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Effects of typical microplastics on migration of ciprofloxacin in porous media

CHEN Yan—na', WU Ming", CHENG Zhou®, HU Bill X.'

( 1.Hydraulic Engineering Laboratory Institute of Groundwater and Earth Sciences, Jinan University, Guangzhou 510632, China;
2.Guangdong Provincial Academy of Environmental Science, Guangzhou 510045, China)

Abstract: Polypropylene (PP) and ciprofloxacin (CIP) were selected as typical microplastics and antibiotics, respectively to investigate the
effect of microplastics on the migration of antibiotics in porous media. Based on CIP adsorption and migration experiments conducted in a
sand column, the effects of PP on the mobility of CIP in saturated porous media were explored. Results showed that the adsorption capacity
of CIP on PP was stronger than the adsorption capacity of CIP on quartz sand. The maximum Langmuir adsorption capacity of CIP on PP
was 1.03 mg-g™". In the sand column experiments, the CIP concentration of outflow decreased with an increase in PP content, and the peak
value of CIP concentration appeared earlier with an increase in flow velocity. In addition, when the CIP concentration of inflow increased,
the total amount of CIP flowing out of the sand column also increased. Adding electrolytes (such as NaCl, CaCl,, and BaCl,) into the CIP
solution increased the ionic strength and enhanced the mobility of CIP in the sand column. In conclusion, this study suggests that PP can
significantly affect the migration behavior of CIP in porous media.
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IR R, 3 L N KI5 G . AR5 K TS TR AL EA b,
A A SR AR PR RS K, S 2 A g
2, a2 /K HETBE I K HETBC A B 15 e Ak RSS2
AN - T KRG SR AR S 7EY)
B Al S VR AT 3 itk BOREAR B /N S AR,
CRLAR <5 mm)™, 28 )5 38 3 42 3t 45V F AE A 45 b i
B A LT K RGP, OB RHEREE
AAXAT LAGE 3L 3R 7K RN R SRS AE fili b 5 W A B 2
B X[ % , 38 AT LAEA 3 - K R Gk — 44T
P 8. MR KPR b 2RI 2 O S L), Pan-
no S ME TR EKZ T R IR B IMORHEF 4 ki Az <
1.5 mm, e R Ry 15.2 - L (O b & ok I T
A I 3 B R AR A A T 75 K O HERCEE A%, — B DL
ML 53 3R M (PE) RN (PP) (RIR M (PS) |
RALHKPVC) KA (PLA) S, BT #HR A
(PP ZAFAE T AKR IR b . #7784 1Y Antua Y],
1 [ 1) Nakdong Jf", rfv [E] = ige 7K 2T Jl] Jgz i1 it
TR 260 o TSRS It LA SR DN M o 0 B
RL, B TR K S R KA YK S se e, Bir A
TR R} 3R DN AR A, 25 AN ] 3 s g E A T K
B BRI RP S K)Z o TR kLR /N (2R
TR RRLARC L W OO P i, A 1 B A 22 i ¥ s 4 ) 3 AR 2%
AR, A AT BL TS Yl X6 B Rk g K M 2R T S T A
KPO, A it 5% 2 DT vh G e 3R T A ML Ik
B UTRR T AT LTS G B R 50 A5

rAE R R R AP BT, 7E0m K B 2 F 324
bz R H R BT AE 2R ALEE IR A R
e DURR RS W AR S . RS R A
MK | T 3T G K AR K TR Rz A T
" . Morales SR H & BRL, 76 V4 BE 2 () 5% A
& & 258 R B PR T VD B (CIP) A v B
3910 5.8 mg-kg F19.8 mg-kg ', X ELERES HAYHT
A RS PTAE D R AN B & R T B A 0
PEVEF o METR TR 2P0 AE 2R TS Y7 3R [ [RIRE )12 A7
T, TR R W 1L AR 48 358 N K IR I s 5 R 2 i 2R 2R LA
DR AR B VD B O R R T i
IR X U A I 25 3 Vb 2 R VD B RIER TN
DR FE 1K 8.81 ng - o', TR SES IR IR K fa Sk
LA W v RS M i 1 28 e 2E 28 B VR B R 85.25 ng -
g HEAFRET BT AR A A K X AT
PG R ) W 2%, FEAS B AR v, W B 2 RN D /N
ARSI BHEAMT KT, SUAERMATEIGYH
%2, HATUAE REZAN T s B A —Em

WFFE, W4Tl B A R R RN 2P 5 rp 2 AU 0 A
IR BT, LA I 2 LAY o S b A S8 0 (2 i R TN
WEMZERE, SL5 kR B AN A KA 2500 i
W, A PHES F Ca i s il — 40 i 2 B i VR
KF—Hr B Na* X s Jiie — F A20mg e i % i 4 1 4
P, AR O A XA R A Z AL B is B 1 A ¢
WE5E, R H AT LT K R g R iR X b A &R
B RA T3 = o 25 ATk Rk Bt
R ZAN TR BT i — PR RS
W% .

AT LA BT AR AR T K B B 14 5 )
B FEXF 4, LA PP Al CIP 43 54 kg i 50 () 4 38 ) A
PiAE R 5 Y, 1 5 P I A S 50 DA 2 51
5, RGN Z LA B b PP X CIP iz B 1 /E ]

N E . W58 HER N : PP LA DERS (Sand) 5 CIP
Z 6 B AR B AR, 26 6] PP & = B 43 B0 A i,
CIP {3z $611 A FBLEL , 1R K i % PP-bFE 1R R
H CIP Iz 85 BUSE IR, CTP Mk BE AN [R] B A2 RS R AIE , B
5 X PP AL IR R CIP AL RS (520 .

1 #MREFE

1.1 KIE# 4}

SE it O R PP I T v [ 5 T 8RR A FR
I8 F) R R 25 wm, $LAE R CIP(CAS 177325-13-
2,>98.5%) . CIPHI PP 4rF 454 WK 1, 53X 5
SR CiHisFNOs R (CsHe )., 165 8553 5128 255~257 CHl
165 C. CIP S BCH 7 7 1 L& g F KA
250 mg [ CIP, 75 21 4% B Ry 250 mg - L' B L, 7E 4 C
WE R T ARAE

CIP iz # 52 1 v DAy g b A Sy S 22 LAy i 3E
Fo RN AR DABLIRD 55 K2 A e ki ARk 0.27~
0.38 mm, 7ESZH 46 FTH A 2R 7K L 10% A IR 1 25
B IRARUOE Ve eth , B A s mb v i 4 s Ak
A28 5, SR 1E 105 CA&MATFHET % H . FH Zeta-
sizer Nan—ZS i, 37 MR AZ 43 AT S0 52 A1 < b A2 PP 7E
AN T I Zeta AL, Z5 R FE 1,
1.2 &R EIE

PL50 mL LG IMLAE A S 758 4 , 76 25 CAF T il
17 PP FIA JERD XS CIP B W B 52 8% o 76 He e ML im A
0.2 g i PP, 23 A 50 mL AS ] € & By CIP ¥ (0
1.5.10.20.30 mg- L' F140 mg-L™") , AR I AG b
FE 50 48 h J5 I8 W BEP- 4, I C A 0.22 pom 2o 6k
) — U PR S 2 TR, AT i 19 40 5, fif FH 52 90 43
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Figure 1 Molecular structure of CIP and PP

Y66 3 (Lambda365, PerkinElmer, 38 [ ) 72 % K 277
nm G 43 25 W CIP VR B B R A J 42 0 3
W o TEATHERP B CIP Y S8 v, 1] B4 Fb 8 A
5 gAY, FIE A ik PP R CIP 3250 1 5 2 4 9%
PP FlA7 SRR CTP ()W B A

s:% 1)

A+ S Ay ik B BT E PP sl A SERb XS CIP A% W i
i ,mg- g Col CIP I W IR MR, mg - L' C ik B
BRFSF-  BF CIP AR, mg - L5 V oy He €6 T H 35 T 1Y)
WA, Lym AR PP ECA SRb I BT i, g0

% FHl Langmuir F1 Freundlich 45 i W [ 45 750 Ok $%
PR PP LA SERD ST CTIP I B 45 26

Langmuir SR .

K. S,.C
T+ K.C (2)

Freundlich ZE 7R A5 A .

IS = InKs ~1n € (3)
n

1S, K PP FIA SRR CIP By 5 R i, mg- g7
Ko R 55 W B A DG A9 8 50, Lo mg ™ s Ko on R 5 W0 B 25 1
IR 565 58 82 FH 2 1Y Freundlich %4
1.3 RbAESEG

SEHGAE AR 2.5 em K 20 em RYRDEE R UES T, E
WORE i e B e SR FL B R 0.4 DA 7 v
JCE 50 wm B8 M, T ST B A et (KR
VIS ARG AT o S 56 v 2o i 5l A2 (BT100-
20, PRE A, D JE VR AT T AP AT AR

FEH RN SCI AT X AR AP AT TR B S50,
IRy o QULRY R/ S G /N B e SR N2 R e
(Pore Volume, PV) ) 25 mg+ L' KNO %, 501
66 BT A2 L R A R KNOs MR B, Fpl 25
B K PR, BB R IBORE I A5 () KNOs V& B
R 00 IRERVRECE A W e 7 PV I L B K
PRPERP AL, A 9 PV AR B SR MR b bR . B
1 PV (1 CIP S RE A B AE B SR IGHEA 16 PV Y
TS PR AT, (o A SR AR X I R S
FE, DL RE T AR e CIP R . S ke
L2,

2 ZR5EWR

2.1 PPFARZEREXT CIP HY AR Bif

PP FlIA i CIP B W2 B an &l 3 o . AAIEI 3T
T Y CIP He JE BRI, PP XS CIP A4 W i 45 /0N , %
JERUNTE CIPRMR BE A5 1F T, PP iS5 G 00 s B0 AT #¢
FAFIH . Y CIPR BN RS , PP X CIP AW f 5 L
TN . 24 CIP ¥ B8 ik 30 mg- L7 I, X 1 A e R

=
I

FI 8B sl e

PPa—

B ‘ ’

B2 SBE—SHUERKE
Figure 2 One—dimensional sand column installation in

the laboratory

F1 AEWFIPPEREEG TH Zeta BBAL

Table 1 Zeta potential of quartz sand and PP under different conditions

Zeta L Zeta potential values/mV

e
Adsorl?ent 0 mmol -1~ 1 mmol-L™" 10 mmol-L™" 50 mmol-L™" 5 mmol-L" 20 mmol-L" 50 mmol:L" 1 mmol-L" 30 mmol-L" pH
Na Na Na Ca Ca Ba Ba
VeE 2l -24.00 —-40.40 -31.40 -26.10 -4.66 -2.00 -15.40 -0.95 6
PP -9.44 -8.97 -5.60 -1.26 -2.55 -1.89 -2.58 -0.77 6

1% WHART]
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B 5 4 0.92 mg - g'c A A Langmuir 55 J A5 %Y Al
Freundlich &5 i B4 BB UL PP K A B b X CIP A% W fff
178 AR RIS S5 5 ST A S i 3 Fn
2. A LI H Langmuir #5575 X6 PP A7 S b i
BF CIP Fry W B 3 AR 005 AR DG R AR KT 0.97 , 1
Freundlich & i B B 5 19 R 2/ T 0.9, [K I Lang-
muir % AR L AT DA SE 47 s A58 PP K A7 b X CIP £
S IR B AL R X L UL B PP A A b X CIP 2 )2
W Bt A . 5 L PS4 1Y Langmuir 25 75 AR 7R
AE U Mo 48L& PP X CIP 48 R W B 0 72— 2. Lang-
muir 158U 15525 SR BT IR B W [P f= |, PP X CIP ()
e R B 4 1,030 mg g, A1 SRt PP ) d5 R W i
5 40.008 mg- g™, 15 W] PP ¥ 25 5 W [ 1P, X — i
% 0] e 5 5 K RO R PP AT AR £ CIP Z 8] TT-11
HERUH EAE A O, AT W55 38 WH i /K P 7 OB ) X
AU P 0 W B v 2 AR P
22 NOERMHPHFELER

FH &1 4 AT AT, NOs 7N [R] PP & 12 [ A1 b i %
1) 2E 375 T 4 BA AP ROXERRE: , AN A AE A B35 4 2
MG, TP AE IR 4 5] AR RALIRE b
A PP & X NOSIERS 520w ] LA 200 o PRt b i
W S — YRR AT B AR AR BR8]

1.01
0.9
081
T?D 0.7
'éo 0.6
< 05 m PP
2 o4l y O fisfh
oy Y 7 —— PP-Langmuir FRR
= 03 g e AP -Langmuir %Y
= 02} e PP—Freundlich £ 7!
0.1 e f19&fib-Freundlich f&7
or O
0 10 20 30 40

e BE C/(mg- L")
3 CIPFERZERYAN PP _ERIURBH F iR 2 (pH=6 iR 25 °C)
Figure 3 Adsorption isotherms of CIP on quartz sand and PP
(pH=6, temperature:25 °C)

AN AR SR R
2.3 WEH PP EEXT CIPIER RN

FESZIS H B R ] S5 14 PP ORI S0 (PP 35
ARAK) S A RS FE b, WF5E PP 75 5 X CIP 32 B 1 52 1 .
T AE XS RS2 6 o Wb o PP 42y 0, SE TR 445 SR LA
5. MESFTLLE M, BEE RPAE PP & i i3 oK, Ui
I CIP B MR BE BRI o b AT v i A e b
£ 0.75 g (1) PP I, PP (5 0 A Hb 3R 78 4 BT 6 5T 2 Y
0.5% , It s 25 175 il 2% 06 (B X 107 4 CTP ¥ i IF 2 I T
Xf B rh g i i A B, C/Coik 3] 0.6, X4 PP i e
Iy BRI 19% W], 25 155 fh 2R Y CIP vk i I i P A1
C/Co=0.37, 1 & 3 R %0 H 7K [B1ISCR DA 44.18% [ A1k &
18.88% . 1 H. C/Co | 35 W R 1) Bsf ] WY S 447 il . Gk 4
SLE A R R UITE CIP iz B il FE v, PP X CIP i 14 B4
SR
2.4 FRIEXF CIPZR RIS

AN AT CIP R B i Wk 6. & 6
AT LLE W X CIP i ia A — & MR, 76 A TR
TR ARET 2585 1 R 0 (B R A S WA 1Y) BF [i] 34 45 7
o BFEHERFO0.1 em-min” F10.2 em-min™ B}, IE{E K
INEEIT, C1Co 2R 0.6 fH I 4 0.2 em - min™' B C/C,o

1.01

—& 0 PP
-A- 0.5% PP
-@- 1% PP

0.8

0.6

04+

W €16

0.2

FLER RS PY

25 mg+ L'KNOs, Ji#4 0.2 em+ min™
25 mg+L'"KNOs, inflow rate 0.2 cm+min™
4 THERSHIEAR [ PP & EHYRMAE B B9 ZF 5 # 2%
Figure 4 Breakthrough curves of KNOs in sand column with

different PP contents

2 PPRIAERRM CIPHEREEIUESH
Table 2 Parameters of isotherm models for the adsorption of CIP on PP and sand

R B J5t W I 5 st

ZH1 SH02

Adsorbate Adsorbent Model Parameter 1 Parameter 2 ®
cIp PP Langmuir Ki=0.21 L-mg™ Sue=1.030 mg- g™ 0.9758
cIp FYERD Langmuir K=0.09 L-mg™ S0=0.008 mg- g 0.970 6
cIp PP Freundlich K=0.293 1/n=0.328 0.867 7
CIP FIYER Freundlich K:=0.001 1/n=0.473 0.892 4

WWW.Qes.019.CN
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1.0
- 0% PP
L -0-0.5% PP
08 -@- 1% PP
S
S 0.6
=
!
g 0.4
0.2
T
0 1 2 3 4 5 6
AL AR FE PV

CIPYEE R 15 mg- L7, i %47 0.2 cm - min™
15 mg-L"'CIP, inflow rate 0.2 ¢m*min™
ES5 CIPERE PP EERAIEHFEHL

Figure 5 Breakthrough curves of CIP in sand column with

different PP contents

S 35 U (P B[] B L 5 Y 9 3 8 K1 0.82 em - min™
B, 2355 2R I I B3 K, C/Cois 31 0.7, 313K 16 (1
) B ) s A X 4R AT, K IR0 R K e 3, ik #
61.43%, X EESCHG 25 JR BT | I w0 K AE — o AR
o R WA B, AR IR (AR AT RA . 2L
A0 5 R I G B A B BY T o m s, £ 7ok
Sy o F AR S A g R ) 2Z A A R i T s
AR 43 2 W IR 21 5 1 475 Y e A Stk A
VES IR RO DT A5 25 375 T 8 A (39 K, H RO 1YY
B[] 42T o

R3 FEXBRFHRER

Table 3 Summary of test conditions and results

cpy PPAE BTEE g Liies
(mget) P Tonic strength/(mmol - L) wmqwi pH Recovery/
content/g NaCl CaCl, BaCl, (cm-min™) %
15 0 - - — 02 6 4418
15 075 — @ — — 02 6 4140
15 15 — - — 02 6 1888
15 075 —  — — 0.1 6 40.70
15 075 —  — — 082 6 6143
5 075 —  — — 02 6 49
10 075  — @ — — 02 6 913
15 0.75 1 — — 02 6 3614
15 075 10 @ — — 02 6 6295
15 075 50 @ — — 02 6 7574
15 075  — 5 — 02 6 3828
15 075 — 20 — 02 6 5819
15 075 — 50 — 02 6 9150
15 075  — @ — 1 02 6 5149
15 075  —  — 30 02 6 87.69

1% WHART]

Lor -A- 0.2 cm-min™’

-@- 0.1 cm-min™

0.8 & 0.82 cm min”'

WL €16

FLEATRAGE PV

WAL PP Y B 20 50 0.5% , CIP YR JE 4 15 mg- L™
0.5%PP, 15 mg-L"'CIP

6 REIFRESFRMT CIPHIZFE £
Figure 6 Breakthrough curves of CIP at different flow rates

2.5 CIPREHERZ R EN

CIP ) Uiy v B2 A TR s o 07 14 2 335 2R a1 7. 1l
B 7 0] LA BT CIP VR B & AR AR, 25075 il 2 iy 0
{ELFN S U B [0 #8026 02 o FE CIP ) R TR 3 AR 1Y
ZAET A Z LA T RE AR B R B 2 1Y CIp,
11 HLH RO A B PE AT . Y CIPRIARVR N S mg- L
10 mg- L7 B W REAR, H. C/Co¥IRTF 0.2, K [H]
WCERI/NF 10% , Ut IR R FE (1) CIP 76 PP-RDAE (R R
HRRE B AR A 2, FLH B E I AR R . 2 CIP
WA FE G F] 15 mg- LB, IR B S8 084 K, o g sl
[ HER o 3 3R W v B W) 06 TR 32 23 B AR CIP 7R AT
HER R . X TR AR S IR R BT A
O P R 67 s 4 o P DTS5 0B ZE 2000 P, B AL CTP
FEA TP R B

Lor
-O- 15 mg-L™" CIP
08F -A- 10 mg-L™"' CIP
-B- 5 mg-L" CIP
S
S 0.6
X
i
=
0.2

0 1 2 3 4 5 6
FLBRIAFE R PV

WA 0.2 em - min™ AR PP BB EL 43 E0CR 0.5%
inflow rate 0.2 cm+-min™", 0.5%PP

B7 AE CIPIRE TR FE L&
Figure 7 Breakthrough curves of CIP at different

CIP concentrations
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2.6 BFEEMERIS CIPEBHIZ M

FL, 78 AN ) 2 TR0 e 38 IS o 7 4 2 378 il 4 AL IR
Ba~&l 8c., M1 1 I 8a ] LIE H, M1 RV Na'
F5R A 0 mmol - L' #4 E 1 mmol - L7 B, A4 JL A
Zeta L i A =24.00 mV 34 £ -40.40 mV , CIP £ PP-#)
R F A H K TR L TSR A 41.40% Jik /b
% 36.14%. CIP A3 A [F] 1 pKa B (4351 4 pKa=
5.9 Fl pKa,=8.89) , i 15 /K i W P 9 CIP 7EAS 6] 1) pH
SAF T 3FAEAETE A LA [A], He A3 A1 an 181 9 Fie i o
TESZI 451 pH g 6 I5F, CIP LA 3EME 25 1 FI B 25+
Fo HELI S 35 AT AE 2L CIP 7E PP—b AL i B A0
W Z ., 76 Na WA 10 mmol - L' 1 50 mmol - L™
B, CIP 78 PP—#0 A% Hp i Hh vk B v, H B A 46 2
%, 1 H.50 mmol - L Y Z5 11 F , CIP B9 37 HH ¥ J3E 4%
7, C/CEE) 0.8, MR BRI, &3k 75.74%. 1
ORI, A b PP Y 7 k43 550 38 i A R
IG, R E F I EAR R R R X gE 5
BT K. XuSEPIWES k3K B -5 B B
BF, K KL fiff A e b A Jo 2 18 Ay £ f A W o2
SRR, XE CIP AW B sk /L, S35 CIP AE A S bt v fi
WA M, N U T IR N B E BT N, 74,
VA B 4 S BH 8 2 X (O ek 2R 1T 17 BH 8 - S8 B A3 et
FEA R LR SE VR, B 8b T LIE M =
VR Ca> B T i85 A 0 mmol - L3 11 & 5 mmol - L
B, K RS s s /D, [BLRCR DA 41.40% 18 /0 2
38.28%. AR ERY M IHEF (Ca Mg™) AT LAY
WE DS BT AR 3 40 1 A5 R h R R RE A A R E
I EE A, DA (e 3 B 25 0 CTP L /b o 24 Ca® ik
42050 mmol - L™ B}, A3 e ftb Fll PP [ Zeta HL A B it
WA, 43 91 -4.66 . —2.00 mV F1-2.55.-1.89 mV , CIP
HK ISR IS, 43 50 58.19% .91.50% , FF H.24 Ca**
W4 50 mmol - L B B S At CIP YL RS , C/Coik B
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