE  RAESESY 2] FAPFERRNE

A E 0 Tya) FEBERE o

3. A3 A4k ¥ (Cumulative Pollutant Loadings Rates, CPLRs)
BT 10 ArdY E-A2EERER AL PEEZERANERIT

R FEAFRFRRVE S R ARFAF PP RTLER TR L

CPLRs %2 # - Rf? e £ B3 A5 ERWH Ry 2 *» P 7 (life) p > 7

M ok B2
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4. = #7353 p k' 5 (Annual Pollutant Loading Rates, APLRs)
2 CPLRs ®#zApu2 > @ APLRs Rl 3-nk3t 365 * FHp ¥ 35 % g <
B2 EEBRAE AR

T ks ik (Sewage Sludge) frdp p XAk H 2RIV 2 4 0 g
Aok R (55) KAILAER el R R i#ﬂ/@;*%f«i%ﬁm ’
e T EZ B E e R ZORBIRER KRG TR T BN T RSB R A R

PSAT 2 ANT R A S RETI AT AZ B ) PR s N B F R E A A

73 J\}A)Lxﬁ_f—r,é,\*}:’?mfﬁ/ﬁ__‘_»_ b/&&‘&f’z\ 2-18 = ST o /\E}%‘i}f@ﬂl—i/g’]{?"iﬁ
—%aﬂ’%éiiﬁﬁﬁﬁﬁﬁﬁﬁ‘ SEE ERRE o WAL EFL R
FI* 5@ N B R EIIRTARIE A E R A Bk B AR R IR T R

hE R TR E A2 T NE R AR P RE 0 B ARy
BEMEFL RIS AR BPF o EY B REBE  E AR EEE RS
WHEzZERW HERe 38 USEPA40 CFR 503 2 i #

’

R
;_'%,F{’]LL F R A AR fx%f’L'anw‘},’Ef@ﬂﬁ.f% 4‘5"5}%
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# 2-16 USEPA40 CFR503 5k 2 =% 2. & £ "2

A
12

Concentration Limits

Pollutant Ceiling Concentrations Pollutant Concentrations
(mg/kg, dry weight) Monthly Average

(mg/kg, dry weight)
As 75 41
Cd 85 39
Cr 3000 1200
Cu 4300 1500
Pb 840 300
Hg 57 17
Mo’ 75 -
Ni 420 420
Se 100 36
Zn 7500 2800

Loading Rates
Pollutant Cumulative Pollutant Annual Pollutant
Loading Rates Loading Rates
(kg/ha, dry (Ib/ac, dry (kg/halyr, dry (Ib/aclyr, dry
weight) weight) weight) weight)

As 41 37 2.0 1.8
Cd 39 35 1.9 1.7
Cr 3000 2677 150 134
Cu 1500 1339 75 67
Pb 300 268 15 13
Hg 17 15 0.85 0.76
Mo’ - - - -
Ni 420 375 21 19
Se 100 89 5.0 4.5
Zn 2800 2500 140 12.5

The pollutant concentration limit, cumulative pollutant loading rate, and annual
pollutant loading rate for molybdenum were deleted from Part 503 effective, 1994.
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%0217 W FER RS 2 & & B E

Cu Zn Mn Ni Cd Pb Cr
RE S 600 1750 1500 100 10 300 500
ES- 1500 2800 - 420 39 300 1200
wR P 800 2000 200 10 1000 900
i ° 75 300 - 38  1.25 100 75
o g P 1000 4000 - 30 0.80 120 100
e P 600 800 - 50 2 100 100
wE° 1000 2500 300 20 750 -
g © 140 300 - 60 - 150 200

2 (Benmoussa et al., 1997); ® (Sauerbeck, 1993); ¢ (Xiang et al., 2000)
Unit: mg/kg dry weight.

% 2-18 AP F R EEH/ AL 272 T 28 @

¥ £ Kk R (mg/kg, dry weight)

o ST R
Hg Cd Ni As Pb Cu Cr Zn
~2  0.0008 1.46 419 0.002 126 797 359 297 ~ 2R
(2000.01-2000.06)
~2 113 457 449 540 144 887 370 1352 ek

(2000.08-2001.01)

R¥ 113 457 449 540 144 887 370 825 N E A PRATT

34 - 6.70 48.6 - 38.1 243 694 1478 NN ]
(2000.01-2000.07)
A2 041 564 534 360 122 249 659 1009 FiFa 1

(2000.08-2001.01)

B3 041 617 510 360 801 246 67.7 1244 A foo AT
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274 5ik? AR REEIL

FRBREFHLEE L (As, Cd, Cr, Cu, Pb, Hg, Mo, Ni, Se, Zn) +#]%_

Bt A AR (kgiha) P H L E T P SRR 2 e A
(kg/ha) (total aldrin and dieldrin, benzo(a) pyrene, chlordane, total DDT, DDD, DDE,
dimethylnitrosamine, heptachlor, hexachlorobenzene, hexachlorobtadiene, lindane,
toxaphene, trichloroethylene) » izt *UiE i & £ & R p=/5 R chfh = 1% 2 3250
g & 2 4civ (USEPA, 1989) > #km DEHP T A7»tpt Lo f3 it 459 o
P AR R AT EGE D ks R ey R AH
Tl e FRE W ﬁﬂ #E (% 219) it & F R E B (most exposed

individuals, MEI) it F4F A m X 27 # X VET DB A5 L 7 o

ARBEFHF ARG EFLGES ERBRICNT T e AR
REAE - BFRF G A ERPEE ARG FL G DA NG L

W I < R I MR o N R R P B o GlAe g 1805

)

ﬁr* TF BT kg7 (pathway 13) o 30 Gl4r B &~ fa3 ~ X8 -

FHefeta s HHE I H > HR TR e ud $7 - ek d o a r2bE - B

(pathway 3) k:iBi73%0% ; Fla @iz ke * 3|4 » g

N
IRy
<y
vy
St
=1
Ay
N\
IRy
b

DRELEAERT (Ryan, 1994) -
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7 2-19USEPA $Hi5F 3 325 % 2 h %= R RS

@ﬂia?]iﬁﬁf‘_ (Pathways) B RE B (MEI)

1. Bk — 33 — 5 — A48 &% P& Fend

2. 3k - 28 -5y - AW ENER ARz R

3. FiR—2 A CRCEVEES Y T

4. 5k — 2 -y —BH - A R41

5. ik — 3 — Fp — A RY R &

6. Ak — 23 - 5P - # i3 34 BATR S

7. 73k — 23 — &4 ¥i5 45 AR i}

8. jFk — 1M — {ii $5 % 3 PR G ¥ (E g

9. 5k — 33, — +3;¥? i F ]

10. 5k — 23 — 234 p -1 3d a2l EASFDER

1. B — 238 — 75 B4 A8 AR 2 R Brak ¢ oendg 2 SR 0Y
A H

12, 5k — 43 — ¥ 4 kHl AR AY ok B A

13. Ak — 33 — 75 — A4 B A AF R Faban A P BV R
RPN PRF 5

14. 5k — 23 — BTk — A B8 AH B Hral 2 B TR

*Most exposed individual.
(Ryan, 1994)
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AT REHA A EY BF 7 p-2-¢ A Af (di-(2-ethylhexyl)
phthalate, DEHP) > &5k 35 & 2 3P 2 JE R % 7 (self-decaying) % o %A~
HAI* Rde§ DEHP» 2 g4 1343 b DEHP k& 2 2 2 5 R AJL R gt 7
T k5 R4 (raw sewage sludge cake) s & B3 3R F 4 £ B3R (TR

PEniF3 s TKFAM ARG ER D AILAAT TH Ly IR FHL L

BidSR Y F R LGRS 2 PR S gk (Tix 2T > DEHP &5 0k 8

EE SRR SRR S PP R EE TR SR

RS R o Uk A s b A i R
o R A Y SR HER AR R RSB E LY 2 DEHP b
et e ied THEEDE S R200% o SFAEN R B% =% DEHP &3

S
W
e
-
¥
v
\\‘It
s
w
BA

fRz Wkt s RGBT RFRAA KNG REREE (RHEB

) 1% 2o - R RSB L F PR B A RF D 4o
% kR DEHP Sir&mflr v R 3 > ¥ ,u;gé -3 RS NSy VR

L BIERE R EH L > Fla  Ridd FoEfRS > ' iMF kR DEHP 5k
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AT F S 200m><20cm><100m(£»\E”~r“g)i@xi*‘’h"%’f*lfﬁﬁv§
A g (TREFZRLA LRI PLHFT AL LWL R+ E R
et 3R AN o P B¢ G e 2 DEHP fdimier 23 nd o i@

7

7*{

ket DEHP kR AT ¢ P i & Berm e A2 > Fla % WP

Z frEl e AEF PR Y 2ZRERFAoA 31 Ao o

% 3-1 ﬂ\lﬂngé?i;i’_ﬁ—&%

REA A LA R A 5
7oA Ak (GC-FID) HP 5890 SERIES 1I
Wk SR R EYELA, A-3S
Ak kR (UV) HITACHI, V-3210
pH &Rl ik SCHOTT, CG841
B3 ok ik (AA) HITACHI, Z-8100
BRAES HIRAYAMA, HA-300M
kB R s OLYMPUS
128 %48 (103°C) RISEN

384 2% -
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3.3 F ki AL

3.3.1 F& i H KiRE D gl

j‘\k_ﬂ'ﬂ &% 2 5k 4H fé"%ﬂ‘ﬂ r"*L—ﬁ ENE A J\ft fr‘g’i’."“fﬁ‘$ /}1 iv A J\fé—L

oA o B OILHE R G R AR S 0 BH B 4°C

s

FARE T [ REKRY 21
PR ATREAE AR n HA 2 R 520 4Rz 2 (322 kh4® k> Cs)e

BRsk T S ARG AR 3-1 T o R A RSB RAER 4°C A F T

-\\

JEEF R AARER G T RA T RN E PR 0 P RR Y
S LCRIEE: - 2aul S R i N A e N E: A
g o Bl fp e Rk R B R R B & 0 F P~ iF 30 mesh i
FIHRASBIRELH TR PAIBIEY TR 2T ER S FEHARSL
Rizis B2 I a AR R A= H o EBEH S RS GE Y o b AgE
2 3 g e 8 ie T8 BORIOE AT ¢ 4e M S 0 M-2-0 ke kg
) & (DEHP) -~ 3 # % (organic 'matter) ~ s % (total nitrogen) ~ 3#% (total

phosphorus)~ # 3 pH & 53+ <3k 4 (cation-exchange capacity) # B o
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[ﬁ;‘ﬁéﬁ#ﬁé% ][ St ]

|

4°C 4 mg

A

[ § AR R - P ]
v
e
sludge cake soil
V‘ \4

[ i & (30 mesh) ][ i & (30 mesh) ]

I i

|

AN AT
DEHP concentration, Total
Nitrogen/ Total phosphorous,

Organic matter, CEC, and pH
- J

Bl 3-1 1k &3f 5k o L AR R
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3.3.2 F &AL

DEHP el 4 34 &

AR EREFT DL R ARACR] 3-2 Tor o g AR RA LS (RARER
) frll=> 73 F DEHP RS A& S 23 RAE BB LW TLE
DEHP 2 £3t5 - 4¢ o DEHP pef@liffz 5 B~ 32 & DEHP R34 » 1 & %%
B e ARG o LR DEHP ARERRE M5 R Y o I AIF R
R AN FEE S RE RS THR DEHP JER >t 55k &¢ DEHP #3#%
KR e HUBFEMERICE2Z IEEIRFE O] BB RS N ERE S
KBS IERE  RELPEIBIARRL REESABEIEE 2R R
B BAEE-FBEHPIEZIRFE T5% 02 e B k2 (field
capacity) (Madsen et al., 1999) & » b RELR| 5 @Bk A BET B 4038 (7385 o 37
BB SR A2 Z P e GREIT ST RER T AT 26-28°C 2 FF -

R =2

Giia BEok®e FoGRE PR AL SRS N AR Rl 2
Beh1 (Fo HARR LM PN 2 MGA S P TS LG M T L LG

EALipEi a2 10 cch L it & p é;;;},l‘ﬁ; R 3
M2 2 0v o SHEIEFDF F B @8 RN 2 H5T RTINS T F 6 RN
ZAPEWE S EALLT BT o PN AR E ORI FAL 0 Fla
258 DEHP 23R £ 2 chd PR F o RBRFF B PN Bt RET
Boend o Bk RN AT S 2 g JEd B op T a3
I VRN EEH T RS RARNY - R S REFJT REFES

énhn

=
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& A 1T
SR E R E o S RO T R LA D AR 4 -

SRR A S S N LB T A B g R s Y e

4
4

Rim 4

N

B EERE TR B ESE » 40°C BHPEIIHERSELIEL
S0k el AR SRR A Ak o e B i@ iF 30 mesh &gz 23 o B
G BPE ORI E AN AL o BBEGE R EE ~ 40°C wHpo2
Rt e RS OR feE R 0 QgL 471085 d 2 DEHP # F 5 iR
FBATE O FR bipH LA ¢ DEHP Lz @ A47) A2 BE HEA1E
pAw it DEHP kR »5 18 % 7 £ (organic matter) £ 4 3 pH i -
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i%$ﬁﬁ%]

7 4 DEHP
B 3 # I DEHPk & 2. 73 ik & ]
SR
v
BRI
(FRA A 2E)

| imss |

A

=

4

(pgmnimpeno |

B 3-2 F 5k & LALE
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341 FJgd & > 24

B U KRBT FHREF AZF R 0 FE T O AP TRk ek kT
FARE e FF AT o AT AREM . L2 D KR -
B2 a0 Ak Rd o (response surface) trxindid B (curvature)e i 7
P R B Frin ¥ - BEE F & (optimum response) g E FlF R E w4
ool Borfpicd] it ¢ R2EF ERhe EPL P TR F B mR o F R
¥ % 3 ¥ - Fpie FHCE] (second-order regression model) kif iz e H 3T A
#A A 2 fr= Feoc s (second-order effect) i 4 € 4R G5 Ji S0 Bt R 7
RSB F AR £ R

342 ¢ L &3 F B oK h

Tk E GRS RER AN FI R v G - BEE S kg
Bekdor o RE-PFRY G HAUZGPEAE TN e AY R 22 FFm o d

Fl+ R BEBEIE 4B 3-3 (@) T o drde » H - ¢ s Bfrw B A BL (¢ FLITHN
gL > axial points) > 4@ 3-3 (b) > BI#73; = X 5 ¢ & & =K (central
composite design, CCD)~ % & BLE =3t 975 F]+ & & 487 F]F R ¥ e F-RE
(mid-level) + o — B 5 27| B2 Bl o K47 S5BE - B 3-3
(b) ¢ & B ELyre wEBL2 Fai - BEEH = L a=1 2% F LB

BiEAz D 2B FS R4 R AT R Ar e % % (experimental region)
b hef] 3-3(C) FrA B G B BT EREEY B A= A2 =1.414 @0 L &A%

3to d B 3-3(c) Eaod a <2 1.0 AT AT BKERFARA a=1.0
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B 2 FFEELF AR

FF I IER s HIt e

WAL LFI NG Z BPAR FarkE > 40B 33 (b) frA o

r‘]LL ,—:‘
1.0 - B iR

_—--7

7% kjwE > > (cubic) 2w

: (quartic) & B
P2 te Lo

A A ERFNZ R

1.2" & 58 (corner points)e iE- ¢ & & F 3Kz AA - B ook

PR FF R e - A

-\

»HR BT R oA =
§ i nBLen B BL AR L (21, 21

L E1) e
2. 2k % 2t (star points) -

R R LA R
DT a>1.0 BT RS

S W R F IR e R B

3.ng ® B (center pointS)e

ok hg> 10 B 0% chi# iR Bt
i M AT e

7‘"\ L o )

P g Rlen i EE ik S (0,0,0,...,0)

1F 1F
0 x2 0+
-1 1
1 1 1 1 1 1
-1 0 1 -1 0 1
X1
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o
1 1 1 1 1
1414 -1 0 1 1.414
X

B 3-3 - F]F 2 ¢ & &gt

343 VY L & gt

3
Box etal. (1978) %R R B S X7 > 7975 B 7 He it
X BV S EEG AR R R SRR AR RS RRIF BEL %5 5

T Mo HoRE . TERE - ARF f{mw&tnm 28 T

BEOTL TR TR - B R B c A K B e o B KP BT

4

\
n%
3
1=Fﬂ

B G REHRAEZ T A A AR F Ao kp ¢ owgrR- B
v LAY AR o TRV Rl B RA A X 2 e RN

= T e s8R
T8¢ BRIl AR
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T A

- 0.50 |- 4

-0.50 4

N—" N

-1.00 -0.50 0.00 0.50 1.00

1.00

(@)a=1.0 (b)a=1.414

Bl 3-4 = FlF+ 27 & E 22 R BlicE 3 REF

34 (@) 2 (b) 27 B 3-3 ¢ A @D0 2 A uw LR S BE B3R

B o &5 /’\;{;‘L’nc_ns_no_'](nc piz‘i!;‘_h Ns éi,ﬂéﬁ%ﬁﬁlﬁiﬁ Ng =
dsgp)e amier 22 ARG LA - 7 B A as B 34 (b)

PoEd oa= N2 20 A AR AR S e E B ALY 0 P

X, 0.00 |
A S BT RER e TG b

2 % B fes o ® F A LFA 0 A a=1.0 Gnkit o L7

Bt R ARG e E AR
B 3-4 (a)

-0.50

AT RHRL-FF P L E2%T (a=1414) FHEMFEIEH L F
(9 /kg, sludge cake weight/soil weight, 9)(\/60_%”“ ki34 ¢ DEHP k&
(mglkg) = Fl=+ & 7% > 475 & @F%ke? DEHP g & P R ' i 1) -
MR RA PR iR DEHP 2 xSk 5k 2 BB L B2 445 R AP

DEHP & & $7% jaref 2 258 o kdp= FlF 7 L k3 FALT R &Rz
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Hb ‘—"-m?’ﬁﬂw’ % CCD z &3 B iifh ot~ 9 % - “,/TT”J R
E AR RET AR B N BFF AR 2 gt LA A BER e T
TERAEY L EIRF X E y WKL LT 5 Bske (Rt 3 B)F
BHALS B % 2P - R F2 o §LFT E - Bl 4 DEHP R R R %
2 e Y- BFZEHBRERKR A6 ERFCLZBABEL VL HE
34 L% DEHP vt iR wnd o HOE R AR, 0 EHA T 0 A
Py FF T kB EE TR B X RFE R 5° = 25 m
Zeoipiz. T E 1 CCD &fFip o g 11 Bk v < gts Mirsk ek

WL R EE (1992) &2 $ R iFF (1995) &40 TokiFR P BTG
PREFHFELZERDAF O FLH ARSI EEPN 27 BE 19 BHRD T RFIE
RATRAAELY 2 & TR R DEHP 2 5 &5 & 32 3
&R TokiFR ¢ DEHR ER B2 i ® Bl RT ki3 R ¢ DEHP kA
% 95 660mg/kge # 32 g 5EY DEHP (kR B.F 4 54 £+ 0 959
mg/kg e @ kv prifaed BRET REE ST i DEHP kR 2 RS
960 mg/kg > FM A5 ¢ AR i3k 4H¢ DEHP kR - %13 > £ DEHP
JER 1000mg/lkg 22 2 ¥ d 4 kB2 s ag e 4718 o DEHP B R
LG AEY AlipE ey s HERHEY L 110 mg/kg 0 wiE # 12 DEHP 110
mgkg = FHFIF 2L TR AFET Y- FHRFF-FREIEZ B EVF 0 &
AL L EARM e e (2 3B) TR AL P FT L R%ERI A 33 4
Ak 2 &K i3t 8-405ton/ha (4-200 g/kg) 2 B o E R B FiTZ FiEE
TRdmpP R T B £ bR 5 10-400 ton/ha (5-200 g/kg) - & F
B2 AR IE Ao 34~ 4 3-5 2 F 35 7 o & 34 ¢ > Run 1-11 &
MR LA AR ERE IS 2 Run12-15 2 &R T Y kkER 11
¢ CCD 25 1s rieif e & Al 82 &% o
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% 32 % @?]?K‘r‘ﬁ TokiFE? DEHP JER E2 & W

Country Sample type DEHP concentration Reference
(mg/kg dw)

Taiwan MSS? 105-153 Cheng et al.(2000)

Sweden MSS? 25-661 NSEPB® (1992)

Germany MSSs? 2-320 Leschber, 1997

Demark MSSs? 4-170 DEPA® (1995)

Canada MSS® 11-959 zr;déz) and  Webber

USA MSS? 136-578 Staples et al. (1997)

Limits Agricultural Soils Sewage Sludge

EU - 100 Cheng et al.(2002)

@ Municipal sewage sludge.
® Data from the survey report of National Swedish Environmental Protection Board.
¢ Data from Danish Environmental Protection Agency.

% 33 BB E L RFRAP & FRAPM 2

Amended range®  Sludge : Soil Amended range® Reference
a/kg® (dw) Ratio (w:w) Ton/ha (dw)
19-77 1:52-1:13 39-156 Aggelides et al. (2000)
25-200 1:40-1:5 51-405 Cheng et al. (2002)
5-15 1:200-1:67 10-30 Pascual et al. (1999)
5-44 1:200-1:23 10-90 é%rgg)‘"ews'(y et al
7-59 1:135-1:17 15-120 Erdem and Ok (2002)
20-158 1:51-1:6 40-320 Navas et al. (1998)
4-36 1:253-1:28 8-72 Snyman et al. (1998)

@ Assumption: The weight of surface soil in one hectare is 2025 ton.
® Unit: (sludge/soil, g/kg)
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% 34 R FiEE A (P Ee)

Run Factor 1 Factor 2 DEHP in sewage Amended ratio
(X1) (X2) sludge cake g/kg (dw)
(mg/kg)

1 -1.414 0 110 103

2 -1 1 240 171

3 0 1.414 555 200

4 1 1 870 171

5 1.414 0 1000 103

6 1 -1 870 34

7 0 -1.414 555 5

8 -1 -1 240 34

9 0 0 555 103
10 0 0 555 103

11 0 0 555 103
12 -0.707 0 333 103
13 0.707 0 778 103
14 0 0.707 555 151

15 0 -0.707 555 54

2 All tests of sludge amended soil are not sterile.
® Central composite design: from Run 1 to Run 11.
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% 3-5 WA ITIEE (HREZ Y )

Run Amended ratio  DEHP in sewage Description
g/kg(dw) sludge cake
(mg/kg)
16° 171 870 sterile
17 0 110° soil only
18° — 110 sludge only

2 Soil and sludge both are sterile.
® 110 mg DEHP/kg soil.
°There is only sludge in the reactor.

Y
(0, 1.414)
(-1, +1) Q=S S O (+1,+1)
(-1.414, 0) 0, 0) (14140
(1, 44) O 5 (+1,-1)
0, -1.414)
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Amended ratio (g/kg)

(555, 200) () no. 3
(240, 171) (870, 171)
NO. 2 (Oremrmmmsmmmmsm e () no. 4
(110, 103) | (555, 103) | (1000, 103)
no. 1 no.|9, 10, 11 no. 5 DEHP in sludge
(mg/kg)
(1o T T T S () no.6
(240, 34) (870, 34)
no. 7
(555, 5)
(b)
B 3-8 A F 2L ¥ AL SE
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3.5 & w#EE & ¢+ (Quality Assurance/Quality Control, QA/QC)

3.5.1 & MK & FE3L

A g Pp & DEHP Ripig fast i @ = (hexane) # > i vt fff# e
fawpedl 5, 10, 25, 50, 75 2 100 mg/lL %> 464 F k& 2 DEHP %
i o 2~Fle DEHP Rz tift (1 Wl) 2> AT R" &F 247 2 FRR
Gk Eda g A 7 S0 P pEX T 20mg/ll 2. DEHP ## 5 h 8 M2 5
kR SRR B S A 10 SR B s A T 1S R AR AT L YR 10

ST S AT A g L3 5% o

3.5.2 =2 0 ip4&*T (Method:Detectionimit, MDL)

25 7 DEHP # A4k SEREAFARR 5 » #-1 H S 2 L EBE e
FEBRR R L FARR AT R- VGRS %R E (GC-FID) 4~ 17 DEHP k& -
Flpt AF Y A w4 F A 1T R (GC-FID) & 2 8 522272 2 HRHRUE
22 AF AT RIVG > A el DEHP Rk & $ 55 1mgll > %
POERZ RS BERET T A AR 2 R % ik 4 @ (standard deviation,
SD) 2z 3 8% 5 GC-FID 2z 2 2 W pl4&*L > p 5 453+ DEHP 3 /% 4p 2 1 ]
B TR N B A o 2 Al 10mglkg 2 FEAE S T
ZEBERTONEER T oo riEEER L E2 3 BTLATHRT RS
HPk o 43 DEHP #0522 (43, p éhi 1 j2548 42 ¢ DEHP v
MEP 2 BER o
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3.5.3 £ Bt &AL i (Reproducibility)

AP R HREFERY 0 AF 4 BLAFREY ZE 1 BRE ANER
3 X2 FP1iF, TR 3 TEFZLEE G EHEpHERERIE (relative
standard deviation, RSD)» 1 pt if £ B2 % ] B4 730 & P 24 A5 B

WA 2L LR

3.5.4 e ff B E B 7

AL EPIRFTGEENFET L GC-FID #4171 DEHP k& {4 R
AREFP2Z IEEEY > a® 10 B &7 - EH 1 B &FEF DEHP %%
i%)i%éir%;‘;‘]t%n%?i Ei Y 2 AT A F % T 3 3 R o DEHP JER 5 &
PHRErARLrE2 DEHP JER >R Ryt DEHP 2 kR & & e 1
@A A ek 4 DEHP R R B AR S DEHP k& EAp L~ > Fl@ i = 0%
NHREERE Z RS EAL o B E A Técﬁmgsv # 5wz

F (recovery) > kR4 o7 2 M2 RS 5 PG 2 Bl -

3.6 FEFEB 2 E o473 2

3.6.1 f&FF5P 2

TR T T D e Y N R

(NIEA M165.00C) -
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3.6.2 & 477 %

BEBEIERELERNEPLBZRSEPR T F AR TRV BT e
# % (GC-FID, HP 5890) fe & £ ¢ 4+ (DB-5 capillary column) &7 4~ 3 » =
+ DEHP # fFz# & aiatrza1ivre GC-FID > 6: 1. a- = GC 4
BEirs GC #HiFiF ™ » nHEEAR 2 DEHP % 554 GC ¥ » ik
DEHP # % & GC-FID B ¢ #r & m ek (peak) = § ¥ (retention
time) » 1% & g4 {355 e §@RE > (T3 Ldptk o 2. & DEHP 3%
dder 3 AR 2% DEHP Bk Jlr B4 s BT AR E S G0 F
# GC B H# o ff 5 L2 B ARSI e 3 SR £ 82 501
Tul 2 ¥epieFadr o A7 @ % 2 GC-FID # Fif it 2 4412 g 4258 A

Wick 3-6 % Bl 3-6

Fe 346 ARk AT Rz TiE

ltem Description / Value
Analysis instrument Hewlett-Packard 5890
Detector Flame lonization Detector (FID)
Column type DB-5 capillary column

(0.53 mm x 1.5 um x 30 m)

Injection Temperature 270°C
Detector Temperature 300°C
Carrier Gas (Helium) Flow 6.6 mL/min
Spilt Vent Flow 18.2 mL/min

Carrier Gas + Make Up Gas Flow 33.3 mL/min

Septum Purge Flow 1.2 mL/min
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—

Bl 3-6 % 4p k47 &k ¢ = E 425 (Roslev et al., 1998)

37 A AP A7 2

AR FETHDS FHE2? DEHP EReFmadret > mHFABEELEIH
WA AFEEE AT A IR RATEET 7 (organic matter) ~ 2 3¢ W
(total nitrogen) ~ # 3% ¢ % zi (total phosphorus) ~ 2 3% pH & ~ FF 3+ R f& i 4
(cation-exchange capacity) * 2 33, /#icp (total bacterial number) - # #|78 P

Sk kR E Aok 37 o

2 037 FHEBRSANIED 2722 2 R

A 453 B 2377 Ry
Y Methods of soil analysis part 3, 1996 (SSSA)
By Methods of soil analysis part 3, 1996 (SSSA)
Bk Methods of soil analysis part 3, 1996 (SSSA)
23 pH & NIEA S410.60T
I3+ 2 4 ae # NIEA S202.60A

W FH i adrLp (¢ S @@%@’.19% IN
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41 BF s =7 E 4 (QA/QC)

4.1.1 DEHP # & s (calibration curve)

il 6 B2 kA2 DEHP #%3% > &5 5 5, 10, 25, 50, 75
%100 mo/L > #3458 - kR A W T 7 2 2470 %%  DEHP kAT #f
EE e 5 5 (peak area) &2 DEHP kB iv@] » & 1% & | T3 28 Ee(7
@EFETED - AEE M LB ML ATy 2 DEHP RE SR (0B 4-1)5 0
M A2t L Y =847.12X+ 10466547 X i DEHP z kAR (mg/lL) Y 3
o HfF o RS IR M s ROE S 09997 -

100000
80000} y=847.12x + 104.66
- R°=0.9997
2 60000}
(]
X
>
L 40000
20000 |
0 1 1 1 1 1
0 20 40 60 80 100

Concentrations of DEHP (mg/L)

Bl 4-1 DEHP %2 %4 & %

68



41.2 DEHP %~ 47

5 pelz. DEHP £33 (50 mg DEHP in hexane of 1 litter) # 4/
GC-FID #1715 » 173 GC A 147 Wz > 4oB] 4-2 #77 > fEnBl? § BT 5
15.395 min etz % 5 DEHP 4 o 1% % < ¥Pid e Fdes o R
;ﬁk&ﬂ&ﬁﬁ@a4%1m’%m«4m\ﬁﬁaabA¢[Emaﬁg,
HERTHEGE 110 mg/kg > &8 (1999) + 454 DEHP 5 24 g5 ik &9 5
AR BTG

4.1.3 =i ol
AP G A4 GCFID & 28 P2 it irie (7 2 fpE'le 2 » 7y
%gﬁﬁ%%352$ﬂ%ﬁ’Pf%%%%44ﬂﬁ;GOHDi%%@W

#®FLiE 5 0.36mg/ll 2 N FEZ 2 #plErtiE 5 1.55 mg/kg e

# 4-1GC-FID £ % <\ 5 P2 2 2 1 P&

MDL n®
GC-FID® 0.36 mg/L 7
Soxhelt extraction method © 1.55 mg/kg 7

?frequency of analysis.
® 1.0 mg/L of DEHP standard dissolved in hexane.
°10 mg DEHP/kg sand was extracted by Soxhelt extraction method.
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FID1 B, (81610543.0)
counts @m%ﬁ
k u
- H
70000 4
£0000 4
50000 4 k.
le
vl
40000 4
o
f DEHP
30000 4 )
ik
h !
: ; )
20000 4 3 0
™ P g
%m
10000 ]
] L
- 1 . - T 1T 71T - 1T - - 1 " 1 T 1
0 2 4 B g 10 12 14 min

® 4-2 50 mg/L DEHP 1%# 3% 2 GC Rl#

414 79 &2 17

FOREAFREHRZ D DOLFEFATIRERY T2 A AL SR E

Ko FI AL EHEB T REART TR BN CHERLAHTAR

=%

CEAZPREHERGEY LA EL > L BRET YRR BE S - M

N

P rE At o g DEHP #f Bt F A T sldzz A SR A Y

b
pal

W
\ﬁ"
~

F“Fﬁ‘i Z;“%o

415 HEFRFEE R

AR SREARY R AR B THRLT F‘ri VRN S R
FHEE S AR PR R 2 T EF) R A N2 R R AR R T E R

%¢ DEHP 2 km#55 150 mgkg » H 4% 7304 420 AF (7 i
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o 2RI F AR RS2 DEHP R & 2F 6h (&0 #H B0 %

Bcis L8RP35 @A F R FREMLT AT s
g 2 RENR L > BERG WP ERAS G393 0 a g P ERPELBREL -
d 4 42 Wt 2 B E AR AEERY 2 T ok g L 94-101% R

Roow R REFELFRR A0 1.424% 2B BA AL G b R m TR @

x€

Y F R AP P LR 2R R A RS R N EER S TI L ER B EL T
Bipg 27 R o

3 42 A HEEEAEERY 2wk L L

Samples Average recovery (%) Reproducibility® (%)
Soil 95.7 1.6
Sludge cake 93.8 2.4
Quartz sand 101.1 1.4

@ Extraction conditions: sample ‘weight:~10 g, the amount of hexane usages is
300 mL, continually extracted for 24 hours' (about 6-8 cycles/hr).
® Reproducibility is represented by relatively standard deviation (n=3).
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B SRR ES S L e

AT ERIEEFE A AP T Aok 4-3 207 o BRI EPEA TS
* 0 A w5 Ak 36% ~ Bk 46% 2 Fid 18% 0 kdpE R R EINI T = 4
Bl F gt 33 Bt apik d o 2B s aierp e pH A W 5 5.24
fo 7.05; 2B FREEE > TORFAMP LY B2 FH o £ 43 ¢ F 18
Fne s 2R s N L 270% & 43.8%; BF 7 304 0 2B R A
Au s 010% & 4.99% ; BEkz E3nA 0 2B EAL NS 0.06% &
0.70% ; B33 2 a4 » 25 R a4 %9 5 16.5 meg/100 g ¥ 92.8
meq/100 g T RiF IR AR IR VL IRER 2 3R E ek FWEFRFE
RARZ B2 B HS LR 4 S0P R otk T 5 BN AU T RIS R A o

BEFHER/RT R PALT DL R deh P2 w4 o

F 43 FHEF R 20 MNFN

Parameters Soll Sludge cake

pH (soil:water = 1:1, w/v) 5.24 (0.03)° 7.05 (0.06)
Organic matter (%) 2.70 (0.08) 43.76 (0.63)
Total N (%) 0.10 (0.005) 4.59 (0.06)
Total P (%) 0.06 (0.01) 0.70 (0.15)
CEC (meq/100 g) 16.45 (0.75) 92.84 (3.02)
Clay (%) 36 -

Silt (%) 46 -

Sand (%) 18 -

DEHP concentration (mg/kg) ND? 110 (1.18)

?Not Detected.
® Values in parentheses are the standard deviations of three different samples.
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43 ¢ L EXE RE G2 A4

4.3.1 pxit

AT TR Y 20 L AR R g RP BB E: 11 2 g 70
TREHER > %Y DEHP 25 8% @4 44 ¢ o ¥4 44 ¥ ik
Jpigd MINTAB fiedtie 7247 8548 31 ¢ B> DEHP JER 325254
B G fRARE G H P F o FlF AW LAY DEHP ERE SR RS
Ll FEkF RE (response) 25k 4 2 ¢ DEHP 2 % f2% (reduction

rate) « LT A B[4 AFT T ¢ Bedh * 5 MINTAB #0484 45 15 2 35 0 4 1

b -
F 4-4 FE LR ETR KRk

Run DEHP in sewage Amended Initial Final Reduction
sludge cake ratio concentration of concentration of rate
(mg/kg) (dw)  (g/kg) (dw) DEHP in system DEHP insystem (%)

(mg/kg) (mg/kg)

1 110 103 12.6 9.1 27.9
2 240 171 32.6 25.2 22.7
3 555 200 86.8 58.9 321
4 870 171 121.6 65.4 46.2
5 1000 103 95.1 55.0 42.2
6 870 34 242 14.4 40.3
7 555 5 3.88 2.74 29.5
8 240 34 6.49 5.13 20.9
9 555 103 48.7 24.2 50.4
10 555 103 471 22.5 52.2
11 555 103 52.6 24.0 54.4
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432 A A A7

&% MINITAB #it~ 45 % 4-4 ¥ chlichf > S fFis v @3- Bhd 6 7
Tetics® > 1% & Eym‘ﬂr BT — Bl BB R E B ST hE
Rl Ea st e @ (fitted value) » (59 %iksk (& TR LU B E B2 L IER]

7 £ @ (residual value) © 3P HEN B & EF AR > R Y 03 2 5 3

ETIRS

N7 £ B (residual plot) » = Z BT 2 & Z BT R LEicH B - B 4-3 ;4
wipghay £ w2 DEHP % 23 L 2 m 4B BRERBP AL EA G A

ST LRI A L N R IR R ARSI > Blhe AR X0 L - A AL %R

BOERE B R A AR PR AFL L TH 43 ¢ AL B LR

SRR R S S B Sk SRS

Residuals Versus the Fitted Values
(Response is reduction rate)

Residual
o
|

I
20 30 40 50
Fitted Value

B 4-3 7 £ % DEHP "% {25 % & £2 4717 B
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433 wiFat

i04-4 ¢ mdyasd MINITAB Bra s s » 208 5 - r 40
(second order model) » ** % 4-5 4ZF B F o d & i fFA AT 0 A F]S 2 H b
JE ST IR SRS TR IR Gl P RfgiEP L S F BRY G250 o P g

FHATRRE 2 FERA et 4-1 Ao
y =52.33+7.89 X, + 1.42 X, — 8.74 X1 — 10.87 X2 + 1.03 X; X, 4.1)

He Xy 573/ 47 DEHP ERZ %BEH X, 23 B 2 5B %
#;y AR L2I Y DEHP %3 a A% (%) »F Bd 6 AT - %3 ok
¥ s RY= 0949 M7 Sefp¥t irE 2 W40 22t Al b ke ¥
b B A 17 (ANOVA) nip - 2% da s sten P @5 - &) & (P =0.003 <
0.05) 4t % if it §F hdgc 5 T0.949- BT AR RIR M A S HF BEF FREP
B, mwpr o B NN EREFSE RN TV RFEEIRFE (FEH
&£23¢ DEHP "#j2%) &t € L R8T (F]F) 2F %M % FREDRE &K

A E R o RN E A LMMIE S T2 e v o H P A

0.006 - 0.002 ¢ 0.618 > s E L 235 P w358 | (<0.05) > Agor &g

BT TR e SRS B PR B

3
A

3 A(75 547 DEHP iER)
253 B(ARIEHEF)AFIFHIIEr o dwHd P gi 0618 (>

0.05) 5 BIt = F]F eh2 5 (€% & @ B E e uehis
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Z 45 F s oo fF e 478 R R s 4 4

Central Composite Design
Central Composite Design
Blocks: none
Alpha: 1.414

Factors: 2 Center points: 3

Runs: 11

Response Surface Regression
The analysis was done using coded units.
Estimated Regression Coefficients for Reduction rate.

Term Coefficient Standard T P
Deviation
Constant 52.33 2.231 23.459 0.000
A 7.89 1.366 5.776 0.002
B 1.42 1.366 1.041 0.346
A*A -8.74 1.626 -5.376 0.003
B*B -10.87 1.626 -6.683 0.001
A*B 1.03 1.932 0.531 0.618
S =3.864 R-square =94.9% R-square(adj) = 89.7%
Analysis of Variance for Reduction rate
Source DF Seq SS Adj SS Adj MS P
Regression 5 1375.39  1375.393 275.079 18.42 0.003
Linear 2 514.25 514.248 257.124 17.22 0.006
Square 2 856.94 856.943 428.471 28.70 0.002
Interaction 1 4.20 4.203 4.203 0.28 0.618
Residual Error 5 74.65 74.649 14.930
Lack-of-Fit 3 66.62 66.622 22.207 5,53 0.157
Pure Error 2 8.03 8.027 4.013
Total 10 1450.04
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FE L RE e G Rt Td 4w (Run12-15) Bk 6 L R
2 iRy (drd 4-6 #rom ) R i CCD #% (Run 1-11) frd 2 = fefic
A Fe (G 4 Herdm B MAE RS A2 7 DEHP Mgk s Il e
MEARFAF AR A FEF 2 AR ENEAEFL T A~ E 1.3-88% 2 F 0 %E
TR AN A LRI LT R SR g AR Rk
EREABTHE AP 2% FRP 752 2 DEHP 35 .

# 46 FEBELIFHRTRED L FREF

Run DEHP in sewage Amended Initial Final Reduction
sludge cake ratio concentration of concentration of rate
(mg/kg) (dw) (g/kg) (dw) DEHP in system DEHP in system (%)

(mg/kg) (mg/kg)

12 333 103 33.1 20.3 38.6
13 778 103 78.2 39.3 49.8
14 555 151 68.7 36.2 47.3
15 555 54 25.7 14.4 43.9
16 870 171 115.6 111.5 3.5
17 119° 0 118.5 103.1 13.0
18 110 P 110.2 90.3 18.1

 The concentration of DEHP is just in soil not in sludge cake.
® There is no soil in this system (sludge cake only).

% 4-6 5 /ﬁ'ib‘r-_ pé%??fﬁg E'V"'] Fé‘%; 'L%‘ (5%—)

Run Code Code Theoretical Error value Error percent
variable variable reduction rate (Theo.—Act.) (Error value/Theo.

(X1) (X5) (%) (%) Reduction rate)
(%)
12 -0.707 0 424 3.7 8.8
13 0.707 0 53.5 3.8 7.0
14 0 0.707 47.9 0.6 1.3
15 0 -0.707 45.9 2.0 4.3
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434 Tigmni-y

gt A4 2 EBRE% 2N 41 AT ealis > 538 MINITAB #od s
BWE 4-4 coF o 5 B2 B 45 hE 3 AB - B 4-4 B DEHP " fz5 =
BB e T2 6 0 457 ad 6 b TR 7 i § o+ DEHP *#f25 a5

o

o FHRRE 4-4 24 G BALEHFI T w5 R 4-5 ¢ v DEHP %
Ak % B AE o B 45 BorF REETER LAY DEHP kA
(110-1000 mg/kg) % 5 i 3 & 2 3t & (5-200 g/kg) # BIp - fis ik 4 ¢
DEHP ¥ % 600-800mg/kg £33 & 2 v 555 80-120g/kg P> 5 i 5t
# 5B DEHP " 2% (53%)c A MH I 5 B vk & & 1L 35 p)eh
F o ot BRA A2 5 T {E 8k (stationary point) s ARfL 5 B Bhe T fEEL AR 4-5
PoE A B+ DEHP "f 25 gk T EAEEE B ¥ U D] - B - ok

Bz marl G g - Al s s 420
y = Bo + xX’b + x'Bx (4-2)
A¢ b - B (kx1) »Efcd 24 5 - FFufFig B £- B (kxk) S

EE T AR AR B X Gl a2t A A F SR 8 ehs S T lieen-

Y —p+2Bx=0 (4-3)

xs=-— B'b (4-4)
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Fobo et 44 %o N 42 ¢ @] AT AERLTE R R 5

1T .
Ys = Bo tS X b (4-5)
7.89 -8.74 0.515
d ;4 41 ® e, b = , B=
1.42 0.515 -10.87

o5 44 T g

xs=-1 B'b
2

1 {—0.11474 —0.00544} {7.89}

~ 2 |-0.00544 -0.09225] |1.42

0.456
0.087

A5k 4de DEHP JER Xqs 50486 250k 4 35 & 5 Xp=0.087> 12 p

SET S ES S

0.456= 51790 L _ 6986
870 — 555

0.087= 27198 1089
171-103

@ @4 x; = 698.6 mg/kg i i 700 mg/kg 5 ik 45 ¢ DEHP k& 4c Xo =
108.9 g/kg 712110 g/kg FiFk 2 B E v 6] - TBEXHRERAE 45 o
EFRTELE RN BT s U V45 v h T 7}?—4@.1-’1’1??5/? | F v

DEHP i f2% % 54.2 mg/kg -
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Reduction
DEHP (%)

Amended ratio (g/kg)

rate of
DEHP in sewage sludge (mg/kg)
Bl 4-4 %x? DEHP 522 F i & B
Reduction rate of DEHP in sludge amended soil (%)
171 —
103 —
34 —

I I I
240 555 870

DEHP in sewage sludge (mg/kg)

B 4-5 xii? DEHP "3 32 % % 5[
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4.3.5 FHcitF Y W

EVRUESE ) PRI i VA é_i%%%é«ﬁ?i'fiﬁ”i- WTREFAF B B oo AT
Hc it (characterize) #]E, F A7 TR - B Nk BNEREL o I drw o HT
#2 oo R EOFIRARERNEZ AR - & F L 47 (canonical
analysis) 3 — B 43 chiv )2 f]}u{—g LB T - BATRE ks H RE
jﬁé_i 28 X, b0 R{USCEEEH A AR EE DU T FAN R F B G

(i ph o e BT S S 46 S
_ 2 2 2
Y=Yst AqwqTF oW ot Ay (4-6)

29 oo ERRBEE Ffos A Vst 46 L 5 Al FAj e ¥

ho kg B B eh¥ 5 B (eigenvalues) @ 4F #ci? (characteristic roots) o

F R 6 ek 17 0T AR MR g S Fav e R TEELT A
Foill = FEHCAI SR R B L ) o Aok ST sh A BB Bl X 5 - ]
FoRenBh s do% 9rF b A 395 F B Bl Xe B - BEAF BNEE S 4ok i eh

M FRECEER] X Ao BEEe St f b AERAEI R 0 2w

Foit b el BT R ¥ G o e SRR D )5 (50 4-6)

Fm oo FHCE Mg o Ao BAFTM ARSI
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B-AI

1
o

~8.74-1  0.515
{ =0, #pr @ E A2-19.610 +94.739=0

0.515 -10.87-A1

BB AN RS Ay =-8.6222 v A =-10.9878 o Fp feif o e

558 &

y =54.2 - 8.6222 w.*— 10.9878 w,? »
Fi Ay o hp 5 ED TR G AP TR R R o TR G

SRR SR
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44 FRHE 20 DEHP % jaia)

441 DEHP *t7 F & sL? 2 %% 2

LB f3 DEHP » 7 B R& ¥ 2 " f2 % » % 4 B3t #H DEHP *t5 ik
P FRBEIYP R ERFANFEEEL 0 2 BT DEHP kR
RiLFA o B 46 P CHEBEFRLAACDALB LI BRE > WREHP R
DEHP £ B & 45 % (115-112 mg/kg) - Cheng et al (2000) ¥ 4% 34
DEHP tft Bk i ™ (sterilized) i3 i 452 A j&i3; > + # % DEHP & g = fr
iEGT G o AR AFTY Run 4 RBEeAGRFLFEHE L L > DEHP kA
122mg/kg 5 70 X FZHPBERF V523 % 65mgkg ("4 f2F 5 46.2%) &7 4
B2 FRHY BT A g f2 DEHP 427 (Roslev et al.,1998; Madsen et

al.,1999) » 7 7 DEHP 2 i &% f244]% 2 % it* (Staples etal., 1997) -

AF 7 44 DEHP »t 2 A& A A% L) £F73%% (Run17) #FR3
#¢ DEHP #4 13% =% j2% (DEHP kA&, 119-103 mg/kg) - $HPe 75 ik 45
L2 By M AEHY R AL DEHP i fziEsmY - £ &
F]F o FRd N RFRATY © 4 DEHP 2 3 s siiaiid B1ips 5
DEHP #d 8 { B skt is R & b > 2 5k 400 fcd d g >0 % DEHP i+ 3
2 EMT2RA AR DEHP - ¥ - RET e hsd SEEKD F M3 X8
MAcHL Y B Y B s 35 x 107 B o @Ak Y REER 5 2.0 x 10"
B B L3R4 QEEP R Z 5 F g i 4 Af2 DEHP 2 F4p 7 i

SAREAIEA TS
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Concentration of DEHP (mg/kg)

Label remaning (%)

130
120
110
100
90
80
70
60
50
40
30
20
10

100 KA

90
80
70
60
50
40
30
20
10

—{— sludge amended soil (Run 4)

—O— sludge amended soil (Run 16, sterilize)
—24— soil only (Run 17)

—— sludge only (Run 18)

10 20 30 40 50 60
Time (day)

(a)

70

—{+— sludge amended soil (Run 4)

—O— sludge amended soil (Run 16, sterilize)
—&4— soil only (Run 17)

—/— sludge only (Run 18)

10 20 30 40 50 60
Time (day)

(b)
B 4-6 DEHP >t % Je & %@ 2% f25573;
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Run 18 sk e 5 4F3ti5 /i 45¢ DEHP % it » A7 %% %7 70 %73
J44¢ DEHP '3 f2% 9% 18% (DEHP ;£ A& 44 110 *# 3 90 mg/kg)
Cheng et al. (2000) #; 156 189 = 2 :#z% 4 » B| DEHP LR %247 i&
30% - ¥EBiSEPL I e EohEE DEHP A3k #¢ 2 " a5 p g
M5k 6 23 27 Chengetal. (2002) 2 3Bk & %57 10 o PR IRSG AL
PR ERPLSEEE R EFRSEBEL A AR LR FIEHE A
B RAKR L B KA - SR T 2R T F e
THECZFFiEr Y adRiF A4 DEHP %25 % %2 & 7] - Madsen

et al. (1999) 4 #14 § K i T DEHP 2 gt & 5 B 2 /RF R EE 45 & -

Roslev etal. (1998) B:n i i3 k45 & 3 ¢ fied $o2 jEH L 3F R ¥ 993 o
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442 7 & &R eRk

3

R R L F Ay 1 R I SR T

BEFRERS R EFRBEE TR EDOF)FFITIEDE

-
it
o+
(w
bt
i
4
&
By

A aY DEHP SRR $IE 3 3 &0 b0 AF HRe b7 RS ST
AL IEBE S A EF|EY e DEHP " f#2x% 5 @ 5k 4¢ DEHP jk
Bt F]F PR R AT L AR ik WA PR kY DEHP % i3
h AR P IR FF]F 2 ke FRLE B FRRATAL L
JAAR Tz DEHP JERFFFEMHT g ~ > Fafl* 23 DEHP 25k
B BB N H BAEA D H s P L S At e T R AR R R Y
DEHP JER#FRIp - AP T UAFEI - @532 EBE S v ET 4
¢ 2. DEHP "2 o

¢

¢x

AT Y 1 P L SRR e s T0 R RRET S 0 F Sk

—\

DEHP * 2% % % 4o 4-4 “gc 140 4-4 ¢ %4 > 4.3 ch DEHP ' 2 5

SRR B e 0 TG A% L 52.4% ; mipls MINITAB #r4g A

WEpg 2 Bl 44 2R 4-5 F B w Bl E 3 RE éjﬁ%%[ffll‘\?ﬁa‘%ﬁ
iz - 358 DEHP v jas o Fl 4-5 ¢ chE 54 > MAT L4 5k &

® DEHP jEA &/ &4 DEHP "2 d 13% st %+ 2 3 3 eh

53% ' f25 » dp 435 ik 35 £ v gt DEHP e fafia) > H et §ARR 1455 iR

49 DEHP ik o s B % > 4 U5 R # £ 2 ¢ DEHP ' 3% #5

o4t 7 DEHP kR e B 25 34508 2 M £ e ahag B o

REHPHEE PSS AB LI - > T AFI I KF A 75% v F 2
kE O E TO0 RERFESEE IEP BT kL F (indigenous) 2 iE* > B 4-5
PEBARET (Y R EBRIFOEE IR 595 85-130 g/kg

86



AT EFREUFEBEIANS g 5 DEHP R EAFY
S EE RPN B Ly s eiY DEHP EA ¢ F i 585-820
mg/kg » @ %k 2 L F h 85-130gkg BRI EF i FHE L FEHL
17 DEHP #.8 g% 5 53% (2 ¢ 2 110 g/kg # & 5| DEHP * iz
FdhH);§isae? DEHP k& 43 365-1000 mg/kg # BN » ¢ it i35 % 3%
£1¢ DEHP it 45% i 2 a2 5k% % £HF7 p 110
M@ﬁ%€“$’%%i@*ﬁﬁﬁﬁw%ﬁ’ﬂﬁ*45”0%@1%@“

._]

FoRRVRA R PIEPHE BEFARFTRASAG TR TR BN
R iSFAME LD £ b o Flpt g 347 DEHP kR § 3% 365
mgkg P> 2 F R L2 ¢ DEHP i35 a2 i 84 £ 730 28

TERBGEDFEIESHE L 1109/kg -

Bl 4-5 ¢ &7 4§ 55 45 DEHP BB 3% 365 mg/kg P » B i35k 45 & 4
DEHP *# jask 5 4 13-45% 2 B 5 B 50k 2 3 dh 400 G F]13 2 1 > 4
FOTE R Y 4 B kR 2 DEHP.G = »#t i % DEHP 2 % jar o 24 ¥

Eobl

Ve FER A S iR Y DEHP ER B H 35402 ¢ DEHP % 3
JOARfRA M B AFAE L 2 kY o B % DEHP chAAER PR AR
FAid 3 DEHP ERFEH LI BM - FIMHENBBE T R A2 2 f o ¥

T AP -

FOAER A S ARNT R RHERL Y A PR B - RS S R
;¢ (first-order kinetics) = & % ¢ * >»Roslev et al (1998) 2 Madsen et al (1999)
1% - R4 3 RN kB RE Y DEHP ehgp it 250 FIp A5 T k-
$o4 2 fEt (5Y 4-7) @Aaeisiids 427 DEHP H ¥ jas - Ipid I ik

(* 4-8) £HREEARLRD (& 49)
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- P AR A e (4-7)
CO

HeY »Cpi t=0 PFz 44> DEHP kB :C ZPFF t pF2 DEHP kR -
- ik F fide (kq) o sidie g C/Co & PF I 2 Sl 17!

ki = - In (10) x (d{log(g)}/dtJ (4-8)
CO
DEHP LA " 122 % 8 (tos) o & 4-7 #8 ky (4F 115 40 245 £49 o
In2
tos = k_ (4-9)

1

% 47 544 (CCD #% @) - DEHP - ris fads 4

Sample Run ki to s Slope R?
(d) (d) i 4-8)
Sludge amended soil 1 0.0048 143 -0.0021 0.890
Sludge amended soil 2 0.0046 151 -0.0020 0.858
Sludge amended soil 3 0.0064 108 -0.0028 0.949
Sludge amended soil 4 0.0090 77 -0.0039 0.937
Sludge amended soil 5 0.0090 77 -0.0039 0.894
Sludge amended soil 6 0.0069 100 -0.0030 0.792
Sludge amended soil 7 0.0064 108 -0.0028 0.758
Sludge amended soil 8 0.0032 215 -0.0014 0.688
Sludge amended soil 9,10,11  0.0111 63 -0.0048 0.969
Soil only 17 0.0018 376 -0.0008 0.912
Sludge cake only 18 0.0030 232 -0.0013 0.934
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PR RERE (5 11 ) - HEFREBREERE R FEL
4-7 ¢ > 4 47T @53 &2 7 DEHP ' jzch- ik & 28 0.0032-0.0111
(d" 2> 7m DEHP *f2L %8 3% 63215 = - H ¥ me L &hxtas @ ug
e (Run9,10,11> 24 & v 6] 5 103g/kg) H Ky Ehd > # 4 it dh di5k 4
L v b5 110g/kg 2.2E3% - Madsenetal. (1999) %% 2 ~ 53 & 2
SN A AN T E R Ay BERIEE L5 RS £ F 5 1:58 (sludge:soail) - iF ik
L2 °¢ DEHP ER 5 16-351 mg/kg P& > F 5kl 2 - Fea & i s
0.0078-0.090 (d')>DEHP ;& L %# % 55-89 = s E e~ £ 3 %2 DEHP 2
FRFH (strain SDE 2) 5k & 47 DEHPER X ¥ 71 & 9
(Roslevetal.,1998)c A 7 iFB%E Tt 5 LH &2 E2Z Y > F 2 IUER
AREH e EY FFREFAZLE  FHFRBLLIHEY DEHP 2
Fe-BWMF k-

. DEHP *t35 5 3 5 4 @8 e (Run 1-15) ¥2 DEHP A %]t d 32 /3
fAARER e (Run17, Run 18) " - frid fifadcr kR X %4 - % & DEHP
ot Y 2 A G ek ey By B - PR G#iE 0.0018
@A) ERLFEHFE 376 % 5 @ Fk ¢ DEHP 2 — Ffid & tadkc (Run 18)
% 0.0030 (d™") Bz 2 3? DEHP 2"z % (Run17) e H kg L 54
4B 232 %o EHMAZFREBLEIY DEHP 2 Afag v g o o - 1
FRABRRE 1M 5 E42 50346279 DEHP 2 "5 f2{F3, » B%H11 5k

$ &2 22 E 1% DEHP # 2 A fa -
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§ % 4-5 ¢ B YA T LAY P 5 4Y DEHP kA %5 R 2
BB L b BR%KFF > HHE LI P DEHP 2" r g ¥ a3 8% » 7]
ARG F]F BB L2 ¢ DEHP ka4 B R A F 2 B R%S
Fl5 30 F s g 2 #%%%¢jﬁ?%ﬁHWHﬁMW4Ai B tfmfd
BT 4 B daE BE ARa TS AR T3 B) ok plE B4R

Ho FIENMNTREHARFEB L FI TG -

JUIE SEE IR 2 enir | F1 S S5k 4¢ DEHP GER L 555mglkg 0 e F S
Aul%h 554103151 2 200 g/kg s £ 5 -k o3 i3 ik 2 dE £k o
Bl 47 57 320 S p5g 5809 DEMR. % f2 7 B & 70 % chigsh
A E LY DEHP i 2% f2 5435 30-62% 2. FFF » EEdlm = & W1z 54 ~
103 2 151 glkg i £ 104 44% 1+ St fas > ¢ 103 2 151 glkg
chip &t FH kg EA WA 00141 2 00097 (d7) (40 % 4-8 7)o L AT

PEHRFF? - FFEFEF 2 ene mTFEIEH L F A 151g/kg 2 53

—

BEw TG A2 REB Y ML A2 DEHP (%% A4 5 A iz &
% (5glkg) PFo 2319 g4k R % (3.88 mglkg) 0 ¥ 70 X PR
£4¢ DEHP kA" % 274 mg/kg > # DEHP & ky &% 0.0064 (d')>
FH 5 108 x> Bt M S F hpskiEse? DEHP o jRi F4pd $
RPREEHENIELFRAHEL M AHR LA fEB S 2 Y DEHP cjicd F ke
$7F EAR e ¥ - ks DEHP @ &t 37 ok R dpd 1> d > DEHP
P r it H v LR G AL MR 3 b L2 Y s H
PaAfRe FAABEFAF HELY DEHP RAR ARG SR}
DEHP 2 j5iF &2 333 &5 » i d ¥ 527 DEHP 7 5y fic? 4+

F=1)
=
AR
I
Fy

RAGREFRAE EM -2 EMFpFRE DEHP 3. 83 M3 AHE
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2z gt DEHP RRF R 5 26-141 mg/kg ™ » 2 4 fEte i
(BE PRy~ cfmE2oy) AN 0287 > 254 4 ffEF T8
Mz i@ DEHP 4 5 » Tt 45 4 $>" #% P~ (uptake) DEHP 2 2 5¥# 7 & & &
Moo Flm 3 ¢ UG5 ke i 4 £ and 3 b (Arandaetal, 1989) - Yin etal.
(2003) ~» a2 £3v 75 DEHP Fir4 & 2 2904k (90 %) HfE+ &a3niz
= & DEHP A4 R -

AL 2.5 %6 2 F% > DEHP a7 22t 40 X 2@ T8 %
BT AR - JE ek iy (stable state) > Bt iF R 35 & 2 ¢ DEHP R j2z
< ;Fﬁ&i’a"ﬁ w2 3 % (Madsen et al., 1999; Cheng et al., 2002) - Zurmuhl et al.
(1991) #- DEHP 4cxtd3ggd > 0 DEHP g @ s % giig - §
Frd AkBY R e Y MR EH LA BRI gL G5 S
P& )k Send % 2B (Madsen etal., 1999) - F]yt DEHP *% fza8 %
Fivd PHERFITERATAS A RS

% 48 F FH L HPEFAH L 2 2 DEHP ' 2 s

Sample Run Kq to s Slope R?
(d") (d) ( 4-8)
Sludge amended soil 3 0.0064 108 -0.0028 0.949
Sludge amended soil 7 0.0064 108 -0.0028 0.758
Sludge amended soil 9,10,11  0.0111 63 -0.0048 0.969
Sludge amended soil 14 0.0097 72 -0.0042 0.979
Sludge amended soil 15 0.0069 100 -0.0030 0.750
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Concentration of DEHP (mg/kg)

Label remaning (%)

100

Concentration of DEHP in sludge is 555 mg/kg I Amended ratio
90 £t ——  5glkg
—O— 54 g/kg
80 —A— 103 g/kg
—— 151 g/kg
70 200 g/kg
60 -
50
40
30 -
10 |
0 | | | (| |
0 10 20 30 40 50 60 70
Time (day)
(a)

100
90
80
70
60
50
40 |
Amended ratio
30| —— 5 g/kg
—O— 54 g/kg
20 -| —~— 103 g/kg
—— 151 g/kg
10 —— 200 g/kg | | Concentration of DEHP in sludge is 555 mg/kg
0 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70
Time (day)
(b)

Bl 4-7 2 kH e FEHE 27 DEHP %% f257)
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4.4 .4 Michaelis-menten model

d Monod # # & #;% #r% E 4 1 Michaelis-menten equation » if * 3tz

DpkA e RRATRE T &M G B A7 et 4-9 ron

(4-9)

BY Rpax #xF B F Ky 3 Xeefoffic: BT #HFTHE L 235%

® (RUN1-5-9-10~11-12 % 13) (4c% 49 #7)+ £#® Ruax & Kn

% 4-9 F T3 L IpEE RS & 2 2. DEHP " a4

Run K1 tos Concentration of 1/S 1/r
(d™ (d) substrate, S (1/k+)
(mgkg)

1 0.0048 143 12.6 0.079403 206.8

5 0.0090 77 95.1 0.010515 111.4
9,10,11 0.0111 63 49.5 0.020216 90.5
12 0.0078 89 33.1 0.030226 127.7
13 0.0106 65 78.2 0.012787 94 .4

d 5% 49 kB Lepfod s Ky 5 21.0 mg/kg > @ 3o+ F bif ¥ Rpax &
0.0130 - Michaelis-menten equation z & =« F i &8 A7 7 2 < - [k

Fixdk 0.0111 &5 4p 2 o
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45 ArHFEEI 2 IV FI

451 FRBEIP 2 BT

d 4 43 P E Al Ba SR EFH 2T 0 HAvdaG T (organic
matters) z £~ % i 2.7% ¥ 43.8% (7 AR~ % 5 1.6% & 25.4%) 5k
HESTPRERIE BT LGRS AEIRAALI BRI FH TR

(5-200 g/kg) > FR AP A H F B F2 $1 > ¥ 8 2% 7 4o
4-8 KPP FEIEY 3BT I ELF A LB ETF LM A T BT AREL
BEHYRAIE2Z FPTIELF L0225 RaEFTRMF 275
FBEIP LW EEL SRS TR AR RFEFE OB EE RS
ZARZH I EI (activate) 2 i ® +2 (O'Connor, 1996; Wong et al.,
1998) > i&- H "5 f2i5 L35 & 48 2 5 7 (Saviozzi et al., 1999) ; X7 iE B /3
P2 EHFEV TV G R A IR RN A o P BT REF
(Wongetal., 1998)c @& F A B EHP L 3 TR > HERGEFF 2L H4em
F R g d B 4-8 P T Farh 70 X 2B LRk S04 L b2 B4
g/kg 2 sk G P T L S v 5% b o dRA G A E R A s

WA T o AR HN R JRTREAT LG aBaRA LY o
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Organic matter (%)

15
14
13
12
11
10

N W A O O N ©

Amended ratio (g/kg)
B ——5—0—54 ——103 —— 151 —<>— 200 —+— control

Time (day)

B 4-8:75 ik P P g W2 R
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452 5k L2 ¢ pH

=
{w
Ak

i % 4-3 Vv 2 ks pH B 5 5245 2T wpkit o B fE
B g by ¥V R ERIEY L BB BE R e B R - 4E 2

e HEEF AT (MEF>2002) Mokisik Az 474 pH &5
P (7.05) FI T B SR GBS KRS LA wo B 4-9
MTtARAEBEIELIE pH B2 %o d tb'v"ﬁrr;‘gé SR AR E B R e
VEREESIEZ pH & %4 LL'MJ\_} ﬁ-«'\ﬂlig pH '97%4‘{%@
k7 (Wongetal., 1998; Cheng etal., 2002) - #X5 /A% &2 7 23 #5424
4 54782 8P (organic acids) ¥ it HI 43 pH BE R TR o AR 0L
ANMBERFLF Flt G PP A RARIEE Y pH B2 g1 R

~a

N
@)
=

*E g ¢ #7 P E (Shepherd;1996) qc#-7 I > 573 ik /’J‘ v W4

CEILE R

7.0

Amended ratioI —O0— 5g9/kg

—O— 54 g/kg
—A—103 g/kg
—— 151 g/kg
6.5 —C— 200 g/kg
—— control

pH

5.0 . ' ' L l ! !
0 10 20 30 40 50 60 70

Time (day)

Bl 4-9 5ik4 &4 ¢ pH

=¢
(w
A



453 AFHFEIE2Z TR

;gjﬁgfl,ﬂ@f iiﬁ’*‘f“i%ﬂ*—lp“/f 3 ‘Vﬁ *%%'Iiiﬁﬁ@‘}%%'fi”ﬁ ’bﬁﬁiﬁ'_ﬁ?f
i

FAZEL V- BELFFLEAR (F B 23R FF TGRS
B¢ 2 REH o MR KA P AR L ERFAT A PEd o 5
BRfRa ki £ B HH R B2 FERRD AR AETHBE S

BAF ;BRI BE% 0t 410 Tr T2 BAGSAEB LSRR
FERBEFy PRI RLITY > RANIEEE 5 985mg/kg R BB E
Vg (200 g/kg) f i F 5 9296 mgkg o B AL 2 EmEF 5 EH 10
BRSO A S EWEF (W F AAREF) o BF A AN A F
F A E s AT G R o TR ARG R

Foo FAFwH I FRE O S PN TFAE A BEF G S
Hed dooofa s ghiv (7 s 3 PR § 6 i
(Sanchez-Monedero et al., 2001) ¢

C
N
N

ST MEr s 6943 mgkg H 2 EAAES AP AF 2 £ (8 4,6000

mg/kg) R#E M FIREAF A CHI BB T2 R TRI IR F 2N

v

(S

s RAEN 4 B2 MR o B

¥ 4 4-10 &+ 200 g/kg # & F 2 2
s fY %At 0wl B9 £5 0

KW e2b g5 4 (Simsetal., 2000) o 3k ¢ e AR R Ed FHiLIEF A8

e
<l

Ik
i

ATV R g A A KR KT

BAES TR A o- TR L R E 2 A5 b o GERaG A0

% -Wongetal. (1998) 45 I B ¥ BT * 5 g 5E/5F 2 3B £ 00 F 2 H 4o "E Lo

a3 2 3 i £ (cation exchangeable capacity) » & — B 2|47+ e 4 3
Mendg i - GRS 2B AT L E <3 20meq/100g 2 2 3 S iR 4 5
i AP 2 BRI A RET LN E L 16.5 meq/100 g0 e 4 ¢
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$2 4804 410 A AT AR A EB A F B bdglkg 2 R m o B

BT A Hea B4t 20 meq/100g L iR 4 55l B e

30410 FRBE B2 2 RAF RS B RT H

Amended ratio Total Nitrogen  Total Phosphorus CEC

(9/kg) (mg/kg) (mg/kg) (meq/100 9)

0 985 (49) 637 (33) 16.5 (0.75)

5 1514 (83) 668 (36) 18.0 (1.01)

34 3013 (61) 1023 (69) 19.7 (1.00)

54 3940 (106) 1268 (53) 20.8 (0.48)

103 5793(153) 1658 (60) 33.1(1.68)

151 7554 (138) 2011 (78) 33.0 (3.41)

171 8654 (384) 2138 (87) 37.8 (0.64)

200 9296 (390) 2482 (89) 40.3 (1.36)
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5.1 %

>
>

by
i
4k
3
1%
-
gt

Rl
ol
S

Pif BoKk a1 R s LB 1Y 2 fed ST RS
Fip & 4% DEHP # % - 70 x5 DEHP &5 k4 &2 7 s ¥ md i
21-52% 2 B > B+ iv3 <30 DEHP g5k &4 7 o

LAY DEHP %fa% 8 DEHP A w2 2 5k 80 2 % f2
% o R4 E 47 DEHP

et

- R AEEERL R A YA
0.0032-0.0111 (d) & 63-2161 %4 > DEHP » 4 3 2 ;55 4§ ¢ 2 k& X
FH AU 5 376 22 232 % PEALR 50N R ARE Y 534 2 DEHP
R NIRTEEE I

AT 2 REEFEN 0 7 R E SRR Y s oo ERCE] S AR R
y=5233+7.89 X+ 142X, —8.74X%—10.87 X2+ 1.03X; X+ 7 X,
S5k Y DEHP BB %@ S8 Xy 27 AH L 2 Fenhm S8y
2% L&Y DEHP "%f2F » 5 (%)-

LRGP L AR Y g oo o e E s Y DEHP ER &

585-820 mg/kg ¢ FIF¥ » i3 % 45 & 2 v bliz ] & 85-130 glkg P it A
TP T Rk w2 5% 0 DEHP (2% (53%) -
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.y s eY DEHP JER M3t 365 mg/kg BF > 545 £ 2 2 DEHP "% f3%
H A3 13-45% 2 B > RS E A ES S0 S ki? DEHP 2 R x

G ORT N s 58
aRFLPE-

. g7k 4¢ DEHP jEA 4 365-1000 mgkg #Bp - srigi5nds s 20
DEHP £ 3 45% rit 2 "sjasps > f* 25k %* 2R 5 45-170 g/kg
2B e Fd w2z TREREE 2350449 DEHP JER 2 700 mg/kg 0 i3
FHEITEFE 110 9gkg swp @5k 627 DEHP (2% 53 &

B AR RFERE AT EEEEE R B L K5 110 glkg o

SRERAESE 2R S R S T REE T I s k% R B ALY BT
FEEET A FRER > BMS  SRB L F A0 54 glkg AT BT
3 70 %GRS 1s i 5% Mk

LAY AR B eV R I L pH B 2B S B F F HO L
B pH B2 & Ak P> AL NRRYPFAFRFASH 502 QL

IR A LR S SRR
SRERLE Gk Sl RS AR A R LR R LR R

SERPA o ATV AL ML K F 0

z
54 glkg PF > HHEE S L BT A 20meqi100g B w4 sh2 3 8 o
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5.2 FRER

1. 2P B rARHEE 2 Y DEHP "3 55 #2369 AL

WJEAR AR MG Y DEHP JER L 224 k| >}

2. FRAFFFT 2P L ERRFEETRHGTE ARG AHAY DEHP R - H &

A e F T2 DEHP 2% 0 e v g - #HiFitboP k2 DEHP i3

3. 93 DEHP 4§ & RF KU T 47 it 5 a3t T RiFAHY » £ 1 ARY R
BTG VR AS S AT i Bedon FP PR R R 5

R IR RN 5 URE G AT RUedE B SN FIL R 2 wlia g DEHP i3 R A2 A
*k R ARE

4 AT WEHFREBELEL? DEHP 3 #5345 T 7335 A K B3k

RN - HERFRABEI R T EERE VA EHE AR

BBz o B
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