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Abstract; Microplastics (MPs) and di(2-ethylhexyl) phthalate (DEHP) are ubiquitous environmental pollutants.
Their individual and combined toxicological effects pose significant threats to the ecological health of terrestrial
animals, aquatic organisms, and plants. This study systematically reviews the toxicological impacts of MPs and
DEHP on various biological groups, elucidating their mechanisms and revealing both synergistic and antagonistic
effects of co-exposure. These findings provide a critical theoretical foundation for ecological risk assessment.
Among terrestrial animals, exposure to MPs alone can induce liver inflammation, oxidative stress, and intestinal
flora imbalance, and lead to abnormal neurological function. When MPs and DEHP are exposed jointly, the toxic
effects are significantly enhanced, manifesting as multi-organ coordinated damage: liver cell death is caused
through the ROS-mediated mitochondrial apoptosis and necroptosis pathways. Oxidative stress and inflammatory
responses are intensified in the kidneys; intestinal permeability increases, triggering systemic inflammation; and the
reproductive system is impaired due to hormonal imbalance and disruption of the blood-testis barrier. Studies on
aquatic animals have shown that exposure to MPs alone can lead to gill tissue damage, reproductive dysfunction,
and neurotransmitter disorders. When DEHP and MPs are co-exposed, the filtration rate of bivalves significantly
decreases, the antioxidant system collapses, and metabolic pathways (such as energy metabolism and lipid
metabolism) are severely disrupted. Moreover, combined pollution causes cardiac developmental malformations in
zebrafish larvae and destruction of intestinal villi structure in largemouth bass, highlighting the long-term harm to
the development and survival of aquatic organisms. Plant experiments have demonstrated that MPs inhibit seed
germination (such as in tomatoes), reduce chlorophyll content (such as in tobacco), and induce oxidative stress
(such as in peas). The combined effects of MPs and DEHP vary by species: in cucumbers, it shows an antagonistic
effect on antioxidant enzyme activity, while in corn, it synergistically inhibits growth and photosynthesis, indicating
the complexity of the interaction between pollutants. To sum up, the combined exposure of MPs and DEHP has
exerted stronger toxic effects on terrestrial, aquatic animals and plants than single exposure. However, the distinct
toxic targets have resulted in the variations of toxic effects. In the future, it is necessary to combine multi-omics
technology and ecological simulation experiments to provide more comprehensive theoretical support for the
ecological risk prevention and control of combined pollution.

Keywords: microplastics; di-(2-ethylhexyl) phthalate; combined toxicity; ecotoxicology
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Fig. 1 Oxidative stress mechanism caused by
microplastics (MPs) and di(2-ethylhexyl) phthalate (DEHP)
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Table 1 Toxic effects of MPs on terrestrial animals
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Table 2 Combined toxicity of MPs and DEHP to terrestrial animals
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Table 3 Toxic effects of MPs on aquatic animals
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HifE 0.5 wm MMM LM
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B 2B (PS-MPs) Fl MPs:1 pum, 0.003% .0.015% , s S s e N
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&4 MPs 71 DEHP 3K £ HIBR & Hik
Table 4 The combined toxicity of MPs and DEHP to aquatic animals
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%i\%ﬁ;ﬁfﬂ i‘;’ﬁléj:l 0.1 mg-L™! B oy 1 71 pg-L7! WA &)y £ 114 A 3 B R T 26 [53]
SRCmADRBR 0.2.10 40 me-g- KOME as0 pgor  PHATAVRES FFA 551

(PS-NPs) Jib i | 4 A% AR T




146 s F

PLINN O %020 &

—_— | Normal metabolism |

MPs R

o] — [2omw -

MPs-DEHP |—> | 39 DEMs

o) et — (el )
—_ —_—
ety — eina

Galaciose) —» (Ga1 ) —= (DG
|

Glycogen synthesis/ I <—
Glycolysis

Ene.rgy
deficiency

Reproductive
dysfunction

|

Gene RAR/RXR
Stunted
growth

E 2 MPs 1 DEHP BX & &5 5| K FEL
Fig.2 The combined exposure of MPs and DEHP leads to metabolic disorders

B &AM EIVE T, AR AL MPs X #1519
PHIRREA PTARE,, £ KRR SE MPs 4b 3 rfr PP £
10 mg- L™" B 3t & B0 1 8¢ A 4 il 46 ), 1T PS 7E
100 mg-L™"' 1 500 mg- L™ i At Z il i % 25
BAKPL T AN [E 2S5 MPs X 28 it F 1 15 2 30 17
Ve BEAR A I 2 57 Al B R HE AN [] MIPs %o A ) ol
W &R ) 2 A4

MPs 11 2 5 25 5 SO P i[5 5 A0 1 B A
B, WANG PR T80, R Y B T A
[ 2 1Y PVC I FE PR 5 i B MPs ¥R 2 19 1
Jnmg B E AR, 7E 1000 mg-L™' PVC 4B R, Ak
6 ST T R ZH 8 17.87% o RIS e AR B i
45/ X T BESE B T MPs (IR S BT M R A
SRS, S AMERY R MR AR TR, &
H ) PVC(100 mg-L™" F1 1 000 mg-L™") & Z | T
HRAG A AR RS BIREAR T 31.26% 1 41.68% .,
VNIV E SE P SEEET S0 Rt Ath)- A TSN 1iE?S
5 T MPs XAHY 0 5200 A e T8 Ry 52 2% | i it Btk —
T

M-SR ZIEAR Y TG AE I EZ AR MPs
MR RR S R EUHY M S 2 S IR, TEXHE R Y
WFFEH, RS LA N MPs 5, 43 a Filnt 4k
FOMEEYEE TR, fAEHEDTM1 000 g-kg™
) PE Ji , W0 Fr 4R R a 3 & H BIRAT R T

140% , 4% b S A B FRAE T 309% 5%,
X MPs Y F2 58 ™ B RS IR T 0N R AR A
1'% Yl ORI R-P 0 b riax (Y3 E Dasta iR i1p - AL IS )
2R ARG AR e 2 W AL 3 R A AR 1
AR, R 28 i 0 4 B R S R A AR
JERERIRE ST, T sZma e & VR F G R0CR, BELASAR ) 1)
ERMER.

MPs 1) % 58 23 XA Y 0 6 A 16 = A 3 ikl 4
A, S Es R =N, [, MPs (1E7E &
S A E IR AE T, 5 B0 A A A PRI
YEFI 3850 2 A 2 AR, oA B 2 RN A,
T Jom 50 90 1) S8 A 7 384 455 . MIPs R i 5 A
Yy A SE AR N AE AL A7 B PREE I 3 B 240 L P
e K B A ALEE 1A ROS, N A F
H 3 B A mEMSEAES ., FREERT,
JITAG T 4h MPs A H 20 f) AR rp 4 A2 BH B8 1 2R
I EAL S ST Y L B4 B4 in, o PS I PET Xt
FAA BB T H 3= AR R o 3 BEE MPs
JeEAk AR ROS i i — 5 KR4 &, ELE A
BT A RN I A S R B A B [R5 i i
o, AV RS D REZ B, B S R E A RN
REIR A | 7™ H 5 0 AT ) A0 O A4 T R A B RECC
1E3Z 5] PVC Wlif i, 7739 W P S8 AL il R 40 & 9
T, [ i A SRR BB, 4% 10 mg - L™ AT 100



42

MR SCE . BB FN DEHP [ 2R &3k B A kA s SHEY 147

mg- L™ % PVC AbBRZH | 17 88 A Ak 5 A ity T
BRI 33X WA ) 38 2o B v P AL B MR
Bt Z 1Y ROS, LA AL 155,
3.2 YRS DEHP & G5 Y X R B dE RN
WF5E W, 7E MPs . DEHP il J2 & S AL F R
BRI B 0 AL B A o S AL | A
it FGT IR I PR Ao A Ak e O PR 38 W 2 i, MPs
1 DEHP & &ALBET , Bt S0 A0 i P 14 38 Jonn i J32 41K
FHUl MPs Zb3, X 15 BH MPs I DEHP 9 4H B 1
FHXF R T b A AL &R 58 2 A 5 P00, DEHP
FIAETE B AR T MPs X R4 i B dE e
ALY KT T, B DEHP 2282 10 1T ok
TR R S AR D) RE LR
IR LN 9 K 38 (PSNPs-NH, ) 5 DEHP i & %2 %
N, X6 K Ay i AR A B 4 I ok e R B
N R IR R K, iX 3R B PSNPs-NH, fil @l T
DEHP X} FRAEHRIE R A K E BRI, a1k
FHJ5 AN HE 14 d J5, M DEHP A0 R4 FOK I
M4¢2 a f b & F %, PSNPs-NH, 5 DEHP &
TREEIT IR E a B b T RET N B E™, Ui
T PSNPs-NH, 5 DEHP & [F] /776 i 2 il 149
A INEE T XS A MERPLEI i E . IAFSR IS
% , HHT MPs 5 DEHP X #4819 B4 #5564
A BRI K 2 Pl Y, AR A S 450 A 3
ket REE RS TR AREZER, &NE

THIRHEY), R R, HAR R i
1R XF A S ey ) 2 s R e S B A B
R ERNPERAR Y HEREVEY , A Kk r
R Z FERK 53 3550 LA SN KM F 15 Y it i AL
il 5 8RR, ALK 2 R o x4, ok
TR T AE ) 1 22 B X L A D E At AR 22 A 1 X
MPs Fll DEHP B4 5 22 A 1

25 LTk, MPs HUBREER AN 3R 5 Fiw , 240l
T SFAE D87 K, B AR 9 S5 AF ) 1 i o A
TR, AR A 2 e i 2R o AR
GRS T W A A B AR R B, T MPs
Y DEHP & A15 30N 6 Fin , X & N4 i P&
Rl 72 55 5 RS BUALON 5 76 B oK 5256 v, PSNPs-NH,
FI DEHP {4 % #% b 5.0 DEHP % 52 5 {3 3 Hi i)
il F KRG A B iR S w R T E S
15 Y X R P T e

4 RE

ASCLER T MPs B % 15 DEHP Bt £ 5 8 1
BRI SR W 3 /R MPs BRI £ 5%
FEASBEA B0 K B LA SR SR T —
(FEYEVE . MPs 5 DEHP (94 475 Je if 53 B
T I BT 2 X I BT PR A RS L 3
SOt PPA LA 25 KU AR B2 S R S RS X,
FEREPENLEIORSE I HAT R M = HE A 5 R H
TEIEE AR N 125 LR 53 K ) 4 BIb ]

RS MPs XEY 0 EF MR
Table 5 Toxic effects of MPs on plants
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Table 6 The combined toxicity of MPs and DEHP to plants
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Fig. 3 The combined toxic mechanism of MPs and DEHP
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