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Abstract: Phthalates (PAEs), widely used as plasticizers in the plastic industry, pose potential threats to aquatic
ecosystems due to their environmental persistence and bioaccumulation. This paper reviews the multifaceted toxic
effects of PAEs on aquatic animals and their molecular mechanisms. A comprehensive analysis reveals significant
differences in the sensitivity of different species and developmental stages to PAEs. Notably, aquatic animals exhibit
heightened sensitivity to PAEs during their early developmental stages. During embryonic development, PAEs
significantly reduce hatching rates and increase malformation rates by interfering with the normal functions of the
cardiovascular, nervous, and endocrine systems. In terms of reproductive toxicity, PAEs damage gonadal function,

decrease reproductive success rates, and cause transgenerational reproductive disorders by disrupting the estrogen
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receptor (ER) signaling pathway, inducing oxidative stress, and causing abnormal expression of reproductive-related
genes. Immunotoxicity is manifested by the inhibition of phagocytic function of immune cells, an imbalance in the
expression of pro-inflammatory and anti-inflammatory factors, and the destruction of spleen tissue structure. These
mechanisms are closely related to mitochondrial dysfunction and reactive oxygen species (ROS)-mediated oxidative
stress. Genotoxicity indicates that PAEs exposure significantly increases the erythrocyte micronucleus rate and DNA
damage levels in aquatic animals, which are closely associated with ROS accumulation. It should be mentioned that
the toxic effects of each PAE are related to their specific physicochemical properties to some extent. Future research
should focus on establishing structure-activity relationship models for PAEs to predict the ecological risks of novel
analogs, elucidating transgenerational effects under chronic low-dose exposure through epigenetics and multi-omics
technologies, and investigating synergistic interactions between PAEs and co-contaminants such as microplastics
and heavy metals. This review aims to provide a scientific basis for assessing the impacts of PAEs on aquatic eco-

systems. Additionally, it offers references for formulating effective pollution prevention and control strategies, as

well as for protecting aquatic biodiversity.
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L8 2K — H iR Il (phthalates, PAEs) & —2S B 211
T A NG, FEAE R Y8R )12 198
RH b A P AR R DA 0 8 22 ) A e 9
PEN B UL PAEs PS4 HE 4B K — H R — W AR
(dimethyl phthalate, DMP) 487 — H iz — Z fig(diethyl
phthalate, DEP) 4B —H {2 — T fi§(dibutyl phthalate,
DBP), 4B 7% — H fix — 5 T [ig (diisobutyl phthalate,
DiBP) 2P — H iR “ 3£ T 5 (butyl benzyl phthalate,
BBP) 4K — H R —(2-2 & & FE) B (di-2-ethylhexyl
phthalate, DEHP), 4B 2 — H /2 — 5 fig ( dioctyl
phthalate, DOP)% , Fifi %5 Tl A& 7= ) PR & Jie DA K.
SIS AR 244 B PAEs B £ 16K IR
b ) P T ¢ R (T RE LR/ M D WS S A/ 8
SRR P A R T BN AR S T, K
TR R K b 6 Rk PAEs( X PAEs, Hl
DMP . DEP ., DBP , BBP , DEHP , DOP) i ¥ J¥ &b T
86.40 ~7 683 ng- L't [l , Hor DBP £ H ik B e ey
SR B R 538.1 ng - L7V YAl 3 O T, A ) AR
IKANG X B FOKFEAG K Y  PAEs SRR 603.84 ~
12 580.17 ng- L', e if DEHP 4 Mok i 5 5, 19
W R 2 343.68 ng- L™, F /KRS X PAEs Sk
}11 54858 ~51 66795 ng-L™", DBP # H ik ¥ e 5,
SEXIHERE g 6 500.58 ng - L7 EV WIVA T T, A IR B
oK X (PAEs BV EE 0.740 ~13.0 pg L7,
DBP i 1 B e e, -39V R 1.59 pg - L0 T
M 57K T3 T, BEPEE 51 ANT5 K Ab 3T E K 1) 14 Ff
PAEs i} 151 ~125.18 wg-L™' ,BBP #& k&

B, AW R 3297 pg L', H/K SR E 025 ~
11939 pg- L™, DiBP £ ¥k B Je iy, - 3 Wk B oy
1807 pg- L' fy T H Ak 22 A2 M e LA A AR B
fift®  PAEs TERRBE R AAEAE WK AE A S RS
BRI . KI5 ER Y] PAEs XK A s BA
BEMTEEERY ) LSS T2
1, Nk S BBET S, B MR S R B K
RESH ATHYIRERERT | S DI Rem il LA R s 4
R, X SRR RN AR R A AR K A S Y
A RNEAT R T REXT HE A KA A S R G S5 A A
DIRer AR RE A, SOA SO BB MR BE I iR+
PE AT RN SRR RS GRS DA T
PAEs X[ 7K A s s PEVE T, B 760 PFAl PAEs Xf
IKA A R G0 52 W 3 AR 22 A | [] By i
A BRI Y B AR SR W R DR PR AR B ) 2 R 4 A
2%

1 FHIRKE

LI J& (median lethal concentration, LC,, )&
it PAEs X 7K AR sl W) 85 Ve 0y OCHEHE A , X T PRAG
A58 RS A e A AR E B A S X, A RE
X} PAEs FEBUSMEAR] | RS2 [A]—Ff PAEs , X A [A]
1Y LCy, WAFTEZ 5, 4, DEP DBP .DEHP
DOP X} i £f1 ( Cyprinus carpio)%)16.96 h ) LC,, 435l
415 ~53 mg-L'" 16,3 ~35 mg- L' M0
3795 mg-L7'" 7.95 mg - L™ i DEP,DBP,
DEHP .DMP X} = ffi j ( Magalobrame tarminalis)%/] f.
96 h [ LCy, 4391 6.6 mg-L™" 2.08 mg-L™" 541
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mg-L™" 329 mg-L 7'M A X R EETE 2 RIA S
P AL B & F By B O&, DBP X AF B 5 i
(Danio rerio)96 h ¥ LCy, 2~ 8.51 mg- L") X5
NG 96 h i) LC,, 4 0545 mg- L™ i £ 257
FH% B B Be Xt PAEs (1) 5 8 5 0 UK, PAEs Xf
HAbKA=B8 96 h 1 LC,, W 1, HF 1 nl%, 3k
1 KA B WX AR ) PAEs 1) S0t A []
Horhk &% PAEs B R HURK

2 FEHasSMt

PAEs XJ /KBS i i & B BA 2 07 5%
i, FEABAEAERAET OME RS AR5 N
WZSh RGN ARG E T, ERKEF I,
PAEs & XK A S IR R i A K R B 8 b 7= A i 3
SZA, 4N DMP 2% 5 25 5 808 1 fa IR G e AL A
WA TR SR8 N AR 45 /Y BBP 2 55 2 i Bt 5
BRI AL FAE G 2 T R, L RS [ RIEE S HP AT
2 I, DBP Ul & FIAUE; A (bisphenol A, BPA)EK
B IR TR 2 BT I £ ARG AR AL RE O i A8 R
girf ,PAEs 23 %7K A= s RGO AL A % 7 3
WA K 5200, 40 DMP A1 DEHP % &% 47 9] 2= 5 85

a1 JIR G AN T JTCYE (Xenopus tropicalis) I i
B ALK b O FREEARAE IS, DL S e o i Dy fig
FIEIE K3k, I H DMP 28 58 0 25 6 58 2 i iR iy
7 T K (subintestinal vein, STV B 45 % | IfiL i 28
JEWIEPY i R G5, PAEs & LKA sh ik
G CHIIE R K E , DBP 2 2 ff 5 & 1 I i ) #)
iz sh Lo MBS M4 u & B 55, BBP R
S B D RR M 2 kA EF , IR SiE
BFZR G h, DBP J& 5 23 (i 5 5 o IR it LA 454 52
iz shie 1%, WA RS JT I, PAEs B
P T4 F5 1, DBP 1 DiBP 2 58 23 5% i B 5 £
FORBRIER (T3 F1 T4) 7K1, B 28 T Fe - 40 FP AR
% (hypothalamic-pituitary-thyroid axis, HPT)%#liAH ¢ %
R S X LMK A= 3, PAEs 2 5 B 25
& K 85 (Daphnia magna) 1 JLFL#1( Haliotis diversi-
color supertexta) VG IFEAL 28 38 Nl e 22, BRI
NG REEZE L) , AR AR DG HE R 3Rk | i 17T BELAR R i T &
BN, B2 AR PAEs XK AR B IR AR
KRB M EA R, £28 PAEs 7EFEKAES)
VI IGIAL R e R U L BB AR LT
SRR, ZR I AR A B R RO A i A%

®1 BEZREREEXT HAbKEZNY 96 h BEHIERE

Table 1 The 96 h median lethal concentration of phthalates on other aquatic animals.
Py 4B — R IR (PAES) PFFEE (LCso (mg - L") S 30Tk
ey 7F 8 Paralichthys olivaceus) DEP 3192 [19]
K # ft(Larimichthys crocea) DBP 523 [20]
DOP 657 [20]
Je % % A 41 (Oreochromis niloticus) DBP 11.8 [21]
% 21 54 8/ Lutjanus erythropterus) DBP 6.66 [22]
AR ( Thryssa hamiltonii) DBP 094 23]
Lepidocephalichthys thermalis DEP 4453 [24]
Indoreonectes evezardi DEP 34.63 [24]
A P Clarias gariepinus) DBP 2244 [25]
R W BF55 (Labeo rohita) DEP 438 [26]
DMP 19.14 27]
FLAN X IR (Litopenaeus vannamer) DEP 1338 7]
DBP 6.06 [27]
etz DOP 447 [27]
KB H5FLES U1 (Chlamys farreri) BBP 123.16 28]
FEF WA FF (Ruditapes philippinarum) BBP >2 010 28]
H 7 P K4 7k 2 ( Tigriopus japonicus) DBP 123 [29]
T 3% 9 /K & (Eurytemora affinis) DEHP 0511 [30]

1 : DEP /R 487K — iR — 2.1 ; DBP Fe/R 484 — HIR — T i ; DOP /R 487K — R — 3¢ % ; DMP Fe/R 487 — HI ik — W i ; BBP /R4l %%

TR TG DEHP £/R 48K —HIR Q-2 RO F)E,
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PAEs X /KBS AR 0 RS0 B PEAE ] 2%
IAEAFEE AR AR T A K BT
i, WF5F  DBP B & 2 lilfEt: Melanotaenia flu-
viatilis SEAUHVRS A0 D R8T i eh O 7 A S
PRGN il % v B v AR K DA SO
B2 Z K (estrogen receptor, ER)F15Y T AL P4 iR 3%
FAEH IR FIEP DBP % 58 4 23 ffi M Melano-
taenia fluviatilis Y 5520 215 M A | QnBp 4 & o
JWsc s 1 e A iz A L IR 2 e e A 0 A ] B 4T 4E Ak
S DL 2% rp BB AR ROKOT SRR R,
DEHP 55 2 ffi H R 5 ¢ (Oryzias latipes) 41 017
BREEAR, BHH T 3 e MR 22 B 8,
£ BT R B 0 R A fORE o kA TR
DEHP FIRIF 1 B & 2 5 b 2 R U [F] 28 1,
{5 4 fif) 68 ( Gobiocypris rarus) ) 52 i (testosterone,
T) & & T i {H b — % (estradiol, E2) & & T %, f3h.
vig. cypl7 Fl 178-hsd FE K ik & L, cypl9a T
W BRT 24N PAEs X HA K A s i) A i {
LA R R, 4 BBPY” DEHP  DOP™ 45 2
23 i AU 3 (A7 R A I/ B O B I
(4R 5 AR s> H S M= 1 | ol i 8 1 e
PGS KF N IEAE . ksh, BBP # DEHP K 5 5%
AJ BE S RE N R FE I Chironomus riparius)fi) Z5E™

HAE AR LW M LUF 3 N7 (D) E
ZAK, ZHWFIEIN R PAEs A REY ER MEFLE Z 1K
(androgen receptor, AR)SE25 4, 52 I 1Y & 1 AT
WAE B4 5% 4 DBP A] 5 ER 454, 520 MY
ZES W, FHMETE Melanotaenia fluviatilis H ¥R
WAL ROV A It 3 T MEE Melanotaenia
fluviatilis (¥ BERCR TR RS )AL R, B 53
o458 i, PAEs 285 235 & B AL I, T2
1% P4 (reactive oxygen species, ROS)ZKFE-TH &, HiL A
AR PR g Tt A 3 2 1T 5 e A= 5
YR A7 TG M D) REYY . 40 DEHP % % BB 5 2 B 5
2L ROS 174 i ik AL A -4 2 e K
fiff(gamma glutamyl transpeptidase, GGT){if P K AiE i7F
AR Y (3) B ik, PAEs % 7234 1] fig 5 5L
AR B A DG L PR Rk S, R e A BE A ) 35 o34k
FAT- A R B i 4l 2% 7 & R, PAEs 2
5 AT (B £ N S i 2 R Y 3RO R A AR
A6 0 R AT 51 T AR At MR 0 A 2 A
Yk A 3 S0 B R SR GK 1Y 208 T BE S PAESs SR 3(

AR BHTEE B 1 FE A

25 LTk, R RS (4 PAEs AT R i A [A] Ay
YERIBLH 3 BUK A 3h 4 AR F 7% 1, Heh DBP LA ER
IR L R 8 T MR 5 18 %
[ s 552 M A1 ALBEE P 1 AR D) B - A PP i S A
20 P B - SRR A R A v U 5 B
B B A B0 e B S BB

4 REHHE
PAEs X} 7K A S i S e D gy~ A 22 5 T 5%
BLAE R PE MM DI RE | oA DG IR I R e s B 4
P4, FE SR 40 e Ty e J7 1], DEHP 22 5 fif i £ v
PR A 7 W S R AR, 38 2 ol v MR 4 i rh R
FAH G PR A 2Rk AR U2 N 1 40 A ZR -6 (inter-
leukin-6, IL-6) [ 4fl fifi /- % -8(interleukin-8, IL-8) Jii
JRE YR AL IH F--a(tumor necrosis factor-c,, TNF-or) Z5 it
R mRNA 23k K S35 8 R, 0 H 40 4
#-10(interleukin-10, IL-10)%53i 4 [H T 1 2 35 K -
HEMEY DEP 2 7 2 (i 6 £ 11 200 it 1) 7 W 3% R A
WEFR BT, X W PAEs fE0% TPt fa 25 e 4
LB IE AR D) RE , 1 55 e AR R bR e g, i
SEM ML S B AL . 7E Sl hl DG BE R ek
JiTH , DEHP % 55 2l 28 B 1 £ L IE v 5 2 K Ho 2 AR
KHFEF T4 EK y(interferon-y, IFN-y) . FH 41
% -1B8(interleukin-18, IL-18), TNF-o %5 ) 23k LU
K 5§ ( Pelteobagrus fulvidraco) FF Nk IL-8 IFN
TNF 1 33R5Y | HAALE R A0 OC R | X SE L R 7
oSBT ARAE RN A5 S B v R 4 VR AR
RPE A E A 554 )71, DEHP % #5 BUHE 5 fh )8
JIE£T 240 Rk /0 | R 0 25 W A4 A | 65 4 S 1 S
W R HAR R N A 2T A s R e R AR
I3 24 PR TN BB E 2 I, 45 48 S B T IR e i 4
MU R 5%, % T At K A2 2, s U BT oK IR
(Neocaridina denticulate)®™ % [ {3 ¥F(Macrobrachium
rosenbergii)™ 1 FLYNIE X R (Litopenaeus vannamer)®”
L87K — W R — N R (dipropyl phthalate, DPrP) 4F7K —
FH iR — 2K ME (diphenyl phthalate, DPP) 487K — HIfig —
C' li4(dihexyl phthalate, DHP). DEP . DMP . DBP ,DOP
T % RESZ e FCTR PR B IR it | B- 7] 2 MR TS TR 167 | 1M1 V55 Iy
SV | LT B 1 R 0L 440 K S 2 T e SR
PAEs fig it 0 175 3 48 b 0 JORN 43 3 4ok 1 2 g
K K AR S e IRE . A AN IS SRAE S
ZIAAETEAELAE AT, AR 0™ A 17 ROS 457 W fig
% TG A E AU, TRk A 0 DX, i 9 S 6 [+
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B SR 2 7 AL F in i 4 £k 1z 9B 4 DEHP (19 4%,
WP 88 — R 5. £, 5 C B I (mono-2-ethylhexyl
phthalate, MEHP) 75 5 % £ JiT- 21 Jitd (L8824 = A it 1
) ROS, I8 T 18824 4 i Hi E 1k R G iy V-1, A\
M5 [ A L, R B L8824 4 At iy 48 Ak by it &
FERR AW BRI T MG D RE R RS Ao Ak
S5 R IR 1, o & A R Ok IA DNA
(mitochondrial DNA, mtDNA ) j& — F 5 K 119 42 55 34
B3, MLk R Z 1T, mtDNA IS 4 v B il
WG — FR IV (F T i, B R A0 A T R R
B, R RAE RN U DEHP % 5% 6 5 5 g E
LR A AL [ IS AN, A5 S A
REER FIR AR | T TS R AE S D RES

25 1 Frik  PAEs fig 5 i i75 3 S0 W I 40
LRRINRE IR AR, TR A S S e 1, (HA
] PAEs [ ELARAEH 7 AR BE AT REAFFE 22 5%, 7E
B2 A LA 53 I 8 40 B PR 7, VT e
FEMBIE T . (HBEE RAE & ML A B 1k 48 i i
S, 2 WL R AL R -, B R AN 5
T, WU e AT v, S BRI

5 EfEEN

Z IR, PAEs XK A= sl AT W e 1) 1t
Bt FEXtTE % B i Oreochromis niloticus)
AIBFFE D iR TR BOLHE (10 mg-L™")AY DBP 1
24 h F196 h J& , DBP ZH 1 X BEZH (HY SRR iz &
fig , ethyl methane-sulfonate, EMS) A% 1 41 i i3 4% “F- 4
AR I 2 v TR R R R X BR2H 96 h R EE e,
DBP 1 4 21 240 B foiz A 52 A8 Ak T Sy W dd , HL M1 A
AR B E N DEP X 6 () BF 5% B, DEP %
25 IR A0 P TR A1 8 D) R S o e A R I T
=P TEARR —H R — 5 %K (diisopentyl phthalate,
DiPeP) X} 4R 4 1 (Rhamdia quelen) W5 | B AR
KT8 AR A H 5 B PR XS B o 45 12 o 3 22
S AREES] T R AL RS O, HAERT
FEP UL N IR N B R = v Y A
W, PAEs %% % 23 308 7K A 3 W 21 41 i ik % 7
S A OUIR . FH T 2040 M % =8 i T i
WG BREE, X — R - Ll T
PAEs X 7K A& 301 ) 15t 1% 49 5t W] g 3 A A 01 35 . Utk
41, PAEs % #0253 i, DNA #if5i, DEHP 7] i &
BE o fn &) 0 1) DNA i W7 24 78 5 /5 0 3008 Uk B2
(10 mg-L™") T ,DNA #i/i %3k 31.13% ", [FA},
FEAR S A A IE I D e Bk ' 4 L AE 2 B8 T DiPeP

Jii DNA 5457 5 28 38 i, i 28 B o 3 o | e B
B0 R WLEEH) AT 40 L DNA S840 35345 3% i, (R 78
WA MR EE T, DiPeP Xk 40 i 1 358 1% 9 5 vl fg
FEAE T — B R, AN A R B 2 Y DNA i B
S A AR5 1 3 I 5T 38 % B DNA i
15 ROS By K& B A OC, M 8-F% Jk i 4 & 1
(8-hydroxydeoxyguanosine, 8-OHdG) /& ROS IX if;
DNA - F A iy a et &9, 2174l DNA %1k
BRAGRH WLARFR . 76 WA B a0 R, < 0 2
7T DBP £ '35 8-OHAG i & AR 784 [
J54h ,DBP BB AEFE ST T /K V- LR E AR W = iR
H.(Dugesia japonica) M HL A L R4, T 83l &= W)
ROS L&, 5] i A L N Al DNA $i43', BZ,
PAEs 23 E4I N AY ROS K& LR | 1fif ROS fiE
Wi DNA 437, 51 % DNA B Wr 24 5l ik 451 45
DNA 3¢ Bk %5 [n] B, 5 2% 77 A 1t A% B 1k, H A [A]
PAEs 7E15F ROS BRI XA A KA sh A
[] 2H 240 0 1) DNA 3 1 38 008 =X b B 45 ) i
FIREAFAEZE ST,

6 RE

KTt PAEs 22 J7 [ #5120 9 25 5 PR TE IR
ASCIEBOEHR B G & F BT A5 D RE M |
G PERRS A Sest A& 1140 5 N2 #EA T PAEs X
KA SR EAE R AE , B A T LSRRV ) 25
SetE SR, AT I SATS TG B AL AT AN TR |
5B A AN B UL B A 15 Y I RIHLHI AT 9T B = 45
ki, ST PAESs 15 4% A G AL 21 AR 25 KU 1Y
T FUEAR R AR R T RAELLT R EIR R

(G5 F-TE PR R 5 7 M P AL R ply e, L1
PUBCHEM ' 6 Fi it ] PAEs(DEHP , DBP, BBP,
DMP . DEP . DOP) ¥4k 2 %, dnigi sk v | 43 7 1A
85 GEAOTHEROR SHLAE ) Bk AL
M5 RS2 RS2 R ) A DG, ST kG T G b
RO AR FRIGET R PAES 25U A0 N 2 i T T
1, R T AR A L M AG R e T H

)M 1 1 2 i 1 B AR SR B A R0 « T
XIS AE R B, et A K A s ) 2 58 S 0y, &4
B A DR 2 AL I A0 i A sk e 43 A, e B
PAEs X i & 5 G i 5 D5 (% 7 Ak it A1 B 8 2 1
Jir 6 R F UL 15t A& B A g R 2 ), B S R AR S
fih RNA T8 W0 45 75 85 0 35 V4% 3 b i/ T 1P A
FIHEZK L 9 A SRR AR i 34

G)E A 15 Y U A AE AL H 5 A R0 . IR
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PAEs S{UIBRL 4 45 15 Y W I S5 B ER AU
1B 7N HEAE BRI A Tt v 1) W% R - W82 30 g 2 B HE R A
Pyal FIFVER 2 , Gl i 2 1 S BT O A bir
G e i B A 7 S SRR S I B
S 308 S S5 A A T S e ) PO R ATL A, P AR O
A o 75 0 B T 7 R A

7 HRIE

PAEs PR & fff R T Rp 2 g ik A AR S R 5
AR T PAEs XK A sl i 22 5 T2 800
M 2 HEBOE kB 55 R YR | g
T st et o X BB AU AR A AR S
A RE DT, 30 n] R o P R S SE B R SR
KB RGERFEE, AT B WIH) T PAEs
A FEVERRIE B AL AR B S 575 e 1)
MEEHATRIR AT, ARTEE ZHFEARE
PREE B B A AR HE 57 PAEs 5 ¢ 4> T HLHI 2 4
25 KURSE: 1) T T 4R 2, LAYk PAEs 15 Pl 8%
R T BOoK AR W) Z R AR AP SR bR 22 S of
AIRACHL N A 55k 25 A IR P, 7 RE 2% ff X —
“ Rtk U e K A AR S RS R

BIEEEEN: TEF987—), %, +, 8144k, TRAR
FEAHESHEEE,
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