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Fate of Eleven Phthalic Acid Esters in Aerobic Sewage Treatment System

ZHOU Lin-jun"?®, GU Wen®, LIU Ji-ning' ", SHI Li-li', XU Yan-hua®"
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Abstract: Phthalic acid esters have potential environmental risk due to their endocrine disrupting effect. The biodegradable and
removal characteristics of 11 phthalicacidesters were studied. The results showed that dimethyl phthalate (DMP ), dimethoxyethyl
phthalate (BMEP) , diethyl phthalate( DEP) , dibutyl phthalate ( DBP), diisobutyl phthalate ( DIBP) , dinamyl phthalate ( DNPP),
di-n-hexyl phthalate(DNHP) and bis (2-ethylhexyl) phthalate ( DEHP) had ready biodegradability, dinonyl phthalate ( DNP) and
dicyclohexyl phthalate (DHP) could be biodegraded but did not pass the 10 d window-period, and only 43. 5% of diphenyl phthalate
(DPP) was biodegraded on 28d. The degradation curves of 11 PAEs all obeyed typical first-order kinetics in aerobic sludge kinetics
test, with the correlation coefficient r* >0. 96, the degradation rate constant was between 0.021-1. 11 h™" and the degradation half-
life was between 0. 625-32.7 h. In aerobic sludge simulation test, the removal rates of 10 PAEs were >80% at hydraulic detention
time of 12h, except that DNPP was only 55% -70% . The removal rates of all PAEs reached 90% at hydraulic detention time of 24h.
The relative high exposure in effluent for DMP, DEP, DIBP, DBP and DEHP was found by using GC/MS, with the residue
concentrations of ND-44.0, ND-12.0, 60.4-594, 88.0-823 and 130- 728 ng-L™', respectively. The results from STP model
prediction showed that the removal in STP was mainly contributed by biodegradation, but for DPP, DNP and DEHP, the absorption
removal was also an important removal way.

Key words ; phthalic acid ester( PAEs) ; biodegradation; sewage treatment; model; removal rate
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£ 1 11 # PAEs B IER
Table 1 Physical-chemical properties of 11 PAEs

FHRE

KA B

LY CAS 5 JPaem’ ~mol - WY e /g1 S K/ Pa
DMP 131-113-3 0.011 1. 60 1.50 1 800 0.616
BMEP 117-82-8 5.40 x10°° 1. 11 1.32 1737 0. 030
DEP 84-66-2 0. 044 2.24 2.02 720 0.339
DPP 84-62-8 3.10x1073 4.10 4.12 1.96 1.82x10°*
DBP 84-74-2 0. 120 4.50 3.28 11.2 0. 030
DIBP 84-69-5 0. 120 4.11 2.91 5.06 0. 002
DNPP 13-18-0 0.219 5.62 3.59 0.1787 0. 026
DNHP 84-75-3 0. 385 6.82 4.11 0.01 0.003
DNP 84-76-4 2.11 9.52 5.67 0 5.17 x10 73
DHP 84-61-7 0.010 6.20 4.12 2. 40 6.1x10°*
DEHP 117-81-7 1.03 7.6 5.08 0.001 0.0027

PAEs W1 09 58 U il A5 0 2810 5 ) 32 31 4
BRAGTIZ . 2 E M ST 2R U it 4
PAEs ()4 P2 Ff#i FH , 40 DEHP, DBP, DEP, DMP
DOP ¥ BT &P S E | g R L K BR A 45 51 Ak
Jeis e 4 B Y Hoh DEHP 5 DBP B J2 Bl 52
B A AR 1 T L O LA H .

1G/K AL BT (sewage treatment plants, STP) Jf&
PAEs [m] M5 HEC — A S 2 rh 5l | & PAEs (1)
Tk K DA B A 3% 5 K AR 2 N STP #6474 fk Ak
B, PAEs 7E STP i) 25 R i R A0 45 A Wy e g Fn i
TRy, A WS, DBP I DEHP H1 T HH 38 iy
W B RE T, A T AT A B WA RS T R S ¥ e B T
TR IR MELASE— B R B TN
PAEs [ B4k P BT A7 75 22 5, 1 PAEs 19 W FfE 32 %%
(1gK,.) M 1.32 ~5. 0, A=Wy R s 1 AR A il
% PAEs 7E STP HW A 815 2 2. 2 Y i TC
A STP AR5, W) — 2t K HE 2t H 6 K
WSk A 2 R G0 LA S N N 3 ) (e B s s g e, R 0kt DG
VEFIRFSE PAEs 7675 /K AbBE R G0 P A9 40 A S5 05 4,
XoF R KU A A B XU B 4 HLAT 3 23 3L

KUSHZF GRS K EHZ (organization for
economic cooperation and development, OECD) f*){k
S A IR A I D, 5B E T 11 Bl PAES
FEIRBE rh i P AR P B A SRS IFSE T PAESs 76
AT P V0 T %) I i 8 23 R o ik 20y ) 2% e R
FH STP 2 NARAEL, STP 337 520 S STP A5 74 F530) AH

LRSI BFSE T PAEs 7E STP 3 | I3 X 2%
TR T T 10, LA A2 B R 88 5 XU
PR AL T RORN B S 1Y HE R B

1 HBE5HE

1.1 AUER5EGR

BOD 4% ( Oxitop OC100, WTW , F [ ) ; 448
A Ak Y5 K AL BRI 22 55 (KLD4N/SR , 5 [E ) ; ] #H
TEE IR (LOVIBOND , B ) IR, 5[] ) 5 S AH (i o
B ( GC/MS, Agilent 7890A , 448, £ H ) ;
5975C = HE PUGAT T4 M % ( Agilent 5975 C) , &
U4 54T (Agilent, 30 m x 0. 250 mm,0. 25 pm).
SAHLIK(TOC) 43 BT (N/C 3100, HRE 1215 ;

i 7€ & 1 ( BUCHL/R-210, Hif 1) 3 & WA
(ANPEL, % 3%) s /K it 2 Z 8 (HQ 40 d, Wi
A, BED B F R (RSN EAZ 5L ; &
W B 0 ML (CR22GIL, H Sz, A A ;5 4l k %
( Milli-Q, #% HW ¥, £ H); ® W &
( FINNPIPETTE , $8 8k &t /R, 2 [ ) 5 6 {1 9
PE g (O 48, HJ- 3); 5804 & o# OB L ML
(Eppendorf, f & ). 16 i i A A7 % B3¢ &
(Waters, 3¢ [F ) ; HLB [& #H % HUAE (500 mg, 6¢c,
Waters, < [E ) ,PSA #£(1 g,6cc; Waters, L [H ) .

PAEs bRifEfh (43814, 5 R Ae¥). 1Bk
(3%l , MERCK) ; 5 H ke (B34l , MERCK) ; &
fi 2,16 ({234l , MERCK) .
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(1) 3.

1.2 PAEs MY8F48 A Wy R i S 1
1.2.1  PRUZIFEIESEE (301F)

B 28 4y B i 52 86 36 T OECD 301F k™.
ARSZEGAE 500 mL BOD SR H#EAT. 1l R4 s
297 mL Hi 33,3 mL GG RRETFR (3 g L)
DL %) 15 mg PAEs G PET5 U8 4 30 mg-L~',
PAEs #RFE N 50 mg-L~"; ILAh, % B A & 29 1)
R Zs 0 BE 2K R AR X R (2R AR A
ERZ W, famisieistE) . PraiF7F 22°C +
2°C R % P IR S HE 28 d. 28 d PN AY A I R E ot
BOD Z3 A %2, PAEs Y 4= ¥ B i R R 3 1A X
(1) 45

_ QT_QC
R = < Thop, * 100 (1)

KA R MAEYIEME (%), TIREZRY; 0, M
Q¢ A Z R Y A A B ETHFE (mg L™ )5 ¢ A
ZARYHE (mg-L™") ; ThOD, K52k ¥) i BRIE 75
A (mgemg ™).
1.2.2 GRSl )24 500

PHE PTG Ve B (3 g+ L") F2 /0T STP #i4l
ARG EE T S A AR, B RINAGE A
15K —A 7 IR LE SRS B 500 mL 3
15 IR IR RS B B O, (8 FH B A VR O AL
(5000 remin~") &0 5 min J5FFE EER, RIEH
EETKEFE MG A, £ RSB EE b
WALRR A/ 3 W TR AT BEVR TS e h A B ik
() PAEs ( 23 PR 4 A5 P A HE 1) PAEs fb A& Wik
JE <5 pg-L7") . HEBETACK 015 R ECH K 3
g- L7 HUETRME. 1A 11 B PAEs, {45 PAEs
ISR T R LW E N | mg- L™ FFEi b8
I AR A A E) 2 mg- L' DL, R — i i ]
KB GC/MS J5 i 22 36 h N5 JH PAESs
k.

il FH— 2 8h 12 77 406 PAEs Y 3 Bl s] [ 7y
AR, LA ARAF

d = dye™ (2)

K, d 2 e « 2R (%), dy %
BRI E I (%) 5 by R FEE(s™) 56
] (h).
1n2
k,
Ko, DTy, MR (h).

DT,, = (3)

1.3 YR SL

HEE TS Ve BRI (3 g- L") 3R T4 W K fie
BRI FE D B m . LW MIE, &
PAEs(1 mg-L~") & W i5 K i #E 7K (TOC = 100
mg-L™"), 1L 420 mL-h "' (0 dHE A BRSRET P2y
K AERR BRI (HRT) 298 11.2 h. H44b2zi bR
IRBIRGE JT , P RE R K AL | el 7K g 45 B I 1] 4
SR 12 h A1 24 b AkeRil. IR AR R
SIS TS VB T BRI B, O I 5 BR 2
508, 5 e R EAE 3 g L7
1.4 STP ALAIFN 5 5 Hr

FEI PR XA 27 i 7R 15 7K AL B B B 1 2 8 NI
WAL 2R RS0, R AR A48 R G i mt T FR =
STP TR B 7 5 285, I A BE | B R & BURH.
TV W — 8 12 B SR e P R T TR E
SR G K AR H T2 R 8 2 500 e 5 SCikt e A T
BLi) C-STP( O ) FMA AL PPk Ak 2 b 1
15 7K A B B 1 R i A .

C-STP(O) R I TT L | It A — 19T 4% RE K
FH L, B IF ORI | 15 VA B s AR i 9 . AR
R FERIA T B X 3 R A S B
2 i A e (o 5 KIEFRBE | logK,, . 78
S LA B A Wy R Ak ) DL ORI B S 8
(REAYERIN ) s TRV TIIN A 7 ol FH o 2 v HE ik 1 Ak 2
iR K2 STP Ab PR 5 1) 25 bR 3G K . KR
GINCH ARV EPSR RS T R ] 5N

TEAME S, PAEs 1Y 1gK,, | 1gK,. . & FIH %,
IKEERIE | 78RBS B OECD echemportal (4
JEENOT R A I A A SR 2.1 B 4
R C-STP(0) B AN 5t 28Ul BB S 44
1.5 STP BZRAELL K 5B
1.5.1  HEarhiftA pLa e

B STP #E/K % 7K 4% 10 mL, i 0. 45 pum JEE,
Ji1200 L 0. 1 mol - L~" ERERFR b 2 BR /K AR TCHLAK
J& , 1 TOC 40 B A 22 DOC, &N FE S 3 AN 47
pH | ¥ f#E(DO) LUK L 3 R EFR AR K £ 5
BRI A 5
1.5.2  FES& T HERYvR B

TKFE RIS PR i AT 5 e 42 T it 18 5835 /K Ak
PHIORAE. KEERNG IS IR RAE 3 L FAR B3
. KEERRBUE ] Oasis HLB(500 mg,6 mL) [& 4
EPEAEI, A AE B S mL 5 H e, 5
mL FEE 5 mL #B2iKGM; BRELS R G 10 mL
ARG, R I R A S Y AR TP R,
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1975

EH 1 mL IEC KRR, i 0.22 pm IE MRS FF
GC/MS 53r#r.

PR BTG TS P B IR A T B A RS
PR S5 WIS Wi AR, RIS, 0 ¢ 150, f# T 25

ml " H e A RS YR IR, BRIR 15 min, 4
EIFFEBURG e 26 % 229 1. 0 mL, i F TC/K i R
£l Sep-Pak PSA #:5fk. 7KAE DL A& P15 Ye 1) a1 ik
YLLK 2.

&2 11 7 PAEs R BB RFN4E X HR AR 2 (RSD)
Table 2 Recovery and relative standard deviation( RSD) of eleven PAEs

- K T
N . — s
TbR e/ pg - 17! B/ % RSD/ % TFRHRE /g kg ™! Bl % RSD/ %
1.0 77.0 3.65 — — —
DMP 10.0 110 7.21 10.0 105 6.10
100.0 101 2.34 100. 0 119 5.21
1.0 78.4 6.78 — — —
DEP 10.0 114 2.17 10.0 69.6 8.30
100. 0 98.2 2.50 100. 0 84.2 2.50
1.0 115 6.45 — — —
DIBP 10.0 103 0.55 10.0 98.5 8.69
100.0 99.5 2.17 100. 0 112 8.4
1.0 83.2 3.19 — — —
DBP 10.0 114 0.56 10.0 70.2 8.21
100.0 112 2. 60 100.0 75.2 1.25
1.0 91.2 3.50 — — —
BMEP 10.0 111 2.24 10.0 111 3.80
100.0 119 4.14 100. 0 95.4 2.22
1.0 72.0 3.10 — — —
DNPP 10.0 83.2 5.48 10.0 68.7 5.40
100.0 117 3.80 100. 0 92.5 6.50
1.0 71.5 1.10 — — —
DNHP 10.0 66. 1 3.53 10.0 119 5.81
100.0 78.8 4.21 100. 0 101 2.27
1.0 73.2 0.90 — — —
DHP 10.0 107 3.94 10.0 83.2 7.15
100.0 95.4 2.10 100. 0 105 2.57
1.0 69.7 2.10 — — —
DEHP 10.0 85.4 2.65 10.0 95 3.5
100.0 78.2 1.15 100.0 111 2.6
1.0 70.2 6.34 — — —
DPP 10.0 96.4 2.72 10.0 109 2.6
100.0 107 4.30 100. 0 119 8.24
1.0 88.9 2.50 — — —
DNP 10.0 71.6 6.72 10.0 106 6.21
100.0 75.2 0.65 100. 0 84.5 7.27

1.5.3 (s tinik

ik 45 Agilent DB 1701 (30 m x 250 pm x
0.25 pm) BAE AR A 1.5 mLomin ™', JFFE
FR 2. 250°C; A 73 i, B & W i & 20
mL-min " ; 5 B IN#ES . 250°C .

T3 5 B TR (ED) 230C 3 MS DU % AT 1 3
150°C.

P FHE R :60°C -FF 1 min, L 20 °C +min ™'

EF = 180C, S8 min; PI5C -min~' FFZE
250°C ,f#4F 1 min; LA 25 °C +min ™' EF} % 300°C , 1%
5 min.
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2.1  PAEs BYPRHEA: PR K A R sh Ji2F A
K H OECD WM 3% (301F) [ B 11 Ffr
LRI F R R 1) PRk A W R e v, 54 o ) AR W R



1976 7 S - 38 &
Rz LA 1. M*ﬂﬂ,%tlﬁ%%m@ﬁ%mﬁﬁﬁ 6 d —e—DHP —O—DNP —&—DIBP —#—DMP
A - —O—DNHP —A—DPP —#—DBP —%— DEHP
TG A= PR R A 3] 60% , FFaE ik 10 d W, % o —4+—DEP —>—DNPP —0— BMEP —m— Ref
WIS UG PE R4, SCg 45 A R 28 d MI[A] 11 F 100 -
PAEs & T A [F) P2 B8 (9 B i, AR 3 W] 1, 8 il % f
PAEs 10 d MELHREMR R >60% , J& TR s A= 4y e i 20T
\ ‘ . 70 |
PEfLAG. DNP A DHP 45 28 d i 2 o
60% ,{H 10 d WA AIEF] 60% . DPP 7E28 d 14 R
YRR HAT 43.5% ( <60% ). a0
AR5 K B 5 0 2 s A A P M
25 5 Ak 4 0 W A S (k) 0 B DMP, ol
BMEP. DEP., DBP. DIBP, DNPP., DNHP LUl X 0r ,
DEHP X 8 7' PAEs 10 d MM FEA# 3 > 60% , U] k 0 PN e
Sy -1 Ay -1 v
DHP £ {Ej‘j 0.23 h! ,/E\“M:ﬁTEﬂ% 3. Fig. 1 Biodegradation curves of eleven phthalic acid
FE I A B sl )25 S0 g h  PAEs R B2 SR B R[] esters in a period of 28 d
F3 11 MBX_FHRENREEYEBERDNZER
Table 3  Ready biodegradability and first-order kinetic parameter of 11 phthalic acid esters
PR AR W K A T Ve B0 ) 2 S
PAEs wdrw O ‘;ffﬂﬁ @ﬁ%ﬁ k/h! EIPIE Yy I k/h-! DTyy/h
DMP 100 100 0 0.69 d=83.1e 034 0.99 0.32 2.1
BMEP 83.2 88.2 0 0. 69 d =90.3e 0218 0.97 0.22 3.2
DEP 100. 0 100 0 0. 69 d=82.6e 042 0.97 0.43 1.6
DPP 43.5 28.2 10 0. 069 d=114¢ 077 1.00 0.79 0.9
DBP 100 85.3 2 0. 69 d=104e "1 0.97 1.11 0.6
DIBP 100 90.0 2 0. 69 d=78.6e "3 0.96 0.38 1.9
DNPP 100 70. 1 4 0. 69 d=91.3e 0022 0.95 0.02 33
DNHP 100 82.5 2 0. 69 d=89.6e 028 0.95 0.23 3.0
DNP 100 10.6 2 0.23 d=89.1e~0%0 0.97 0.36 2.0
DHP 61.2 19. 8 2 0.23 d =110 28 0.99 0.26 2.7
DEHP 100 65.5 0 0. 69 d=99.8e 00 0.97 0.03 28
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Fig. 2 Residual rate over time of eleven phthalic

acid esters in kinetic test
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KR AR, A 20 A0 B /K T B B 0 A,
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Fig. 5 Removal rate over time of eleven PAEs in stimulation test

AbBRT R B B R KR O S i A A A T R
F G R M E N DA K STP L8 F0 45 SR AT 1 %
Her .

6 N 18 KI5 /KALBR) wrgk i /K AY DOC Z:B5
R, OGERERN 18 FKis/kAb ) TR 8 KK DOC
I RBRFACT 60% , HA 10 ZEBRRY BT 60% .
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Table 4  Information of different sampling points and conventional parameters of water quality
P ki a%fg% R AN B pH HL %,/ mS - cm ! SS/mg-1.7!

/m?+d SN AN FUK ik JEK ik JEK ik
1 E119°08'57.9"  N33°27'55.7" 500 1.70 3.3 7.90 7.24 1.4 3.1 89.0 7.20
2 E119°08'14. 6"  N33°22'24.3" 500 0.50 2.2 7.42 7.85 3.40 3.39 211 7.70
3 E119°12'36" N33°24'35" 300 0.30 3.2 7.82 7.23 2.47 0.92 55.0 3.90
4 E119°12'49.5"  N33°23'0.5" 500 0.50 4.1 5.9 7.6 1.63 2.4 350 4.50
5 E119°09'58.9”  N33°29'19. 6" 500 0.50 3.7 7.42 7.49 0.53 0.58 24.0 3.80
6 E119°13'42.4"  N33°27'6. 1" 500 0.50 3.1 7.61 7.56 0.97 0.89 109 2.30
7 E119°19'0. 8" N33°26'54" 500 0.50 3.3 7.54 7.69 0.56 0.89 52.4 3.50
8 E119°21'36.7"  N33°24'3.4" 1000 1.00 4.5 7.56 7.90 0. 869 0.671 10. 1 9.6
9 E119°23'33.4"  N33°27'22" 1 000 1.00 6.4 7.81 7.70 1.05 1.02 32.0 6.90
10 E119°26'39" N33°27'15" 500 0.50 4.6 7.61 8.00 1.19 1.12 26.4 11.6
11 E119°29'40” N33°27'9" 500 0.50 6.3 7.34 7.81 2.73 4.37 18.7 9.90
12 E119°159.6" N33°30'49. 5" 500 0.50 4.7 7.55 7.72 1.15 1.05 910 9. 60
13 E119°20'29.6"  N33°34'57" 500 0.50 4.3 7.80 8.33 0. 828 0. 807 7.1 4.9
14 EI19°26'35.8"  N33°30'59" 500 0.70 4.7 7. 66 7.97 0.713 0.756 17.5 6.30
15  E119°2428.5"  N33°36'44" 300 0.30 3.8 7.85 8.36 1.147 1.019 21.0 14.6
16 E119°25'58.8"  N33°37'47" 500 0.74 4.1 8.10 8.36 0.733 0. 696 8.20 6.01
17 E119°14'16" N33°43'10" 300 0.30 3.4 7.50 7.85 2.16 2.09 71.7 9.20
18  E119°14'19” N33°39'23" 500 0.50 3.8 7.87 8.19 1.42 1.29 48.0 7.50




5 JAIMRAERE ;11 Fh @8 — F RRINR /e 4 S 75 /K AL B AR GE P Y U 1979

AN P RAE R TP WA T 18 5K AL A 1
K EARBETF YU E SS |5 & B, DOC £ FRE <60%
FIIX 8 ZE SS PR FMARME , #E— A HEMX 8 FKi5 /K
ALER )28 T e A AR — s ).

100
a0 -
80 M _
70 H M B
60 H ]
50 H
40 {

30 H

20 H

H H

0 1 2 34 5 6 7 8 9101112 131415161718

Eo6 18 HKZHFALIE B DOC KbrE
Fig. 6 DOC removal rate of eighteen townships

DOCHEBH#/%

sewage treatment plant

11 Fl PAEs ", Bk DPP A48 i 4h, Hi4y 10 Fi H
PRYITERS ) 25 A 3 T BOKAE h 4 A [m] 72 B A i
H:Ap DMP . DEP. DIBP., DBP Ll K DEHP ¥ 455
JEUK HP e JBE S 43 531 S ND ~ 11038, ND ~2 903 .
329 ~2136, 1269 ~5 46714} 160 ~ 1067 ng-L~",
Y K M B 4 9 A ND ~44.0 ND ~12.0 .60. 4 ~

594 88.0 ~823 1130 ~728 ng-L~". LI |5 f4
JO ) 25 B3 R L 0 0 M 27. 6% ~100% . 84. 4% ~
100% . 0% ~89.3% . 9.33% ~96.9% L)} 8.98%
~61. 1% . 3X 5 Fy 0 BAGE H 458 v DA T sz ke +hy
UL AW B F T A A 7= P A 3 M, TR
BEIX A2 BEARNT R T8 5 1 & 4R, 3k Se Y5 K A BR
FEFARE AN X 4 %Y R R KT
FURPAE A5, ELABATT 5 (55 1 € S L e IS4 Sy 4
(IS, H PAEs fL& Wk 2y I\ H & i B i
thoke , PRI S K 5 K &9 DMP ., DBP, DEHP
S TR RE SR 11 AR R fE FH %) ) IR | A R
an . PAEs el B . 4 rh A ibkiA LA SRR
VLRSS — 2 1 5 FE ok A SRR AR Regse 4
BRI PAEs #E AU ZKAR 5, AT R X K A 2R
2 JE N3 Il AR AN R R
2.4 STP BEARSFIN 5 5L g0 25 5L L 53 Bt
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Table 5 Prediction results of C-STO(0) model/%

EBEF(HRT =12 h)

FBRF(HRT =24 h)

H# =R = K Ve R = K e
DMP 0.01 0.01 10. 8 89.2 0. 00 0.00 5.69 94.3
BMEP 0 0. 005 10. 8 89.2 0. 00 0.00 5.69 94.3
DIBP 0. 06 0.22 10. 8 89.0 0.05 0.13 5.70 94. 1
DBP 0. 06 0.517 10. 8 88.7 0.05 0. 30 5.71 93.9
DEP 0.02 0.03 10. 8 89.2 0.02 0.02 5.69 94.3
DNPP 0.10 1.05 10. 8 88. 1 0.10 0. 60 5.72 93.6
DNHP 0.18 3.37 10. 8 85.6 0.17 1.96 5.81 92.1
DPP 0. 004 14.2 48.0 37.9 0. 00 10. 4 34. 8 54.9
DNP 0.65 67.5 15.1 16.9 0.21 40. 8 8.07 50.9
DHP 0.01 0.01 26.6 73.4 0.01 4.72 15.2 80. 1
DEHP 0. 40 23.72 11.09 64.79 0.39 15.5 6.71 77. 4

UEAh, NFE 5 FRaR mT s, A2 e 5 K A B R 52
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DNP 1 DEHP (4 1K, {55, 535k 4. 12 . 5. 67 i
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Table 6 Comparison between predicted values of C-STP(O) model and simulation experiment data of eleven phthalates

W HRT =12 h HRT =24 h 18 & STP 5%
8 W/ % = AEUE % 2 W/ % 2= AEUE, % 22 YL/ % 5916/ %

DMP 89.2 91.5 2.3 94.3 95.3 1.0 64.8 ~100 88.2
DEP 89.2 84.0 5.2 94.3 91.0 3.3 84.4 ~100 98.4
DIBP 89.2 78.8 10.4 94.3 94.6 0.3 40.0 ~94. 4 78.8
DBP 89.2 74.2 15 94.3 98.0 3.7 33.0 ~100 73.0
BMEP 92.2 90. 0 2.2 96.2 98.6 2.4 12.5 ~100 37.3
DPP 52.0 73.9 21.9 65.2 90. 3 25.1 — —
DNHP 89.2 79.6 9.6 94.2 97.1 2.9 0~55.9 13.1
DHP 74.6 72.6 2 84.8 96.9 12.1 0~29.4 10.6
DNPP 89.2 62.3 26.9 94.3 95.5 1.2 22.6 ~100 63.7
DNP 89.0 85.0 4 91.9 87.5 4.4 9.22 ~100 43.6
DEHP 88.9 83.1 5.8 93.3 97.0 3.7 4.9~70.3 33.7
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