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Role of biofilm on surface of sediments in adsorption of
endocrine-disrupting chemicals on sediments in Taihu Lake

ZHU Xiaoxiao' *, LI Yi""*, NIU Lihua" >, DING Haixia"' >, WANG Chao'"*
(1. Key Laboratory of Integrated Regulation and Resource Development on Shallow Lakes, Ministry of Education,
Hohai University, Nanjing 210098, China;
2. College of Environment, Hohai University, Nanjing 210098, China)

Abstract; The role of biofilm covering on sediments in the adsorption of three endocrine-disrupting chemicals
(EDCs) , 17a-ethinyl estradiol (EE2) , bisphenol A (BPA) , and 4-nonylphenols (4-NP) , was investigated. The
results indicated that the organic carbon (OC)-normalized distribution coefficients (%, ) of BPA, EE2, and 4-NP
ranged from 10" to 10** L/kg. After the oxidation of sediments by H,0,, the k,_ of EE2 was higher
(10 L/kg) than before the oxidation (10> L/kg). A two-stage adsorption ( fast adsorption and slow
adsorption ) kinetic model was established (°>0.95). The simulation results showed that the fast adsorption section
played the main role in the adsorption process, while the slow adsorption section determined the extent of the
reaction. The biofilm on the surface of sediments may act as a barrier in mass transfer from water to sediment and

seldom improve the adsorption capacity of sediments.

Key words: sediment; biofilm; endocrine-disrupting chemicals; adsorption; mass transfer; two-stage adsorption
kinetic model; Taihu Lake
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PRI AR R A LRSI B A 0 RS2 1 e Y 1) S5 5 1 DAL TR 5 o S 30 v AT AL 14 43 A
B X S R IR A ML e A AR R 2 R B A P TS e T A Sk, SR, B RiTET
Xt E SRR JEC VR B2 A B X A ML T Y W 1 B 1) 5 BFE AR X A2 LA WL i AS AT

ULAER BT LTS Y i R H ) | S e o T B B K A A g 0 A i g B Sl R
T EWIBER RO RN, % 2R3 A AT Al i e T TR R A LTS e Wb, £ BRlE Tl (EE2) WU
A(BPA) FITF-HE1 (4-NP ) PSR AE R 6 NS5 A 7 30 3 T 32 BIRE 0l G T

W REE A TR E AL B AR A TS . BIFTE R 4R AR A BTG G st DR e A T A o
U Ao B 25BR T . AL SRR P 9 B B T A AR S IR A P (SOM)
853 A A AR Y] R SRS oA LTS G e I RS e K 2 A R X I TR A — A oy
4D IR o 3 o 2 o BRI, DL AY SCRR 22 1 N 0 W T 484 ( endocrine disrupting chemicals, EDCs) TEKAR AW
JEEFIEE I8 Hh 08 53 A KRR | I ARTRAWE ST A W IEEAE W B AR b 9 FE

ST ) B K R PRSI A B EDCs MR BRHE T S WS I 7K 43 TiC R A (&, ) RS
oK AL TR B (k) R B VA R A M RS W B St 10 A S R B Y R R R AE IR e R T
FEIIEXT BPA (EE2 A1 4-NP (19 1 4% BE R AT BE 9 e B AL , 5 1 DAk A W B A IS U2 W B BPA (EE2 Al
4-NPIEFRH IR

1 HR57E

1.1 RFA

I B ARE RS BPA(99% ) \EE2(99% ) Fil 4-NP (99% ) , H % ( Fisher 2 ), & [® ) N A ik ali g, HoAb Ak 2438
IR A3 Hr el K (FRBHZEN 18. 2 MQ + em) B Milli-Q M 4i/K AL (Millipore 28 &), 3£ H) #il &, HARHEMS S
I P01 50 000 mg/ L 4 BPA (EE2 1 4-NP B BARIERE 45, T -4 CHROGIRAE
1.2 JRiERREMLE

JEVRFES T 2014 4F 3 J1 RAE T RMIMFRIE 45 20 m BB 1 A RRE A, HIE U8 RAE 2% ( Eijkekamp 23 7,
ff 22 ) SRAE 3 Ab U/ KA H R )Z (0~2 em) JK IR, FRAL 1 kg, IR GYIE RIZREE SRR RE S, REEME
Peid 2 mm G 65 B T 2 BHAS 2 B A TE -4 C TR RIS IS B IR AR 2 (r kAT Ab B,
(a) AMEFRERALBE K A SRS VAR T FH 28K ki XU IR RIS | i 80~ 150 H i M5 (b) KUt & ik 47 H,0,
SAARAb
1.3 RIS

FREL 2 g JIEUR T 150 mL B, A 100 mL EDCs YA . EDCs ¥ FTC ] - 7645 T 0 P9 86E 100 mL
FRIRK B B AV B B (Bl IR L BB MZE L H15) A EE2 BPA 1 4-NP ) HH EE A7 I it 45 T, AR
i EDCs B4 H R FVA 7 B, 303 E EE2  BPA Hl 4-NP WA E A N 5 mg/L, fEE I F TR G HEE N
80 r/min ¥R a8 (WHY-2) ke IR % . 40 BIFE 0 min 30 min . 60 min .90 min . 105 min ., 120 min ., 150 min .
180 min ,210 min ,240 min ,300 min 1 420 min B BURE , 53538 5 2R FH &5 8508 A €03 ( HPLC) Wl % L35 W& EDCs
PR B, AR I et < SR BT S IC Je Hh EDCs POV EE . A W B 0 8 3 A PATAE, Of i 8 R EDCs
R TC %) BRAEG:
1.4 KRS K EDCs ik EEME
L4 1 JRRBRD S

FH 1mol/L HCI ZBRIEIER AR R ER , i TOC 43 B (multi-4000, JENA in Germany ) 734 i TOC BT
BIAE N &8 (f,, %) , RSN D/max-rtb B X HHEEATEHY (Rigaku, Japan ) Ml JE R W70, 45 R B, A
SRICTRRESL A HLAR & 80 14. 76% , 1 H,0, FALIKIRIUHN 11. 54%
1.4.2 EE2 BPA % 4-NP ;& E 2

IEW T EDCs A3 R FH = 80 AR (4 1% 4L (1260 Series, Agilent Technologists) %2, K F Agilent C8
SRR OGRS (35 560 R S AR F B/ 2285 17K R 50 :50 (ARFR L) |, I 1 mL/min, K60 %5 9 48 SMG I &%
EE2 B3 % KR 278 nm, BPA 4-NP USR] 280 nm, 78 M (3% 454 F 4581 EDCs AYFELR /35S, R AE i i
FRUHIR E f2 438 EDCs FOMREE
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1.5 WRBRzEh 12BN 2 T

EL A WIF 5T N7 1 W o 8 7 2 AR RN BE [R] B St H EDCs 7E 7K AR FR R 43 88 R RS 20 A B, Ol T B G- b
iR EDCs ZEJETE KW B 72 | 2EH L T O AR D) e TR il 3h Sy 2 IR Z0 0 EDCs (B
PP WL 1) IR K, TR TS Y W W R Jo S0 28 A W o, 1 A A /) F e B A A 9 B P, 486 1 R I g
R EA TR

BT UL AR AT A5 K A rp s ek B AR A 1) &1 EE2.BPA 4-NP HE{LIER
L. Table 1 Physiochemical properties of EE2,BPA, and 4-NP
B SEVE R M
e A P
i (g mol™") a (mg- L)
W =—k,(k,C, —C)HW, (1) BPA 228.0 5.3x107° 120.0 3.32
EE2 296. 4 6x107° 4.8 4.15
X C,—— W ZIJK R EDCs 1 W, mg/T; 4 np 220.0  (5-10)x107 5.4 4.48

C,—t B ZIEJeh EDCs 1B [, mg/g; W, ——g—7K UK, KRR T IR
ERPIEIEM A, ¢,
SRR AR F K RV EDCs 1 5 ki 2 b A J
C.W, = (C-C)V (2)
A C— KK EDCs BORIIA BT MR BE , mg/ L s V— K ARIAFR L,
B (2) A (1) 15

dC
d—t“:—kh C(k, W +V) +k C,V (3)
WEYIIGFM1=0,C,=C, KX (3) o, 15
— CO kp Ws —ky (kW +V) CO v (4)
Yok, Wo+V k, W, +V

k, A by, AL AU IR IR EDCs 2R i 15 i
2 GRS

2.1 JKiRXt EDCs Bt zh 12

K1 N2 AR AL B IR RE S X EDCs MM AT o, HEL 1 R0 IR YR IBERRT EDCs 5~ 7 h Jim 1 21 Fff
A7, FRWURVEXT EDCs AW BRI, 73757 ORI B 7E R 9 R R 5 XY L EDCs 7EI)
BRESR) P 0 S 5 BOR BT AR R A AR A RRAE ) PGS U X EDCs 1 W B 338 5 1T by 7 G 2 ol — 1
SE it 90~ 120 min AR RS, H IR () W BT B A o I B ) A 4 4 R R -, 7
120 min F}, EDCs W Bk o7 BLE B 1) 64. 5% ~82. 5% , AT PR BHE 22 Rt o o 2 AR

7 0B eEE2 T 0.08[ oZEH,0,4b3
4BPA L ZH,0, Ab B
g‘/ 0.20F ¢ 4-NP w0 0.07 AEE 2 2LE. o ® . e
= . * * £ °
S . < 0.06f .
Y * ) M
5 0.15} ves * & 005p  ° . 4 N
1= . B 0.04} L0
£ 0.10 2
S ¢ 2 003F L, ast
a L] L] o % 002. 2
T 0.05- . oo . : : N 4 A Tz
S 2 4 A4d =~ 0.01F
bi<d e bl e,
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
[} 6] /min [ [8] /min
(a) REAHRIEXTEDCs 1ML (b)) ZA R BRI e BPA R B

1 R am B IR B 3h ) 5 B 2%
Fig. 1 Adsorption kinetic curves of sediment samples
XF TR R BV RE i, EDCs 1A% 5 A6 38 23 520 IS JE X EDCs 19 W B AIL 1) S e i o, WIFSE 6B, 75
JTEIRC YA DL S K AR 2 150 1) 43 T AR A B R AL W BT P A S B IL 7 Rl b A 550 7 5
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JiHh k, CP AR T EDCs 78 i U8 MK U o i v B2 L) R A7 RAE, M1 1 (a) 7411, BPA 19 &k, B2/
(10. 8 L/kg) ,4-NP ) k, fie R (174. 1 L/kg) , Fe WK M AL A Wit /0 i) 49 SO HL IR A 8 0 a7, /K R TR
SEA DTG YT RS AL A A W VA R FE B AR AR RS VR P A A ML TR SRS M s W R A S e R e e T ] —
Fpi5 e d), ISR i) SOM F il e T H I HRE F1 /N

ZE AN [A AR BRI TR TS e B RE D 225 R 2 I8 1(b) B, 28 H,0, L3I %) W2 B 58 A Bl
B, SEAMRERA -, XKL H,0, 2B KR YE 2 M S R I AL 22 5, 3R B A L
Yy ELoy A P RIEE R M, A R T EDCs AOIRBRF >
2.2 KXt EDCs B Bt #4715 B ] 8 B9 IR B 4L 1

WF5E EDCs [0 FEAILH , 75 22 BB 32 22 1 T A TR S50 AR SCHIE S B 36 20 3R 2 R, A IR TR AR
# r*>0. 98, 71 Freundlich F1 Langmuir #5758 B8 50 4 M5 AR W B i 72 . % B 3] Langmuir A8 71 3L T #L51
J2 R R DR ) A1 5, ) % T 4 TC VR FH R RE A R R A W BRE ML R RS U8 A BIL SR B S 5 4 4 W E BPA 1Y
Freundlich $850{ETEE 4 0. 49~0. 728 AR SCR 2 H,0, AbBERE VR H: n (B 5 &, X Al B2 h TS Ve R mi 77
e TG RE 4 A R A AR, O EDCs AR B AR bRy 7

%2 EETHBARN EDCs ERRHE S HRMSE

Table 2 Adsorption parameters of EDCs on sediment samples in distilled water at room temperature

. H % A HE BB
FE JEYLY) kp/( L-g™h) kg n lgk,, "™ "
1559 Freundlich #5%!  Langmuir &%
H,0, AP TR BPA 0.017 0. 208 0.711 2.14 0.993 0. 998
K2R HLR TR BPA 0.011 0.172 0.813 1.78 0. 995 0. 981
KPR TR EE2 0.019 0.218 0.778 2.19 0.998 0.999
REAH)E TR 4-NP 0.192 0. 467 0. 821 3.02 0.996 0.997

TE: (a)k, ASEIE, -FAI R JE 5 K AR EDCs R BEZ LB (b) ke 55 n 425108 Freundlich % M1 Freundlich 8%, 2 T 1gQ =
nlgC, +igh LMEFHIRE]; (e) k, B HIARIETBCREL ko, =k/f,,. b UE-/K AT REL

lgk, AT FRAEA PTG G B B RE J7 AR/ gk (H 1. 78 ~3. 02( 3£ 2) R TE A4 17|
X e AR M A AL G 55 MR I A R VR AR B A WL I >, SO e i &
H,0, AR IR EDCs B k, (AP W36k, RIFKIEZA H,0, MBS , ALY EDCs AW FfHAE 1 858
U2 H,0, AbBR)S X EDCs AR R Langmuir W A5 IR AR T 00A 50 - | 26 W 3 1 0 Jc 26 W BfE ol 2 o oy
FEAEH,

BT VLB Bras R RVERE S X EDCs (WAL AT DAAS B — 25 HEWT . U LT (SOM) Bk S
AW TCE BA DL (AOM) FIEER A VLY (CG, i BW 55 ) AR, iR M AE W B L35 AOM B A
15 IR EDCs AP Mg B m i 2 b 1L 5 8 1 RS 0 3 1 W BRHOZ 5, A% EDCs 7 A8 9 55 8 6 R B A5 114
AT ECAE TR R B R e EDCs B e E A ML N B AT R, A TR ERRSH Y
B AL , 55 0 RN 3 W FFFA7 s PR B A EDCs (30, NI AT T 52 3k 38 i 0 1R R PSP
2.3 WM hFEEELER

BT 15 WRsh SR 2 Sk 3 AR EDCs FERIURHRE 20 5 mg/ L B, SR FH S B2 R R R B i o
AL U B S0 A5 () 225 5

JEEVERT VG YWy (W B AR T, ) SE R BN SR Ve AL 2 S5 R R AR OG . 3R 3 W $ULA IR e I Bt
EDCs W5 1Y b, 550 &, BEA—2, H k, BEH EDCs WREE R/, ol G872 i TR JEXS EDCs 1Y
W RFRE I AR . &y, MRS TRAE S IR B RS T AR JERR 2. 71~12. 3207, AR TR EE2(5 mg/L)
JIif% k, {60 5. 62 07" i H,0, ZAbFEJEM Mt BE2 A &, (64 7. 91 h™" | 3 B RFF 5 A= Py 2 o B 2 e 1) 32 22
GBSy, A IS k, 2950 100" RHR IR EDCs ARSI,

KE BN FFHR 6 | BRI B il £ JCHE 800 R I P X EDCs AW BfF i 2 ( 1] 2) , /K AH R EDCs ¥R )% 748
AN LL 5 A M52 AR T RS RSO % A I 5 7% S TRk R RS R 1 3 A 2 ] s
A AR SCHR BT AR B Bt EDCs G (S50 2% 11 W2 BT a3, 50 BRI A, B s 2 A i ol O o o 28k 1) e 2%
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s OOIME — BN I - PIBO R £k
567

W
i

IR R EE2 TR B /(mg - L)
~
(=)
IKPRHBPA T (mg - L)
N

36— 44l
101 23 456 7 8 101 23 456 78
I} 1] /h s A)/h
(a) ALRIKIEHIEE2 (b) ESRIEIRIIFBPA

IR EE2 7 e 5/ (mg - L)
N
(=]
7J<17|WP4—NPJﬁi‘MUE/(mg - LY

361 15
3. Ly Reee...w
4—1 0 1 2 3 4 5 6 7 8 1O—l 01 2 3 4 5 6 7 8
1] /h A ]/
(e) H0 AR IR E T EE2 (d) FSRIEIEI4-NP

&2 skfke EDCs 7EJE iR W MHE A TR EZW
Fig. 2 Variation of concentrations of EDCs in water adsorbed by sediments
x3 ETRRMAREMEAFZEEN Lk, 7k,
Table 3 Water-sediment partition coefficient (k,) and water-sediment mass transfer

rate constant (k,) obtained with single-and two-stage adsorption Kinetic models

W 1 40 k,/(L-kg™") ky/h7! e
(IR ) S B PiBdPodk PIEMBME B WiRBbuk RIRUM AR PIECMUE MBI
EE2(5mg/L) * 18.5 19.0 18.50 19.3 7.91 8. 12 6. 61 0.97 0.98 0.98
EE2(5mg/L) 15.7 16. 1 9.17 16. 8 5.62 22. 80 4.12 0.94 1. 00 0.97
4-NP(5mg/L) 13.4 13.6 7.29 20. 1 2.71 7.80 1.20 0.93 1.00 0.98
BPA(2.85mg/L) 15.6 14. 4 13.70 14.9 9.47 14. 18 9.60 0.99 0.99 0.99
BPA(5.45mg/L) 10.2 10. 4 6. 50 11.6 6. 61 23.78 4.36 0.93 1. 00 0.98
BPA(20.42mg/L) 10. 6 9.5 8.27 11.7 12.32 25.03 8. 82 0.91 1.00 0.97
BPA(38.4mg/L) 8.4 7.8 5.62 9.4 8.15 25.41 4.23 0. 88 0.98 0.92
TE: * FoREY TR ST H,0, AFR IR, A h H AR IR TR,

S o PRG5BS AR F 6% T Gt S R PR S R O R0 SR B T 7 B ) 2 5, OB T 4 T AR AR IS R R
EDCs B W FHAILEE

JH T B 5 S AR DL S R, 45 38 R W B I B R o R Y B B 1 &, R ke (3 3) o HI R 3 AL, R
SRR BB B 1 & SRt s R Y B B K, R 6~ 8 A5, B EDCs wﬁﬁ%m%m%%*mn%%mam&%
AR PR B TR TS 0 S B B kA5 S50 kB BT, e IS R B — e R e TR
XF EDCs B W R E
2.4 HEWRMITARMEEVENSWER

SETTA BT 1T EDCs WA A B BIFE  i3E— 20 R F W B B AR 6 A 7 IS e X EDCs W i 72
LA, 25 L 4, H IRV IRFE M WEIT EDCs (2 A2 v, 48 W (i BE A &, FEAAE T [R]—7KF 1 4 4%
P18 DR R 5 B 45 2 S A S o B A% B R L (e, ) W SRS, R IS D WL B EDCs 1 4% 5 BH 3 B 2 v T
358 i TR R FE B A W B B AEAE , HE 2B AS EDCs MK AH )5S B A9 A% B B o AR, - S38 R0 S U6 12 ot
EDCs i F2 i b, FEASCRIEIR]— 7K | 3R W12 17 B A= W BEEAE W B EDCs o A% rhoxsf JEC U 119 0 B e 00 A B3
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Table 4 Parameters of new kinetic model for BPA adsorption using different adsorbents
ky/h7!
. B/ B/ b
o i feo25 R i /b
(mg- L) (L-kg™) HE W B

H,0, AbBEETE 4-NP 4 22.6* 93.26* 12.09* 4.37*
H,0, AbBE R EE2 5 19.0 7.91 6.52 1.34
AR TR BPA 50 57" 178* 12.88* 11.56*

A SRR BPA 2.9~39.6 8~14.5 5.5~12.4 4.3~9.56 1.48~8.4
+ 4% BPA 10 7.3" 44.86" 3.60" 17.7*

i+ * FOR A AT SRR RIS B PSR sk, by 00 B T B AP0 0L A e B L 3 T B M 075
L o T8 8 £ 4

SO (B R B 20l EDCs MR 1) JI 52 A A2 B %, 3 5 E A RS 41 8 14 24 A REL AR 0 75 48 A g O
A B —E R

35

N T IR FRME LY IR TE M EDCs s R AN, A5 1 28 AN R AR B SR R AR i X EDCs (47
WA o, T SE KA IR VR XT EDCs MR 3l f A i S5 ; (a) DR I B 7 B A W B 7 o 2 55
PRI, 075 G A AL B9 23 B A P T R R ik e i i 7 ) 2 AR PR s (b) EDCs MIGRE BUA HLA) 16]
U5 SRS A ML el ol LA 1% 2o e g O O e P ) R G A0 T 8 i O A — E PR JEE B R E T IR JE X EDCs (19
M BRFRIE 5 (o) 28 H,0, ARV TR, U RE 1A BT imi , XN BER A PR EDCs 1M A BE ) ST 58 ;
(d) T R A M5 e BELA 75 2 0 S A K A 1 B J5i 4 4% ol A, {ELR B 0 1 W% B BB 0 950 . 383, F S
SRR O RE EDCs 1K HP Y& B AR JFRE AR W A R VR 0 B R i, BRI I] 17 XS EDCs W B 72 14
SR T A A 2 RN 2 B X EDCs MR 3h 2 A s mie A 15 1 — 25015
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