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Abstract: To investigate the adsorption and biodegradation of polycyclic aromatic hydrocarobons in the presence of microplastics,
polypropylene-microplastics (MP-PP) and benzo[a]pyrene (BaP) were chosen as research materials. The aim was to explore the
adsorption behavior and mechanism of BaP onto MP-PP, as well as its biodegradation pathway mediated by Novosphingobium
tardaugens using MP-PP. The interaction and microscopic characteristics among MP-PP, BaP and strains were examined using X-ray
photoelectron spectroscopy and Fourier transform infrared spectroscopy. The results indicated that the adsorption of BaP onto MP-PP
followed the pseudo-second-order kinetic model with monolayer coverage, and this process was enhanced by higher temperatures.
The presence of MP-PP improved the efficiency of BaP degradation. However, the degradation pathway of BaP by Novosphingobium
tardaugens remained unaffected by MP-PP and continued to follow the phthalic acid pathway. The interaction among MP-PP, BaP,
and strains primarily occurred at the surface, with microplastics PP serving as adsorption carriers. Although Novosphingobium
tardaugens could not decompose MP-PP, it could adhere to the PP surface, facilitating growth, and thereby enhancing the
degradation process.

Key words: microplastics; benzo[a]pyrene; adsorption; biodegradation; microscopic characteristics; metabolic pathway
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WL A P e 2B RS BaP (1 2554
P H RO R B S M) BAT R BaP [AfiE
Ho i Fam iR e L @GN a4
BEPEBAN SR T, H ATk B BaP )
Tl LN EA ] BaP A5 A BRUREEAT 20 A, R 2R
FRRAAEAE 2 BaP PRI —20,BaP 7EXUINAG
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PR BARE UL K 2R W e i e A s i U
HI,MPs %I BaP [RIW AT 4 A BLI O AU
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W2 BREAE FH AR AN ] (R A A= 0 B R BaP 1R e g 1
WA 7 5, R AT B X AN A MPs 3 BaP
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MPs-PAHs #4152 515 YA E /K IR EE rh ) AR 25 KUK,
149 7K 44 PAHSs 15 4436 BEPE AL HT 14 S0 %,

1 MR57EE

1.1 MRS G
R ER A FERBUARAE,H 2%
HNO; F12 B 1 /KVE 2R 2% 5, M1, W B L 0, 15

FPREAE 100 H K2R NG BL(MP-PP), 56 1% 4 %
BHELRAF 25 F;BaP bRl TG il FREL— 2 2] BaP,
FH €35 4 P I A8 BT A 100mg/L FRVRR I fidh £ 9,
WG ORAF A .

FE T R i Novosphingobium
tardaugens, H VR 80 2H A 1A 07 328 40 25 4 A RBR AP T
TP 2% o R R R A K B )8 R AR
30°C,160r/min %% K "3 97 24h JEHUH, B T 4°C
UKAF AR R AE.

1.2 ekt

BB IREENB): A B 3g. SR 10g. NaCl
Sg. 4li7K 1000mL,iH™Y pH=7.2~7.4.

TEHLEE 5% 72 K (MSM):(NH,),S0, 1g. K,HPO,
7g. KH,PO,43g. MgS0,-7H,0 0.1g. F7 RN 0.5g.
4li7K 1000mL, i pH=7.0~7.2

bR G TR AL AT A R ARV OK B R,
121°C, K& 20min.

1.3 Jiik

1.3.1 MP-PP X BaP Witz )%, S M)
SESEUS VERIFRE 20mg MP-PP s INE) &4 20mL
ARl K A 55 D (S0mL) i N BaP A4k & R
BaP WG ER 1mg/L, A5 pH=7, 5 M FE 1
B ASTAT, R E AR I MP-PP (AL EEAE k25 1
X K T AR S TBONRE PR T 1 i 4% 3 (160r/min) [
N5 1,2,3,4,5,6,12,24,36,48h BUFE, T ImL — &
PETC VRS d AL L8 0.22 pm i JER I8 R
f o G R R R LA 52 BaP 5% A i i 0,

AN, SR R R BaP [R4) 45 E(0.5,0.75,1,
2,3,4,5,6,7,8,9,10mg/L) B P54 J(20,25,30,35°C) LA
fifF5¢ MP-PP X} BaP 155 i W Bt R0 2 v, BT
FE b T 38 R P L R 9 (160r/min) S W 120, BURE I
JE BaP BRI E.

BaP W b & (1 7F 5
0-16=C)" )

m
K0 AW, ug/g; Co b BaP IR E  ng/L;C,
Jy ot W) BaP HIMREE ug/L;V AR, Lym
MP-PP Jii f,g.
1.3.2 MP-PP /"% F BaP (IR BFRT
I OK 5 7% F B & W) A5 B Novosphingobium
tardaugens T, LA 1% (1R 73 H0 el 40 42 NB
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H, T 30°C,160r/min B K FE 24h. 2 J5, B0
(6000r/min, 25°C,Smin), 55 B4, H TG B /K W& 2 Ik
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JLAEXT BaP 1l A=W B v Re i 2 .
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B AR,

BaP [#fif R/ LR i 5

W:Mxloo% 2)
C

H1:Cro T Cre 53000 ¢ I 20025 D0 HELAH AN S 56 4 v
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1.4.5 W00 AR A1 A 12 9HEA
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AG=-RTIhK (11)
Kk =-22, A% (12)
RT R

AAAG KRNI AG A H 68 kI/mo,AH A KV
HIKE AR KI/mol;AS A S W F9# A8, J/(mol-K); Ty 4 %6t
TR KK A By 251 B

2 HR5WE
2.1 WRBEh IS

K 1a S MP-PP X} BaP )W B 2l 77 2= B2, v BA
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Wz B o BB AR 5 4582 1) 0 i Y- iy 9 B, 7 R o S 36 1R AT

T 2B (RP>0.99) H T — 2 5y ) 2 B0 B 5 45
fiii& MP-PP %} BaP [ fff i 72, 156 W] MP-PP X} BaP
(VR BR3P R AT T 0 THT R B ROR P 4
B R Ju s g ). K AR TR A
Sl 5 B T R T WS B 2 S i P SR P A AR
DA 7 42 1 W B sk 52 1 B 20 B 12 28 i 1] W% i
SN2 D BRI R, U5 R PR T D 2 W B )
AN THT AR S 3E N TR B 751 PA) 5 LB 10 22 25 A 42, 1
1d {275 MP-PP X} BaP Wt 73 A AN B 2 —Fir
BCHA 2 BaP /K 3| MP-PP A& T 1145, 3R )
HEAN MP-PP 1A 1L; 28 B Bk i /2 MP-PP X}
BaP (¥R B 8l 2 1 B B Bl T AN B BB L
S W AT I S s FLABREE K T 0,3 158 1 PR s W o 232 B2
[Fi 52 Jsgy™ S5 RN kL A 7 s i ),

% 1 MP-PP IRFff BaP 3 1 FHEEI S
Adsorption kinetics fitting parameters of BaP by

MP-PP

Table 1
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% 6h MWLMRETTH5 120 MESPHE - P —
VR — KA He N — Sy . Rz ’ . ¢ / B /
T WEZZFNBURL N B RY HH LU & 80 125 5256 (min ") (ng/g) [g/(ngmin)] (ng/g) [ne/(gh')] [ne/(gh*™)]
W \ - W Vpe — 0.57 98.6 0.97 0.051 99.3 0.99 16.11 0.17
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Fig.1 Adsorption kinetic curves of BaP by MP-PP
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Isothermal adsorption characteristics of BaP by MP-PP



12 4 M5 BORRIY 3 2RI [a] BRI BRI A ) B Ak A7 6717

%2 MP-PP 3 BaP BRI FiB AR SH
Table 2 Adsorption isotherm fitting parameters of BaP by

MP-PP
ERnE ZH Hudfg
Ke(ug'™"L"/g) 20.08
Freundlich n 15.90
R 0.97
Ki(L/ng) 8.76249x10™*
Langmuir Gmax(18/8) 218.07+£3.09
R 0.99
b(J/mol) 56.48
Temkin Kr(L/g) 0.010
R 0.99
. ) B(mol*/1%) 0.61:0.009
Dubinin—Radushkevich(
DR) qmax(lig/g) 205.1
R 0.97
Linear Kd(I:/g) 0.0130.0017
R 0.84

2.3 WEPHER T A S
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20F
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T(K)
B3 WX MP-PP WL BaP (¥ 520
Fig.3 Effect of temperature on BaP adsorption by MP-PP

3 R THREXT MP-PP W[ BaP ) 540, bifi
i B TR T 55 (288~308K),MP-PP % BaP (KW fff &
T, 22 MP-PP X%} BaP I Bf 2 s . il 1
Langmuir A58 5058E A TRk AL 5 MP-PP X}
BaP (1% B ik 72, R 12248 284 U1 S AS [l B 1 W
N5 A 3 BEAG) IR (AH) R AR (AS), 45
R 3.0 LLE A8 SERELE 5 FAG 34/ T 0,
Wi IR B ok B2 1 R HLATAT (A H 35 KT 0,158 B R
B2 W AR e N2 UL B T v R T MP-PP ¢t BaP;AS
KT 0,150 W Bt 45 R B S5 I PR AT B B 5 1740 1 e i
AN W 59 0 B A Ty 2% 2 H 3k B R e R
MP-PP W [ff BaP =% piy T 05 Ah it (2 108 R B 0 1
T e, G 0T AR S I (0 T e R B, 2 R A

SR TG 3 BaP 55 MP-PP (1 i, 184 i
MP-PP %} BaP [#1W% [

& 3 MP-PP 3} BaP RFfi#ANFRIANFESE
Table 3 Thermodynamic fitting parameters of BaP by MP-PP

S LK)
293 298 303 308
InK 3.87 3.84 3.75 3.70
AG(kJ/mol) -9427 -9514 -9447 -9475
AS(kJ/mol) 32.19
AH(kJ/mol) 1.51

2.4 MP-PP 43 BaP A %k
W9 T MP-PP £ F X} Novosphingobium
tardaugens [%fi# BaP [ 5200, 45 5L K] 4. 24 350
, % MP-PP 1A &7 9d IWXF BaP (M FRFEEIKT
AN MP-PP AR LEATT MP-PP [k 5, BaP [f]
B A5 4d 2 EETH20E, N 40.1%, 5 9d 18 £l 5
KEEfER, N 42.1%;{EF MP-PP {1k R+ 765 3d
i BaP [ZBREN 38.9%, %A S MP-PP {1k %
(38.1%) Z2 AN K, 3K FT Rl 2 PR Ay s e A4 oA AL,
WAL BaP [WHEA S > FEUR G BaP (1) 4:BR
P ETE AR 9d BIEE] 46.7%, AT MP-PP
(IR R (42.1%) 4215 T 4.6%,1X i) RE L IR 1 44 AT LA
Bt 75 MP—PP K 1111, 38 KT 44 28 P B AR (1) 26 A7 4% [,

EER RN EENE RS T NP NP 3

—e— SMP-PPIER
50 f—— REWP-PPIER

25

0 2 . 6 3
«(d)
Kl 4 MP-PP JLAFIN BaP [RITAE 40 A ik i it 2
Fig.4 Effect of MP-PP on BaP biodegradation when MP-PP

coexisted

2.5 MP-PP X} BaP fil 24 B fif 1t B (1) 5 i)

251 HWEX BaP FEFER M MP-PP HLAFIT,
A[RIE BA A R b BaP 22 B 5% WL S A LE T
AN MP-PP AR R FEAN A 8B 12 R 7 MP-PP [1) 44
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Z BaP [0 B2 1 i i R F 0 O Ak
A BaP [ L BRR DR, R 1g/L i, A
7 MP-PP {4 2%} BaP IR AR B 551,00 38.1%, 1M
& MP-PP WIMAZR Xt BaP (e bR R AAE
1.5g/L, A 45.5%, B8 )5 4k S5 39 N H i i, P9 A g &
BaP ¥ LBRF AR e . — e o0 R, 3 4%
WRSHINEES BaP B, Jll0R Ak 201 5 2 (1)
B e iy 42 s A R P S s R 1/ AR
MP-PP 44 5 1 B 20 1 T 1 o A D2 e 1 1 A
FE 3ok i, B TR T A A A AN AL, 3 B ARAR
JEE 32 W% 5 ) BaP (1) A 55 MP-PP (1K Rt
TR AT LUE I AE MP-PP 1, 18Kk T Bkk B4
T, [ P A2 28 v T 2 0 P T Ak 3P0,

7] A&MP-PPIER

BHER(g/L)

K5 MP-PP JCAFIN AN Al 51 F X BaP [ () 521
Fig.5 Effect of inoculum volume on BaP biodegradation
when MP-PP coexisted

2.5.2 AFKIEZ BaP A MP-PP 3L Ay
i ,Novosphingobium tardaugens ¥§ A~ ] J& BaP i)
B i WL 6.4H LL AN MP-PP 4 R, & MP-PP (1
R ASRIWIGH IR FE ) BaP 2B I Prid m,
W2 KA RARLE B BaP LR S — R
HUA BEE] P, 3X L6 5T AR 51 1 e 2 0] TR AR 1)

PR T 5 1 0 TR 1 A R 2 S o),

RIMZEAR R BRI MP-PP Ji, 2L ] LA B3 5 2
A EE R ) DT A R R B A R 1) AR BRI A B
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Fig.6 Biodegradation of different concentrations of BaP when
MP-PP coexisted
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Fig.7 The mass spectrum of BaP degradation products
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