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Abstract; Steroid estrogens (SEs) are widespread in the environment as endocrine disrupting chemicals. After entering the
body of an organism, SEs simulate the action of endogenous hormones or modulate their activity, which adversely affects the
growth, development, and reproduction of the organism; thus, SEs have gained increasing attention recently. Currently,
most studies on SEs focus on their detection and environmental behavior, as well as on the transport and transformation of
SEs in aquatic organisms. However, some studies have reported on the transport and accumulation of SEs in soil-plant

systems, which is more important to understand the potential risks of SEs in human health. In this study, the uptake,
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accumulation, transport, transformation, and metabolism of SEs in soil-plant systems and the factors that influence them
have been reviewed based on the current related researches. The uptake of SEs by plants exhibits a dose-dependent effect.
After being absorbed by plant roots, SEs can further migrate to the aboveground parts, but due to their strong
hydrophobicity, they will tend to accumulate in the roots. The transformation and metabolism of SEs may mainly result from
catalytic degradation of plant enzymes and/or symbiotic microorganisms by plants. Unlike a relatively simple medium in
hydroponic experiments, soil-plant-microbial systems are more complex, and SEs may exhibit a series of multiphase
distribution and transformation behaviors, which are determined by the combination of properties of SEs, soils, and plants.
In addition, we have summarized the influences of SEs on plant growth, development, and antioxidant activities. Treatment
of plants with SEs can affect root and shoot development, which may be related to plant species, culture conditions (e.g.
culture time, temperature or humidity) and the treated concentration of target SEs. Moreover, when SEs coexist with heavy
metals, they can ameliorate the toxic effects of heavy metals on plants. For better understanding the mechanisms of SEs
described above, we have suggested the following research strategies; 1) to investigate the environmental behaviors of SEs
in the actual soil-plant systems, especially the transport and transformation processes of SEs among soil-water-plant
multiphase systems, which is more relevant than the simulation experiments in laboratory; 2) to examine the pollution risks
from different SEs sources and their impacts on the plant uptake and accumulation of contaminants, which usually coexist
and interact with SEs; 3) to set a threshold level for uptake of SEs that pose no detrimental effects to human health via

enriching the available monitoring data and enhancing risk assessment of SE residues in crops.

Key Words; steroid estrogens; soil-plant systems; migration and transformation; growth and development;

antioxidant activity
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AEHESAACR P SEs B, (EIE b il DUSEWT A0l 13R85 P ) SEs , 9 BLAEAR N 2 BB, ik
NE) SEs 8 i P EERE A NI JoBE M NAMERE AR L TG U™ E AU, NI, SEs BRI AR I I 3R
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B N AR R R B, SEs MR A &, JE R AR VR A K 52 0, AL 23 1 1252 i
VERIXS SEs BYMHSC R ARBONE , 123 (A HE i A1 BRSO, TS A 7 i B 28 Dl i o PRLEE , BIFSTE SEs 71
SE-FA A ZR P T AL B T MO PO HAT BRSE S
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Table 1 Physicochemical properties of several typical steroid estrogens!

SR/ RS

9-11]

S () SFR ORBE(0C) AN BUE WEEGKe)  TIR
:tc j . - Molecular Solubility/ Octanol/water Vapor Dissociation Relati ) |
DIerolc estrogen weight (mg/L) partition coefficient  pressure/Pa constant catve va ue
ofestrogen effect
(1gK,,)
HERR (E1) 270 13 3.43 3.07x107% 10.3—10.8 2.54
170-ME B (170-E2) 272 13 3.94 3.07x107% 10.71 0.26
173-ME P (17B-E2) 272 13 3.94 3.07x1078 10.46 100
Wi =EE(E3) 288 32 2.81 8.9x10713 10.4 17.6
17a-ZHME —FE (EE2) 296 4.8 4.15 6.00x107° 10.4 246
Kl B AL ( MeEE2) 310 0.3 4.67 10.00x1078 13.1 11
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2 TE-EYERS SEs EBRELNZINER
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2.1 SEs F SRS HIE B CR
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M EE2 SENgIA HERCR 4L A i BAUR T AR M3 55 r ok B, I B 3 F SEs ISV R i K EE2 A
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PTRE A B AH R WAEAE  (EURAE TR0 b SR R RS B3R 178-E2 M a-ZAL, TR A 1Y 178-E2
M o-ZAL VAR AARAS Y E1 A1 ZAN FERRFR 4G H  BFFE 8 D S AL S 2 LU 2 b 13840, sl A it
Rorp LR AR RN, Ui, SEs 7ERLY) RS o] A5 H AR JFIE A

e b iR AR LTS G LR S TR S G B RS, 33 2 R R A A 2 4 L P R S Ay 7 LA 4
S FARANIG YY) e A R Sy, T B A AR R B T A B HLTS Ye e i, R, SEs #Y
pKa W25 HAE Y W ANFE 2 . DR R, K BRERESE N pKa (AR T 10(FR 1), —BIHH T 1%
1 SEs DA FRIE AELE , A R F SEs AEYR RIEH (B2, YR8 pH {HKF 10 B, SEs 1] G2 LA
B R L e 2 2 24l

B T SERRTE R AR AR LASN A HLT5 S i) 431 /N o] 5% i AR 0 0 FL e R AR, TR AT e oy o
B RN G HBEB B YA . BRI, 20 T 200—500 g/mol F4 A4 4 1= 41 it JiE 2 1 390 B 38 %) 75 2
R BB > TR, B B S W T, 4 AW T2 KT 1000 g/mol B 23 X L i 41 i
B BRBE ) SEs BT IR A S A2, B A Ak R S A O 38 2R v 3 ot A R R A T TR
BB E A RS A4S 25 A MR R W T K A2 p A AP T E BRI BB, 454 S e 20m
el B A ME R A R Mo, L, MEREEH Y SEs FRIFEIAS 45 & SR, nT e & R4 F R
BT AR L BB 3 M | 2 i v /D L e A (R 3
2.2 HIEVEFON SEs FEA R IR S 0

H AT, A 5 SEs YR BEAIFE R 2 58 1 KBRS0 56, X HAE 8- 1 - F W 1R 2 19 AH C AL BRI
FEAHXTABR . AH L TR R, R R AU 0 A T, 2% SEs 7= A= W B B A e 1k 5
YEF (875 SEs A TRt B 44k, Sakurai 25122 FOAS T 7EAMIE = M B O [R]85 3R 56 vh BRI E2 (04
R 25 R IR, SEs 7E T gk BB R TR R SR . Ay, vl RBJE L XS SEs 77 AR T R AT I
BRRRAC T A% SEs MM, TR 1T SEs AUAEHL, Card 55 BFFTALTE Y, th T H5EXF SEs MWL B, i 15
FEYIAEIK SR ) SEs IRSGHR AT H AR 38 i MG 3 - Hir s nl A R AE 4 78 52 B = A5 vt
SEs S KM RRAE . DA ERFGEtoite— 25108 7K 35 5256 i 15 25 SR AN R 58 42 I Bk SEs 78 + 18-+ -t ik &
PHUSIR 22 IAUY TN

B BTSN SRR S R LT Y AR P A 2 v S LA Rk Y LU A B AR
Y& 4 Z4U(BCF) Sk #rm , BCF (HMK , R A L0 i5 e iy BRI S . ASFZEA b P XT SEs
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VR, A BB S, W BT A | b A al RUHTEY SEs sk, B T A AL & &, e W4
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MMM PR 8 JGIERA . BEAh , Li 6 B9 404G E1 AN 178-E2 761 15 Rl 25907 + K- IR & o i 4y
AFFAE R, A BUAR DX 15 e ) A WM ANAS A2 A 614 -5 J00RH O B 2 FC A FH B2 00, 38 15 5 4 ) 4 HE %
A PR U] SEs BRI OE el 32 R E TR RE R . 102 P R ERUE YRS SEs MR & |
FERRAR L4 SEs A& B T/ SEs Hy H3E YT RS . H TR AE AR T AR R M ik w]
IERCE YA ROIR SRR Y i T 2 I SEs MORRR . £ LT, S O A R I
T SEs BA E R, SEs 15 SRR P IE M HALA T o AT N B 2%, ki HA W 2O R — 2 B A
CHLHLBSE .
2.3 AHYPEFOG I R R SEs B2

FIR 2 K BRI ok ALY A B 21 4R R AE Y R I, S SE ) AR ) AT e it i Pl
FEAEH], Chiou 55 RFFERE A DTGRP 1gK,, < 1 I AR K 230 AR W Ui Y Tk h 85% ;24
AP IR 1K, =2 B ARFLK I FIIR R EIAE I 5 50% 5 1S HLI5 QP00 1gK,, =3 i YA IR LF->k
H AR B 5 G o BEVE T OF HAZOP TS id 4 R IR ot & by AR AR5 Qe i IS o, At AT
GBS T TUESE AR BRI SCETAK PEA HLTS Y BRI AT, i3 1 AT, SEs (9 1gK, HEA
RT3, B BAESRAEKNE, U AR B EAE Y W SEs 12 i W 1206 % 1 BB R

B TAEYIIE BN, FAAt 4170t nT RESE WA WU XS SEs YWl RV H AT SEs 7 I 5 11 A AR SCF 5T HL A A
B (ER 5 HAE B 91F 2 Bk A U A DR . Li 51 i g2 3, A AR A AR B S0 45 210 1 4
PR PEA B (MRFT SR VIR LM T = M) W AR T 52 PR e iz, i e st el TR At A
PHALL ST STERFTE U . Chen 551 TR UESTAR Y rh A BR K AL A WX W s K A L R A 2R
ABATTRE /N2 AN RE 2> B A5 20 1 3 b A M RE B 7350 W R s R PR A BLEAT T BE T 20 311 5 A B i)
7 7 AR HE AR P 5 B S 0 TE AR DG AN SRR O, T e R AE T B ke IR/ N2 ) 200 0 B AR 2 ) LA 2 23 BAT S vy
{14957 A AR AR R A 15 B A0 B BE XS A ALY ey ) A 0 MR AT B ek AT T 4 A B ) 3 2 i T oy
BAKAAEY o Zhang 5517 (ORI A BIIEE SR AR BB AL A e W 2 91 05 i S K e LTS
Yot £ AR DR A A2 23 X RS SRR SEs A7 24 B LA 25 240, I 2 AN [R) 28 RUAR ) 22 ] 4
YA o3 5 I 22 S BOR B AT RE R BN R X SEs RYMH™ A2 HR 2253

3 SEs MEMSEIN

BT SEs AMUE XA WA = A= R0, Hotk ARG (B R RE & T30 IR R B R 09 A A
iz, INTTSEMAE ) 0 2 AR R 1 3 1 55
3.1 SEs XHHYAE KWW

Bonner %% LA 20 280k B2 & B E1 RSN ARG B AR K 2R M — A5 R, SEs
WA S AL YRR T A0 E %, Bowlin 25T LB B 178-E2 (10 mg/L) AbFREH b 5 K Fp 1 A4 & 1 a] HEAS
 17B-E2 X} HRZL A FP 1 K BT AESR 12 h, BHEGALE " HRIE TSI 178-E2 X8 b AR, WoR, &
WRER 17B-E2(100 pg/L) XT8N A 2F 34 HA 2R 2 BA I HIAE ] (H2 7R B2 (10 pg/L 150 wg/L)
S E PO R O = W S B (LN

R ZR SR A 0 J) P58 A2 4 R IS0 55 0 o 1) FE 283 B, A AR B T 522 Wi A 40 X6) 55 4 Y WS AR T, 4k
SR AR, BRI 5% 8 FELAE P AR RN ZE KA o i i SEs XA 2E K SEm i B 284 34845, R 2 A
1, SEs AN AR 0 AR K EA AR EIREE . 9140 Brown 251005 i + BUK B S286 % B, 5 SEs A X HE 20 A
e, EL 17B-E2 5% E3 MAAFE Sl £ AR R 0 A4, I HHA0 645 FH Bl 2k B 038 K (0.1 mg/L 35 in % 10
mg/L) M358, HABMIFEAL LI SEs BIAAAESSIM AR S Bk i EM 0 A1 JF B[R] SEs 7EAR TR b 3
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R X [ — A A P O TE A i 22 500 4 BRI, B A AT AR B SEs BEMS IR AR A K, 178
E2 W R 10 peg/L B, Al fEES N AY R ZE AR AY AR Y - AR 107°—107" mg/L B, Wl {12 08 10 1 AR
REAERKD AAMOTFI LS SR | SEs XHAE 4 A K A5 i S 70 RN G 2R |, 35 BRI R A IR R A
R, T AOADRIRLN . Shore %5 WFFE I, 5 (50—500 pe/L) B9 E1 AT 178-E2 241 E 75 09 4E
Ko ERARHE (0.005—0.5 pg/L) 9 E1 A 178-E2 WISEHE B 45 1A . Upadhyay 1 Maier SCEGHUESE, 24
17B-E2 U EE R 10 wmol/L B, 2l UL pa I A AR 28 A 4 DA S RRAIG L B3840 i AR B i (HU2 24 17B8-E2 1)
WRE/NT 0.1 wmol/L B, W25 HBIAH I B 25 S0 IbAb, i85 /D B 98 K B0 | SEs 17776 X Al 4 9 A
KIFTCHR M, 3 v] RESE: PR RS2t FH A9 SEs e FE G, AR REIR B X SEs A4 07 ¢ B i

DL AF5E 2R , SEs XY A= K HA 2 2« VEFIPLE] , R TR) SEs 22 [a]XF ] — 4B 9 A 4 152 i 22 5 850N (R
SEANFIRE X [F]— SEs WIEA AN Rl 1, 5 R AT Be S5 A 1Y SEs i 32 | 35 5 25 0 (B IR it 0] R W
) K H bR SEs I EEA G, ok, BMEAEARRIAL B4R, TRl — A A RIS X [R]— SEs Yk 3 o7 2%
AN 33 AT R SR DR A AN [ (0 M i 0 R 2 36 Pk BT — 22500, i s X SEs M Rz (AR [R] - ()
BF, W UEEH T SEs XT84 AE K 1 52 WA v] BE S5 AE P B P2 TG ARG . SEs XD A= K (52 i AN 25 1 42
S A D0 L I e SR ARBE T, 3 S IRl Ak AR 2205 8525 o (A2 B AT T SEs XM A K & & 52
MV AIL ] 1 TCEARE I, TG 2E— 25 BERABIFSE , DA A BRAIEAR FH AR 1) 8 4 T 46 T A0 s SR (AL RS K40

£2 SEsWAREMERREHN

Table 2 Effects of steroid estrogen on growth and development of different plants

KEBHNE MO R W A Rpmfﬁg? AL o

Steroid PlaI'It Trealmenl. Treétment l?lant ey R Reforences

estrogen species concentration time tissue Inhibiting effect Faciltating effect

17B-E2 ok 0.1—10 mg/I 5d IS 10 mg/ L NE [49]

El +1 0.1—10 mg/I, 28d HK 0.1—10 mg/L NE [50]

E3 +1 0.1—10 mg/L 28d K 0.1—10 mg/L NE

17-E2 +d 0.1—10 mg/L 28d LIS 0.1—10 mg/L NE

17B-E2 A3 0.1—10000 peg/L 21d ESN 50—10000 pg/L NE (6]
K 50—10000 pg/L NE

EE2 3 0.1—10000 pg/L 21d ESN 50—10000 pg/L NE
R 50—10000 pg/L NE

El-sulfate i 0.01—100 pmol/L 74d K 10—100 wmol/L NE [51]

17B-E2-sulfate i 0.01—100 pmol/L 7d R 10—100 pmol/L NE

17B-E2 ) H %% 0.1—0.25 mg/¥k 74d ESN 0.1—0.25 mg/Fk NE [52]
MK NE 0.1—0.25 mg/Hk

17B-E2 LN 10—100 pg/L 8d K NE 10 pg/L [14]

17B-F2 JEWE S 1075—10* mol/I. 25d ESS NE 107—107* mol/I, [53]
K NE 1075—10* mol/L

El HAE 0.005—500 pg/I. NR ESS 50—500 pg/L 0.005—0.5 pg/L [54]
LN 50—500 pg/L 0.005—0.5 pg/L

178-E2 HAE 0.005—500 /1. NR ESS 50—3500 pg/L 0.005—0.5 pg/L
K 50—500 pg/L 0.005—0.5 pg/L

17B-E2 DN 0.01—10 pmol/L 21d ES 10 wmol/L 0.01—0.1 wmol/L [55]
[iiSIS 10 pmol/L 0.01—0.1 wmol/L

El EEP/ 1072—107¢ pmol/L 54d ESS NE NE [23]

17B-E2 BN 10712—107% wmol/L. 54d K NE NE

17B-E2 N 0.01—10 pg/mL 54d E IS NE NE [56]

35 0.01—10 wg/mL 54d ESS NE NE

NR: KARIE Not reported ; NE : Te5Z M No effect
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3.2 SEs XHHYIPUEALIE R R

HYERG AR P 2724 H,0,.0,7 ) - OH 4154 (ROS) . FEMEEMA T, 2 F80d & ROS fY7™=
Az, NI 5 | AR A 0 A i 0 . A A U2 5 R A AR B B AR ROS 19 7™ A R B 22 4t 18] 19
5, AT BR AT I R 7 A 0 3 i ROS AR T 48 4 A1 2 b it Sk e RN Al il T AR AR R AL ) B R R
gt o PR B A AL LB (SOD) i ML AU (CAT) AR it ALY (GPX) Kt
IR IR - 75 o6 H R EZE (AsA-GSH) |, AnBedh i iR o S8 AL P g ( APX) 758 JDE H IR T ( GR) 45 5 i 400 ik P 3 il
PUEALFI = h PR ML (AsA) APEH R (GSH) ZKEA% MR 443 e MY RAR " . FHik, bt
SAU A Tt T R A ) 5 14 8 Ak T DA A A 0 B v e R B T ARG R AP R RO N . S Ak T
TRE(MDA) FE A AR T A, T B SN M SRR A B3 T DL, A Sk e A AR A A A5 ) R R
E(EL A

Adeel %513 32 I 72 &, A 3% 32 BIAS [k B (0—10000 pe/L) 178-E2 Al EE2 4b ¥, AR Py SOD |
POD CAT APX PURNG7E 1 K MDA F1 H, 0, ) 7tk Fifl 7 9 P JA0 38 W FEE 0 4 KT B b 1 K i 2B SR AR
T ABE SEs ¥ A3 AR 5 32 24, DAL SEs I3 T A SR BT AL TG, (RIS I LATE bR SEs 55
FEHE ) ROS, T B T ROS B R, S804 30 kA E AL 7, e R BN A SRR R A K 2 B, & hok
B & B, 24 178-E2 KT 50 wg/L iF, % MAPY SOD . POD il CAT 1% M £:52 F 30, MDA 1 Bt i 2%
FhEs AR S A BRI AR IR 2R B 2 B, DR — 2 Ve FE 1Y) SEs 23 XA 7 A e /R H
AR DT AL R G E |, 2 R R R B A ) B 405, sk A

{ERT AR TS EN K, 24 SEs 5 1 42 J@ IEAFI AN (O 23 X6 Al 4 s il e A B 4, 5 T 2 R 1K 5 4 U o)
M VER . 555 Ph B9X BB AR LG, Ph F1 17B-E2 [a] B 77 78 B9 kb B 4H vh /N 22 4l i AL & 1) SOD  GPX
APX ., GR {fiPE R AsA F GSH & &8 &7, 1 H,0, .0, PN A9 & 5 0 R %, BABH AR i 178-E2 REf S b A
R R G PUEACRE 1, FRAR T Ph it ;= A B TG MR A B, B T Ph O ROKR A A9 L 45 . Chaoui
VTR U 17B8-E2 -5 T SOD Al CAT AYTEM: , A IR Cu A1 Cd Filkai Xof it 12 40 v 338 SR A 30
Yi, BFERY, BB IEAYIR N R &R ALy SEs BTN AR, ARl 20k, it Al UL, SEs HJ&
3 3 R ) A R A B SR A 2R 0 e Sk R A1 R 4 J A A A B (EUJR IR O RE el A R Ak T 4 R i R
Pk, SEs FIZFhidc 42 )8 e R A i A7 TR A RSN BT rh , BN & & 2808 IR 5 KI5 U 4%, ik Bk X 4k
1% 34 e AR FR A R v 2T e ] e 2 [ B AR 400 Jr R g, 0 T o308 A 0 R v I o A SRR (1
S HAR 2 e AL LV AE W fe E AT SR A .t It Ui B iF5% SEs 5 2R YW L7 T, M # Ak i fi
B B o5 ey BAS N B BB L,

4 FRRRE

SEs Fil AL TG B, BA MG m RS KRk . & & JRIE 5 MTS K AR B 2 205 v R
(4 EBEHEBOIR , K i 3 B Il V5 e i /K AE - R 0 b B v 2 A A vh R AR B RS O AR B AT
SRR LE R R T TR 2 X N AN Sl S Bl SR v A XU, . IR, 22T T % SEs 78 T3 E-AE W IR R b Y
TR HALALEE SR A KR T ML AR I 2, it , A5 A N U0 C T SEs IiFTE BAy
HETEX:

(1) HATE XS AT SEs B R RS AR L AU O T 58 R 22 1 T % IR B RAUL S 56, AN BE S8 4 S ik
SEs 7ESE PR A SE-HEPIA R R T AL B . R Y SEs Bl & & 26l sl i 19 A5 I 5 Rt A H 38
IR AL R RS R R 8] K AR S 2R AR H A AT . IR, JF AN IR SEs 1 4= -/K-AE Z AR SR R AT
WA A R R 3R DA BCRH S A AL A BT A SE PR 3, T 3402 SEs BUBREAT N (1R SEs 119 A
U 4 fHE BRI AR

(2)TESEPRTELL T, th T3 B 2fE 5 e K im K A5 MM D7 SN TR, SEs 7EFREE Y 5k B R AE (26
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AT A BT 2E S JF HaX 264y Brh R SEs USMERE 2 AF e AL 2 Fis Qe W) e 8 S8 s e BUE 2
MR, MU B T5 0 (74 SEs mEYIT BRI RN 2 2% . UL IS & SEs BRI, RFEA A5
UM D7 A AR R AR SEs B 52R LA K 5245 75 Gt m] RE S BOR AR R AR, LA 5 0 A7 250 )
SEs FIHAL 5 G (1475 Gl UK B2 A= A R000E

(3) HAlFE A oMk = al SRR N SEs BO5 B DTTE RO , T o R JT IR K T SEs ERAEYI i
FUVFR T B RS H SR VR AR S5 5 T AR AR HERT ST, SCTTE LAPEAN SEs #E AR 4 1A 7 Sf 1) 95 7 fk e
RURE . B AR T A 2 AT BT B0 AR5 A BRAE AR 9, (ELR: Fh T s e 25 1 L SEs 15 54K N HAR B 45 28 5, M
AR SR AT A B KU ) B o PR e, U i - 3 R AR AR A SEs il , € SEs AR AEY)
ARt B AR AR ISR Bt nT SE R | X PRAEAR 7™ it 22 4 M N MR R R A T 3

£ 3L HR ( References)

[ 1] Sweeney M F, Hasan N, Soto A M, Sonnenschein C. Environmental endocrine disruptors effects on the human male reproductive system. Reviews
in Endocrine and Metabolic Disorders, 2015, 16(4) ; 341-357.

[ 2] Ghasemi A, Khansary M A, Marjani A, Shirazian S. Using quantum chemical modeling and calculations for evaluation of cellulose potential for
estrogen micropollutants removal from water effluents. Chemosphere, 2017, 178 411-423.

[ 3] Hansen P D, Dizer H, Hock B, Marx A, Sherry J, McMaster M, Blaise C. Vitellogenin-a biomarker for endocrine disruptors. TrAC Trends in
Analytical Chemistry, 1998, 17(7) . 448-451.

[4] Lul, Wu J, Stoffella P J, Wilson P C. Analysis of Bisphenol A, nonylphenol, and natural estrogens in vegetables and fruits using gas
chromatography-tandem mass spectrometry. Journal of Agricultural and Food Chemistry, 2013, 61(1) . 84-89.

[ 5] Shargil D, Gerstl Z, Fine P, Nitsan I, Kurtzman D. Impact of biosolids and wastewater effluent application to agricultural land on steroidal hormone
content in lettuce plants. Science of the Total Environment, 2015, 505. 357-366.

[ 6] Adeel M, Yang Y S, Wang Y Y, Song X M, Ahmad M A, Rogers H J. Uptake and transformation of steroid estrogens as emerging contaminants
influence plant development. Environmental Pollution, 2018, 243 . 1487-1497.

[ 7] Chaoui A, El Ferjani E. B-estradiol protects embryo growth from heavy-metal toxicity in germinating lentil seeds. Journal of Plant Growth
Regulation, 2013, 32(3) : 636-645.

[ 8] Janeczko A, Skoczowski A. Mammalian sex hormones in plants. Folia Histochemica et Cytobiologica, 2005, 43(2) : 71-79.

[ 9] Bovee T F H, Helsdingen R J R, Rietjens I M C M, Keijer J, Hoogenboom R L A P. Rapid yeast estrogen bioassays stably expressing human
estrogen receptors a and 3, and green fluorescent protein: a comparison of different compounds with both receptor types. The Journal of Steroid
Biochemistry and Molecular Biology, 2004, 91(3) : 99-109.

[10] Khanal S K, Xie B, Thompson M L, Sung S, Ong S K, Van Leeuwen J. Fate, transport, and biodegradation of natural estrogens in the
environment and engineered systems. Environmental Science & Technology, 2006, 40(21) . 6537-6546.

[11] Combalbert S, Hernandez-Raquet G. Occurrence, fate, and biodegradation of estrogens in sewage and manure. Applied Microbiology and
Biotechnology, 2010, 86(6): 1671-1692.

[12] Collins C, Fryer M, Grosso A. Plant uptake of non-ionic organic chemicals. Environmental Science & Technology, 2006, 40(1) ; 45-52.

[13] Card M L, Schnoor J L., Chin Y P. Uptake of natural and synthetic estrogens by maize seedlings. Journal of Agricultural and Food Chemistry, 2012,
60(34) : 8264-8271.

[14]  ZREGL, ZEE5E, R, T, BRI, 08, MERCRIA XS N AhT- 81 2 RSl i AR 4 R B BN A5 Bl ~74i, 2013, 22(5) :
190-197.

[15] Cantarero R, Richter P, Brown S, Ascar L, Ahumada 1. Effects of applying biosolids to soils on the adsorption and bioavailability of 17«-
ethinylestradiol and triclosan in wheat plants. Environmental Science and Pollution Research, 2017, 24(14) . 12847-12859.

[16] ARPCHL, ZEfEHE, Eipd, U, JUoRsE, BHEE, J8SC AW SERS FACIETA HLIS B A ML BB R R 3R 0l BRI RL 22 3,
2013, 32(4) . 661-667.

[17] Adeel M, Song X M, Wang Y Y, Francis D, Yang Y S. Environmental impact of estrogens on human, animal and plant life; A critical review.
Environment International, 2017, 99, 107-119.

[18] Zhang X L, Li Y X, Liu B, Wang J, Feng C H. The effects of estrone and 17@-estradiol on microbial activity and bacterial diversity in an
agricultural soil; Sulfamethoxazole as a co-pollutant. Ecotoxicology and Environmental Safety, 2014, 107 313-320.

[19] Ryslava H, Pomeislova A, Pgondrova S, Hyskova V, Smréek S. Phytoremediation of carbamazepine and its metabolite 10, 11-epoxycarbamazepine

http ; //www.ecologica.cn



2534 JAE = 41 4

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]
[39]

[40]

[41]

[42]

[43]

[44]

by C; and C, plants. Environmental Science and Pollution Research, 2015, 22(24) . 20271-20282.

Shi W X, Wang L Z, Rousseau D P L., Lens P N L. Removal of estrone, 17a-ethinylestradiol, and 17B-estradiol in algae and duckweed-based
wastewater treatment systems. Environmental Science and Pollution Research, 2010, 17(4) . 824-833.

Card M L, Schnoor J L, Chin Y P. Transformation of natural and synthetic estrogens by maize seedlings. Environmental Science & Technology,
2013, 47(10) ; 5101-5108.

Sakurai S, Fujikawa Y, Kakumoto M, Sugahara M, Hamasaki T, Umeda M, Fukui M. The effects of soil and Trifolium repens (white clover) on
the fate of estrogen. Journal of Environmental Science and Health, Part B, 2009, 44(3) . 284-291.

Card M L. Interactions Among Soil, Plants, and Endocrine Disrupting Compounds in Livestock Agriculture [ D]. Columbus: The Ohio State
University, 2011.

Li Y B, Chuang Y H, Sallach J B, Zhang W, Boyd S A, Li H. Potential metabolism of pharmaceuticals in radish: comparison of in vivo and in
vitro exposure. Environmental Pollution, 2018, 242, 962-969.

Auriol M, Filali-Meknassi Y, Tyagi R D, Adams C D. Oxidation of natural and synthetic hormones by the horseradish peroxidase enzyme in
wastewater. Chemosphere, 2007, 68(10) . 1830-1837.

Lloret L, Eibes G, Feijoo G, Moreira M T, Lema J M. Degradation of estrogens by laccase from Myceliophthora thermophila in fed-batch and
enzymatic membrane reactors. Journal of Hazardous Materials, 2012, 213-214. 175-183.

Auriol M, Filali-Meknassi Y, Adams C D, Tyagi R D, Noguerol T N, Pifia B. Removal of estrogenic activity of natural and synthetic hormones from
a municipal wastewater: Efficiency of horseradish peroxidase and laccase from Trametes versicolor. Chemosphere, 2008, 70(3) : 445-452.
Tanaka T, Tonosaki T, Nose M, Tomidokoro N, Kadomura N, Fujii T, Taniguchi M. Treatment of model soils contaminated with phenolic
endocrine-disrupting chemicals with laccase from Trametes sp. in a rotating reactor. Journal of Bioscience and Bioengineering, 2001, 92 (4) .
312-316.

ZEUEH. BEREAL AL IK P 17 - CHRFEME . FRFRA 5 HR, 2017, 40(1) : 24-30.

Gasser C A, Ammann E M, Shahgaldian P, Corvini P F X. Laccases to take on the challenge of emerging organic contaminants in wastewater.
Applied Microbiology and Biotechnology, 2014, 98(24) . 9931-9952.

Briggs G G, Bromilow R H, Evans A A. Relationships between lipophilicity and root uptake and translocation of non-ionised chemicals by barley.
Pesticide Science, 1982, 13(5) : 495-504.

Namiki S, Otani T, Motoki Y, Seike N, Iwafune T. Differential uptake and translocation of organic chemicals by several plant species from soil.
Journal of Pesticide Science, 2018, 43(2) . 96-107.

Dodgen L K, Li J, Wu X, Lu Z, Gan J J. Transformation and removal pathways of four common PPCP/EDCs in soil. Environmental Pollution,
2014, 193 29-36.

Camenisch G, Alsenz J, Van De Waterheemd H, Folkers G. Estimation of permeability by passive diffusion through Caco-2 cell monolayers using
the drugs’ lipophilicity and molecular weight. European Journal of Pharmaceutical Sciences, 1998, 6(4) : 313-319.

Sanderson H, Johnson D J, Reitsma T, Brain R A, Wilson C J, Solomon K R. Ranking and prioritization of environmental risks of pharmaceuticals
in surface waters. Regulatory Toxicology and Pharmacology, 2004, 39(2) . 158-183.

Hutchins S R, White M V, Hudson F M, Fine D D. Analysis of lagoon samples from different concentrated animal feeding operations ( CAFOs) for
estrogens and estrogen conjugates. Environmental Science & Technology, 2007, 41(20) . 7192.

Karnjanapiboonwong A, Chase D A, Cafias J E, Jackson W A, Maul ] D, Morse A N, Anderson T A. Uptake of 17a-ethynylestradiol and triclosan
in pinto bean, Phaseolus vulgaris. Ecotoxicology and Environmental Safety, 2011, 74(5) : 1336-1342.

W, 2R, it REFE, XIBRDT, AREE. REERCR BT O M P R A IR E A, 2012, 31(5) : 849-856.
Van Emmerik T, Angove M J, Johnson B B, Wells J D, Fernandes M B. Sorption of 17B-estradiol onto selected soil minerals. Journal of Colloid
and Interface Science, 2003, 266(1) ; 33-39.

Li Y B, Sallach ] B, Zhang W, Boyd S A, Li H. Insight into the distribution of pharmaceuticals in soil-water-plant systems. Water Research,
2019, 152, 38-46.

Sun T, Cang L., Wang Q, Zhou D, Cheng J, Xu H. Roles of abiotic losses, microbes, plant roots, and root exudates on phytoremediation of PAHs
in a barren soil. Journal of Hazardous Materials, 2010, 176(1-3) : 919-925.

SuY H, Zhu Y G. Uptake of selected PAHs from contaminated soils by rice seedlings ( Oryza sativa) and influence of rhizosphere on PAH
distribution. Environmental Pollution, 2008, 155(2) : 359-365.

Chiou C T, Sheng G Y, Manes M. A partition-limited model for the plant uptake of organic contaminants from soil and water. Environmental Science
& Technology, 2001, 35(7) . 1437-1444.

Gao Y Z, Zhu L Z. Plant uptake, accumulation and translocation of phenanthrene and pyrene in soils. Chemosphere, 2004, 55(9) . 1169-1178.

http ; //www.ecologica.cn



6

BRI 45 L S B e R A b AR 2 v B T AR B A SO RE B AL N, 2535

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]
[53]

[54]

[55]

[56]

[57]

[58]

[59]

Li H, Sheng G Y, Chiou C T, Xu O Y. Relation of organic contaminant equilibrium sorption and kinetic uptake in plants. Environmental Science &
Technology, 2005, 39(13) ; 4864-4870.

Chen L, Zhang S Z, Huang H L., Wen B, Christie P. Partitioning of phenanthrene by root cell walls and cell wall fractions of wheat ( Triticum
aestivum L.) . Environmental Science & Technology, 2009, 43(24) . 9136-9141.

Zhang M, Zhu L Z. Sorption of polycyclic aromatic hydrocarbons to carbohydrates and lipids of ryegrass root and implications for a sorption
prediction model. Environmental Science & Technology, 2009, 43(8) . 2740-2745.

Bonner J, Axtman G. The growth of plant embryos in vitro. Preliminary experiments on the role of accessory substances. Proceedings of the National
Academy of Sciences of the United States of America, 1937, 23(8) . 453-457.

Bowlin K M. Effects of B-Estradiol on Germination and Growth in Zea Mays L[ D]. Maryville, Missouri, USA: Northwest Missouri State University,
2014.

Brown G S. The Effects of Estrogen on the Growth and Tuberization of Potato Plants ( Solanum tuberosum cv. 'Iwa’) Grown in Liquid Tissue Culture
Media[ D]. Christchurch: University of Canterbury, 2006.

Guan M, Roddick J G. Epibrassinolide-inhibition of development of excised, adventitious and intact roots of tomato ( Lycopersicon esculentum )
comparison with the effects of steroidal estrogens. Physiologia Plantarum, 1988, 74(4) . 720-726.

Bhattacharya B, Gupta K. Steroid-hormone effects on growth and apical dominance of sunflower. Phytochemistry, 1981, 20(5) : 989-991.

Erdal S, Dumlupinar R. Mammalian sex hormones stimulate antioxidant system and enhance growth of chickpea plants. Acta Physiologiae
Plantarum, 2011, 33(3): 1011-1017.

Shore L S, Kapulnik, Y, Ben-Dor B, Fridman Y, Wininger S, Shemesh M. Effects of estrone and 17 B - estradiol on vegetative growth of
Medicago sativa. Physiologia Plantarum, 1992, 84(2) . 217-222.

Upadhyay P, Maier C. Effects of 17B-estradiol on growth, primary metabolism, phenylpropanoid-flavonoid pathways and pathogen resistance in
Arabidopsis thaliana. American Journal of Plant Sciences, 2016, 7(13): 1693-1710.

Nirmala G C, Veena T, Jyothi M S, Suchitra B R. Effect of estrogen and progeterone on seed germination. Veterinary World, 2008, 1(8) .
241-242.

Sharma P, Jha A B, Dubey R S, Pessarakli M. Reactive oxygen species, oxidative damage, and antioxidative defense mechanism in plants under
stressful conditions. Journal of Botany, 2012, 2012, 217037.

Genisel M, Tiirk H, Erdal S, Demir Y, Gen¢ E, Terzi I. Ameliorative role of B-estradiol against lead-induced oxidative stress and genotoxic
damage in germinating wheat seedlings. Turkish Journal of Botany, 2015, 39(6) : 1051-1059.

Chaoui A, El Ferjani E. Heavy metal-induced oxidative damage is reduced by B-estradiol application in lentil seedlings. Plant Growth Regulation,

2014, 74(1) . 1-9.

http ; //www.ecologica.cn



