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AR _C B (DEP) | “B2K W2 — T (DBP) | 4P R T F W EElg (BBP) | 48R W ER —1EERR (DOP) | S84
R (2-Z 50 L) g ( DEHP) ¥R . 3T 7KK AH T DMP ., DEP. DBP #1 DEHP B -2 243504 0. 98 . 0.21 x 10° . 0.27 x
10% F10. 15 x 10> pg-L~" Tl BBP #1 DOP 44 . /KI5 ks T DBP Al DEHP, -3 BT ik & ( LT E 1) 4305k 0. 37
pg-kg ' #10.31 x10° ug-kg™'. DMP, DEP, DBP 1 DEHP [ 23 BR34%53 512K 68.3% ~82.6% | 94.5% ~98.2% | 74.7% ~
95.0% F190.5% ~90.7% , FEEHI R BRAL K AT BE 2 A= 9y B A A0 [ 25 4R . T — D03t HH 7K ORI 7K 75 8 Hh s ¥ B2 Y DBP il
DEHP {51337,
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FESES. X131 XEARIEE. A XEHRS: 0250-3301(2013)04-1357-06

Occurrence and Fate of Phthalates in Wastewater Treatment Plants in Beijing,

China

ZHOU Yi-qi, LIU Yun-xia

(State Key Laboratory of Environmental Aquatic Chemistry, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China)

Abstract: Three waste water treatment plants ( WWTPs) in Beijing were selected as cases to study the occurrence and fate of
phthalates. Contents of di-methyl phthalate ( DMP), di-ethyl phthalate ( DEP), di-butyl phthalate ( DBP), butyl-benzyl phthalate
(BBP), di-octyl phthalate (DOP) and di-(2-ehtylhexyl) phthalate (DEHP) in influent, effluent of secondary setting tank and excess
sludge in those WWTPs were determined. The mean concentration of DMP, DEP, DBP and DEHP are 0. 98, 0.21 x 10, 0.27 x 10?
and 0. 15 x 10* pg-L™" respectively. BBP and DOP were not found in those WWTPs. Only DBP and DEHP were detected in dewatered
sludge with mean concentration of 0.37 pg-kg™' and 0.31 x 10° ug-kg™" DW. The removal efficiency of DMP, DEP, DBP and
DEHP varied from 68.3% -82. 6% ,94. 5% -98.2% ,74. 7% -95. 0% and 90. 5% -90. 7% respectively. The main removal mechanism
should be biodegradation and volatilization to the air. Higher concentration of DBP and DEHP in effluent and dewatered sludge should
be concerned.

Key words : wastewater; phthalates; contamination level ; transformation; fate
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FEh A48 — R — I EE (DMP) |, SRR 2
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AHITFER FTRIN ZEAR AE O T 6 5 K T #EK . — 90
WK KK G Je iy 6 F PAEs SEAT AN 2R
JEHTT T 25K AL LT PAEs /995 3 7K F A
Hi.

1 #RE5FE

1.1 CRFE

2006 49 H, 4 HIxF AL 5t 3 A5 K AL BT
(A, B, C)FET 7K, Uit K R K5 e 54T T
KAE. SREERTIE f54 09:00, 11:00, 1300, 15:00
F 17 :00 , AS[R] B[] 6 2R 4R B RE 5 EA TR A5 15 3R
SREM. AT SRAMEIE A /0 T2, T 2K s 8w
[H] (HRT) >4 8 ~10 h, 545 R HE (SRT)8 ~ 12 d,
WE 115 7K H 20% R Tolk B 7K, 80% kA 1k 15 K
BJ RH A/0 T2 ,HRT 56 ~8 h,SRT 6 ~8 d, X
V5K A TG K C T R AENE A*/0 T4,
HRT Jy8 ~10 h,SRT 8 ~ 12 d, Y475 /K ¥ M 4k 1%
15K,

KRE FH 0 ¥ 1) 38 308 0 ke, SR AR I S BV I A
5% H S 4 CAAE  SRBGITIR R 2= . WK Je e H
BRI & A 4C IR AE. RIS E A, KRR
—80°C A G — 60°C 14 T4 24 h.
1.2 X500

GC 6890-MSD 5973 (5[ Agilent 22 ] ) ; [A]
WA E (BB ) Jo KB R
(Na,S0,) MLl (Jb X122 EL T ), 7E 400°C
Ribe 2 h & M5 FhMR (HCL) | %484 (NaCl) A=A
R8I (NaOH) , P4l (b aife i A | 3 &
bt FR A A2 (Fisher /A H]) 3 HEE, (5% 4l ( Fisher
2H]) ;5 0.8 ~2.0 wm FLAR IS 2F 4E JE ( Millipore,,
Bedford, MA, USA) ; #%li7K(18.0 MQ).

AROK T I IREEZS (2 =97% ) , AU dE AR A4
2 — W fig ( di-methyl phthalate, DMP) | 4B& — H iR
:Z@E( di-ethyl phthalate, DEP) | LR HER T
fi ( di-butyl phthalate, DBP) | 4P — HI iR T 2L~ 3k
fit ( butyl-benzyl phthalate, BBP) | 2PZ — HI g — (2-
B3 ) fiE[ di-( 2-ehtylhexyl) phthalate, DEHP | F11
LR2K W iR — 1E -5 ( di-octyl phthalate, DOP) 341
H Supelco.
1.3 SAHEIE-BE A

SIS S (AL HP-5MS (30 m x 0. 25
mm X0.25 pm) ; BEAE IR . 250°C ,ﬁ/‘j\‘:He; 7
AP ER] mLemin ™' JERE R 1 pL, WS AER .
6 min, FFEFEF: 100°C & 2L 25°C +min ™' 3 T £

180°C , #£ ¥ 15 min, $X 5 LA 20°C - min =" 3 Ji Tt %]
300°C , P4 5 min.

Fil 5k EL B8 1R B FIRIRE . 230°C; W
THER 70 eV; HFARI AR 1529 V; il
Rl :50 ~500 wu.

6 AR — F IR ER ) T i o PR A2 1 15 -4 il A
DMP 163, 194 (163); DEP 149 177 (149); DBP
149 223(149); BBP 149 206 (149); DEHP 149
167(149) ; DOP 149 . 279(149).

1.4 FEHFIALRE

JKFE B 500 mL 7KAE, AT 000 mL [R] )i b
WU pH A 2.0, JIIA 2.5 ¢ NaCL, 7% 422 31 [] i 2%
TR AR IURE B — iy, P2 R AE 100 ~ 110°C Z M) R4
. 330 mL & W e E T 250 mL [l JiEbe i
o FEAE R 28 18 26 IUE B % O — i, LA 60°C 1H IR
TNBBE, ES A 2 h. A e B 2 ¢ &
IKBRERENE K, 185 B AR E] 1 mL, 4, & 50T
FH. PR B AR 478 KRR R T 0K AR A 43 L, R
FHO.8 ~2.0 pum FLARBE I LR 2 Bty KA, 8
H AR B2 SR 7K AR BE | AR 2o S8 A o I A5 vk By
SR EE PR ) 2508 R 0T URE_ A

T5UeRE B 10 g T8, A 500 mL [5 JiK e )i
oK E 2R3 100 mL, P87 pH 8 2.0, A 2.5 ¢
NaCL, 3% 45 31| [m] B 28 18 2 B 8 — v, 428 ) s B2 7
100 ~ 110°C Z [ R FF IS, 55E030 mL A H k&
T 250 mL [BEGH, J5 2 AE 5K R
1.5 HraEE

(D) @M HT PR HERE SRR 23 Hr 38 5
NREYRTWER

()R RSN E &, € & 55 B it
R PR TR AR AR (8], o AR iz — 1
Fis i 2 B R ok 163, oAt 5 B H AR %) 5 &2 6 R
H 149 ARUEFIRTTRIKE N 0 ~ 10 mg-L~".

1.6 =i

I SRR S R A PPN S TR S i S Y
O, FHZS FUIAR [RDSCRURE St [k AR I 2 (o]
W, AT INBRFE R TN 7 A 2
1.7 EARK

EBRHOE = (cpp — cun)/Cn X 100%
B = (eape X Qun) = Cempe X Qui) — Wigie

2 HR5ITR

2.1 JyEMMERREE | R R BRI 2
FHO ~10 mg-L~" 6 F PAEs BIARMETR W T 194
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HEMZEAH & R %0=0.99; /KFEH 6 Fl' PAEs f 5 ¥
K HHBRTE 10 ~40 ng- L', 25 FUIAR BICR =98%
FESAR BV R =95% , 3 WK H A [l ISR AH X bk v
2% <5.0% ; JeFEH 6 i PAEs 1977 35 A R 2k
0.5~2.0 pgeg™' TH, 2 IR R =96% , 7
Sn AR DR =90% , 3 YR H & [P1IACR AR X5 b v i
#<5.0%.

FH 2 B 17K R TC /K B BR A A SR 7K A R AR 1) ot
FRZS I ERERCRAETS Yo O, i R 28 AR 25—
H,RFE ARG AT YL
2.2 757K H PAEs {54k

& 1 v LA, FET5 K] HE KK A H DMP
DEP . DBP F1 DEHP [%)~F- Y% B 43511 4 0. 98 | 0. 21
x 107, 0.27 x 10* 1 0. 15 x 10> wg-L", 1fii BBP Al
DOP [ R TG R, 3 AN T5 /K A 38 3E K 7K A
Hk Y 4 Bl PAEs SR EE S50k 0. 83 x 107, 0. 54
x 107, 0.57 x 10> wg-L~", Hirf A y5 7K Ab 3 v i
Hei, B A C 5K W BE AR Y AT RESE A A 5K
LB IR R A 15 K AR T K iz AE T
FE A HLEE TS, PAEs S H 8 E 0 ROk 2
—. {EFEKHEIFEUR. | DEP, DBP fil DEHP fi3F
e s 23 92 0. 17 x 107, 0. 60 x 10° 1 0. 16 x 10°
gLt 2 KA A V2 BRI A, DEHP (1) ¥ 5 &
fern Y, X DEHP A9 4 H & ok, 44, 2005
A FR EE IR TR B2 122 7 v, P AR R —
F R TR 7 38 98 35 B 7= 1 9 70% ), BT RAE A BR R
. BRIAZE AR L 5T Tk K sk i 75
JKH¥: T DBP, DEHP, DEP ., BBP Hl DCHP, i &
JEEITE 0. 20 x 107 ~0. 84 x 10° pg-L~", Hif FE L
4¥>% DBP fil DEHP. AR24HE4E Xtk mii 4 475
TRALFR T HEACRR H 7K &R 2R Z R ER 4T T 43T,
¥l 44 7 DBP, DEHP . DEP . BBP Al DCHP iX 5 Fi
SR H RIS, W EAE 0.72 ~59. 17 pe-L~" 2.
ARAFGTEE RS Z AT WA S FE 45 SR AR, R 3
AEK) Ut Kzt T DMP, DEP, DBP Al

DEHP, H Hfv 7K R oS- 247 3 B 4331 R 0.27 ., 0.69
0.57 x 10 F12.50 pg-L~", &7 PR HE LT
DEP ., DBP #il DEHP, -7 ¥ & /3 51 4 0. 16 x 10,
0.83 x10 A1 1.30 pg-L~".

AROCHEEE AR BT 4 AN Y5 KA T
K ARG A 6 b PAEs B BETE 0.72 ~ 4. 20
g LH, QSRS R B R UKL, A 5T A 35 K T
K 6 B PAEs S BE R TMOSBE SN (5T
g5 RO K B R Y R H > (/N F 10
mg-L™") , FTLIETFE IR | 6 Fh PAEs AOME (LIT
b, TEDEE T I Fug-g ™", Kt ARRBEK AR
WAk ) e N | A L E S S

FEWFFRBE BN 3 AN T5 K AL BE ) KI5 e
Kl 1 T DBP Al DEHP PFPAT2E — I RER LA,
SR 43 R 0.37 x 107 H10.31 x 10° ug-g ™'
Cai 2 SR T LRI & #E A9 11 A5k 5 iR
(1) 43 Fhf 45 A HLYD , Hoh A H 6 F PAESs 1k
B, BETE 10 ~ 114 wg-g YU, LT A5 7K
AEBR)I5 e PAEs SR BE B . ST SRR B
[ BEA 1998 ~ 1999 4F | 5 A5 RAE B [H] 2006 4F
MIZT 7 a Zeh , ARWF5EI e 25 R 5 T Cai %51
(R 5 5 5%, [R)— V5 K AR BT R e 45 5%, AR 9%
it Cai ™ MG R E I 1 B AEA R
Martinovié %“6] R IASTR] B B (] 35 K ) s Ge ik
JERAR—FERY, Cai %1 RAER R BRIRIRE AR5 K
SEWRIRAHE, IR RAE T A B AA 25 5%, T A
TN e B ) 22 S T BB 55 A T SR T A G, i
T BN RS IS RN, A e 0 Al
LRIk T 5 0 6 Fh PAEs (1) 4L 5T & 43 BUAE
(2.08 ~5.82) x10; HH DEHP &% B i1 90%
Ph b, ARSI S Z MY, 163 M EKA R
LA B AT C {5 KARERT o DEHP 5 iR 530k
0.22 x10°, 0.34 x 10 f10.38 x 10’ pg-g™", A ¥57/K
AEPRTV5 I DEHP e B B 221G, AT B2 K A
J G e gt T R b B

R1 FKT 6 MBFE_FABENFRAT CFYMH)

Table I ~ Contamination level of six phthalates in WWTPs( mean)

5iH IR/ gL BIRERL pg- L] Hejlcis e
K Ak K Ak /pgg”!
DMP 0.98 0.27 nd nd nd
DEP 0.21 x10? 0. 69 0. 17 x 10? 0.16 x 10 nd
DBP 0.27 x10? 0.57 x 10 0. 60 x 10° 0.83 x 10 0.37 x10°
BBP nd nd nd nd nd
DEHP 0.15 x 10? 0.25 x 10 0.16 x 103 0.13 x 10 0.31 x10°
DOP nd nd nd nd nd

1) nd FARAKH
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2.3 PAEs MW INAT A LBRACGE

ME 1 FTLLE B AR 3 AN TE KA iE
JK A A H ) DMP, DEP ., DBP £ DEHP 7£ /K AH
T L S R T R TR A 5K
DMP . DEP., DBP Fl DEHP 75 & 1% WUkiAH I Y 1 ]
YRR 0% | 44% . 49% 1 88% ; {E B 15 /KALBR)
DMP . DEP ., DBP Hl DEHP 75 & 1% WUkiAH I Y L ]
3R 0% | 45% | 83% F1188% ; TE C 15 /KALHR)
DMP . DEP, DBP I DEHP 7 % 7% ki A8 b 19 b 4]
SRR 0% | 43% | 69% T 95% . {bAYITER TR
B AY He ] 5 S K S il R ERIE A OE. Means
ST ST T A ML) R A TR R (K,) 5 oE K
STECREC(K,, ) Z 0] pRER, A T R 2 R 7 kL
()R TR IR A A LTS G TE B WokE | 5tk A
WFFE LR 3 A5 KA BT HE7K 4 Fh PAEs 7 [#]
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F190.5% ; 1 C {5/KAL3 ], DMP, DEP, DBP i
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F190. 7% . S8R W IREEZAL G WFET5 /KAL) /Y
FBRRCR BT 5 KA B (AL BE T 25 s f 1350
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J v PAEs Y2245 i, DEP Hil DBP (9 £ R R Ny
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Table 2 Removal efficiencies of six phthalates in WWTPs/%
i H A T57KAb T B V57K Ab 3] Ci5/KAbFE

DMP 68.3 82.6 68.6
DEP 95.4 95.4 90. 8
DBP 72.7 83.4 94.9
BBP — — —
DOP — — —
DEHP 90.5 90.5 90.7
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Ffr. SRR AE 10% ~20% 1 PAEs 11 faj i 1
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