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Effect of Effluent Organic Matters on Estrogenic Activity
Reduction of Bisphenol A by Photolysis

Jisu Yoo, Joolim Na and Jinho Jung*

Division of Environmental Science & Ecological Engineering, Korea University, Seoul 02841, Korea

This study investigates the effect of effluent organic matter (EfOM) from sewage wastewater
treatment plants on estrogenic activity reduction of bisphenol A (BPA) by UV photolysis. The
EfOM and Suwannee River natural organic matter (SR-NOM) as reference were isolated into
hydrophobic (HPO), transphilic (TPI) and hydrophilic (HPI) fractions depending on polarity. The
specific ultraviolet absorbance (SUVA) analysis indicated that EfOM showed similar properties to
microbially derived organic matters with low hydrophobicity, which is different from SR-NOM
having high hydrophobicity. UV irradiation upto 3 hr significantly reduced SUVA values of both
EfOM and SR-NOM (p<0.0001), depending on the polarity of organic matters. In the absence of
organic matters, the relative estrogenic activity (REA) of BPA (5.0 X 10° M) was decreased from
86% to 63% by UV photolysis (2 hr). However, the decrease of mean REA was from 68% to 37 %
in the presence of organic matters, which was significantly independent on the type (EfOM or
SR-NOM) and polarity (HPO, TPI or HPI) of organic matters (p>0.05). As a result, the reduced
REA by UV photolysis of BPA with and without organic matters was 31% and 23 %, respectively,
suggesting that both EfOM and SR-NOM accelerated the photolytic reduction of BPA estrogenic
activity.
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3td, Y& H]A Aol &2 (endocrine disrupting chemicals,
EDCs), 9J¢F&4 (pharmaceuticals) 53 722 n|gFedEZ
o 98 AARA BB A HUSAAY BR 4
5olA A3 AEHT ot B3] EDCse A4 Y &
=30y £&&57]E7Z (dissolved organic matter, DOM)Z}
o] JzAgo R et =29 WEHA Fof FFS 7
3tk (Tanghe er al. 1999). 2 steA 2 Wi, 294
DOM3I} 17B-estradiol (E2)2] &&0] o AEZA &S A
A Z AT (Lee et al. 2011), NOMO©] estrone (E1)2] 3-23]
AL Z7HA 7] A3 (Caupos et al. 2011) 52 53 DOM
of o3t o2EEAY E4Y AF 2 HEFAE W 7}
8L AAIBL it

g AEES Asty] AT LFAEEE FollAl A
AUV)E o] &8 A e F5H 34T A W axt
Al Wy oz & Qlth. Ministry of environment (2012)
of W=d, S steAge] FA FAANA A A
Y (55%)7F A& A (222%)Et BX © 2 HleS &
A, vFedEd 9 R 249 Eofjol W &
HA Y-S A A7 8] BaEa Qo (Liang er al.
2003; Ahn et al. 2009; Shon et al. 2011). 1Y F-E3)of 2
B 5% 71509 BAT I} AERUE AHES 2
A7 % QT Q17 (Lim and Hur 2013), SeA 2%
T A Aol o7t f71E 54 HIL a5FfAE
o] A= BT PAT Fa LR F7F 2 SQlE
A o2 BAES A EAIE ob7lstgithE A+ (Han and
Sohn 2014) 5% &3l AAA A7t HRe F71E829 &
et oy} njFegEH Y AFoE FFE HE AL
2 e

weta] 2 Ao A= A A FEel vhgol o7 54
Wi 7154 EA4 #st A< 3 vAadE A F
ool W o AERZ &4 Wste) nA= Wi f7E
2] FFS Arstant

Mz H SE

L Y| &5 A9} 313t 24

2 o] AFgE B AHE A(BPA, >99%)= Sigma-
AldrichAH(USA)9 Al&S FAstALH, Eol&< (Puris
Esse-UP ultrapure water System, Mirae St Corp., Korea)E
olgste] WEE REGAL AZF F UY A 27)%
T2 50x10°ME 3|45te] Ado| A3t BPA A
W SR 712e) A7ATel $87 Fol sk LN

A FEE U O R Attt Axd §H FEE I
317 9Jste] 7tAIZulE I35 (GC-MSD 7890, Agilent,
USA)E o] &3] B43tqtt A59] 552 9l35te] DSC-
18 (Supelco, USA) 7FE X & o] &3 1FFEH S AHE3H
Fom, A& 100mLE ImLmin 'Y $&02 ETAT &
HEES o] 83t §&A1AH EA5H4 T BPAS GCE4 =
AL Kang er al. (2010)0] A|H J2EZA &4 54 &
A 274& ol&3tth

=5
2 Astn, A2eFe 27k 1,630,0007 900,000 m*d™
olt}. =38t HF4E= GF/C (0.45 pm, Whatman, Brentford,
UK) ZE|2 oJ1}3t th2 0.1 N HCIZ o|-83}o] pH2Z =
A%t & DAX-8 (Sigma-Aldrich Co.)3} XAD-4 (Amberlite,
Rohm & Haas Co.) A& AME3}Y] 444 (Hydrophobic
fraction; HPO), W44 (Transphilic fraction; TPI), =
A (Hydrophilic fraction; HPH) 2.2 R &3}t F7]&82
O] #2812 Yoo et al.(2014)] W& o]-&38to] AAISHGITH
DAX-8¢} XAD-4 %o E2te §7]E84L 0.1N NaOHS
2mL min| GFOE FHste] 747 24 §71EAT v
W44 $7120 A0, 5 270 AR g T
F7182 AL f71EEE AgE9t. 183 EfoOMTt
O] v AFE 93}, IHSS (International Humic Substance
Society: FAFYEZ &3]0 A Y3t Suwannee river
NOM (SR-NOM)& EZ NOMOE AtRstgon, 348
HE o] 23}t A7]19] G viAIst7] fIste] G o] 23}
A|712F G-AFE 0.01 M NaCl & AR&-3Fatt.

344 §71249 B4 A4 FHE Z42 o183
of 24315t} 7 Belg 47124 =S GFF BHE o
I3t & MecasysAte] UV-Vis Spectrophotometer (model
Optizen POP)E ©]&3sto] FHEE SAseh. 18 2
oA 254 nmell A EHT FBE G FER7IEA(DOC)
BER U & 1002 Foho] So] 2HelH F(specific UV
absorption, SUVA) £t 78t$ith. DOC+ Shimadzu TOC
5000A (Japan)E AHg-sto] 5743531

3.4 FE s
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Fig. 1. A schematic of bench scale device for ultraviolet (UV) irradiation experiment.

det 21 FFA717] st FF 283 ofF W A
& AT (Fig. D). A4 2AR= 365 nme| 2
7}FA] & black light UV X (TL-D 15W/08, 45 cm, Philips,

Netherlands) 37|12 A}&3stglon, ZAMYEE 2FQ) A B
Z27] (UVX-365 radiometer, UVP Inc, CA, USA)E ©]&3}
o 3mWem 7} HEE 2EsIGTh A =& AP T
A9 wheg 97)184(5.00mg C L)3}F BPA(5.0x 107 M)
7F Z3E A £ 20mLE 58] AT Y1 A
=
o)A A X4°ﬂ£ 158 59 294 &
o)A 2AF AIZEE 3AZFO R Bkt 7

AxEEon, &
ZA} A7HE (0, 30, 60, 120, 180)E &8 APTL o=
LEAFH oY, 35k At WRs f71EE o3

BPAS] F2h2 B7Ish7] 93 o34 F& dde
on, & v S 2ARH] 42 g7 oA Bt
stk 222 2 2ARL G471 EHo] ¢l

BPAQ] 7}4=H3| HI2S 97| EAo| g %
spRE) uhe8 7+ stk

2 AFoxe AU a1 E o] 83l yeast two-hybrid
assay o2 o|AEZA FAEE =43} ch(Shiraishi
er al. 2003). o] WS o] JAEZA 28 (ER)S U

BH|AFNEZ ] A58 O 2 (-galactosidase’} HEH =
= A= g&f A2ERZ FAHEE S T a9
L2 Pierce (Thermo, USA)ALY] yeast -galactosidase kit
o451l Tha 3t o] ANSIAT 57 e BUWD
B8 MSD #A]o] Algsho] 30°CoIAl 48417t Bt o

lniv miru o

=, o719 AlZE F7Iste] 30°CollA] 4A1ZE =& A 2T &
29 FAF ARS8 660 nmoA FFE (ODsso) S =
A3t Tk, buffer’} Z3HE yeast extraction reagent2 7}
ato] 37°Co A EHAX AT A2 9] Whao] dojubd A4
oF o] &3l TS AAIAZ]AL 420 nmof| A T T (As0)S
243t Th2, assay kitof] HAIE 4] (1) o] &3] JJArER
A

. . 1,000 X A4z0
Estrogenic activity = —————— ()
t XV X ODggo
t=time of incubation (min)

v =volume of cells (mL) used in the assay

ANLEZA BAE Bl 7S st FAAHEZA 17-
estradiol (E2)& AMg8le] A5 10°~10™"Me] #9)
oA o2EZA FAHEE A3 E29 TS
100%= A () olgste] At A2EZA A4 & (relative
estrogenic activity, REA)E AF&3F3 Tt

Relative Estrogenic Activity (REA) (%)
EAsample

= X100 )

EAmaximum E2

sot2a o] 2 drEzd FYES et
= ukg '3— d—% SigmaPlot = 2 1 (ver. 10, Systat Software
Inc. CA, USA)E ©|-&3to] Yehfigltt. 3t EfOM #38
¥} FEa HJ% A7l W2 DOC, SUVA, REA g+e] #3}
= two-way ANOVA teste AHE-8HEAL, 3F-83] vhg-of <
3t BPAY] o AEZA &4 WHIE= Tukey’s post hoc test=
ARgSEo] SARA Steth ZE AP Al W] vhE AY
< FYslgon, SAS T2 (ver. 9.4, SAS Institute Inc.
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NC, USA)& o]&f‘s}
°] 0.05 °J3t< 7

L3238 ik o Bie f71E829

1:10}%# 87184 (SE-EfOM)2 241 2o
SUVA & Uetd v, A 37154 (SR-
244 (HPO) 232 3.83, ¥hzl4 (TP}
44 (HPI) 82 | 0|5}9] SUVA & 251tk (Table
1). 4HtA o & SUVA 79 F7H= §71&8 3+ 5 o2
T e 2 9 IS QR Bt AdFos gopds
o]u] gt} (Chin et al. 1997). SUVA Fto| 49] 717he A9+=
Aoz /\A/«lo] 33 gadoe] @ LAY {718
ZolH, 3 o]et= A uYE 7Y FYIEZRE FEE
4> 91tk (Quaranta et al. 2012). o] o] wz} H"%—"F F71EEL
A 47183} vmete] Aoz A5Ao] o uly
2 7)Y §7)18do| 32 RIS Ao WU & 9o
H, ol FHZ =59 ZAutx UX|3tch(Kalscheur et al.
2012; Quaranta ez al. 2012). 3+, B EHAE A}83 SR-

A
oX,
22

3
L5har

_Q.

Eim.lm

(a) 10

NOM<2 Georgia g0l Y8t Suwannee oA
24 7)1 ERA 2 A vFEFE ElAdgko] W SAF 7| YA
S22 43 A th(Leenheer 1994).

A2H 2Al0] T gRe A9 471200 S4E
B, A4 2AF A7l E7FEe] T DOC B
723t W (Fig. 2a) SUVA ke =24 7Hastgich
b). :vaﬂ 22 DOC % H3t= Uia 471829
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Table 1. Specific UV absorbance (SUVA) of hydrophobic (HPO),
transphilic (TPI) and hydrophilic (HPI) fractions of sew-
age effluent organic matter (SE1- and SE2-EfOM) and
Suwannee River natural organic matter (SR-NOM)

Sample SUVA(Lm 'mg™)
HPO 135
SE1-EfOM TPI 0.48
HPI 0.20
HPO 192
SE2-EfOM TPI 0.42
HPI 0.40
HPO 3.83
SR-NOM TPI 1.90
HPI 041

mOhr OO05hr mlhr S2hr &E3hr
8
6
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Fig. 2. Effect of ultraviolet (UV) irradiation on (a) dissolved organic carbon (DOC) and (b) specific ultraviolet absorbance (SUVA) of hydro-
phobic (HPO), transphilic (TPI) and hydrophilic (HPI) fractions of sewage effluent organic matter (SE1- and SE2-EfOM) and Suwan-
nee River natural organic matter (SR-NOM). The initial concentration of dissolved organic matter was 5.00 mg C L.
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Table 2. Two-way ANOVA summary of the effects of polarity fraction (PF) and ultraviolet (UV) irradiation on dissolved organic carbon (DOC)
and specific ultraviolet absorbance (SUVA) on sewage effluent organic matter (SE1- and SE2-EfOM) and Suwannee River natural
organic matter (SR-NOM). Bold values highlight significant effects

Dependent variable Source df F )4
PF 2 9.03 0.0009
SE1-EfOM uv 4 1.37 0.2662
PFxXUV 8 0.72 0.6714
PF 2 32.72 <0.0001
DOC SE2-EfOM uv 4 1.93 0.1305
PFx UV 8 0.72 0.6749
PF 2 0.92 0.4084
SR-NOM Uuv 4 0.22 0.9231
PFx UV 8 0.14 0.9964
PF 2 13804.7 <0.0001
SE1-EfOM Uuv 4 26186.7 <0.0001
PFxUV 8 206.54 <0.0001
PF 2 3318.35 <0.0001
SUVA SE2-EfOM Uuv 4 28331.7 <0.0001
PFXUV 8 39.54 <0.0001
PF 2 992314 <0.0001
SR-NOM uv 4 1667.48 <0.0001
PFXUV 8 668.52 <0.0001
AT (Table 2). BHH SUVA ke 4718229 Fo A¢l 120
_ - BPA
of F4E B PHI ALM 24 AZHUV), TET O1F < e | Sk
o] FTA-E (PEXUV)o wet 25 FAHCE vfje {2 z %0
2 ]
ek ol & e AT (p<0.0001). ©o]H 3 A3tz o] d A 3
A¥tebe & UX|sH=d, Lim and Hur (2013)& #F9)4 = £ o0
BN
Aol 93 A F7]E2 9] SUVA o] DOCETH X ¢ g 401
o
2 2oz ZAasty Rustqt E3] AoA A 27 2 20
of SUVA gto] B3] 4 AL K718 YA WFE Z
T2 (aromatic ring)7} $AF o2 FEF H Aoz Ay

o oA e A+ AN T A A Al F BATFS] #
A20] HEe Hol 2 BAFe §712700] Sl
ek EAJo] ZpAgtty KB 18}t (Lim and Hur 2013;

Han and Shon 2014).

2,389 w5 o8 BPAS] S AEZA BAE W

BPA%L E2 =0 w2 JAERZ SHEE 4 (3)9 3
AL ol &t BAF A, FE-HHE FAlo] w2 A
A (22 #=0.9986, r°=0.9972)] A ZLE 0| E (sigmoid) 3
HE Web $loh(Fig. 3).

a

Yzw 3)

a: maximum relative estrogenic activity

b: minimum relative estrogenic activity

le-141e- 13112 1e-111e-10 169 1e§ le7 le6 le-5 led le3
Concentration (M)
Fig. 3. Concentration-response curve of bisphenol A (BPA) and

17-estradiol (E2). The curves were determined using Eq.
(3) in text.

xo: ECs0 (50% effective concentration of estrogenic chem-

icals)

Fod2=Z AHEE E29] ECs a2 ZF &4 9 ECs
o2 Uro] AtZ T (relative potency) S A& A3t
(Table 3), BPAS] oJAEZA FA == E2HET) 258 A%
S vhebideh. 2R Al 24} Alte]) whet BPA (5.0 107 M)
9 2EZ E4E 543 A (Fig. 4), BPAY o AE
2 240] 50% BE FaFe AR 2Ae 2 YER
o} ofof met FEsf whgoll o3t BPAY] o AEZA &4
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Azkel vlAe f71EEY FF +8 APlA AH 24
AZHe 2A7ke 2 AT

F71&40] §l= =3 (controh)oll A AL 2AF 1 BPA
o] A drERA FAHEE 86%= LEFGAT, 2417
o A 2A & 63%2 FOASHA st (Fig. 5, p<
0.05). 283 §7]1&E40] 9+ 27 (SE-EfOMI} SR-NOM)
oA Ao 2AF M (F2EHS) BPAY A oA2ERT &
BAEe B 68% (63~70%)Z UEHE AT, 2417H9] 249) A
ZA} B (ROl B 37% (32~41%)Z F-25HA A
SFATHpP<0.05). ZBA o2 FE3| gh-go gt BPAY] 9
2EZ24 %W" 71840 gl oAM= 23%7F e

g ubE, {718 -] Ak 2AAE o 2 £ 31%7H #
25kt o] A2 f71EE FARNEo| 9% BPAY oA

Ezd 24 AR 18%)& 2EstEsE f71Ed0] BPA
o] FEF Be-S AT 4= 9lke AL YEdth Caupos

et al. (2010)2 F71E4 9 Put-gof o) AR ZA At
43 (singlet oxygen, hydroxyl radical)©| estrone (E1)& T
antdoZ A 8r&W vl Qlth Leech ef al. (2009)
o 2549 A4 §71270] Brajslo] A4H izl

Table 3. Regression parameters for concentration-response curve
of BPA and E2. The curves were determined using Eq. (3)

in text
Parameter BPA E2
a 73.87 100.49
b —1.0378 —0.8562
Xo (M) 1.8571x 107 73244 %107
P 0.9986 0.9972
Relative potency 0.3944 1.0000

a: maximum relative estrogenic activity
b: minimum relative estrogenic activity
xo: ECs0 (50% effective concentration of estrogenic chemicals)

100

FHA FeiEE E29 AA & 94EL k. Eu
SFE AW, Chin et al. (2004)2 A4 7194 A §71 52
(Suwannee river fulvic acid)2t} 449 oE 7]1¥
71220] BPAS] Fialo] o ATHA ol BHe vt et
JE, B GTeIAE BRS 71880 Ad 718
A glol 34 B0 w2 BPAY o A2EEZ &4 A7
< SAALE FOFt Aol & YEHA] ¢h3tth(p>0.05).

2 dFAE BRe f71Ede] Ad f712d% &9
s}eta EAL =2 A5 FH o) 25t BPAL] | AEZA

2Y Aol F5T 4T T+ Aok AL L 5 A

COIAZ A FUlellA AYEA e B TOC #e

o:
d

i

l

oA WRF F71ERY B 4o Fasite AL A=z
sk glom, B Yoyt WRe f71820] sk SAHA
o HX|= ol it A= Y= A7t BadS 9u|st
100
90 8
S
< 80
=
S 70
9
S 60
g
8 50
2
S 40
7
304
20 : . .
0 1 2 3

UV irradiation time (hr)

Fig. 4. Reduction of estrogenic activity of bisphenol A (5.0 X 107
M) by ultraviolet (UV) irradiation.

80

(=]

=)

Relative estrogenic activity (%)

- Before  [J After

Control SEI-EfOM

60+
404
204
0' e

SE2-EfOM SR-NOM

Fig. 5. Reduction of estrogenic activity of bisphenol A (5.0 X 107 M) before and after ultraviolet (UV) irradiation (2 hr) in the absence (control)
and presence of hydrophobic (HPO), transphilic (TPI) and hydrophilic (HPI) fractions of sewage (SE1 and SE2) effluent organic mat-
ter (SE1- and SE2-EfOM) and Suwannee River natural organic matter (SR-NOM). The concentration of dissolved organic matter was
500mg C L. Significant differences among samples were determined using Tukey’s post hoc test (p <0.05).
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Rl S 7] 29210 B2
7ol g A wo] AE v
249 48 FHE b= WA Yrhe
3 %7} 477} o AAHojok  Zolh,

01]*1 ool

¥ 2

B ATE oA FEo] g3t v2slE ABPAY of
2ERA BY Al BAE SeHEY YRS 9718
o 9 A RS 47180 BEOR AEY
soh7 A 4712 FAol nheh 254, WA,
54 B0z BYstdch. So AelH F4(SUVA) £
4 AT gRe 471248 SE £442 7T e 4
A 971227 g2 ad4ol e R 7Y 4718
A3k GARE SHE rehidieh. 347k A4 2ARE
R4 % A9 971289 F40) whe SUVA g2 95

A ZAARTHPp<0.0001). §7]1EZ0] ¢l ZAA, BPA
(5.0x10°M)2] At o|AEZA FAEL 29X FE3)
o 23] 86%0llA 63%= FAstt 18U f7]1EH ] 9)
L 2AqA A JAERA GAEE FFHOEZ 68%9
A 31%E FasHeH, 71549 F HJ%‘¢ e A
F7184) 2 4 (@A, A, 1) 72 Ao
£ Ut A 4otttk (p>0.05). A2FH oz f7]EZ0] 1
e 2HoA A A FEA 3l FHag BPAS A
°ﬂi 2A == 77 31%} 23%% o1, o] A2 WU
F7184d 25 FEqol 93t BPAY] o AEZF
%}*é Xﬂ}% ZAA e AL A S

Al Al

o] EEE HRATAT 7)2ATAYY YAATAAY
AL (No. 2012R1A1A2041989, 2015R1D1A1A01056875)
3 meigstaelq 98 A7l SAHgE 19

IR Aol AHgE AN KW (ERE AT 34
F37149 ANE B4Y7 2L AAE =G
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