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Abstract; Steroid estrogens (SEs) can interfere with the normal physiological functions of the endocrine system in humans
and aquatic organisms even at low concentrations ( ng/L), and pose a threat to the health of aquatic ecosystems.
Phytoplankton is an important part of the lake ecosystem. Algae cells are small, large in number and specific surface area,
and have the ability to remove and degrade steroids and estrogens in the environment. Screening phytoplankton suitable for

remediating SEs-contaminated water bodies is of great significance for reducing the ecological risks of SEs. The study
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investigated the effects of 17B-estradiol ( E2B) on the growth of six common dominant algaes in the Erhai Lake, including
Dolichospermum sp., Aphanizomenon flos-aquae, Microcysis aeruginosa, Pediastrum sp., Scenedesmus quadricauda, and
Melosira sp., and explored the removal and degradation capacities of different algae for E23 with different concentrations of
10, 50, 100, and 1000 ng/L. The findings indicated that there were notable differences in the physiological responses of
various phytoplankton to E2[. Specifically, 10, 50 and 100 ng/L E23 promoted the photosynthesis and specific growth rate
of Aphanizomenon flos-aquae, Microcysis aeruginosa, Pediastrum sp., and Scenedesmus quadricauda,, while 1000 ng/L
E2B exposure system showed inhibitory effect. Different concentrations of E2B exhibited a “low-suppressing, high-
promoting” effect on the growth of Melosira sp.. Algal cells exhibited robust removal capabilities for E23 at the exposure
concentrations tested, thereby enhancing its metabolic degradation. This promoted the conversion of the highly active and
potentially harmful E2{ into less reactive species such as E1 and E3, thereby reducing the ecological risks associated with
E2B in aquatic environments. In comparison to other phytoplankton species, Dolichospermum sp. demonstrated a weaker
tolerance to E2 and was not suitable for remediation of E2(-contaminated water bodies. The removal rates of 10 and 50 ng/
L E2B by Microcystis aeruginosa were 88% and 93% , and the degradation rates were 60% and 73% , which was appropriate
for the remediation of E23-contaminated water bodies at concentrations of 10 and 50 ng/L. The removal rates of 50 and 100
ng/L E2B by Aphanizomenon flos-aquae, Pediastrum sp. and Scenedesmus quadricauda were 75%—76% , 86%—89% , and
83%—89% , respectively, and the degradation rates were 64%—66% , 63%—64% , and 70% , respectively, which were
suitable for remediation of E2B-contaminated water bodies at concentrations of 50 and 100 ng/L. The removal rate and
degradation rate of 1000 ng/L E2B by Melosira sp. were 84% and 54% , respectively, which could serve as a dominant

species for the remediation of E2f-contaminated water bodies at concentrations of 1000 ng/L.

Key Words: 17B-estradiol ; algae; growth; removal; degradation

(5 RMER R (SEs) 1 170- B0l —WE(EE2) (178-MF B2 (E2B) M =FE(E3) MUMERR (E1) % B HRZIH
MR SO0, 520 N IR R 1 7 A TR PR QI A5 T 0 N ZE RN Sl A 0 8 R 8 Y A i A BRI BE RO TR AE A8 7
M5 T AR O o BRI, Tl A By RV I8 K HE R 3 8 R0 SR A S MR Y - it
F, DA RARNE A 25 RGE AR TR S A K SEs A ARG S DLAE BRI & BRI U 0T 30 F 14 0 3 32
WREEVE R 0.1—10 ng/L' s 763 R i v, SEs W BEVE R 0.31—41 ng/L>  FE P = R A K Ak b
El R EEILF] 471 ng/L'  BIMERARHE R SEs, AWK AN I RGN IEH DIEE . AR M,
IRBE MR R S VR A A A A P A 6 3R SR AN SR, TR SR A5 R Rk = L
VR I SEs 1623 3 I 8 5 75 22 RS M AR A W R, XK A S R G B s U . SEs B
WA R T S E R BB RTE Y B AR R e R U M R R R, T
PV EER SR RITIRE " . SEs [ B (0P 5 R ] PR 558 4 5 i L A el 3 3 ARV B2 1) SEs 119 1 4%
R RN TR R . RS R B, VR B2V Lol 10—1000 ng/g 19 E23 [ fifk 18 56 il 4] iy v 8 384 Jon i R A1
10—400 wg/L 1) E2B FAfRE A BERIAA T BERT IR 27 DRI ARVREE (ng/L) 9 SEs R 7K PRI £ 25K
R AN A

TR ATz R WA A S R G R B E A Gy, R KR AR S R G Y B UE 7 A ) B
(BT FEKE RS RE MY FIEA SRETR G shid B R E MY, AR, BN SEs 4
ST A2 ME T (E2) X BR i A1 3 (Anabaena spiroides) F) EC50 {H 7T ik 14 mg/L, it & T VA KK RS E2
A" B AR B2 FRTERUR , BT RAT KBRS R v ae . CWIIESE, s A &
A% 0 A 24 1 38 3R 1 R 1070 LAl O 9A R 10 E 5  f R TRRRURI B 40 A 3 G A
ST AR 250 WS TR R AT BRE R, KRB EE2 R AR % A G KRR, T — 5E 8 9 /N BR 8 ( Chlorella
vulgaris) HRZRGUREPE ( Microcytis aeruginasa) FIAEF0L 0 2 35 (Anabaena cylindrica ) f23E EE2 [ ICRE A 26 70 513k
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Fig.1 Algae collection points
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WA o FRHESRMERR(EL, C, .0, 0T 4E) | 170 B (E2ar, C, L, 0, 4MHF4E) | 17B-3E B (2B, C,,
Ho,0,, 4MH720) M =BE(E3, C\(H,, 0, 41H746) | B BRI I LR ( Mirex, C Cl,, , 68380 A JE K MEBE ( 19
A E BT TR )

#1 HKEBG-11 #ExENES
Table 1 The components modified BG-11 medium

gzl W/ (mg/L) e wiil WP/ (mg/L)
Reagent Concentration Reagent Concentration
fiBFR%H NaNO, 1500 iz H,BO, 2.86
LKEBBREE MgSO,- 7H,0 75 MUK A S L4 MnCl-4H,0 1.81
FFEER Citric acid 60 BRIREE ZnSO, 0.22
FIAERR B4R Fe(NH, ) C4H;50,-4H,0 60 HARR4N Na,MoO, 0.39

£ BV R 40 Na, EDTA 1 FK AR CuSO,5H,0 0.079
ZKAFEAES CaCly2H,0 36 ANIKETERA Co(NO; ) »6H,0 0.049
HIRA 4, =K K,HPO,-3H,0 40 TERR B Na,Si0, 30
BRIREN Na, CO, 20

1.3.2 ek
(1) A E R a B AROGE TV | T AR 54 TN 20 A RS 25 M i I 5
HAIMIT 28R a AR IOUE TEYE(Fo/Fm) FIPRIFAE ) 9 GAL (PHYTO-PAM-T, £ [ FLIR AN ES A A K
PRI =0.2 wg/L Chl) HEATI0HE >
PR LA K R R AN G EE T A 690 nm T B #IA R (1) 11
BEAIM A K R = [ In( 0Dy, ) —In(ODggon o) 17/ (2=1y) (1)
T, 0D g, 0 — R E , 0Dy, N EESE — RHPCHIE
£ it 530 375 P FE AR VT L S 38 T B B TR, R S 3 0 2 F 538 8ol R, SRR I AR
TR K 20 min, ¥ E1 2 E G RIS SR 3R B SR E R R, AR (2) iHEY .
FHXTH F%( %) = R,/R,x 100% (2)
(2) KL L TRAL R ]2 SPE-GC/MS 434
AT R FH [ AH 26 B - A A At 2 -SORE e 1% B i 56 F % ( SPE-GC/MS, TRACE 1300-1SQ Series Quadrupole
SABEIE BB, T EFEER KR ME E28 (E1 A E3, HHid &3 E T 10 mL 204, T 5000 g,4 C
B0 8 min Zr B AN ( B R E AR B L, HC-2062) , B L1, T 0.45 wm JEARITUE , SR J5 FH 61 AF A5 BUR:
HEAT K JBOARE S 00 AR AR IR, I3 20 mL YR 5 mmol/ L 4 = 2 15t Jiiz Y Pt 7 V00T 24 JBURT: v 8 1) 24 ] i i
BRIV, SRJE VR AE 40 °C &0 Nl ATRATE AL R K E T4, A 1 mL it B 4 A9 AR Ak 1),
PEREAE BT P B PRI 2 R A R v SN — 5 B R] (G 25 RONEIREE 80 °C, 2 M IS} [] 240 min;S 745
S 55 °C, ROV EHE] 20 min) |, Ff RN 450G SRS B M =, ARSLE SRR B S IR TomA
1 LABAK, PR T A AEER K VeI AE 40 °C Z50F Nl AR A 4l /AR E T, A 80 wL A9 N, 0-X1
( =W Rk =IO BT (7 1% 5 43800 — W L SURERS ) A1 50 WL (A JG/K M BE W, 7R 00 315 W 2% A%
AT 4 min, BRI ERE)G , FRRLE 40 CEHME T HZEART, SLEVIA 400 WL ¥ BE R 1 me/L R
YR LR T %2 B R ARG 5 2 mL EREIIEST SPE-GC/MS b= |
SPE-GC/MS M7 7k« R FIE A 20, LAZEE 99.999% 1953 S, 3N 1.0 mL/min, A4
FE R (SCAN) et . [ Xcalibur AT M T2 AR AR A8 B bR JIr o) Rz
AR AE T ] DL B OR BA B[] | BE4E 3—4 AN FFERGHR 7 F i B K A B R e s+, s
R (SIM) = B ek HL5 A BURAAE A 2 1017 1, A4S BRI o o U8 5 AR ) ) 8 o U
(AU TET AR LA R NA A, LA B AR B Pl AR B S A AR AT 2k [l A 437, 45 381 B AR 0107 A 4k ™= W i 2 1
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K BERIT E2B B R BRI A (3) #EA TR

EBEER=(C,~-C,)/Cyx 100% (3)

K, €yl E28 MIWIIG BT, B0 R ng/L; C AT B — B 2] E2B8 WY VR, 2070 ng/ L,
1.4 HdEmwr

5] Microsoft © Excel 17.0 ZR{EXTEHE AT 0T SAEE, 25 35 PR BB IR 2O B 5% , il it J5 2241
BT (ANOVA) PEAS Pk B2 (A 22 ) 22 5 1) W 2 M . >R SPSS 20.0 (IBM Corp., Armonk, NY, USA);@ﬁ%ﬁ}
B Y ISR F0 5F PE AR s SR AT R 3, B9 (22 S R o B 38 U5 i, (] Origin Pro 2020 % {4 ( Origin Lab
Corporation, Northampton, MA, USA) % il KJE .

2 RSS9

2.1 MERE a AOEAIETEAR L

5% HRAAH bE  ARVR B2 1) B2 B R (i /K AR o 22 a8 il S ol 3t o ﬂaﬁﬂlﬁl%Wﬁ”ﬂ%%ﬁiiﬂﬂ(P<
0.05) , RV FE (1000 ng/L) WIS ILHA RANHIMER (K 2) , MR EEETEAER  E28 e EAE P4 R a %
N (P<0.05) . PURMRIRMR B ) E2B BEEARMF T, KABOC AT MU Sk, KA o223 Hi k5% 7;‘%\&
RN I R P O A AR AL R B B (P>0.05) o 10 ng/L Y E2R 3k B 8 B OG- m 1 | T e vk BE B2
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OO kfeskss e O LR 8 I
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Fig.2 Changes of chlorophyll a in algal cells under E2[3 exposure
Bl LIS B AR 22 B IR NG PR FRIR As(T) 2253 8.3 (P<0.05)
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Fig.3 Changes in photosynthetic activity of algal cells under E2f3 exposure

2.2 PEANM AR R H R 20 RS 7 1 AR Ak

FREEREIRHI (1—3 d) , ELE AN AR R 0 B G i T HA 5 362 (P<0.05) , DU R i 400 A E A
HOR P ELT H A (P<0.05) o %5 5—6 K, E2B BEEARMT KA 2238 S LR U5 | B BE B4 M Le A=
KR RION AR R TR I5 1, 6 P iy 28 K BRI H 18 THm AR 1 (1 4) . 10 F150 ng/L 19 E2B
FRERSFAET 50 2—5 K KA B4 M a5 PR W I v T A 826 (P<0.05) 525 4—7 X,10,100 F1 1000 ng/L
() E23 2 5 (5 75 10 J A o 40 e il a5 P A i v ot 5 b2 T B2 BEEACIE T, K AR R 223 Rt T
TR B A M R P D S R /N ELK A TR 28 i 2 o S 0 P 3 AR T R A e 2
(Els),
2.3 E28 KHAR=Y 0k AR A

BB T R IEAFAERAMY 10 .50 100 H11000 ng/L 1) E2B S AR P E] E2B 101k 2 43
BA 4.69 .19.48 31.97 F1410.03 ng/L( £ 2) , 55X LM EL , 340 T AMER I 0 1 £28 B B & 1 25 B
B SRR PERHIR VR BE 10 A1 50 ng/L 1Y E2B 1 L BRZ 53 51 R 88% Fil 93% , W ik vy T HoAth 5 B2 (P<
0.05) , 8L AL EEXT 50 A1 100 ng/L 19 E2B 2 BR300 86 1 89% , /KL 22 35 | U & M 986 AN EL 4 5 X 1000
ng/ LI E28 KFRHm T H AL S 2, B Ak 5 R U R 5 X 10,50, 100 F1 1000 ng/L 19 E2B B9 LBRHFI KT
80% (&1 6)
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Fig.4 Changes in growth rate of algal cell under E23 exposure
®2 F7REHMINDFEP E2B.E1 1 E3 RE
Table 2 Changes in E23, E1, and E3 concentrations in the external solution of algal cells on the 7th day
‘ ST S T T PR .
e XL R R R ik 1R
. Dolichosper-  Aphanizomen-on Microcysts . Scenedesmus .
Concentration control group . Pediastrum sp. . Melosira sp.
mum sp. Slos-aquae aeruginosa quadricauda
10ng/L E2B 4.69 2.61 2.30 1.20 2.80 2.02 1.80
El 0.10 1.91 1.38 0.69 0.93 0.39 0.77
E3 0.25 1.85 0.92 1.14 1.45 0.56 0.77
50ng/L E2B 19.48 17.50 12.49 3.51 7.02 5.53 5.49
El 1.95 2.39 2.57 1.69 1.95 4.06 1.77
E3 6.40 19.89 21.67 7.80 10.53 8.85 10.45
100ng/L E2B 31.97 27.01 23.98 25.13 10.87 16.95 16.00
El 3.20 3.68 4.94 12.10 3.02 12.43 7.62
E3 10.50 30.69 41.61 55.84 16.31 27.12 52.57
1000ng/L E2B 410.03 250.14 110.02 290.35 300.10 179.97 160.32
El 35.65 53.22 61.12 40.05 51.94 59.99 41.82
E3 148.56 228.85 137.53 170.21 225.08 159.97 146.38

E2B: 17B-ME W, B3, M =%, E1. MEER

BRI 6 dJ5,7E 6 FhEE MR i I E) E1 E28 A1 E3 =Fh 5T, B4 s E3 5 by
BB T E1(P<0.05) . S5XFREZHAH LY, w4l it o 5 e 0k B2 PR ACISIE FH (P<0.05) o AHEE T HAth e 3s
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Fig.5 Changes in membrane permeability of algal cells under E2f3 exposure
Ak e BT 10 11 S0 ng/LL f B2 P A0 fE 2t

=) T 5T Y o I B O WEME maEEE
PHSC S, 20 51 P ¥ T E2B 7 L 3 I 2 279 s s
22%, 100 ng/L [ E2B BFER R b, £ 52 38 40 i A1

VR EL I E3 0084 L ROUB IS 35 T8% ., 6 F0 100 e
T E M E 1000 ng/L 1Y E2B B RE A IEE R 55 T ME =_
\ s £ 100
50 F1 100 ng/L ) E2B FEEAR R | (H AR T HoAth i 2% % g _—
N SR R L ————————— ]
S > o5 e
o i A P D 588 1 LA 4 (P<0.05 5181 7) ]
e 10
0 20 40 60 80 100
3.1 E28 Xof v 4 i A K B 52 ) E2B#y £ Removal rate of E2p/%
V2o R TP A 2R Ak A5 A 3 2% E6 AEMEEMEITIMDRRS B28 EBRE

TG B R BRI SEs AT W IMEENR I B SR, Jf Fig.6  Removal efficiency of E2( from different species of algal
’f)@i&g’ééﬁ} H@?ﬁ‘[{([zo'%] 5 %/' SEs {;&Eﬁ% B , gAYy cells in external solution

A A 7, HAB S RO Ly RE mT REGAE IR, DA 1T 52 1

HH A K B AT AR B R SE T RS R IR, BEFE EE2 VR (100 F1 1000 ng/L) A4, HXH A
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Fig.7 Changes in the proportion of E23, E1, and E3 concentrations in the external solution of algal cells
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