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Use of biological and composting processto reduce the phthalate estersin the wastewater and
sewage sludge and the feasibility study of sludge further land applications
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Abstract

Although sewage sludge contains elevated
hazardous materials, the application of sewage
sludge to arable land has increasingly gained
attention in recent years because the resulting
sewage sludge has significant organic matter
content and contans  macro- and
micro-nutrients essential for plant growth. In
order to achieve the goal of sustainable
utilization of sludge (or called as biosolids) and
the effective recycling strategies, sewage
dludge has established as a fertilizer for the
agricultural purpose and well developed in
many countries. Hence, the objective of this
study was to employ three years to investigate
the biodegradation behavior of DEHP in the
municipal sewage and dludge. The first
objective focused on biodegradation of PAE in
the municipal sewage by activated dudge
treatment process and in the sewage sludge by
thermophilic aerobic sludge digestion process.
The goals of these two treatment processes
were used to degrade PAEs with best available
operation parameters and reduce the
concentration before land application. Based on
the results obtaned by biologica
sewage/sludge treatments, a composting
process of dewatered sudge cake was used to
degrade PAEs and to conserve the nutrients of
sewage sludge for enhancing biosolids quality.
On the basis of the result, the intensity of
research on land application of sewage sludge
was carried out continuously to obtain more
background knowledge. The results in the first
year showed that the DEHP and DBP remova
rate in supernantant was higher than 90% of
biological process in this study. The
mechanisms of PAEs removed from the
supernatant in this study were biological effect

and adsorption effect. The accumulation
phenomenon of DEHP in solid phase of
activated dludge was quite obvious and it
increased  with  higher influent PAEs
concentrations. In the mixed liquor phase, it
had a quite large difference above 60 %
between acclimated and un-acclimated
activated dludge, it telled us a fact that the
acclimation could enhance the biodegradability
of DEHP. The biodegradability of DEHP in this
system could not be unrestrictly enhanced.

The results in second year showed that TAD

treatment is a more effective way to treat

sludge. And the degradation of PAEs in TAD
process also faster than the other treatments.

The optimal HRT for PAES degradation were

determined to be 20 days. The final objective of

this investigation was to explore the feasibility
of sewage dudge application as soil fertilizer
for proving a popular sludge disposal route
because of its economic advances in the near
future. The results showed that the residue
percentage of DEHP concentration in
sludge-amended soil is between 48-79% after

70 incubation days. The first-order rate

coefficient was in a range from 0.0032 to

0.0111 d*, and the half live was from 63 to 215

days. The reduction rate of DEHP in

sludge-amended soil was faster than that in
sludge cake or that in soil.

Keywords. Sewage dludge, phthalate esters,
activated sludge treatment process,
thermophclic aerobic digestion,
composting process.

=L =
- N EIU ‘:’

A

BB TR ERE G LR S A
%‘{\#%‘r,gg;j*;ﬁ J‘J—TIJ’# \yw\i’{, %I’_—E’\



RN SN TR T
fertilizer) » P73k % L & a4 > @
— B DT R KA o TR
’Eﬁ_é‘f”lﬂr—’:‘n—_#‘%i’iﬁ,ﬁﬁ%’f?mj?:
Frieod PR ARG EFT
foo Flt o AR RS ¢ HEs R ﬁ
1

By

oy

=

(soil
i?a
4

M« fﬂm
A ‘\+,
..\

17._13
é}x;

2 A4Z
g

?7.5 REGEi s g2 A

PR ETREY > T2 AR
LE=Y R 15 WE R 3 i
{7 mB TR R B T W B R A
Hifsgz 3k ¥- 25 > 277 4%
Aok EEEERELY o FEA K2 Y
BEREHER . oM N A F R RIE R
BREPEEOTAFET - "RREE
4 (phthalate esters, PAES) » « H & 8% =

fa-2-¢ A A (DEHP)> HER 7 R L:E R
HER R A 2E 3 FRY 2 ER {
3 EZA AR PAES B EF MR FF o2
2 129 fERAF|EH T2 - -2 5P ARKE
Bt 2RBRFES > H#H34 Sk i
pA GBI K E TR o AR ﬁ%ﬁma
By FE L PAES* /A A5k E 1 EREY

AN AfRF L 0 ©e 22 DEHP &5 &
PR ARMRL T R R% o AL R
DEHP #“3k B @ 2. 2 fF2 /54 it 4
BNy I : AR BT S N’#B@ FMoo ATYE
2B ERGEFHRE > REF AL PRI

A2 B 40 PAES 473 K ALy b et f2on o

PRt

o

g é)fk':\béﬁ

21 | FoRAILR Y AF S U B M kR

Christopher et al. (2001)z # % 45 ¢
= ¥ P& fig 47 (phthalate esters, PAES)#_ - {83
HH AR L RN RES 2 ﬁlmﬁﬁ_ )
DlhoB e 4 1 & e~ BORA T Eify o B
B2 de 1 Wid AR 0 TR ‘“L’*‘%@’H‘} .

Bl EHIE R p a8 KA ES
S o) RAECS U RS A A S T

e Bobrit Fa %2 takls > Bt
Bd WAL B E P A o AR T
7 vﬂ(Castleetal 1988)F ¢ 47 1 %
+ﬂ A R Nk L E‘*  F AR
ﬂﬁ% ’n%ﬁaﬁ’m FREG o
kﬁ%i’ﬂr “m%w’fa#m
HE P RE > G5 ixd 7
¥ - 9 fifip 47 - Balafaset al. (1999)m$ﬂ
MM S L N i B
FoURMmAg - EKRDEAR N 10
HO/L-7000mg/L 2 ¥ » 5§ ¥ ¢ £ Feh3 o
BERTZ b o BEAMF - 9 s s i
LHE® /’J\:*.ﬁf“}"mr«f" o T HE K o W A
Feoobd g B ¥R USSR £ EFH
:%%,%%ﬂm@ﬂﬂ%ﬁﬁiﬁ¥:
B fio 3 A R F L B e
l‘ﬁ 2R RRBLE AR T FARENT
ki & %t Thomasetal. (1975):0# 7 45 ! »
EREBENEVERIER: & 35 S N LR }\E&g@;‘,\

& 4 e

B m} B

%%X%W¢

/7

3
F
;Z
3
F

PRREE B! - Sy % R - I 1
AF - 7 B - 7 fig(dibutyl phthalate, DBP),
ARF - " Bz - o fig(diethyl phthalate, DEP),

P S ﬁfrﬁz = 7 A Ay (dimethyl phthalate,
DMP) ¥ - 7 fi = ¥ fig (dioctyl phthalate,
¥ s = N fip (diamyl phthalate,
DAP), - " B -2-c¢ A AP
(di(2-ethy|hexy|)phtha|ate DEHP)EE =8 b
At e PAERREEF S 1208
ERICOTE $70 S EEL AP

AR LAIEFALIBF SR
faf > WA MRFC Y k-2-¢ e Af(DEHP)
BF - " - 7 p(DBP) > H* i G o
Charleset al. (1997)4; 71 DEHP & 7 3 &

FEZAF T RN R ot E

PVCz 4c1 ¥ 4% ; DBP &> ? MAa+ &
2HRF U ke B EY R Wk
,]%j.nq N w:g_ﬁj.n ,;:A,;\g;\:—gqh,g o d i
FHF - " B eyt 1 ¥ o g R
oo v P HRF Y Rhfiqdpz & 23k A £ i
EH A2 ABF > m T R F C Y BRfqsg



Fo9ON O Y -7 -2 ey
(di-(2-ethyl-hexyl) phthalate, DEHP)i# * g
B %o # »rkz &4 $ 4 4 500000¢10° w4
2 AR A&ET L 203 g AW
5000 Her sl o 3 b it gt 3

#6714 (Adamset al., 1995) » B3R i3
KRR B g w«gm%
Fradp ik 2o rAE KRR R &
A0 DEHP 2 DBP 2 f | £ ik #7§ AR - @
ICE N S

Wang et al. (1995)7 45 § 48 = 7 fit =

7 fa(DBP) 2 8 ¥ - T ph-2-2 A Ay
(DEHP) 387 /5 -k 32 iy ¥ e F A4 R] )
2B fEHNE Z U PAf AR 0 B o+ s o] 2 AR
F o9 RRfa T R ARIEARS ¢ T AR b
PP B R Tt BN IRT 5 R T iy ¢
AR FRRIEEE AR GE ] B
el Ak o d 2t DEHP 2z -k i3 M4 (water
solubility) ¥ » ® -k &2 3 A & fe % kB
(octanol/water, Kow)1p & # % > &7 fatr 124
M%7 DEHP 1% % sipex f 2 3 Rk 2 4
R ey 35 ¢ (Wolf et al., 1999) - 124524 &
BT KRS R E K~ RS R A
¢ vk DEHP 2 DBP & n 8% - 7 i
faapisd B P RJifgf adlis > £ %“gvﬂ
F kB EF R 2 13?@?]'*’/»\ oo RS T A
BokBERESLE AR Y A e o
MEFRIRE R TR KRR -
A SREAE ok A R

22 BB RARRE RJLAF Z U Bfigig

BB 2Bt P HEHE T Bl
BB 0 B 0 PR R RE
= T ERPasE 2 B 4 sk iz > DBP 7 %
WRE AFF AR B A FEiRSF %
B 0 FltikEpih T DBP 473 RRE 2 0E
T2 F R ﬁ?—**’ﬁati ; =%+ DEHP
TORIALY %ib"é;’& DEHP » »" ¥
2 g iET > DEHP £ % *f iz - DEHP *t 4%

FRAMBL LM SR ;r\ DEHP
2 B >3 28 X 2 152 "EfErek L 86 % o
O'Grady et al. (1985) » 12 & DEHP 5% 2_ /&
M5 R %2 DEHP> #F I H "5 2kt 1 2 p
2% fEF G T0%02 2 pz 5 f2% 91%: 3
ﬁﬁﬁfﬂﬁ$i&*iﬂ**%4%%
Bo¥ - REIENERELT REESE
OQMyamww%)wﬁimﬁﬁﬁ&;
PRRE® > Flt k2 P ER Z B ME
DEHP *% fz»c % 8554 40 > vi4~ 42 DEHP
FRRER R 0 Flt 0 A Y &%”@@k
B 2 &5k (MLVSS 2000-3000 mg/L)
ﬁﬁﬁ@*w%f%-k’ﬂﬁﬁénDaweh
DBP ' 4 k& » 11 s5/epcd 7% 2 DEHP
2 DBP 2z pFi¥ I 3% % %1205 0k 3t DEHP
¥ DBP z AJZ e o

23 ¥ U R 2 PR

PAEs ¢k & % (ph0t0|ySIS) K f%
(hydrolysis) i& % 2% %k » 5 7 B j% PAEs
T2 vEECEF A "sf2 > Wang et al.
(1997) i fFfa 2 o ien T B ad g - (9
o A e T Wi ggiy DBP S Rdcst i
¥ 2 PAES 7§12 fi2 - Wang et al. (2000)
Y #4435 = 4 PAEs: dimethyl phthaate
(DMP), di-n-butyl phthalate (DBP), di-n-octyl
phthalate (DOP) & {7 jk¥ # $ "5 2 g % » H
M%7 PAES 'R A & Pt Bip e
ez fL pl4d (alkyl-sidechains) & & o fd= 4>
JE R 10mg/L sk i T o= A fpl4a (alkyl-side
chains) #E:7DMP - DBP 4 %] =4 % &2 6
X 5% 2R 4pF o> DOP &% g & T
FMF S oo b FHGVEFIR - PAES
shd iR R0 & - st (firgt-order) i

:‘%,V%é\, o
R iied kARE 2 PAES @
4Ry A P rEfEve R RRE EfEG E 0 T

%
TN K R AR RS R
DEHP » % 443k & % i 700 mg/L & » 7~ 7



<l

hbodn 24 ] BN CEfE 200 2 FHEF R
mEET 60C > DEHF’/}&E‘;'1 hAw 24
E‘*iﬂ 45% 2 i fR3 > TF A 96 /) pFiE 3
70% ;@ 7 iz HH P (organic dry solid,
ODS) o PR A 24 R A
il bkt f 25 16 Lh (Banat e al.,

2000)"“;%”) JJJ' il%[ﬂf; o 7;\]‘ ’ W?—f

* & %  (acclimation) & T Tt wm %
(immobilized cell) = ;N 3 2 E

Moo iem E 7% 2 PAES 2 P = - Wang et al.
(1997) #%& 21536 35 % 3% {8 fied et e
FRIZRE LI SIS E 2 EHEAE
G RY S B %Mo A4k R 100 Mg/l 2
DBP ‘i 50 /] pF v "% f2 50% - i * F
it dmbe o PIT Aeid RJZiE R T 25 PEP o
d LB Ao 4 5% i3 (biodegradation) -
P RJZ PAES & H 3 & g2 > 5t

24 FR

ARV R AL SHFF BRE S S H
S 1T G g#q ?1 | * chF ka5 0 RF
Je SRt 1 ERI
%#%E@@g$ﬁméﬁﬁi%ﬁf’%
FORE R T v i R S k(A
FORpEL o Ra o B R T RY AT
PEEER AR R TR TS Ao iF
B 27 At %&I—H 7% zv;l W 3 L A;Jf;mfrﬁ
Tl o FERACE AT FIH AL T
BV ERE YICAARZT 0 e r - R T
mEE R TARIFETLCZE/ITE
(anaerobic stabilization thermophilic/mesophilic,
ASTM) A2 ¥ # B LA~ $R Bl
PR o Oles et al., (1997) &-$4 BB PN 5K
BIL R TR Y 0 R T Y ASTM Hojis
W ERT T SEMS 2R Y 48%35% <
3 60%; it FHMSZET A
53%% > 1 46% A F £ 7 d 039 mikg
OTS# 4¢ 2 0.45m*/kg OTS -

¥o- fafaiad-c R A gl

PR hs

0 W LU A

RERETEAS BT PR RER -
iy 1+ (aerobic digestion) #2.5 7 45 1% 47 §
RN R S AR -
(biodegradable) z_ 4= & > @ i 5 & f& € it
(stabilization) 2. pJ2 A2 o 2 & P @ 32k
BEREAP DI PREI ) DT a0
R 5 S SR N RARL E il AN
RAEEFT > BB AP FFE LG 24 E
fhoo A I ARSTARR L& & % ) )
AORRIZR Y c ERE IV ARAAPRZ T
W CARR L RAEG R R RS T
;}ié"ﬁi:ﬁm@;\ FARH A o KA o HITIR
]+ 20000m¥d 2| fudm 3 o0 4R ) it AR
FRAZZFZEEjRGIFFETE ¥ 2k
T At 7 F 2 FITH T RGHE
(Bernard and Gray, 2000) -

BORATE ) AR o G SR eh
Fim™ 0 A& fd A A p i

(endogenous respiration) » 7 i 4L R £ 4

B mafFeie AP E 2 a0 g o IR R
%*ﬁﬂﬁiﬁkﬁﬁﬁmﬁ’ﬁﬂﬂ%%

Fap2rEaida i aki? wl i
oo 1345 2 Wk % (USEPA 1989) 2 2
% F AR HEE 5 (specific oxygen uptake
rate, SOUR) %3t g -] »> 1mgO,/h-g pF >

¥ X G & w5k (Bernard and Gray,
2000) -

25 Fp 5}""3?1 kiE kA
B2 A%

2E2HE YR

LEE R LRSS kT RERE F
2R MEFEFF RRILRPEE - R ET
K RETRE G P AR L o A d 5ok R
Eﬁ@ﬁ“%liﬁimﬁ/ﬁﬁﬂ RlF & 35§48 2
Hieg ¥ o ERD T 0 BIH1972 EA2
FRBPFEGT 429 FEHTRAREG
Gl o 1 1997 EPFERSEEAE G
> 623 FHM od WP 5ok R
(Urban Wastewater Directive, 91/271/EC) =



B o g E BB AR R D g 5 ke
B FI ARG BRE R RP F AR D
1%0&@@%%@&Hﬁﬁ’“ Ak R
FER R g o

- Hm AR ARE N e
Fa s FILE RPES o FRE_1972 £
%@@ﬁzmbwﬁﬁﬁﬁﬂ*%ﬁ*i%
Fl1* > b 25% eiF Rk R R s
Fl7 1997 #¢ 3 ®iE 55% ehiE ik AR A
kL3RI o e EEE R AL T Sl BB
TG 17%0 & 1991 £ 12 0 ¥ R
© AL F R AR BRI R Skl S N o
BMAERMAIT S = L& ke EmpT kS

p\’m

Fo G- BTV LAY TR 0 G v i@
LERES SRR s SO R I KR N O S S |

B @ E0R et I il
3 P A W4 o gE (European Union, EU)
gf*l%Oﬁ% ARE 7T FEN (icE)
R & B el 50k il ¥ %'—%—
sl A2t 10% 3 80% 2
(AN )};f mpﬁ?‘r-’f )1 45% > @ FF R I%ix
7 038% REIT AfgES S AH S
CHY RO FPR LS A B EF
Wl de B - BT 1998 & %
ENLEES ‘SL AP ﬁ]ﬁ?%é‘l%”ﬁﬁﬁfé“ﬁﬁ
F® 2 7% (Lue-Hing et al., 1996) -
THRRS o UP A5 6] & 1981 &
ToREB R E RS OT% 2 kHES R TS
LR AR SR EARY 3428 o
C (TR AT R AT 30%) 0 4Rk A

S &)

55 Rk A

> m —Lrl;hm!"‘ 5] A

>
—

i ‘a;

1“”)}6\'5 V¢ R EJT (S > BT 80% 14 pE
BEAREE APl B R o p 1974 £
’?4Pzﬁfﬁ5'1w’ﬂﬂ“{?f a4 FRE &
BoanRTBLAETAE o B A b if‘??ﬁ‘l}f

P Tt B etk 3t T ORISR ek K AR
S g%s$gimwn§W%@§@w,

SR A D2 BT e
iﬁ&fiﬂ’W&”TkéﬁﬁWﬂ%
’H F?'H“’:ﬁ*/ RIS @E;‘% %}W
Feng foe

ﬁﬁf«éﬁ%m’—za,%?
BETAE 5 B A F R 2

Aok oRES I BRARERERAR
» 2003 & pFiE & p 531 ¥pen

A
= |

IRy S BNt

AR Bo 3 2009 ER|E pSE AR BN
766 o » {ElT 2000 57k A
214 828 o (3% 2002) ;AT ki A T

¥ 2 K5 1999 £ ¢ F 6.4%> kAL T oK
HAr Yz kA ERAL 3% 1 2009 &
FokToRE AT S Z Fd 6% 0 EF D
WA KT kgA e 2 Fehfe i A kiER
4T K REHE G 8 BR (44N
TRt EpAE S SRR R e R
AN SR T 5 g W) FH AR
?i‘ﬁﬁ’U£¢W$?ﬁ?&@&i’
TApFHREE P 40,000 ¢F 0 AR g T E A A
£ 14,600,000 #E- 5 B > SR AR D
(% »1998) -

HWRJZ A KR~ TRBFREE » AAF
WA LR TR 2 e
FITHE L ETRENY  SBRT W
ERECE- K L0 SN - v IR P> L0 o= 1l S
R R iRERERLR I N LS
SR T 0 Ak ehg KRR o F M
WHARBLEEFRE T2 - RFL2
ot R kT ORB R R B R A TR
o RERAELIT R ES REE S A
Moo BTl F ARAE =~ N/ AL £ 2% ¥ s}
Bip- = AR Y HERE ?&J’?
FTRE A1 PRTRT o

B AT o B R RRE R P
La*w%imﬁ%’ﬂ%%wym
PR E TR MR EFFRE A
FRBERFERI BN
G EPRERAPF AL DB P o
B SN L
BARRIES 0 1P REARE o f Rk
FERLEE > AL - BT R R &

PEVANE SRS

9w
Pﬁm%&@
Y

Hio 4opt s if
& 5

|

4t (w,

I
4

e
K

£ xRN A

AT o



26 TokiFR 3 G

iwﬂﬁﬁ;‘m‘@ﬁr’ﬁx#*ﬁﬁﬁ’
LT EAA KR AR ER ST
B 2T E LT ORISR R > R
LG 2 P AT ]
I RER T ORBIEZET TRFEE
F oA 4B pz,k—ruw:q'ﬁligm%?,v T
— ReRlE xf#ﬂ/u/’a\éﬂ“%#ﬂ N
ARAF A BR¥ L (PR K
B~ Ftre B RE s ax % s (Blder 2
Fl~ X 25+ B F AP 2) 2 7ot
Bl o d W3R 37 ERBBEE2ZAMKRS
(nitrate) » & # if § 5 k¥ * 5357 B
AR TTORE LR R e
ToRFREF R EH Y 7T A
W T AR (BB 7 R R R
ToRFAR S TOATE 2 UH > B
LR RS AR R F R R SRR
4 (friable) » 7 3 4v 3 eI PR & k&
FH N IH PR FRRESHE Lo
R R AR RSN N R S50 4
froii 4 TR E- BT it @Y £ R
PR IR L B R AL
R S T i VAR G B
7%7‘;‘:&%9”; * oK

pERPAN AT w)‘—”\‘

b By

1 AREF AT

BoKEBAERRE ST R A 'FKT* 737Kk
/f@/—fix‘fé‘]‘ #EEARRE R R ﬂﬂﬁ
Bl &L 2 BIRE S TEL AT 245
(seed materid) -

2. 3k ¢ FH4ip DEHP &2 DBP )k & % i £ 3¢

AETF 2 A S5 FAR 0 RS

DEHP ¢ DBP: ik 2 # $** DEHP &
DBP 2 A2t — %2 B » ¥ BFDAE
1 % > #2580 - A kR Z
DEHP &2 DBP > — % {5 if p[sx '3t E4p ¥ 2
DEHP &2 DBP 2 ik A& -

3. /5L &% DEHP £ DBP k& % 1 4534

¥ 31 DEHP 2 DBP* /5 -k ig2 H ~ ¢ ok
GELTAEED 3 Ll SR ¥ PR A ] & S f e
FAR AR FARREAR L O

4. 5% % & 15 Fl4p PAES % 2 &

A A R A B R R FE
PAES 2 "% 25 » T ¥ B% 40 B 2. PAES Jk
BRAGGRE MILHIE S (SET
Jf*“" WHORF PR A VI 100 mg/L

2 PAESfé  a B P 24Pl 2 ik i T i
S A SEE §

5. 5% % & 15,2 49 PAES ™ f2 %

Btz P RRISD BigE Fp R B
SRR GCD AR F iR Y 2
PAES k& » R 81 % B 12 B i AR AP
PAES 2_ % f& i 4

6. DEHP petllgr 2 33 &

R BT RARE LB 4 RS
AR (R RS 4) fefll= 2  DEHP &
BenE LAt 2 s B LW
L DEHP R &> 5 )k 47 - DEHP fie
A% 5 P~ 2 ¥ DEHP Rz 4 » &t & %) ;1’%
P UGRE S Kt DEHP %322 8 ~
AR AT s T SRS YR BB R
o RERBR TP DEHP ER » ot 573
AP DEHP 22k R - Hig#-5 L8 0
Fels 2. 2 EEARBE B RS N

w

W



FRGEREARIERE > RE S Ay o
FARAE S BRERFABEIEE N RS
DAY SRR ST F
5% 0 4 3w B 7 -k £ (fied capacity)
(Madsen et al., 1999) 5 » pt & 3LP] 5 k4 8h
FTEAETRR c FREBER SUER L2 F
PERGEFHIE ZRER Y A0 252 C
Z2_fF o

E“ -,:’\‘!‘J‘\zéa

1 AABFAH

d 2 1977 5 A RRERAERZ A
AETAEE B RRE AR 5 KR
TR R F P FEEB R ERERGHIE
4Lz BRE s (R R AFE Y 2 {548 (Seed
material)ed £ 12 2% 7 wh=uHEk gk
%%iﬁkﬁ Ll gl wwﬁﬁ%ﬂgﬁ

2. MLVSS z_ & 1109mg/L » #2832 B 105
e ek S (CASP)R F # e kR M > 8
BB MFEAERE 2 MLVSS H kiR 530
B3 B 7 e (U4 b2 kEgis R A
BFsERRERY MLVSS 2 kA » 11
& - 4 CASP ¥ MLVSS ¢ & 4] &
(1500-3000mg/L) ° (i + i 2 42 B 33 &
fef8 0 2 MLVSS & 5 2111mg/L -

MY ATHR 3t 2 47 78 DEHP & DBP >t 2
fae ¥ § J& & (Blank conc.) » DEHP 2_ # #]
B % 0.32mg/L - {48+ & /% (supernatant) 2
DEHP @] & % 0.13mg/L ; DBP*t e & ¢ *
AR A T DBP M EAY 2 RER G
? °

B LAr7 5 AT 23 R8%F B2
fEAEF R 5d SPE FB RMEE RN
GC-MS &2 Bl % B L ()7 5 48
AT ERA AR R TR R FY
PR 2405 2 (peak) Sd MS poaEz
Bl 2 %% 22 DEHP 2 4 W &

P s
fo e

%t 86%: T
EREy - Fa
Bt 2t R

mg/L -

WAET R ERINS 2
FF R 24.04 2t (peak) ;d
2 W $2 %% 0 # % DEHP 2

i B

MS p £

iR % £ 83%; T &

Jk R % 0.13mg/L- *
P2 AFFIRRY
ZHEANTES N
¥ DEHP & & % 4 jk it A 04 4o 4l
R AR L

PEH2 IR % -
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koo Flptid
2 NIRRT

# L fifhengk & i

Activated dudge from aeration tank of Min Shin MWWTP

MLVSS

1109+21 mg/L(mean + std , n=3)

Thickening sludge from min shin MWWTP

MLVSS

7224+98 mg/L

The mixed liquor of thickening sludge: activated sludge (4:1,

viv)

SCOD 87+15 mg/L
TCOD 3733+153 mg/L
TOC 1533+58 mg/L
DOC 48.1+5.2 mg/L
MLVSS 2111+10 mg/L
Total DEHP 0.32+0.05 mg/L
Soluble DEHP 0.13+0.03 mg/L
Total DBP 0.00 mg/L
Soluble DBP 0.00 mg/L
Solid DEHP 67 mg/kg

Solid DBP 0.00 mg/L

Unit: mg/L

MLVSS:. 2 & % %555

MWWTP: 573 - k A2 A

TERH L AT
DEHP; %82 %
DEHP 2 ik B %

@y gk

& % > DEHP 2
= 2 3R % % 'DEHP »
% ** Cheng et al. (2001)
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2. 75k ¥ F4p DEHP &2 DBP k& % 1 3 3¢

A 727 2 DEHP 2 DBP s 54| 34 3§ # »%
Freundlich 3]\ » ¥ A "Rz FAM £ o 5 H k=
oo he@] 4977 >0 DEHP %R s &2 9
% ®2 Ap b & R°=0.84 > DBP % j§ s s 5t
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F4p 4t DEHP 2w & 3 F 11 i

2 255 F4p§3t DBP 2 v B I3 e

2 {35 > 12 DEHP & DBP 2 gi k&t a

% ’DEHPm DBP E fi i 2. ik 4 F] gt o

AAFFRZE o R R

EL,E;‘%&«FE%%E@? 7 DEHP#DBP { 7 % B #
AR EHApE % o

14

12 | Toes=226Ces'" &
= 10 R‘=U<.>84 &TDEHP
= g r ag'DBP
|
T4t S gt

2 | : R'=096
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Ce (mg/L)

% 4. DBP &2 DEHP = *f#i-58 ¢ g* 2 Ce 2 B

B 5.%77% % * & PAEs k& > DBP
305 R FARRE AR B (O/KQ) ¥ PR 2 g0
%A 0 Flip2 DBP kAR ¥i&ii2 PAEs
%E%%ﬁﬁﬁ’ﬁﬂff’*%ﬁﬂ&ﬂ
13.22g/kg 4 + - PAES i&jm ik B % = | 9(10—80
mg/L) » B 15k £2 5 ¥ DBP 2 4 f3»

o Fp o TigE X PAES AP R R A T

Em o B S R DBP 2 A 3 R fE
M- R THEM o TR B AR

< ApE 0B o Flpt o> w2 B2 PAESiE R
(80 B Rk S DBP 2 4 3 g £ 3
A2 Flpt o DBP enF4p ik & Y PAES
ik & 10, 40, 80mg/L &= & T & P &g e
A% o 5 PAEs:E/RE A 140 mg/L BF >

BURIS T 3% 0 jE 5 R ¥ DBP 2 A f2 ¥
% 3% kR DEHP £ DBP srd]| » F]pt &
15 7 A 3 DBP 2 skl 2 A 2 s 0 i
=~ DBP 2 % # ; % PAEs:& mw}a)ii 140 mg/L
% 417 % > H S % DBP 2 AR+

RAFT g2 ki o Fpt > DBP I A { -

He RAENF R AR E Y o % i PAES ik
BHED T 180mgll BF o BT R AR R X Frd)
2 fEmr g s B el 2 g & R
C oyt DBP R 2 sn g ] o B A
ok St DBP 2 & ﬁ’i-?jl RS
;ML 2 P B L g A DBP 3E ik B4R
P 2 ER G AT S 2 AR o
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> DEHP 2 A 25 M BT '8 » [FRRARY 2
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AR Ed @ﬁﬂﬁ“rﬁ%ﬁ‘ AR 2 FA G
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PiT¥ 2 B 4 0 DEHP ¥ A& - # ¥
2073 0k B4R e Ay seir DEHP &2 DBP 2
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BN E R > Fip P 2 DEHPJE R 7 At 4
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B 6. F4p DEHP g4k B % 1L B

% 2 #1575 PAES & mik & 10-180 mg/L
75 F4p? DEHP ¢ DBP 2 % f#48% > d %
2 7 Bp e g 4w DEHP 2 ¥_DBP 4 ¥
PAEs i&/i )k & 2 &2 » DEHP & DBP 7% #
R FAR 2 AR T { 4P &2 > ¥ DEHP A&
% > PAEs itk 140 mg/L #% = 3 180mg/L
pE o 75k Hdp® 2 DEHP 2 7f FA540 % &
P & > DEHP Hipk B2 d 19.26g/kg # = =
106.33g/kg ; DBP H4p ik & ¢ 4.78 glkg # =
I 13.22g/kg > €2 41 PAES 2 BT
fod PAEs gk & 4216 140 mg/L Bf A
¥ 41* DEHP ¥ DBP 2_:i# i ** DEHP

2 DBP B 2 if % > flcd = A 4 i)
ERE
RGBS 0 R A

2 AR BT - Y B F -k
g (log Kow) s i vb 2 B 0% > R AR E o @
fafaffz Rk B4 % 0 B A FEpE
ER i B EA S NN A
SV RS BT AR w
PAEs:g ik & 140 mg/L st & > #p e 2. &0
R EIR 2 FI R F] G 2 0T o R
¥R A T I RR o BRY
VR A B E R Rk B R 2 M

oo W AR 2 SRR R B A 2 g
BEFEET MY Y20 e AR

(DEHP) 48 ¥ =
2 B

"= 7 Aa(DBP) L KR AR

% 2.PAEs &k & 10-180mg/L i3 i F4p *
DEHP £ DBP 2 % ## ik &

Daily PAEs  The max. DEHP? The max. DBP” conc.
influent conc. accumulatedto  accumulated to solid
conc. (mg) solid phase (g/kg) phase (g/kg)

10 1.00 0.48

40 3.56 2.48

80 7.31 4.39

140 19.26 4.78

180 106.33 13.22

a DEHP 2z % f#--k v & (log Kow) 5 5.11
b: DBP z_ % fig--k vt i& (log Kow) & 4.72

3. 75k R &% DEHP ¥ DBP kB % i* 453

75k & Hp R 4% DEHP &2 4% DBP = =
z2_3 “,% F 4B 7 22 B 8 #ror - PAES &k
B d 10mg/L & 180mg/L > ¥ g 5% DBP £ %%
DEHP JE & % i* {45 % pr i 2 g 1L A% > 7
e v JRRS R & A2 DEHP 2 DBP
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DEHP & DBPz § "% k& » 7 ¥ E I [ f3d
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% 3. 2 F-kqliz g pEF T 2 DEHP 2 4 %%

R

Acclimation Initid  Hydraulic DEHP References
/Nutrient conc. retention  degradation
(mg/L) time rate (%)
(day)

YIY 100 2 <10 Wang et
al. (1997)

YIY 140 4 >20 *This
study
(2002)

a kg R 25°C.
b:AFm 3 2B R 3O°CFEB§ZJ‘% s %5 *F KHP

4. % %% 15 F4p PAES " 3 5

BB A RS BB E FE
PAE 2 "% 3% » ¥ % B ip4p F PAES JER
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