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Agilent 1200 B SRR AR € 3% (L ( HPLC) -5 6K M #% ( FLD ) , Waters Symmetry shield™ C18,5 pm,
3.9 mm x 150 mm JCAHEAH % H:; TOC A 3143 H71% ( Shimadzu TOC-5000A , & 7H) ;

AT EL A e 4 W 3 R eE R s ke )L 28K IR (C g Hy NO,- HCLL 21 EE 99% ) 1 H
BTk e v (R Ao A BRA 7] 5 RFEI AR ((C s HysNO, ) - C H O, EE 98% ) 1 A SE [ sigma 23 ).

2508 R 5 RFCIR R AR AW PR 0. 1 g T 289 IR 5 36468 IR, 40 s A A B (o 2, Fe et
B ORE) HEAZE 100 mL 753 1000 we- L~ HIERTR, BT 4 °C vK5H D RAE.

VEARIEA DL (DOM) I FREL 100 g Pk BT 2 LBehrrb  InAZEIBK 1 L iR R 1:10, 38
S5 G ARG SRR FAEEE 24 h, RS T 4000 remin ' SE R B 1 h B FEE W ES Ok, St
0.45 pm FYUEMEHTE 1543 DOM ¥, A 4 °C vKAR T RAE (TOC 4 313.8 mgC-L™").

5 HEV - 5200 i TS SV 5 mmol - L' CaCl, , fITA CaCl, (49 = AE HIZAE 5 090 0 1845
Pt —E A TR
1.2 Wl i 2E s

FREL—F41 1.000 g =503+ & T 22 mL SR, RESOE A INA 20 mL 385 5058, A B-32 1K
BELUBT 751 it 2 A LR 0 50 g - L1, B dPREE , B T 20 £0.5 °C LAJ 150 remin ™', BEOGIH IR R
10 min 30 min.1 h.3 h.6 h 12 h 24 h 48 h B 73 BIHLHE  7E 3500 remin = B0 5 min, W& FHR T B-Z
AR LU 751 v
1.3 WSR2

FREL—Z51 1.000 g fmpld 8 F 22 mL BESJR A, AR ORI A INA 20 mL 35 508, A B-2Z 14
BEL T 570 it 25 VA VR JE R 10,20 ,50 .70 100 pg- L7 76 1.2 Z54F F IR 24 h #1701, SE56 R K
WG S8 1 IFTE RGN HET -2 R BHIBTFIAE 24 h PIBCAH k.
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HAEA AR EE R CaCl, (0,10 50,100 250 mmol-L~") 1 NaCl(0 .20 ,100 200 500 mmol -L~"). K543
S 283 JR SRS FE I ZR 1A At 4 VR 8 VR P AR AR B, Il R 2R rPoin A — 2 AR R, il 15 251 UK
SEFCIE R B PRI R R B 20 wg- L' 76 1.2 &4 TR 24 h, [FIBF I E A A S04 128 05,
HoAbAR PR 1.2, BB 2 A AT L A2 .
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1.6 DOM X} B-3Z 1A BH W 77 W Bt 114) 5 il
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50% ) DOM ¥V 0 S, (H S TR ) DOM e B B . 76 (20 £0.5) °C S 150 remin ™' TG fE R
PR 24 h. 163500 remin """, B0 5 min, ] TOC 1 & A HLAR & &

FREC— %51 1.000 g 0+ T 22 mL ARSI, ITA 20 mL & — & W EE DOM #5178
1.2 5 R AT S5, %5 %8 DOM X W B F9 5 1.
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BSR4 HEE 2 10 mmol - L ™" i A 0.6 mL-min ™" JEFE R A 100 L. 28GRI 28  % 3 K4 228 nm,
RS R 345 nm.

K F IR 5 2253 M K RE h ST R MR BE . S SAH pH4. 5 T BERR 2% v G , EL iR 80 < 20
(Vi V), 0.6 mL-min " #FFFE RN 100 L. ZECRMNEHOE I 230 nm, & FHEKH 316 nm.
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Fig.1 Adsorption isotherms of propranolol and metoprolol on clay

Langmuir 75 FEXF SEFLIE IR LA ROCR TE Freundlich J7 R 5844 | 150 WA 76 5230 45 111 T SE4E1% 2R 114 W Ji
TR 5T IZ BB T2 A E . X T35 2818 7K, Langmuir 04 B RE SR80 B4 A AH DG, (H 3
KRR (X, ) PR GA(E, 33X W] RE R R Langmuir A5 3E A {535 A W B S5 BB 48 IR A5 - B0 2 W o, 1HL 2
P 2K IR B K M, 7 AR T B W BRI W BR300 138 2895 O AR Rk — A IR R, i o
AGEASE R AR RN EFEIEIR K W R EE N 34.914 Lokg ™', 2808 /R M 21. 773 Lokg ™.

R SSHLIRIRAIG 2500 IR ARl B IR R IR 25 25

Table 1  Sorption isotherm parameters of metoprolol and propranolol on clay

Freundlich Langmuir
IgK; n r? Ki(n=1) X b P
FEFEIE IR 1.782 +0.055 0.847 £0.048 0.987  34.914 +2.090 5000 +3840 0.00962 +0. 0585 0.995
TZRWE IR 1.157 £0.073 1.130 +0.060 0.992  21.773 +0.698 —-2500 2250 —-0.00721 +0. 0068 0.99
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Fig.2 Effect of salinity on sorption of propranolol and metoprolol on clay
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Fig.3 Effect of pH on sorption of propranolol and metoprolol on clay

2.4 DOM X B-3Z A% BH K351 Iz B 1 52 il

KT DOM 1] LUYE 5 A7 HILT5 Y 4 1) 35 i B, DT 532 Wi ¥ 4 0 ) WO o i e 0 o % 5 b it
TR AEAES Y IR R AR RS DOM £, H: TOC 4y 313.8 mg C-L~". FEMZFf 56 iR EL T £ 41
DOM ¥ (6. 6—60 mg C-L~") ,DOM HY I ATE—ERRBE FAEHE T B-2 ABE W75 () Wz ¥ 5 (R | Bl
DOM ¥ BE 38 K, X P A VR P sk 557 , 0 2 Hh B0 7 W BRI . o B AR 25 a0 £ 22 i T DOML H
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B0 R AR W W B S A ML 5 5 AR R Y DOM R VR . AR SCl s TR ATk B2 DOM. g mig ot
(K 2),DOM 25 W M e b | B AL A3 I, W BEFE = U = B i) DOM & i i 22 | HL5k B8 (7%
VB B DOM e B th otk 5, 8 253K 51 150 mgC-L~". Xt DOM A [R] 3 B it ¥ Y 1) Wi B ol 5 1 A 7 k25
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JEEREARR IS, W% B A AT AL S8 35 1o 1 DR RS 50 Py R PR BE T, Ak 1T =32 A KEL IR0 14 1 B (FLZ: 4 9 v v
R BB DOM T DOM X B-52 LI 77 By s 41 A o 3 2 3, e B T 4 ik e B A B R

&2 DOM fe it + 1 AW
Table 2 Sorption of DOM on kaoline

& DOM BJWE L7 2.0% 5.0% 10.0% 20.0% 50.0%
% BT TOC/ (mgC-1L~-") 6.6 14.5 28.4 58.7 149.6
W% )5 TOC/ (mgC-L~") 3.6 6.4 12.1 24.4 70.6
VIR 45.3% 55.8% 57.3% 58.4% 52.8%
4501 FHEH/R 4501
400 - 400
Y
_30F \ JRECUI
50300 § § 50 300 %
2ol § § P §
200 - \ \ 200 \
150 F \ \ £ 150 \
= . . .
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50 \ \\ 50F \
0 N\ § &\ 0 :\\ D
6.58 14.47 ) . 0 6.58 14.47 28.36
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Fig.4 Effect of DOM on sorption of propranolol and metoprolol on clay
R3 DOM HIMIART FEFEIF 7RI 2535 218 BT A9 52 mi 8 251 2 5% 3
Table 3 Significant difference analysis of impact of DOM on sorption of propranolol and metoprolol
DOM ¥/ (mg C-L°") 0.00 6.58 14.47 28.36 58.65
I ke ) ESS 1Y 352.39° 384.95" 378.44° 363.24° 318.38"
R TR 348.63° 363.31° 365.23" 312.30¢ 297.25

# BAFIKF 95% , AR TR AA BEMEE R

3 58

(1) Fb A x5 Il -2 1A BEL BT 5] EL A7 5 i 1) W B BB T, 56 8 98 2R 5 25 08 2 W BT 3 B o3 il
34.914 L-kg ' F121.773 L-kg™'.

(2) FhFERG R 2SN B-3Z 1A BELUBT 31 (14 WA B , 5 B85 %58 S8 6% 21 W 41 1 4 FH 58 T X6 28 0 UK.

(3) W% pH {E A K, B-32 1A BH I 1 W B 18 B S 3 I B A i 3. X2 R pHL AT [i) B el A2
W2 RS 750 RN AT T3 P FEL AT 22 8 7 ) P, iy e AR B B N | 8 1 A2 A H fe ok

(4)DOM NN A i B-3Z A4 BELIBT 51 (R W B, 3 Z2 A DOM. 233807 N %k 2 B4R 47 PR/ IS | 50 28 e 28
S R Ff

2 % x #t
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Sorption of B-blockers on clay

XU Jiayao SUN Hongwen” WANG Lei
(MOE Key Laboratory on Environmental Pollution Processes and Criteria, College of Environmental Science and Engineering,

Nankai University, Tianjin, 300071, China)

ABSTRACT

B-Blockers are extensively used in the treatment of high blood pressure ( hypertension) worldwide, and
they are also used as sedative drugs for livestock transportation before slaughtering. Recent studies indicate
that long-term exposure to B-Blocker is harmful to aquatic organisms, and hence research about the fate of
B-Blocker should be strengthened. B-Blockers are weak bases that can ionize, leading to some biological and
geochemistry characteristics that are different from hydrophobic organic pollutants. In the present paper, the
influences of salinity, pH, and dissolved organic matter on the adsorption behavior of two B-Blockers
(metoprolol and propranolol) were systematically studied. Results showed that the two blockers strongly
adsorbed on the clay, with absorption coefficients of 34. 914 L - kg™' (' metoprolol) and 21.773 L-kg™'

* showed

( propranolol) , respectively. Salinity inhibited the adsorption of B-Blockers, and the divalent Ca’
greater inhibition than the monovalent Na®. The adsorption of B-Blockers was weak under alkaline condition
where they were neutral molecules. The adsorption was also inhibited at low pH where the surface of clay
exhibited weakly negative charge. Addition of dissolved organic matter ( DOM) facilitated the adsorption of
B-Blockers. However, the enhancement decreased with the concentration of DOM, and inhibition occurred at
high DOM concentrations.

Keywords: sorption,-Blockers, metoprolol, propranolol.



