2022 4 A2 ) IREE-HIELBRAKHNE A B9 R Z 5 R FaE T &K .23

SRR -BREFWARPRE A HRWE FTHR

e FEE T &
(PEEFEAEERKARAE, L7 100038)

[ E] BIEEARSIZNH TR TR ST AL R AR DB TS Y A e R 2 — . A SCFse TR EE .
HEIE UL B Wi E A T2 RBR R A(BPA) IRRERE MR R, 25 %, BRI HIREEXT BPA IR BRACRA R, Y
TRERSEAR A 15 mg/L,pH {24 7 BF ,BPA LBRFEA, Jy 32. 04% ; I Zeta HLAV 2230 55 H 005 42 20 00 SH B Ve J32
AFITF BPA MIZ:bk, FEMBIER R R BFSEH , WI4h BPA e BN 8 8 AL A8/ 30 25 1% BPA K, 24 pH
{HEEE BPA AR R Al B 40T BPA RBRACR AR 22, AHAL T A TR BE S/ U T2 IR BE - W UE 4L & T 2009 BPA
FBRRE T, LR S U EUR AT A R T RAR TS 4, BEE B RRAS S 3 in TR e - MU A& T2 Lk
BPA JCR Y58 ; B 15 Yo W) Dy BE R I, BPA RBRFEFEAIL,

[REBIA] WA, TREE; IR, W A; BI5Yy; /Kb

[FESHES] X703 [SCERHARRFD] A
DOI; 10. 19610/j. enki. enl1 —4011/tf. 2022. 02. 006

0 Hi&H

X A(BPA) J& LAY (R IR 5% P 43 i T30, &
XoF NP R P A 22 T R fe D Y I ARk, BPA
TEAR ARG g D g i 2], 2 A 7K Ab 21T AR
HRTEMBF I s 2z — 7 E NS BPA Bk
FOR F2BEATHEG A= Wy 5 A | s DR AL T A e I T
AT S R BRI BPA RUR B (B AT AR
A i J 0 K AR e | R D 4 ) RS
R BT A PR LR 1 2% o Ml TR/ NG AR S T
N F AR v AR R R A 2P T A R
FRIRMEB R 2T W T . IS Y
S PR A g R AR A T R ) O PR R
A IE I LB AR, QR W B A S el
WA OAEE YRR AL P AR RS Y A R R 2
— 38 S TR T LA K AR r Ak T AR A A R AR R 2R

[ MR EHEI] 2022 -01 - 11

[(E£IB ] AT 5K B K R A& Akt
YR T 27 & M LRI E (R84 5 . YG2067 )

[1EE BN ] BB (1984—), &, Hilt KA, 1+
Jo , TARIM, =B NF 5 R KA B DL R R K R B AL B T2 4

[BIAERK] BWEE, T 2%, Tk IREE-BIE R GK
U A B H ZBESE[T]. A R4 RE,2022,38(2) ;
23 -27.

[ XEHS] 1008 —5122(2022)02 - 0023 - 05

R SRR | T U AR R, i/ S L 3% 2 114
R, HA RURIN 5 B AR i 8 A LTS e, K
RIGFREI R

AEICHETE TR EE EIEA LIS T 2%
B BPA BORFERZ R R, DU /K Ab BT 24 5%
Z2BR BPA $RBERER B AR AR S

1 RS ik

1.1 RIeskE

G KL R BPA (40 =99% , /i #r4t) | 2N
(HPLC 2%) JEFEIREN (5rHral) (wmid £ (srArat) |
B (73 Hral) .

HEBET/KTIMAS g i+ , 11200 t/min 3
JEREFERA 0.5 h JG e 1 h, Bohl L mk ke
W, TEIL ZBEFRFEANS o AR AN, Bl
PRI B . FH A B FOKBCHIMEEE 20 mg/L 1) BPA
VSWNE R AR o 4% T LR fit 35 VR R sy U - i 2 Y
A2l R LA BPA (R IRKRE, KRS
A BPA A4 5.0 mg/L,pH { 7. 3 £0. 05, DOC 7
1 7. 47 mg/L, M 20 NTU, /Kii 15 C
1.2 KWH*E

TREEI R KA B TSI FEIL (ZR4 -6 7Y
HIHIE) L L 350 v/ min 3 PR B R 30 s 5
TREEF LRSS , 1625 LA 250 v/min BEFEHFE 5 min, Ff
L1 40 r/min 3 EREHE 20 min, #HE 30 min Jo B LV



« 24 . FH &8

= P AL

O35 gERHE

W, FIEWZ0.45 pm BEJE 38 J5 0 E DOC
UV, , £80. 22 pum BE3EE U85 0% BPA WREE, #%18
AR, SN pH (E R SRR U X IR BE
T2 BPA RCR5H ,

ELEE R R H A K E L 8 B AR ( Milli-
pore 8400, 3£ [# ) | HL, F K ( Denver TP -2102, 3
) RN RSO A R I R 2
K FH 100 kDa 30 kDa .10 kDa .3 kDa £ 1 kDa FJ7& 5
HEATE R A v ik 8, F S5 S0 i BPA VR B AT E AT
T pH (X T8 IE T2 25 bk BPA RLAREAYSE IR,

IREE- IR A T2 TR BT 5 K 5
BB UEAR I T B UE IR ES , SR FH 20 kDa Y8 BS0E1 T
fE R FE v ik 8, B 505 S R A0 45 I 4 AT i BPA
W X TR - R IR AL T2 25F% BPA AR,
1.3 A&

pH {EH] Thermo pH I 2 {30 5 ; 1t 1 (2100Q —
Hach , ¢ [H) 3t FE UM 52 ; DOC % TOC {¥ ( Elementar
Vario , f8[E ) K5l ; UV, 40 HEEREEAL (UV2600, H [ )
R, R 1 em A7 9 B A L0 A2 , 00 22 iR /K R 242
0.45 pm JERGTIE SR UL LB TIRIES ., Zeta AL
KM Zeta HA{Y (Nano -7 I B2 %E  FEA IR BE
FITFPEE 30 s JEIURE, A F BRI 3 Yk, 25 R
FOPEIE, BPA YR B R FH = OB AR (6 1% A (Agilent —
1200 1, &) W5 , EAR AR 7 i A FHAK R 2 45
SIWESN A FHFT B AHIRPEWE, At B =50% : 50% ({&FH
EE) , W1 0 mL/min, A3 30 °C, #ERER 25 L, Kl
K278 nm,,

2 R 5THS

2.1 BEIZER BPA EMEZEMRK
2,11 BRI

7E BPA &4 5.0 mg/L pH {8 7.3 0. 05 ,DOC
i 7. 47 me/L UE 20 NTU UK 15 CHIZT,
BPA 2% [ 58 B A R 405 3¢ £ A8 Ak %) il £ an &1 1
FR

I 1 AT BE A A R 45 B N3G i, BPA il
TR () 22 R R G I Zeta HRL A AL 5B T LT
P MERRBINEIAR] 12 ~ 15 mg/L i, BPA %
MRk Bl et fe iR {25, 35% , WA Zeta HL{V 22
I YRR N E A 15 ~ 50 mg/L i, BPA 22
Fria TR, DL AR R R WY R AR TR e X
BPA [ LBRILAE A MR, x4 RS T ar g5 R
RE AL 2R BPA HRLEE (20% ~30% ) A4,

M Zeta HLAE A AR DL B, 2 TR BE ) £ it A >
( <15 mg/L) Bf, PR RIAE L 7 3 S A ; TR &
FIFMER K (=15 mg/L) B, M3 & H L T0E &
HEEFIEH,

—e— BPA
—A— ZetaHl {37

Zetali 37/ mV

0 IIO 2I0 3I0 4‘0 56
BLER FR &/ (mg - L)
1 FREESRIEINEXS BPA Flik ERNERE R
Zeta AL HIE20E

2.1.2 pH{H

JKEE pH (EXHEEE T2 2Bk BPA 5% 4n 4] 2
B o

H & 2 (a) B0, pH (EXHREERLRE A R K FE
FETERAERY pH (E VG [, Y w2 45 4% = 23 0
2 mg/L.8 mg/L Fl 15 mg/L B}, BPA fcfF: 25 5 R #f
HELAE pH (E R 7 2247, 70 5N 15. 27% 20. 46% Fil
32.04% , RIS BR IR R4 N R 15 mg/L, pH {H K 7
iF, BPA BB KR 32.04% , BRI 1 AT, 24
TRIRER BN ] 15 mg/L B, W #5414 4% = 24
., RS (pH (H <7) , BRERER BIIK 7= 4
FELILAI(H,0)¢ 1P N F I E ST (pH =
8 ~9) If, B R AR /K i = ) 2L AL(OH) , ]~
Fo M Zeta AL AR FE (K 2 (b)), FFH 5
(Zeta=0) HHBLAE pH {4 7.0 ~ 8.0 B, 1IE & BPA
(AR L BRI B pH (I,
2.1.3 AR E

O BT Wk VPR T 25 B BPA 52 Gn ] 3
BN o

L3 AIAL JEFERRAF T BPA 5B, BEE
JETERRE B A4 5, BPA L BR R R B T Rk,
JeHIE S SRR M M 9. 03 mg/L Al 15 mg/L B,
TEEFE RV E 4. 02 mg/ LY BPA =R 3G5 2k
1B, 20. 56% , BUBS 2 B FR 40 /K fif 7= 1) R ¥ 1 L
R ESAEH . M Zeta BLNARIL KT, Bl 5 )65 5l
PRV JE IO 157, Zeta T2 T HH AE (AR S T (B, X 150 B
10 A A R S ) L AE AR R IR BE I B P ) Sl I



2022 4E4 A2 M

TRBE— IR L BRK PO A 15200 P 3R 5E—— SR i

FRE F #H 0 -25-

35

L A_Z_m‘g/L//\\

—e— 8 mg/l,

|8
=

[N
W

—
wn
T

BPA LR 2/%
S
ZetaHL{3;/mV
/,

—
w (=]
T
t
’ >

6
pHE
(a) BPA Z:ia2

—=—2 mg/L
—o— 8 mg/L
—A— 15 mg/L

2 pH EXEE X BPA 3R Zeta BAIAIEZIN

8
25k —A— BPAE[f#
—e— Zetafifif 16
201 14
< .
3 1z
w15t =
B 1° 2
= 10f 2
5 2 &
5k -4
-6
0 3 6 9 12 15

TRV FE (mg - 17)

B3 BHEBRREST BPA XBRUE Zeta LRI
FALA] P 7K A 7 ) A H R D R S R 1Y
BPA Joik SR H R SRR 4T 55 4, R e B
JE B R BE Bt BPA LBRF T REMBAL ™ 5
G, JE B T Ve B 14 T B, 7K b B AR 4 I e s 3
i B A SSORE 0 B M 5 B R M B 2 1 e T
R Z TR HE R 738, T RIS T BPA Y 25 BR AL
B
2.2 MBIEIZEK BPA IR ZEMRL
2.2.1 BIEREALAR VIUG BPA WREE

HEUE LR H) A BPA ¥ B X 1 128 Ik 25 5
BPA ZLHERIRZ I ANl 4 7

Hi &l 4 A] 50,30 ~ 100 kDa #ENEIE 5 BPA &£
FrAi/N, 1 ~3 kDa B UE RIS G BPA KERFHE K,
WA J 5 mg/L 1 10 mg/L 1) BPA 2[5 343 5]
9 81.08% Fl61.52% , %45 K UL P4 BPA 1k JE
/N TR R N B S BR BPA SR,
2.2.2 pHI{H

AN UEAT VR pH (EXF B U8 2Bk BPA A4 EERY
SMANE S iR,

M S mI A, B G B S B FLAR I R, BPA [ 25
R 2% W /N, #E pH E 43 5 R 4.08,7.25 A

0______________________‘_E_x“_
3 4 5 6 7 8 9
pHE
(b) Zetar {37
100
22 10 mg/L
80+
IS
%ﬂ:()o_
%
401
S
=

[~}
=
T

(=
T

El4 BIEFEFLZ 114 BPA iR EXTBIEX BPA
BRI BN

601 30~100 kDa
10~30 kDa
B&3~10kDa
ES1~3kDa

BPA 5 %/%
=

pH{E
5 pH EXTBIEFEE BPA HALHI 00

10. 05 B ,1 ~3 kDa BN BPA LBRBE K, 515
g 53.83% . 55.82% F 5.25% ., TE G 1k (pH =
10. 05) %14, BPA R /N, X &8 4 pH A
73 BPA 1Y 2 X B i %K09. 6 ~ 11. 3 pKa I, BPA
23 WA RO 9 5 - 5 (AR A B P 1 B 1
AFEHRVER  H R T BPA f R SE/IN T 8 s
fL1% , BPA %55 SE B AL, S BURHR B RO A 22
2.3 BE-BRAGIZER BPA HMEMEZRMRL
2.3.1 BRI &

BRER RNt X TR e - B IR 2 & 1.2 LBk BPA
KRR L 3 (0 52 i an ] 6 i



-~ r<1=4 .
£ 26 - ABRE TP A O3 BemHE
100 1.1 .
S BT e B o JFiK v 12 mg/L
I R T ABUERESS 1.0 3§° 02 mg/L o 4k
801 ool 6099 A6 mg/L,
S S sl B R0
g ST 5N vov. 00000,
i oor S 0% T, Ty Y Vagteed
& e LN
X Y 0% A,
< 40t e BO8O0AA,
% = 0.6 a ©o AAAAAAA
o A
20F 0.5r u"838°gg°oo ABAAL
og_%o
04l ®  Png8E°o,
o
0 —- . 03l L 1 I | nl?
2 6 12 0] 30 60 90 120 150

R4S N & /(mg - L)
(a) BPAZLRRE

B 6
JNIEL 6 (a) A1, [ B R B0 450 3 i, TR 56 -
FRUEL A T 200 BPA B 25 BR SR A 20 3 1 it 5 AH 3
FHRMAIREE T2 RS- BIEH A T 21 BPA £
BRRE . MERR AN E N 12 mg/L i), 8 I8 X
HI5 8 U8 B 5 19 BPA 25 R SR 4> 51 Ok 40.2% F1I
63. 4% HRIENLT BPA RBRRIEINT 23.2% .,
AT 6(b) FTAT, K B U ), 5 L 3 A T R
et FEA RIS T s 22 R o 7F
TRBREA PN ]2 mg/L I 5 e i f A Al #3445 SRk

100
R AT RS
80
8
M 60F
Qé
H
= 4or
[an]
20r
0 I 1 =
5 10 20
WILHEBPAYE FE/(mg - L)
(a) BPAERR®R

& FH/mL
(b) B HEE &

TSR MEIE R -BIETE BPA XREMELLEBEMNZIE

(AR 0 AR ) 156 B /DB IR B3 I Xof R L i o
B RIS BRSSO & M 12 me/ L IsF, 6 L3
h0.76, LI S5 F B B4R TR EE1E A 8 5 iy 7
AP T B S O AT G 3 SR B R B R
FREh R, AR AR 2 A R TR T R
B2, dkimn] LA S BPA,
2.3.2 ¥th BPA ¥

WILh BPA YR XTI RADTREE - IS4 A T2 X
Bk BPA [R50 I LY 38 e A 52 an 81 7 7R,

1.1

oK v20 mg/l
Lop o5mg/l. ¢4l
A 10 mg/L
0.9 §§g 88 #
= \ ggxfwmooooo
= 08 ¢ 993@% " 0000000
~ o A
i 7L Og 99VVAQ
EE,_EJ nn evﬂné
2 06 "o get880s,
= Bog v v °
0.5F o
o fag
04f “oogo
nnl:l
035 30 60 90 120 150
TARYmL

(b) BELLiE &

E7 BPA ¥iAREXRE-ZBIE BPA ZREMNEFELBEEN N

7 (a) AT, 2490 4 BPA ¥R EEH 5 mg/L,
10 mg/L 120 mg/L B, U8 B AT BPA K BR 3K
31.08% .18.67% 1 11. 08% , #B % I I (14 22 14 R 4%
WK 77.79% 68. 12% F1 61. 15% . X F W BE 5 15
YLk B 3 e U R B DR RS 1Y BPA K BR
R,

HI 1l 7(b) AT 1, BPA 70 4 e 3 Xof JEE L 2 5 1
W3, TERILG BPA W 5 mg/L F1 10 mg/L B, i
Fa f AR AR AT AAH ], 15 YLk 2 R 38 o xof s L
WA KT 0046 BPA ¥ N 20 me/L i,
JEE L B AT, AT YRR TG
T BT PN T e T G A Al A s R TR T

Ak B RS Y5 e s A SR B I (H R T S W 4R
BPA ¥ TREERT I LU G 1 M SR — %

3 4Eip

1) SR BRI~ 15 mg/L pH {E R 7 B,
BPA ERRFI A, A 32. 04% , M h AR5 £ 5
VEFH 35 5 S A R A VAR B AN T BPA I 5%,

2) WIlh BPA MR /N, 8 g B LA )N, B
2R BPA Bk, #Ihh BPA #)JE R 5 mg/L Fl 10
mg/L B}, 1 ~3 kDa FREUEIE S BPA JBRZEHA, 4300
J2 81.08% 1 61.52% , 4 pH fH#EiT BPA RS fif
T, BPA KRR A 2, E pH {H 435124 4.08



2022 4 A2 ) IREE-HIELBRAKHPNE A 195

IS N

WEE AT T #4 - 27-

7.25 F110.05 (1) 3 Fhigd i H,1 ~ 3 kDa #BJEAY BPA

39(20) :5071 - 5079.

FG R 53. 83% 55. 82% F1 5. 25% ., (5] SHWEME, &9, 2550, 5. BT VLUK Bk Ad B ik
3) TR R ORI AT BPA. BB ot ooty PIELI A
ﬁﬁ%ﬁj}ﬂ%iﬁﬂ,éﬂﬁﬂig}ﬂ' BPA E‘Jé&{é‘%aj{%@iﬁ, [6] YEO M, KANG M. Photodecomposition of bisphenol A on
HIRGERAE AT A RORERL 55 . B BPA WA nanometer-sized TiO, thin film and the associated biological
i ,ﬁ/)ﬁﬁ%ﬁﬁ%ﬂﬁ(ﬁﬂﬁﬁ ) BPA KRR, toxicity to zebrafish (Danio rerio) during and after photoca-
[ ;}%%iﬁk] talysis[ J]. Water Research, 2006, 40(9) : 1906 —1914.
Z (7] W, Bz, B0, & OHK AL BE T2 25 B P b i
[1] NEAMTU M, FRIMMEL F H. Degradation of endocrine RINWTIRIPERELT]. 47KHEK, 2006(4) .1 -7.
disrupting bisphenol A by 254 nm irradiation in different (8] M. VIR BROK o I TR U8 A RYBFST
water matrices and effect on yeast cells [ J]. Water Re- [D]. LRI A, 2011.
search, 2006,40(20) ;3745 —3750. (9] HiBE. KR AIEIF R, A (4508 25 bR S AT MLTS 4
[2] LEE Y M, SEONG M J, LEE J W, et al. Estrogen re- WEFEL D] LIRS, 2012.
ceptor independent neurotoxic mechanism of bisphenol A, [10] CHARLES A'S, PHILIP B B, GARY M K, et al. A re-
an environment estrogen [ J ]. Veterinary Science, view of the environmental fate, effect and exposures of bis-
2007(8) ;27 - 38. phenol A [J]. Chemosphere,1998,36(10) ;2149 —2173.
[3] ZSARNOVSZKY A, LE H H, WANG H S, et al. Ontog- [11]  Faog,@des aedkn, %5 B4 gt ih & fg
eny of rapid estrogen-mediated extracellular signal-regula- TR SR BERFERT IE [ ], FhBERES, 2004, 25(3)
ted kinase signaling in the rat cerebellar cortex: potent 65 - 68.
nongenomic agonist and endocrine disrupting activity of (12] @MBRE, ERA. KRG R REEREDR T [1]. 4
the xenoestrogen bisphenol A[J]. Endrocrinology, 2005, LRS54 (A AR R ) ,2000,32(2) -
146(12) ; 5388 -5396. 155 -159.
[4] RODRIGUEZ-MOZAZ S, ALAD M L, BARCELO D. A-  [13] Z/Wei JAoe, £ A 25 SO S o IR X TR et 7

nalysis of bisphenol A in natural water by means of an op-

tical immuno-sensor [ J ]. Water Research, 20035,

BISEMAAIZE ] ]. PR 244, 1998(3) « 96 —102.

Study on Influencing Factors of Coagulation-Ultrafiltration on

Bisphenol A Removal

GUO Ting-ting, YIN Yun-jun, YU Miao

Abstract; Ulirafiltration technology is widely used in water treatment, and coagulation pretreatment is
one of the effective technologies to control ultrafiltration membrane fouling. In this paper, the characteris-
tics and influencing factors of Bisphenol A (BPA) removal by coagulation, ultrafiltration and coagulation-
ultrafiltration were studied. The results show that the removal of BPA by aluminum sulfate coagulation is
limited. When the dosage of aluminum sulfate is 15 mg/L. and pH value is 7, the removal rate of BPA is
the highest, and the Zeta potential is close to the isoelectric point. Increasing humic acid concentration is
not conducive to BPA removal. In the study of influencing factors of ultrafiltration, the smaller the initial
BPA concentration and the smaller the pore size of ultrafiltration membrane , the higher the removal effi-
ciency of BPA. When the pH value is close to the acid dissociation constant of BPA | the removal effect of
BPA becomes worse. Compared with the single coagulation or ultrafiltration process, the removal rate of
BPA of the combined coagulation-ultrafiliration process is higher, which indicates coagulation preteatment
has good effect and is beneficial for reducing membrane fouling. With the increase of aluminum sulfate
dosage, the removal effect of BPA by coagulation-ultrafiltration combined process is enhanced. With the
increase of initial concentration of pollutants, the removal rate of BPA decreased.

Key words: aluminum sulfate ; coagulation ; ultrafiltration; Bisphenol A; membrane fouling; water treat-

ment



