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Occurrence and Risk Assessment of Five Selected PPCPs in Municipal

Wastewater Treatment Plant and the Receiving Water
WEN Zhi-hao, DUAN Yan-ping, MENG Xiang-zhou, CHEN Ling
(State Key Laboratory of Pollution Control and Resources Reuse,

University, Shanghai 200092, China)
Abstract; Five PPCPs, including clofibric acid( CA) , diclofenac( DFC) , ibuprofen(IBP) , ketoprofen( KEP) , and naproxen( NPX)

were selected as target compounds to investigate their occurrence and removal efficiency in a wastewater treatment plant (WWTP) of

College of Environmental Science and Engineering, Tongji

Shanghai. Furthermore, their distribution and potential toxicological risk in the WWTP receiving river water were investigated. The
results showed that all targets were detected in WWTP influent, suggesting that domestic sewage discharge is an important source of
PPCPs to the WWTP. Lower removal efficiency of these PPCPs was found in the WWTP and the main mechanism of elimination was
biodegradation. The pattern of five selected PPCPs in the river was similar to that in WWTP effluent, indicating that WWTP effluent
was a main source of PPCPs to the receiving water. Risk assessment showed that diclofenac posed a high risk, while ketoprofen,
naproxen, clofibric acid and ibuprofen showed low risks to biota in the receiving river.

Key words : pharmaceuticals and personal care products ( PPCPs) ; wastewater treatment plant ( WWTP) ; receiving water; removal;

risk assessment
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Fig. 1 Chemical structures of the five pharmaceuticals
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Fig. 2 Scheme of the municipal wastewater treatment plant
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Fig. 3 Mean concentrations of five PPCPs in water at different

sampling points of the Shajinggang River

Y53k, BT AT KA 34 R I IR KR
1.2 FEALHTALRE

JKFERAE G S B Iz A1 52 46 2, 4+ 0.7 wm BE 5
£ YEJE S ( Whatman , Maidstone , England ) , 11 € J5 7K
FEE T 4°CUKFETRAE; DRIEEALEA 1 B OB HI 58
AR, R R T T 24 ~48 h 5, & T
- 18C UKFEIRAT, R IR 2270 BT

1.3 FEdh PPCPs B4R

JKFE . B 500 mL ZKHFE, H 2 mol-L~=" HCI #7K
FE pH 2 3, FF A 250 ng I RIE R Y G FRE 5
HlH % 5 ~10 mL-min~". FfiJ5, 3 mL 7% 5% %
MK IR EE 2 R 35 25, /MERIEZS 15 min )5,
FEH 3 mL A EAE I B AR, WS Ve BB 7R ZE
RAFKT )5 B AR E 452 0.5 mL, T 4C
UKFEORAE , AR 23107

ORE IR & IOV R T8 ) B VR BN B (&
JERE) L INA 25 mL HEEFI 15 ml PR %96 T 8
ZEIL(20 min) I R e e 28 R AN E 75 vk
Ai2 21 mL, B TR R E 4 %2 100 mL, 2R )5
FHE AR BORFARE & 2P BRI .
1.4 &0

R 155 0CWRORE 2 - £ K BT 3 ( HPLC/MS/MS
API 4000, Thermo Fisher Scientific, San Jose, CA,
USA) 43 Hrke it 5 PPCPs 4H4Y. (iS5t T .
Agilent Eclipse XDB-C18 S AHH: (150 mm x2. 1 mm,
id,5 pwm) ; WEAH:75% A M (W EE) F125% B A
(& 0.1% SRRMIKEEW) , Wik :350 wLemin~'; i
FEARL 10 Ly FiRE B . ESI &, >R FHAMs i
SE

BRUCIAE S0 Fr o i AT E , S hm o il 2k
FRBRAE A RIS/ IN T 80% IR, B2 F 7 I o s o Hh £k
TR KFEFR G DL R ARSI B (LOD) 4 2 ng-L7",



3 4 IR A . SRTTE AR AR BT R A2 AR AR rh 5 Bl Y PPCPs FYIRAF AR A AR 25 XU 929

HoAh 4 Fh HERZGPRIER N 5 ng- L7 R AE
anf, HAR 25 A I B (LT E ) S 0.2 ~ 20
ngeg . THURRES R, DA SIS DR (A R Sy 2
ng-g ' Al 4 FFEARZYRIIBR Y S ng-g ™' K
PR B H bR, W LA 0 T IR TR I BR
Pl 1/2 LOD 4.
1.5 RS s

5 Fh B AR 25 ) bR o . AR I SF (IBP, i >
99% ) . ZEHE (NPX, 4l % >99% ) | Hili% 2% (KEP,
4iE >99% ) . WAL (DFC, 26% >97% ) . E
R (CAL R >99% ), MU Z 48 7= ) B T IR ( FEP,
4l >98% ) FIPIMR | H A5 (o ik aligl ), B S8 A
Sigma-aldrich 24 F]; HE R 3L A i 254
, 2552 FH 7K A Millipore 2555 1K

BT 12 AR RIS Br 728 1 S0
B SEBOMAR AT R oA TR SR i DL EA T I
PR BT RE S R B A B R R )
(BRI TR ). 7K FF v [l il e 48 7= 4 1 [l i 5 oy
82.7% ~94.5% ,5 F HFr ¥y iy LN 96. 7% ~
104. 6% .

2 HRSIR

2.1 5 Ff PPCPs 7£ 75 KA R AH [E] 1953 i

WE 1 FiR,5 FlvBbs PPCPs fb 24454 th 25
AR, BT —E MR KM X B E T X b 59
GyAETET KA. PPCPs 8 W 70 50k 9 v i) 72 8 3
B T OR Y B R A . A LR A DL H AR
PPCPs (1[5 AH-WAH 73 e R AL K.

K = ¢, mpw/ ¢ g x 1000 (1)
M, ¢, g A2 URL Y T b B R T A R
(ngeg™" )5 ¢ A VS M AR B T A BT A ok
(ng-L7") 5 AECREK AR L kg ™'

R T D5 8 AT 40 RN A A b B bR TS e i)
WRE AR (1) B RN5 KA PRk 5
PPCPs ZH 73 1 FIURL W) FIE fife AH v 9 43 E R 40 K
WSS R N 124 Lekg ™' Bl M 115 Lokg ™',
AR 34 Lokg ™' MIKIF A 21 Lokg ™' 284N
17 Lokg ™' 5 FERMEZ W) 1gK 16 1.2 ~2.2 Z[H],
U H AR 25 B B AE K AR v, OB 1Y) TR R
A 2% KA. ZREAE . KT MEANRM K <50
Lekg ™', HAERURL Y (W BRI T 2. 5% , 25385
FERTURL ) v R o St 0 I et A3 BRI XSRS TR T
1B K > 100 Lekg ™", HE J0R0 4 10 W B
>5% WA K e K, il BE2 RN #EAIK pH I

FERFALEHIGIE. 5 R HAR PPCPs Y[ AH - A 43T
FRBCE AR, 3 5 T A7 A P B RE A
PIAISE 0. SR YE K v Rk 2 W 1 B R A7
TKAH R B (0 520 FSUREA) v F v AR O A1, JHE v
AN 2 DRSO 0 R O A A TR AT BRI 18 3.
2.2 T5KAEREARFEANEETTH S B PPCPs 19 A BR
V5K AL BT sk 5 Fl PPCPs 1457 34 4k 3 78
25 ~1380 ng-L ™" Z[H] , #AbEE T2 7k b H ki s e
YIRSy AT TR DL IR 4. A7 3% 25 RN OSSR #1152
DT 2R A AU I AR AL 5 24, A6 HR AR T b o
K AT R R B V5K ) K P A I S A
& PRI 7R 380 ng- L' MR,
WERE A 320 ng-L~1; FRIE IS G DL R A28 A ik i
FHXT AR, S 35 Wk BE 43 301 24 25.3, 81.4 Fil 58.2
ng-L°".

1 600

- KEP
A NPX
CCA
1400 - q &3 DFC
=< IBP
T N
=l M
=i |
£ 12000 n
=
® N\ ‘1
|
400 + N
N
\
200 N ﬁ
\ A
\
oL ol

Mk B AYO i MRS UVINEE
ik ik Hik Mmdbk K

B4 SALGE EITZH8THKFS # PPCPs HiRED

Fig. 4 Concentrations of five PPCPs in effluent of each treatment unit
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Table 1 PNEC, maximum MEC and RQ of the five PPCPs

in the wastewalter receiving river
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XAISTR 100 103. 8 1.03
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4 #ig
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