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Adsorption mechanism of bisphenol S and bisphenol A on typical
cultivated soil in Yunnan Province
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China; 2. Yunnan Provincial Key Laboratory of Carbon Sequestration and Pollution Control in Soils, Kunming, 650500, China)

Abstract Bisphenol S has been introduced into the soil environment as a substitute for Bisphenol
A. However, studies have shown that BPS has similar estrogenic activity as BPA, and it is essential
to investigate the environmental behavior of BPS in soil. The native and cultivated soil in Yuanyang
and Mengzi of Yunnan were collected, and the adsorption mechanism of BPS and BPA on typical
native and cultivated soil in Yunnan was studied through batch adsorption experiments. The results
showed that the Freundlich model could well fit the adsorption isotherms of BPS and BPA on soils
(i 0.953—0.997), and the adsorption isotherms exhibited significant nonlinear. The adsorption
coefficient K is significantly positive correlated with soil organic carbon (f;), indicating that the
adsorption of BPS and BPA on the soils is dominated by hydrophobicity effect. Higher adsorption of
BPA on soils than that of BPS when hydrophobic effects were excluded is owing to the electron
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donor-acceptor interaction between BPA and soil organic matter is stronger than that of BPS. The
organic acids secreted by the roots of Notoginseng in Mengzi tillage soil (MP) may destroy the soil
mineral structure and then lead to a decrease in soil organic matter. However, the carboxyl groups in
the organic acid molecules can enhance the electron-donating ability of the MP, then strengthen the
electron donor-acceptor interaction between BPA and MP, resulting in higher adsorption of BPA than
BPS on MP.

Keywords BPS, artificial farming, adsorption mechanism, root exudates.

A A(bisphenol A, BPA) VE A — Rl HLAL TR, 1732 07 FH - 2R 5k 1% 15 0 BR800 g 55 1 BHAG &
R, SR T BPA ELA 4RI T30, 147 22 1 R L BR i sk b O T & b, 2L A A 4k
257 i G A PR R XU S (bisphenol S, BPS) PR 45 kg Ak I 15 BPA #0L, H & A BIRIPE 0=S=0 H &
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1 MBS I (Materials and methods)

1.1 #hk
BPA Fl1 BPS ] k53 #7411(99.9%) , Hirh BPA W H H [ [5 25 48 A 1k 24155 A FR A 7], BPS W H il $7
T ERERA PR /. PR LG9 B9 BRI T S - 25 R L3k 1.

% 1 BPS fll BPA MW HLLIE R 5 F 4544
Table 1 The physicochemical properties and molecular structure of BPS and BPA

FEAh 7T R /(mg L) ST/ (gmol™)  IgK,, pkK, I FEH

H,C ~c _CHj,
BPA  Ci5Hy0, 3801 228 22009 10.100 /©/ \O\
HO OH
O\S/O
BPS  CpoH 00,8 909113 250 165 8.2 /O/ \©\
HO OH

PRI T http://toxnet.nlm.nih.gov/.
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TR XA B TR B YN FBS B K RS B (YP) DL BB 2 3 (YD) BB H =g e BH, v TR &
102.82062°—102.82661°, 4t 45 23.22097°—24.23479°. K Fi#t =& + (MN) il =-EFh# + (MP) BU A 5
B, 7 T4 £ 103.78113°—103.78977°, 4.4k 23.40204°—23.41552°. Jfé 5 + (DP) B [ {1t J& il , Hi&: 4
B R 28 102.69186°—102.69202°, Ab45 24.73001°—24.73101°. +FER T, KT, H1EsH A B fhAL v -
SERE W ER RN A B, IR R SR A, (0N PR SORL Y SE M, B S 3 2 mm B, G ORAE LA
7% H.
1.2 b B SE g

4 BPA 1 BPS i T 0.02 mol-L ™" NaCI(f+5 2§ 58 B ) Fl 200 mg L' NaN; (# (8 2E Wi v ) (1935
s, B 100 mg L AOAERIR, IF A SOOI R A B M B 1. 2. 4. 6. 10, 20, 34, 64 mg'L ™,
LAV B S B A AT RE . AR T 92 55, BPA A1 BPS 14 81 L2 25 ¢ 2 1, R o O M B e 7
20%—80% Z []. W B SEIGFE 8 mL 38 DU TR £ 45 HB25E 11 ZEBG B b AT, JF85 A B & T1E R
PR 4 (25 °C) 1, LA 80 romin' F5 3 VA7 7 d. AR PG TS I8 A9 45 58, W AE 7 d J5 ik B R P-4, ik 7d
J&i, L 2000 r-min ' 5% 3 B0 15 min, B35 T B 80 AH 4,33 /X (HPLC, Agilent Technologies 1260) &
HAT. ARG IS AT S A0 - C18 KL 1A] 23 A4 (5 mm, 4.6 mmx150 mm). BPA F1 BPS i sl #4371 K
O KB FIK=40 1 60 (V : V). CM: ZETK=35: 65 (V : V), ZEAMGIMPEAL 535124 280 nm A1 257 nm.
TR E A 1 mL-min .
1.3 HHERAE

T HERE S Y CL HL O N AT S 4550 2 38 14 7T & 40 1 {2 (MicroCube, Elemental, Germany ) il 22 15 %]
38 1 b 2% i AR BT A ( Autosorb-1C, Quantachromeo) i F BET J5 40 i A A8 HE R i AR SR FH X B4k
i1 8t 43 A A (XRD, D/Max2200, Rigaku, Japan) XF = #& (85 9 i 43 PE AT 20 . I AR BL ik 21 1 56 5 42
(Varian 640-IR, USA) 3k 73 B 1= 1) 2% 11 B e A1 A 41
1.4 Finabs

K H Freundlich (FM) BB SE B0 5088 ST 8L, LU TEAS RIFF1E O 200 1 498X BPA AR
Yy BPS (W FE#LHI. FM BT

FM: 1gS.=1gKp+nlgC. (D

K, S, (mgkg™) M C, (mgL™) 53y [ AH P 5 W B2 FWAH R 2 Ky [(mgkg ')(mgL™')] K
Freundlich W ¥t 2245, n S Freundlich JEZ 14 2 %K.
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AP F B (7, ) HE B 8 BT L OB, PR R R G T
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ad N-m-1
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2 iR 54508 (Results and discussion)
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TR ALY B TR AN BT UL 2. th 3R 2 W, A BEVE TS sl A BILBR 5 e BE
S P DX AR ] i 2 I R AR B 22 5. IR, D0 FH 38T ML 64 &5 B, (EL5¢ A e L &5
Wb O BT S A LS IR, FEVR AR o Y AR B AR AT i T 2 S 35 - A ML AR . 7
Sb, B AR K RO i AR R B 7 e v et B A W1 P — AP Al - A P, s 2t
SEAHLBRIG AN, 52 H 55 LA LR & s T oo 8, ERHE IS LA HLBR 8D X T R T
A =L RVE FEGR AR, [RIRER I =-C Ayl B b, HARER - 2 i/ Nk A HLIR, A
PLRR 2R L S A5 At 1, Il 55 4 XA LA A8 D3, DA 3 e = S LR 7 2 A A e Ao 20,
Pk i i T AR B T2 0 th SR SR A B B I, CHA AU S i s T AR . R
JCRHAISE B ARG L2 AR B R b, — B 00T R HLBT (SOM) 5 it AR, 138 1) LB 45 44
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D, AR AY He e 1 FR 22/ T T H - e A SOM 3 Jin L 2 i FR Al n] BB [H D SOM 2 26 ) i
R ) FLIF B 2 - ERURE (1 2R P, Pignatello 55 DA RUE + & R 1 BAL, (H il T SOM Xt
FLEHE SR EEAT2E T N, A9 BET J7 ik JCIE AR AL A9 R0 . Drillia S5t W5 21 24 + A AR 5 144 0
IR G 2 AR A8 D i B4R
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Table 2 The physicochemical properties of soil samples

e JLZ 2 Element content /% J5F- ¥ Atomic ratio o CEC/ SA/
C H 0 N S H/C N+0)/C P (cmol'kg") (m’g")
YN 0.45 0.97 7.90 0.06 0.08 25.68 13.24 2.24 2.12 33.94
YP 1.93 1.01 8.38 0.18 0.04 6.25 3.32 2.87 6.68 18.36
YD 1.94 1.02 8.59 0.19 0.05 6.30 3.40 2.78 4.83 18.36
MN 2.66 1.80 13.96 0.23 0.07 8.13 4.01 3.69 5.33 82.01
MP 1.96 1.71 15.51 0.18 0.06 10.47 6.02 3.63 8.18 35.02
DP 22.04 3.01 17.03 1.27 0.38 1.64 0.63 3.54 7.81 2.62

H/C F1 (O+N)/C 11 Lt AE BE 43 9 5 7~ 1= 384G HL 5T (%) 55 B M A0 AR 4 4. J¢ PBE 4= #f Rk #F 1 5
(O+N)/C 1 H/C HAE Y B3 B AIG, X v] GE BRI AR Pt AR 3G T £ 3 C & &t Ml 3 i f K 1
A5 B P3G v, R DA B e 1ok 3 )<< B S ik, o BH A 0 2T A B L R B BV S IR I AL &
(C—O—C) W& aA AR ). e —-Er 5 A L (MP)BHES, H/C A1 (O+N)/C H{E I
M IR X F B THHES S PURA BTREAR. =LA W A HLRR IR + a4t fi
HE A DL A 5 AP DT 53 1458 C & R FRAIC, 1 O & i 1Y Fh i P REJE 43 WA Y R 5% P 7 L3 b il
3. Drever %" Hll Keiluweit 552 A58 & IUAR 3 53 WA BE A8 (2 3F 0 W) (0 5 ik, TR ALY, 5 Bt
&K 5 A R IR LR A BHE S IR I 54L& 0 (C—O0—C) iy & A Tt (1 1).

JGFH 4% Yuanyang soil 1020 52 H £ HMengzi soil
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Fig.1 FTIR spectra of the selected soils
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T, S PR AR B Ao A bt AR T S B0 Tk 4k O SR B9 e B, K S0 AR T 2 R 4 S
158/ CEC. 734k, K45 DP (19 C & it I HE 8 m I — A2 94, {2 CEC 624, Mader %57 A Ryt ft.
R e 1 e O R B R A o, DA 3 Y CEC YRR,

2.2 BPS #l BPA W[l 45 £k &

BPA #il BPS 78 A [F] 13 b i W B 25 iR 2k i 2 Frs . il 1 Freundlich W FH5ERLEL 4 5, AT 3 AT ke
BB Py TE 0.953—0.997 2 [H], W] Freundlich W% Ff 452 5 BE A 45 4105 BPS 1 BPA b 3 fify 14 W% ff 26
IRZ%, tk, 7] 3% J1] Freundlich #1445 5 4T BPS 1 BPA 7 38 v i W JHAT Sy F0 02 B AL 64T 4047 . 2
B n AE P S A AEAERR B, 2 n BT O B, WM AR TR A 1 AR LM R, SR W I oA BT A vk
g F5 R, A UL A 45 A R )t Bk R BT, BPA FIl BPS Y n (Y T B 43 91 R 0.483—0.801 FlI
0.648—0.889(F 3), FEH At w8 AR AR £ 1k Rz o
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Fig.2 Adsorption isotherms of BPA and BPS on soils using Freundlich model

3 3 BPS I BPA 7£ 13 E M MY A2 L5 S 8L
Table 3 Isotherms fitting results of BPA and BPS on soils by Freundlich model

T ] Ky Ko
S:flupl;es foff ls K¢ " P SEE! C~=1 mgL"' C=10 mg-L" C=1 mgL" C=10mg-L"

YN 0.093 0.889 0.953 0.121 1.24 0.96 2.75 2.13
YP 1.089 0.748 0.997 0.025 12.27 6.88 6.33 3.55
YD 1.051 0.758 0.997 0.027 11.26 6.45 5.80 3.32

BPS MN 1.204 0.648 0.996 0.028 16.00 7.12 6.01 2.67
MP 1.091 0.690 0.995 0.033 12.32 6.03 6.29 3.08
DP 2.383 0.760 0.996 0.033 241.27 138.71 10.95 6.29
YN 1.146 0.572 0.985 0.053 14.00 5.22 30.99 11.56
YP 1.424 0.801 0.985 0.067 26.52 16.77 13.68 8.65
YD 1.228 0.707 0.977 0.072 16.91 8.61 8.71 4.43

BPA MN 1.892 0.497 0.987 0.050 78.02 24.51 29.30 9.20
MP 2.258 0.483 0.980 0.062 181.05 55.03 92.46 28.10
DP 2.533 0.806 0.986 0.064 341.27 218.17 15.48 9.90

*lg Ky B0 M [((mg-kg ' )V(mg-L)];  SEENARIEMG TR 120 h AT R T B ZRAL.

A TR S B R B K (Ce=1 mg- L Al C=10 mg L") K LA BPS H BPA 78 A [i] + 58 F )
FiHHEfE. H1 3% 3 AT %0, BPS Fll BPA 11 K i Fifi A7) 6 e B2 A 388 i s/, 3 5 LR 4 1 W B 0. [T,
. F2 B BPS il BPA 7F 158 I W B ¢ 26 2 o5 4 i BB o A 7 A 2k A2 Sun 88U FERF ST 3R AE 3 1 g
B AR AT AT 2 TR L . BHE S, BRSE A 1 HE(MP) LB} BPS (4 Ky (54 Aok, HoAl + 1
W ¥t BPS A1 BPA 1) Ky {H Y87 B3, MP LW B BPS (1) Ky {E7 Fr B T MP 35809 HLAK %
TR T MN, 147K P 1 P 06555 17 S 5002 TR AR {2 MP W2 B BPA 19 Ky {2078 T MIN 22 B R 1 7k P4
4h, BPA T£ MP I 1) W BFHAS 32 Al I BREAIL 1 £ 52
2.3 BPS Fl BPA 7E - 48 rft 14 Mg Ff 4L 61

TR 5T L IEAT HLER X BPS A1 BPA W B A 520, 17 FH SPSS 19.0 Zeit-3 44 73 B 1 5 s W i 32 £k
Ky (C=1 mg'L"' fil C=10 mg-L™") 5 A MUK (f,.) & 2 Z Al AH G M. WiEl 3 i 7s, BPA I BPS 7E1IL
W (C=1 mg L) RSB (C=10 mg L) T Ky 5 £ 3 8 3 1E A0 ¢, R £, & 5% W BPA I
BPS 7& + 3 [ A9 B Y 32 5 2, BPS Al BPA 7 38 1 (W% BFF LUK 7K PEAE F R 32 Sun 2500 fifF 58 % PR
Pl KRR M0 BPA S5 AL 7 1] 3 TR v W B 1 T PR

B foe X Ky FEATAREAL IR Koo(Koom=Kalfoo) Ji K BL(FE 3), BHETHT G BPS il BPA 1 K, /522 7
WK, FUIG A DLERSL, i HAHLEI 520 BPS F1 BPA 76 118 [ W Bk 72 Sy ik — R e
W BFERILAR, K5 Koo PEAT IE 3 BE-/K 23 B 2R BObR ME AL (K o/lg Koy ) LASE IR APV VR F (1 4) . i 8] 4 7]
M, 1E C=1 mg-L™" Al C.=10 mg-L™" i}, BPA 1Y K ./lg K., LYK T BPS, JuHAE MP 43 |- il .
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300~ Bps @ 1=0.999 P<0.01 400~ gpa @ =0.886 P<0.05
O r=0.999 P<0.01 O r=0.980 P<0.01
250
300 -
200 |-
N 150 |- N 200 F
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Fig.3 The relationship between adsorption coefficient (K;) and organic carbon of soils

[ CelmgL! [ C~10mgL!

YN YP YD MP MN DP YN YP YD MP MN DP
Soils Soils

B 4 BPA Il BPS fET A T HEY K,oo/lg Koy, 18
Fig.4 Comparing of K ./1g K,,, (normalization of K, values by octanol-water partition coefficient)
between BPA and BPS on all soils

Z HIHFFE 2R A HLYS Y 7E 1 1 A B R AG AK PEAE AL, S Ve . SR DA B A Pt -2 A A
JEI Xk Wi AT SRS 20, S0 BT P SRR Y pHLpe O 2.24—3.69 (3 2), W B 52 56 -5 i A9 pHL 3
il o8 5.4—6.3, 3% B 75 W B 2k B v = 498 9508 4 2640 7 fL . BPS Fl1 BPA (1) pK, 43 >4 8.2 il 10.1, B
BPS Fil BPA 7E 524K 22 T LA 4 T4 3. BRI, BPA il BPS 78 3 [ (% W 25 53 5 ¥ B AR F G 6.
BPS Fl BPA 43 454 I 1) 2 5L 5w A &= — 200y, ] HERR ZU8EE H A 52 0. BPS Fl BPA #7045
g T B I Ok 1 B AN R IR () B BE A BT R[], BPS Hh % 32 A K R 1 A i R RE A, T BPA A TR .
i 2 35 A1 Ay i W R - R A1 05, i D e A ARk L SR AT, 55 2 BPS Fil BPA b 3R 3 ik s 3 14T PRtk BPA 43
TFAEAR VRN BT, T BPS 20 IO HE-5Z L TRE I8R5 . HEEA PR S A E M E A, R &
Bler R (. )RR T4 A (A )R 3N, [R I BPA 5 - 3EAT LT 2 8] A L 7 3L A7 AR F R i
T BPS, 3 BPA ) K, /lg K, HLAE KT BPS.

34, 8 it Ko/lg Ko 5 (O+N)/CHY AH OC M 23 B v] DLE 3 (18 S), BPA R R T Ko /lg Koy, 5
(O+N)/C B {2 3 IEAHSC, T BPS R R P K, o/lg Koy 5 (O+N)/C JCBH B AH G, Xt it — 25 B BPA 11
W B 5 - 496 2 1T B RE AT AH G

— BPA @ C.~=1mgL! 4.0 - BPS

A e
- — <
40 r=0.997, P (3.]01
OC=10 mg-L 3510 ®
30 r=0.974, P<0.0. ® C~1mglL”
5 i 230 r=0.386, P>0.05
:Eb Eb O C~10mgL™!
ST N r=0.547, P>0.05
M £ ash
10 |-
20 F
%N
0 1 1 1 1 1 L 15 , Io , . |
35 40 45 50 55 6.0 6 7 8 9 10 11
(O+N)/C (O+N)/C

5 BPS 7l BPA [ log Koy, FRHEALIE B 2280 (K o /log Koy ) 5 (O+N)/C BIAR A
Fig.5 The relationship between K, /log K, of BPA (a) and BPS (b) and (O+N)/C
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{HAS R A2, BPA 7E MP +4E Y Ko o/lg Koy, (HIT 5 T H SRR (E 4). 2R g3 =&
SIS IR SR A TR B0 HLIR, 1A HLIER AY—COOH Al LIAE g iy 324K, (K, MP 43 = AR
JIT 43 Wb I AT A6 TR 2 MG i+ M 00 FL - 32 AR BB U0, DA 1 3 BPA-MP 2 [] (1 L T~ fit 32 (R VR, fifi 45
BPA 7 MP +3EH Y K /g K., F B

3 %518 (Conclusion)

(1) AABEVE 23 m 3G ML ) & &, (B RELEVEYIAR 22 530 1) /NG 74 BILIR 2 30 38 285
GRS = ks ZER R/ 2

(2) £ HEA HLIK & 52 i BPA F1 BPS 7F + e W i 9 = 5 %, BPA Al BPS 78 4= 58 I A W B LA
IKPEAE IR 2.

(3) M T EHREHt-Z B BE 1 19 25 57, BPA 5 5 HILF = 18] (1 B (-2 (R 7 I3 T BPS, £545 1
IR PR T HE 52 (R 11, BPA £E 338 | 59 [ 5 T BPS.
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