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Abstract: As one of the world's largest developing countries, China is facing an increasingly severe pollution problem caused by
phthalates (PAEs). PAEs are widely used as plasticisers in various industries, including the food and pharmaceutical industries.
Due to their widespread use and the lack of standardized treatment, they have accumulated in the environment over the long term
and have become highly toxic. This study systematically analyzed the occurrence, spatial distribution, ecological risks and
potential sources of PAEs in the water and sediment of 30 typical lakes in China, to explore the occurrence characteristics of
PAEs and the effects of human activities. The results indicate that the concentration range of PAEs in the aqueous and sediment
phases is 0.01-27.6 pg/L and 28.8-74,935 ng/g, respectively. Di(2-ethylhexyl) phthalate (DEHP) and dibutyl phthalate (DBP)
are the predominant PAEs in both phases. The spatial distribution of lake areas shows significant differences, with the most severe
pollution occurring in the middle and lower reaches of the Yangtze River. Di(2-ethylhexyl) phthalate (DEHP) and dibutyl
phthalate (DBP) were found to be the main PAEs in lake water and sediments, contributing the most. There are significant
differences in the spatial distribution of lake areas, with those in the middle and lower reaches of the Yangtze River being the
most severely polluted. Based on an ecological risk assessment using risk quotients (RQ), approximately 30% of lakes were found
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to pose a high risk to crustaceans, primarily due to the presence of DEHP and DBP. Further principal component analysis and
multiple linear regression revealed that industrial wastewater discharge and agricultural production activities are the primary
sources of PAE pollution. There is a significant positive correlation (p < 0.05) between the use of agricultural films and pesticides,
and DEHP and DBP concentrations. The results of the study indicate that PAEs exhibit significant multi-media distribution
characteristics in the lake water-sediment system and are profoundly influenced by human activities. Therefore, the management
of PAE additives in agricultural production should be strengthened, and the efficiency of PAE removal in industrial wastewater
treatment processes should be improved, in order to reduce the pollution load of lake water bodies. This study reveals the
environmental behaviour, risk characteristics and anthropogenic driving mechanisms of PAEs in typical Chinese lakes, providing
a scientific basis for formulating water ecological and environmental protection strategies.

Keywords: Phthalate Esters (PAESs); Water; Sediment; Source Analysis; Ecological Risk Assessment

487 — HRHg (Phthalate esters, PAES) J&—38/ JZ N T BRI M. S, Wk kEZ
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Tab.1 PNEC of PAEs

PAEs TP FPEHER (1 g/L) AF PNEC (ng/L)
FEES] 4%, NOEC=10000 10 1.00x103
4K — H % — H 5 (DMP) F sk 21K, NOEC=9600 10 960
kK 102°K, NOEC=11000 10 1.10x103
FEES] 4%, ECso=7780 1000 7.78
4K — H R — T lis(DBP) F sk 21°K, NOEC=70 50 1.40
kK 4%, NOEC=1000 50 20.0
Ak 4%, ECs0=21000 1000 21.0
42K —WEE — 2. (DEP) F sk 21K, NOEC=3800 50 76.0
125 4%, NOEC=3800 50 76.0
AF 2 — FR — IE 3£ 5 (DOP) F sk 15K, NOEC=310 100 3.10
AR T HEE —(2- 2.3 0 Bg Rk 1K, NOEC=5.81 50 0.12
(DEHP) (EES 21K, NOEC=1000 50 20.0
AR — W — 7 T FE(DIBP) 2 475K, NOEC=1780 100 17.8

PRI PAEs MIEEVLENR, HEATEPR LM LERERTIRY PAEs £ KBTS AR, AHF
FR A Norman A= REHHE FEPNECS B4 E S 1 UTAYIPNEC (PNECsedimen) 8, 250 45 & 5
PRI AT E B R (QSAR) BLEITHM PNEC HUIS1, WIyATTARYIHIPNECEUE WE 2.
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Tab.2 Sediment PAEs PNEC data

PAES PNECseq (ng/g)
DEHP 0.18
DIBP 92

DMP 1000

DEP 530




DBP 49.8
DOP 100
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WAIESNFEEXT PAES 1554, FIF Spearman AHIEVEAHTITAL %K N AIESIR %5 PAEs 154
IKCEZ I8 AR I o BPE R . Ziit i S al ML TAE{EH Microsoft Office Excel (Office 2019) . SPSS
(26.0) A1 Origin (9.0) #47.
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PAEs IKJZH: 7 (0.8-12.6 ng/L) , EEI5 USRI A T HEBRIR 57K

Xif G Y ANBIE R PAES &R R, HEBHAN PAEs 754K 34k & T RRSEMIIH, L& DEHP
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79 0.02-0.5 pg/L, DBP ¥REEN 0.01-0.9pg/L, HNEE K2 R FHAE B AR TR PAEs 7K 78 B BLAIK
FREWE. XKW FEWE PAES 54 BE A E, HALSm T X . R (HhRKIFREE
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Fig 1 PAEs concentrations in the water phase and sediment in typical lakes of China

2.1.2 RARY ¥ PAESHY 7 F 44 IRENATIRY S IEZ 3] PAEs 154, R 4 SoR T AEBHATURY +
PAEs HItGHHKETER. BACkE, REWATEYH PAEs Sg R HIRETEHEA 0.24~74.93 ng/g,



Forp M S TYAYA ) PAES MR Femn, FLUONEUR WAL, VLA AR PAES IR A
(0.78~1.13ng/g) . Sk, VIR FH PAEs IREE A, KIRH PAEs fEMITALES RAF M
KN BRRN . ERRH, FA R KITAERIT = MM iRyt PAEs & ER T, XKk
LA T ARG, Tk, HTRYT PAEs E & & 55 /KHEON TAkis Je35 k% . 1
Ab, R SR A WA IRZ E] PAES V55, IRXBIK IR PAES FINTTRREC K . DU I 3=
# PAEs #H4r ADMP. DEP. DBP F1 DEHP, XLei)ii) vz F TR AUE IR & i, Hoas 8434 5 il

M YIRIE . T e X I & SR fE Mo T MHES &L B T HEBGR TR PAES 15441 3
FRRZ—

TEPURRYI, DEHP & &l i, JHRE T [250.02~20.54 ng/g, H&DIBP (0.97~71.16 ng/g) ,
MDOP fEATAUTIURMIRE R R . BT DEHP ERE N 5 2, HEA BRI B FER B A
P, FCHIRER S, BnfERNTURYH PAES V53 1IARED .

DU PAES LB BE A3 A S KA AR ], e 7 HAEWIAE S KRG KR BN . 7R
EHNA TR PAES WRETRR, MM DEHP KT B m T HAt PAEs (104~2974nglg) , Hik
JE izt K X PRy DEHP ARSI REANE, SEpiR b 88 Jeoh, X+ DBP
1 DIBP I E, R LA DITEDTRR D) 1) BRI TT R85 K ) Tl HEO AL 2558 B 5.
A HBAVE W ES FE A AR DMP F1 DBP IREEFERT AR L FIRTS, HoKk$ PAEs M4 RlE N
HZ ML, XK PAEs FIHIATTREL ARNEZNA 2¢. A iG Sesia g s R PAEs K
JEEBUK, HEKAEP R ER S, BonH PAES FEUURBA PN — @ BB N . X S8y (iR, DMP
(R B = T oA PAES, W B8-S KAV R IMRIREHRANG XK.

M, FE R EHBEARY) PAES 5B A, KEFPIRYIP T PAES WEEMIR &,
T PG EI PAES V5N % . TR PAEs IR S/KA KBUA, HilT PAEs ZEUTARY)
I B e R, R B T KR, R EH PAEs TEUTRH B BRI BAR RN
2.2 HBPAESHYZS (B 3 TR 4F1E
221 ABRHX 5 AR FREMRBIHIX BN PAES 15 R AE KRR h T, R EER
8]0 AT 2 (PR LR ) o ARIE AT AR, WAkl KT NFFEBX (MYP) « RIGE
JRAX (NP)  FMERETEMIX (HP)  ZHHEEBIX (MP)  HEERBIX (TP M AP RB X
(GP) o &4 s B I /KAH AU A b PAES HUZ A 2SR 48 4L (] 2) , HIAHT & IX PAEs Hifk
AP b Bl R AR KM 5 DR P (4 3 A

BEWIX KA, PAEs 54 BH BERXEBIFIE. NEEVEERE, MYP (KITH R T ERBX)
« HP CEMEMEIRMWIXD Al GP (J7ASFJEWIX D 19 PAEs iRJEHimEim, /Ki&H DEHP F1 DBP &
5 AT 60%-89.3%., XFERTEY TAMEE., NOSERE., WEE KT ZRA UL RIbEM™
B AHSe . BRI X R VR K S A SETS KRR IR R RSN, TR T B I3RS PAES i fif - DEHP
A DBP 1R NBUKMRERIINEY, RETEKMEFHEMEGIR, s afin, RME B0
BRI, A, PAES B NERNRMA AT DA A H E T R, MR GUKAE T
WEBRIX LA A, BIME 2l b B S HEBCE A R AR i Re S B IR S IR ) PAEs. X —FEfE MYP
A GP X JUARAE, FEHIXETHIX K PAEs i SRR AE F e 1

PAEs [9iidsifin N J7 2052 1 A R IX A o 75 Yo ik B . PAES mllId RORR . TolkisK B
HE A TG KU RS TTRE BENTAKR . T MYPL HP Fil GP i X AN Tk i& 38 K IA
, PAEs [IRIEFEINT 32, Fisk Az % 52 B R A P2 A T IR RN, 3 — 2l 7 i /K AR
' PAEs MR, ML T, TP GHFREGEEMX) Ml MP (EHEEHIX) BT AZOE3IED, Tk
FMby5 G NF R, RAK AR ) PAES IR R

EVURYIH, PAEs MIHRS/KAE AR, FZELL DEHP il DBP A%, JiH & DEHP 7EJTH
P EIRETE . A2 MYP (KRITH RHEIX) « HP GEMERE#IX) M1 MP (EH & FEMIX) , DEHP
[P EL PR TTHR R IA 2] 53.2%-59.8%, K IHIEYIRR b I RE EHEMMN . LHTE MYP X, DEHP & &
BT HAL PAES, BONZIXEITTAWIN L8 PAES 2. X — A0k S ST 34 E RN PAES 1)
WM YIAE S . T DEHP M1 DBP HAEEMIG KM, W FRMEIMANE L, FErEK
PRPIRE R IR HT BRL. BhAL, DU PAEs B EMAMBRUER, SECLME @R B R B R B
, BE—B R T PAEs FEVTRRMI T RN .

MYP AX I DA ACFR B, ANIGENEE R, $30 PAEs KIS IEAZE, FEale k& rTE
PN o VRS R R KRR R s, ik MYP WAV Y ) DEHP A1 DBP
EERE, R Z X SR A D HE SO AR IS V5 K HE . BAh, SRR A VAL B AR PAES
YRR R, 448 MYP WIJH DEHP F DBP & E7F 4 EWI X kb T8 w7k o



DEHP F DBP fE MR TMv AR 2 AR A, JiZ BT PVC s, B, R,
Fm A K& . DIBP £y DBP HIEA M, BN HT SMAESS. JLES W Wk FoR s 25
WA . MYP WX 2k Tl E A KRIE, B REERER S, SEEREM K EH, 3 5]
TERPRE) Bk E Y. OBk IR E &4 PAES WINF (41 DEHP) , #E—B Ik Tyl PAEs (1)
wiE.

(a)
20
I 2574~75% I or
T 1slorMm [ pBP
— iy [ pise
1sE e SR B pep
[ Ipme
- [ |DEHP
=
Fl
2w
=
#®
E1S
| ﬂ -I-

M\P

€] A
I 25%-75%

i
Lm0 L £ IISI;‘JR\"IFI(JM
¢ SRR

— 12000 -
5
£
= gona |
®

N i i

q] 2 o [ IR KA S TR R PAES IR EE AL (MYP: KITH RHFE, NP ZRAGFE, HP: EAEETR, MP:
zz%‘ﬁmﬁ‘ TP: W, GP: JARFED () AKAHTPAESIKEE,  (b) KAHIPAESARL, (¢ UIRAATPAESHKEE, (d
) IR PAESZ
Fig 2 Concentrations and Composition of PAEs in the Water and Sediment Phases of Typical Lakes in China (MYP: Middle-Lower
Yangtze Plain, NP: Northeast Plain, HP: Huang-Huai-Hai Plain, MP: Mongolian-Xinjiang Plateau, TP: Tibetan Plateau, GP: Guangdong
Plain)(a) Concentration of PAEs in the aqueous phase, (b) Composition of PAEs in the aqueous phase, (c) Concentration of PAEs in the
sedimentary phase, (d) Composition of PAEs in the sedimentary phase

222 ANEENGHoayH ZIKEﬂn?%EET&I/dUﬁ)}EWéé}iiﬁifﬁﬂ’]}&lﬂéﬂﬁﬁ A GDP. &4
FEAE R ORI AR A R R AR R BRI P E G HEX-2023. R ERASTHE
%-2023. I EPERDIN LR 2023) 6364 (%4) o EWERTEMIX (HP) FKITH FiEMX (
MYP) T T A b (R BREE e i DA S s B 1 N3 B, 19 PAES 5 e N, AN 70 R ARG
r&%*&&}:ﬁz%%ﬁ (PCA) T AKIEBHE S PAEs 54 (B /KMAUIRM) ZHEK<R (B 3

o PCA LT AT, HAWWKE PAEs M7 ZTHRE D HI N 52.2% 1 19.4%, 13
iﬁ%ﬁ% PAEs TR HIT ZTBRER AN 53.8% 1 30.2%, AT LMD HIEHMEMRL KT 1, &% PAEs #ik
WA ERS R TR E 3 fir.

WK RGP AR PAES ARG JeskIRS 57, SHre R NG sh & VIR, PCA 451
FW, DEHP S5k b8 2 52 EHE, RPRIESEERZ DEHP B0 M E gL, M
RAAEFHRE T Z N, M DEHP E NSRRI, W TEFRALHE (PVC) i, HaEHnaeiE
ARG HEWE S K RIEE N, SECRIL XA H DEHP sk E 2. th4h, DIBP Al DBP 5%
BB DB R IEAHDE, SHX P A PAES SRS T HRL 5 I AR = Ay 2, BRI 7E Tk a5
RN DX, ORI AN TG AL B AT B8 330 PAES EM AR 5 A [y R 45 AR08,

A—J71H, DMP Fl DEP S¥5= & A1) GDP 2 E3E IFMYE, KmEZ5 AiEHIX K PAES
F IR E TR . B2 TR BFrm mAESAE, SRR, Kk DMP
Al DEP FEmZFIEZ X HE T . thoh, DOP Sk MM & R IEM >, #—B s R g
FHXHEIA PAEs 154 ITTERAS ] 240, BARSKRAE, WI/KET PAES HIy5de ol Tk 2 5|
AR PRI FHORBh o A PSS . S W A SR 7= B2 PAES V5 S BERZ I (R 38, T B[R 352
)\Déﬁtﬁu 2GRS ENACEREER TR, el Ll A0 oLk 45Uk i S8R} it AT S, S AR PAES

GO B i, U R Z TS shE P X .

P NP Hr MYP GP



R4 NFEFSREESE ST

Tab.4 Human activity intensity data statistics
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Fig 3 PCA analysis of the impact of human activities on six PAEs in the water and sediment phase
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Fig .4 Correlation analysis of individual PAEs in water bodies and sediments of Chinese lakes
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Fig 6 Risk assessment of the six PAEs in the 30 lakes water in China
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Append. Tab.Ill Risk quotient (RQ) values of 6 PAEs in the six major lake areas of China
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1.45E-04
2.33E-03
6.45E-04
6.45E-04
4.06E-02
1.12E-02
1.12E-02
3.33E-04
9.21E-05
9.21E-05
8.57E-04

0.00E+00
6.18E-02
0.00E+00
0.00E+00
1.18E-01
0.00E+00
0.00E+00
2.45E-02
0.00E+00
0.00E+00
2.97E-02
0.00E+00
0.00E+00
5.37E-02
0.00E+00
0.00E+00
3.28E-02
0.00E+00
0.00E+00
0.00E+00
0.00E+00

4.54E+00
3.18E-01
5.04E-01
2.80E+00
1.96E-01
2.02E-02
1.12E-01
7.85E-03
6.62E-02
3.68E-01
2.58E-02
3.94E-01
2.19E+00
1.53E-01
6.52E-02
3.62E-01
2.54E-02
6.81E-02
3.79E-01
2.65E-02
1.95E-01

8.39E-02
0.00E+00
0.00E+00
2.58E-02
0.00E+00
0.00E+00
7.10E-03
0.00E+00
0.00E+00
7.74E-03
0.00E+00
0.00E+00
9.65E-01
0.00E+00
0.00E+00
3.12E-01
0.00E+00
0.00E+00
1.29E-03
0.00E+00
0.00E+00




HIpIT Crustaceans 2.88E+01 2.71E-05 2.37E-04 0.00E+00 1.09E+00 2.26E-03

Fish 1.73E-01 2.60E-05 2.37E-04 0.00E+00 7.60E-02 0.00E+00

Alage 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.34E-02 0.00E+00

PE g Crustaceans 1.09E+00 0.00E+00 0.00E+00 0.00E+00 7.45E-02 0.00E+00

Fish 6.51E-03 0.00E+00 0.00E+00 0.00E+00 5.22E-03 0.00E+00
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Append. Tab .IV Production scale of plasticizers in China from 2022 to 2023 (Million tons)
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Append. Tab.5 2023 Provincial plastic products output, accumulated output of agricultural film industry, and plastic film mulching area in China

By R E (I Mg g (T3 OB A O mD
IR 1450.69 2,400,000 600
WL 129551 824,000 206
LHE 578.17 1,483,000 371
Bl 476.65 1,669,000 417
th 734 468.38 4,187,000 1,047
ek 0 457.96 1,000,000 250
A 351.95 1,177,400 294
R 292.03 41,000 10.3
A 271.47 2,970,000 743
pu)is 259.37 1,092,000 273
WD 242.82 1,679,000 420

IR R X 207.32 1,146,000 286
B 191.03 1,052,896 263
gt 180.49 2,132 0.5
MRS 120.15 1,155,000 289

AT R ERX 107.47 1,148,000 287
UKy 106.45 1,479,331 370
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