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Influence of microplastics on sorption behaviors of oxytetracycline onto
soils: A preliminary study

LI Jia ™ YU Songguo SHEN Linen CUI Min WANG Yulin

(School of Environmental Science and Engineering, Yangzhou University, Yangzhou, 225127, China)

Abstract In order to reveal the effects of microplastics on sorption behaviors of antibiotics onto
soils, polyamide (PA), polyethylene (PE), polystyrene (PS), and oxytetracycline (OTC) were selected
as the target, and batch experiments were conducted to investigate sorption of OTC onto the soil, soil
containing 10% (mass fraction) of microplastics, and microplastics. Results show that microplastics
could influence the sorption rate of OTC by altering the thickness of liquid film, the number of
internal channels, and the number of sorption sites. The sorption isotherms of OTC onto the single
soil and mixtures of soil and microplastics were in accordance with the Temkin model, while
Freundlich model could fit the sorption isotherms of OTC onto microplastics well. Adding

microplastics into the soil inhibited sorption of OTC. However, various types of microplastics have
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different inhibitory effects on OTC sorption. That is, the sorption capacity of soil containing PE or PS
microplastics reduced significantly (P<0.05), while the soil containing the same amount of PA
microplastics had similar sorption amount of OTC with the soil. This may be related to the different
affinity of the three types of microplastics to OTC. Sorption amounts of OTC onto the three types of
microplastics (K; =0.103—0.152 L-g™") were significantly (P<0.01) smaller than that onto the soil
(K¢ =1.297 L-g™"). Therefore, adding microplastics to the soil will reduce the overall sorption sites,
which in turn will decrease the sorption capacity of the soil containing microplastics to OTC.
Microplastics can alter the pH of the reaction system, which will affect speciation of OTC, thereby
sorption of OTC is influenced. Further, the influencing mechanisms of microplastics on OTC
sorption may also include competing sorption sites and occupying internal pores of soil particles.

Keywords microplastics, oxytetracycline, soil, sorption, batch experiments.
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1 M¥5 773 (Materials and methods)
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Table 1 Physicochemical properties of the tested soil

ORLZE 1/ %
- BHLE/ (mg-g™") BHES T34 /(cmol(+)-kg ™) Particle composition
PHpze Organic matter Cation exchange capacity Fokr ki HRE
Clay(<2 pm)  Silt(2—50 ym)  Sand(>50 um)
5.28 12.3 12.4 20.16 33.60 46.24

ARSCHEI 2 AETE T HIEEREE T (1 PE. PS A1 PA 1E R Btk 3 R B hRE i 240k 1 e oK
R, BitE<80 H, W [ ¥ FHENAL R BHE A FRA 7. A 60—300 H A9 AN 4K A v 1 19 i ) (it i 4
BERIAT A4 . R 8 BB (S-4800, H AR Hitachi 23 wl) X ¥R 36 T S A T AL
1.1.3 XA

1o S5O AH 2135 { (Primaide, H A% Hitachi 23 @), KV H IR 4R 7 %% (SHZ-GW, M T8 7% il 15 A
PR W) ¥ R T AL (FD-1A-50, db 5% i B2 RR 55 96 A 2% A BR 24 w1 ). 43 BT K °F (BSA224S, 15 [F
Sartorius £ A1) 5%

1.2 HEsLE:

AL 2 M OECD(No. 106) bR ¥ JEAHL S S, 23 50 5% OTC 76 138 | Tkl B & A skl - 5 b iy
W B AT A . 48 b AR B R A S N B B (10%, BT 6 AR RnEOm Tk (BRI A I R ) S |
Hiiffer 55052 (Y iRIEH T E .

1.2.1  WEFflsh 12E 505

PRI (0.0500+0.0003) g +HEHE 5 B T 15 mL R PM 2.0 8, SUFRIK (0.0450+0.0003) g - A i
F1(0.0050+0.0002) g fl¥FBHFE it B T 25048 v, ISR A 9.0 mL 5K (1.11 g'L ' CaCly), R )5
JIA 1.0 mLOTC TAEW (100 mg-L™). 47 B 555, ¥ B0 B TR ERIR G 48, T 25C &0 Mk
i, B E K 210 rmin”. 2R BI7E 1.0, 1.5, 3.0, 6.0, 18, 24, 48, 72 h FEATHUEE, BEM£8 0.22 pm JE i
T UE )G, BEARR IR T PRAE, S RV SO R AGEAT 0T, R SR 3 AP AT
1.2.2 SRR S s

5T OTC 72+, ROERH, HIRAGUOREHE G4 E SR T4, 2 BIFRE (0.0500+0.0003) g
T+ IERE S (0.0500£0.0003) g BEHRHEE B L (0.0450+0.0003) g 4 HEAE 5 AT (0.0050£0.0002) g {38 B i
BT 15 mL RN ELE K OTC M EERLBEIE N 1.0, 5.0, 10, 15, 20 mg L', #4JE BL ik BEBR I,
e ARG WOAR 1) 880048 PPN AT 78 B (1.11 g L' CaCly), SR J5 A OTC TAEW (100 mg-L™), {4
A B E R IE BB R 10 mL. B E, K B O E TR EERR G, R E N
210 rmin', T 25°C AF T 4. RIEASCH) 17 B2 545 51, OTC 78 + 3 X UE B A HHER G4 -
{14 W BB (B35 247 24 h AR SCRRFIRIE ™ 2, ¥ OTC FERLYERE T B W BFE [R135E 0 48 h. #E 548 0.22 um JE
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B LTSI B ) (R b B AR B S O R TR S ) SR TSI OTC 5 W 1Y 25 11 S 3 A Ry ot
&, LA 2 W B 57 R T8 OTC At th DL R SE 3R R H OTC A BRI .
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2 725 53718 (Results and discussion )
2.1 IR ERAE

3 o A B8 0 R (R AR 20 A A I A0 R 1T S 88.7% (1) PA [ RLAR A T 160—250 pum I N,
84.1% 14 PS FIRLAZ2 A T 75—180 pum JE I 4, 89.1% i) PE IRLAZ A T 75—160 pm J8 . SR =,
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Fig.1 Percentage distribution of particle size of the tested MPs.

B2 o ee i s R
Fig.2 SEM micrographs of polyethylene (PE), polystyrene (PS), and polyamide (PA).
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Fig.3 Sorption kinetics of OTC onto soils or soils contained microplastics

Solid lines are Pseudo-first-order kinetic model simulations.
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OTC 7 4l 4 e ol & T ¥ R} 4 18 1 A W B 3l g 2% 2k B v RS R 3 A B (1) PR I o i B (0—
6 h), W Bt OTC FEA [F] W B 7] - 0 W Bt 249 o7 G R Bof 62 149 79%—86%; Sun 509 458 i, 7E L0 e iy
BB, OTC Ay BE AR XT3 i, P = T s g 9K 30 1, AT 2 SBCAH Hh () OTC 431 [l Wi B 571 2 T A%
315 (2) NS WL IR BY Bt (6—24 h), Bt 25 W R} 55 &1 35 T 16 24 R B 057 5 45 (%) 02 B 7 B REL 77 388 i, OTC 1
IR T 3ok 23 % T ik 28 4 3% (3) S i BE (24—72 h), UET OTC 7 38 o 25 vkt 3 B il W 2 1
A AR L, 1) I 10% PR R B AR OTC f W B e 5.

R — GO RL OTC WL B 20 1 2445 A B 52 i, ) FH v — 2 sl 1 “F A R TN o — ) 5 7 2 4
RIXE OTC WML 2 77 22 45 SR AT T HLE, AHCHLE S 80N 3R 2 Frs. i AH ¢ R4 (R?) AT AL, fE—21
Bl SRR RE RS B AP A OTC 7rali +3 1 0 sh 71 2% B2, 1 OTC 78 & A fl Bkt 38 - 1 Wi Bff
By F1 20k R R B A5 A v — G Bl SRR RN — G B 2 AR e o T sl AR A LA R
e AHJE, WE— 2R3 ) A AR AL G A5 30 1 1B I B 1 (q) SE T T S0 MME (e exp)- PRIHG, AR SCAR iR 1 —
P J1 B R LA 25 R TTHE . M T2l 1, ) R i AROB RS, L HEXT OTC A M B
(ky) YIWEA TN (P>0.05). [AlHF, N ASHCEE RS, OTC -1 B (q.o) 0 HAE 2 4 48 rh s /b

F2 MY LB SRR A S

Table 2  Fitting parameters of Pseudo-first-order and Pseudo-second-order kinetic models

HE—G 3 Jy F AR ) )y
Su}](w il Geoxpy/(mgg ) Pseudo-first-order kinetic model Pseudo-second-order kinetic model
orbents go/(mg-g™) ky/h? R qJ/(mg'g")  kf(g:(mg-h™)™) R
+ 1.832 1.848 0.226 0.902 1.879 0.665 0.773
++PA 1.811 1.813 0.283 0.968 1.898 0.233 0.990
++PS 1.803 1.787 0.371 0.974 1.871 0.295 0.982
++PE 1.813 1.811 0.435 0.994 1.921 0.289 0.992

OTC 7r2f - 58 ol 75 OB At - b AW B 7 m] il 5 i — BE i £ (I 4). 26— Bir BeAR SR IR 1
KRR, FERCRY BE, OTC 73115 W B 57 S0 1 A W BEH i 454 00 25 1) b in A BRI, ek 3%
T YRR IR BE () Bk IN, OTC 1 ml B AR 21 1K W R S 008 b e i

20 20
/ﬂﬁqzo 0087°3+1.794(R2=0.971) ¢ 2 i
U ‘ o ¢,~0.005"3+1.787(R2=0.790)
1.5 1.5
T q~0.106:"+1.314(R?=0.567) e =0.1000/3+1.323(R2=0.996)
o0 =)
£ g
T 1ot T lor _
¢~0.562(°+0.104(R*=0.965) ¢,~0.6211°3+0.042(R2=0.998)
0sf o +Soil 05k & 1:+PE Soil+PE
O 1 1 1 1 1 1 1 1 ] 0 1 1 1 1 1 1 1 1 J
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
t/h t/h
20¢ 20r
° ® ) = & a
4=0.003/%5+1.798(R2=0.973) 4~0.0033+1.782(R?=0.731)
15F 15F
o] z . 0.5 12—
. ~0.1461°5+1.099(R2=0.895) o ¢~0.1093+1 257(R%=0.999)
80 &
g g
S 10T S lor
4,~0.5601°+0.078(R2=0.890) q,~0.6071°%+0.028(R*=0.982)
osfa o 1:+PA Soil+PA 05[ a £+PS Soil+PS
ol . . . . . . . , ol . . . . . . . )
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
t/h t/h

B4 OTC 7613 K & iRl L35 b AW R 8 o 2725 58 (I vb 9 = Bt 26 S S0k N ™ TBORBE R 4005 2521
Fig.4 Sorption kinetics of OTC onto soils or soils contained microplastics(Solid lines are

intraparticle diffusion model simulations )
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K, B B: OTC e - 1K IR &R 3 HIGHE 2 240 (k) HHAE BRI KRR R 5 —
B B Ry UKL 3R T Y OTC i A UKL PN F8 LB I 34T 47 B0 e B B 1R RS 7] ORI 98 FL B & 3k, )
OTC 7T ¥ H By B 3 /N, BRI ks AR, WL 4 ir 7, OTC 76 & A PA Tk 38 b i L N 9 s R
JE R, He kg (B S (P<0.01) KT HE =41, WK 2 Fis, PA (OB kE3 molLRE, 7776 KR LB #, i
PE il PS Sl ¥ kL i Aot . 524, s = Brli A4 2 P SO R S 500 W/ TR mi B, o8
B B BRI OTC F 3k W B A5 0T A= W B S 1 A el B 07 FEaZ B B, A BB RS, OTC 11
P BRSO D X AT BE S B R AR D T 3 v i B A, SO RS ] Y OTC A
B i b, R R AR AU IR ARG & (B0, BRI, OTC 7 48 I A W B ol R 32 22> o B 4ol
T G A ARk = 23 Ao o370 Y BV | AT P S L 5 et R R B 57 55t e 52 i) 13X OTC g Mz o 3kt .
2.3 OTC TEAS [FI W B 1) b iy 46 5 W B A 7>

OTC 7E T3 | & A IS - 53 K ook v 8 W B 25 R4k an 181 5 9T 7. AR SC 433 1 Linear £4 |
Freundlich ##Y | Temkin 5 %1 A1 D-R A X 52 56 B 48 #E 474006, A OCHULG S8 T34 3. % T OTC 1E
- SN R R A S A BT T, 3 IR R R B B A LA R (R=0.936—0.998) I T4k P AR A
(R>=0.612—0.959), HZ% n B9 T 0.581—0.667 = [a], PEHI OTC 74 -+ 58 iy 465 Y W B 2 JE 8 1k
X5 SCHR R A 0 25 2R — B0 3 Rl AR PR B A b, Temkin A AU (9 $005 880CR Je ft, HHOC R B R AE
0.993—0.998 Z [i]; H:K A D-R BRI Freundlich £ %Y. Temkin # %4 by ALK BEATAZ AL, 24 b>1 BT
FETR WL BN Ry TG AR 2 byl I 3R R B SRy W B AR 0L R 3 R, b1, AR R IR A Y i
OTC TEi% 3 I i W B A e 78 . 595 41, AR D-R AR (1% 0% [ BE 5 5% (8) T T2 W BFSE- 24 [ fig
E(kJ-mol ")(E = \/L_m), 2 E EAF 0—8 kJ-mol ™ i, F/m Py Bt 72, 24 E BI(ENT 8—16 kJ-mol
i, Fom Al e e i e

a b
1.5¢F
3.0F
= 12 = PA
~ ~ e PS
oo 'en A
& 2.0F & 091 PE .
g . g Freundlich
%;, +:Soil g;)
" ++PA Soil+PA 06k
1.0 ¢ ++PS Soil+PS E[
4 £+PE Soil+PE 03l :
Temkin
0 1 1 1 L 1 L 0
0 1.0 2.0 3.0 4.0 5.0 6.0 0 20 40 60 80 100 12.0 140 16.0 18.0
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B 5 OTC fEtHE, &Rt 43 K ook v i i b 25 il 26

Fig.5 Sorption isotherms of OTC onto soils, soils containing microplastics, and microplastics
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Table 3 Fitting parameters of models

W B Freundlich#5 Y D-RAEAY Temkinfti %Y Linearf& 7!
Sorbents  K/(L-g") » R gu/(mgg') plmolPkI?) R b/(kTmol") Kp/(Lg') R KJLgh R
+ 1297  0.584 0.945 3.810 0.243 0.950 1.975 3487 0993 0980  0.726
++PA 1257  0.665 0.963 3.193 0.250 0.936 2.053 3457 0997 0710  0.612
++PS 0.955  0.581 0.966 2.426 0.249 0.990 2.960 3.545 0998 0453 0.940
++PE 0981  0.667 0.971 2311 0.240 0.983 2.849 3580 0996 0388  0.959
PA 0.152  0.949 0.981 1.751 2.987 0.504 6.884 4662 0926  0.156  0.743
PS 0.110  0.368 0.738 0.236 0.044 0.267 72.68 1221 0466  0.021  0.754

PE 0.103 0.429 0.812 0.057 0.057 0.973 71.40 94.14 0.982 0.026 0.997




3140 7N 54 1t 2 40 %

M5 3 iy pETHAEAT RS OB R E 80 E (N 1.414—1.443 kJ-mol™', &RH] OTC #£
- RN B Tk A ) S Hp % WG B SR g B R A XTI S, OTC #E 3 R Y8 kL I iy 4 TR W B B AT
Freundlich ##Y, #HOCRECH 0.738—0.981, F WML Fff o 72 4 T332 W B HL I BRHA7 s 201 A 341400,
2.4 TREREXT 30 OTC AYBE T ISR

WH, K (ER K, 22 W BFFBE 77 5. W36 3 Bir/R, &8 ROk -0 Ko (/N T4l 3, R A
TR 13X OTC AW BFF AE 7055 . I Ah, D-ROARE Y (g B8 40 F0 02 BF: (qr) 9728 AL AL ESIE T 122 5%
8, B ABIBRR, qm BIEIR > (5 3). %4535 Hiffer 2502 B9 HRIE S, 1% B PE OB R REGE
R ARG b ST BT R N 2,410 T TR 1) R B ot AT TR R AR 3R AR 2 SR S G ) T
AB 1T R A A K S 3 Y A g U A B EE N B R, X T B S b5 X B A BE VS YW 1 AR v ] R A 5 [
B, o T ARk A A X G B R B R T R AT R TS e W 1l R 2 R R R B3 T AR, IE T RE R I L
T R 21,

W 3 iR, &4 PE A PS U8 RHY 32Xt OTC AYWZFHEE 7 9 W55, — & 1Y K {EAHAT, (H A 2
INTF ol R K (B (P<0.05); 17 A PA TR 38X OTC YW B E 1145 4l + B4 R r, R W )
R A T L 10% 1Y PA A2 B 2 AR 38X OTC (WG FERE 7. Hh e ] WL, 4 ) -4 o A %5
AN R 2SR A RERL S, LT OTC Wi 5 o0 o 8 88 J2 AN (A1 19 . 33K T B 2 81 Ay AN ) 28 78 1) ff 9k Xof
OTC W B R[], R T B IE %4518, 43 IWF5E T OTC £ 3 Rl ¥Rl b 09 25 I W A7 4. 4 &l 5b JiF
7, PE Al PS X} OTC Ay W k& AH VT, 1H. B /N PA X} OTC AW FfF&. 1t 4b, Freundlich #5114 4%
Bn, PA BRI OTC RYRE ) (Kp=0.152 L-g™) BIR & T PE(K;=0.103 L-g™") #ll PS (K;=0.110 L-g™"),
XERNTZ AT 45 R —2, B PA X PURRZR 26 A1) 245 T PE A1 PSH2L 25 R IH AT 1) PA
BHHAE 2 FL I R IS5 A BT OTC WL 2) PA I BBk S 7T DL S OTC B2 HEIE s &5, MM Hg
i OTC (W B 1. AL, PE A1 PS G ¥ RLXT OTC (Y5 F S 38 PA 55, 30 PE A1 PS f 0k o = 458 Wi i
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Fig.6 pH values of different reaction systems
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R 3 %
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