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Impacts of pH and Surfactants on Adsorption Behaviors of Norfloxacin on

Marine Sediments

PANG Hui-ling, YANG Gui-peng, GAO Xian-chi, CAO Xiao-yan

(Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, Ocean University of China, Qingdao 266100,
China)

Abstract: The adsorption behaviors of norfloxacin (NOR) on marine sediments at different pH values and in the presence of four
different surfactants were systematically investigated by a batch equilibrium method. The results indicated that Freundlich adsorption
isotherms fitted the adsorption behavior of NOR on marine sediments very well at different pH values. The Freundlich constant K; and
the equilibrium adsorption amount of NOR reduced with the increase of pH values, and the minimum appeared at pH 8. 10. The results
suggested that cation exchange was the main adsorption mechanism of NOR at pH 6.01, while Van der Waals’ force, hydrophobic
effects, electrostatic force were the major adsorption mechanism of NOR on marine sediments at pH 8. 10. The adsorption process fitted
well with pseudo-second-order kinetic equations with the addition of surfactants. Our study also indicated that the addition of surfactants
had the significant influence on the saturated adsorption amount of adsorption of NOR. The equilibrium adsorption amount ( Q,) of
NOR exhibited the following sequence: Q,(Tween80) < Q,(Tween20) < Q. (No) <Q,(CTAB) <@, (SDBS).
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Table 1~ Physical and chemical properties of the sediments

FHE T3t A CEC R B B %
/mmol - (100-g) ™' A% KO I Fibey APk
9.42 50.69 30.30 5.26  13.39  0.36

H,0 AbHE . HF /DR 280k ok ik, SR G g, A
IR 1R BP0 150 ~ 250 AR 5 28 5 45 1.

NT K (artificial seawater, ASW ) : i i 954
mL A\ Ti7K , 75 24.7 g NaCl,9 g NaSO, -10H,0, 13
g MgCl-6H,0. #h K 34 ,pH =6. 22117/,

Z&IB 7K (distilled water, DW) : £h % 0, pH =
6. 14.

pH B 9847 2 5 KSR K AR (pH 8. 10).
1.3 PR B S LA

R (=99% M ali, LI A R
FRRAFE]D) WA R 5T W3 2, 25°C i), ZE7K )
VAR N 400 mg- L™ SREBCE SRR AGE 1
BRAR I VD AL (0.1250 £0.000 1) g, % T 500
mL A T K rf, BE L B 250 mg- L' A AR ERS
T, AR5 N T KA BRI Ir i vk B .+ e PRt
M (SDBS) | 75 ki 5k = H LR {b 4% (CTAB) (R
B R oK I AL BB D IR TR B FE ik iR 20
(Tween20) 75 80 (Tween80) ,¥IH =99% /3 H 4l
(Sigma A H] ), HAIF A E =4 Hr 46

SEU AN P 32 A . SHZ- 82 IS VA 1H IR R 5 1
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FREETH (R RS A FRAF]) 5 QL-901 AU JE ity
IRA A (IR T HAR DU R fil s A PR A ).
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Table 2 Physicochemical properties of NOR
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/mg-L
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Fig. 1 Standard absorbency curve of NOR
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Fig. 2 Sorption equilibration time of NOR on
H, O-treated sediment in ASW
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Fig.3  Sorption isotherms of NOR on H, O-treated

sediments at different pH values
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Table 3 Sorption isotherms of NOR on H, O-treated sediments at different pH values

pH Linear #571 = Freundlich #571 = Langmuir #5754 P
6.01 Q,=155.1726¢, 0. 506 3 Q, =277.477 4¢ 0400 0.9707 Q. =503.860¢,/(1 +0.804 5¢,) 0.936 8
6.90 Q. =111.4828c, 0.7951 Q. =185.407 9¢,* %7 0.989 4 Q. =235.5738¢,/(1 +0.3323¢,) 0. 966 6
8.10  (Q,=24.387c, 0.8277 0, =45.452 1,87 0.9554 Q,=42.7451¢,/(1 +0. 126 7¢,) 0.9423
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Y- s 1] L TG B 38 5 e, i o G W 6 1) 52 e A
[F] S T 76 P 0 A A R 22 5, A SR AN IET 4 7. A
Tween20 , Tween80 #3514 56 10 2 W B 2t 96 /)N , 3X 2
H1 T Tween20 , Tween80 & IF 25 1 B R % 1R 7, 3=
FELAA BT STy 5 W AR DT 1) i
N, T T SR R W RREA T Sy 18 52 W B A b 8% B 285
VRIR TS Tween20 . Tween80 4355 d8 b 2 1 W B
VEFIAIA A T . o TRV FH R TR B
A SR R AL o) R A RS, DA 7 R R o e
DN, TR BE T Tween20 1Y a4+ W% JF 6E 7 ki 144 145
YEFIHE Tween80 32 , {5 13 9oL 10 22 W BT et i/ NS B 22
CTAB SDBS #RA{di i Fl Vb A2 W Fff 525186 <, Hi 3 SDBS
T B AU SR TR M i SRS SRR Oy 450
mg- L7120 TR 0 A A e SR R v
i}, SDBS &ML AEE T b 2 HAE hy—Fif
APULE Dyid s A Lo IC R | U A VR T N AE
DU B R, SDBS SR v AL 2 35 S i
Y B, DT R ARR T 345 R U0 B2 A TR A v 1) T
B, i SDBS 7ETUAMZ I i, 323 ik — A5 W% b
VEIRTD A TN SR 1 v 90 SR AR DURR ) o AR R f
7o 2 AR e TE N AR A B G Y Z ]
AR Se 4 AR Y . AE G S AR R B DA B, R B
S R G 2 1 15 175 SDBS 23 R A i J 10 2 1) 7 fi
JE S L AT Ry o A O 11 R R
K, BT LA, SDBS {1 # Vb B 78 W 1 [0 ) v A g e
IR LR 52 4 A0 45 8. CTAB 2 —F fH &
FRUR S ER], R R A B A A, &
0 CTAB 7 1 H a7 1Y 35 7K ik AT A o 36 5t i v A R
B GO FE B AR AR TR
TR R T & &, CTAB M3 2 7] DI
DU X1 VD B 2 FN 7. [T CTAB #5100

TP A MLRR 7 o, P T W B S BH 2 3R T TR
PEFIAETURY) IR A WL L TR A B
BT W B A 75, DT 4 o 1 TR 1 O o il

Ze et 0 R B, PHES 1 3% 1 0 MR R A R K
W R o 5 M BH B 38 f 48 o S R M A O, T
CTAB 1 BE 238 1o PH B8+ 28 8 1 FH Wi B #E 0 FR
L eI AR DR A B A7 T BE AR fE R
K AH 23 ) 467 BHAL N, D) ] 6 ™ o 5% i 1 A
O NIRRT A NS T o Y (TR -8
P IR B 1 P o1 | 32 A 2 R0 A7 BEL RS BE %o 5 36
b B W Al A 5. [ SDBS X I BR ) 11 43 1
YEHISE 1 CTAB fE#E TR 8 2R |, e & A5 Ho A
P BRI AN SDBS 5.

160
. . . . .
140 | *
.. A - # =
120 1 &: = = [ ] [] . .
[ ] * *
W00 F® o0 ® v v v
T sy VY v
i s oY 25°C
s ¥
60 foy . %
A ® SDBS
40 g A CTAB
"4 v Tween2(
20 ¢ + Tween80
n ! 1 1 1 1
0 2 4 6 8
th

B4 40 mg-L ' REEEFEETERDVEE
7k &b 3 T AR 490 b A IR B Bh 1 = g £

Fig. 4  Sorption kinetics of NOR on H, O-treated sediments

with 40 mg-L ™" surfactant

FHE 4 T, 40 mg- L~ AN [a) 3% 18 % P 7 7 7E
TR B AEK AL BRTTRRY) b1 W B B i A7
BB R B R O, Rl
FIRAKIK M Q. (Tween80) < Q, ( Tween20) < Q,
() <Q.(CTAB) < Q. (SDBS) , [F] i i A 2 i i
AT UA AR b FF-F7 W B 3380 B ke, A —
FE FE.
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Table 4 Pseudo-second-order kinetic equations of NOR on H,O-treated sediments with 40 mg-T1.~! surfactant

2R G h— 2 ah f12 7 ky/g-(pg-h) -l Q/}Lg'g’l h/pg+(g-min) -1
¥ Q,=415.6819t/(1 +3.1671) 0.968 5 0.024 1 131.25 6.93
SDBS Q,=615.9822¢ (1 +3.8212¢) 0.9916 0.0237 161. 20 10.27
CTAB Q,=514.57281/(1 +3.787 2t) 0.977 1 0.0279 135. 87 8.58
Tween20 Q, =346.762 0t/ (1 +3.149 %) 0.9542 0.028 6 110. 09 5.78
Tween80 0, =405.990 3¢t/(1 +3.807 0t) 0.9652 0.0357 106. 64 6.77

2.3.2 4 PR G M A 6 A R VD B R B R 2R Tween20 , Tween80 ¥ & 4 T, o4 JoL V0 22 1) SF- iy 1 o
| TN, B B2 2 S MR o LR R S

AN TRV e BE R TG M RAAAE RS W > B AR KA AT I AR TGRS, 7 R AL 1 W B S5 e 4 2
FRUTARA b B B SR e an &l 5 B, AT LA Y Bl BRI HLAT A Freundlich WY B 4533 X, Freundlich %
% SDBS Fl CTAB Wk BE 3G I, 5 10 B A A B %0 K. /b 2 R AR IR R: K (Tween80 ) < K,
NN, 156 BH S - Y e T 1 R 4 R L B (Tween20) <K (CTAB) <K, (SDBS).
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