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Abstract: Bisphenol A (BPA) and polystyrene microplastics (PS-MPs) are emerging contaminants in the environ-
ment. PS-MPs can serve as carriers for BPA, exerting combined effects on plant growth by influencing the bioavailability
and degradation processes of BPA. In this study, a control (CK) without the addition of BPA and PS-MPs, a BPA treat-
ment, and combined treatments of BPA with different mass fractions of PS-MPs were established. Changes in the growth in-

dicators, photosynthetic parameters, osmoregulatory substance contents, and secondary metabolite contents of Orychophrag-

mus violaceus were analyzed. The results showed that the
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TEBRA K H(1987) B ITHAMA Mt PEE, 3 5\ A model. Furthermore, the mass fraction of PS-MPs was the
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adsorption of BPA by PS-MPs conformed to the Freundlich

CK, the BPA treatment significantly reduced plant height
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and root length by 41.03% and 49.21% , respectively, and also led to decreases in soluble sugar content and flavonoid con-

tent by 28.06% and 59.46% , respectively. Compared with the BPA treatment, the addition of 0.1% PS-MPs partially alle-

viated the toxicity of BPA by enhancing photosynthetic pigment contents and promoting the accumulation of secondary me-

tabolites. Conversely, the addition of 5.0% PS-MPs significantly exacerbated root structure damage, induced a 75.00% in-

crease in BPA content in the roots, and concurrently promoted flavonoid accumulation, ultimately synergistically enhancing

the biotoxicity of BPA. The results of this study indicated that the mass fraction of PS-MPs was a key factor regulating the

phytotoxicity of BPA. Low mass fractions of PS-MPs exerted a mitigating effect, while high mass fractions exhibited syner-

gistic toxicity. These findings can provide a theoretical basis for the ecological risk assessment of combined pollution.
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Table 1 Fitting parameters of the adsorption Kinetics
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e 2R 2R
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TR (%) PRI it (/) Pt FH IR (/) Pt R
0.1 11.50 0.91 16.80 0.97
1.0 48.96 0.96 51.30 0.99
5.0 111.58 0.95 120.00 0.98
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Fig.2 Fitting curves for the adsorption isotherms

®2 WWERSH

Table 2 Adsorption isotherm parameters
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Fig.3 Effects of pH value on the adsorption of bisphenol A ( BPA) by polystyrene microplastics ( PS-MPs)
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Fig.4 Translocation and accumulation of bisphenol A ( BPA)

in Orychophragmus violaceus

K5 o, AEALET BPA M5 iE RE N
0.25~0.48,3/NF 1.00, 5 BPA AbFHAH L, BPA+
PS-MPsl. 0 4L A1 BPA+PS-MPs5. 0 #b 3~ BPA )
Wiz R B, B EBEE PS-MPs i 51
B TS Feam RO B o

0.80r

0.60F T -
0.401 T d

0.20F l
-
1 1
BPA BPA+PS-
MPs0. 1

1
BPA+PS-
MPs5.0

1
BPA+PS-
MPs1.0

AbE

BPA . SN A AY4L B ; BPA+PS-MPsO. 1 : 7 INALHS A #10.1%
WK AR b 38 ; BPA +PS-MPs 1.0 780 XL EY A F1 1.0%
BRI WO AL FT; BPA+PS-MPs5.0; ZR AL A Fl 5.0%
RRCIRWIBRHY AL,

E5 AELETESEFNEGR ANEERE
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Fig.6 Effects of bisphenol A and different mass fractions of polystyrene microplastics on the phenotype of Orychophragmus violaceus



306 H K&k 2% W

2026 4F 5 42 5 2 W)

K7 5N, 5 CK A, BPA Ab B 5 32 A bk
fe o e AR AR BT R R 4
ZEAK 41.03% . 46.59% . 49.21% . 49. 17% . 23.33%

PS-MPs0. 1 ZbF ik i F3 6 e AR
0 J1 00 W) B 2 e 26. 09% | 48. 85% . 33. 88% .
40.55% (P<0.05), 1M BPA +PS-MPsl. 0, BPA +PS-

(P<0.05) , i AR RN =9y Joi 2 8 D0 4 5] e =35 184 MPs5. 0 4Zb B 0 AR 5 i AR R 16 7 W FRAIG (P<
45.00% 44.39%(P<0.05) ., 5 BPA ZLFAHI  BPA+  0.05) , HLIANERE PS-MPs Ji /050 m i ok
8- 16 -
_6F 2+ @
& _
= 4r 5 st
E H m mﬁ[ m m
2r 41
0 BPA BPA+PS- BPA+PS- BPA+PS- 0 BPA BPA+PS- BPA+PS- BPA+PS
MPs0.1 MPs1.0 MPs5.0 MPs0.1  MPs1.0 MPs5.0
b3 i3
30~ 1.5~ 12
a
~ a
u% 20F ab 3 @ 1.0 a o
; B 2 b
\g( c + . b %’T b c . 1& b b .
: lowjr ) 1 m m "] m m m
= =
0 0 0
600~ a . a 1.5 4001
b _ = -}
2 4001 & 1.0 o0 c
= I8 =Y d d
fﬁ = E 2007
= =
200+ 0.5
= :}{i 1001
5%
0 CK BPA BPA+PS- BPA+PS- BPA+PS- 0 CK BPA BPA+PS- BPA+PS- BPA+PS- 0 CK BPA BPA+PS- BPA+PS- BPA+PS-

MPs0.1 MPs1.0 MPs5.0
st

MPs0.1 MPs1.0 MPs5.0
USE AbE

MPs0.1 MPs1.0 MPs5.0

CKARES MBS A MR LARHIBEL IS B BPA U WSS A AOALBE; BPA+PS-MPsO. 1. @I XUHy A 0. 19% 24 £ 46 (I8 R Ak B
BPA+PS-MPs1.0: B IR A F1 1.0% R 2K LA 8B AL 38 ; BPA+PS-MPs5.0 . BB A F15.0% K LA H08 B b3, B PR TR/NE

FAREFIR AR AL B ] 25 5% i 35 ( P<0. 05)

E7 XWE A FAERESHHRE ZHEHMERXE SR E KRR

Fig.7 Effects of bisphenol A and different mass fractions of polystyrene microplastics on the growth indicators of Orychophragmus violaceus
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Fig.8 Effects of bisphenol A and different mass fractions of polystyrene microplastics on the root cell viability of Orychophragmus violaceus
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Fig.9 Effects of bisphenol A and different mass fractions of polystyrene microplastics on the photosynthesis and oxidative stress responses of
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