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Use of probing molecules for exploring norfloxacin adsorption mechanisms on bone—derived and wood—derived
biochars

CHEN Guang-shi, SHI Yan, XUE Cong, QIU Yu—-ping”

(State Key Laboratory of Pollution Control and Resources Reuse, College of Environmental Science and Engineering, Tongji University,

Shanghai 200092, China )

Abstract; Bone hiochar( BB ) and wood hiochar( WB) were prepared by pyrolysis of swine bone and wood strip, respectively, and the ad-

sorption mechanism of norfloxacin(NOR) by BB and WB was studied using elemental analysis, Brunner Emmet Teller—N,, Fourier trans—
form infrared spectroscopy, and X-ray diffraction methods. It was found that BB was mainly composed of calcium hydroxyapatite, containing
a small amount of elemental carbon, with a large porosity and a low specific surface area of 142.37 m*+¢™. While microporous WB chiefly
consisted of elemental carbon with a large specific surface area of 460.64 m?+¢™'. However, the adsorption of norfloxacin on BB was higher
than that on WB within the pH range of 2~12. It demonstrated that the elemental carbon played a dominant role on BB adsorption due to the
presence of negligible adsorption of NOR on hydroxyapatite. To further explore the adsorption mechanism of NOR by biochars, two probe
molecules, including flumequine (FLU) and phenylpiperazine (PHP), were introduced. PHP and NOR had similar piperazinyl groups,

whereas FLU and NOR contained similar oxoquinoline carboxylic acid groups. It showed that the adsorption of PHP by BB was lower than

that of NOR and FLU, indicating that the oxoquinoline carboxyl groups of NOR played an important role in adsorption. In contrast, the ad—
sorption of the macromolecule NOR was lower than that of smaller molecules, such as PHP and FLU, suggesting a strong steric resistance in
the NOR adsorption process. These results were consistent with the kinetic study, in which NOR adsorption by WB took more time to reach
equilibrium than that by bone biochar did.
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Table 1 Properties of NOR,FLU and PHP

aEY B A TIRBUA oy FEER
-~ . --\.NH
NP \
NOR 6.23;8.55 281.8 EN 4 i
HO -
0O O
e
My
FLU 6.2 126.0 i
HO T o
0O O
[NH
PHP 8.6 64.1 ?."“"‘" g.- Ne_ =

trophotometer, 3& [ ) 2 ; 4= ¥ ik 9 W) 24 43k T X
SR A AT I (D8—Advance ) 43 #7 5 4= 4 s (1) P Al
Ca % i ] X—ray BEIEAX (S-4800 I1 ) 73-#7 ; S H A
A VA S BRSCHRT12]
1.3 WRPSEIE R N EE
1.3.1 W pH %0 4 i

SEI T SRS 0.02 mol - L™ NaCl DLZEFRA 2 5
TR, [T 0.20 g- L' NaNs, A HIGRUED A K .
NOR ¥ F NOR 4fi i %5 175 50 B il i g, 25
mL ZHES I H A 20 mL ¥ )E 5 0.156 6 mmol - L™
i) NOR &% , #E— A 0.02 ¢ ) BB 5 WB,#£%],
IFET 25 CHEIRAA PRI T L 150 remin™ F50
FIRT 24 h M HIR BN P, AR 1 mol- L7 Y
HCI 1 NaOH W8 5 75 W pH 8, 58 7% W i
pH=2~12, LIFFE pH (X5 W R 5200 o 45 o B b 3
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lent 1200, 3& [& ) I 72 5 W HH 0 42 1) NOR V& B, i
T2 BESCHR(13]
1.3.2 S5 5256
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T S VR AC 1 11T R AR MR B R 0.031 3~0.156 6 mmol -
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NOR M .

A Langmuir £ % A Freundlich #8Y % L) F
W A R TR TS 200 -
K.0.C.
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Freundlich *ﬁﬂ:q(e:KFCﬁ (2)
P Co R A7 I 1 U R I BT B R B, mmol - L5,
K e KW [ &, mmol <g ;K S Langmuir % 3¢ ,L -
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20 mL FJ UG HE A 0.012 5~0.150 0 mmol - L™ ) NOR .
PHP 8 FLU, I 1 mol-L" HCl % % #1 NaOH 5 i if
T pH, (WP pH=5, T 25 CHEILA JOEA
LA 150 remin™ BBRIRY; 24 h, G50 HU G
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% 2 BB.WB #0 HAP IRk 14 /&
Table 2 Selected physic—chemical properties of BB, WB and HAP
gy CRIBYRALERY BEURRY it %
m’-g om’+g om’+g C H N 0 Ca P
WB 460.64 0.22 0.1727 721 85.95 2.17 0.088 6.34 — —
BB 142.37 0.34 0.009 5 8.72 7.98 0.99 0.740 14.97 27.88 15.95
HAP 5.89 0.02 0.000 6 10.11 — 0.15 — 39.33 41.53 17.20
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Figure 2 The FTIR spectra of BB, WB and HAP

2.2 ik pH EXTF T A% R NOR A2 0T

NOR HA AR A% 25 4 50 (pK =623, pK ,=8.55) ,
Bt 75 pH {ECE ,NOR A BB St 2k A Ay
MR pH<6.23 B, NOR* (5 2304y, 124 pH>8.55
I, NOR - 5§ 3= % 3 43 ,6.23 <pH <8.55 B} ,NOR® #I
NOR* 2 F 24321, XS24 NOR 43 [R5 A Uk
WERLAR AL, LIRS AT LS S v b iy Hofi
NOR 737 IEHL, TRIEEZS 5 I H 2 Bkl
NOR 73 Fifi i B ™,

WK 3, 7EVW pH=2~12 HTEE P, BB % NOR
) W B B BR 2% KT WB, BB di K W i i R BT
pH=5, 1 WB WI7E pH=6.0 , 7EUSE Y 79 i , — 5 W

0.101 1 BB
£ WB
0.08
s 0,06+
T
£ i n
< 004} 1
0.02} [
ol i

1 2 3 4. 5- 6. .7 .8 9 .1-0 .1.1 -12 13
pH
[ 3 &% pH {EXt NOR R i A B 20

Figure 3 Effect of solution pH on NOR adsorption
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Figure 4 Adsorption isotherms of NOR on BB, WB and HAP

< 3 NOR R MHREILIESH
Table 3 Langmuir and Freundlich parameters of NOR adsorption

" Langmuir Freundlich
Q,./mmol - g™ K, /L+mmol™ N Kg/mmol "™« L+ g} R?
BB 0.114 1 63.694 2 0.985 6 0.407 4 0.292 8 0.958 3
WB 0.060 2 149.253 7 0.992 4 0.208 8 0.095 8 0.956 1
HAP 0.006 7 16.920 5 0.960 9 0.476 5 0.012 7 0.942 2
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I, AT BRI (FR 4), 1 WB Al HAP 1 Q.. 43
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Srinivasan SEPWAFSY, LI HAP B Sl #& 2 24K E
S5 IO R B AR N, s> T 5 NOR 43+
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2.4 REHLEWIEIR T WHHIER

R T BRI AW % (BB Fl WB) WK [ NOR ()
PLER, 280 5| A T A4 L &9 FLU fil PHP (3%
D)o PIFEREHEE Y& A —15 NOR 2312501y
E RSG5 # , b FLU 1 NOR 23 F#6 & —AM4A AL
W bk ¥R L 245 # , PHP 1 NOR 43 F #B & A WR & i |
NOR .FLU F1 PHP 4>F{A&F1 43514 281.8 A3, 126.0 A®
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BB #1 WB %} NOR .FLU 1 PHP Fit 1 46 k2% 11,
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Figure 5 Adoption isotherms of NOR,PHP and FLU onto

BB and WB
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Table 4 Adsorption capacity of NOR onto different kinds of biochar reported in other literatures

W S A W B & /mmol < ¢ SCRik
R F 20 mL ¥ JiF K 0.156 6 mmol - L™ [ NOR W VI 0.02 g #¢,25 °C, 3%, pH=5 0.114 1 A3
AR F 20 mL ¥ JiF K 0.156 6 mmol - L™ [ NOR W VI 0.02 g #¢,25 °C, %, pH=5 0.060 2 A3

B # 0.1 g BEAA 100 mL ¥ EE > 0.031 3 mmol - L™ (¥) NOR ¥ ' i ,25 C, pH=6 0.059 8 [26]

IKFEREFF ¢ # 0.1 g ZRAMA 50 mL ¥ 0.078 3 mmol - L 1) NOR i H1 v, 25 °C, 388 0.045 0 [27]
PR B 0.015 7mmol - L i NOR I, MERT T 25.0 mL A 0.1 g mAYE.OA 25 CHEIR , #%, pH=7 0.006 7 [9]
s AL 0.015 Tmmol - L (¥ NOR ¥, MERATEHC 25.0 mL KA 0.1 g JRIWELOE 25 “CHER, Y, pH=7 0.006 5 9]

A e $4 0.1 g IMAF] 10 mL &£ 0.094 0 mmol - L™ () NOR %5, 25 CIHIR , #56 , pH=6 0.002 9 (8]
FRFEFE S 0.1 g RAMAF] 25 mL ¥EAEH 0.031 3 mmol - L™ 1 NOR %5 1,25 °C,pH=10 0.023 9 (28]
% 5 NOR.PHP # FLU WP SER LI E SH
Table 5 Adsorption isotherms parameters of NOR, PHP and FLU
Langmuir Freundlich
Q./mmol - g™ K. /L-mmol™ R? N Ky /mmol -1« o™t R?
BB NOR 0.114 1 63.694 2 0.985 6 0.407 4 0.292 8 0.958 3
PHP 0.018 0 26.881 7 0.975 1 0.403 8 0.033 2 0.977 1
FLU 0.124 7 68.965 5 0.987 7 0.495 3 0.475 3 0.959 6
WB NOR 0.060 2 149.253 7 0.992 4 0.208 8 0.095 8 0.956 1
PHP 0.083 9 909.090 9 0.9379 0.151 0 0.177 6 0.989 3
FLU 0.098 4 238.095 2 0.981 7 0.280 7 0326 9 0.960 9
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Figure 6 Sorption kinetic of NOR onto BB and WB
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Table 6 Modelling the adsorption kinetics of NOR on BB and WB

P — G5l 2 =G gh A AURL N 4 Bl
R q./mmol - ¢! k1 /min™ R? g./mmol-g™  k,/gsmmol™+min™  R?>  k3/mmol-g” min®>  C/mmol-g R?
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