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Adsorption Characteristics of Typical PPCPs onto River Sediments and Its

Influencing Factors

WANG Kai', LI Kan-zhu', ZHOU Yi-yuan', LIU Zhen-hong'*, XUE Gang'*, GAO Pin'"*"

(1. College of Environmental Science and Engineering, Donghua University, Shanghai 201620, China; 2. State Environmental
Protection Engineering Center for Pollution Treatment and Control in Textile Industry, Shanghai 201620, China)

Abstract: A batch equilibrium method was used to investigate the adsorption characteristics of ciprofloxacin ( CIP), tetracycline
(TC), sulfamethoxazole (SMX) and triclosan ( TCS) onto Huangpu River sediments. Effects of adsorption time, initial concentration,
solution pH and temperature on the adsorption process were studied. The results showed that the adsorption process of these PPCPs onto
sediments was a two-step process: a rapid adsorption followed by a slow balance. The equilibrium time was about 4 h. The pH value
had a significant effect on the adsorption of CIP, TC and TCS, whereas the effect on SMX adsorption was negligible. The kinetic results
indicated that the adsorption processes followed the pseudo-second-order model, with adsorption rate in the range of 4. 89 x 10 -1. 96
%10 7% kg+ (min-mg) ~'. Adsorption isotherms were well described by the Freundlich and linear equations. As temperature increased,
the amount of SMX and TC adsorbed increased, whereas CIP and TCS decreased. CIP, TC and TCS had a strong tendency to adsorb
onto sediments, while the adsorption of SMX was unfavorable. When the initial concentration of PPCPs was 10 mg-L™", the
equilibrium adsorption capacities of CIP, TC, SMX and TCS reached 702. 8, 733.1, 54.7 and 695.0 mg-kg ™', respectively.
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Table 1 Physico-chemical properties of the tested sediments
TR 20 B %
I Py it e Wi
( <0.002 mm) (0.002 ~0.05 mm) ( >0.05 mm)
tENRIr ALY 6.92 14.12 12. 41 16 59 25
1.2 Hir PPCPs K J5 v i g 7 oS
H#x PPCPs SR HPLC K&, (435 43 25 414
T :Eclipse XDB-C18 4373 24 (150 mm x4. 6 mm
x5 wm) KGR 280 nm, #E R :25°C , #EFE 520
wL, 7 :0. 6 mL-min =" EIAH A 4K (£ 3-SMX
WERRJHSY pH =3) , 7 sl A B b 100% M. R
BEVEBLAE L0 ~7 min, FSIHH B M 20% Ltk Tt = e
45% ; 7 ~12 min, {iENAHH B M 45% LT+ 2 65% ; 4TCS
12 ~12. 1 min, F3NH B T+% 91% ;5 12.1 ~ 17 min, d ’L
WA B M 91% ZiPEF+ 3 95% ; 17 ~ 18 min [ I S )
WILRIRZS. E K 254 F, 10 mg- L' WIR & 0 2 4 6 8 10 12 14 16 18

PPCPs bRy i i) YROHH 5133 WL B 1 BT7R, CIP, TC,
SMX F1 TCS f#) 4 B3 1 18] 43 51 7. 3. 486, 4.502,
8.326 Fl1 16. 982 min, K i BR 435128 32.1, 128.5,
46.7 F191.6 pg-L7".
1.3 SEEJk

M OECD Guideline 106" #4507 1%, 205 %
SR BASTR]  WIARv R | IR pH (EATBURLRL A X H
i PPCPs ZEV TR b W B AR ks e et FHT,
DUBUIRE S AE 121°C 251 T KA 20 min, DATHBRGUE
VIR . SCE DUR SO B AR PPCPs (19 3TFY
FESRE R A R TR LR B A% PPCPs 1/ JGIT
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El1 B#5 PPCPs RO E L
Fig. 1  Chromatograms of the target PPCPs
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Fig. 2 Equilibrium curves for adsorption of the target PPCPs onto sediments
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In(q, —¢q,) = 1Ing, -kt (2)
W8 Ji2e i BRI R h
t 1 t
Lo v 3
q, kzqi ¥ q. ( )

K, g (mg-kg™) MAEE ¢ BFZI VTP X B AR

PPCPs AW FFf 5 &, (min ™) Ay vHE— 25 W JFF 3 3R 8

Bk, [ kg (min-mg) =" ] G B 52 4L
m2 2 FIAL, 76 H bR PPCPs ¥ BV JE S 10

mg - L' DU LW B 2l ) 4 T AT A s
FIZERERL(R? >0.99) , BV R % 5 H AR PPCPs
BRI RAE T e CIP, TG, SMX 1 TCS 1)
THAA S 7 0 B R 4 ) R 714.3 0 724.8 . 57.1 Fl
666. 7 mg-kg ™", 5 SMME AR F HT (53510 702. 8
733. 1, 54.7 F1695.0 mg-kg "), AH Xt 22 2% T
4.4% . WMILaT UL, PUERYIXT TC W A FH B ik, i
X SMX B W B FH 553
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Table 2 Parameters of Pseudo first-order and Pseudo second-order kinetic models
PPCPs E—%zh 1% HEZ 2z )%
q./mg-kg ! ky/min ~! R? q,/mg-kg ™! ky/kg+ (min-mg) ~! R?

CIP 39.25 0.026 8 0.765 1 714.3 0. 004 89 1. 000

TC 24.92 0.014 4 0.5536 724.8 0.019 60 1. 000
SMX 17.08 0.024 4 0.907 7 57.1 0.007 45 0.996
TCS 21.29 0.0120 0.5261 666.7 0.01125 1. 000

T TR Y XT PPCPs 114 W B o 72 32 2 i 9
B, RS BRI B SR 3 425 R R ) s
FP R A 1 1Y) — A S RN I PR R A s A
WY B A= TR
- In(1 - q/q.) = ket
WUk B TR
1-3(1 -q/¢.)" +2(1 - q,/q,) =kt (5)
W2 o6 I vy 42 i A A

(4)

Ak ko ke, 3B DRI RL . FURES BRI B
FAiNpL S8

SR A B (g, = k' + 1, Ho by R
FIURE N BICH R0 80 B0 2 U T 1 A I AR
FHFT I B g S AIL ) A BR A PR 3%, (H 221 0 A7 52
MR Ao 14 3 A2 ]l 2 X A R o o bz i P )
P2 IR AR AT, R4 10 mg-L™" 1Y
PPCPs TRGhRIR A IR FH T 3 P il A0 R A9 80 45 R A

1-(1-¢/9)" =ka (6)  FE3 K.

F3 AR M PPCPs MR R H 55

Table 3  Three rate-controlling steps for the adsorption of the target PPCPs onto sediments

TR 1 WUk 1 MR o S 7
PPCPs 3, 3, 3,
ke x10 7 /min R? k, x10 ~*/min R? k. x10 > /min R?
CIp 26. 8 0.765 1 2.7 0.756 1 2.3 0.767 8
TC 14.4 0.5536 1.6 0.5302 1.3 0.5414
SMX 24.4 0.9077 4.7 0.8759 3.4 0.868 9
TCS 12.0 0.5261 1.3 0.4637 1.1 0.4865

H5% 3 AT %0, 4 Fh PPCPs A4 UKL D HICRT W B F2
o R IR T, TR LR B RGN | 3 U B
TR UTRR Y X PPCPs 1 W B Sz 1o 3t 3 97 ol 20 9% 32
SRR ORI B SR 2 A~ A
2.3 AW pH {EXT H R PPCPs TR 52 0

—MIE O, T pH R 5 ) T B A A Y —
AR EERSE. B 3 AW pH E 4 T
B H A5 PPCPs A4 FH 2.

F L3 ZrHr Al i, S pH 7E 3 ~ 11 Z [E] T,
UBLIXT CIP 118 W o 8 522 0 S 488 s sl /N () e 9
M pH =6 B, TLRHY T CIP By S £ W B & 7T 3k
349.2 mg-kg ' HERFZEUCIRFSE R, XY pH =5 I},

X CIP B W B 2% SR A 47, W B 5 24 R 240. 7
mg-kg ', AWML RAML. CIP 724> 4549 L&
A —NH, Fl—COOH ( pK, 43314 6.2 F18.8) 7,
TEANR W pH JEFE P, CIP 7] LAFHES 7 (CIPH, ) |
FHESF(CIP™ ) MBI 7 (CIPH* ) JE U778, 78
FRVE ST, CIP 43 F 4548 I —NH, Al 5 H* 4%
4, FELL CIPH, BRfFfE, AR TH SR A
L far AT AR =2 (8] & 2R W B L RS 2 1
[ s, 25 5 H R A 5 4 W B, S BRI X CIP 1Y
W BRI S5 . IR pH > 8. 8 B, CIP 4 F-44
¥ b f9—COOH 5 OH™ 454, FE L CIP~ M
CIPH * JEUA7 A, th T R I VE R 1155 T iR
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PLTCH™ Ml TC?™ B A7 A, BLRT i T # i & 1 1E
FH DU TC AW Bt % 3 T 0

TCS Z&—F AW A, fE 0 T4 L&A —14
—OHMZ A Cl £H (pK, =7.8)" ¥ pH >
7.8 B, TCS FELLFI B+ IE XAETE, DA e 3R 11 A A7
70 FL g 1 5 R 0% R R R SR A 22 1L S A
[FAER B, IR TCS W R38R 7E pH =7 i i
U, S B T 3K 347. 9 mg-kg ™" TS AW pH >
9 B, TCS By B2 S 2 T 1%, 78 pH = 11 B it
%A 162.6 mg-kg ™'

HHEL B K HEALTR A CIP FIl TC, SMX /KA,
FE RSN BT 1 02 B R B A, IAIET 3 43T & B, 7
FARIA pH 20F T UURRAINT SMX (14 5 B2 220 &
KT HEikA&W, £ pH =9 B 0% Bk 5 K (30.23
mg-kg ™), F U HIPRBE X SMX W B A — 2 i
PHER X 5288 5 R e R —8ny ™)

2.4 WERMAFIRLR

4 Fl PPCPs 1EULAU) Hh A Wt B 25 TR 2k WL ] 4.
T H TR OL T WBORH W B ok 8 ] e 1ok 22 7l W0 B 45 il 2
T RREBAT TR IR , A BEFEXT 4 T PPCPs 1Y W B 45
R4 5 % B Freundlich . Langmuir 1 2 P A A 3
G R Ze PR BN TT R (7). (8) HI(9)
Fi7R.

leg, = 1K, + e, (7)
n
1 1 1
L.oL, (8)
q. qn KLqmce
q. = Kd *Ce <9>

X, e, (mg- L") MWK BRSP4 20 B H AR PPCPs
(IR EE 5 K, AR W B 5 1T 5 B 1 o 4, L 5 K
BT REA OC; g, (mg-g™") Sy L5072 16 IR B
i K F 1/n R SRR DG 8 B K EOR, %
AH I R B, 1/ S TR o o 8 ) = e R
FIZ FREBIL A 0 22 S, HE BOR, R IAUTRR ) X H A
PPCPs 1YW B g 77 8, PR 1/n o mT R AR B 25
ﬂ:ﬂjjjzﬂ‘

SR 13 3 g o 258 R 2 AR AR e S 56 45 1 A 7
PG, SUES B I CRBWER 4 . 4581
7N, 3 T 7 R UL T A W B S5 R 38 e B AL A 1Y
M (0.875 < R*<0.998). XfF TC F1 TCS,
Freundlich J5 2L & RCR B 4F- , 3¢ B ITR ) X6 L0 B
HBRIBRTZ0TEWM™ . M S , Langmuir J7
FEXT SMX 1) W2 B HE 405 ROR e, 3R DT P XoF
SMX W i 3t 72 Ay AHBL A0 2 1T Y B2 W B R T
Freundlich L& TS AR YER F 1/n (HA A
FHIE], LA BESR H] K, XFASTA] PPCPs oW B RE2E
FTEege ) FEBE R FH A e 250 K, A BT RN DR
XPAN[A] PPCPs W PEREAY 22 5. HH 3R 4 B mT o0,
BURIRE H AR 4 Fl PPCPs W2 B BE 11 1 R 3/ Ry
TC(776.8 L-kg™') > CIP(695.2 L-kg™') > TCS
(651.1 L-kg™') >SMX (3.2 L-kg '), XU
X TC AW BRRE 7 Feeie , T % SMIX B4 W B 136 0 B 55
L PL[EsE, CIP A TCS 1 - 5 i B 2t o 388 5 ) T v
T A2 B A 3 R IR A1) T I BN 64 7 T
TC 1 SMX TUIAH Jsz , b B2 T 5 A R T DR P 0

LA

2.5 WK
K, = K, x 1000C(% ) (10)
AG’ = - RT InK,, (11)

AG® = AH® - T - AS° (12)
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Fig. 4  Adsorption isotherms of the target PPCPs onto sediments
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Table 4  Fitting parameters of the adsorption isotherms
PPCPs S /C Freundlich Lamgmuilrfl SRy i
IgK; 1/n R Ky, 9/ mg-kg R IgK, R
10 3.002 0.923 0.923 2.052 698.13 0.875 2.910 0.955
CIP 20 2.945 0.966 0.942 1.802 630.20 0.933 2.842 0.958
30 2.825 1.060 0.941 1.670 583.33 0.930 2.747 0.948
10 2.858 0.741 0.997 1.556 711.2 0.977 2.778 0.957
TC 20 2.963 0.728 0.997 1.833 693.5 0.994 2.890 0.997
30 3.084 0.447 0.975 2.500 613.1 0.952 2.924 0.937
10 -0.602 1.763 0.961 0.052 22.20 0.985 0.392 0.946
SMX 20 0.367 0.984 0.996 0.103 29.23 0.998 0.506 0.993
30 0.428 1.391 0.949 0.124 32.46 0.957 0.795 0.958
10 2.970 0.581 0.979 2.525 650.42 0.972 2.873 0.961
TCS 20 2.866 0. 608 0.900 2.012 603.93 0.889 2.814 0.916
30 2.807 0.614 0.911 1.673 595.44 0.897 2.700 0. 898

1) RS2 WA RS, P 35 <0. 01

K K, HRHEHFE(L-g™") ; OC(% ) UL
HHURME /&8 AG MWL 2 Gibbs H i fE
PRZE (kJ-mol ™) ,AH" A¥&7% (kJ-mol "), AS® Jy ki
A5 [kJ-(mol-K) ']; R I HEH, R =8.314
Jo(mol-K) 'y T AHRMIRE (K). RiEX(10) ~
(12) ATLAHEE 1 10, 20 F130°C F HAs PPCPs 7EUL

TR (R BT 22 8 50 528 AH® | Gibbs [ FHRE PR
A3 AG FREAE AS®. 25 WA, X H AR PPCPs
FEUURS) b W B B2 i A K. CIP, TC AT TCS 1Y
Gibbs H HBE LB AT, AG® £ -8.82 ~ —10.29
kJ-mol ™', AG® <0, 2] CIP, TC H1 TCS Ft) W 452
B & 8k 377, CcIP A TCS ) AGY B iR
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Table 5 Thermodynamic parameters for the adsorption of the target PPCPs by sediments

PPCPs T/K Koc AG®/kJ-mol 7! AH®/kJ +mol ™! AS®/kJ - (mol-K) ~!
283 57.57 -9.54
cIp 293 53.50 -9.49 -13.46 -0.0135
303 39.59 -9.27
283 42.52 -8.82
TC 293 55.01 -9.76 11.91 0.0735
303 59.39 -10.29
283 0.17 4.10
SMX 293 0.23 3.61 33.14 0.1020
303 0.44 2.06
283 52.91 -9.34
TCS 293 46.11 -9.33 14.35 -0.0175
303 35.50 -8.99

FrEn T, AR IR A R T, AR <0, 3%
B CIP 11 TCS 1) W B 351 2 il 4 s g, TC T SMX 4
AR, W12 25005 S R B A ) A

3 it

(1) EYITHLARINT CIP, TC, SMX 1 TCS 1Y
WG B ash 2 1) S 30 S R S 218 i . ARk
CIP, TC FITCS FW FI 8RB 4T , MR a2 ~
10 mg-L~" A, W 25 BB 3 0] 3k 929% LA I i 4
SMX Yz BRFRAH 7. 1% .

(2) LRWIXT CIP, TC, SMX 1 TCS ) it it
FRIIFF A HE BN I 07 B, FORL ORI 2 g
T B Ao e A B o 25 .

(3) ¥ pH {EXF CIP, TC #1 TCS fETLRY)
(R B ok 2 EL A 3 5 ), (B SMIXC ) W 6 52 e
B

(4) WM S5 R 2R P RE B AP b AF A Freundlich 5
FEFNZ T R, S ULEAS, DU X CIP A1 TCS 1)
W B} TR A X TC T SMIX by W o Ay 18
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