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W OE N TIRARIMIEE (microplastics, MPs) . FuA4 Z WA T A5 K 772 A g m i Betd, L
R 24 (polyethylene, PE) . PUPRZE ( tetracycline, TC) . #H W E ( ciprofloxacin, CIP) MW}
G, il BRATEA R L 4 S, PR T R E T . BEIEYE . PiAR R . PiA R btk
# ( antibiotics resistant bacteria, ARB) $it . HiA R bt H A ( antibiotic resistance genes, ARGs) . fil
A RS R 2 REVE S O B SY L 45 R BN, Bt MPs S04 R 2 H W IR 3 BB OR T 12.3%.
16.9%. 21.8%. A L& & f& B 39.96 g-kg' ZF {1k 4y 53.21 gkg™, 5 X MR A AH L4 B3 KT 9.16%.
12.39%. 14.09%. 18.47%. 32.03%. 33.16%. 36.04%. PHES T 32kt th 4 R ZH 1Y 44.36 cmol-kg ™' i F 7254k,
h 62.45 cmol-kg™, 5 XF M ZH A1 HE 4 B K T 24.06%. 30.09%. 33.97%. 36.49%. 47.14%. 50.93%.
56.1%. SEH 45 4 pHAE#E 7.58 — 8.12 Z M| A5 k. S0 45 41 19 5 S fb S Bl & = 40 B oA 1.653. 1.559,
1421, 1.486, 1.376, 1.545, 1.524, 1453 1U-g"; WRES & & 45058 89.56. 78.32. 64.65. 66.79. 57.27.
7231, 7126, 61.56 1U-g'; JE W48 & &40 9 4 158.69, 149.61, 134.56. 131.87. 123.65. 137.26.
136.83. 126.34 IU-g™'. MPs-TC-CIP £ 119 b Ak S0 Bl 6 Pk . DR BG 06 M . B W06 M 43 30 F & 12.1%.
32.3%. 26.7%. MPs-TC, MPs-CIP 415 TC. CIP SCH el b, Hud ZsR & B TREAL, 43008 187.1%.
189.3%; MPs-TC-CIP 5L %6 4 (1A 2 4% B I T 50— ] CIP. TC4H, 437K 182.6%. 178.7%. fifi ik
) TC BT ( TC resistant bacteria, TCRB) Hl CIP Hii 4 7 ( CIP resistant bacteria, CIPRB) FY ¢ ¥4 fin
245 LA b MPs-TC-CIP 41 5 % BRZA AR LY, ter W ter O HIARNS F2 BE LA 70 9] 0 1.82. 1.78; qnr A . gqnr
S B AR = B O AE 4 5 8 1.68 . 1.71. 5 28 AR ) 3 B 458 i A R A RO AR TE TR (Proteobacteria) , Tl 25 T
( Actinobacteria ) . BRFF R ( Acidobacteria ) . ZF MR ( Gemmatimonadetes ) . JEHEWR ( Fimicutes ) .
it A4 & . MPs Jii Proteobacteria . Actinobacteria A% £ FEEENN . myxococcus FAXT F FEW /D . W 57 45
W, it MPs BEGE P R E S fEILRIBGA T, Xt e AR A YR v R o O B, HF
— T MPs X P4 RAREA . ARGs G454 Wl I AL RAE SRV AE 52 e, LA T 075 e i fis
LA TR R K R AR,
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Response characteristics of soil environmental factors under the stress
of microplastics and antibiotics
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JIN Yuxuan® ZHAO Wei® YUAN Ziyi® JIN Xincheng*
ZHANG Mingzhe® SUN Shimei' *
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Dongsheng Chuanglian Construction Engineering Co., Ltd., Tonghua, 134002, China; 4. Jilin Province Tonghua City Investment
Group Engineering Co., Ltd., Tonghua, 134001, China)

Abstract In order to investigate the effects of microplastics and antibiotics on the response
characteristics of soil environmental factors, MPs, Tetracycline (TC) and Ciprofloxacin (CIP) were
applied into soil for 4 weeks separately or jointly. In this experiment, a large number of studies were
carried out, such as the physicochemicalof soil, enzyme activity, antibiotic residues, resistance of
antibiotics resistant bacteria (ARB), the antibiotic resistance genes (ARGs) and the diversity of
microbial community. As a results, the unit weight of soil were increased 12.3%, 16.9% and 21.8%,
respectively. Compared with the control group, the content of organic matter were changed from
39.96 g'kg™' to 53.21 g'kg' by PE and antibiotic. They were increased 9.16%, 12.39%, 14.09%,
18.47%, 32.03%, 33.16% and 36.04%, respectively. So the cation exchange capacity was
significantly changed from 44.36 cmol-kg™' to 62.45 cmol-kg !, and they were increased 24.06%,
30.09%, 33.97%, 36.49%, 47.14%, 50.93% and 56.1%, respectively. The pH of each group varied
from 7.58 to 8.12. The catalase of each group were 1.653, 1.559, 1.421, 1.486, 1.376, 1.545, 1.524,
1.453 1U-g ™', respectively. The urease activity of soil was 89.56, 78.32, 64.651U-g', 66.79, 1.57.27,
72.3, 71.26 and 61.56 1U-g"', respectively. The sucrase activities were 158.69, 149.61, 134.56,
131.87, 123.65, 137.26 , 136.83 and 126.34 IU-g "', respectively. The activity of catalase, urease and
sucrase with MPs and two antibiotics were reduced 12.1%, 32.3% and 26.7%, respectively.
Compared with the control group, the residues of antibiotics were 187.1% and 189.3% by MPs-TC
and MPs-CIP, respectively.Additionally,they were lower than the control group, 182.6% and 178.7%
by MPs-TC-CIP, respectively. The relative abundance ratios of ter W and fet O were 1.82 and 1.78,
respectively. And the relative abundance ratios of gnr A and gnr S were 1.68 and 1.71, respectively.
The relative abundance of microbial community were followed by Proteobacteria, Actinobacteria,
Acidobacteria, Gemmatimonadetes and Fimicutes. After the application of antibiotics and MPs, the
relative abundance of Proteobacteria and Actinobacteria were increased, while the relative
abundance of Myxococcus were decreased.The results showed that MPs could promote the
enrichment of antibiotics.Under co-stress with MPs-TC-CIP, the effect of physical, chemical and
biological characteristics on soil were more significant than the MPs, TC, and CIP alone or mixed.
Furtherly, the potential effects of MPs on were explored , such as antibiotic residues, transmission of
ARGs and the microbial community diversity, which were laid a foundation for reducing the harm of
pollutants and building a comprehensive intelligent remediation system.

Keywords microplastics, antibiotics, antibiotics resistant bacteria, enzyme activity, microbial

diversity.
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AR P AR FEPEAE I - SRR I Ry, W 2R 2K S0 Ja s a v e AILeR . AL BRI, T A
S R N, R Y R SRR AR AR EARIE/NGL IBA, AR R O S R AR L F TR
T REIRPE | A WU RE TR AR S5 AR R0 AR W 2 1 T LR IR R A AR Ak, 52 i B L 3 i T e L R 3k
5, MR T RGN G, TR T X Z R E g e B, TR AR ) A2 B —E s, i E T AR
AIIEHRFRS. BEAN, VB RB 2405 e My e A 250 AR SRR L AN A R SR B AE e R Y T T B
) A DGR AR A BR . B2 R AE T RV YT NN W 1) IR, 5% B A 75 K Ab B Ay, 5
FEY . BEBRIA IR | Bp AL PR A, Horh, RO (PE) SR ToMk , Joie . M= 0h , etk . T ry 98
B . AR (TC) . RN A ( CIP ) J& HBTTEIR T 2R s i AL | B2 W 254, (HJE W mT GE
SEMBEIG PR | AR PUbESE N, fa A e 0 0L kA R A R mnE . 91k mARYE R,
IS RAR | B RS | A, XA SR . AN JE B IE AN T i £ 0 VIR BN K ) ik
ITERA b BRI, A AR I, MPs B A R E B 15 Q- A A S RON R 4% fa
P JABEAZ I AN MPs B02E ARGs B B2 L 434 BETA O MPs SHiA RWE S 15 R 24
TP oK B0 BT ARAF I ST 2508, ikt 809 IR A5 YeF o 5801, Zr T /K IF 58 B8 R 28 L, iR 5 D43
FACY b B WO R —Pi AR A s A WRBHE . RE A | o A5 .

BT I H AT TARRY SRR b, SR TE 145 rp 80 A7 AR BLAS R 1Y PE. TC. CIP 5%
X5, TS A5 4 I BAL R M L B OE L LA R AR L WO ZE BT R ( TC resistant bacteria,
TCRB) it . FAH V0 B 301 5 (CIP resistant bacteria, CIPRB) i1 . $it4: Pt 2 [H (antibiotic resistance
genes, ARGs) (W5, i — D4R T MPs XA RER B . ARGs 1645 | T 2E W B T A0 R A1 55 V8 7 52
e, DA R T s e M 0 1 . R LRGSR e e AR R AR LRI,

1 MBLE ) (Materials and methods)

1.1 3t

H 8 % (PNC) |, FI##-F(RFP) | TC, fifi it H iEmk (SMZ) . % % (CHL) | CIP, JKKE & (CN) %
H A E 2 B . MPs I B LT BRI AIL B BHEE e 47 BR 23 ). DNA £ BGA57 & 18 H TIANGEN 2 .
1.2 kit

FE 2020 4 8 H, SRAEAC T7 FE3ak i A0 DX A HH 5 B o v v 398, KU1 WFEES . 2o, 4% B0 500 g, 3%
T 15 cmx20 cmx30 em AE 75 N . £ #% PECKIAE S 204.6 pm, LR AN 2.11 m>-g ™! AR K ) | 20 BPKs 52
55 45 AU I BE IO oA 1.0 gokg !, #5e BRER 1 o Bei 40 8 8, 4 J8 U5, 347 R 3EmBE bR . Bt
AR BER & ARB M . ARGs B35 UZE YRS 200 R ), BARSE IR 1 L3k 1.

®1 LB AR
Table 1 Experimental group design

2531 ALY ik
Group Additives Note
CK S
Ml PE
M2 TC
M3 cIp WPE. TC. CIPECHIMRE }1.0 gkg™!, BINF 484 J, FRAAREHL S
B LOBRBUIER, 247 LAY BALARYE ST 5% . ARB. ARGs,
Ma rexap HOCEIREE SR,
M5 PE+TC
M6 PE+CIP
M7 PE+TC+CIP

1.3 ESEReERIARI . B

FIRSCHR [16] BT50E, B OB DUAR R0 A9 L 3ERE A AL BES , SR TRR Tk AT L 3EAR ), 3
B A H; ) S A - B R 58 30 S ek | RRIEE T . EE AR R AT A H - R, ARV RE - K B B
B A | pH L AL SR, B RERLIIE 3 U
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1.4 LSRG PE AR . A

Foe FESCHR [17] 09773, 43 5038 o 2Rk . e B R R e L A AR O SR DU vk, A R AT T DR
I EAL ARG | T B A A T A I, I BEAR DG A AT TR
1.5 PRIk & r A

Foe HESCHR [18] J7ik, SRAE Y L HERE & S A AN - F BT B A B . G e AR I, T4 L B R U
Wi, T, AR E, 2 54T TC, CIP BRI
1.6 BrAERBUER P ST

2 HESCHR [19] J735, il #8380 B R U B IR L1, 2078 16 mg-mL ™" ) TC. 4 mg-mL'CIP il £
YA R FEIL. BOE & 18R, 20 A 1E TC, CIP U5 3E 1, 4 37 °C BT IRAH N 1 55— BLat
i), PRHCELAN TR 7, kSl 4 5% . 4 UG DR S 56 28 A oAb Bih 23 A R0, g 2 Bl HL K B 10 ARBTME TR, 430l K
Ml SMZ. TC. PNC, CIP, CHL. CN, RFP f$ifk.
1.7 HoA R b B A i

W 4E | b HE AR A SRR S, R BE SCHER [20 — 21] ik, i s 1 W e A HEA T TC 28Puik 3 A
( TC antibiotic resistance genes, TCARGs) H1 3% U ter W, ter O H 1 3 K F1 28 7 ¥ B o4 3L A (CIP
antibiotic resistance genes, CIPARGs) H gnr A, gnr S 1) B (9 FE A, £ F 3% DNA 57 & 43 5 $2H TC,
CIP H K 5 {8 1.5% B3R M 8 M i Dk 2R 4 7 Aar T
1.8 TIEGA: W REVE o b

Fie RESCHR [22] B9 73k, it sy R & i T PCR 473G . ik, glifb s FHEE i R fios
B A 2R X UE YRR A W25 B AR
1.9 gt 500

25 22 T ASCR U A5 A I ) b, £ B Excel. SPSS16.0. Origin 54, R FFE T K86 BN R £,
Turkey's % LT BAE G 43 47 5 B R HIE.

2 5 R 5308 (Results and discussion)

2.1 - HERRAE R RIS

IR O, BT A IR IRE . AL KR SRR X AR R R FE
b, TR BREA L IR AR A N ] B e 2, T A 2R K 1 A7 B R0 R S, B RE A S 0 Y
B WS W R RE, B0 A B T RS M. MPs AT L o W B e 35 ey | 1% ZE A i RE LB L AR
BIRY T2, SRR R0 G R CY. AT, SC56 45 1 I A FAKR IR R 1,022, 1,081, 1.113,
1.098. 1.131, 1.147, 1.194 1.245 g-cm; jifi F} MPs-47{ 4= Z AY L0041 5 X B AH L, R4 5 MR T
12.3%. 16.9%. 21.8%. A P & 39.96 g-kg ' A1k h 53.21 g'kg!, i MPs | uA: &R 19 5250 41 5 %)
WEZH AR FE, 43 S K T 9.16%. 12.39%. 14.09%. 18.47%. 32.03%. 33.16%. 36.04%. FH B 13 #a &k ty %t
WA ZH 1) 44.36 cmol kg™ i 728 1k 62.45 cmol kg™, i F MPs. $i/E 2 B 525620 5 %5 IR 2 AH LG, 49 ) 1
KT 24.06%. 30.09%. 33.97%. 36.49%. 47.14%. 50.93%. 56.1%. SZH 44 pH {HTE 7.58 — 8.12 Z [i]
AL, 2 Fphrd: A MPs UrEIER T X B3 A TR B A it . A AU B AR AN R A 2, X
PR TRE 1 A8 s /0N, 25 5 DL IE 1.
2.2 M e T A 5 R

TC M1 CIP W& A — Wb . R SFR T e, 5 B G, KR A . 5 T i IR Ak Bl s 1
Hl, AR TR E | B, 228 1 A 16 PE 2 IR R ma 2, i iR | o REA
S JE X B 2 P L BRAGIR . UG ER 7 A A S5 M, 28 T 5 A A 9 M AR 7 A A Ak RO, A it
AL YU RE, BRI T B, At 0 P R O 3 S0 A% A ) 2 AR Ak U 43
1.653. 1.559. 1.421. 1.486. 1.376. 1.545. 1.524. 1.453 TU-g'; Wk [iF 43 1| 89.56. 78.32. 64.65. 66.79.
57.27. 72.3. 71.26. 61.56 TU-g'; REBERG A 51K 158.69. 149.61. 134.56, 131.87, 123.65. 137.26. 136.83,
126.34 TU-g"'. TC Fl CIP & & jiti FH 51 A2 1 4804k S0 M 3 PE . DR Wl 3% M . T A0 1 305 14 0 1) 1 B 16.7%.
36.1%. 23.1%. MPs 5 2 Fihi A4 K 68 5 BOS S S B T . DR B S P TR B S 2 R R 12.1%.
32.3%. 26.7%. Z5 5 WA 2.
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2.3 LA R AR R I A5 R

B 3 AT UL, B —ifii ] MPs SE 56 2 1) TC. CIP % 543 5114 93.8%. 95.2%, KW/ it i Hi A R 9k
MPs W [, 350 1 58 5% B8 19 P 2E 2 L B A BRI I B — it B TC. CIP 52 56 41 1 5% 85 12 40 51l
216.2%. 202.3%; MPs-TC 5 MPs-CIP 41 42k 2 19 5% B8 12 5300l 4 187.1%. 189.3%; MPs-TC-CIP 5%
954 BB AE R AR B WAL T B —Jiti F CIP. TC 41, 430~ 182.6%. 178.7%; TC. CIP A& i h it R
B R A, A1 I 198.1%. 191.5%. BF5E R MAHTA= R AN MPs WK | Fh2S BRI a] Fh2 4R R 8
AE= A WA A A 52 M 27, i T PE SRR 76 B b A R3Sl AL . B SRR BRUR, TR BN g o5, SPisE R )
I LI T . JE AR Sy | F SR, X TC., CIP B4R A B A 4540 77 A — 2 B SE I, R B 2R R
B R . B, DAXIRZH N 2280, TS 2K ) TR T BB TH T 48 MPs X414 2 W BHE LY. MPs 1l
PUA R R 2R AR, 7E— S i B] P B AR 2K BR B, (EUR K B 0] 2 A5 B RN LA 75 B A T 25 B o

250 - B TCHH CIPIH{E
200

150

Ratio/%

100

50

0 CK Ml M2 M3 M4 M5 M6 M7

B3 dHErhhiA: ok i i AR AR ARSI 4
Fig.3 Detection results antibiotic residue ratio in soil
2.4 HEd ARB Bt R KNS,

HBETE R, IR E eI | & i T AR RIS 8 W™ AR v | SRR, BT
POVETR B LE R, TR 290 A AR A B E IPTTRE, 7T 400 1) 22 ol 40 B AN LT, TIT b SRR D ARG T
Y, Itk I, e A fbk e P A RGP R TR TS DU KA IR | A, B sl ket A2 A
RO HL I, ABHF 58, FFJE T TCARB, CIPARB Xf PEN, CIP, TC. CHL. RFP, CN %4/ KAtk
G307, X REZH 23 B K R Ut B R R A X PENL CIP, SMZ 7= A= fiitk, X H b Az oK 7= AR Bt it
FPiA RIS T 2 Emhi A Z Pk, i MPs SIS T A i i AR R, A RPUHERS A B
% ] 7 40A: MPs S 1Y ARB HUPE ARG oI 58 i T At FH BT AE 3R - MPs 19X BREH . 245251 L
K 4.

N

— b. CIPARB NPEN ® SMZ = CN

&~

r 2. TCARB NPEN ®SMZ CN

9 N =
—_ =RFP NCN CIP . ERFP a CN =TC
7 - )
9 L
(5] S - L
© 2 3
2 .2
= a
o Nl
o 2 . .
< N N Y EZ N ME N
s B 2R N NI IR ME
b5} . N N NI RN ME Y
2 S N N Yy i ME
= ° N N Y F i NE BN
E = [} N NI EIN NE BN
= 3 N N NT IR NI PR
z Zz 1R N NI EIN MEE Y
NTERNEER BRI RN
N NI HN N N
N N N RN NMIE £ Y
NEERNEER BRI NIER
N B N N MEEN MEE N

M4 M5 ; 0 CIE( M1 M3 M4 M; M6 1\/;7_
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Fig.4 Detection results of ARB resistance in soil
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2.5 +Hid ARGs il E 45 1

AHFSE R, 43 it AT A 2 S5 4L AH Y A9 ARG =F B2 Fb i, Bt MIPs 52 56 441G % B 4 %) =
FUAE . (H A =AY, i1 MPs, TC. CIP IR 2885 5 X ALY ter W tet O = LUAH 4301 Ry 1.82,
1.78; 5 qnr A | gnr S EJE A0 1.68, 171 5 R WLIE 5. 2Rk Rk AAESHEE T, + 35004
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Wy e ok oA 2 B S A T L AR TR 25 2 R IR AR AR A B AR R AR UM, 7 ARB, S KE RS
H [0) e 4% 25 07 2 2 FOMm A IR PR AL 10 ARGs PY. fE—E R E TR R KN ] 228251 & ARGs $F4E
TER 5 (R KP4 52 R I, Sl U 2R D 32 88 G DA B T b A= Rk + 35 AR W A8 e e v A
A A IR A S

20 a TCARGs m tetW =tetO 20 b. CIPARGs % qnrA qnrS
_ = g
L5t - E = L5} g .
5 10 f i b B 1 510 . | |
= - = = = = - = VT 7 ., 7z
it vkl I / .| % 11
ER B - B B B I BB
ostf= HE - B B R R R ost®| B R B R R RF R
TR L ED B NEEE R
oM BE BF WE B BE NP WE J00 B B NU B B BB
CK MlI M2 M3 M4 M5 M6 M7 CK Ml M2 M3 M4 M5 M6 M7

B 5 -+ ARGs 46 %+ 3 B FL(E ) 45
(a)TC (b)CIP

Fig.5 Detection results of absolute abundance ratio of ARGs in soils

2.6 MPs FHLA: 20 T oA WIS R G 245

& 6 AT O, (2R PR3 AR 0 =F B2 B W 2R TE TR 11 (Proteobacteria) i 3t 40%; FLUR AR XS =F FE#%
B i 2R T (Actinobacteria) . BAMiti Bl MPs J& Proteobacteria 1 Actinobacteria ¥ 1% Hu 3% 22, T HoAth Fir
R BEVE N B s Bt F TC . CIP J& i AL MR TE B ( Nitrospirae) F1E5 iy 1 ( Thaumarchaeot) AR X = FE i
Ay, S EMFEBEERE TR, A4 £ . MPs 5 Proteobacteria. Actinobacteria. ¥ 2 &
(Myxococcus) BIAXT 3= B H BRAS Ak, X 35 () G A W 75 1) 2 REPE 2 i 58 R 2 2% B oA 2 8 I o
RETT . WM RE T SIRBEIN 3R | 35 I W A A A A AR EL i AL AR, A0 abe D R L Py 2 I . i A
R A R Y - R £ U E W TR, PR R UE EE U RIS . BRI IR, BB SRR
RGIIREM RS E M, BUZ A VIV 4 10 1) Z2 R, R - 398 568 il — 7 Sl 0.

101 O others
W MYxXococcus
0.9 | ® Thaumarchaeota
iz  Nitrospirae
08r & verrucomionbia
07 m patescibacteria
3 planctomycetes
_5 0.6 chlorofleri
! = bacteroidetes
2 0.5 % fimicutes
200 a gemmatimonadeles
g 4 acidobacteria
E 03l B actinobacteria
proteobacteria
02t
01t
0

ML M2 M3 M4 Ms M6 M7
B 6 WOBELRIBUA R M E T A YRR BRI 4

Fig.6 Combined effects of microplastics and antibiotic on microbial community in soils

3 458 (Conclusion)
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