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Removal of ethinylestradiol in aqueous solution by immobilized Pseudomonas citronellolis SJTE-3

WANG Yan—qiu, PENG Wan-li, LIANG Ru-bing’

(School of Life Sciences and Biotechnology, State Key Laboratory of Microbial Metabolism, Shanghai Jiao Tong University, Shanghai
200240, China)

Abstract : Ethinylestradiol ( 17a—ethynylestradiol, EE2) is an estrogenic drug and hormone additive that is commonly used in aquaculture
and causes serious environmental estrogen pollution. The preparation and application of stable immobilized bacterial agents can achieve
the effective removal of environmental EE2 pollution. In this study, the calcium alginate method was used to fix estrogen—degrading
Pseudomonas citronellolis SJTE=3 in order to create immobilized bacterial agents with more stable degradation performance. The results of
the orthogonal tests demonstrated that the best immobilization conditions were 3% sodium alginate solution, 4% CaCl, solution, and 2 mL of
bacterial solution with an ODse of 10.0. The degradation efficiency of the optimized immobilized bacterial agent for an EE2 concentration of
10 pg - mL™" in the Tris—HC] medium reached 78.8%, which was approximately 23.0% higher than that of the free bacterial agent.
Meanwhile, the removal rate of EE2(5~50 pg+mL™) in the simulated sewage by the immobilized bacterial agent was approximately 78%,
which was significantly higher than that of the free bacterial agent. In addition, the immobilized bacterial agent could be used repeatedly
with a long and stable degradation time. After the 10" use, the EE2 removal rate was still 53%. The immobilized Pseudomonas citronellolis
SJTE-3 bacterial agent has a stable and efficient degradation capability, high environmental adaptability, and application potential for
actual remediation.

Keywords : Pseudomonas citronellolis SITE=3; 17a—ethinylestradiol; immobilized bacterial agent; calcium alginate; microbial degradation
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T 12730, KRR SITE-3 350 T LB B 35 56,37 C
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P ODeoo A 10.0 85 FH o e il 4545 Jo 3 50 1) Vg R T
NIRRT VR HV R E G W B OIA 100 mL A
[Fi] Ve 2 1) Vi S5 R ANV IS v 5 Fe e R IR A0 e S
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Table 1 The levels of orthogonal experimental factors

K Level [N 2 A Factor A [N % B Factor B X% C Factor C

1 2 2 1
2 3 4 2
3 4 6 4

T B E A R RN T 1 A2 B, % 5 TR R B Ry Gl VA VT 4y
% HR C R, mL,

Note: Factor A is the mass fraction of sodium alginate , % ; Factor B is
the mass fraction of CaCl,, % ; Factor C is the amount of bacterial solution,
mlL.

SRR JE I S+ JBCAN [ 96 R 2 K 1 ] A T 700
BRI AL 4 g, T 10 mL/NE R RUROE 52, 0 I 20 B2 Sy
0o AkZE 218 B5 He [ A0 1A 7 MOeR 28 0Bk i 3
24, LI 46 FE 25 (mm ) 12 [ 2 Ak BR 0 3ek 1 R 3
SR
1.5 BEHEFRERESHAMBEREIE

W5 181 22 Ak /NER FH G 1 A LR /KT vk 3 kU,
0.5% I T AE 4 °CLE 5E 30 min, JC AR FEER K3 vk 2
Wa, FH2.5% 1% —EAE 4 C[E % 2 he F) 50%.
70% .100% <, B U 230 )5 , 1 100 wL B JEK £ ks

HBF o R S TR R b I8 B AE A
HLEE T

1.6 EIELEF ERIEFE S EE2 FREERT
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mL BUREE W I A 20 WL A9 1 mol - L R IR L)
AT mL ZMR EHBRIG IR A 15 s, TR A3 IR,
WA MU S TR AL P T 2% T 200 pL & -
FI A 9O = RORAH €35 (High performance lig-
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Agilent 1260, USA) AT #5620 55 £ 4y : SB-C18
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EE2 (9 £ BRI ANF . EE2 2B K=(ER2 W H & -
EE2 5% 84 5 ) /EE2 W) 15 5% 100% .
1.7 BN EFIRBRENT K EE2 BIZLAER T

1 200 mL A [] e BE Ay A5 481 757K (5,10, 15,3050
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A 20 g B EALTEF], 37 °C 180 rmin” FE KK 37 5
do B HIBCRE 2 mL 0 2 V5 W P 5% B8 EE2 VR B, 115
EE2 9 LBR3 . DIORE A AS F/NERVE R BIPEXT R,
e N\ S5 DA ) U0 A TR R Sy B X BR R
HPLC/FLD 340 EE2 09 47 83 1, T3 H L BR % Uy
%A 1.6,
1.8 BEUEFINES EAMERT

U [ 2 A0 B FITE 2 10 pg - mL™ EE2 % Tris—HCl
Gepil SR L dUs BT e AR R G TR A # R
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IKUETE, FINAEH A9 10 pg- mL" EE2 Y Tris—HC1
Seoph  HTEE A, EE 10K, RIS
SEALTE R IEAS 0 1.5 7R [l I 59 h EE2
R BRACR R 7k [H 1.6

2 #R5WR

2.1 BEREBRGEHEEEMEFANRESRG
DV TR N o st 3 8 SR AR Tt 3 SO T A
PR i R G 3 TR 3 /K- IE 2SR 45 R R, 24
3R o M AR AE KK 2 B, EE2 1 2B b i (£2) .
DRI I, VA S 1R 605 2 o) % 11 A T 00 1) e A 45 1
ABoCo, B 3% i 3 RNV WX 4% CaCLIE WK .2 mL 1)
ODeoo H 10.0 1Y R
2 EENEHEBRER2MELRBER
Table 2 The orthogonal experiment results of the EE2 removal

efficiency by the immobilized bacteria agents

Y5 EE2LBR%E HEE

Test I Factors EE2 removal Diameter/ Stgr%r{)zh
number A B C rate/% mm
1 1 1 1 68.49 2.83 0.7
2 1 2 2 76.7 3.08 0.9
3 1 3 3 67.92 3.03 1.4
4 2 1 2 72.45 2.87 0.8
5 2 2 3 72.69 2.95 1.2
6 2 3 1 71.71 3.19 1.5
7 3 1 3 66.47 2.83 0.7
8 3 2 1 71.64 3.14 1.1
9 3 3 2 70.49 3.21 1.5

K1 213.11 207.41 211.84
K2 216.85 221.03 219.64
K3 208.6 210.12 207.08
R 825 13.62 12.56

T KA D2 %R K B EE2 5B R 43 HE L R 9 EE2 2555k
I , BN R %

Note: K is the total value of removal rate of EE2 under the
corresponding level of different factors, R is the range of EE2 removal rate,
and all the unit is shown in percentage.

22 REXUHENEELEFORS

I P o 25 Al 5 AR A5 11 2 AL B R I, R
FEL B L o] ) 11 A TR R S NS 97 5 d s i 3R 1
B AR IR, AR 5 20T AR Y [ 5 1k 7 )
I HAR LN 2.92 mm, SME [RTE TR (K1) o Hr
il [ A TR 7R 1) R TSR R 5597 5 d U TR R AR
T 25 IS 5 /> R (E 2) o
23 EENEFIEFES EL2 WERBR

FIH HPLC-FLD Jy B4 I 1 [ AL B ) i 29 A

B REHNSEFETRENEEXEFILEE
Figure 1 The immobilized bacterial agents under the optimal

preparation condition

5:00Um $3400 x3.50K 2018-10-18 15,06

(a) [ 58 AL BRI B TR R M ; (b) [ 8 AL TR0 55 % 5 R 1A
(a) The surface of the immobilized microbial agents before cultivation ;

(b) The surface of the immobilized microbial agents after cultivation
2 BRAREEEXEFRAEESHEMBEE
Figure 2 Scanning electron microscope(SEM) images of the
surface of the immobilized bacterial agents before and

after 5—day cultivation
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FEE 1) EE2 2R L BR 343018 78.8% .34.1% FiI
55.8%(&13) . HILAT L, G #K SITE-3 £ BR EE2 [}

-0~ [ %2 fL &7 Immobilized bacteria agents
100 - ~® UFESZSTE G Free state bacteria
A %5 FI/INBR Blank pellets

EE2 £ EE2 removal rate/%

°0 2 4 6
HsJ [E] Time/d
B3 B S SR R B MR R R

Figure 3 The removal efficiency of EE2 in medium by the

immobilized bacteria agent and the free state bacteria
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R W5 o i vk B 9 EE2 (50 g - mL™) Y 25 B3 A
%o [ARE, 258 /RN BE2 £ (5 R 26 BEE2 Wk B T
o T IR AR (T 4) o PR R AT DL [ 22 1 1 7 T 48 v
AR SITE-3 (1 R 5838 N 1, SRR E = 30 BE2 [%

100+ O Wi B ST Free state bacteria
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o e

A 77 Immobilized bacteria agents
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EE2¥¢J¥ EE2 concentration/(pg+ mL™")
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RERE ER2 EBRIE
Figure 4 The removal efficiency of EE2 of different
concentrations in the simulated wastewater by the immobilized

bacteria agent and the free state bacteria
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Jei 1 52 Ak B R G5 R4 T AR AT, TR B v, {5 90%
DL AT AT PR R e B 454, HATS A 68% LA I
M EE2 2Bk, RIS, 550 fh B 79 Al m 401 A 1 30 ¥ 4
K, EE 10 R FHE5 A, 2 80% 11 [ % AL B 77
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EE2 residual concentration/(pg+mL™)
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Figure 5 The EE2 removal efficiency of the re—used immobilized

bacteria agent
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