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Absh"act Mlcroglastlc and polycychg aromatic hxdrobarbon (PAHE .pollquon h_a.\fe eeeiVed increasing attention due to their ublqunods distribution and potential risks in soils.

However the..effect,s,ﬂﬁ mlcroplas'hcs PAHs combined polluﬂon on soi ecosyst ain unclear. Polyethylene (PE)/polypropylene (PP) and phenanthrene (PHE) were selected

as the repreﬁéntatl\ es of migroplastics and PAHs, respectively. A 300- dav Soil microcosm experiment was conducted to study the single and combined effects of PE/PP and PHE on
soil (‘herri}cal properties, enzymatic activities, and bacterial communities (i. e., quantity, composition, and function) , using the soil agricultural chemical analysis method and 16S
amplicon sequencing technology. The interactions of soil properties, enzyme activities, and flora in the presence of PE/PP and PHE were analyzed. The results showed that the
addition of PE/PP and PHE slightly changed the pH , available phosphorus (AP) , and microbial quantity (i. e., bacteria, actinomycetes, and mold) but considerably increased the
fluorescein diacetate hydrolase (FDAse) activity. There was a significant enhancement of soil organic matter (SOM) and urease activity in PE, PP, PHE-PE, and PHE-PP amended
systems. PHE, PHE-PE, and PHE-PP obviously increased the dehydrogenase/neutral phosphatase activities and available nitrogen (AN) content. PHE had little effect on the
microbial community. The PE, PP, PHE-PE, and PHE-PP addition influenced the microbial community to some extent. PE/PP and PHE showed positive effects on the energy
production, growth, and reproduction of soil microorganisms and then accelerated the metabolism/degradation of pollutants and membrane transport. The changes in AN and SOM
induced by PE/PP and PHE were the key factors affecting soil enzyme activities. Alterations in AN, AP, and pH were mainly responsible for the increase in microbial population. The
changes in the microbial community were related to soil chemical properties and enzyme activities, and SOM had a significant effect on the microbial community. The presence of
different carhon sources (PE/PP and PHE) in the soil and the microbial interaction also affected the microbiota. In conclusion, the addition of single or combined pollutants of PE/PP
and PHE influenced the soil chemical properties, enzymatic activities, bacterial communities, and their interaction processes, thus facilitating the adaptation of the microbial
community to pollutant stress.

Key words: microplastics; phenanthrene( PHE) ; soil properties ; enzymatic activity; mictobial community
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PHE 114 4= 40 W figk 3o A% 25 15 A8 00, 23 0 il SOM 1y
W ALAEF . PE AN PP R 78 0 370 7 1 b i 52 6 T
RE 23 X I A W 7 A o AR T, OR Bl A W R T 4
PRI fE {5 240 i SOM 1 BE 77 B AR ™ 75 S ¥ RL A
TEAE 2 R L Stk e e W B AL S AR S Y, &
il 5 5 LB oA At A G 1) 3 PRI 1% 23K DL L AT B
3 E( PHE-PE 1 PHE-PP 41 SOM i & & 2 % & T
PHE 41 9 J5 [ .

A

F1 WMERFPHE W HELFMRGE WY

Table 1  Effect of microplastics and PHE on soil chemical properties

e fb 2k T CK PHE PE PP PHE-PE PHE-PP
pH 7.327 = 0.032 7.373 £ 0.015 7.287 = 0.006 7.267 +0.032 7.323 £0.015 7.310 = 0.020
 (SOM)/g-kg™ 19.232 + 1.562 20.372 + 0.532 23.885 + 1.133" 36.037 + 0.836" 24.229 + 0.364" 37.531 + 3.566"
o (AN) /mg-kg' 89.262 + 4.081 79.861 + 4.071°  84.570 + 7.041 82.208 + 4.058 75.167 + 4.058"  63.418 + 7.043
© (AP) /mg-kg™' 6.008 = 0.190 5.598 + 0.202 6.071 = 1.101 6.272 + 1.423 5.836 = 0.200 5.610 = 0.175

1) *FRRALFRL N CK 2 (B A 1E B 5 1 25 5 (P < 0. 05)
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Zhou “F U B FT G AT R i T U AR A ik IR
b1V BE 8 1 9 A W6k ARG [ E . HEN PHE ] DL
3 b Y — S AU W AR R R AT AR R R B Y
Y Xt EM R S8 PHE | PE-PHE 1 PP-PHE b 3
Ay AN i Bl R AR T CKA4L (P <0.05). 7E55—J5
T, S Wyl AL AR . SR A RN R A AR A
B 3 % NH,-N Al NO,-N, st Ml AN L B . i
Acidobacteria . Pseudomonas | Proteobacteria .
Xanthobacteraceae i
Pseudomonadaceae T # i 18 7] LA A7 A R 5 38 I | i
A6 AR Ak R R AR W8 T PHE . PE-PHE F1
PP-PHE #2811 3 G R 9 A X 2 5, i L T RE 5 |
g AN B . OB R A DLBRBELAA ) 25
il — i f (Bt A B L S b D PE A PP AR B v
9 AP 52 BLIS BT R AU B S . 5 CK AL EL , PHE | PE-
mmﬁPFMEf—%ﬁFLWﬁTAPLﬁ%ﬁ
A YR FRBEVE B SR I, 21T PHE 09 R A . Tkt
S 1) 1 pH R TH 5 & FMEEAPE’J/E?E”‘“ Li
MHﬁkﬂmﬁmmﬁ%@ﬁ%&ﬁFE%ﬁm
W EL 3 AR T s R AP S BT AP AR LS
%ﬁ%%%ﬁﬁﬂéﬂ%ﬂ%&?mlmﬁmmw

Burkholderiaceae .

B B SR G U HOGE M A TR RE VR S e ORI G
TE BB BETE MY AL . Li SR oY & O g R
756 TR SR I 38 0 UV T A R R T R
HBHFN PHE Xof 1 39 50 G 7 52 ) 1) F 5 8 A7 By T ik —
A WIHG AN R AP ZE AL SRR . A, OB kA 255
- 398 AT IR A s BT 2 A SRR 11 5 R RN

3K L T 23 5 ) S BRI g T I T T
HE— LRI

2.2 [RELA PHE X - S8 05 P 14 52
JIR e RE A% e 2E 25 A HLAT A 20 i, 70 AR B i

FNEEMEM . A MIFEIER] PE A PP R IIA GRS .
B SRR IR G E B AR g I A5 R — B (R
2). IR S W L RS K
] - R ) 7 AR, SOM H B AL 008 ) R O 1 1Y)
JEEY) , - A 2 e g il P 22 ) A A DA o A L3R
3, SOM -5 Jg il 75 41 522 B 0 35 IE A OG , X U W PE/PP
1 PHE (14 8 — 5§ &[5 75 Y iﬂﬁbuTiﬁéﬁi}ﬁoMé’J

ik, 5 SR RS VT % 1 s 22— 4K PEF PP
Tulﬁkiﬂﬂﬁi%ﬂjwmﬁ’uﬁ réﬁﬁﬁﬁﬂﬂ,ﬁ(ffﬁﬂk
fl Llﬁ'ﬁ[M&?iﬁ;%tPANE’JﬁE(%l) M 3
HA] LA E'f%u AN" 'ﬁ%@@@ iﬁﬁ*&ﬁ%ﬁ*ﬁa&a@?

ey Egt‘-' PHE %} 1 8615 ria'}%um L ol 4 ey
"_: l -':'_.__:-_'j “.' .I-:-“ t af'.mlcroplasllcs and PHE on emymallc acllvmes ‘ e __;;'-F"'
L W /) §'eHE 47 PE fl PP “ugh | PHE-PE “ PHE-PR
A i [ - (5! 2.100 + on.o97 2 220 ,+,Jo 201 3.056 + 0. 129* 3.616£0.206" | 3.637£0.105° 4417 +0.189°
FDAseEﬁ} fg-(@0 min-g)" 9.240 + 0.70 15 698 + D 885' /15842 +0.662° 416911 +2.496" 21.023 +3.197°  24.029 = 2.652"
d Hﬁ’aﬁ& .J?L-(q-g)“_“';" 0246+ 6.015 0. 40§4+ 0934- -'” 266 + 0.060 0.256 + 0.030 0.739 + 0.016" 0.549 + 0.0317
Ef:nrf#w;ﬁﬁg Tmg-(d-g)! 0.153£0.032  0.294 +007 0.164 + 0.037 0.146 + 0.066 0.520 +0.032°  0.423 + 0.054"

1) e gL AL CK 2 47 75 8 3 HE 2% 5 (P < 0.05)

®3 TEEBEME. MEDEESTBAEEROMEXEME"

Table 3 Correlation between soil enzymatic activities, microbial quantity, and soil chemical properties

pH SoM AN AP i g FDAseli§ AR PHEBEREE MW LR i)

pH 1

SOM -0.592" 1

AN -0.119 -0.540" 1

AP -0.172 0.033 0.265 1

I Tt -0.453 0.844™  -0.693" 0.061 1

FDAsefif ~ -0.131 0.597"  -0.761"  -0.084 0.815™ 1

iy 0.279 0.124 -0.629"  -0.138 0.514" 0.684" 1
hMEEEmREE 0314 0.109 -0.681"  -0.168 0.476" 0.7417  0.919™ 1

41 1A 0.217 0.036 -0.544" -0.492" 0.168 0.423 0.360 0.531° 1

ER | 0.593"  -0.313 -0.087 -0.175 -0.410 -0.048 0.049 0.073 0.284 1

W 0.041 0.012 0.054 -0.085 -0.019 0.039 0.093 -0.071 -0.166  0.282 1

1) 43 ] 2R i K F A 56 (P < 0. 05) FHL 5 8 /K SFAH X (P < 0. 01)

FD Ase Jiff S35 7~ 2B 90 106 1 1 B 223400, o] LUAR

e - LA T 0 HE AR ARG B . A ST £ W PE FI PP
i E G T FDAse BTG PEN . FEARAFGEH, 5 CK A
Lt , PE/PP Fl PHE i 58— | &2 & ¥5 YL 4 0 34 n 1

FDAse fifi i 4 (P < 0.05,% 2) , Ut 8] T £ i ik
Yre] Lhid ik 3 B A 3K PE/PP FI PHE R . Utk
Hh BEFE AR SOM@E%TU{%TF@@*M%‘(EE
)G 52 IR B, AT D84 V5 G kI ) 7
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PE. PP, PHE-PE Hl PHE-PP Y %5 N i 42 5 T SOM
ok, A R T FDAse B & PEAG 1G98 . AHOCHE 4 B R
B, SOM 5 FDAse B {if 14 £ i 8 2 1FAH G, 500F T +
b SOM 5 19 54 I % FD Ase 35 75 9 42 76 ]
Tl B R AT LA 38 A 5 A LB (R T R
TEIR , T U U E W W R4 | R 4 v R R
WMk, i, 5 PHE #H kb , PHE-PP fil PHE-PE 34 5% T
FDAse 16 M . FDAse 6 M (10 3458 25 4 1F + 38 vh i
AR EBFH, S EAN B S RER(E D AN S
FDAse Jiff 1 15 52 BEA S 25 M OC (38 3) , ik 13X
N

I8 S 2 B A A I R e R v R ) A 3
Z— TEA G A Y A R AR B R R
JUt S T 4 5 PAHs [ R M AR B2 IE ARG 5 CK
AHHe ,PHE . PHE-PE Fl PHE-PP i 45 55 1 i & %
PE(F2), AT RE 2 PHE [ 77 76 fff 38 b 4 35 20 1 (1]
4 : Sphingomonas F1 Pseudomonas) ¥ PHE 1Y) [% fi# B
W4 5E . 5 PHE A kb , PHE-PE #il PHE-PP-RY 75 il
Al S SRR T I BT 4 U 0 R PE RILPP R

fie Bt PHE B A= W) 1% fift 5 Mot L 1t vl LM%%E‘E%%LL
%‘f‘i

WL 1 i T B AR I‘]ﬁﬂﬂéﬁiﬁﬁﬁﬂs

E“Mﬁﬁﬁiﬁ%f%i%é&;%ﬂ(ﬁ mu
%%A%ﬁﬁ¢m¢%&fﬁ“ﬁm PP
HEPHMMEWA%Q¢%TMEEM“M£@
e P o G 9 B B A ) P
w¢%¥ W%L%%T?@ﬁﬁﬂﬁ%‘ﬂmmf
LKE%%@%MﬁTWHEWV%%mx e
I, PP*EEP Jit 450 £ 888 K A6 T PE SZ B0 401 . Fida
%“ﬂéﬁﬁﬁaﬁa th PHE (9 2E Py B i 1k B2 25 T AR 0., &3
S B, AT B B TR ST

T 1 R T LA AR A - 9 el R B G T R R 1

KA B HUBE 55 Ak TCHLEE , 32 = A Sl 1 &
75N PHE . PHE-PE il PHE-PP Ji5 , 38 b i % it 1%
P B0 AH PE A PP AR H ™ AR B g g (% 2).
A W5 F B R S M — e o A A
Selesl o) 3R Phenylobacterium .
Ramlibacter . Saccharimonadales .
Burkholderia F1 Solirubrobacter %5 . 2~ 5% % , PE/PP F
PHE 1 50k 5% &2 & W I ¥ 20 48 T Burkholderia .

Pseudonocardia .

Marmoricola |

JE T BE S 5 R W R A AR b 1 R 2 — L R il
I M 38 5 T LB Y A B R M AT O X BB PHE
PHE-PE 1 PHE-PP fig ¢ T 4 48 v 20 T8 % % ) 1)
ISk, 3 AN & s REAR 2 51 pH A 22 4k, 2 1
A 8 TR T 5 AFOG S AT B, AN 5 rp v
it % M LA B 3 SR OGO R (R 3) , B AN 19 AR
X T Tl 2 i 0 AT — S 1 S
2.3 IR PHE X A 88 A 0 8500 19 5 R
PP/PE #l PHE 19 . — K 52 & U8 i xf -+ 3 v 40
VR R A RN TR B A T — R (R 4).
Liu " B 5E & BB RIS RE A Il A= W B V5 1 Ry b
T V5L 10T 4 6 A, 5 SBOB2E ) B ok R 2 AR Ak, 7T A
0 G A= % B R R 1 I ik B ) g LR R G i =
EAHSE . ARSeg b, PP AL PE BGN T 40 T 00 S, B
i%tﬁﬂ@éﬂi%xﬁpmuPEE?@—%E@F&%’%%‘MJﬂik
K F) W K. S PHE | PHE-PE Fil PHE=PP £ 1+
Hetk & b A ﬁi%@%ﬂ%%ﬁ’]ﬁ%i’jﬁ% X
%i%ﬂlﬂﬁfﬁuﬁpmﬁmﬁiﬁﬂ’ﬁm%ﬁ WLk B
R TﬁéPHE PF%HPHE PP?EFPEI’J%EI@ZEQ
Ek?PHEéﬂ gxﬁ%iﬁ%*ﬁﬁu*wﬁm
*ﬂPPJEﬁEEJK@WEFJQEIEI ﬁ’ﬁHPE%nPPﬁQLTNE
Télﬂ@X‘TPHEE’JW%JHBQriéj\fﬁé%ﬂﬂ(ii) Jﬂ,
@%&E%AN%HAP 5 N wﬁﬁ)ﬂm@ﬁ
LA%FIJFFJANM'APL &k%ﬁﬁ 5 KM, A3
) AN A i 02— 2 52 7 PP

| PHE [ 80— 152 4 VR I L 050 0 400 s . op

7 Tt 3% 1 5 A0 TR R S O A G T TR A O M ) 1
SER T AR E A RO Y A, Sy A AR AR R A AR
T IO , 2% P TR A ) B v A R A R R Y 2 Y
PRl 2 — . TSt v (8 8 0 700 A5 A 35 0 5 AT g 23 R
) g ep Al B0 AR RIS B X AT B SR AR SE 5
HEN N PE R PP 5| R il 4R TR R B TR AR 4R O b 1Y
J PR 22— AR X 48 TR 1 2 R AR L A,
2k R A S pH SRR IE A5G X 5 Fu S5
(1) 25 S — 34, PE A1 PP B A2 FE FE G T 398 pH (7]
e 5 | ik e TR AR Y D
2.4 GEYERLA PHE X 4 HERL A 9 BE I5 10 52
2.4.1 TIEEHAMREIE S

15 J& K b 6 A W B Vi AT 3 A 4 b

Marmoricola . Ramlibacter M1 Solirubrobacter B #1 % F (PCA) , 45 5 L& 1, CK fil PHE 7E [7] — X 3% , PE i
R4 HMEMFPHEN T EHRBEWBENZ MW
Table 4  Effects of microplastics and PHE on soil microbial quantity
[DER7E§ CK PHE PE PP PHE-PE PHE-PP
2]41%3@()5/CFU~g_1 2.203 +0.443 2.944 + 1.358 2.419 £ 0.762 2.413 +£0.722 3.211 £ 1.155 3.130 + 1.358
ik l§|A><105/CFU~g’1 1.413 £ 0.225 2.080 + 0.106 1.391 + 0.054 1.402 + 0.240 1.427 £ 0.210 1.446 + 0.195
%IJPTI"‘XlO'/‘/CFU-g.(1 4.477 + 0.994 4.457 +1.037 4.320 + 0.877 4.337 +2.082 4.513 +1.951 4467 +1.171
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Fig. 2 Effects of microplastics and PHE on the relative abundance of microbial communities at genus level
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Fig. 3 Redundancy analysis of soil microbial community and environmental factors

iy 1 7] UL, PE/PP I PHE f4 75 in 5 2 1 52 SOM |
AN FIVEG % Pk (R T . FDAse Mg . 6 40 i A vp 1 9 R
fitg ) A AT AR AL B A SOM A2 4k 5 Tl AE Wi
R EMOC . S W 2 A AR R A R ik
PIREVE R & L eAh, 3 AN R B U (PE/PP, PHE)
PIAEAE SR T RETE 4 LY 22 5 . Ik, PE/PP #1 PHE
1) B — 1 G T G R I A R 7 1 A8 b T R 2

SOM . B 1] FAE 5 28 e U5 R 490 4 [ 1 A 5 S8
2.4.2 GLYBRELH PHE fE7E T L IEMA YRR D)
REFRAE

(DKEGG UM B I iU Y 7E KEGG %k
i PR (Level 2) 7 B 1) 32 B4R 38 B% W& 5. 5 CKAH
ke, PP/PE., PHE fJ 5 —F1E A5 44 iy L rp |, — 2038
% AR T BG4 A R A AR L 4 M A S



14 XUVS Vb 85 ¢ Bl R RN X A M Ak 24 P SR T T T S 2R W R TR B ) 503
£S5 LELERRRBEEREMLEDEE BB ICHT 5555 % 5 SRR . LS

THUHEEMHREEN
Table 5 Importance and significance of soil chemical characteristics

and enzyme activities for microbial community

W E T it TR 1% piy e BFEMEP)
o o - - Bl Bt AT LR - Mo 4 R B A
AN 16.0 17.6 0.36 iz 125 R B8 VRS U2 ) 200 N X R ) B I R, 3 T
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