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Abstract : Endocrine disrupting compounds (EDCs), a kind of emerging pollutant, have the character of hydropho-
bicity, low-concentration effects and long half-life. They have been globally detected (and are still being detected)

in soils/sediments, making a serious menace to the environment. In this paper, the sources, concentrations, spatial
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distribution and adsorption properties of EDCs in soil/sediments are comprehensively reviewed. Numerous publica-
tions have shown that the sources of EDCs involved agriculture, industry and household wastes. In spatial distribu-
tion, the concentration of EDCs in marine sediments is usually lower than that in river sediments, and the levels of
EDCs in soils/sediments of urbanized and highly industrial areas are much higher. In terms of adsorption property
of EDCs, it has been affected by the physicochemical properties of soils/sediments, its own characters and the envi-
ronmental conditions. In general, the adsorption capacity is positively correlated to the organic contents in soil, the
soil maturity and the specific surface area of soil particles. The type of clay minerals also has influences on the ad-
sorption. In addition, the hydrophobicity and structural features are related to the adsorption capacity. The increase
of temperature and pH shows the disadvantages to the adsorption of EDCs, while the increase of ionic strength has

a positive effect. In summary, the adsorption of EDCs on soils/sediments is a complex process, which needs further

explorations.

Keywords: EDCs; soils; sediments; spatial distribution; adsorption property
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Table 1 Classification, usage and properties of respective groups of EDCs"™
WA N TR
Endocrine disrupting chemicals (EDCs) Usage Characteristic
WA & F M A JE Regulatory  [%ff# Degradation ; iE R %% fk Mi-
SRS ES AR Estrone (E1);#ff —-B% Estradiol (E2); development and reproduction; gration and transformation ; B 7K
FRN 4 Steroid hormone M =8 Estriol (E3) {24 | Growth stimulants; 3 : Hydrophobicity ; fI§ ¥ 7 Li-
T # Y775 Hormonal therapies posoluble
Natural EDCs 4 f§§ {4 i 32 LM R Z RS A B 1R B
Nonsteroidal ¥ Mk % Phytoestrogen # Binding to estrogen receptors /K4 Hydrophobicity
hormones prevents osteoporosis
WEAE B 2R Y R AU Potential
EESCEN WEZE 2 B4 Contraceptive ingre-  bioaccumulation; ¥ & ¥ # ik

Steroid hormone

CAHRFEME " 17a-ethynyestradiol (EE2)

LI PCBs; Z2 IR B 4 Polybrominat-

dient

Low volatility ; 5 7K 1% Hydro-
phobicity

ZrEY X FEAME Persistence ; 4 4 R AR
ed biphenyls;Z 1% — 4 fif PBDE; 4R FH#A7 Flame retardants; R 7% ) o .
Polyhalogen N P, Bioaccumulation; A & #4 Viru-
LR PFOS; 4 R Perfluorooctano- 7] Surfactants e i
compound o lent; JEH B /K Very hydrophobic
ic acid
AR5 Plasticizers ; 32 1 1% 74 57)
BAAEY .. NN . TP Migratory aptitude ; Ik
i Wl A BPA; T-#: Nonylphenol; =38 Surfactants ; 18 ¥y Lubricants; L
Phenolic L fit B Low solubility ; = i 7K P
Octylphenol #F K Fragrances; PLéAfL7 An- .
compounds High hydrophobic

AROK — H R —(2-4. 3 & L) R Di(2-eth-
ylhexyl)phthalate; 48 %% — H i — 5% T-fif
Diisodecyl phthalate; 4l 4 — Hl fig — &

tioxidants ; s 57 Additives

HWA¥H | Plasticizers; 118 ¥ 7 Lu-

Ak %8 %E Pk Chemical stability ;
SEAE 1 Lipophilic property ; B 7K

rp o BT ERE .. 1k Hydrophobic ; IF. 2 B-7K 43 i
AR P fik Diisodecyl phthalate; 387K " FH 2 —. T bricants; & ¥} Perfume; 75 Jill 7 Y p,
T Phthalates 5 " B 23728 N T4 N N-octa-
fifi Dibutyl phthalate; %8 — H iz — W fi§  Additives o
Synthetic o n nol-water distribution increases
Dimethyl phthalate; 48 4 — H fig — 2, Fig . . .
EDCs Diethvl phihal with increasing molecular weight
1ethyl phthalate
HHLAY) Organic chlorides(— 5 4
3 = 4 2%t Dichlorodiphenyltrichloroeth- L
R, ) ) JUAA LA 25 (OCPs) 8 51 A
ane, .5 .7 ¥ — 5 Z ¥ Dichlorodi- . o
: ’ . - i FE A A BTG Y9 Several or-
) phenyl vinyl chloride #£J} Lindane &S} 2% H 7] Insecticides ; B %71 Her- )
424 Pesticide o . ganochlorine pesticides (OCPs)
Endosulfan); & ML 2 i Organic phos- bicide; 7% #i7] Fungicides i ] i
. ) are listed as persistent organic
phate (F£4E 18 Chlorpyrifos, 1% B Dia-
) ) T L pollutants
zinon | M B B Quetiapine); 22 K& /! iR ik
Carbamate (H 2%/ Carbaryl)
PiR 24 Anti-inflammatory drugs; $t & . . )
) . . o R AR Y R B PR AR
Zi A~ N I Antiallergic agents;$ii4E 2% Antibiotic; . K
, S N A P BE 77 i Personal care M, KHR LA B Mk BE A AE T3
U YU 77 Antiepileptics; I 5T 8 15 25 9 e e . .
. products; # % J7 5 Hormonal 53 Strong biological activity,
Pharmaceuticals Lipid regulating drugs; i i /& 254 Anti-

and personal
care products

(PPCPs)

influenza drugs; $TIF 4 %% 25 Antipar-
kinsonism; A% P14 2] Antipsychotics; 1
7 Contrast agent; i 2 25 24 %) Hor-

mones

therapies; #¢ 2}j Pesticide ; {74 24
W) licit drugs ; #22B 25 Veteri-

nary drug uses

optical activity and polarity, trace
concentrations exist in the envi-
ronment; “ ThFFEE " V5 G4

“Pseudo persistent ” pollutants
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Table 2 The occurrence, sources and distributions of EDCs in soil/sediment

e £ 7K Concentration level

fo i — R
. KIRN ST (ng - kg™) B AT (g -keg™)
Location Sources
Natural EDCs/(ng-kg™!) Synthetic EDCs/(pg-kg™)
VB A [ 352 T K

Agricultural fields of Spain!®*
7S vy SR ATIFRIR AL Lol
River sediments at Andalusia®*!

KZSry RN IR AR TR/

Irrigation water

Sediments from pond at Andalusia®*!

TR R PR TR G JE )

Ocean sediments at Malabar!®!

A ML SRR B
Marine sediments of Northern

Aecgean Sea, Greecel*?!

B L AR S BT 35 AR B0
River sediments of

Iberian Rivers %

B LR
(& AR 5 2E 7 ) B9

Sediments in the River

— N RANATHF G SR AU 35 K AL BT
A large coastal enhanced primary

sewage treatment plant

BTG R AT 5 Tl K 5 il K
ol A2

The wastewater treatment plant of the mu-
nicipality; Industrial wastewater; Tannery

wastewater; Agricultural runoff

Ay Tl Bl 5 ki ATl B K

s B AR

Agricultural and industrial activity; Urban
and industrial waste water discharges;

Port navigation and reservoirs

15 KALEE ] Wastewater treatment plant

Ouse catchment (East Sussex, UK) B4

BB U PR B Y DT S
Sediment of Singapore’ s

coastal environment?®!

A LA BT

Anzali Wetland in Iran®”)

PR R X TR A 20
Sediments in Kuwait' s
coastal areas’®”!

B R P EE s LA B3
Sediments in the Baltimore

Harbor areal®!

W SR IR ST AR A )

Sediments from Levjat basin®*!

AIE T 3l 5 X AR X 15 7K R
Shipping activities; Urban; Entertainment

district; Wastewater discharge

15 KALEE] Wastewater treatment plant

15K Ab BT Wastewater treatment plant

KA BT R N KA
Wastewater treatment plant; Agriculture;

Human input

El: 16-51; E2: 90~190

El: nd; E2: nd~90

El: nd; E2: nd~100

El: 160~1 170;
E2:220~2 480

El: bdl; «E2: bdl;
BE2: bdl; E3: bdl

El: nd~3 500;

E2: nd~1 600;

E3: nd~1 500;
E1~3S: nd~180;
E3~3: nd~1 700;
E2~17G: nd~1 800;
E3~16G: nd~3 200

E1: 400~3 300;
E2: nd~1 200

EE2: 0.22~0.35

EE2: nd~0.21

EE2: 0.044~0.096

EE2: <0.05~0.5

NP: 223~2 695; NP1EO: 66.4~789;
NP2EO: 34~278; tOP: 6.0~25;
nOP: bdl; OP1EO: bdl~ 14.3;
OP2EO: bdl~66; BPA: 7.2~39;
MeEE2: bdl; EE2: bdl

EE2: nd~2 100; DES: nd~0.32; TCC: nd
~29; TCS: nd ~388; MeP: nd~435; EtP:
nd~ 2.7; PrP: nd ~ 51; BeP: nd ~ 0.13;
BPA: nd~117; OP: nd~76; OP1EC: nd~
0.23; NP: nd~1 693; OP1E: nd; NP1EO:
nd; OP2EO: nd ~ 5.5; BT: nd ~ 842;
NP2EO: nd~116; TT: nd~72; TBEP: nd
~66; TCPP: nd ~ 459; TCEP: nd ~ 54;
Caff: nd~344; NP1EC: nd~119

EE2: nd

HCHs: 0.521~1.758;

DDTs: 0.05~0.29;

38 PCB [i] & #) 38 PCB homologues:
0.339~1.35

4~NP: 50~29 000;
OP: 10~4 260; BPA: 10~6 970

PAEs: 2 145~15 722; AP: 2.49~15.14;
M Estrogen: 4.1~214

NP: 7 000

OP: nd; NP: 5 000~79 000; OP1EC: nd~
9 000; NP1EC: nd~77 000
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e i 7K - Concentration level
i i — o
. KIRN SR T /(ng - kg™) BT (g -kg™)
Location Sources

Natural EDCs/(ng-kg™")

Synthetic EDCs/(pg-kg™)

e FERTITRA R B
Sediments in Beitang River
(Tianjin)!®*!
RIS () B
Sediments in Dagu River
(Tianjin)!8!

VS8 ROMIFAL/CNE S
Sediments in Yongding New River

(Tianjin)?8!

T KEEBAK 4l K
Chemical industry zone;
Domestic wastewaters;

Agricultural wastewaters

E1: 1 030~21 400;
E2: 710~9 700;
E3: nd~6 990

El: 2 150~21 600;
E2: 1 600~9 230,
E3: nd~7 290;

El: 980~8 130; E2: nd
~5 630; E3: nd~3 770

DES: nd~4.51; EE2: 0.93~7.67,
EV: nd~6.44

DES: nd~4.41; EE2: 0.81~9.26;
EV: nd~9.45

DES: nd~4.23; EE2: nd~5.77;
EV: nd~4.13

TR (e 5P
Sediments from Wenyu River
(Beijing)™”!

IC ALY 20 Z530T 3
3] F1 LR )

20 river estuaries sediments

entering Dianchi %

TECH A DT A 0
Sediments from Dianchi
VT 1 R4 AR X LA (4

Sediments from the Yangtze River

[40]

Estuary and the adjacent
East China Seal*!
BT = A PR AR O
Riverine sediments from the

Pearl River Deltal*")

JE TR

Xiamen Bay sediment!”!

Tl K AT TE 7k

Untreated industrial effluents; Domestic
sewage

AREENE BIA 3 15 7K 15 K Ak BT g
LIt

Untreated domestic sewage; Effluents of
wastewater treatment plant; Runoff

ARG Ah PR 26 b FR 975 7K

Untreated or treated wastewater

W TS KB H R AR IR
Municipal wastewater effluents; Surface

runoff

TR Tl I K HE

Wastewater discharge from residential dis-
tricts and factories

RSP AR s Tl 35K el vs k
Vertebrate excrement; Industrial wastewater;

Municipal wastewater

E1: 0.5~21.8; E2: 0.7~
42; E3: nd~0.8

El: 1300 ~ 114 800;
E2: 1 000~37 900;
E3: nd~28 500

E1:2 100~13 200;
E2: nd~5 500;
E3: nd~2 600

El: nd~1.92;
E2: nd~0.30

El: <1 300~10 900;
E2: <900~2 600

El: 1 110~7 380

DES: 0.1 ~1.6; EE2: nd~ 1.3; EV: nd ~
13.4; BPA: 4.3 ~55.3; NPs: 1 591.6 ~
7 938.5;

EE2: nd~212

EE2: nd~2.5

BPA: nd~7.87; EE2: nd~0.72

OP: <2.0~210; NP: 107~16 198;

BPA: <1.7~430

NP: 1.29~1 159.99; BPA: 1.66~121.98;
EE2: 1.02~2.35; DES: 1.25~8.79

BRI S8 i e AR A )
Riverine sediments from the

Pearl River Delta region®®!

KA = Ao A LT
Agricultural soils from the

Yangtze River Deltal®”!

ERIEVL IR (7)1
Sediments from Qiantang River!!!
SRR 3+ IR
Soils from Qiantang River bank
JUIRTLIT FTURR) (e )12

Sediments Jiulong River estuary

[41]

3T ; Tolk Urban; Industry

A HISERLHE AR s Sl N 0 SEAT L R
PIHERCY) ;s T RS LT i B HE R

Argricultural plastic film; Urban popula-
tion; Furniture industry waste emissions;
Electronic; The accumulation of waste

electronic products

FIRAR I T

Soil runoff; Urban emissions

I

2. 16PAEs: 567~47 300

> 15PAEs: 167~9 370;

2. 150CPs: 1.0~3 520;

> 13PBDEs: nd~382

PAHs: 91.3~1 835.2;

PAHs: 85.2~676.2

S6PAEs: 0.037~0.443
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e £ 7K Concentration level
i i _— aton e
. RIRN ST (ng - ke™) BT (g -kg™)
Location Sources

Natural EDCs/(ng-kg™") Synthetic EDCs/(pg-kg™)

2013 45 =Wk JIE X /K of
WeBhIX A1)

Water-level-fluctuation zone of

R 53 s KK s N2 BN

the Three Gorges Reservoir ties

in 20133

Plant decomposition; Fire; Human activi-

S 16PAHs: 54.00~463.08

s bdl AR TR RE s nd , AR E] 5 - R I8 ; OP, 37 251 ; OCPs A7 MLEA 24 ; DDT, & “ R I =R L 5i; BV, R ME % ; DES , 20

i ; PAHs, Z 5548 ; AP, e 5L

Note: bdl, below detection limit; nd, not detected; -, no data. OP, octylphenol; OCPs, organochlorine pesticides; DDT, dichlorodiphenylethanes; EV, B-es-

tradiol 17-valerate; DES, diethylstilbestrol; PAHs, polycyclic aromatic hydrocarbons; AP, alkylphenols.
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EDCs pollutants in the
environment

%%Sources

I

[
A iETG K

Tk K

9 52
Industrial Domestic iij& iﬁ ii % ZJ qu % %%Z]—E l}¢ 7J(
siaslewater sewage Landfill Agriculture Live farming Precipitation
\
\
\
| /
\\ g 7
Y
T h N e, e s g /3
YRS YL, W R L8 /AR HEDCs
Wastewater |- - - - -~ -~ -~ >
River. Lake. Marine EDCs in soil/sediments
treatment plant

—  RrEERE

— Direct sources

————— R AR

Indirect source

E 1 EDCs # N+ E/MAIaREZE

Fig. 1

W2 BRI B A < BRI B i 30T I R 7 B Ay < A WG
HIEARLE 1 d WRA R P17, EDCs 78+ 38/00
TRy b i W B ATL B 2 2 DL A5 R BCE B R Y Ty 3R
Y EDCs 7F H3E/ITRY) i T B R AR A
R IR AR BB A s — T T B
T BBl J12E AR Elovich #R Ph— i gl J SR AL
T G Bl 2% 5 72 & Ho-McKay Il — s>k
A, W A5 268 % BE 5 Langmuir £2%!  Freundli-
ch FRA L PEARA K DA BERUAIW) A, HoHP Freundli-
ch B IE P Fl i )12, log K H T 8 Ak W% Fff
BT IR/ NS

WA R 5 A RS 750) R 5 =2 ] 3 T 43— A
72 AN R, EDCs 7E 4= 58T R v il W ot — e
i A2 R A R 3L T A R BRI R B AE FH 0

Sources and exposure routes of EDCs in soils/sediments

JL PRy A O B s e 2 B D W B D ot
B, S B R AR T I 6 A 1 S A R

AN IR (4 4 Flv EDCs 7E + 38/ I0 R 9 v 9 1
BEPATLBE A 2K 1k 23 BE A A, (AN A et o
%, EDCs 1£ TS/ DU (0% B A5 Pk 52 2 Fift
R ASEm , Hoh A5 3 TR B AL P BT EDCs H
e LTV eI SSE N2 T
3.1 LAY ALY BN EDCs W B B 5200

W B 57 EDCs B2 I , HE % B 21 - e A0 AR 1)
Jr B B B T - TR g M o B .
SR/DURRY A R B TR S 2% 1, B T HX EDCs
W BE AL B Y 52 2 RS/ TUAR Y% EDCs W Bt fiE

BRI N R B2 A LR A5, 5i5h+

S/DURPR I L | BRI S 1 S feim S H A B IR B
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PLINN O %13 %

A AR IR A% EDCs AW B A= 50
3.1.1 RO A HLETXT EDCs MR 52 e

TR A LB — AL FE A A
TINEEE SR A AH ; B A 32 220 AR HLY (NOM) Qi Ji§
B o A L — W R I BAIR, AR A R B R (BC),
SLALFE AR 2B A RE ke U5 8 EL A A v 1 I A
F Wi gy B A T A A LR S W A
EDCs (52 B 47, o o ml B3 B 1 5, % EDCs
W BFF DU Xu A0 LT 9E T AR OR R T R
(BBP)TEMFHUUAR Y L W B 4724, 2 31 BBP 431
FE K S UUR YA PL 2 L IE L, Yang 2540
RIAMISER . Liu SEP 0050 T RO R AR 1 4
B FAT g, R IRAT 74.53% Il 70.27% B L [ 43
SR BREAE AT BT o 5 v AR = ) -, Jin
SRR LR A i AR A HLBT(DOM) + 48 |+ 3N
DOM o Bi] 45 137 2 1) W B 68 1 43 31 Ay 41.80,31. 45
F19.35 mg-kg', Fei %7 & B Y UL A PR
B £, B8N 80% B PRI BE2 AWt K,
BERME R T 2.5 45 ;0u S5 % MG 55 IR A 2540
RI, Li 558 T EE2 7F 2 Fh R 4K 135 rh (g g
BT R BP9 45 SR 6 BH EE2 78 A [R) 38 5 v 118 W oI
LAWY ) o B )6 4 5T (MHU ) > 1 4 (Bulk)
>JETEIR(HA) , 5 8 /)6 5 2 (BC/TOC) B IE L (P<
0.01), Sun %57 NHCCE/K figtEnk) . BC . HA K&
BRI R A 3 X B0 A 7 T I o 5 96 5% TR ¢ B | o
FERIEE HA NHC F1 BC W2 B 4 B3 55 HLER (OC)
IH—A0 5 T R A(Koo ) S IR TR W) AN 38 1Y 36
550 F1 1 470 £%; 73 Ab, FEAF 58 W 4 5 HLBT (NHC
BC) % bulk +HERMPLFYI X EE2 WA, & B0 X
T NHC #1 BC,EE2 i OC H— 4k 43 it 2 5043 9l &
bulk F£ 5 2.7 ~4.8 f5f1 5.4~12.9 59 £ 7=
LI RIFTE 45 S W] EE2 FI BPA 119 = 28 14 A1
¥ n{H3# /£ HASNHC>BC,EE2 A HL#K IH—1L Fre-
undlich W ff}6E 11 (log K, ) fF 7£ BC>NHC >bulk>HA
PIRRER,

BHUTEA W, I H & A K i BRI s
B AR ARG F i, PR G BR T A AL Y i A e
i) EDCs £ 138/ TURA) A (0 W 41, 78 #IL 5T 1Y) 45 44
FLAA R AR 25 X W B 7™ A= 5%, Sun 2559 & 3R
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