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Effects of graphene on the transport of quinolone antibiotics in saturated porous media
CAO Huihui'?, WU Ming", CHENG Zhou®, HU Bill X", MO Cehui'

(1. Guangdong Provincial Research Center for Environment Pollution Control and Remediation Materials, College of Life Science and

Technology, Jinan University, Guangzhou 510632, China; 2. Guangdong Polytechnic of Water Resources and Electric Engineering,
Guangzhou 510000, China; 3. Guangdong Provincial Academy of Environmental Science, Guangzhou 510045, China; 4. School of Water
Conservancy and Environment, University of Jinan, Jinan 250022, China)

Abstract: In this study, ciprofloxacin (CIP) and norfloxacin (NOR) were selected as typical antibiotics. Batch adsorption and column
experiments were conducted to investigate the effect of graphene on the transport of antibiotics in porous media. The results from batch
experiments indicated the strong absorption capacity of GN on the two antibiotics with maximum Langmuir adsorption capacities of 270.68
mg-¢ " and 178.36 mg- ¢!, respectively. Sand column experiments showed that the mobility of CIP and NOR decreased with the increase of
GN in porous media, and the removal rate decreased with the increase of flow velocity and ionic strength (Na® and Ca® ). The migration
processes of CIP and NOR in the sand column was simulated using the BDST model. The results of BDST are consistent with experimental

observations, suggesting that the BDST model is suitable for predicting the effect of GN on the mobility of CIP and NOR in porous media.

Keywords : graphene; antibiotics; porous media; transport; model
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Figure 1 The chart of experiment equipment
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Table 1 The summary of test conditions and results

% [ M o 55 £ ‘ %‘_¥EJ§IOH§C,| Pl L&
Adsorbate Graphene  strength/ (mmol-17")  Flow I"Eiltff/ R.e(.’,overy
amount/mg NaCl CaCl, (mL:min™) efficiency/%
CIP 0 — — 1 78.7
10 — — 1 68.9
20 — — 1 62.7
40 — — 1 54.7
20 — — 0.5 57.8
20 — — 2 74.5
20 — — 1 70.6
20 10 — 1 75.8
20 — 0.5 1 65.4
20 — 5 1 67.8
NOR 0 — — 1 81.2
10 — — 1 74.4
20 — — 1 68.9
40 — — 1 58.5
80 — — 1 47.1
40 — — 0.5 56.8
40 — — 2 71.3
40 1 — 1 65.0
40 10 — 1 74.5
40 — 0.5 1 60.8
40 — 5 1 67.6

2 Sou N R HR , mg - g5 Ki N Langmuir 15 5
o5 R AR BB A 2 B9 L, Lemg ™ Kewn A Freun-
dllich A 7 v 5 07 [ 5 RIS o 5 J32 R S 7 280

(3)BDST(Bed depth service time ) & 7

FHF R 28 7 it 2 iU A Thomas 57 | Y oon—
Nelson # A1 BDST AL #I 5 Thomas #5571 F1 Yoon—
Nelson #52 BUAH L , BDST 5 51 2% &1 W {570 J52 32 i
B ) T R A 0 2 R AR U 2, AU A AR e

g I, GN—f JErb A TR 5 Je ¥ 1 is 75 1 FE
396 Fil BDST AR JEA AR 401155

j= Ny 1 ln(co—l) (5)

T Cop kECo \ C,
Sz e A EFA] ming No hy W52 56700 7 18 B 275 o, R 2
PIAISE, mg- L5 Z NHPAE N GN B4 BUEE emu
S, em e min™ 5k, BDST A5 (1) 35 2% 5 55, 704575
HETF LA SE L mg " - min,

2 HREE

2.1 GNFNAZERD 3T 41 4 25 A9 IR B

FETR B 25 °C W HA pHAE 4 5.0 . GN & i ik J¥
60 mg- L ST, BB AR VR EE 19 CIP 5 NOR
VES TR A T VR 6 SI2 0, P RGO 56 U 2 R O 790 %
JOT 1) St 55 S A A YRR D R 86 5 e B 2 i) ) Y O
RV ERWME 2R . IWE 20T LI H, GN X CIP Al
NOR HAT# 5 W B RE 1 o >4 CIP B NOR ) 4 ik
FEM 1 mg- L 391 %] 80 mg - LB, GN X CIP 4 W [
A N 5.53 mg- g ETFE] 154.07 mg- g, X NOR [
W o0 SF- 16 DU K 14.29 mg - o' [ 15 115.52 mg- g
W2 o S 36 248 T2 B GN X CIP A i KW FfH: R T 150
mg - g, X NOR A9 f5c AW Fff o D) K 5 110 mg - ™', T
CIP I NOR #£ A S fth b iy i 4480/, iX — 25 5
VIR A RAV G . AR as R R OGN X}
J32 7K H B A LA LA R R O E JE RTR EF 2
A BRI A v W R e T A st

* H Langmuir S TR A Freundlich 45 I A5 754
A3 AL GN J2 A7 Sb % CTP A1 NOR (9 W Bt 45 , IR
LANEIE G5 SRS E R 2 FR 2 7R, A
WA LA SEORE BT 3G R AH 22
BN R AR AT AL W BT A TR B . AR Lang-

200 (a)CIP 150  (b)NOR
- 1501 )
0 0
50 5 100
E E
= 100 =
S = 50
= ol =
0 . . — S
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
i BE C/(mg- L") e BE C/(mg - L")
vV AYwb €GN 7GN—Langmuir1‘ji'2§§ - Sand—LangmuirTﬁﬁQ - GN-Freundlich#%! —— Sand—Freundlich %7

2 GN3F CIP#1 NOR IR Bt 5 iR 2%
Figure 2 Adsorption isotherms of CIP and NOR to GN
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muir ZJE A RIS 2] 1 CIP FINOR 7E GN _F (Hck
W7 B 23591k 270.68 mg - g7 Fl1 178.36 mg- g, %45
WE B GN X CIP I NOR 25 FL A7 305 (4 W BB 7 o AR
P Freundlich 28 J AR Y415 B9 250 1/n<] AT AT, GN X
CIP FI NOR AL AW iy, H o 2 )2 WM. C A5
1R W] GN K HATT A= W%t 43 F G b v 3 A 2R IR 19 4t
AR EHARRW M RE T, FERE X EAERY
GN R AR IN ) m L 38 2T B - L5 AH A
FH, R GN R IH5R B 1/ 1 5 AU e T RE S 5 02k
Pk ZIE AR, RIS FEIZ L 30 ) pH 451 T (pH 4)
5 B HL T Y GN 5 P TR ZS A9 CIP R NOR 23 7=
A SR B AR L [
2.2 WHEKIEHR
2.2.1 GNgXF CIP FI NOR iz % 1 5% 1

CIP 5 NOR Yy i e J& 4 10 mg - L i 40 1
mLemin \pHAE A 5 B, 72D o R SE0AS [] o 2 19 GN
PAIWFFE 2 FLAT 5 GN &% CIP Al NOR 328 B (1 5210
5 2 375 26 40 71 3 T

TF B LI A5 R R, A RPN T Y 3
T, 253 iR R R B A K, C/ColZB i AIG 3
RN AT R A R, ON R NS

CIP FI NOR M [HI I AR (R 1) o £E CIP I 2F B 5200
o, 2 GN TR M 10 mg 3G N5 40 mg B, CIP 2875 #h £k
) C1CoWEAE N 73.7% FEAIR 5] 60.9% , 51| 35 W H Jir 5 B
] DA 116 min 54113 124 min, CIP [ [8] it 2 M 68.9%
I/NE 54.7% . FE NOR BB S50 H, 24 GN i it M
10 mg 311151 80 mg i}, NOR % 15 #h £k 1Y) C/Col A
81.9% R#AIKH] 56.9% , ik B WA P B [A] AL 112 min 34
JN#E] 124 min, NOR 9 [F1SC % A 74.4% BEARE] 47.1%
H1F G J5it 2t i /=7, WA F 174 2 T B K, o 45 7 2 i
BRSO S 38, GN 55 CTP T NOR (442 fish ik ] tho 38 K
MR BOht A= R A BICR EAL . DONG 411 4115
TR LR B A A T O RN, 22 S0
0 L 11 5 DR R 5 1 2 B Ak e A Iy 8 1
2.2.2 VRN CIP FINOR 38 #% B 521

CIP 5§ NOR M 4R 10 mg- L . pHAE A 5,
FHF CIP iz B 5206 B /0 FE v GN Ji i 8 20 mg, T
NOR i #% S 56 (P AE o GN B 7 40 mg. 155 A [
A7 (0.5.1 mL+min 12 mL+min™) , #ff 5% GN Ji&
X CIP F1 NOR 32 B8 (152 1, 15 21 (1) 25 175 i £ an 151 4
Fis o

TESZ 56, 3 6 CIP F NOR 78 GN | (19 W B A

R2 GNINAZERILH CIPFINOR K FRAEB MG S
Table 2 Parameters of isotherm models for the adsorption of CIP and NOR on GN and quartz sand

A% B 751 Adsorbent W B T Adsorbate F57 Model ZH0 1 Parameter 1 SR 2 Parameter 2 R’
GN CIp Langmuir Ki=0.021 L-mg™"' S1=270.677 mg-g' 0.989 6
Freundlich K=12.716 1/n=0.961 0.977 1
NOR Langmuir Ki=0.027 L-mg™ Su=178.363 mg- g™ 0.963 8
Freundlich Ky=10.168 1/n=0.826 0.9617
P X cIp Langmuir Ki=0.202 L-mg"! Sue=3.491 mg-g”! 0.978 9
Freundlich Kr=0.965 1/n=0.147 0.972 4
NOR Langmuir Ki=0.553 L-mg""' Suw=4.547 mg- g™ 0.960 5
Freundlich Ky=0.859 1/n=0.138 0.959 1
LOT (a)CIP —— Omg LOT (b)NOR
—=— 10 mg —=— 0 mg
0.8F B e 08
S o6t S o6l
= x
g 0.4 g 0.4+
0.2F 0.2
OO é ;l I6 8 10 00
TLBRA B PY TLE AR PY

B3 CIPFINORZEAE ON FUE T HY 5 # 2%
Figure 3 CIP and NOR breakthrough curves at various GN amount
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WE MR, R AT A, Bl T 36, GN X
CIP F1 NOR #9 [m] g 2 1w, 2 3% i £k A2 BE , CIP I
NOR (IiLFERE S 1G98 . 32 i 0.5 mL - min™ 30
F 2 mL -« min™ B, CIP [ [5] Y& 2% )\ 57.8% Tt = %]
74.5% ,NOR ISR M 56.8% FHE 5 71.3% . H1K 4
ATDLVE W TR S0 250 T, 28 2R PR B A Ak
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WA AR 3 391 A 62.3% . 66.2% F11 68.9% , 1 5] s A i 75 B
6] 43531 4 248 120 min 164 min, NOR %% {1 & 7E 0
MK 0.5.1 mL-min” 12 mL«min™ I, C/Co WA 43 5]
} 66.2% .68.1% 11 82.0% , i FI| W R T 75 s} 18] 43 531) Sy
248 116 min 1 60 min. A B 5% 7% B 7€ = it i 2% 14
T, GN X CIP I NOR 4 W B R A1 , CIP F1 NOR ¥y [l
R, FLR R AT R R e M A P A RS
WO R GN (1R 422 fil st 0] R 8 78 43, AT S5 35078 i i
AT GN X} CIP FI NOR A9 W B ik /N, CIP FT NOR 119
TERS AR KM

2.2.3 VRIS T-ZERINE CIP FINOR iz 5% 1 52 i

CIP FI NOR B9 ¥ B4 10 mg - L™ .pHAEL N 5.
7N 1 mL-min™, T CIP FI NOR iz £ 5256 O Wb AL
HGN 4351 20 mg F140 mg. 5256 FH LA CaCl il
NaClIE N 15 5V IR, W98 1 TR 8 T2 780 g o
FEXF CIP I NOR 35 #% 1 52 M, 15 21 1) 2833 th 2k an 14l 5
PR o 5 AL 36 W B -2 B -5 B2 X CIP T NOR
FERDFE TR RS A EE2ERZ M, Na' X CIP #11 NOR 9 i
A U AR HEVE T, T Ca® WX 3B A8 A 4R 1

NaClAF R 75 50 WA, 24 25 98 BE 0 384 i )
10 mmol - L', CIP %7 155 {2k i C/CoVEAE H 66.2% Tt
376.5%, M2 B 62.7% T+ 5 75.8% (% 1), T
NOR %535 H £k 19 C/CoVE(EL M 67.8% Tt 55 5] 91.9% , [1]
WA 58.5% 34 K F 74.5% (£ 1), i 18, Na*
X CIP FINOR iz B A3 B s i e R A o 2 B2 it IR
Na' 3 FE RIS T GN 40K WUkz A0 A 20 1a] 1
Ere 5| 1, TR F Nat i GN 45 K ks 2 1 B 47 o7
MEA B FEMAE, NIHI S8 T Pk R A
) LA

LO[ (b)NOR
—— 0.5 mL-min™
—— 1 mL+min™
0.8 —— 2 mL-min™
S
S 061
=
o
=
0.2F
0 1 1 1
0 2 4 6 8 10

FLBR AR PV

B4 CIPHINORFEAR R A I E T RO i H 2
Figure 4 CIP and NOR breakthrough curves at different flow rate
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